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ABSTRACT

Transformer oil plays an important role in reducing the temperature of the transformer
where it reacts as a cooling agent and insulator to the transformer. For a long time, the
oil will degrade thus the transformer will have a potential for faults and costly repairs.
Dielectric strength is one of the characteristics of the transformer that is used to
measure the maximum voltage that the material can withstand without having a failure.
Breakdown voltage test of a transformer is known as dielectric strength test. This test
will indicate the quality of the oil transformer. Uncertainty of measurement is the doubt
that exist about the results of any measurement. The aim of this project is to measure
the breakdown voltage of different transformer oil by using different standards. Next,
to measure the uncertainty of the breakdown voltage readings. Lastly, to evaluate the
breakdown voltage reading from three different standards based on uncertainty
measures. The project focuses-on two types of transformer oil which are mineral oil
and vegetable oil. Three standards are applied in this project which are IEC 60156,
ASTM D877 and ASTM D1816. The initial phase of the project study the standards
that are related in this project;-the methods on how to calculate the measurement
uncertainty and the theoretical about the breakdown voltage. The uncertainties factors
in breakdown voltage include voltage rise, resolution, repeatability of data and
calibration of the instruments. The more factor of measurement uncertainty included
in the data, the higher the accuracy of breakdown voltage. This will give effects in the
calculation of measurement uncertainty. These standards are slightly dissimilar in
terms of test voltage rise, measurement gaps, and electrode shape. These differences
are the source of uncertainties in breakdown strength measurement. This project use
Megger OTS60PB as a main apparatus in order to measure the breakdown voltage.
Prior to the breakdown voltage measurement, moisture content of the transformer oil
must meet the requirement of the standard which are 200ppm for vegetable oil and
35ppm for mineral oil. The results of the breakdown voltage analysed using
measurement uncertainty for each standards and transformer oil. The result of
measurement uncertainty in the range of 95% as in theoretical readings. The result
show the data is within the range of measurement uncertainties in every samples. All

of the objectives were achieve based on the calculation in this report.
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ABSTRAK

Minyak pengubah memainkan perananan penting untuk mengurangkan suhu
pengubah dimana ia akan memberi reaksi sebagai agen penyejuk dan penebat didalam
pengubah. Untuk masa yang lama keadaan minyak akan berkurang seterusnya
pengubah akan mempunyai potensi untuk rosak dan akan memberikan kos untuk
pembaikan mahal. Kekuatan dielektrik merupakan salah satu ciri pengubah yang
digunakan untuk mengukur tahap maksimum bahan tanpa mengalami kegagalan.
Ujian pecah tebat pengubah juga dikenali sebagai ujian kekuatan dielektrik. Ujian ini
akan menunjukkan kualiti pengubah minyak. Ketidakpastian pengukuran adalah
keraguan yang wujud untuk membuat keputusan didalam apa-apa pengukuran. Tujuan
projek ini adalah untuk mengukur pecah tebat minyak pengubah yang berlainan
dengan menggunakan' piawaian yang berbeza. Seterusnya untuk mengukur
ketidakpastian bacaan pecah tebat. Akhir sekali, untuk menilai bacaan pecah tebat
minyak dari tiga piawaian yang berbeza dengan menggunakan cara ketidakpastian
pengukuran. Projek ini memberi tumpuan kepada duajenis minyak pengubah iaitu
minyak mineral dan minyak sayuran. Tiga piawaian digunakan didalam projek ini iaitu
IEC 60156, ASTM D877 dan ASTM DI1816. Fasa awal projek akan mengkaji
piawaian yang berkaitan-dengan projek ini adalah kaedah bagaimana menghitung
ketidakpastian ' pengukuran dan: teori tentang pecah tebat.; Semakin banyak faktor
ketidakpastiaan pengukuran yang dimasukkan didalam data, semakin tinggi nilai
pecah tebat. Disebabkan hal ini boleh memeberikan kesan didalam pengiraan
ketidakpastiaan pengukuran. Standard yang digunakan memberi sedikit perbezaan dari
segi peningkatan voltan, perbezaan pengukuran dan bentuk elektrod. Projek ini
menggunakan Megger OTS60PB sebagai alat utama untuk mengukur pecah tebat.
Untuk mengukur pecah tebat, kelembapan minyak pengubah mesti memenuhi
keperluan piawaian yang ditetapkan iaitu 200ppm untuk minyak masak dan 35ppm
ntuk minyak mineral. Keputusan pecah tebat dianalisis menggunakan ketidakpastian
pengukuran untuk setiap piawaian dan minyak.Keputusan ketidakpastian pengkuran
akan berada di dalam jangka 95% sepertimana yang dinyatakan didalam bacaan teori.
Setiap sampel voltan menunjukkan hasil data berada didalam lingkungan yang
ditetapkan dengan menggunakan ketidakpastian pengukuran. Semua objektif
berdasarkan ketidakpastian data berjaya dihasilkan.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

Power transformer is one of the valuable assets in delivering power throughout
the nation. There are two types of transformer in this industry which are dry-type
transformer and oil-type transformer. Dry-type transformers are particularly useful for
indoor locations and areas that are highly prone to fire-related risks. Oil transformers
on the other hand,mostly used for outdoor which can handle higher rating than the dry

type because.oil is a very goéd coolant [1].

Quality of the transformer oil plays a vital role in the performances of
transformer in electrical appliances. There are two types of insulating oil that
commonly used which are mineral oil and vegetable oils. The advantages of mineral
oils are good resistance in-oxidation, good viscosity index, easily to use and less cost
while vegetable oils are good in biodegradable, high flash point and it is more
environmentally fluids. The quality of the transformer can be analysed using several
analysis. One of the analysis to analyse the quality of the transformer oil is by using

measurement uncertainty.
1.2  Project Motivation

The motivation to contribute and conduct into this project is to measure the
measurement uncertainty in breakdown voltage by using different standards.
Measurement uncertainty is needed to evaluate the precision and accuracy of the data
based on several factors. The project compares the readings between different
standards and by using different transformer oil. In this project, it will measure each
sample and evaluate on which sample is preferable in terms of standards and

transformer oils.



1.3 Problem Statement

There is more than one standard for analysing breakdown voltage of insulating
liquid, for example, ASTM D1816, ASTM D877 and IEC 60156. These standards are
slightly dissimilar in terms of test voltage rise, measurement gaps, and electrode shape.
These differences are the source of uncertainties in breakdown strength measurement.
Measurement uncertainty represents the quality of measurement by characterizing the
dispersion of the breakdown voltage values that could reasonably be attributed to those
different terms of different standards. The role of measurement uncertainty is
important in conforming these tolerances in the industrial production which has
become more demanding. In addition, measurement uncertainties play a main role in
order to meet the accreditation requirement outlined in the ISO 17025. This project
therefore aims to evaluate the uncertainties of breakdown voltage readings from the

three different standards due to the different setup parameters.
14 Objectives

The objectives of this project are as follows:

1. To measure the breakdown voltage of different transformer oil by using
different standards

2. To measure the uncertainty of the breakdown voltage readings

3. To evaluate the breakdown voltage readings from three different standards

based on uncertainty measures



1.5  Project Scopes

The scopes of this project necessitated as followed:

1) Two types of transformer oil are used in this project to measure the breakdown
strength which are mineral oil (Gemini X) and vegetable oil (MIDEL 1204).

2) Three standards of breakdown strength test are applied which are International
Electrotechnical Commission (IEC) 60156, American Society for Testing and
Materials (ASTM) D877 and American Society for Testing and Materials
ASTM D1816

3) The equipment that is used to analyse the breakdown voltage for each standard

1s Megger OTS60PB.

1.6  Project Structure

This report consists of five chapters. Chapter 1, it explains the importance of
this study as“well as the objectives and the scopes. Chapter 2 highlights, the
background theory of breakdown mechanism in liquids and the equations related to
measuring the uncertainties. Next, Chapter 3 explains the methodology of this study
mostly on the experimental procedure. The results and discussion in this research
written in Chapter 4. Finally, Chapter 5 concludes the finding from the literature

review as well as the experimental results and discussion.



CHAPTER 2

LITERATURE REVIEW

2.1 Definition of transformer

Transformer is one of the most important elements in power system. The
function of the transformer is to step up voltage from generation to transmission and
step-down voltage from the transmission to the consumers. The main component of
the transformer is core, winding and insulation material. The main component of the
insulation system is either gas or liquid (oil) depending on the type of transformer.
Transformer oil not only protect the transformer from failure but also acts as a cooler

and heat transfer.

2.2 Transformer Oil

Oil transformer is widely used in power plant, industrial plant and traditional
electric utility companies [14]. The transformer is filled with the liquid insulating oil
which is also called as transformer oil. Transformer functions as insulator, heat transfer

and agent of information as well as isolate the transformer [1].

There are many types of transformer oil in the industry such as mineral oils,
vegetable oil, cable oil, capacitor oil, askarels oil and silicone oil [1]. However, due to
the limitation sources of the mineral oil, sustainable production of transformer oil is
being hotly debated. Also, mineral oil can cause serious environmental disaster since
primarily produced from non-biodegradable products [5,16]. Through research,
vegetable oil found to be a suitable alternative of mineral oil that used for transformer

oil [5].



2.2.1 Mineral Oil

Mineral oil is commonly used in power transformers. Mineral oils are attracted
from crude oil which is formed from buried and decayed vegetable matter [2]. The
function of transformer oil is as thermal fluid or coolant of electrical component which
mineral oil is widely used in industry. Crude petroleum is extracted from the earth and
it is a complex mixture of molecules that made up of carbon and hydrogen and a small
portion of sulphur and nitrogen [2]. There are three main groups of hydrocarbon
molecules which are paraffinic, naphthenic and aromatics [2,3]. Figure 2.1 shows the
structure of the molecule. In that figure, paraffinic have a single-bonded atom whilst
naphthenic have a single double bond but in ring-like structures. The aromatics contain
more ring-like structure of carbon atom, but it is in carbon-carbon double bond. These
structures can determine the physical properties in the insulating oils such as low
viscosity, low. pour boint, high flash point, high specific heat, high electrical strength,
high thermal conductivity and low density [3]. It is mentioned in [17], that the
advantages of mineral oil are good resistance to oxidation, good viscosity index,
relatively low fire pomnt. Nevertheless, mineral oil is low moisture tolerance and
possible to sulphur'corrosion. Mineral oil is used in large power transformers, railway
transformers, power capacitors ‘and paper-insulated high cables while the other
transformer oil is used as insulant and coolant [3]. Table 2.1 shows the detail properties

of the insulating oil 1n the transformer.

Table 2.1: The Properties of the Insulating Oil

Category | Type of Applications Properties of Insulating Oil
Liquid
Mineral Naphtenic, Liquid in Power | e Good resistance to
Oil Paraffinic Equipment ( oxidation
Transformers, e Good Viscosity Index
Circuit Breakers | o Relatively low fire point
and Others) e Possible sulphur corrosion
Paraffinic ( | Transformer, e High flash point
High molecular | Load tap
weight of | changer
hydrocarbons)
Vegetable | Castor, Capacitors, e Low dielectric losses at
oils soybean, Transformers frequency higher than 1kHz
cotton, palm e Readily biodegradable
and others e Low oxidation stability
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Figure 2.1: Structure of molecules mineral oil [2]

2.2.2 Vegetable Oil

Vegetable oil.is also known as one of the new liquid insulating oil of the
transformer to replace the mirnieral oil. The vegetable oils belong to a group of organic
compounds: Ester is the elimination of water which are generated by the reaction of
acid with al.cohol. The collective term for monocarboxylic acids, which consist of a
carboxyl group (-COOH) and of a variable long, but nearly exclusively unbranched
hydrocarbon chain is name as “fatty acid”. Ester oil is known as triglycerides which
are the combination-of three chemical linkage of three fatty acids to one glycerol
molecule. Hydrolysis is the elimination of ester and presence of strong water to form
glycerol and fatty acids. Figure 2.2 shows the structure of the vegetable oils in the
process of inverse reaction and esterification which is called as the hydrolysis [4].
Figure 2.2 shows that the presence of three fatty acids have a low viscosity but higher
in oxidation. The presence of oxidation in transformer oil will decrease the amount of
electrical strength [5]. Many researches and industries have performing investigations
on vegetable oils for providing them as insulating oils in transformers and pollution
free environment. The vegetable oils have the properties like high biodegradable
(>95%), low toxicity, high flash point (>300C), fire points(>300C), provide lower

flammability and it is considered more environmentally friendly fluids [5].

