
 
 

 
 
 
 
 
 
 
 
 
 
 
xxx 
 
 
 
 
 
 
 
 
 ISBN: 978-1-61738-861-3 
 

19th Nordic Insulation  
Symposium 2005  
 
(NORD-IS 2005) 
 

Trondheim, Norway  
13-15 June 2005 

 

 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2005) by Tapir Academic Press 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2010) 
  
For permission requests, please contact Tapir Academic Press 
at the address below. 
  
Tapir Academic Press 
Nardoveien 12 
NO-7005 Trondheim 
Norway 
 
Phone:  + 47 73 59 32 10 
Fax:  + 47 73 59 32 04 
 
forlag@tapir.no 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2634 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 

INVITED LECTURE 
 

Electrical Insulation Systems and Assessment Methodologies for Energy Technology and Clean 
Environment .......................................................................................................................................................................... 1

Nigel Hampton 
 

 
SESSION 1 – GENERAL TOPICS 
 

Midel 7131 as Alternative Liquid to Mineral Oil for Transformers................................................................................ 10
H. Borsi, E. Gockenbach 

 

Critical Wave Forms in Dry Type Transformers ............................................................................................................. 14
Kenneth Pedersen, J. Holboll, M. Henriksen 

 

The Effects of Ceresine Wax on the Electrical Properties of Polypropylene .................................................................. 18
P. Salovaara, J. Pelto, K. Kannus 

 

Condition Assessment of Power Transformers using Enhanced Partial Discharge Measurement 
Techniques............................................................................................................................................................................ 23

P. Werle, Michael Kröger, H. Borsi, E. Gockenbach, Akbari Azirani 
 

HV XLPE Cable Design for Direct Electrical Heating of  Very Long Flowlines............................................................ 27
Gunnar Vegge, Sverre Hvidsten, Lars Lundgaard, Kjell Olafsen, Atle H. Børnes 

 

 
SESSION 2 – TRANSFORMER DIAGNOSTICS 
 

Model Based Frequency Response Analysis for Characterization of Transformer Insulation ..................................... 32
Nilanga Abeywickrama, Yuriy V. Serdyuk, S. Gubanski 

 

Transformer Partial Discharge Acceptance Testing using UHF Partial Discharge Measurement 
Technique ............................................................................................................................................................................. 36

Raja Kuppuswamy 
 

Comparative Study of Dielectric Spectroscopy Measurements and  Analyses of Oil and Paper 
Samples from a Power Transformer .................................................................................................................................. 40

J. Blennow, K. Walczak, A. Dernfalk, B. Garcia, A. Bartnicki, S. Gubanski, O. Samuelsson, U. Karlsson 
 

High Frequency Characterization of Impregnated Pressboard and Its Applicability to High 
Frequency Power Transformer Modelling and FRA........................................................................................................ 44

Eilert Bjerkan, Øystein L. Hestad, Hans K. Høidalen 
 

 
SESSION 3 – MATERIALS AND INSULATION SYSTEMS 
 

Aging of Kraft and Thermally Upgraded Oil Impregnated Paper .................................................................................. 48
Lars Lundgaard, Walter Hansen, Dag Linhjell 

 

Measuring the Propagation of Electrical Treeing in Epoxy Resin, Based on the Capacity Change ............................. 53
Jesper Klingsten Nielsen, Morten E. Lunow, M. Henriksen, J. Holboll 

 

Surface Charge Distribution in Combined Solid-Gas Insulation Systems ...................................................................... 57
Frank Mauseth, Arne Nysveen, Erling Ildstad 

 

Current Pulse Handling Properties of Silicone Resin Filled with Conductive and Semi-Conductive 
Particles ................................................................................................................................................................................ 61

J. Pelto, P. Salovaara, M. Paajanen, K. Kannus, M. Toivonen, K. Lahti 
 

 
SESSION 4 – CABLE DIAGNOSTICS 
 

Study of Partial Discharge in XLPE and PE ..................................................................................................................... 64
S. Birlasekaran, J.J Yang, Maung Aike Pe, Teo Swee Han 

 

High Frequency Measurements on Medium Voltage Cables for Localisation of Degraded Regions ........................... 68
Ruslan Papazyan, Roland Eriksson 

 



Current Status of Condition Assessment of Water Treed 12 and 24 kV XLPE Cables in Norway and 
Sweden .................................................................................................................................................................................. 72

Björn Holmgren, Sverre Hvidsten, Jonas Wetterström, Ulf Grape 
 

 
SESSION 5 – CONDITION ASSESSMENT 
 

Directional Sensing for Online PD Monitoring of MV Cables......................................................................................... 77
P. Wagenaars, P. van der Wielen, P. Wouters, E.F. Steennis 

 

