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Abstract-- Transformer protection and safety is based on 

large number of tests. On the basis of these test results, vital 
decision on transformer diagnostic and condition monitoring is 
done. But some times it is not possible to conduct the tests on 
transformer in service because it may destructive in nature so, 
in order to perform these tests, scaled-down or prorated 
models of actual power transformers are used in experimental 
study. In this paper, different prorated models with their aging 
cycles have been studied. 
 

Index Terms-- Power transformers, prorated models, 
thermal models, aging temperature, aging time, oil insulation, 
paper insulation. 
 

I. INTRODUCTION 
Liquid-immersed power transformers have utilized an 

insulation system consisting of natural cellulose-based 
materials and mineral oil for over 100 years. The 
transformers insulation is always subjected to stresses such 
as thermal, electrical or their combinations.  These stress 
acts as a promoter of the chemical reactions & affects the 
electrical, chemical and mechanical properties of the 
insulation. The thermal stress on  the insulation  system may 
occur  due to discharges, dielectric heating, operation  in a 
high  temperature  environment, due  to  Joule  heating  (I2R  
losses) and iron  losses.   

The transformer is the most costly equipment of the 
power system. In order to protect the transformer, it should 
pass from large number of tests. But, it is well known fact 
that all of the required tests should not be performed on a 
power transformer in service because some of these tests are 
destructive in nature. As the test results of these experiments 
are vital in diagnostic and monitoring procedure for 
transformers in actual working conditions. Therefore, in 
order to perform these tests, scaled-down or prorated 
models of actual power transformers are used in 
experimental study (Saha, 1997). In this paper, different 
prorated models with their aging cycles have been studied. 

These models are based on long term and short term 
accelerated aging. In long term accelerated aging,   
experiments have been conducted at temperatures in  the 
range  90  to  145°C for  time periods  of  up  to 100 weeks 
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e.g. Montsinger (Montsinger, 1930) conducted experiments 
at  90  to 110°C  for  up  to 70 weeks, Dakin (Dakin, 1948)  
at  100 to 135°C for  up  to  100 weeks,  Shroff et  al. 
(Shroff, 1985) at 110 to 140°C for up to 180 days, Moser et 
al.  (Moser,1986) at 90 to 135°C for up to 400 days, to 
predict the long term insulation behavior & to provide 
information on the life of insulation system. On the other 
hand, short term accelerated ageing experiments are 
conducted at high temperatures in the range 130 to 190°C 
for a short period of time.  For example, Oomen (Oomen, 
1981) conducted experiments at 120 to 180°C for up to 7 
days, Moser et al.  (Moser, 1986) at 145 to 190°C for up to 
20 days. 

 

II. THERMAL MODELS  
The life of transformer depends upon the life of insulating 

system. In order to predict the life of oil filled power 
transformer it is vital to understand the insulation system 
(Saha, 2008). Aging of insulation in power transformers is 
intimately connected with the magnitude and the duration of 
the thermal stress on the insulation.  It is well known that 
aging experiments made under normal operating stress 
conditions in laboratory environment, require inordinately 
long times before credible failure data can be acquired. This 
implies a considerable expenditure in terms of time and 
costs of running aging experiments. Thus to work out a 
method of acquiring failure data in a much shorter time by 
judiciously increasing the stresses applied during the aging 
experiments a carefully designed and controlled laboratory 
scale experiments shall be performed to assess the causing 
of premature failure. The nature of the stresses used in 
laboratory experiment could either be continuous in time or 
stepped at appropriate levels. The purpose of these 
experiments is to deliberately introduce conditions favorable 
for rapid deterioration of insulation and in the course of 
aging, observe, monitor and quantify the essential properties 
which cause failure (Pradhan, 2004). The status of 
insulation can therefore be assessed by monitoring those 
properties of insulation which are sensitive to the amount of 
aging. The most sensitive parameters which can serve as 
indices of aging are DGA, furans, DP, Dielectric Strength 
(BDV), PD, C & tan delta, moisture content, different 
spectroscopic parameters etc (Pradhan, 2006). Some of the 
important types of model available in literature are 
described in this paper. 

