
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-7138-0325-6 

INMR World Congress  
(INMR 2019) 

Tucson, Arizona, USA 
20 - 23 October 2019 

Volume 1 of 2 

 

 



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© (2019) by Insulator News & Market Report (INMR) 
All rights reserved. 
 
Printed with permission by Curran Associates, Inc. (2020) 
  
For permission requests, please contact Insulator News & Market Report (INMR) 
at the address below. 
  
INMR 
P.O. Box 95  
Westmount (Montreal), Quebec 
Canada H3Z 2T1 
 
 
Phone:  (514) 939-9540 
Fax:  (514) 939-6151 
 
info@inmr.com 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 
 

                        VOLUME 1 
 
METHODOLOGY & MITIGATION OF LIGHTNING INDUCED ARCING TO PIPELINE 
HAZARD................................................................................................................................................................................ 1

Armstrong, Mazana 
 

PERFORMANCE OF RTV-COATED TOUGHENED GLASS INSULATORS IN ZONES OF HIGH 
CONTAMINATION: PERUVIAN EXPERIENCE............................................................................................................ 9

Asto Soto, Samuel Arturo 
 

FUNDING THE NEXT GLOBAL T&D INVESTMENT CYCLE 2020-2040: HOW MUCH IT WILL 
COST .................................................................................................................................................................................... 16

Aubertin, Steve 
 

EXPERIENCE TESTING DIGITAL T&D EQUIPMENT ............................................................................................. 28
Baum, Benjamin 

 

METAL-OXIDE SURGE ARRESTERS FOR HVDC CIRCUIT BREAKER APPLICATIONS ............................... 32
Belda, Nadew A. 

 

CASE STUDY FOR APPLICATION OF 400 KV INTERPHASE SPACERS .............................................................. 49
Bell, Steve 

 

LINE ARRESTER INSTALLATIONS ON ATC SYSTEM: WHAT WAS DONE RIGHT & 
FURTHER IMPROVEMENTS ......................................................................................................................................... 59

Beske, Bryan 
 

DEVELOPMENT OF SMALL-SCALE TEST TO VERIFY CORONA PERFORMANCE OF 
POLYMERIC INSULATORS............................................................................................................................................ 66

Bologna, Fabio 
 

USING INFRARED & SOLAR-BLIND UV CAMERAS & UAS/DRONES TO INSPECT 
TRANSMISSION LINES ................................................................................................................................................... 76

Brady, James 
 

OPTIMIZING DESIGN & MATERIALS FOR HIGH VOLTAGE TRANSMISSION 
APPLICATIONS ................................................................................................................................................................. 89

Butler, Jeff 
 

EXTERNAL INSULATION ALTERNATIVES FOR EHV & UHV BUSHINGS....................................................... 102
Cardano, Paolo 

 

SELF-CLEANING PROPERTIES OF INJECTION MOLDED SUPER-HYDROPHOBIC 
SILICONE RUBBER FOR HV INSULATORS ............................................................................................................. 114

Carreira, A.J. (Tony) 
 

THERMALLY DIFFUSED GALVANIZING & APPLICATION TO INSULATORS .............................................. 121
Carreira, A.J. (Tony) 

 

PROTECTING NEUTRAL TERMINALS OF POWER TRANSFORMERS IN DISTRIBUTION 
SUBSTATIONS ................................................................................................................................................................. 130

Champagne, Michael 
 

ARRESTER PROTECTION OF LOWER VOLTAGE CIRCUITS ON MULTI-VOLTAGE 
TOWERS: ISSUES & OPPORTUNITIES...................................................................................................................... 143

Chisholm, William 
 

DUST & SEA-SALT POLLUTION MAPPING: SATELLITE VS. GROUND TRUTH RESULTS ......................... 170
Chisholm, William 

 

FUTURE CHALLENGES FOR CABLE ACCESSORIES IN MV NETWORKS ...................................................... 200
Chmura, Lukasz 

 

EFFICIENT SIMULATION OF ELECTRIC LINE PARAMETERS FOR CABLES ............................................... 204
Craigen, Doug 

 

RESEARCH & EXPERIENCE WITH COATINGS ON GLASS INSULATORS & CONDUCTORS..................... 210
de Nigris, Michele 

 

SMART SOLUTIONS FOR INSULATOR CONDITION MONITORING ................................................................ 225
de Santos, Héctor 

 

SYNTHETIC DRY-TYPE BUSHINGS APPLIED TO HV POWER TRANSFORMERS ......................................... 235
Del Rio, Arturo 

 