Table 2.2 shows the difference between mineral oil and vegetable oil in terms
of viscosity, flash point, specific heat, thermal conductivity, density, environmental
properties and oxidation. This table show mineral oil has higher oxidation stability
meanwhile vegetable oil has higher biodegradable in the transformer oil. Based on

6



Table 2.2, some researches [30] found that vegetable oils are the other alternative
method to replace the mineral oil due to it viscosity, flash point, specific heat, thermal
conductivity and environmental properties. The oxidation is one of the weakness
properties in vegetable oil, but it can control by controlling the exposure of moisture

and oxidation to maintain it optimum performance.

Table 2.2: Difference between mineral oil and vegetable oil

Criteria Mineral Oil Vegetable Oil
Viscosity Low viscosity Twice higher than mineral
oil
Flash Point High flash point Higher flash point
Specific Heat | High specific heat Lower flammability
Thermal High thermal conductivity Higher thermal conductivity

Conductivity

Environmental | Not degradable due it contains | High biodegradable
Properties compound -that can hazards to

the environment

Oxidation | Oxidation stability Low oxidation

CHymoH CHz—0 =TGR
0

Esterification
H—C—OH <4+ 3 R—COOH =¢/—> H——-—C—O—ﬁ—R + 3 H,0

Hydrolysis o
CH,—OH CHZ—O—ﬁ—R
0]
Glycerol + Fattyacids =—= Triglyceride + Water
R= CH2—" g — CH2_ CHa

Figure 2.2: Structure of molecules of vegetable oil in esterification
and hydrolysis [4]



23 Chemical properties of the transformer oil

2.3.1 Water Content

One of the factors that will reduce the good properties of transformer oil as an
insulator is moisture or known as water content. It is extremely hazardous to
transformer insulation in the presence of oxygen. Generally, the live of the insulation
is divided by one and half each time the moisture is doubled in the transformer [8].
This moisture will affect the paper insulation of the core and winding of the
transformer where paper is hygroscopic behavior. Hygroscopic behavior is defined as

the ability of the substance to absorb water.

The presence amount of water in transformer will affect the paper insulation
and reduce its life. It also can become worse in quality or condition of the transformer
insulation by diminishing both mechanical and electrical strength. According to the Y.
Zhou [5], the presence 0f 0.02% water in transformer o0il will decrease the amount of
electrical strength up-to-20% of the dry value. To test the water content in the
transformer oil, the Karl Fischer method is introduced [3]. The water content in the
transformer oil is measured in parts per million-erppm. The accepted value of moisture
content is varied for different type of transformer oil; 35 ppm for mineral oil and 200
ppm for natural ester as outlined'in ASTM D387 and ASTM D6871.

A major causes of transformer failures are by the moisture is bubble formation,
dielectric breakdown, deterioration of insulating liquid and paper and partial discharge.
A presence of the moisture will lead the failure of transformer which is oil level drop,
exposing the winding and moisture contamination [12]. The maximum amount of

moisture in mineral is 35ppm while the vegetable oil is 200ppm [11,15].



2.3.2 Acidity of Transformer Oil

Acidity is a harmful property where the water content in the oil will becomes
more soluble hence worsen. The insulating quality of paper insulation acid in
transformer oil will quicken the oxidation process in the oil. With the presence of
moisture, the insulating material it will be rust due to effect of the acidity. Acidity is a
measure of the acid constituents of contaminant. The acidity will quicken the oxidation
process in the oil. If there is acid at the material and it have a moisture on it, the material
will be rust due to effect of the acidity. Neutralization number express the acidity of
oil in mg of KOH required to neutralize the acid present in gram of oil. In addition,

measure of acidic constituent of contaminants defines the acidity of the transformer oil

[8].

24  Physical Propefties-of transformer oil

2.4.1 Flash point

The flash point and fire point refer to the flammability characteristic of the
liquid that being tested. Under specific test the lowest temperature at which water
vapor formed above a pool of the liquid can be-ignited in air and at pressure of 1
atmosphere; this'is the flash point [8]. The flash pointisused to access the hazardous

nature of a material and the risk of materials ability to support combustion [8].

2.4.2 Pour Point

Pour point of transformer is characterized as an important property where it
happens mainly at the places where the atmosphere is frigid. Obstruction of cooling
and convection flow of the transformer oil stops when the oil temperature drops below
pour point. Wax content in the transformer oil influence the pour point of the
transformer oil and the mo: > wax content, the higher the pour point. In mineral oil,

paraffin-based oil is one of the higher pour point content [8].



2.4.3 Viscosity

By a definition, viscosity is the resistance of flow in the transformer oil. This
term can be defined as the obstruction of convection circulation oil inside the
transformer. To not affect the cooling of the transformer, low viscosity is needed so it
will be less resistance to the conventional flow of oil. The lower the viscosity of the
oil, the lesser resistance in transformer oil flow, and the better insulation oil will have
[12]. If the viscosity is low, the temperature of the oil should be low. Every oil becomes

more viscous if the temperature reduced [8].

2.5  Electrical Properties of Transformer

2.5.1 Breakdown strength

In a high voltage equipment, the most important material used are conductors
and insulators. The conductors will carry the current while the insulators used to
prevent the flow of currents-in desired paths. Breakdown voltage test for the
transformer 'oil also known as diglectric strength test.[13]. The maximum dielectric
strength which the material can withstand without having a failure is well known as
the dielectric strength of the insulating material. Breakdown occurs when the applied
voltage is large, the current flowing through the insulation increases very sharply, thus

an electrical breakdown occurs.

Breakdown in liquids is one of the breakdown in the transformer. Liquid are
commonly used in the high voltage equipment to serve the deal purpose of insulation
and heat conduction. The structure path of the liquid is self-healing where it is one of
the advantages in the liquid [1]. Temporary failures due to over voltages are reinsulated
quickly by liquid flow to the attacked area. Whereas, the products of the discharges
may deposit on solid insulation supports and may lead to surface breakdown over these
solid supports. The maximum of purified liquid has the maximum dielectric strength
where it can support up to 1 MV/em. The breakdown mechanism in the pure liquids is
the same mechanism as in the gas breakdown but for the commercial liquids the

mechanism different by the presence of solid impurities and dissolves gasses. In the

10



previous research, it found that natural ester insulating oil has better dielectric

properties compared to mineral oil [6].

2.6 Standards

Standard is applicable for dielectric test with direct voltage, alternating
voltages, impulse voltage, test with impulse currents, test with combinations of the
above and lastly capacitance and dielectric loss measurements. The purpose of these
standards is to defined terms of general applicability, present general requirements
regarding test equipment and procedures and describe methods for evaluation of test

results.

2.6.1 Types of standard

In breakdown voltage, there are three types of standard that used to measure
the voltage such as IEC 60156, ASTM D1816 and ASTM D877. Table 2.3 shows the

parameters of standard for breakdown veltage for three standards.

Table 2.3: Parameter of standard for Breakdown Voltage [26,27,28]

IEC 60156 ASTM 877 ASTM 1816
Voltage Rise 2kV/s+0.2 3kV/s£0:05 0:5kV/s+0.05
Electrode Shape Mushroom, Cylindrical Mushroom

Spherical
Intermediate Stir Time 21in None Continuous
No of Test 6 5 5
Maximum Test Time 18min 8min 17min
Diameter of Electrode 2.5mm=+0.05 2.54mm=0.02 2.0mm+0.03

A research paper from H.Akca, O.Arikan, C.Kocatepe discussed about
breakdown strength analysis of the transformer oil due to different standards. In this
research, for breakdown characteristic of non-aged and aged transformer oil was
investigated under different voltage and electrode type conditions. The result show that

the value of the breakdown strength measurement data obtained from spherical
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electrode are greater than the values obtained from the cylindrical electrode [19]. The

research found that different electrode type has different electric field.

2.7  Measurement Uncertainty

According to [31], uncertainty is defined as a limit of range of values within
which the true value of measurement is expected to lie in relation to the recorded
results and the probability to lies within the range. It also can be defined as the
experimenter should declare how much the two quantities between true value and
estimator can affect each other. The amount of differences between two value is called
as measurement uncertainty. If the measurement uncertainty expressed in numerical is

as follows:

estimator + measurement uncertainty

There are three important of uncertainty in_measurement which are for
calibration, test and tolerance. The calibration is defined where the uncertainty of
measurement 18 reported on - the certificate of calibration while test is needed to
determine pass or fail. Moreover, tolerance is defined as where the uncertainty is pre-
determined before it can be decided whether the tolerance of a measurement is met the

requirement or not.

2.7.1 Pool Method

Pool method is applied for non-repeated measurement like single data,
destructive test or measurement data and chemical test data. The history or data
experiment that characterizes the test/measurement is used to establish the
representative standard deviation and standard uncertainty. Further test or
measurement that is non-repeated type shall use the representative standard uncertainty

of type A.

Type A is evaluated through statistical analysis of a series of
observations/repeated measurement while type B is evaluated by other mean than type

A evaluation [23]. It is based on scientific judgement which include the earlier
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acquired knowledge about the measurement, manufacture specification, result from

calibration certificate and result from handbook and standard tables [23].

There are several steps to obtain standard uncertainty, U; where it needs to
compile history data of n number or carry out experiment to establish pool data of n
number. Then, the data is tabulated while for average value and standard deviation, S
is calculated. The Standard Uncertainty, U; is calculate from the equation: U; = S. The
value of Standard Uncertainty, U; for type A is used for next measurement for non-
repeated value. In the pool method there are three main factors that should be
considerate which are:

1. The test method or procedure shall be consistent
2. The equipment used shall be the same.

3. The environmental condition shall comply to the specification

2.7.2 Non-repeated measurement

In practice, it is possible to derive most probable value and the uncertainty
foremost of the observable quantities by means of doing repeated measurement.
Therefore ISO-GUM recommends determining the shape and range of probability
density function of such observable quantities based on assumption, experience,
knowledge or other things. This is due to when the analysed person know the shape of
probability density function, the quantity can be treated as a statistical variable and can

derive the standard uncertainty and the degree of freedom[23].

2.7.3 Distribution

In distribution measurement uncertainties, there are two types of measurement

uncertainties which are rectangular and normal distribution.
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a) Rectangular Distribution

By referring Figure 2.3, rectangular distribution is distribution of data in
example chances for the value of the input quantity lies in the interval. a = semi-range

or half interval.

For example, in rectangular distribution it has lower and upper limits. In the
first case were if it has complete confidence that ‘a’ represents the absolute limits
which where the probability x lies within the interval is 1 and probability x lies outside
the interval is 0. The value of measurand(x) could lie anywhere in this range with equal
probability (100% within limit). Thus, the degree of freedom is infinity[23].

For the second case where we have some doubt about the reliability of ‘a’ then
the no of degree of freedom is, v where it is finite. Relative uncertainty is defined as
absolute error divided by the measured value. For a relative uncertainty of R% the

DOF will be estimated by:

=_ (100/R)* (2.1)
B B
f2)
X
-a 0 a

Figure 2.3: Rectangular Distribution
Standard Uncertainty

Expanded Uncertainty (2.2)
u(xi) = \/§
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From a rectangular distribution
In u(x) from a rectangular distribution if a range (xa) is given without
confidence level and no further information is available it will assume a rectangular

distribution.

b) Normal Distribution

fix)

My

Figure 2.4: Normal Distribution
The distribution usually characterised by its mean value and a measure of width,
usually the standard deviation or its square, the variance as in

Figure 2.4. A normal probability distribution when plotted gives a bell-shaped curve

such that

a) The total area under the curve is 1.0

b) The curve is symmetric about the mean

c) The two tail of the curve extend indefinitely.
Standard Uncertainty

Expanded Uncertainty (2.3)

ulx) = Coverage Factor

2.7.4 Measurement Model

a) Input Quantities, x;

Model is represented by the function:
y = f (%1, X2, X3.. %) (2.4)
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Where x3, x5, X3.. X, are the various input quantities.