A.  Prototype Model 
Prototype model (shown in figure 1) is 5 kVA, 220/5000 
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V, 50 Hz, 1-phase core type transformers. It incorporating 
all the essential features of a large transformer (such as LV 
& HV windings wound on CRGO steel cores, ON type of 
cooling, nitrogen cushion of appropriate volume is provided 
and the units are hermetically sealed from atmosphere). The 
prorated units are rendered gas-tight by using self-sealing 
septum arrangement so as to avoid leakage. The model 
transformers are impregnated and filled with high quality 
naphthanic based mineral insulating oil. Standard practices 
for impregnation of cellulose paper have been adopted in 
the process. The most important criterion in the design of 
power transformer prototype is the ratio of amount of oil to 
paper. This ratio is maintained in the neighborhood of 4:1.  
The mechanism of aging shall remain invariant under 
accelerated stress conditions and during normal operating 
conditions.  

 
Fig 1. Prototype model 

 

As indicated in prototype model, 1 is winding; 2 is tank; 3 
is wheel; 4 is online gas valve; 5 is nitrogen valve; 6 is TOT 
probe; 7 is HV bushing; 8 is MOT probe-1; 9 is MOT 
probe-2; 10 is LV bushing; 11 is BOT probe; 12 is bottom 
drain valve; 13 is eyelet; 14 is frame. 
 

Aging process in prototype model: Three loading 
blocks shown in figure 2, are found to be adequate to cause 
sufficient amount of aging over an experimental duration of 
about one year. Also, the incremental time duration of these 
blocks is adjusted such that the amount of aging during each 
block remains nearly the same, in accordance with the 
norms of equated aging procedure. Throughout the 
experimental run, the electrical stress was kept at normal 
levels (i.e., transformers were operated at rated voltage) 
(Pradhan 2004, 2006, 2005). 

 
Fig 2. A typical loading cycle 

B.  Dual Temperature aging Model 
Dual temperature aging model (figure 3) is prepared for 

simultaneous accelerated ageing of two different solid 
insulation material immersed in the mineral oil. This model 
was used to derive test data on a cellulose/ mineral oil 

system, a Nomex/mineral oil system and on a hybrid 
Nomex/cellulose/mineral oil system. The conductors were 
insulated with 4 layers of 3 mil Kraft or 6 layers of 2 mil 
Nomex, wound in half-laps for a total two-side build of 48 
mils (McNutt, 1996).  

In T.A.Prevost, R.Wicks et al. dual temperature aging 
model, the insulated conductor and associated turn spacer 
insulation can be controlled at one temperature while the 
bulk oil and its associated barriers type insulation can be 
controlled at a second temperature. This model is used for 
measuring tensile strength, degree of polymerization (DP) 
and furan contents present in the oil. This study also 
investigating non-thermally upgraded and thermally 
upgraded conductor insulation to determine the effects of 
thermal upgrading on insulation aging (Prevost, 2006). 

 
Fig 3. Cross section of Dual Temperature aging Model 

 
Aging process in dual temperature aging model: The 

test assemblies were oven dried in batches of three at 
atmospheric pressure in a 110°C - 125°C oven for a period 
of 4 - 5 days. Mineral  oil  was  dried  separately  in  an 
impregnation  vessel  at  100°C  under  maximum  attainable 
vacuum  (< 2 mmHg,  absolute)  for  a  period  of  3-4  days. 
After oil  drying, the  impregnation  vessel  was purged with 
N2  and a portion of  the oil  transferred to  a holding tank 
where it was stored under N2  at 2 psig  (103  torr)  for  later 
use in filling the test cells. The  dried  insulation  assemblies 
were  removed  from  the oven and quickly transferred to 
the impregnation vessel where they and the remaining  oil 
were held under maximum  vacuum at  100°C  for 
approximately 3 hours.  The  assemblies  were then  lowered  
into  the  oil  without  breaking  vacuum  and maintained 
under vacuum at 100°C  for 3 - 4 days.  