Review of Test Methods for Dielectric Properties of Liquids for HV Transformer Application .................................. 81
Lars Lundgaard, Øystein L. Hestad, Stian Ingebrigtsen 

 

Quality Control of XLPE Cables by Means of Impulse Voltage Test ............................................................................. 86
R. Woschitz, M. Muhr 

 

Breakdown Tests of Composite Materials, and the Importance of the Volume Effect .................................................. 89
S. F. Madsen, J. Holboll, M. Henriksen, Stine Krog-Pedersen 

 

Propagation Attenuation of Partial Discharge Pulses in Medium Voltage Overhead Power Lines: A 
Case Study ............................................................................................................................................................................ 93

Vesa Latva-Pukkila, Pekka Nevalainen, Pertti Pakonen, Tiila Kangas, Pekka Verho, Mats Björkqvist 
 

 
SESSION 6 – CABLES 
 

The Use of Model Cables for Evaluation of the Electrical Performance of Polymeric Power Cable 
Materials............................................................................................................................................................................... 97

U.H. Nilsson 
 

Space Charge Measurements on Polymeric Dual-dielectric Cables .............................................................................. 103
R. Bodega, P. H. F. Morshuis, U. H. Nilsson, G. Perego, J. J. Smit 

 

Space Charge Formation in XLPE Caused by Temperature Gradient and DC Voltage Reversal............................. 107
Sidsel Trætteberg, Erling Ildstad, Rolf Hegerberg 

 

The Effect of Semiconducting Electrode Material on the Conductivity and Space Charge Behaviour of 
Low Density Polyethylene ................................................................................................................................................. 111

J. Densley, M. Henriksen, J. Holboll 
 

 
SESSION 7 – MEASUREMENT TECHNIQUES 
 

Field Model of Partial Discharges at Variable Frequency of the Applied Voltage....................................................... 115
Cecila Forssén, H. Edin 

 

Experiences in Using Rogowski-Coil in Partial Discharge Measurements on MV Cable Networks and 
Overhead Covered Conductor Lines................................................................................................................................ 119

Pekka Nevalainen, Vesa Latva-Pukkila, Pertti Pakonen 
 

Finding the Location of Partial Discharge in Large Power Transformers ................................................................... 123
Detlev W. Gross, Markus Söller 

 

 
POSTER SESSION 1 
 

Dielectric Measurements and Testing Techniques.......................................................................................................... 127
A. Soualmia, M. Abdelguerfi 

 

The Thermal Conductivity Characteristics of Barium Titanate Filled Acrylic Resin ................................................. 131
B. Varlow, I.S. Lisker, J. Robertson, B. P. Axcell 

 

Radiation Effects on Thermoluminescence Characteristics of LDPE Containing Antioxidants ................................ 135
Ki-Yup Kim, Chung Lee, Boo-Hyung Ryu 

 

A Study on Dielectric Relaxation Properties of Irradiated PVDF Containing Antioxidants ...................................... 139
Ki-Yup Kim, Chung Lee, Boo-Hyung Ryu 

 

New Sensors for On-Line Monitoring of Power Transformers' Bushings .................................................................... 143
Alireza Setayeshmehr, Alireza Akbari, H. Borsi, E. Gockenbach 

 

Water Permeability of LDPE, PP, PEN and Silicone Rubber Films under Combined Humidity and 
Electric DC-Filed Stress .................................................................................................................................................... 147

M. Takala, K. Kannus, K. Lahti, P. Salovaara 
 



Impedance Analysis of an RMU for On-line PD Measurement ..................................................................................... 151
Pim Jacobs, P. Wagenaars, P. van der Wielen, Jeroen Veen, P. Wouters 

 

Multiple Task Sensors/Actuators for On-line PD Diagnostics on MV cables ............................................................... 155
P. Wouters, Vanessa Salvador Sánchez, Mohamed Talbi, Hennie van der Zanden, P. Wagenaars 

 

High-Voltage Equipment with Active Internal Parts and Polymeric Housings ........................................................... 160
Bernhard Richter 

 

Straight Dielectric Response Measurements with High Precision ................................................................................. 166
J. Hedberg, T. Bengtsson 

 

Development of New Test Set-up for Investigation of Electrical Tree Inception in Polyethylene............................... 170
Ramona Huuva, Villgot Englund, S. Gubanski, Thomas Hjertberg 

 

Partial Discharge Measurements on Epoxy Fiber-reinforced Insulating Rods Used in High Voltage 
Equipment .......................................................................................................................................................................... 174

A. Krivda, G. Meier, X. Kornman, S. Wright, L. Ritzer, R. Weder 
 

The Evaluation System of High Voltage Equipment Insulation Working Conditions................................................. 179
S. Gudžius, B. Linkeviciute, L. Makevicius, A. Morkvenas, G. Plioplys, R. Stanioniene 