The input quantities are real world data. They are the variables which are
measured such as temperature and pressure or the variables which looked up in the
table, handbook or previous calibration certificates or otherwise obtained as the
primary level of raw data. The value of the measurand y is simply obtained by using

the basic function to calculate the value of y when all the input values are known.

Y=y+U, - y=bestestimateofY (2.5
Standard uncertainty is uncertainty of the result of a measurement expressed as
a standard deviation. There are two types of the standard uncertainty which are type A
and type B.
Type A evaluation is evaluated through statistical analysis of a series of
observations and repeated measurement. It is the component of uncertainty is due to
the random effect. The gaussian or normal law of error forms the basis of the analytical

study of random effects.

Standard Uncertainty = ESDM = % (2.6)
n

Typ-e B evaluation is evaluated by the other mean than type A evaluation. It is
based on scientific judgement using all the relevant information available, which may
include the:

1. Earlier acquired knowledge about the measurement

2. Past experience

3. Manufacture specification

4. Result from handbook and standard tables
5. Result from Calibration Certificate

b) Sensitivity Coefficient, C;

The sensitivity coefficient is the guide uncertainty measurement term for
conversion factors that convert from input quantity units into units of the measurand.
The conversion is defined as a quite simple conversion. For instance, multiplying

micro-inch values by the sensitivity coefficient 1,000,000 converts them into inches.
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However, determining sensitivity coefficient vales is sometimes a difficult process. In

mathematically it can be defined as:

o 2.7)

The sensitivity coefficient describes of the output estimate y varies with
changes in the value of input estimates x;, X5, X3..X,. The sensitivity coefficients
convert the input standard uncertainties to their equivalent values as output standard

uncertainties.

¢) Combined Standard U]i'certainty

The combined standard ﬁncertainty has an implied confidence of 67%. To meet
engineering needs, a higher confidence level is required, and the ISO Guide
recommends the'calculation of an expanded uncertainty. The use of effective degrees
of freedom to-allow the combined uncertainty of the measurement to have a defined
confidence level which is sufficiently high for practical used use is'95%. The world is

harmonising to 95% confidence level.

Uc(y) = (2-8)

where

U.(y) = Combined standard Uncertainty
i=N

Z =Sum betweeni=1andj=N

i=1
c;*= Sensitivity coefficient

u?(x;) = Input Standard Uncertainties
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d) Effective degrees of measurand y

The effective degrees of measurand y is a function of the degrees of seldom of

the input variables. It is obtained from Welch-Satterthwaite formula as follows:

T U )
RN TATCH WSO W ZSIC) 2.9)
vy, V2 ' Un

All the input quantities on the right-hand side are basically known and by putt all the
parameters into the equation and calculating, the effective degrees of freedom is

obtained.

In mathematically,

Ut )
ZN C u (xl)

Vefr = (2.10)

Verr = Ef fectivenes degrees of freedom
U.(y) = Combined uncertainty (Uncertainty componentsu(x) fori =1to N)
u(x;) = Standard uncertainty for jth uncertainty component

c; = Sensitivity coef ficient for x;

v; = Degrees of freedom for jth uncertainty component
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e) Expanded Uncertainty

Expanded uncertainty is defined as the quantity of the interval about the result
of a measurement within which the values that could reasonably be attributed to the
measurand may be expected to lie with a high level of confidence.

The expanded measurement uncertainty for a laboratory test shall be stated in

the test report and calculated as:
Uiap = kpUc(y) = tp(Veff)Uc(y) (2.11)

Where the coverage factor k=2 yields approximately a 95% level of confidence
for the near normal distribution typical of most measurement results where k is

typically in the range from 2 to 3 [23].
f) Coverage factor k,

Coverage factor k;, is also known as “Student’s ¢ or 't factor”. It is a numerical
factor used as a multipher of the combined uncertainty in order to obtain an expanded
uncertainty. The value of coverage factor k is chosen on the basis of the level of
confidence required in the interval y-U to y+U. Ingeneral, k mostly will be in the range
from 2 for (95%) to 3(99%).

The detailed knowledge of the probability distribution characterized by the
measurement result is required to obtain the value of the coverage factor k, which it
will produces an interval corresponding to a specified level of confidence p. For
instances, the level of confidence p can be calculated when a quantity z described by
a normai distribution with expectation y, and standard deviation o,the value of k,, that
produces an interval u, + ko that encompasses the fraction p of the distribution. This
described in Table 2.4 below.

Furthermore, if value of z is described in rectangular probability distribution
with expectation u, and standard deviation 0 = a/ V3, where a is defined as the half
width of the distribution, the value of coverage factor k,, and level of confidence p

(percent) is described in the Table 2.5 below.
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Table 2.4: The value of coverage factor kK, correspond to the level of
confidence p (percent) in normal distribution

Level of Confidence,p Coverage factor k,,
68.27 1
90 1.645
95 1.960
95.45 2
99 2.576
99.73 3

Table 2.5: The value of coverage factor k,, correspond to the level of
confidence p (percent) in rectangular distribution

Level olfVConﬂdéhce, p Coverage factor k,,
57.74 1
95 1.65
99 1.71
100 1.73%

Other than that, the distribution of the variable t = (Z—u;)/s(Z) is the t
distribution with v = n — 1 degrees of freedom, v if z is normally distributed random
variable with expectation u, and standard deviation o, and Z is the arithmetic mean of

n independent observations z;, of z with s(2) the experimental standard deviation of

A
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g) Degree of Freedom, v

The degree of freedom,v is defined as for a single quantity estimated by
arithmetic mean of n independent observation and it usually used for Type A

evaluation where it based on n repeated measurement [21,22].

v=n-—1 (2.12)

While if n independent observation is used to determine both the slope and intercept
of a straight line by the method of least squares, V is defined as

p=n—2 (2.13)
The degrees of freedom of the standard uncertainty of each parameter, for a least-

squares fit of m parameters to n data points is [21,22]

v=n-m (2.14)

A research conduet by N.K Mandavgade [20], studied about measurement
uncertainty evaluation of automatic tan delta and resistivity test set for transformer oil.
In this research, it conduets-an experiment of transformer oil to study the effects of the
performance in electrical appliances. The result shows that in the arising from test
voltage will be affecting the Tan Delta so the calibration of instrument and setting of
tests should have a proper care so the uncertainty value will be reduced. Other than
that, in the determined the uncertainty of measufement in case Of resistivity is the
variation attributed to' the measurand 'that is the repeatability ‘obtained in the
measurements of the studied properties. In the case of resistivity, it found that the
operator error which affects repeatability should be minimizing by following the
proper procedure of the test. This study involves the development of a procedure for
determining the result of measurement concerning electrical properties and their

respective uncertainties [20].

A research conduct by Rahul Raj Choudhary studied about role and
significance of uncertainty in high voltage measurement of porcelain insulators. In this
research it conducts an uncertainty calculation for high voltage power frequency
transformer as the standard used IS 731:1971. In this report it shows that the
measurement result cannot be complete until uncertainties in the measurement as well

as traceability to the standards are expressed [21].
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CHAPTER 3

METHODOLOGY

3.1  Experimental Apparatus

This project will be fully utilised by using hardware component where it will
used megger OTS 60B to measure the breakdown voltage for three standards which
are ASTM D1816, IEC 60156 and ASTM D877. This project will record 90 readings
of data for IEC 60156 while 75 readings for ASTM D1816 and ASTM D877.

3.2  List of Apparatus
3.2.1 Megger OTS60PB

HV indicator

laghst

Test Chamber
01l Sample

Chamber Cover

Figure 3.1: Megger OTS60PB Oil Test Measurement

Figure 3.1 is designed to measure the breakdown strength of liquid insulants
such as insulating oils that commonly used in transformers, switchgear, cables and
other electrical apparatus. Besides, this equipment is suitable for testing on site such
as in the laboratory. This equipment can withstand up to 60kV. This equipment has
followed all the standards that specify and described in many national which are

ASTM 877, ASTM D1816, IEC 158, IEC 60156 and others.
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3.2.2 OHALUS PA214C

Figure 3.2: OHAUS PA214C Weighing Measurement

Figure 3.2 is an analytical balances is designed to measure the small masses

that can measure j_n,;;nilligram range that usually used in the lab. It is a very

o

sensitive equip e. In this equipment

1 ,r‘l..' - '
323 Fluke971
gl i | -~ . o " »
_..-‘\/”\.'3 'b-\.-\.-«.---.l\i"-’ lk.::wﬂﬁ ‘\':-_-ﬂ -~ a8 |

UNIVERSI

Figure 3.3: Fluke 971

Figure 3.3 is an equipment that used to predict the amount of the humidity and

temperature to maintain the good quality of the air and optimal comfort levels.
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3.2.4 DPP400W Pen Style Digital Picket Test

Figure 3.4: D400W Pen Style Digital Pocket Test

Figure 3.4 is an equipment that used to measure the amount of temperature in

the insulating oil with 0.1 resolution. This equipment can measure the temperature

between —40°C to 200°C.

&

3.2.5 899 Coulometer «

Figure 3.5: 899 Coulometer
Figure 3.5 is an equipment that used to measure the amount of moisture or

water content of the transformer oil using Karl Fischer Method (KFC).
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3.2.6 Type of Electrodes

C==—===2 Tt

" ' oh - 1.".;;1 o WV
. Figure 3.7: Spherical Electrode

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

| 8 | -~
e A S

Figure 3.6 and Figure 3.7 are used in the setting up the high voltage apparatus
to determine the breakdown voltage based on different standards. The procedures to

setup the electrodes gap follow based on type of the standard used.
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3.3  Flowchart of the project

This section details the flow of the project that will consist of sample
preparation, test moisture, procedure for moisture content, procedure for treatment,

preparation on breakdown voltage and preparation on measurement uncertainties.
3.3.1 Transformer Oil

The transformer oil that is used in the project are mineral oil (Gemini X) and
vegetable oil (Midel 1204). By using different types of oil, there will analysis the
performance of two different oils as mentioned in the objectives by using measurement

uncertainties.

3.3.2 Preparing oil sample

Theré are two different type of transformer oils that selected in the project such
as for mineral oil, the transformer used is Gemini X manufactured by Nynas while for
vegetable oil, the transformer used is MIDEL EN 1204 (Rapesced Oil) that
manufactured by M&I Materials, UK.

In preparing oil sample; for each standard there will be three sample size to
record the data. The container that is preferred to store the oil is the amber glass where
it is most advisable rather than a clear bottle where it can get a direct light and it shall
be shielded until it ready to be tested. Screw caps with polyolefin or

polytetrafluoroethylene insert are preferred for sealing.

All of containers and caps should be cleaned by washing with suitable solvent
to remove all the remaining part of an earlier sample. Then, these containers must be
rinsed with acetone and blew by warm air. Moreover, the container must be put in the
vacuum oven to make sure there will be no water particles left in the container. The
container shall be filled with oil sample but leaving about 3% of the container volume

when sampling is conducted.
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3.3.3 Test Moisture Content

In the third step of this project is by testing the moisture content. The moisture
content is tested by using 899 Coulometer. It is a titrator used for coulometric water
content determination according to Karl Fischer. Karl Fischer (KF) is a technique to
determination of water content. It is a process that will based on the reaction of iodine
with water. The advantages of this method are it capable to accurately measure small

amount of moisture [24].

3.3.4 Procedure for moisture content

In this step, the moisture of the water content is analysed and recorded by using

five sample of data which edch of the sample consist of 1 ml of the transformer oil.

Figure 3.8: Karl Fischer Coulorimeter

In this step, there will be several procedures on how to measure the data of the
moisture. This step will show in below:
1. The gloves are put along this process.

