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Abstract
This study investigates the impact of iron particle contamination on the AC breakdown
voltage (BDV) of transformer oil and evaluates the effectiveness of titanium dioxide (TiO,)
nanoparticles in enhancing its dielectric strength. Four oil samples were prepared according to
ASTM D8T77: conventional transformer oil, oil with 0.01% TiO, nanoparticles, iron-contaminated
oil, and contaminated oil enhanced with TiO,. BDV data were further analyzed using the

two-parameter Weibull distribution to assess reliability and failure probability. The experimental
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results indicate that adding TiO, increases the BDV by 11.99% (from 74.20 kV to 83.10 kV). In
contrast, iron contamination significantly reduces the BDV by 51.54% (down to 35.47 kV).
However, incorporating TiO, into iron-contaminated oil improves the BDV by 36.53% (47.09 kV),
demonstrating its capability to miticate the detrimental effects of metallic impurities. The
Weibull analysis shows that the TiO,-enhanced samples exhibit the highest shape and scale
parameters, indicating superior insulation consistency and higher breakdown endurance. All
samples achieved p-values greater than 0.05, confirming the suitability of the Weibull
distribution and the statistical reliability of the BDV measurements. In conclusion, TiO,
nanoparticles effectively improve both the dielectric performance and the reliability of
transformer oil under normal and iron-contaminated conditions, offering a promising approach
to enhancing insulation stability and extending the operational lifespan of power transformer

systems.

Keywords: Transformer oil, TiO, Nanoparticles, Iron particles, AC Breakdown voltage testing
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Bridge of particles

. Iron particle

== Electron movement
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2. MINATITRNANIEDAR2E Weibull

NNSANEIATAINTNAINUABLSIAULINA
NITUAFIUVDIAIDLNINAGOU  LASUNISTIATIEN
Tneldnsuanuasuy Weibull Distribution tie
Anwmninssuvesian Felueddeidld weibull
wuvgssdimesifiefuinaiauuiaziiu
vaawsaruliiiinszuaaduiivinldmannisiusn
a1l Tneanunsasuanldfsaunisi (4)
N
_,]ﬁ

n

Fix)=1- e[ @)

Fermuald oy Fuarauinsduasauves
wsasulwih v ldAnnnsiusnanad wenannil x
AouseuluiihivinldAnnisiusnanny S g
ABN51MaIFUSN (Shape Parameter) Way 7
Aonndiimesaina (Scale Parameter) Tunsan
Weibull putesdy p Wdusdinluns
nagauANumIzadlun1snsyItedivestoys
[26]

INAITILATITNAIVAITHANKAL Weibull
\dlofin150:191nA1 Shape Parameter (8) FeldUs
UoNFIA1LANILANBYBIAIINAINUAD
wsedulniinszuaaduretaulIu nInAlas
nannaUIzAsiilingzae Tnenuiniifunie
wasinaveyniaunly TiO, fiA1 Shape gegn
wansfiaAAIuAInudansIdulingeuay
aianofian sosaandeiuntouasuuuund
vuziinstioymeaminvudouluthifundoudas
fnanuaglinauoyniaunly Tio, vilsien Shape
anal wanIfeAIAuAIUsoLsITulNi1v
awanlinsfl fu Scale Parameter () Fauaniis
AauAmuRoLssiulii wudhiundoutas
fnamoyniauly TIO, fiA1 Scale gegn uansds
AuAsusaLsatulniliffige sesasunfe
iffundioutasuuuund fundouvasnas
oyn1aunly TO, ivueusyniamin uas
ﬁ'}ﬁuwﬁmmaaﬁﬂmﬁauaumﬂmﬁﬂ ANUFIY
Tudauaes  pvalue (p)  Tdusveniisay
WINIZANVRINITNTEIEAIVOIToUR Laeyn
megmadauilial p > 0.250 vangisteya
Distribution  1¢i@
s iuifundeulasiinasoyniauily Tio,
A7l 0.142 FaiiAnannnin 0.05 Feiduariivensy
1¢ laheaiuuannnsLanuas Weibull - flaana

anusaususnnu Weibull

wingaulunsesulengAnssuNIslUINAILYes
Wluneaeu [27] Awanslunsen 4 waggun 9

A15199 4 Nan15ILAS1Y Weibull Distribution

A9819NAFDY J/ n P
Transformer Oil

54.63 | 74.99 | >0.250
(TO)
TO +TiO, 85.11 | 83.73 | 0.142
TO +Iron 31.14 | 36.53 | >0.250
TO+1Iron+TiO, | 48.19 | 47.63 | >0.250
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=-- TO + Iron =-- 31.14 36.53 >0.250
4 TO + Iron + TiO, @ 48.19 47.63 >0.250
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wthefuguantisuanuduauiueniity
Taedrstaau Insanizludiusesainunuae
wsssulninszuaadu ﬁqaﬁmﬁ@w%amﬁauﬁu
drsfunseudasuuuund \leaneyniauily
TiO, aunsavzaonIsindouiivesdidnasouldds
nafanaansadanaldicluan el
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gnslsfinnu lunsdidhifunsonvasiinauans
ayniaunlu TIo, karfinsuuioudsoynia
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