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Abstract-Polarization a nd Depolarization C urrent (PDC) t esting 

is a no n-destructive d ielectric t esting method t 0 de termine t he 
conductivity 0 f i nsulations. J t is 0 ne 0 f t  he dielectric d iagnostic 
techniques based 0 n t ime do main measurement. P DC 

measurement technique has gained immense popularity due to its 
ability t 0 a ssess t he condition 0 f H V i nsulation. PDC 
measurement can p rovide information a bout the conductivity 
within the i nitial periods (seconds) after a DC step voltage 
application. This p aper p resent t he r eview a nd c omparison 
results f rom s everal published papers 0 n application 0 f P DC 
method i n f inding t he c onductivity 0 f t  he v arious t ypes 0 f 

insulators. T he s cope 0 ft he review co vered solid and l iquid 

insulations t ypes. I n this paper, f or s olid i nsulation the s tudied 
was f ocused 0 n c ables i nsulations, el ectric machine s tator 
insulation and paper i nsulator in p ower t ransformer i nsulation. 
For l iquid i nsulation, the r eview a nd c omparison was do ne o n  
the biodegradable and mineral t ransformer 0 ils. T h e  r e  view 
results show that the P DC technique s uccessfully g ive indication 
on level of conductivity of the HV insulation materials. 

Keywords- Polarization an d d epolarization current, conductivity, 
HV insulations material 

I. INTRODUCTION 

Recently more attention has been directed to assessment of 
condition 0 f el ectrical ap paratus s uch as t ransformer, cab Ie 
and rotating machine as they are the important units in power 
system. Indeed, these equipments insulation system should be 
monitored frequently to prolong their life time and can help to 
reduce t he maintenance co st. S everal new t echniques f or 
monitoring HV e quipment t hrough i t i nsulation have b een 
developed in recent years. 

Out 0 f th ese te chniques, P olarization a nd 0 epolarization 
Current ( POC) measurement with t he t ime d omain 
polarization b ased t echnique ar e w idely accep ted b y many 
utilities d ue t o t  he ad vancement i n hardware a nd s oftware 
interpretation schemes[l]. Also this technique is very useful to 
estimate conductivity and moisture contents of the insulations. 
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Conduction of a dielectric is often determined by the presence 
of impurities or contaminants and moisture c ontent inside the 
insulator. It al so can be d etermined by t he a geing p rocess of 
the in sulations POC measurement will u se 0 C source u p  to 
2000 V dc as t he i nput source a nd t his measurement c an be 
classified a s O C t esting. 0 C t esting i s p robably t he most 
commonly used maintenance and d iagnostic tests periodically 
conducted on machine stator insulation systems with the 
commercial a vailability 0 f more s ophisticated e quipment to 
continuously monitor b oth c harge a nd d ischarge c urrent 
during a s tep vo ltage t est, a Iso kno wn a s 
polarization/depolarization current ( PDC) test[2, 3]. PDC test 
had been ap plied t o  m any el ectrical ap paratus t o  m onitor t he 
condition s uch a s machine stator, t ransformer a nd p ower 
cables. 

Researcher [4] has applied the Polarization IOepolarization 
Current ( POC) a nalyzer for t he i nsulation assessment of 
power cables since 2002. He found that the most advantage of 
this te chnique is its e asy id entification between "conduction" 
and" polarization" p henomena in a d ielectric. I ts a bility in 
measuring c urrent a s l ow a s 1 0 -12 A ( pA) a llows t he high 
voltage i nsulation to b e  tested non-stressfully at 10 w voltage 
and r emaining ch arges s tored i n an y cab Ie i nsulation 
continuously without a ny voltage ap plication. R esearches [5-
7] had applied POC technique for XLPE insulation that 
subjected to wet ageing. They had used apparent conductivity 
which i s b ased 0 n d ifference b etween p olarization a nd 
depolarization cu rrents an d d egree 0 f n  onlinearity factor 
which is the ratio of apparent conductivity at different voltage 
as the parameter to determine the condition of the cables. 