2. The STOP button is pressed to turn on the KFC as shown in the Figure 3.9

Figure 3.9: Keypad off the KFC
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8.
9.

. The water content in the bottle must be below 20 ug (micrograms) before it will

be tested.

The KFC METHOD is selected as in the Figure 3.11 below

5 ml of oil is taken from the amber glass to test the moisture content by referring
ASTM D5133 mineral oil standard on KFC.

Figure 3.10: OHAUS Analytical balances with syringe

The buﬁhle inside the syringe is removed by pressing the syringe until the bubble
is disappeated to make sure there is no contamination in testing the moisture.

The syringe is put inside the OHAUS weighing to measure the amount of the
mineral oil. :

The START button is pressed once the CONDITION OK is displayed.

The sample is added when the monitor of the KFC is displayed “Add sample™.

10. After adding the sample, the size sample is inserted on the KFC.

11. The START button is selected to continue the process.

12. The data of the sample is displayed as shown in the Figure 3.11 below.
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Water Content

Figure 3.11: The Karl Fischer

13. The data of the moiét‘-t-irefcontent of the mineral oil is recorded to be analysed.

3.3.5 Procedure for treatment process

For fhe data that is not meet the water content based on the standard of ASTM
D3487(Mineral O{I) and D6871(Vegetable Oil), where the water content for mineral
oil exceed 35 part per-million (ppm) while for the Vegetable Oil exceed 200ppm, the
oil must be treatment using the filtration, nitrogen or vacuum oven process. This

method will reduce the amount of water content in the transformer oil.

3.3.6 Filtration Process

This process is referred from a paper “Insulation Oil Treatment and its’
Necessity in Power Transformer™ written by Gerards Gavriloves. In this paper it
introduced three types of oil treatment which are filtering, purification with drying
process, and regeneration (reclamation) with degassing. In this project, it will used

only filtration process to reduce the moisture content.
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Procedure of filtration process.

1. The filtration is setup as in the Figure 3.12 below.

‘i |

Figure 3.12: Filtration Setup

2. The filtration process used 0.2 microns filter as in figure 3.13:

Microporous
Membrane Filter

Nylon-66

P0386
. @4T mm

jameter : ©
gme gize :0.22 WM

50 pcs

Figure 3.13: Microporous membrane filter for 0.22um

3. A 450ml volume of the transformer oil is poured into the filtration beaker.
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4. After 1 hour, the transformer oil is filled into the beaker to be test for moisture and
breakdown voltage.
5. The data is recorded.

3.3.7 Nitrogen Saturated Process.

A paper of “An Environmentally Friendly Dissolved Oxygen and Moisture
Removal System for Freely Breathing Transformer” written by J. Sabau et al is referred
to do this method [25]. According to this paper, blanketing the nitrogen into the
transformer oil is used to reduce the moisture in the transformer oil. There are three

improvement done to the parameters of the blanketing nitrogen method such as:

From a flow rate nitrogen gas on oil to saturated nitrogen gas
.7 From 24 hours rate on oil to 20 minutes into ester oil.
3 Fromheat oil at 70°C to without heat due to when the temperature increase,

the amount of water that can be dissolve in insulating oil also increases.

Procedure of nitrogen gas.
1. The nitrogen saturated is-set up as shown in the Figure 3.14 below.
2. A 450 ml weight of transformer oil 1s filled into a 500 ml beaker and placed
inside the flask.
The moisture is tested and record every 5 minutes to validate the data
In 20 minutes, the datais récorded, and the transformer oil is ready to use.

The transformer oil is used for breakdown voltage after 20 minutes

& o B e

The data is recorded for a nitrogen saturated process sample.

Nitrogen Tank

Transformer Qil

Figure 3.14: Process of Nitrogen Gas
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3.4

34.

10.
11.
12;
13.

14.

Preparation on Breakdown Voltage

1 Preparation for IEC60156

. Megger OTS60PM is setup for 2.5mm gap following the IEC 60156 standard.

450ml pure mineral oil is taken from amber glass that have tested by moisture in
the earlier procedure into a 450ml beaker to test the breakdown voltage by using
OTS60PB.

The temperature of the oil is initially checked to ensure in room temperature as
mention in the parameter of the standard.

Mineral oil is inserted into Megger OTS60B and the chamber cover is closed.
Megger OTS60PB is switched on and IEC 60156 standard is selected as provided
in the Megger

Megger QTS60PB will di‘s’play the measurement of the gap to get the confirmation
before thé experiment start.

The button start is selected to proceed the breakdown voltage

Megger OTS60PB will stirrer around five minutes.

The data will have a finished data once the data is finished, it will be displayed
average, and standard deviation of the breakdown voltage

This testing for this standard will be conducted six time.

The value of the six-time testing, and the average is recorded.

Steps 3 to 12 is repeated for 5 times due to the data will record in 5 times.

After the 5 testing is finished, two sample is tested using the same step as mention
in step 1 to step 12.

This step is repeated for the other standards and the value of breakdown is recorded

and analysed.
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3.4.2 Diagram Flowchart of the project

Start

/ Select transformer oil /—b®

v

Prepare Oil Sample

Test Moisture Content

v

» No
A4
Treatment
|
. :
Nitrogen Filtration
X y

No

Yes

Check Moisture

<
-

Preparation on BdV

Y

/ Record and analysis using measurement uncertainties /

Figure 3.15:

Flowchart of the project
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3.5  Flowchart of the sampling

As in Figure 3.16, it shows the flowchart of the sampling for the breakdown voltage
for three standards. In this breakdown voltage, for each standard it will determine three
samples. In each sample it will consist of five tests where it will take 18 minutes for
ASTM D816 and IEC 60156 while 8 minutes for ASTM D877. The total readings for
the one sample will gives 30 readings. For all total of the three sample will gives 90

readings for each standard. These readings will be evaluating and analysis with the

-

Select Standard

Y

Select Sample

v v v

measurement of uncertainty.

Sample 1 Sample 2 Sample 3
v y v ¥ v v Y v K
Test 1 Test 2 Test 3 Testd Tes2 Test 3 Test1 Test 2 Test 3
Test 4 Test 5 Test 4 Test 5 Test 4 Test 5
Total Reading Total Reading Total Reading
35 Readings (IEC 60156) 35 Readings (IEC 60156) 35 Readings (IEC 60156)
25 Readings (ASTM 1816 25 Readings (ASTM 1816 25 Readings (ASTM 1816
ASTM 877) ASTM 877) ASTM 877)

v v

v

Total Reading
90 Readings (IEC60156)

75 Readings (ASTM 1816 ASTM 877)

Preparing Oil Sample

Figure 3.16: Flowchart of the sampling
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3.6  Measurement Uncertainty

Procedure of Measurement Uncertainty

1. All of the value of the breakdown voltage is tabulated in excel worksheet

2. The model of measuring system is listed out, y=f(x)

3. All sources of the uncertainty are identified based on type A or type B

4. The value is calculated based on the formula of Standard Uncertainty, U; and the
degree of freedom V; for each component of type A and type B uncertainty

The value of sensitivity coefficient of each component, C; is calculated

The value of combined standard uncertainty, U, is calculated

The value of the effective degrees of freedom, V¢

© N o W

The student’s t coverage factor, k is determined corresponding to V, ¢ and the
required confidence level, which it 95%
9. The value of expanded uncertainty, Ugso, = k X U, is calculated

10. All of the value that calculated is expressed in uncertainty measurement.

Average mean,X

The value of three sample for each standard is calculated using this formula

Z%

n

(3.1)

Al —

x; = Sum of all the values of the variable

n = Number of observations
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Standard Deviation, s(X)

n . — )2
5(2) = JZ"F;(: -

x; = Sum of all the values of the variable

n = Number of observations

X= Average mean of the data

Experimental Standard Deviation, ESDM

ESDM = 5

Standard deviation = s5(X)

n = Number of observations

Standard Uncertainties

(i) Normal Distribution
Expanded Uncertainty

ulx) = Coverage Factor

(i)  Rectangular Distribution
Expanded Uncertainty

V3

u(x;) =

Degree of Freedom

Vi:Vi:n—l
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Combined Uncertainty

3.7
Ue(y) = e
Effective Degree of Freedom
o U (»)
) i C[4u4(xi) (38)
Z:l':=1 v

T-Distribution

The t-factor ¢, (Vess) for the desired level of confidence p is obtain from Figure 4.4

which is table t-distribution. For n=90, in 95% confidence interval from the t-

distribution is 1.984 equivalent to sample 100

Coverage Factor, k,,

ky, =t, (v,_,ff) (3.9)
Expanded Uncertainty
Ugsy, = kU () = tp(Verr) Uc(¥) (3.10)
Express in the expression
U=x=x Uysy (3.11)
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Introduction

Measurement of uncertainty was used to analyse the data for the breakdown
voltages. Different transformer oils and standards such as IEC 60156, ASTM D1816,
ASTM D877 were used on all samples. Results taken were then sort out by using tables

and charts corresponding to the measurement uncertainty.

4.2 Breakdown Voltage |

4.2.1 Data of Breakdown Voltage of Transformer Oil

The breakdown voltage for eighteen samples is recorded as in the tables below.
Table 4.1 to table4.3 show the breakdown voltage of mineral oil while table 4.4 to
table 4.6 show the breakdown voltage of vegetable oil for three standards which are
IEC 60156, ASTM D1816 and ASTM D877.
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Table 4.1: Freakdown Voltage of Mineral Oil using IEC 60156

Sample 1 Sample 2 Sample 3
Test Run | BdV(kV) Test Run BdV(kV) Test Run | BdV(kV)
1 25 1 32 1 18
2 34 2 32 2 23
3 51 3 26 3 39
+ 37 4 26 4 23
5 30 5 22 5 16
6 39 6 42 6 24
T 35 7 25 7 22
8 49 8 43 8 51
9 33 9 27 9 53
10 39 10 51 10 60
11 52 11 34 11 29
12 41 12 24 12 54
13 40 13 28 13 35
14 47 14 27 14 60
15 32 15 26 15 35
16 34, ; 16 24 16 54
17 47 .. 17 33 17 42
18 36 18 37 18 19
19 21 19 26 19 29
20 30 20 32 20 23
21 39 21 27 21 52
22 40 22 36 22 46
23 3 23 23 23 34
24 23 24 25 24 60
25 34 25 26 25 51
26 28 26 24 26 52
27 g 27 25 27 22
28 25 28 22 28 -¥i
29 26 29 23 29 30
30 35 30 23 30 35
Average Average Average
Voltage, 25.6 Voltage, 29.0333 Voltage, 38.2667
kV kV kV
Average
Voltage, 30.9656
kV
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Table 4.2: Breakdown Voltage of Mineral Oil ASTM D1816

Sample 1 Sample 2 Sample 3
Test
Test Run | BAV(kV) | Test Run BdV(kV) Run BdV(kV)
1 25 1 42 1 31
2 27 2 42 2 25
3 30 3 36 3 29
4 26 4 34 4 30
5 28 S 30 5 26
6 25 6 35 6 21
7 28 7 38 7 26
8 11 8 24 8 36
9 iy 9 30 9 31
10 24 10 32 10 21
11 24 11 29 11 20
12 27 12 36 12 32
13 24 13 36 13 39
14 24 14 26 14 33
15 26 15 28 15 24
16 22 16 30 16 29
17 18 17 29 17 32
18 12 18 29 18 33
19 15 19 23 19 16
20 14 20 30 20 22
21 25 21 34 21 29
22 26 22 29 22 13
23 22 23 33 23 19
24 26 24 29 24 19
25 21 25 29 25 24
Average Average Average
Voltage, 22.68 Voltage, 31.680 Voltage, 26.40
kV kV kV
Average
Voltage, 26.92
kV
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Table 4.3: Breakdown Voltage of Mineral Oil ASTM D877