 

An Alternative to Mineral Based Transformer Insulating Oils with Superior Properties .......................................... 183
V. Wasserberg, B. Dolata, H. Borsi, E. Gockenbach, H. Baehr 

 

Operation Experience with a New System for the Continuous Desiccation of Power Transformers 
without Affecting the DGA ............................................................................................................................................... 187

V. Wasserberg, H. Borsi, E. Gockenbach, O. Schmidt, P. Hogrefe, P. Werle, J. Wohlfart 
 

Dielectric Response of Oil-Impregnated Paper and Pressboard.................................................................................... 191
Dag Linhjell, Lars Lundgaard 

 

More Cables Whilst Maintaining Today’s Excellent Quality – How to Do It............................................................... 195
Annika Smedberg, Karl-Michael Jäger, Nigel Hampton 

 

DC Treeing and Breakdown of XLPE Insulation during Rapid Voltage Grounding .................................................. 201
Erling Ildstad, Mildrid Selsjord 

 

 
POSTER SESSION 2 
 

The Role of Peroxide By-products on the Space Charge Accumulation in Polymeric HVDC cables ......................... 205
P. Carstensen, A. A. Farkas, A. Campus, U. H. Nilsson 

 

Electrical Conduction in a Silicone Rubber..................................................................................................................... 210
Naum Andrés Pérez, Alain Sylvestre, J. Louis Augé, S. Rowe 

 

Polarization Mechanisms of XLPE-EPR Flat Interfaces................................................................................................ 214
R. Bodega, P. H. F. Morshuis, U. H. Nilsson, G. Perego, J. J. Smit 

 

Broadband Dielectric Spectroscopy on Different New and Aged Polymeric Materials ............................................... 218
B. Alijagic-Jonuz, P. H. F. Morshuis, R. Bodega, J. J. Smit 

 

Ethylene-Vinyl Silane Copolymers for Medium Voltage Cable Applications .............................................................. 222
Bertil Ahlinder, Ola Fagrell, Kenneth Johansson, Lena Lindbom 

 

Operation of Water Monitoring of High Voltage Cables in Utilities - Technology – Operational 
Experience - Advantages ................................................................................................................................................... 228

L. Goehlich, W. Kalkner, M. Merk, N. Polster, N. Schindler 
 

Technique Employing Inductive Coupler for Propagation Constant Extraction on Power Cables with 
Twisted Screen Wires ........................................................................................................................................................ 232

V. Dubickas, H. Edin 
 

Cost Benefits of Using a Committee of Parallel Neural Networks for Bushing Diagnostics........................................ 236
Sizwe Dhlamini, Tshilidzi Marwala 

 

Verification of a High Frequency Cable Model with Measurements on Extruded Medium Voltage 
Cables ................................................................................................................................................................................. 240

Gavita Mugala, Roland Eriksson, Per Pettersson 
 

Sensitivity of Impulsive Dielectric Strength for the Probabilistic Coordination of Cable Lines 
Insulation............................................................................................................................................................................ 244

A. Galati, M. Marzinotto, C. Mazzetti 
 

Measurements and Predictions of Electrocoalescense of Water Droplets in Oil Emulsions........................................ 248
Atle Pedersen 

 

Effect of Surface Charge on Flashover Voltage of Polymer Materials.......................................................................... 252
J. Blennow, Torbjörn Sörqvist 

 



Time Optimization of Dielectric Response Measurements............................................................................................. 256
A.A Shayegani, H. Borsi, E. Gockenbach, H. Mohseni 

 

Thermal Stability of SF6.................................................................................................................................................... 260
Constantine T. Dervos, John A. Mergos 

 

Direct Electrical Heating of Pipelines – A Method for Preventing Hydrates and Wax in Subsea 
Transport Pipelines ........................................................................................................................................................... 264

Harald Kulbotten, Jens Kristian Lervik 
 

Electrostatic Forces between Charged and Uncharged Water Drops in Dielectric Liquids........................................ 269
Gunnar Berg, Stian Ingebrigtsen 

 

Experimental Investigation of the Relationship between Breakdown Strength and Tracking 
Characteristics of Composites .......................................................................................................................................... 273

S.F. Madsen, J. Holboll, M. Henriksen, J. Assentoft 
 

Handling of Insulation Problems with the Straight Joints on the Kontek Interconnection between 
Eastern Denmark and Germany ...................................................................................................................................... 277

Søren Krüger Olsen, Preben Jørgensen, Ole Kjær Nielsen, Hans Jørgen Jørgensen, Leif Flensted, Erik Jacobsen, 
Hans Peter Nielsen, Flemming Andersen 

 

Natural Ester Distribution Transformers Improved Reliability and Environmental Safety ...................................... 283
Kårstein Longva 

 

Author Index 