Research al so have b een c onducted b y [8] on P DC 
analysis for power transformer not only on insulation between 
windings but as well as for insulation systems of winding-to­
ground which c an s ometimes r eveal t rouble i n transformer 
accessories such as on-load tap changer (OLTC) 

This researcher was focused on water and contaminant in a 
new OL TC, moisture and surface humidity and free water in a 



refurbished transformer. This technique also has already been 
applied as a q uality as surance t ool f or t he as sessment 0 f 
refurbishment e fficiency of p ower t ransformers by researcher 
[9]and m oisture a ssessment of t ransformer bushings by 
researchers [ I 0]. Estimation of water content and conductivity 
in po wer t ransformer focused on pa per i nsulation a Iso ha d 
been d one u sing P DC measurement b y r esearcher [II, 1 2] . 
Moisture an d ag eing s trongly i nfluence t he d ielectric 
properties of oil insulation system of power transformer. POC 
analysis is normally used to determine the water content in the 
oil-paper insulation barrier and the conductivity. 

Researches [ 1 3- 1 5] had b een d one t 0 i nvestigate t he 
moisture content and conductivity of the oil insulation focused 
on transformer oil. There was research had been carried out to 
find t he d ielectric r esponsive function an d maximum 
conductivities 0 f b iodegradable an d m ineral transformer 0 ils 
for co mparative a nalysis b y  r esearcher [ 1 6]. E ach 0 f oil 
insulation with d ifferent moisture Ie vels ( dried, n ormal, 0 r 
wet) was tested. 

A l ot 0 f r esearch had b een d one 0 n application of PDC 
technique in assessing the conductivity of the insulation of the 
electrical e quipment, This s tudy did reviewed and don e 
comparative analysis 0 n d efined t he c onductivity 0 f s everal 
types of HV insulation using POC technique. 

II. POC THEORY AND CONCEPT 

A. Insulation Conductivity Concept 

Examine t he PDC c urves, p arameter s uch a s  c onductivity 
and moisture content in the insulation can be estimated. Fig 1 
shows example of POC curve in dB plot. The figure shows the 
oil conductivity, 0 il p roperties, g eometry, a geing a nd water 
content influence on the PDC-Curves[ 1 7]. Based on the figure 
the c onductivity of t he i nsulation can b e  measured f rom the 
front ta il of the POC curve. Value of conductivity a ffects the 
polarization cu rrent mainly i n a  t ime r ange t < 1  OOs. H igher 
conductivity leads to a higher current value. 
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Fig, I, Oil conductivity, oil properties, geometry, ageing and water content 
influence on the PDC·Curves [17]. 

The estimation of the conductivity for HV insulation 
under p olarization an d d epolarization t est r esult ca n be 
expressed f rom t he P DC v alue [ 1 ,  1 4, 1 6, 1 8, 1 9]. T he test 
object can be a single dielectric material or an arrangement of 

several d ielectric materials i n s eries or i n  p arallel. F or more 
than one dielectric material, cr, E rand f(t) represent t he 
composite c onductivity, r elative p ermittivity a nd dielectric 
response function of this heterogeneous test object. Assuming 
that the test object is totally discharged and that a step voltage 
is applied with the following characteristics[ 1 4]: 

Uet) � l� (1) 

This will give zero current for times before t =0, and 
so-called p olarization c urrents f or ti mes 0 ::s; t::S; tc. T he 
polarization current is built up in two parts, one part is related 
to the conductivity of the test object and the other is related to 
the activation of the different polarization processes within the 
test 0 bject. The p olarization ( charging) c urrent t hrough t he 
object can thus be expressed as [ 1 ,  1 4, 1 6, 1 8, 1 9]: 

(2) 

Once t he s tep voltage is r eplaced b y a s hort ci rcuit, a 
depolarization current is b uilt up. The magnitude of the 
depolarization current is expressed as [ 1 ,  1 4, 1 6, 1 8, 1 9]: 

(3) 

where tc is the time during which the voltage has been applied 
to the test object. 