Sample 1 Sample 2 Sample 3
Test Run | BdV(kV) Test Run BdV(kV) Test Run | BAV(kV)
1 35 1 44 1 30
2 29 2 39 2 32
3 28 3 37 3 31
4 23 4 34 4 29
5 25 5 23 5 28
6 29 6 37 6 34
7 29 72 25 i 33
8 30 8 43 8 34
9 32 9 41 9 25
10 33 10 30 10 26
11 38 11 43 11 23
12 33 12 42 12 31
13 34 13 34 13 30
14 32 14 34 14 25
15 26 15 43 15 30
16 22 16 42 16 30
17 29 » 17 48 17 30
18 22 18 41 18 34
19 27 19 36 19 34
20 30 20 34 20 27
21 30 21 34 21 30
22 31 22 35 22 27
23 30 23 34 23 29
24 29. 24 37 24 32
25 28 25 40 25 32
Average Average Average
Voltage, 29.36 Voltage, 37.20 Voltage, 29.84
kV kV. kV
Average
Voltage, 32.1333
kV
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Table 4.4: Breakdown Voltage of Vegetable Oil [EC 60156

Sample 1 Sample 2 Sample 3
Test Run | BdV(kV) | Test Run | BAV(kV) | Test Run BdV(kV)
1 40 1 26 1 56
2 36 2 39 2 47
3 31 3 33 3 26
4 38 4 25 L 47
3 46 5 39 5 29
6 40 6 19 6 48
7 42 7 30 T 41
8 41 8 42 8 42
9 57 9 36 9 48
10 53 10 20 10 55
11 45 11 37 11 41
12 40 12 37 12 54
13 52 13 33 13 46
14 42 14 35 14 36
15 50 15 31 15 47
16 39 16 24 16 51
17 46 17 38 17 50
18 47 18 29 18 46
19 37 19 23 19 50
20 36 20 39 20 51
21 45 21 39 21 49
22 45 22 19 22 54
23 59 23 28 23 39
24 44 24 31 24 52
25 49 25 31 25 55
26 52 26 26 26 45
27 53 27 30 27 51
28 58 28 23 28 52
29 55 29 24 29 42
30 46 30 23 30 57
Average Average Average
Voltage, 45.4667 Voltage, 30.30 Voltage, 45.4667
kV kV kV
Average
Voltage, 40.411kV
kV
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Table 4.5: Breakdown Voltage of Vegetable Oil ASTM D1816

Sample 1 Sample 2 Sample 3
Test Run | BdV(kV) | Test Run | BdV(kV) | Test Run BdV(kV)
1 33 1 33 1 39
2 32 2 39 2 46
3 31 3 32 3 48
4 22 4 31 4 43
5 28 5 35 5 37
6 28 6 41 6 49
7 22 7 32 i 36
8 29 8 30 8 28
9 31 9 42 9 B3
10 36 10 23 10 23
11 36 11 41 11 42
12 30 12 33 12 39
13 57 13 32 13 39
14 29 14 43 14 33
15 33 15 22 15 40
16 33 16 37 16 43
17 35 b 17 36 17 42
18 35 18 38 18 40
19 25 19 40 19 43
20 36 20 44 20 44
21 25 21 36 21 34
22 L 22 45 22 B9
23 126 23 40 23 28
24 31 24 40 24 36
25 41 25 36 25 29
Average Average Average
Voltage, 312 Voltage, 36.04 Voltage, 38.12
kV kV. [ kV.
Average
Voltage, 35.12
kV
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Table 4.6: Breakdown Voltage of Vegetable Oil ASTM D877

Sample 1 Sample 2 Sample 3
Test Run | BdV(kV) | Test Run | BAV(kV) | Test Run | BdV(kV)
1 47 1 58 1 43
2 53 2 47 2 42
3 47 3 48 3 44
4 43 4 40 4 46
5 51 5 35 5 41
6 50 6 38 6 47
i) 49 7 46 i 51
8 39 8 45 8 51
9 25 9 44 9 53
10 41 10 34 10 29
11 43 11 36 11 51
12 49 12 38 12 49
13 40 13 38 13 53
14 29 14 30 14 44
15 27 15 31 15 48
16 34 16 40 16 53
17 35 17 37 17 57
18 39 18 33 18 51
19 34 19 40 19 47
20 41 20 28 20 48
21 38 21 30 21 55
22 30 o2 24 22 35
23 129 23 33 23 52
24 36 24 33 24 43
25 37 25 38 25 48
Average Average Average
Voltage, 394 Voltage, 37.76 Voltage, 48.04
kV kV kV.
Average
Voltage, 41.733
kV

44




4.2.2 Comparison of Breakdown Voltage between Mineral Oil and
Vegetable Oil

Graph in Figure 4.1 and Figure 4.2 show the breakdown voltage for mineral oil
and vegetable oil. Meanwhile, Figure 4.3 shows the comparison of breakdown voltage
of transformer oil by using different standards. Based on Figure 4.1 , 2 out of 3 sample
of IEC 60156 shows the higher number of breakdown voltage that pass the standards
value compared to ASTM D1816 and ASTM D877. Meanwhile, based on Figure 4.2
, 3 out of 3 sample of ASTM D1816 shows the higher number of breakdown voltage
compared to IEC 60156 and ASTM D1816. Moreover, based on Figure 4.3, the
average of breakdown voltage of mineral oil for IEC 60156 is higher than vegetable
oil with the values of 40.889 and 34.3889.

In IEC 60156 and ASTM D1816 the minimum breakdown voltage of insulating
liquids should reached is 35kV, Some of the samples are discarded due to breakdown
voltage lower than 35kV. This is probably due to the high moisture in the liquid. The
presence of moisture in the insulating liquids may decrease the breakdown voltage.
Thus, new samples are developed using -additional treatments- such as nitrogen

saturated process and filtration process.

In standard ASTM D1816 shows the lowest value of average breakdown
voltage for vegetable oil which is 26.92 kV compared to IEC 60156, 34.3889 kV and
ASTM D877,32.1333kV There are several factors that affect this value such as the
moisture of the oil, the preparation of the electrodes, the measurement gap of the
electrode, the humidity of the surrounding and the temperature of the oil sample.
According to Y. Zhou [5], the presence of 0.02% water in transformer oil will reduced
the amount of electric strength up to 20% of the dry value. Moreover, the breakdown
voltage is well known sensitive to impurities such as the presence of moisture,
surroundings, temperature and gas bubbles [2]. This is one of the reasons why some
of the value of breakdown voltage of transformer oil does not meet the standards even

the experiment is repeated a few times.

45



Mineral Oil

BEoRr NN W W B
aQ v O U O wn O

Average of Breakdown Voltage, kV
192

o

IEC 60156 ASTM D877 ASTM D1816

e Sample 1w Sample 2 e Sample 3 ==@eeStandards

Figuggf\&.if‘ﬁfeqfkdown Voltage of Mineral Oil for IEC 60156

14 P — P

+ 1 = — — —_

] e W =

: - I N . ]
uy ————— VegetableOil w | | |

20

10

Average of Breakdown Voltage, kV
w
o

o

IEC 60156 ASTM D877 ASTM D1816

o Sample 1 W Sample 2 @ Sample 3 ==@e=Sample 4

Figure 4.2: Breakdown Voltage of Vegetable Oil for IEC 60156

46



Mineral Qil vs Vegetable QOil
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4.3 Measurement Uncertainty

4.3.1 Calculation of Measurement Uncertainty

In section 4.3.1 shows the calculation of measurement uncertainty for all
samples in this experiment. Type A is evaluated based on the repeated samples in the
experiment. Other than that, type B is evaluated based on the manufacture

specification, result from handbooks and earlier knowledge about the experiment.

In type A the calculation to evaluate the uncertainty measures involved is
average mean and standard deviation. This result is significant to measures the

estimation of standard deviation (ESDM).

As in type B, the calculation to evaluate the uncertainty measures involved is
the repeatability, calibration, resolution and voltage rise. The variables that used to
calculate for this repeatability, calibration, resolution and voltage rise are evaluation
type, distribution type, semi range, divisor, standard uncertainty, sensitivity coefficient
and degree of freedom. The degree of freedom for calibration and resolution are
estimated in a larger value as the number is 999,999,999 or 888,888,888 by indicated
it is an infinity value. While the other variables are calculated by referring to Joint

Committee for Guides in Metrology [23].
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Tvype of Transformer Qil: Mineral Oil

Type of Standard: IEC 60156

a) Average Mean, ¥

_ Xx; _ Summation of x; data
n  size of the data

_ (Sum of bdvl) + (sum of bdv2) + (sum of bdv3) ...+ (sum of bdv4)
B (30)

25+34+51+37+30+39+35+49+33+39+52+41+40+ +47 + 32
—134+474+36+21+30+39+40+374+23+344+-28+37+25+26+ 35
30

= 25.6kV

b) Standard Deviation, s(¥)

N =l

S(%) = jzgf:l(x" —

" (xl =S f)z + (xZ - f)z o (.'X.'3 = .f)z +(XQQ = f)z
1 30+~ 1

= 3.124983kV

¢) Estimation Standard Deviation, ESDM

ESDM = ——
\/_

s(X)
n

_3.124983kV
V30

= 0.570541
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d) Degree of Freedom, DoF

Vi =n—1

Vo= 30~1

Vi = 29
Measurement Info:

Resolution TNV
Bias : None

Voltage Rise Mizw, + 2.2%
St

b i I
:—5}]’ L&M\-" Iké:.«::ﬂ.é A-‘\-ni—\‘ b/-’w }l
Vi (From Table) : 888,888,888
UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Error

Sensitivity Coefficient, ¢; : 1
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Table 4.7: Measurement Uncertainty of Type B

Sources of Evaluation | Distribution | Semi Range, Divisor Standard Sensitivity Degrees of | Uncertainty
Uncertainty, Type, Type a Uncertainty | Coefficient Freedom | Contribution
x A and B & “ ’ o
Repeatability A Student=T_afv &, NA NA 4.753800657 1 29 4.7538007
Calibration B S;_udeht-T NA} NA 0.00225 1 888,888,888 0.0022500
Resolution B Rectangular 0.5 | 1.732050808 | 0.288675135 1 999,999,999 0.2886751

Accuracy "

(Drift) B Rectangular NA NA NA 1 NA 0
Method '

(Precision) B Rectangular NA NA NA 1 NA NA

51




Repeatability
Evaluation Type
Distribution Type

Semi Range

Divisor

Standard Uncertainty, u;

Sensitivity Coefficient, u;

Degree of Freedom, v;

A

: Student T

: Not Available, NA

: Not Available, NA

Dof _ 29

by 4.753801

’ Mean,x
21

:29

Uncertainty Contribution, c;u;: 1 * 4.7538007 = 4.7538007

Calibration

Evaluati;m Type
Distribution Type

Semi Range

Divisor

Standard Uncertainty,u;

Sensitivity Coefficient, u;

Degree of Freedom, v;

B
: Student T
. Not Available, NA

- Not Available, NA

Ucalb
k

= 0‘2’2—‘*5 = 0.00225

%1

:888,888,888

Uncertainty Contribution, c;u;: 1 * 0.00225 = 0.0022500

52



Resolution
Evaluation Type

Distribution Type

Semi Range, a

Divisor

Standard Uncertainty,u;

Sensitivity Coefficient, u;

Degree of Freedom, v;

Uncertainty Contribution, c;u;: 1 * 0.288675135

Voltage Rise
Evaluation Type

Distribution Type

Semi Range, a

Divisor

Standard Uncertainty,u;

Sensitivity Coefficient, u;

Degree of Freedom, v;

~(1.02+2=0.98+2)

:B

: Rectangular
:2 =05
2

/3 =~ 1.73205

; SemiRange _ 25 - 0.288675135

Divisor V3

« 1

:9099.999,999

0.288675135

B

: Rectangular

= 0.04
2

V3 =~ 1.73205

; Semitenge _ 202 = 0.023094011

Divisor V3

1

1 999,999.999

Uncertainty Contribution, c;u;: 1 * 0.023094011 = 0.023094011
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e) Combined Uncertainty, (U,)

Uc(y) = V(€1 X Uxy)2 + (C; X Uxz)? = /(€1 X Ux;)? +..(Cp X Uxy)?