ACCESS ENABLING TECHNOLOGY FOR SILICONE BUSHINGS IN MEDIUM VOLTAGE 
TRANSFORMERS............................................................................................................................................................ 247

Door, Jeffrey 
 

EVALUATION OF FIELD RETURNED INSULATORS FROM U.S. GRID THROUGH 
LABORATORY TESTS ................................................................................................................................................... 253

Duckstein, Ron 
 

ADVANTAGES OF ENHANCED SILICONE POLYMER FOR DISTRIBUTION ARRESTERS.......................... 258
Engel, Haley 

 

ADVANCED COATINGS FOR INSULATORS & CONDUCTORS: OVERVIEW OF EPRI 
RESEARCH ....................................................................................................................................................................... 266

Engelbrecht, Chris 
 

IMPACT & MITIGATION OF ICING ON POWER NETWORK EQUIPMENT..................................................... 276
Farzaneh, Masoud 

 

SPECIFYING RTV SILICONE COATINGS FOR OVERHEAD TRANSMISSION LINES ................................... 291
George, Jean-Marie 

 

DIGITAL SOLUTION FOR TRANSMISSION LINE RISK ASSESSMENT............................................................. 302
George, Jean-Marie 

 

OBSERVATIONS & LESSONS FROM 20 YEARS' EXPERIENCE WITH NON-CERAMIC 
INSULATORS ON TRANSMISSION LINES IN QUEENSLAND, AUSTRALIA ..................................................... 308

Gillespie, J.A. 
 

APPLICATION OF INTERPHASE SPACERS TO TRANSMISSION SYSTEMS.................................................... 328
Giobbe, Giovanni 

 

BENEFITS OF LINE SURGE ARRESTER APPLICATION & ADVANTAGES OF EXTERNALLY 
GAPPED LINE ARRESTERS ......................................................................................................................................... 350

Giraudet, Florent 
 

REQUIREMENTS & CHALLENGES IN TECHNOLOGY AND APPLICATION OF HV CABLE 
JOINTS............................................................................................................................................................................... 360

Gramespacher, Hansjoerg 
 

RELIABILITY OF HVDC CABLE JOINTS: TODAY & FUTURE CHALLENGES ............................................... 366
Gramespacher, Hansjoerg 

 

HV CABLE ACCESSORIES: ENABLERS TO RESTORE & RECOVER CABLE SYSTEMS .............................. 373
Grund, Ruben 

 

BRITTLE FRACTURE FAILURE OF POLYMERIC INSULATOR ON 400 KV TRANSMISSION 
LINE ................................................................................................................................................................................... 377

Gutiérrez Aguirre, Cristian 
 

ROD TO HOUSING ADHESION IN COMPOSITE INSULATORS: PRACTICAL EVALUATION 
IN COLLABORATION WITH UTILITIES................................................................................................................... 384

Gutman, Igor 
 

SOFTWARE FOR LINE DESIGN & OPERATION: CASE STUDIES ...................................................................... 404
Gutman, Igor 

 

SHEARBOLT CONNECTORS FOR LV/MV UNDERGROUND POWER CABLES: RELIABILITY 
& FAILURE MODES ....................................................................................................................................................... 418

Hardt, Falk 
 

DEVELOPMENT & APPLICATION OF POLYMERIC SURGE ARRESTERS FOR 
TRANSMISSION LINES IN CHINA .............................................................................................................................. 425

He, Jinliang 
 

EFFECT OF COOLING TOWERS ON EXTERNAL INSULATION AT SUBSTATIONS ..................................... 434
Hernández-Corona, Ramiro 

 

HYBRID INSULATORS FOR DISTRIBUTION LINES: ADVANTAGES & APPLICATION 
EXPERIENCE ................................................................................................................................................................... 443

Hilsdorf, Eduardo 
 

ARRESTER TECHNOLOGY TODAY: LESSONS LEARNED & DEVELOPMENTS TO WATCH..................... 453
Hinrichsen, Volker 

 

INVESTIGATIONS OF METAL-OXIDE SURGE ARRESTERS FOR HVDC CIRCUIT BREAKER 
APPLICATIONS ............................................................................................................................................................... 470

Hock, P. 
 