From t he measurements 0 f p olarization a nd 
depolarization c urrents, it is p ossible to e stimate th e dc 
conductivity cr, of the test object. If the test object is charged 
for a s ufficiently 10 ng ti me so th at rCt + tc) == 0, equation 
(2) a nd equation ( 3) ca n b e co mbined t o e xpress t he dc 
conductivity of the composite dielectric as [ 1  , 1 4, 1 6, 1 8, 1 9]: 

III. POC MEASUREMENT TECHNIQUE 

A. Basic Principle[l4, 15, 18, 20} 

(4) 

When a t otally discharged insulation is exposed to a f ixed 
DC v oltage, a r esultant c urrent will b e p roduced f rom 
activation 0 f th e p olarisation s pecies with d ifferent ti me 
constants and d ue to the conductivity of t he insulation. This 
resultant current is known as charging or polarisation current. 
When al I p olarized s pecies are 0 riented t hemselves i n t he 
direction of the field, the current achieved a steady state and is 
primarily due to DC conduction. If the voltage is now taken 
off, the polarized species tend to relax resulting in 



depolarisation current. The POC phenomena have been shown 
schematically in Fig. 2 [ 1 4, 1 5, 18, 20]. 
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Fig.2. Characteristic of Polarization and Depolarization Currents[14, 15, 18, 
20]. 

B. PDC Measurement for Solid Insulation 

The p olarization cu rrents measurement i s p erformed b y 
applying a d c v oltage s tep on t he d ielectric materials a nd 
depolarization current is measured by removing the dc voltage 
source i ncorporating with a switch which t urn 0 n t 0 s hort 
circuit at the under tested objects. The dc voltage applied was 
1 000V f or a bout 1 0, 000 seconds for pol arization a nd 
depolarization time. 

Fig. 3 s hows e xample of the P OC m easurement s etup that 
have been d eveloped an d u sed by r esearcher at University of 
Queensland, Australia. T his s ystem c omprises 0 f an 
Electrometer ( Keithley 6 57 1 A), f our h igh v oltage r elays, a 
power co ntrol i nterface f or relay co ntrolling an d a laptop 
computer with G PIB C ard. T he co ntrol s oftware was 
developed i n t he Lab VIEW e nvironment which e nables t he 
operator t o r ecord voltage an d cu rrents automatically d uring 
PDC measurements. 

HV 

LV 

Fig.3.Schematic diagram ofPDC measurement setup[l] 

The principles of PDC measurement arrangement on 
insulation between windings and power cable with isolated 
shield (in case the insulation shield can be isolated from 
ground for the measurement) is shown in Fig.4. 
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Fig.4. Principle of test arrangement for PDC measurement with isolated shield 
[4, 8] 

Researcher [4, 8] set measurement arrangement as shown in 
Fig.5. for P DC measurement on gr ound i nsulation 0 f e ach 
winding a nd p ower c able with grounded shield ( in cas e t he 
insulation shield cannot be isolated from ground for the 
measurement 0 r i n cas e 0 f sheath d amage which can ca use 
high conduction to ground of insulation shield). 

Fig.5. Principle 0 f test arrangement f or P DC measurement w ith g rounded 
shield[ 4, 8] 

Measurements 0 f P DC for X LPE cab Ie i nsulation were 
performed us ing insulation r esistance meter ( AVO M egger 
SI-50 1 O). The u tilised e quipment ( AVO M egger S 1 -501 0) 
can generate DC voltage of up to 5 kV with accuracy of ±2% 
+ 1 V a nd a c urrent d etection Ii mit 0 f 0 . 1  n A. T he positive 
terminal was connected to the central conductor of the cable 
and the negative terminal was connected to t he outer helical 
copper earth screen of the cable [6, 7]. 

C. PDC Measurement for Liquid Insulation 

PDC measurement on s ample t ransformer i nsulation oi I 
had b een d one b y r esearcher [3]. Special te st c ell w as 
designed f or h olding and prevent the I iquid f rom m oisture 
ingress from surrounding environment. 

IV. MEASUREMENT RESULTS AND ANALYSIS 

A. Transformer Insulations Results[12, 14,21] 

Result for c onductivity level of th e transformer i nsulations 
materials based on calculation extracted f rom measured POC 
data f rom paper b y  r esearcher [1,9, 12, 1 4, 16 ,2 1] usmg 
equation (4) is shown in Table 1: 