U vy —  |(1X 47538007 )2 + (1% 0.0022500)2 + (1 x 0.288675135) +
) = (1 x 0.519615242)2 + (1 x 0.023094011)2

= 4.790875955

f) Effectiveness Degree of Freedom, V¢

Vors = Ue )
TR Ko, L)
-V vy B " Un
o 4.790875955* (y)
eff = [4.7538007%(y)0.0022500%(y) . 0:288675135%(y)
79 *7588,888,886 +~999,999,99

0.5196152420%(y) . 0.023094011¢(y)
999,999,999 999,999,999

= 2935183 ~ 30

e) Coverage Factor from Student-t distribution, k
The student of t-distribution is selected from table t-distribution in 95%
Confidence Interval

k=T-Distribution-95% (30) = 2.04
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Figure 4.4: Table of T-Distribution

Degree of Fraction p in percent (%)
Freedom
v 6827 | 90 | o5 | 9545 | 99 | 9973
1 1.84 6.31 12[71 13.97 63.66 235.8
2 1.32 2.92 43 4.53 9.92 19.21
3 1.2 2.35 318 3.31 5.84 9.22
4 1.14 2.13 278 247 4.6 6.62
'5 % 2.02 2.57 2.65 4.03 5.51
6 1.09 1.94 245 2.52 3.71 4.90
7 1.08 1.89 2.36 243 3.50 4.53
8 1.07 1.86 281 2.37 3.36 4.28
0 1.06 1.83 2.26 2.32 3.25 4.09
10 1.05 1.81 2.23 2.28 3.17 3.96
11 1.05 1.80 2.20 2.25 3.11 3.85
12 1.04. e 1.78 218 2.23 3.05 3.76
13 1.04 .77 216 2.21 3.01 3.69
14 |0 1.04 1.76 2114 2.20 2.98 3.64
15 M 5 213 2.18 2.95 3.59
16 1.03 1.75 2012 2:17 2.92 3.54
17 721.03 1.74 2411 2.16 2.90 3.51
18 1.03 1.73 2,10 2.15 2.88 3.48
19 1.03 1.73 2.09 2.14 2.86 3.45
20 1.03 132 2.09 2613 2.85 3.42
25 1.02 171 296 214 2.79 3.33
30 162 70— 2.09 2.75 3.27
35 1.01 1.70 2.03 2.07 2.72 3.23
40 1.01 1.68 2.02 2.06 2.70 3.20
45 1.01 1.68 2.01 2.06 2.69 3.18
50 1.01 1.68 2.01 2.05 2.68 3.16
100 1.005 1.660 1.984 2.025 2.626 3.077
oo 1.000 1.645 1.960 2.000 2.576 3.000

a) For a quantity z described by a normal distribution with expectation u, and standard deviation o, the interval
U, + ko encompasses p = 68,27 percent, 95,45 percent and 99,73 percent of the distribution for k=1, 2 and 3,
respectively.
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f) Expanded Uncertainty
Uy = kpUc(y) = tp(v) Uc(y)
Upep = 2.04 x 1.621554

= 9.773386959

g) Expression of the Uncertainty, BdV
25.6 +9.727034 kV
h) Expression of the Uncertainty in percentage

Uncertainty BdV

BdV (%) =
BdV (%)
BdV (%
Thus, 4 ,.,_,n
'b-a MJ\.A-" &_‘%_&%kﬁ’ w 9 'l
o v - J.-

UNIVERSITI TEKNIKAL MALAYSIA MELAKA
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4.3.2 Graph of measurement uncertainty between mineral oil

4.3.3 and vegetable oil

Figure 4.5 shows the value of mineral oil for each standard for nine samples of
transformer oil. The value of uncertainty measurement is converted into percentage in
order to get the smallest number of uncertainties. Based on the calculation IEC 60156
for mineral oil in sample 3, the number of measurement uncertainties shows the

smallest number which is 37.9330812% compared to sample 1 and sample 2.

‘Figure 4.7 shows the comparison of uncertainty measurement between
different transformer oil by using different standards. Generally, the lowest number of

measurement uncertainty is affected by the calculation as in section 4.3.1.

The calculation of measurement uncertainty in section 4.3.1 is calculated based
on case study by Rahul Raj Chaudhary and Evaluation of Measurement data.
According -jfo the bar graph, IEC 60156 shows the lowest value of uncertainty
measurement for both transformer oil compared to ASTM D1816 and ASTM D877.
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o 39
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mSample 1 37.99622706 42.1312493 42.10271445
Sample 2 37.97080482 42,09145446 42,08268364
B Sample 3 37.93308119 42.11001781 42.10101962
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Figure 4.5: Measurement Uncertainty of Mineral Oil
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4.3.4 Factors that influence the result of measurement uncertainty

The figures show the factors that influenced the result of measurement
uncertainties. The factor that influenced the result of measurement uncertainties is
affected by type A and B. As in table 4.7, in type B there are three factors that affect
the result of the measurement uncertainties which are repeatability, calibration,
resolution and voltage rise. However, since calibration and resolution are one of the
factors that give the constant value for all samples, thus the major factor that affect the
uncertainties measurement for type B is repeatability and voltage rise. Other than that,
type A also give the effect to the result of the measurement uncertainties which is

standard deviation.

Next, in'Figure 4.8, sample 3 for mineral oil in IEC 60156 show the highest
standard deviation with 1.4887 while sample 1 for vegetable oil in ASTM D877 show
the lowest standard deviation with 1.5969. The data of mineral oil in IEC 60156
recorded the highest number of average standard deviation with 1.5094 while ASTM
D877 recorded the lowest number of average deviations.in mineral oil with 0.8528. In
IEC 60156, both transformer oil shows the highest number of uncertainty measures
where it can influence the data in Figure 4.10. Based on the observation for standard
deviation, ASTM D877 shows the smaller number of standard deviation as it shows

the value is closed to the mean value.

Moreover, Figure 4.9 shows the repeatability of measurement of different
standards and transformer oil. IEC 60156 shows the dependable variable depends on
the average data. The repeatability of measurement uncertainties for type B is
influenced on the experiment conducted. IEC 60156 shows the major effect of
measurement uncertainty compared to the other standards. There is significant value
that affect every sample. This is due to the precision setup of the experiment, type of
electrode used, the number of repeatability data in every standard, the percentage of
the impurities of the transformer oil, the humidity of the surrounding, the temperature

of the oil and temperature of the oil.
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Lastly, the factor that influenced the measurement uncertainties is voltage
rise. IEC 60156 has the highest value of uncertainty voltage rise with 0.7670 and
0.5875 compared to ASTM D1816 and ASTMD877. Differences in voltage rise does
not affect calculation for measurement of uncertainty due to only four decimal points

in the calculation.

Mineral Qil vs Vegetable Oil
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Figure 4.8: Standard Deviation of Measurement Uncertainty Type A
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Figure 4.10: Voltage Rise of Measurement Uncertainty Type B
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusions and Recommendations

The experimental work presented in this thesis contributes to a further
understanding on breakdown strength analysis of transformer oil due to different
standards. The analysis that used in the projects important to measure the breakdown
voltage of different transformer oil, measure the uncertainty of the breakdown voltage
readings and evaluate the breakdown voltage readings from three different standards
based on uncertainty.measures. All the factors that contributed to the result of
measurement uncertainties is analysed and calculated. Based on the findings, IEC
60156 shows the smallest uncertainties readings compared to ASTM D1816 and
ASTM D877. Although IEC 60156 shows the smallest uncertainties readings, however

there are some samples that not met the requirement of standard breakdown voltage.

Measure of repeatability is important in-order to get consistent data. The factors
that affect the lowest breakdown voltage can be either moisture in the transformer oil,
temperature of the transformer oil and the experimental setup. Hence, the experiment
was performed in confined room with the lowest value of the temperature and better
humidity to reduce the impurities content in the transformer oil thus will increase the
value of experiment. Moreover, accuracy (drift) and method of the experiment is
needed in the specification of the instrument as it will affect the value of the
measurement uncertainties. By having more several factors of measurement

uncertainties of type B will makes the data more accurate.
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5.2 Future Works

For future improvements, accuracy of the breakdown strength analysis of the

transformer oil could be enhanced as follows:

1. Consider more factors for analysis in example measurement gap, method rise

and accuracy.

2. Repeat the filtration and nitrogen saturated process several times to remove the

contaminants in the oil.

- l\_:?.-
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APPENDICES

APPENDIX A MINERAL INSULATING OIL SPECIFICATION

Designation: D3487 - 09

uTEXD

Standard Specification for
Mineral Insulating Oil Used in Electrical Apparatus®
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TABLE 1 Property Requirements
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APPENDIX B VEGETABLE INSULATING OIL SPECIFICATION

Lﬂglp? Designation: D671 - 03 (Reapproved 2008)
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4l De871 - 03 (2008)

TABLE 1 As-Recelved New Fluld Property Requirements

Proparty Limit ASTM Tast Mothod
Phygcat
Color, max 1o DI;:‘.'M
Fira peint, min, *C 300
Fbl'::i’;u.mh'c 275 Da2
Pour point, max, "C -0 Do7
Raktive dersity {speciSc gravity) 15°C/15°C. max 0o Dizse
Viscosity, max, cS1 at: D445 or Dsg
1 [z12°F) 15
24rC [104°F) 50
oC (22F) ECO
Vizual tioen Bright and Cloar D524
Hocrral:
Dicloctric broakdown vohage ot 60 Hz
Disk alectrodes, min, 30 Cer?
VDE akctrodas, min, kY at D1g16
1 mm {0.04 in) gap 20
i 2 mm {0.03 i) gap . a5
kloctc braakdawn 130 Daace
il ek v ok g o
1 i (25.4 men) gap
Dizipation facter (o power factor) at 60 Hz, max, Caz4
%
25C 020
100C 4.0
Gamsing tendancy, max, pimin (/] Dzzc0
Chemiat
Conosive sulir nof corosiva D278
MNowrnlzasen rember, sosl acid numbse, max, o.ce Co7a
KCH
P&mm‘ipgn not datactable D4osg
Wiatar, max, mg'kg 200 Disaz*
“ As stoled in Tezl Mathods 01533 Annex At “Alsmatva Scivant Sy ., alt reagents may be nesded for certain natural ealar formdations. Consul $o
maref; racc dati agenis forakichydas and ketones (such ns Coulbmat AX and CG-K] shoud ba used if e additives ara unknown. YWhan altemata
reagams ara needed, using Hia Test M D1533 rsagsenis may yiokl clewvatod and crmitic walar confant resuls.

D4059 Test Methad for Anudysis of Polychlosinated Biphe-
nyvls in [nsuluting Liquids by Gus Chromatography

2.2 National Fire Protection Assactatien Standard:

National Electrical Code Article 450-257

3. Terminalogy .

3.1 Definitions—Definitions of terms relnted 1o this specifi-
cation are given in Terminology D286+, Vegatable oil natural
ester: vegetable oil comaining ester linkages, typically triglyc-
erides. Most often obtained from szed crops (o “natural” source.
of esters, as opposaed 1o synthesized esters).

4. Sampling and Testing

4.1 Take all fluid samplas in accordance with Test Methods
D923,

* Natinaad Electrical Code, NIPA 70, Natiozal Tire Protection Association ksc.

4.2 Perform each test in accordance with the ASTM test
method specified in Table L.

5. Praperty Requirements

5.1 Natural ester insulating fluid, as raceived, shall conform
to the requiremenits of Tuble |. The sigpificance of these
properties is covered in Guide DII7 and Appendixes
X2.1-X23.