SURGE ARRESTER CONSIDERATIONS IN MICROGRIDS ................................................................................... 487
Hoffman, Jesse 

 

MECHANICAL TESTING OF CONNECTION LEADS FOR TRANSMISSION LINE SURGE 
ARRESTERS ..................................................................................................................................................................... 493

Hughes, Martin 
 



                        VOLUME 2 
 
IMPACT OF BIOFOULING ON PERFORMANCE OF OUTDOOR BUSHING INSULATION............................ 502

Jonsson, Lars 
 

INTERESTING ASPECTS OF SPECIAL CABLES WITH SILICONES................................................................... 510
Klingberg, Detlef 

 

LONG-TERM EXPERIENCE WITH CABLE JOINTS UNDER WATER STRESSES............................................ 515
Kornhuber, Stefan 

 

LESSONS FROM 25 YEARS' EXPERIENCE TESTING POLYMERIC INSULATORS ........................................ 520
Lachman, Jan 

 

SILICONE GEL: MORE THAN A GAP FILLER ........................................................................................................ 531
Lambrecht, Jens 

 

USING GRID ANALYTICS TO EVALUATE LIGHTNING PROTECTION ........................................................... 535
Lauletta, John L. 

 

ASSESSING SHEATH VOLTAGE LIMITER FAILURE CAUSED BY IMPROPER BONDING OF 
CABLE SHEATHS............................................................................................................................................................ 542

Leman, Jon 
 

DAMPED AC FOR COMMISSIONING & DIAGNOSTIC TESTING OF HV CABLES ......................................... 548
Leufkens, Paul 

 

DEVELOPMENTS TO WATCH IN HV SURGE ARRESTERS ................................................................................. 554
Leufkens, Paul 

 

EXPERIENCE APPLYING SURGE PROTECTION AT HYDRO ONE.................................................................... 563
Levine, Jody 

 

CONDUCTING LIQUID SILICONE RUBBER WITH CARBON NANOTUBES & CARBON 
BLACK ............................................................................................................................................................................... 575

Li, Yanmin 
 

DEVELOPMENT OF HV LIVE LINE TESTERS FOR PORCELAIN INSULATORS USING LORA 
COMMUNICATION ........................................................................................................................................................ 584

Lim, Hokyoung 
 

STRESS CORROSION CRACKING & BRITTLE FAILURE OF FIBER-REINFORCED PLASTIC 
INSULATOR FROM 400 KV TRANSMISSION LINE IN HUMID ENVIRONMENT............................................. 597

Luder, D. 
 

PORCELAIN INSULATORS UNDER CYCLIC LOADING ....................................................................................... 606
Maloney, Patrick 

 

OPTIMIZING INSULATOR SELECTION WITH REGARD TO PERFORMANCE, 
INSTALLATION, STOCKING & MAINTENANCE .................................................................................................... 611

McCullough, Daniel 
 

DRY TYPE PAPERLESS BUSHINGS FOR T&D POWER SYSTEMS ..................................................................... 615
Middleton, Robert 

 

EXPERIENCE FROM LONG DURATION TESTS ON EXTRUDED CABLE SYSTEMS UP TO 525 
KV DC ................................................................................................................................................................................ 625

Miolo, Paolo 
 

POLLUTION PERFORMANCE OF COMPOSITE HOLLOW CORE INSULATORS WITH 
HTV/LSR HOUSINGS...................................................................................................................................................... 631

Moal, Eric 
 

LONGITUDINAL LOADING: FACT VS. MYTH ........................................................................................................ 637
Niedospial, Ed 

 

MANUFACTURING QUALITY OF TOUGHENED GLASS INSULATORS............................................................ 646
Niedospial, Ed 

 

MAXIMIZING & VALIDATING ULTIMATE CAPACITY IN HIGH STRENGTH 
APPLICATIONS ............................................................................................................................................................... 651

Niedospial, Ed 
 

OPTIMIZED SELECTION OF POST INSULATORS FOR AIS DISCONNECTORS & OTHER 
SUBSTATION APPLICATIONS..................................................................................................................................... 659

Nosilati, Marco 
 

INSULATOR PERFORMANCE & CHARACTERISTICS REQUIRED OF INNOVATIVE 
MATERIALS FROM RENEWABLE RESOURCES .................................................................................................... 675

Oliver, Derek 
 

RF SENSOR SUITE FOR TRANSMISSION ASSETS ................................................................................................. 679
Phillips, Andrew 

 

OPTIMAL INSULATOR TYPE & DIMENSIONING IN HARSH SERVICE ENVIRONMENTS ......................... 686
Pigini, Alberto 

 



COATING APPLICATIONS FOR POWER SYSTEMS............................................................................................... 699
Pigini, Alberto 

 

OPERATING A TEST STATION IN A POLLUTED ENVIRONMENT .................................................................... 708
Pons, Christian 

 