When impregnation of the test assemblies was complete, 
the empty cells were prepared for loading. Once the test 
assembly was  in  place  in  its  cell,  the  gas space  above  
the  oil  was  purged  with  N2 at  approximately 2 psig (103 
torr) for approximately 5 minutes. When purging was 
complete, the lid was bolted down to seal the cell. The cell 
was then placed into the test cabinet with connection to the 
top oil, bottom oil and conductor thermocouple and to the 
N2 supply, oil heater and the current transformer were made. 
The N2 supply was set at approximately 2 psig (103 torr) 
and the thermocouple readings were checked. Samples of 
both the solid insulation and the mineral oil were tested 
prior to start up and shut down of each cell. Changes 
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between the initial and final states were used to determine 
the amount of degradation occurs during the testing cycle. 
At the completion of aging, power to the cell was shut off 
and two 50 ml syringes of oil (each for DGA and moisture 
content) were removed while the oil was still hot. After the 
cell had cooled, but before opening it, another syringe was 
filled for DGA testing of the cool oil. Upon opening of the 
cell, the entire test assembly was removed. Samples of bulk 
insulation, high density board and conductor wrap were 
taken for testing of moisture content. The samples were 
double-wrapped in plastic wrap and plastic bags to prevent 
moisture migration. The insulated conductor was 
temporarily stored in a pail of clean dry oil.  
Test program and Aging temperatures in each of the three 
types of cell were maintained in accordance with Table 1 
and Table 2 respectively. 
 

TABLE 1. TEST PROGRAM 
 

Duration Cellulose Nomex Hybrid 
500 h 3 1 2 

1500 h 2 2 1 
5000 h 1 1 1 
10000 h - 1 1 
Totals 6 5 5 

 
TABLE 2. AGING TEMPERATURES 

 
Insulation System Conductor 

temp. 
Bulk oil 
temp. 

Control: Cellulose/Mineral Oil 160 deg C 115 deg C 

High temp.: Nomex/Mineral Oil 240 deg C 130 deg C 

Hybrid: 
Nomex/Cellulose/Mineral Oil  

240 deg C 130 deg C 

 
As the temperature & aging time increases, the average 

retained strength decreases. The tensile strength and thermal 
durability of hybrid systems is excellent as compared to the 
cellulose system. Oil quality measured by color, acidity and 
power factor was degraded to a greater extent over time in 
the cellulose test cells than in the hybrid or Nomex cells, 
even though temperatures were lower in the cellulose cells. 
Nomex material can be permitted to reach a higher level (i.e. 
170°C or more). Mostly Nomex can be used in the 
equipment for compact size and/or light weight (e.g. mobile 
transformers, traction transformers, etc.) which can justify 
the higher cost of the high temperature material (McNutt, 
1996). 

C.  Ampoules model 
Ampoules model (Saha, 2008) is used for accelerated 

ageing experiments, as shown in figure 4. In this model, a 
section  of  new insulated  conductor (210 mm) were cut and 
wrapped  with insulating  paper,  shown  in figure 5,  and 
placed  in  a  glass ampoule. The ampoules were 
approximately 45 mm in diameter and contained about 230 
ml of oil and 8 conductors per ampoule.  Thus the paper to 
oil ratio was approximately 86 mg/ml.  The ampoules were 
heated in a temperature controlled aluminum heater block, 
with the variation in the temperature of ±20C per heating 
cycle in the block.  

 Prior to ageing, the conductor samples were dried in a 
vacuum oven for 24 hours at 80°C.  The conductors were 
then transferred into the ampoules and evacuated at a 
pressure  of 10-3 Torr  for  two days at room temperature  
and then for  1 hour at 145°C for  deep moisture  removal.  
Then the ampoules were cooled to room temperature and 
new Shell Diala B oil was added to the ampoule so that the 
conductor and paper were completely immersed.  The 
moisture content of the oil was determined by the Karl 
Fischer titration before addition to the ampoules.  Following 
addition of the oil, the samples were evacuated at 10-3 Torr 
for one more day before elevated temperature ageing was 
commenced and sealed under vacuum. 

 
 

Fig 4. Ampoules model 

 
Fig 5. Paper wrapped around a copper conductor. 