6. heywords
6.1 electrical insulating fuid; fire point; flammability; insu-
lating fAuid; natoral ester
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APPENDIX C CALIBRATION OF MEGGER OTS60PB

o)

oy

4.\

AP/ CALIBRATION CERTIFICATE e
Mg

M3 1907 [EC 17025
CALIBRATION
BAMM NO. 289
DATE OF ISSUE i 16 April 2017 CERTIFICATE NUMBER : [VAT2017/04/CAL029
ISSUED BY + Institut Voltan dan Arus Tinggi
Universiti Tekmologi Malaysia
81310 UTM Jobor Bahry, Johor.
Tel: 07553561883 Fax: 07.8578150 FAGRI ORI AN
Name of customer : MAKMAL PENYELIDIKAN KEJURUTERAAN VOLTAN TINGG]
Fakulti Kejunuteraan Elektrik,
Universiti Tekmikal Malaysia Mclaka
76100, Durian Tunggal, Melska.
Detals of the Calibrated ltem -
Instrument s 60 kV HVAC Oil Test Sat Model Number : OTS-60-PB
Manufacture L) MEGGER Serial Number @ 611-204/090209/4067
Instrument Condition When Recelved 1 1. Good Physical Condition
Instrument Condition Whes Returned 3 1. Calibrated and tested servicesble as per costomer request
2. No adjustment done
Date Recelved ¥ S April 2017
Date Calibrated { 10 April 2017
Location of Callbration ] IVAT Laboratory
Environmental Conditions -
Dry Bulb Temperuture : 30.0°C Barometer Pressure : 1015 mbar
Measurement Uncertaiaty 1 Seepage 2
Calibration Method H

‘This instrument was calibrated according to In-House Procedures (LWI-UTM-IVAT (2) 2013)
Calibration Standard(s) nsed :

Instrument Type Sarial Number Tracosbility Due Date
HV Probe (Working AC-C) E0I04 SAMM No. 285 22072017
Digital Messuring Instrument 551 081624-05 SAMM No. 176 2100672017
Approved Signatory 1 Prof. Dr. 37 A

Sigasture of Approved Siguatory 3

The uncertaintics are for & confidence probability of spproximately 95% and bave 8 factor of k = 2 unless specified otherwise.

certificas i fssoed In dence with the condirions of gunied by the SAMM which bas sssosmed the messurement cxpabllity of ad b2 ©
1:#“ﬂlﬂuh‘i—‘“-hmﬂﬂm.mdﬁmim-. el
may 8ot be reproduced cther than i fll except with the prior wrines spproval of the Head of the iring borssory

71



Ly
S 1507 EC TTR2S
g~

{ } CALIBRATION CERTIFICATE @ s

DATE OF ISSUE : 16 April 2017 CERTIFICATE NUMBER : [VAT2017/04/CALO29

PAGE 2 OF 2 PAGES

Instrument :ﬂ'lkirl{VACOi]TdSC Serial Namber  : 611-204/090209/4067

RESULTS OF CALIBRATION

The result shown in this certificate is based on a comparstive calibration method.

Set Voltage st Voltage Indicated by Absotuta
Customer's Volt Refercnce Meter Corection Uncertainty (%)
) ) &)
150 15.04 0.04 10
300 29.83 017 050
450 a4Ah 056 089
60.0 ¢ 59.38 o ~ oss

The largest contributor to the uncertainty estimation of the 15 KV messurement is the standard uncertainty of reference
divider as much as 0.45%.

The uncertaioties are for a confidence probability of app :mum.mmqk-zmwm

This certificase s lonsed bn sccondance with the conditions of granind by the EAMM which hes asscsscd the messrement capubilty of laborsiory aad Bs traceshilly 1
recogaised mationel stzndand ead 1o the wnita reallssd o th Copyright o owmed lesing Bboreory
-’numc&h‘hﬂu;-lhph_“dhudhi‘.h - byts Sborsiory sod
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APPENDIX D SPECIFICATIONS OF MEGGER OTS60PB

Speclfication

Output Valtage [max )
B0V rm.s. (30 kY — D-0 kV) et £1,8 He

Parameters gl Standard Test Specifications

Test Epecificalions Pammeten
Temtt Spec. | dnoasl Fulm oinss | lclemedows| kmedsls | Nunber| hMasrus Ted Pamubs
Shnd of Terd Ebr L2and al Tias
T Wollscm Tirsa T Tents
Sminicst | Tmin. 1] X toa ] Amin ¥ Mewn
Ellsiee | Imn K 1min Amin 18 min Mg an
nn Eey Commmaee |3 min 1inin Hoan
ENEIIE | Smn LT Cowaemew | 3 min 13 min Mian
| AZTH DT nn.ibal - 1min imin Moan
|AZTMOIN: | dnn (V51 [ Amin [l 17 nin Mean
Lhedl nn | 2k Inn Amin [] 3 nn B of lwrt 1 ewls
[ irttaland A o cied valor for 1 gy ot
[ Witeland T Ky Az sbary ar valus 9l Extact
ST - FETNT T i 1min [WEhabenad Boall nt 23 BV, D0 kY or 4D AV pandng on
sculp et calegory mnd ket gag) 1or | mis M brek-
Sorws oecors Ena ther beo Beefs wrw carmied cul boh suel
L1-4 lobe
BSTTa LEALE| Trh st s | 2kWs Tals Imh El"mhﬂ'—-ﬁm"-"-
1min emnd sod
Iﬁlllﬂﬂnﬂﬁﬁsﬁ: YOE GITE, KPC 7, CH 344, FDCT B241, % 855, AS 1767, STAS 106 and |P 294
HIC 37, 5TAS 238 and UHE 21 onll Ba Brel breskdawn valus from the seersge culcuia Bos.

Display Dot-mavix fquid aysial display giving elgha-rumeric infamatian
and kV 125t voling= o two digits.

Temperature Range

Opernlicn 0*Cio+ 40°C

Slornge ! -30°C 12 +85°C

Humidity Range .

Operaling 90% AH af 40 °C {nan-condersing)

Slorage . 92% AH a1 40 °C, 95% AH a1 25 °C cyclia
{in accordence with BS 2011 Pat 2-1)

Input Epckel Batery charper or 12 wali vehicle supply inlet socket.

Balety The best oot meets the requiremenis far salety S [EC 1010-1
{1935), ENG1010 {1895} safety interock i ta BS B304
{1938) \Guarding of Machinesy” canderd.

EMC. In eccordence with 1EC 61328 including ermerdment No. 1

Power Supply Iniermnel rectargedsi= 12 ¥, 92 &h, betery [tpically 12 hours

cantinuous testing). Charger supply 90 Vio 264 ¥, BA/G0 Hz,
12 wolt, negatiee to chassis, vehide lead =t {do=s not recharge

intemal betiery)
Fuses 2 x FB, 3 A IEC 12741, 20 mm x & men, HBC fuzes.
Dmenslans 373 mrn x 269 mm x 247 mm {14 in x 10% in x 9 in) basic
without accessaries.
Weight 19 kg [42 B} basic wilhout rccessodes.
Claaning The exterics caz= can he wiped with a dean dof dampened with

an acchal based deaning Auid.
B

73



APPENDIX E MEASUREMENT UNCERTAINTY OF MINERAL OIL FOR IEC 60156

MU OIL BREAKDOWN VOLTAGE TEST FOR IEC 60156 OF MINERAL OIL

Measurement Info From CC:
Resolution= 1kv Ucalb 0.0045
Accuracy= 3% of 60kV Voltage Rise= 2KV40.2% K= 2
Bias= . Vi(From Table)= BRBARGHEE
Error= 1kv
Repeatibility Data cii 1
gt
Test Rn'i?‘
1 60 z ss
24 -160 256 ..
I\l [ 440 IL ,-"f 19.36 & .-', » nt & |
:| % ‘-_F— . h—:L?J . X J I
060 ‘ 0.36 o ; -j ;
19.36 ,,
uo 5 75 .
29 23 z -w 5 75
10 24 -1.60 2.56
768
Total 768 283.200
Number of data,n 30
Average,Mean(x} 2560000
Standard Deviation(s) | aazae83 3.072458299 3.124982759
Std Uncr,Ur, ESDM 0.570541 7
DoF,Vi 29
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Sources of Evaluation | Distribution Semi Range Standard Sensitivity Degrees of Uncertainty
Uncertainty Tvpe Tvpe Uncertainty Coefficient Freedom Contribution
AorB a Divisor | {f:”.v v
Repeatability A Student-T NA NA 4.753800657 i | 29 4.7538007 22.59862069| 510.6976571] 17.61026
Calibration B Student-T NA NA 0.00225 1 B88,888,888 0.0022500 5.0625E-06| 2.56289E-11] 2.8BE-20
Resolution B Rectangular 0.5 1.732050808 0.288675135 1 999,999,999 0.2886751 0.083333333| 0.006944444] 6.94E-12
Accuracy (Drift) B Rectangular NA 0 NA 1 NA 0.0000000 0 0 0
Method (Precision) B Rectangular NA NA NA 1 NA
Voltage Rise B Rectangular 0.4 1.732050808 0.230940108 3 999,999,999 0.2309401 0.053333333( 0.002844444| 2.84E-12
¥ SUM 22,73529242| 510.707446] 17.61026
Combined Standard )
Uncertainty u, = JZ(C;“: )
4.768153984 IMax 30
in 17
pper Bound 35.32703
Effective Degrees of| (u)*
Freedom Vw (Clui)_‘ (c:u:‘)‘ (c;u:)‘ (C-.N-.)"
- + — 7, + 29.35183256 |Lower Bound 15.87297
V1 V2 . ‘IV} Vo
Coverage Factor |%.
from Student-t : . ;
Table 204 M/573 k=T95(30)=2.04
Value |Percentage K v
Expanded L = ku, ‘ ) _
Uncertainty 9,727034128 37.99622706 206 25
v 204259768 29.35183
Reporting The Result 2.04 30

Breakdown Voltage=(25.6£9.7)kV, k=2.04 at (L=95%
Breakdown Voltage (%) =(25.6237.996227%)kV k=2.04 at CL=95%
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APPENDIX F MEASUREMENT UNCERTAINTY OF MINERAL OIL FOR ASTM D1816

MU OIL BREAKDOWN VOLTAGE TEST FOR ASTM D1816 OF MINERAL OIL

Measurement Info From CC:

Resolution=  1kV Coefficient of Variant{ML) 17% Ucalb 0.0045

Accuracy= 3% of 60kV Voltage Rise= 0.5kV$0.05% K= 2

Bias= NA Vi(From Table)= 888883888

Error= 1kV

Repeatibility Data Ci 1
Test Run

1824

3702 o o . \
2 23%, 26800 bt 71824 i L:? o u”ﬂ - J
2 -

1.3200 1.7424
7.1824

7.1824

UNIVERSIT] TEKNIKAL MALAYSIA MELAKA

792
Total 792 585.440
Number of data 25
Average,Mean(x) 31.6800
Standard Deviation(s) 4.9390
Std Uncr,Ur,ESDM 0.9878
DoF,Vi 24

76



Sources of Evaluation | Distribution Semi Range Standard Sensitivity Degrees of Uncertainty
Uncertainty Type Type Uncertainty Coefficient Freedom Contribution
AorB a Divisor u, <, v, c,u, (cu,) (cu) (cu ) U
Repeatability A Student-T NA NA 6.46665292 1 24 6.4666529 41.8176| 1748.71167| 72.86298624
Calibration B Student-T NA NA 0.00225 1 888,888,888 0.0022500| 5.0625E-06| 2.56289E-11| 2.88325E-20
Resolution B Rectangular 0.5 1.732050808 | 0.28867513 1 999,999,999 0.2886751| 0.083333333| 0.006944444| 6.94444E-12
Accuracy (Drift) B Rectangular NA 0 NA 1 NA 0.0000000 0 0 0
Method (Precisi B Rectangular NA NA NA i NA
Voltage Rise B Rectangular ,0.0025 1.732050808 | 0.00144338 1 999,999,999 0.0014434( 2.08333E-06| 4.34028E-12| 4.34028E-21
fsum 41.50094048] 1748.718614] 72.86298624
Combined L = Z(C - )z
Standard | © .
|Min 22
R P Jupper Bound 45.01457
Effective |, — ()
4 4 Y0 9 1
Degrees of | < (cwur) (cau-) (¢t s) (Cnidn)
Freedom + + T g, ————— 24095757 Lower Bound 18.34543
Vi Vi Va
Coverage [kss
Factor from
Student-t
Tahle 2,06 M/S 73 k=T95(25)=2.06
Value Percentage
Expanded | = ku,
Uncertainty 13.3345728 42.09145446

