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A b strac t: M ineral o il, ce llu lo se  p ap er and  p ressbo ard  are the m ain  insu latio n  m aterials in  a p o w er 

transfo rm er. D u ring  serv ice, increase o f m o istu re, as the b y -p ro d u cts ag eing  and  increases the risk 

o f insu latio n  failu re. Th is p ap er p resents the p o ssib ility  to  use lo ss tang ent (o r p o w er facto r) and  

cap ac itance  (tan8 and  C) m easu rem ents as an estim ate o f the 'w etn ess' o f ag ed  transfo rm er insu latio n. 

Firstly  o il, p ap er and  p ressb o ard  sam p les w ere ag ed  u nd er lab o rato ry  co nd itio ns and  their tanS and  

d ielectric  co nstan t (er) v alu es w ere m easu red . A p p ly ing  the tan5 and  er o b tained  o nto  a transfo rm er 

insu latio n  m o d el, the tanS and  C  o f transfo rm er w ere calcu lated  and  the effects o f insu latio n  g eo m etry , 

m o istu re c o ntent (M C) o f p ressb o ard , o il co nd u ctiv ity  ( c io ii)  and  insu latio n  tem p eratu re u nd er test w ere 

estab lished . It w as fo und  that tanS and  C  v alu es o f a transfo rm er stro ng ly  d ep end ed  o n its insu latio n  

g eo m etry  and  the tem p eratu re. If the tem p eratu re is fixed , the chang e o f tanS v alue o f a transfo rm er 

can be a d irect m easu re  o f m o istu re  in p ressbo ard  fo r 'w et' and  'ex trem ely  w et' co nd itio ns. Fo r a 'd ry ' 

transfo rm er, the aoii o il v alu e is need ed  as an  ad d itio nal kno w n p aram eter in o rd er to  estim ate accu rately  

the m o istu re in p ressbo ard .
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1. Introduction

Po w er transfo rm ers are co nsid ered  as o ne o f 

the m o st v ital and  co stly  ap p aratu s in p o w er 

sy stem  netw o rks. The u su al 'd esig n  life ' o f a 

p o w er transfo rm er is exp ected  to  b e 25-40 y ears. 

H o w ev er, re ly ing  o n co nd itio n  assessm ent and  

resid ual life  estim atio n , the u tilities are keen o n 

co ntinu o u sly  o p erating  the transfo rm ers o v er 

their d esig ned  lifetim e w itho u t reliab ility  and  

safety  b eing  co m p ro m ised . Po w er transfo rm ers 

usually  h av e insu latio n  sy stem s w hich co nsist o f 

o il, p ap er and  p ressb o ard , and  the d eterio ratio n  

o f the insu latio n  is o ne o f the m ain  facto r to  

d eterm ine the lifesp an  o f the transfo rm er. 

Tem p erature, m o istu re and  o xy g en are the m ain  

ageing  facto rs. M o istu re in p articu lar, is the m ain 

cause fo r w eakening  ce llu lo se  so lid  insu latio n  

and  sho rtening  the lifetim e o f  transfo rm er. It is 

suggested  that the m o istu re co ntent sho u ld  be 

m aintained  belo w  2.0%  in the p ap er insu latio n  in 

order to  p ro v id e g o o d  electrical and  m echanical 

strength fo r a transfo rm er to  hav e a lo ng er 

lifetim e [ l j.

Tests are co m m o nly  used  to d ay  [2-4] to  

assess the "w etn ess" co nd itio n  o f transfo rm er 

insulatio n. A s an  exam p le, o il sam p les are 

taken reg ularly  to  labo rato ry  fo r m easu ring  the 

m o isture co ntent in o il, and  ind irect estim atio n  

on m o isture co ntent in  p ap er/  p ressbo ard  

insulatio n can then be achiev ed  u sing  m o istu re

eq u ilib riu m  cu rv es [5,6]. In the field , electrical 

tests carried  o u t d u ring  reg u lar m aintenance/  

test p erio d  also  p ro v id e in fo rm atio n  ab o u t the 

"w etn ess" o f transfo rm er insu latio n. O u t o f 

d ifferent electrical tests, attentio n  has recently  

been p aid  o n freq u ency  d o m ain  sp ectro sco p y  

(FD S) d u e to  its no ise effectiv eness o v er the 

tim e d o m ain  m easu rem ents [7,8], FD S m easu res 

tan8 o r co m p lex  cap ac itance in  the freq uency  

rang e b etw een  Im H z  to  1kH z . Since  the m o st 

p ro m inent in fo rm atio n  ab o u t the m o istu re is 

m ainly  av ailab le  at lo w  freq u encies, co m p letio n  

o f o ne FD S m easu rem ent u su ally  takes sev eral 

ho u rs o u t o f the reg u lar m aintenance p erio d  

o f the transfo rm er if the test is extend ed  to  

b elo w  Im H z . W hile  the transfo rm er is b eing  

tested  in  the field , it natu rally  co o ls d o w n. The 

co ntinu o u s tem p eratu re red u ctio n  co u ld  cau se 

w ater d iffu sio ns as w ell as chang e o f sp ectru m . 

These chang es in transfo rm er insu latio n  affect 

o n  the FD S resu lts d ue to  lo ng  testing  tim e.

O n the o ther hand , the lo ss tang ent and  

cap ac itance (tanS and  C) m easu rem ents at 50H z ,
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