 
The accelerated ageing experiments were performed at 

four different temperatures for various periods of time under 
air and nitrogen environments.  For ageing under nitrogen, 
dry nitrogen gas was passed continuously over the surface 
of the oil for the entire arcing time.  Thus any water released 
into the nitrogen would be removed by the gas flow.  For  
arcing  in  air,  the  samples were  left  open  to the  
atmosphere  via  a silica  gel  drying  tube, but  there was  no  
gas  flow.  Although there was no gas flow over  the  
surface of  the oil  in  the case of  the  air-aged  samples, 
there was  no  evidence  of a build  up of  moisture at the 
surface of  the oil, presumably because any evolved water 
was absorbed by  the silica  gel  drying  agent.  After ageing, 
the samples were allowed to cool to room temperature.  
Paper and oil samples were removed for moisture 
measurement (Saha, 1999).  
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TABLE 3. AGING ACCELERATED EXPERIMENTS-I 
 

Aging temperature (0C) Aging time (days) 
115 42, 83 & 125 
125 22, 45 & 67 
135 12, 25 & 37 
145 7, 14 & 21 

 
TABLE 4. AGING ACCELERATED EXPERIMENTS-II 

 
Aging temperature (0C) Aging time (days) 

129 14, 21 & 28 
138 14, 21 & 28 
153 3, 7, 14 & 21 
166 3, 7, 14 & 21 

 
In order to perform ageing experiments on paper 

wrapped insulated conductors in ampoules model different 
temperature range were selected as shown in Table 3 and 
table 4. In (Saha, 1999), experiments were performed at 
temperature range of 115 to 145°C in the presence of air and 
nitrogen environments. In (Hill, 1995, 1996, Saha, 2000), a 
series  of  accelerated  ageing  experiments were  performed 
on dried Kraft  insulation  paper  in  the temperature  range  
130-170°C under vacuum  in order to examine the thermal 
degradation process separately from the process of 
oxidation and hydrolysis by water.  

The objectives of these experiments are to study the 
nature of cellulose and oil degradation, the deterioration of 
chemical, electrical and mechanical properties and the effect 
of oxidation on the degradation process. The condition of 
aged insulation samples was investigated by a number of 
diagnostic techniques:   
1) Measurement of Interfacial Polarization Spectra (IPS) 

by Return Voltage Method (RVM) at temperature range 
of 115-1450 C (Saha, 1999, 2000).  

2) Measurement of Molecular Weight and its distribution 
by Ge1 Permeation Chromatography (GPC) at 
temperature range of 115-1450 C (Saha, 1999, 2000) 
and 129-1660 C (Hill, 1995) and the results  of  the 
molecular  weight  study  in  the  accelerated  ageing  
experiments  were  found  to  be most  useful  for  
monitoring  the  condition  of  the  insulation  paper  in  
an operational  transformer. 

3) Surface analysis by X-Ray Photo-Electron 
Spectroscopy (XPS) at temperature range of 115-1450 
C. 

4) A study of the oxidation of the oil by UV-Visible 
Spectroscopy (UV-VIS) at temperature range of 115-
1450 C (Saha, 1999).  

5) Tensile strength of cellulose insulation paper retrieved 
from a retired transformer were measured in the cross 
machine direction (CMD) at temperature range of 129-
1660 C  and the relationship  between  tensile  strength  
and  molecular  weight  has  been  correlated (Hill, 
1995).  

6) Furan products  formed  by  accelerated  ageing  of  
cellulose  insulation  paper  in  Shell Diala  B  
transformer  insulation  oil  over  the  temperature  
range 115-1450 C (Saha, 2000) and 129-1660 C and  
the  results  have  been  correlated  with  those  
observed  for  the changes  in  the  molecular  weight  
and  tensile  strength  of  the  insulation  paper (Hill, 

1996). 