Reporting The Result
Breakdown Voltage=(31.68+13.3345728)kV, k=2.06 at CL=95%
Breakdown Voltage=(31.68+42.09145446%)kV, k=2.06 at CL=95%




APPENDIX G MEASUREMENT UNCERTAINTY OF MINERAL OIL FOR ASTM D877

MU OIL BREAKDOWN VOLTAGE TEST FOR ASTM D877 OF MINERAL OIL

Measurement Info From €C:

Resolution= 1kV Coefficient of Variant{ML} 17% Ucalb 0.0045

Accuracy= 3% of 60kV Voltage Rise= 3kV20.05% K= 2

Bias= NA Vi(From Table)= 883888888
Error= kv

Ci: 1

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Total 734 361.760
Number of data,n 25

Average,Mean(x) 29.3600

Standard Deviation(s) 3.8824

Std Uncr,Ur,ESOM 0.7765

DoFVi 24
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Sources of Evaluation | Distribution Semi Range Standard Sensitivity Degrees of Uncertainty
Uncertainty Type Type Uncertainty Coefficient Freedom Contribution
X, AorB a Divisor u, ¥ v, c (c,u,) (cu) (c,u, ) v
Repeatability A Student-T NA NA 5.993084904 1 24 5.9930849| 35.91706667| 1290.035678| 53.75149
Calibration B Student-T NA NA 0.00225 1 888,888,888 0.0022500 5.0625E-06] 2.56289E-11| 2.88E-20
Resolution B Rectangular 0.5 1.732050808 | 0.288675135 1 999,999,999 0.2886751| 0.083333333| 0.006944444| 6.94E-12
Accuracy (Drift) B Rectangular NA 0 NA 1 NA 0.0000000 0 0 0
Method (Precision) B Rectangular NA | NA NA 1 NA
Voltage Rise B Rectangular VL 1 1.732050808 | 0.08660254 1 999,999,999 0.0866025 0.0075 5.625E-05| 5.63E-14
SUM 36.00790506] 1290.042679| 53.75149
1 3
Combined 4 = ( cu, 3
Standard
Uncertaintv 6.000658719 Max 38
Min 22
: 4 Upper Bound 41.72136
Effective Degrees |, o = * (ue)
< 4 4 1 4
of Freedom (ciu:) (cauz) (csus) (Cutin)
: ) C 24.12155104 Lower Bound 16.99864
Vi V2 Vi Vi
Coverage Factor [ks;
from Student-t
Table 2.06 M/S73 k=T95(25)=2.06
Value | * Percentage
Expanded |U = ku,
Uncertaintv 12.36135696 42.10271445

Reporting The Result

Breakdown Voltage=(29.36+12.361357kV, k=2.06 at CL=95%
Breakdown Voltage=(29.36+42.10271%)kV, k=2.06 at CL=95%
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APPENDIXH MEASUREMENT UNCERTAINTY OF VEGETABLE OIL FOR IEC 60156

MU OIL BREAKDOWN VOLTAGE TEST FOR IEC 60156 OF VEGETABLE OIL
Measurement info From CC:

Resolution= 1kV Coefficient of Variant(ML) 17% Ucalb 0.0045
Accuracy= 3% of 60kV Voltage Rise= 2kV10.2% K= 2
Bias= NA Vi{From Table)= 888888888

Errar= 1kv
Repeatibility Data Ci: 1

Test Run #P’

AL 1333 2t
19 37 -8.4667 71.6844
¥ “l‘ r |-s.4667 89.6178
¥ 21 4667 0.2178
333 3.15
24 o 44 o 14657 g 2 1511 - f - }
zs ¢9 35333
6.5333
75333 ss 7511
U NIWERS;TI sei N el L MALAYSIA MELAKA
Total 1354 1493.467
Number of data,n 30
Average,Mean(x) 45.4667
Standard Deviation(s) 7.1763
Std Uncr,Ur,ESOM 14353
DoFVi 29
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Sources of Evaluation Type | Distribution Semi Range Standard Sensitivity Degrees of Uncertainty
Uncertainty Type Uncertainty Coefficient Freedom Contribution
e AorB a Divisor Uy & v i cuy (C U ): (Czuf ); (C[u| )‘r v
Repeatability A Student-T NA NA 8.442948042 1 29 8.4429480| 71.283372| 5081.319073| 175.2179
Calibration B Student-T NA NA 0.00225 1 888,888,888 0.0022500| 5.063E-06| 2.56289E-11| 2.88E-20
Resolution B Rectangular 0.5 1.732051 | 0.288675135 1 999,999,999 0.2886751| 0.0833333| 0.006944444| 6.94E-12
Accuracy (Drift) B Rectangular NA 0 NA 1 NA 0.0000000 0 0 0
Method (Precision) B Rectangular NA NA NA 1 NA
Voltage Rise B Rectangular 0.4 1.732051 | 0.230940108 1 999,999,999 0.2309401| 0.0533333| 0.002844444| 2.84E-12
SUM 71.420043| 5081.328862| 175.2179
Combined Standard i = Z (C - ):
Uncertainty F ¢ T it 8.451038006 Max 59
[Mmin 31
(It ) 3 Upper Bound 62.70678
Effective Degrees of | & = ) 4 : 7 m
cil C el 2 C sl Call
Freedom D) £ ( ,) % (caus) : s (Caits) 291113101 Lower Bound 28.22655
Vi v Y3 Vo
Coverage Factor fromik95
Student-t Table
2.04 M/S5.73 k=T95(30)=2.04
Value Percentage K v
Expanded Uncertainty[l” = ku,
17.24011753 37.91814706 2.06 25
2.0435548 29.1113101
Reporting The Result 2.04 30
Breakdown Voltage=(45.47+17.24012)kV, k=2.04 at CL=95%
Breakdown Voltage=(45.47+37.9181471%)kV, k=2.04 at CL=95%
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APPENDIX 1T MEASUREMENT UNCERTAINTY OF VEGETABLE OIL FOR ASTM D1816

MU OIL BREAKDOWN VOLTAGE TEST FOR ASTM D1816 OF VEGETABLE OIL

Measurement Info Erom €C:

Resolution= 1V Coefficient of Variant{ML) 17% Ucalb 0.0045
Accuracy= 3% of 60KV Veltage Rise= 1.5kV+0.05% K= 2
Bias= NA Vi(From Table)= 888388888

Ci:

b ( h = :
Gop (R pmo o oam i .
2H\4 Mﬁj‘:ﬁ.@ },..;J'I

UNIVERSITI TEKNIKAL MALAVSIA MELAKA

Total 780 506.000
Number of data,n 25

‘Average,Mean(x) 31.2000

Standard Deviation(s) 45917

Std Uner,Ur, ESDM 0.9183

DoF Vi 24
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Reporting The Result

Breakdown Voltage=(31.20+13.13297)kV, k=2.06 at CL=95%
Breakdown Voltage=(31.20+42.09285%)kV, k=2.06 at CL=95%
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Sources of Evaluation | Distribution Semi Range Standard Sensitivity Degrees of Uncertainty
Uncertainty Type Type Uncertainty Coefficient Freedom Contribution
X, AorB a Divisor u, ¢ v cu (C,H, ): (c:u= ) (c Ju, )'l ]
Repeatability A Student-T NA NA 6.368573331 1 24 6.3686733 40.56| 1645.1136 68.5464
Calibration B Student-T NA NA 0.00225 1 888,888,888 0.0022500 5.0625E-06] 2.56289E-11| 2.88325E-20
Resolution 8 Rectangular 0.5 1.7320508 | 0.288675135 1 999,999,999 0.2886751| 0.083333333| 0.006944444| 6.94444E-12
Accuracy (Drift) B Rectangular NA, 0 NA 1 NA 0.0000000 0 0 0
Method (Precision) B Rectangular NA NA NA 1 NA
Voltage Rise B Rectangular 0.025 1.7320508 | 0.014433757 1 999,999,999 0.0144338| 0.000208333| 4.34028E-08] 4.34028E-17
SUM 40.64354673| 1645.120544 68.5464
Combined 2
u = c.u, )
Standard é Z( o
Uncertainty 6.375229151 Max a1
Min 22
TS Upper Bound 44.33297
Effective Degrees |V - 7 e 7 . ”
of Freedom (ca)”  (cauz)”  (csus)iomelons) 24.0989737 Lower Bound 18.06703
Vi v Vi Vi
Coverage Factor | ..
from Student-t
Table 2.06 M/s 73 k=T95(25)=2.06
Value | Percentage
Expanded ] =ku,
Uncertainty 13.13297205  42.09285914




APPENDIX J MEASUREMENT UNCERTAINTY OF VEGETABLE OIL FOR ASTM D877

MU OIL BREAKDOWN VOLTAGE TEST FOR ASTM D877 OF VEGETABLE OIL

Measurement Info From CC:

Resolution= 1kV Ucalb 0.0045

Accuracy= 3% of 60kV Voltage Rise= 3kV0.05% K= 2

Bias= NA Vi(From Table)= 888888888
Error= 1kv

Repeatibility Data s Ci: 1

18 |' ag 0. 0.1936

sNB i ks |23 ‘_:“
)‘".P £ M W Se L-fwt-”” w"\
% u e L

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

986

Total 986 1526.160
Number of data,n 25

Average,Mean(x) 39.4400

Standard Deviation(s) 7.9743

Std Uner,Ur,ESDM 1.5949

DoF Vi 24
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Sources of Evaluation | Distribution Semi Range Standard Sensitivity Degrees of Uncertainty
Uncertainty Type Type Uncertainty Coefficient Freedom Contribution
x, AorB a Divisor u, < L oy (cu,) (cw) (clu,)lo
Repeatability A Student-T NA NA 8.050656288 1 24 8.0506563 64.81306667| 4200.733611| 175.0306
Calibration B Student-T NA NA 0.00225 1 888,888,888 0.0022500 5.0625E-06] 2.56289F-11| 2.88E-20
Resclution B Rectangular 0.5 1.7320508 | 0.288675135 1 999,999,999 0.2886751| 0.083333333| 0.006944444| 6.94E-12
Accuracy (Drift) B Rectangular NA 0 NA 1 NA 0.0000000 0 0 0
Method (Precision) B Rectangular NA NA NA 1 NA
Voltage Rise B Rectangular 0.15 1.7320508 | 0.08660254 1 999,999,999 0.0866025 0.0075 5.625E-05| 5.63E-14
SUM 64,90390506] 4200.740611] 175.0306
Combined u, =3 (c,)
Standard :
Uncertainty
8.056295989 Max 53
Min 25
3 Upper Bound 56.03597
- (u)
Effective Degrees|,, 7 =
& 4 i fa 4 4
of Freedom (ciur) (c:u ) 1y (&5t (car)
+ i + 24.06732128 Lower Bound 22.84403
Vi V2 Vi Va
Coverage Factor |fs:
from Student-t
Table 2.06 M/S 73 K=T95(25)=2.06
Value ] Percentage
Expanded U} = ku,
Uncertainty 16.50506074  42.07903077

Reporting The Result

Breakdown Voltage=(39.4+16.596)kV, k=2.06 at CL=95%
Breakdown Voltage=(39.4£42.079%)kV, k=2.06 at CL=95%
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APPENDIX K

GANTT CHART

No Topics

1 | Discussion with supervisor for improvement from EYP |
2 | Literature Review

3 | Preparation on oil sampling for mineral oil
4 | Preparation on oil sampling for vegetable oil
6 | Run experiment for breakdown voltage

7 | Writing report

8 | Draft of progress report FYP 2

9 | Preparation of slide for FYP seminar

10 | Seminar FYP 2 evaluation

11 | Final check for FYP report

12 | Submit Final Report and CD

86




	30112021161455
	ANALYSIS OF BREAKDOWN VOLTAGE MEASUREMENT UNCERTAINTIES FOR DIFFERENT STANDARDS