TABLEl 
PAPER CONDUCTIVITY FOR DIFFERENT CONDITION 

No 
Insulation upaper(S/m) uoil (S/m) 
Condition 

1 After fabrication 1.02 X 10-12 -

2 
After vacuum 

0.0052 X 10-12 
drying 

-

3 
After 

0.005 X 10-12 0.0942 X 10-12 
impregnation 

4 Lightly loaded 2.5 X 10-15 3.0 X 10-13 

5 
Suspected to be 

3.0 X 10-13 5.7 X 10-12 
very aged 

6 
Before oil 

3.5 x 10-14 7.6 X 10-12 
reclamation 

7 
After oil 

2.2 x 10-14 1.9 X 10-12 
reclamation 

8 
Operating but 

2.3 X 10-12 31.0 X 10-12 
aged (year 1936) 

9 
Operating but 

3.8 X 10-13 3.6 X 10-12 
aged (year 1959) 

10 
Tl (open - 8.0 X 10-12 
conservator) 

11 
T2 (open - 3.0 X 10-12 
conservator) 

12 
Operating at 25°C 

0.03 X 10-12 1.84 X 10-12 
(year 2005) 

13 
Operating at 29°C 

0.2 X 10-12 5.63 X 10-12 
(year 2009) 
66 ppm moisture 

0.098 X 10-12 
in oil-200 litres of 

(RV-MV) 
water was 

14 
removed after 

-

0.138 X 10-12 
vacuum 

(MV-LV) 
dehydration 
34 ppm moisture 

0.27 X 10-12 
in oil-50 litres of 

(RV-MV) 
water was 

15 
removed after 

-

0.221 X 10-12 
vacuum 

(MV-LV) 
dehydration 

16 
Dried 

3.678 X 10-12 
biodegradable 

-

17 
Normal 

4.098 X 10-12 
biodegradable 

-

18 
Wet 

7.378 X 10-12 
biodegradable 

-

19 Dried mineral oil - 14.66 X 10-12 

20 
Normal mineral 

0.155 X 10-12 
oil 

-

21 Wet mineral oil - 0.248 X 10-12 

Observation from above table show that POC after drying 
and i mpregnation ar e l ower t han t hose measured af ter 
machining cause by the decreasing of the conductivity value 
of paper and oil after the vacuum drying. Vacuum dehydration 
can cau se a good q uality 0 f in sulations. T his is d ue to th e 
removal of moisture from the insulation. Results No 1 2  and 1 3  

were 0 perated at 25 "C and 29 "C respectively. I t s  hows t hat 
after 4 y ears 0 perating, th e c onductivity 0 f solid a nd 0 il 
insulation i ncreased d ue t 0 b oth a geing and temperature 

differences fr om 25 "C and 29 "C. R esults No 1 6  u ntil No 2 1  

refer to P DC test on biodegradable 0 il a nd mineral 0 il. Test 
results s how t hat mineral 0 il ha s h igher c onductivity 
compared to biodegradable oil in dried, wet and normal 
conditions. 

Fig.6 shows the variation of polarization current with paper 
conductivity. It is observed that, change in paper conductivity 
tend to a ffect th e ta il 0 f p  olarization c urrents[ 1 4]. W hereas, 
Fig.7 s hows that th e i nitial part 0 f th e c urve a re p rimarily 
controlled b y th e p arameters 0 f th e liq uid d ielectric. Higher 
liquid insulation moisture or conductivity tends to increase the 
magnitude of the polarization currents during the head of POC 
curve. Higher va lue 0 f t  he c onductivity t ends t o  i ncrease t he 
magnitude 0 f P  DC. These r esults s how t hat t he i nitial 
amplitudes of polarization current can be used to estimate the 
oil c onductivity 0 f a  tr ansformer without p erforming d irect 
conductivity measurement. 

1200.000 
« 
.51000.000 

� C 
:!! 800.000 

� 
-1.5pSIm 

:; 
� 600.000 -O.15pS/m 
.S! "" O.OI5pSm, .� 400.000 

� 
- -

:e � 200.000 
0.000 

"- ,,<;) <:)<;) 1:)<;) " ,,� Timelnsec 

(a) 
0.900 

« 0.800 
<: 

E 0.700 
� 1:' � 0.600 

"'-...." 11-4.2'5ml I a 0.500 
� -42fShn <: 420fSIIn .2 0.400 '-...... ;; 

i 0.300 --........... '00.200 
'-..... "-

0.100 
0.000 

" ,<:> <:><:> �<:> �<:> " ,<5 \)<5 Timeinsec " 

(b) 
Fig.6. Variation of polarization currents with paper conductivity. 
(a) upapeT=1.5pS/m; upapeT=O.l5 pS/m; upapeT=O.O I5pS/m and 
(b) upapeT=4.2fS/m; upapeT=042fS/m; upapeT=420fS/m [14,19] 
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Fig.7 Variation of polarization currents with different oil conductivity [17,22). 