D.  Aging Vial Model 
In order  to  have better  understanding  of  insulation  

ageing,  dynamic  ageing experiment  were  conducted.  In 
the experimental work, Kraft paper of electrical grade and 
uninhibited mineral oil Nynas Nytro 11EN was used.  The 
paper was wrapped in several layers around a length of 5 cm 
of copper conductor. To dry the paper it was placed in the 
ageing vial and placed in vacuum oven. The oven was set at 
700 C and vacuum was applied for overnight. The ageing 
vial and paper was cooled to room temperature in a 
desiccators and 100 ml of air saturated oil was added to the 
vial and sealed immediately using flame torch. In order to 
have enough paper for DP measurement two pieces of 
copper conductor wrapped with paper were placed in the 
ampoule. The ageing vessel had a capacity of 150 ml made 
from Pyrex glass with 3.8 cm diameter and 20 cm length. It 
had a narrow neck of l cm diameter and 4 cm length. All 
ampoules were washed with water rinsed with acetone and 
dried at 1000 C before use. The sealed vials were placed in 
an oven with set temperature of 700 C.  The oven 
temperature was increased 100 C after 24 hours and each 
day one set of samples were removed until temperature 
reached 1800 C.  Blank sample was also carried out using 
similar condition for every 100 C (Pahlavanpour 2002, 
2003).   

E.  Test Cell Model 
In order to perform the experiments in laboratory a 

special test cell model has been designed for accelerated 
thermal and electrical ageing treatment on oil & paper. The 
schematic diagram of the test cell is shown in figure 6. The 
capacity of the test cell is three liters. A mild steel plate of 
3.5 mm thickness has been used. The inner surface of the 
test cell has been polished with high temperature resistant 
enameled paint. The silicon sealing has been provided in 
between the top cover plate to prevent the leakage of gases 
at high temperature. When the paper was tested in the 
presence of oil, the two copper strips covered with paper 
joined together were placed in the cell. The  mineral  oil  
taken conformed  to  the  requirement  of  IS:  335  and  
unaged  electrical  grade  paper conformed to IS: 9335. The 
temperature control of the oven was within ±20 C. 

 
Fig 6: Test Cell Model 
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Different thermal and electrical stresses, as per table 5, 

were used for studying the accelerated thermal and electrical 
ageing treatment on oil and paper.  
 

TABLE 5. THERMAL, ELECTRICAL AND AGING ACCELERATED 
EXPERIMENTS 

 
Temperature (0C) Voltage Stress (KV) Aging time (hours)

120 1.0, 2.0 & 2.5 360, 720 & 1440 
140 1.0, 2.0 & 2.5 360, 720 & 1440 
160 1.0, 2.0 & 2.5 360, 720 & 1440 

 
The thermal and electrical stresses affect the properties of 

oil and paper insulation used in the transformer. The 
properties such as furfural analysis, tensile strength, degree 
of polymerization (DP), dissolved gas analysis (DGA), 
Breakdown voltage (BDV), resistivity, dissipation factor, 
viscosity, partial discharge (PD), scanning electron 
microscopy (SEM) etc. should be effected by the thermal 
and electrical stresses (Verma, 2005).   

III. CONCLUSION 
It is not possible to perform many tests destructive in 

nature on power transformer in service. In order to perform 
these tests, prorated models of power transformers are used 
in experimental study. Researcher have used various types 
of model like prototype model, dual temperature aging 
model, ampoule vial model, aging vial model and test cell 
model. Basic concept of these models is to study the 
accelerated thermal, electrical stresses with aging on oil and 
paper insulation of power transformer.   

ACKNOWLEDGMENT 
The authors are thankful to Technology Information 

Forecasting and Assessment Council and Centers of 
Relevance & Excellence (TIFAC-CORE) on Power 
Transformer Diagnostics and Dr.R.K.Jarial, Assistant 
Professor and Office-in-charge, HV Lab, NIT Hamirpur for 
providing necessary infrastructural facilities for carrying out 
the research work.  

REFERENCE 
[1] Dakin T. W., “Electrical Insulation Deterioration Treated as a 

Chemical Rate Phenomenon,” AIEE nansactions, vo1.67, 1948. 
Summary: Transformer condition monitoring is carried out regularly 
to establish state of the health of transformer. Based on results 
corrective actions are taken to preserve and prolong the lifetime of the 
unit. All insulation materials used in construction o..... 

