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2 Power Transformer 

2.1 General 

In liT Standard 60076-1 Po\\Cr Transformers Part I: ticneral. a Pmvcr Transformer 
is defined as a static piece of apparatus \\ith two or more vvindings \\hich. by 
electromagnetic induction. transforms a system of alternating Yoltagc and current into 
another system of \oltagc and current usually of di!Tcrcnt Yalucs and at the same 
li-cq ucncy for the purpose 0 f transmitting c lectrical power II]. 

liT standards do not distinguish bct\\ecn distribution transformers and pmvcr 
transformers. Traditionally. transformers that transf(mn the voltage dmm to the 
domestic consumer voltage arc called distribution transf(mners. But distribution 
transf(mncrs \Verc not considered in this thesis. 

Common for most pm\cr transl(mncrs regardless of size and application is the basic 
physics and the dominant materials. like: 

•!• Special types of thin magnetic steel plates in the core. which provide the 
necessary strong magnetic field because of the unique magnetic properties of 
Iron. 

•!• Copper or aluminium as conductor materials in the windings. 
•!• Cellulose products like high density paper and pressboard as solid insulation 

materials. 
•!• Mineral oil is the dominant insulating fluid. which also has a cooling function. 

The size of power transformers ranges from I 0 MV A to 250 rv1VA in Sri I ,anka. of 
''hich replacement cost is millions of dollars. 

2.2 Lifetime of a Power Transformer 

The lifetime of a transftm11cr can be divided in to tv,o categories: economical and 
technical. 

2.2.1 Economical lifetime: 

Lconomical lifCtimc ends \vhen the capitalized cost of continued operation of the 
existing transftm11cr exceeds the capitalized cost of a nc\\ imcstment. 

In Practical terms: typically \\hen the cost of the total losses of the old transf(mncrs 
arc too high. a transl(mncrs useful life ends. Consequential risks and costs associated 
\\ith electricity dmmtimcs arc of increasing importance. 
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2.2.2 Technical lifetime: 

The cc llulose materia Is undergo chemical degradation ( agci ng) in sen ice. The 
dominant processes have the character of oxidation and result in breaks of the long 
cellulose chain molecules into shorter f!·agmcnts. and the material becomes gradually 
more brittle. Old paper breaks up into small flakes. But even in this state the dielectric 
hreakdo\\n strength \oltage is hardly aiTcctcd. 

2.2.3 Ageing of transformer 

The practical consequence of the ageing is a higher risk. of mcchanic<d rupture and 
metal - to- metal contact as a result of mechanical shock ~md vibrations. 

The cellulose molecule has a ring structure as shown to the left in figure 2.1. Several 
of these molecules me linked together to a chain by oxygen atoms. This is called 
polymerization. 
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Figure 2.1 ( 'cllulose molecule 
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The ageing is a cumulative process depending on influences from the environment in 
the transrormer. The rate or the chemical reaction rises vvith the temperature. V. l'v1. 
f\1ontsinger"s rule states that the rate or the chemical deterioration process is doubled 
ror each 6-7 ('C temperature rise. I 10\\ever. this rate is considerably increased hy the 
presence ofvvater molecules and free oxygen dissolved in the oill2]. 

;\s the paper due to ageing becomes gradually \\caker in respect of tensile strength 
there \\ill be a correspondingly increasing risk that the transformer will fail if a short 
circuit in the power system occurs. In absence of such external events the transformer 
may operate satisfactorily even with solid insulation with very low Degree of 
Polymerization (fW) numbers because the compressive strength and the dielectric 
strength of the cellulose arc hardly reduced by the ageing process. 

Cellulose is one of the most hygroscopic material. which means that it has a high 
ability to absorb moisture. In order to keep the tensile strength of the cellulose 
material as good as possible in service. penetration of moisture from the ambient air 
into the transformer should be a\oided. Ilowc\'Cr. water and free oxygen \\ill be 
produced inside the transformer due to the natural ageing process. The \Yater content 
in the oil can be measured from oil samples taken from the transformer. From the 
\\atcr content in the oil and the \\atcr content in the cellulose insulation can he 
estimated by means of the diagram in figure 2.2 
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l·igure 2.2 Diagram of\vater content in oil and paper [21 

The diagram shows equilibrium lines for the water in cellulose and the water content 
in oil. The equilibrium condition depends on the mean temperature of the oil. 10 ppm 
\\ater in the oil corresponds to 1.5 % \Vater in the cellulose at ()() 11C oil temperature. 
;\t 20 

11
C 10 ppm in the oil corresponds to 4 ~~~in the cellulose. So. in order to estimate 

the \\ater content in the cellulose from the \Vater content in <m oil sample. it is 
important to know the m·erage oil temperature when the oil sample \\as taken [21. 

The cellulose is able to absorb much more \Vater than the oil although the quantity of 
oil is much larger than the quantity of cellulose. The cellulose is the large reservoir of 
\\atcr in the transf'ormer. not the oil. 

From the diagram it appears that if the cellulose contains l(x example 2% \\ater and 
the temperature increases from 20 to (JO °C. the \\atcr content in oil increases fi·om :1 
to I R ppm. In other \\ords. by increasing the temperature \Vater is translCrred fl·om the 
cellulose to the oil. Hmvcver. \\hilc the increase in the \Vater content in the oil is 
considerable. the rclati\'C decrease in the \Vater content in the cellulose is very small. 
From this consideration the conclusion is that drying the oil is not an cnicicnt method 
to rcmo\c moisture fl·om the cellulose. 

If the water content in oil samples indicates that the water content in the cellulose after 
some years in service has increased beyond an acceptable value. the oil must be 
emptied from the transformer before any drying process to remove the \Vater from the 
cellulose starts. 

The diagram in figure 2.:1 shtms hmv the ac breakdo\\n field typically declines \\ith 
increasing moisture content at 20 11 C temperature [2[. 
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Figure 2.3 Effect of moisture on dielectric strength ofoilj2j 

The moisture content in the oil \\hen performing the delivery test on a new 
transformer is maximum 5 ppm. The ac breakdown field declines quite much as soon 
as the moisture content exceeds 20 ppm. Consequently there will be a Call also in the 
dielectric strength and the service reliability ol'the transformer. 

Keeping the moisture content in the solid insulation and in the oil at lmY lc\els 
increases the probability of reliable transformer operation during many years. often 
more than half a century. 
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