B. Machine Insulation Results 

The analysis f or PDC m easurement f or m achine 
insulation was don e ba sed on r esult i n pa per pu blished by 
researchers [ 6].Fig.8 a nd F ig.9 s how th at p olarization a nd 
depolarization cu rrent f or polyester-mica c oil is h igher th an 
epoxy-mica bar in both conditions. Its conductivity increases 
sharply a fier moisture ab sorption which ca used a s ignificant 
change i n t he d ielectric r esponse 0 f t he i nsulation s ystem 
resulting i nto t he 0 ccurrence 0 f a n  i nterfacial p olarization 
peak within the time frame of observation. 

The r esult was c omplied a nd s hown i n  F ig.8 a nd F ig.9. 
Higher s olid in sulation moisture 0 r c onductivity te nds to 
increase the magnitude of the polarization and depolarization 
currents at longer time. 
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Fig.S. Charge currents for epoxy-mica bars and a polyester-mica coil before 
(dry) and after (humid) one week under a humid atmosphere [ 6). 
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C. Cable Insulation Results 

PDC a pplication on c able i nsulation was don e b y 
researchers [6, 7] . Based 0 n t heir p apers the t est was 
classified into several cable classifications as listed in Table II. 
Cluster A contains the newest cables with no joints and some 
intermediate aged cables. Cables in Cluster B have failed and 
had b een r epaired m any t imes b ut t here i s widespread 
degradation of the cable insulation. Cables in Cluster C 
contain 0 ne 0 f th e newest c abIes with p oor joints in sulation 
quality. Cables in G roup D appear t o  s hare ch aracteristics of 
cables in Groups B and C. 

TABLE III 
CABLE CONDUCTIVITY FOR DIFFERENT CONDITION 

Cluster Cable Fault New uapp DONL 
ioint condition condition 

A X X .y < 10 �1.0 
X 10-16 

B X .y X 100 �1.0 
X 10-16 

<U 
< 1000 
X 10-16 

C .y X .y < 10 1.2 
X 10-16 < DONL 

<6 

D .y .y .y 100 1.2 
X 10-16 < DONL 
<U < 10 
< 1000 
X 10-16 

Observation from ab ove t able s hows that cables w ith G'app > 
lO X 1 0-16 Sim and degree of nonlinearity DONL > 1 .2 but < 
2 t hey co uld h ave j oint an dlor w ater t ree p roblems. I f cables 
with G'app < lO X 1 0  -16 Sim a nd D ONL> 1 .2 but < 2, t he 
cables have high water tree density where no tree is bridge the 
insulation a nd i f c abIes with G'app < lO X 1 0-16 Sim a nd 
DONL < 1 .2, cables are in good condition. 

As t emperature i ncrease, ap parent co nductivity i ncreases. 
This i s  d ue t o  i nsulation d egradation with t emperature which 
refer to ageing process. 



CONCLUSIONS 

POC measurements can be used to determine the condition 
of H V i  nsulation. P DC measurements r esults p resented 
suggest t hat hi gher moisture c ontents a nd 0 ther a geing 
condition s how h igher c onductivities 0 f both s olid and liquid 
insulations. 

This p aper reviewed and does c omparison results of POC 
conductivity for t ransformer, cab Ie an d machine. F rom t he 
comparison r esults, it c oncluded th at th e p olarization a nd 
depolarization cu rrent r esults can b e u sed t 0 d etermine t he 
conductivity of solid and liquid insulations. The POC data are 
strongly i nfluenced b y t he i nsulation c onductivity. H igher 
values of polarization and depolarization currents can 
contribute to h igher c onductivity 0 f in sulation. T he in itial 
value of POC can be used to determine the liquid conductivity 
and the long time values of POC are primarily determined by 
the solid insulation condition. 
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