[2] Hill. D. J. T., Le. T. T., Darveniza. M. & Saha, "A Study of 
Degradation of cellulosic insulation in a Power Transformer-Part III: 
Degradation Products of Cellulose Paper Insulation," Polymer 
Degradation and Stability, vo1.51, Issue 2, Feb 1996, pp. 211-218. 

[3] Hill. D. J. T., Le. T. T., Darveniza. M. & Saha. T. K., "A study of 
Degradation of Cellulosic Insulation Materials in a Power 
Transformer Part 1: Molecular Weight Study of Cellulose Insulation 
Paper," Polymer Degradation and Stability, vo1. 48, no. 1, 1995, pp. 
79- 87. 

[4] Hill D.J.T; Le T.T.; Darveniza M &  Saha T,  "A Study of  
Degradation  of  Cellulosic  Insulation Materials  in  a Power  
Transformer-Part 2: Tensile  Strength of  Cellulose  Insulation Paper," 
Polymer Degradation  and Stability, vol.49, no. 3, 1995, pp. 429-435.  

[5] McNutt, W.J.; Provost, R.L.; Whearty, R.J, “Thermal life evaluation 
of high temperature insulation systems and hybrid insulation systems 

in mineral oil”, IEEE Transactions on Power Delivery, vol. 11, Issue 
3, July 1996, pp. 1391 – 1399. 

[6] Moser. H. P. et al., “Application of Cellulosic and Non-cellulosic 
Materials in Power Transformers,” International Conference on Large 
High Voltage Electric System, CIGRE Proceedings ofthe 31st Session 
(Paper 12-12), vol.l, 27 August- 4 September, 1986.  

[7] Montsinger V. M., “Loading Transformer by Temperature,” AIEE 
Transactions, vol.  49, April 1930. 

[8] Oomen T. V. & Arnold L. N., “Cellulose Insulation Materials 
Evaluated by Degree of Polymerization Measurements,” Proceedings 
of the 15th Electrical/Electronics Insulation Conference, Chicago, IL, 
USA, 19-22 Oct.  1981.  

[9] Prevost. T. A., Wicks R., Glenn. B., & Marek R., “Estimation of 
Insulation life based on a dual temperature aging model”, Wedimann-
ACTI Inc. Fifth Annual Technical Conference, Albuquerque, NM, 
Nov. 13-15, 2006. 

[10] Pradhan, M.K, “Assessment of the status of insulation during thermal 
stress accelerated experiments on transformer prototypes”, IEEE 
Transactions on Dielectrics and Electrical Insulation, vol. 13, Issue 1, 
Feb. 2006, pp. 227 – 237. 

[11] Pradhan, M.K.; Ramu, T.S, “On the estimation of elapsed life of oil-
immersed power transformers”, IEEE Transactions on Power Delivery, 
vol. 20, Issue 3, July 2005, pp. 1962 – 1969. 

[12] Pradhan, M.K.; Ramu, T.S, “Diagnostic testing of oil-impregnated 
paper insulation in prorated power transformers under accelerated 
stress”, Conference Record of IEEE International Symposium on 
Electrical Insulation, 19-22 Sept. 2004, pp. 66 – 69. 

[13] Pahlavanpour, P.; Eklund; Martins, M.A, “Insulating paper ageing 
and furfural formation”, Proceeding of Electrical Insulation 
Conference and Electrical Manufacturing & Coil Winding 
Technology Conference, 23-25 Sept. 2003, pp. 283 – 288. 

[14] Pahlavanpour, B.; Martins, M.A.; De Pablo, A, “Experimental 
investigation into the thermal-ageing of Kraft paper and mineral 
insulating oil”, IEEE International Symposium on Electrical 
Insulation, 7-10 Apr 2002, pp. 341- 345. 

[15] Saha, T.K & Purkait.P, “Understanding the Impacts of Moisture and 
Thermal Ageing on Transformer’s Insulation by Dielectric Response 
and Molecular Weight Measurements”, IEEE Transactions on 
dielectric and electrical insulation, vol. 15, Issue 2, April 2008, pp. 
568 – 582. 