SELECTION OF OPTIMAL OUTDOOR INSULATION FOR REFURBISHMENT OF 400 KV AC 
SUBSTATION UNDER COASTAL POLLUTION........................................................................................................ 716

Radosavljevic, Milan 
 

APPLICATION OF SURGE ARRESTERS IN MV/HV CAPACITOR BANK PROTECTION............................... 723
Rastall, Tim 

 

QUALITY EVALUATION OF MV/HV NETWORK COMPONENTS AT TNB: PAST 
EXPERIENCE WITH FAILURES & LESSONS LEARNED....................................................................................... 729

Rawi, Iryani Mohamed 
 

INNOVATIVE COMPACT LINE DESIGN: REDUCING CLEARANCES BY INTEGRATING 
EGLAS ON HV TRANSMISSION LINES ..................................................................................................................... 737

Robben, Bastian 
 

ASSET REPLACEMENT STRATEGIES IN AGEING GRIDS: PERIODIC MAINTENANCE VS. 
CONDITION BASED ....................................................................................................................................................... 748

Ross, Robert 
 

ADDING INTELLIGENCE TO CERAMIC INSULATORS........................................................................................ 761
Ruokanen, Markku 

 

PRACTICAL FIELD INSPECTION & CONDITION ASSESSMENT OF TRANSMISSION 
INSULATORS ................................................................................................................................................................... 769

Schlender, Dennis 
 

DEVELOPMENT OF 765 KV EXTERNALLY GAPPED LINE ARRESTERS......................................................... 799
Schneider, John M. 

 

BRACED LINE POST TESTING CONSIDERATIONS............................................................................................... 827
Schonewolf, John 

 

APPLICATION OF STATION POSTS .......................................................................................................................... 849
Seifert, Jens 

 

INNOVATIVE APPLICATIONS & DEVELOPMENT OF HOLLOW CORE COMPOSITE 
INSULATORS ................................................................................................................................................................... 856

Seifert, Jens 
 

LESSONS FROM 20 YEARS’ EXPERIENCE WITH COMPOSITE INSULATORS ON 
TRANSMISSION LINES ................................................................................................................................................. 861

Stapleton, Glenn 
 

TRANSMISSION STRUCTURES FOR REDUCED COST & INCREASED PUBLIC 
ACCEPTANCE ................................................................................................................................................................. 881

Steenholt-Eliasson, Karl Emil 
 

OPTIMIZING A HV JOINT TO WITHSTAND HIGH SHORT-CIRCUIT CURRENT FAULTS.......................... 891
Sun, Guoyan 

 

POLYMERIC INSULATORS: PROBLEMS & WAYS TO IMPROVE RELIABILITY & SERVICE 
LIFE.................................................................................................................................................................................... 895

Symonova, Tatiana 
 

NEW TECHNOLOGY FOR COATED GLASS SUSPENSION INSULATORS ........................................................ 914
Symonova, Tatiana 

 

SILICONES IN T&D: ADVANTAGES OF THIS VERSATILE MATERIAL ........................................................... 925
Szabo, Andrei 

 

APPLICATION OF SURGE ARRESTERS IN MITIGATING BREAKER TRANSIENT 
RECOVERY VOLTAGE.................................................................................................................................................. 932

Verdolin, Rogerio 
 

LABORATORY EXPERIENCE IN TYPE TESTING CABLES & ARRESTERS .................................................... 937
Verhoeven, Bas 

 

OPTIMIZING STRUCTURE DESIGN ON 500 KV LINE USING TRANSMISSION LINE 
ARRESTERS ..................................................................................................................................................................... 941

Wang, Chenyang 
 

CASES OF NON-STANDARDIZED TESTING ............................................................................................................ 950
Windmar, Dan 

 

PROGRESS ON REVISION OF IEC 60383................................................................................................................... 957
Windmar, Dan 

 

BEST PRACTICE IN LIGHTNING PROTECTION OF DISTRIBUTION LINES................................................... 962
Woodworth, Jonathan 

 



OVERVIEW OF PROGRESS ON HARMONIZATION OF IEC & IEEE ARRESTER STANDARDS.................. 968
Woodworth, Jonathan 

 

SURGE ARRESTER SIZING FOR SUB-TRANSMISSION SYSTEMS USING GROUNDING 
TRANSFORMERS............................................................................................................................................................ 975

Wu, Xuan 
 

FIELD & LABORATORY ASSESSMENT OF RTV COATED INSULATORS IN HARSH DESERT 
ENVIRONMENTS ............................................................................................................................................................ 985

Znaidi, Raouf 
 

Author Index 