[16] Saha. T.K.,Yao. Z.T., Le. T. T, Derveniaa. M. and Hill. D.J.T., 
“Investigation of Interfacial Polarisation Spectra Parameters for 
accelerated aged oil-paper insulation and its correlation with 
molecular weights and furan compounds”, 15-201, Cigre Session 
2000.  

[17] Saha, T.K.; Darveniza, M.; Yao, Z.T.; Hill, D.J.T. & Yeung, G, 
“Investigating the effects of oxidation and thermal degradation on 
electrical and chemical properties of power transformers insulation”, 
IEEE Transactions on power delivery, vol. 14, Issue 4, Oct. 1999 pp. 
1359 – 1367. 

[18] Saha, T.K.; Darveniza, M.; Hill, D.J.T. & Le, T.T., “Electrical and 
chemical diagnostics of transformers insulation. B. Accelerated aged 
insulation samples”, IEEE Transactions on power delivery, vol. 12, 
Issue 4, Oct. 1997, pp. 1555 – 1561. 

[19] Shroff D. H. & Stannett A. W., “A Review of Paper Aging in Power 
Transformers,” IEE Proc.  , vol.  132, Nov.  1985. 

[20] Verma, P.; Roy, M.; Tiwari, R.K. & Chandra, S, “Generation of 
furanic compounds in transformer oil under accelerated thermal and 
electrical stress”, Proceeding of Electrical Insulation Conference and 
Electrical Manufacturing Expo, 23-26 Oct. 2005, pp. 112- 116.  

[21] Verma.P, Roy.M, Verma.A & Bhanot.V & O.P.Pandey, “Change in 
Electrical and Chemical properties of transformer oil with accelerated 
thermal stress and its service life”, International Journal of 
COMADEM, 8(1), 2005 pp. 42-48. 

[22] Verma.P, Roy.M, Verma.A & Bhanot.V, “Assessment of transformer 
insulation system by evaluating partial discharge and dissolved gas 
analysis”, Journal of Scientific & Industrial Research, vol.64, April 
2005, pp. 262-267. 

 
 

Jashandeep Singh was born in 1978. He obtained his 
diploma in Electrical Engineering in 1999, B. Tech in 
Electrical Engineering and M. Tech. in Instrumentation & 
Control in 2002 and 2004 respectively. He is presently 
studying for his Ph.D from the Department of Electrical 
Engineering (EED) of National Institute of Technology 
(NIT), Hamirpur. He is working as Research Scholar in 



International Journal of Computer and Electrical Engineering, Vol. 2, No. 3, June, 2010 
1793-8163 

 

 
574

the EED of NIT, Hamirpur. His research interests are energy 
management, transformer diagnosis and electrical machines. 

 
Dr. Yog Raj Sood has received his B.E. degree in 
Electrical Engineering with “Honours” and M.E. in 
Power System from Punjab Engineering College 
Chandigarh (U.T.), in 1984 and 1987 respectively. He 
obtained his Ph.D. from Indian Institute of Technology, 
Roorkee in 2003. He joined Regional Engineering 
College Kurukshetra in 1986. He has been working as  

Professor in the Electrical Engineering Department of National Institute of 
Technology, Hamirpur (H.P.), India since January 2006.  He has published 
a number of research papers. He is recipient of several commendations, 
appreciation letters & awards for his excellent educational and research 
work. His research interests are in the area of computer applications to 
power system, deregulation, AI application to power systems, power 
network optimization, high voltage engineering and non-conventional 
sources of energy.   

 
Dr. Piush Verma graduated in 1991 with degree in 
Electrical Engineering from the Institution of Engineers 
(India). He received his Master degree in Power Systems 
with Honors and Ph. D. in Electrical & Instrumentation 
Engineering from Thapar University, Patiala, Punjab 
(India) in 1995 and 2005 respectively. He has over 17 
years of experience in Research, Industry and Academia. 

He has been awarded with gold medal for one of the paper by Institute of 
Engineers, (India).  Presently he is Director, Rayat & Bahra Institute of 
Engg. & Bio - Tech., Mohali Campus (Punjab). His research interests are in 
the area of Transformer Diagnostics study and Non-Conventional Sources 
of Energy.   

  

 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


