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-2 km walk via Kölner Ring, WisbyRing and Lübecker Ring 
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Welcome 
 

On behalf of UPEC 2011 Program and organizing committee, I am 

glad to welcome all the participants to this Conference.  

 

UPEC is a long-established Conference, which is very popular with 

young researchers, PhD students and engineers from the power 

industry. With an effort to match the high standards set by UPEC 

Conferences in the past, almost 400 Abstracts were reviewed and out 

of them the best 220 abstracts were accepted. Special thanks to all 

International and Local Committee members for spending their 

valuable time in reviewing the abstracts and short listing the best out 

of them.  

 

As Conference chairman, I would offer thanks and appreciate the 

efforts put in by the committee members in planning and organizing 

the Conference.  

 

The historic town Soest is well known tourist destination and is 

popular for its ancient architecture and various historical monuments. 

I am sure besides the Conference; participants will enjoy their stay in 

the City.  

 

Once again, I welcome you all to the UPEC 2011 Conference and 

wish you happy stay in Soest, Germany.  

 

 

 

Prof. Bitzer  

(Conference chairman) 
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Monday, 5th September 2011 

 
 

        Time 

 

                                    Events 

 

       Halls 

 

11:00 - 13:00 

 

Tutorial : 

Smart Grid Applications in Germany 
Organized by Dr.-Ing. Peter  Bretschneider, 

Fraunhofer-Institute Ilmenau 

 

HALL C 

 

 

14.00 – 16.00 

16:00 - 18:00 

  

Registration 

Opening session: 

Welcome Speech by the  President of  Parliament 

NRW  Eckhard Uhlenberg 

Presentation on “ DESERTEC -  Renewable 

Energy from the Desert “  by Dr. Max Voss, RWE, 

Germany 

 

Lobby 

HALL A 

 

18:00 - 19:00 

 

Reception 

 

In Lobby of 

HALL A 

 

19:00 

 

Transfer to Accommodation 

 

 

 

 

 

 

 



Tuesday, 6th September 2011 

  

      Time 

                

                                           Events 

09:00- 10:45 Technical Session 1 in Hall B, C, D, E 

10:45- 11:15 Coffee Break (in Lobby) 

11:15- 12:45 Technical Session 2 in Hall B, C, D, E 

12:45- 14:00 Lunch (MENSA) 

14:00- 15:30 Technical Session 3 in Hall B, C, D, E 

15:30- 16:00 Coffee Break 

16:00- 17:30 Technical Session 4 in Hall B, C, D, E 

15.45 – 17.15 UPEC Steering Committee Meeting (Admin Building 03, Room 03.014) 

17.30 

18:30- 18:45 

Bus transfer to accommodation 

Bus Transfer from Guesthouse  to “Blauer Saal” (Old Town Hall) 

19:00- 21:15 Civic Reception with Mayor of Soest  

Return to accommodation by your own: taxi or bus C4/C5 from 

Hansaplatz to Otto-Modersohn. 

 

All Coffee breaks in Lobby 

During all technical sessions, Registration will continue in Lobby 

 

 

 

 

 

 

 



Wednesday, 7th September 2011 

     

       Time 

 

                                         Events 

08:45- 10:30 Technical Session 5 in Hall B, C, D, E 

10:30- 11:00 Coffee Break 

11:00- 13:00 Technical Session 6 in Hall B, C, D, E 

13:00 - 17.30 Bus to technical tour Warsteiner Brewery 

13:00- 13.45 Lunch (MENSA) for Visitors to Nixdorf Museum, Paderborn 

13:45- 17:45 Technical Tour to Nixdorf Museum, Paderborn 

18:30- 19:00 Bus Transfer from Guesthouse to Conference Dinner Venue 

19:30- 22:00 Conference Dinner in Hotel Hof Hueck in Bad Sassendorf 

 

Thursday, 8th September 2011 

Time Events 

09:00- 10:45 Technical Session 7 in Hall B, C, D, E 

10:45- 11:15 Coffee Break 

11:15- 13:15 Technical Session 8 in Hall B, C, D, E 

13:15- 14:30 Farewell Lunch 

14:30 Closing Ceremony (Hall A) 

 

 

 

 

 

 

 

 



Tuesday, 6th September 2011 

SESSION 1 (09:00- 10:45)  

 
Session 1:    9:00-10:45    Tuesday, 6th September, Chairman: Prof. SP. Chowdhury        HALL B    

 

session 

 

Paper 

ID 

 

Title: Renewables I 

 

Authors 

 

1-B-01 

 

 

1-B-02 

 

 

 

1-B-03 

 

 

1-B-04 

 

 

 

1-B-05 

 

 

1-B-06 

 

 

1-B-07 

 

218 

 

 

88 

 

 

 

360 

 

 

310 

 

 

 

43 

 

 

136 

 

 

63 

 

Modeling and simulation of thermal solar based 

water desalination unit for Hurghada   

 

Implementation of a wind turbine system as a 

native c-code matlab model for parameter 

estimation application 

 

Design of an intelligent solar power management 

system for domestic use 

 

Impact of Unbalanced Penetration of Single Phase 

Grid Connected Photovoltaic Generators on 

Distribution Network 

 

Efficient Utilization of Photovoltaic Energy for 

Supplying of Remote Electric Loads 

 

Neural Network-Based Controller for a 

Solarthermic Roof Water Desalination System 

 

Impact of Dynamic Overhead Line Rating on 

Power Systems 

 

Alsayed, Mohamed 

(Helwan University) 

 

Bekker, Johannes 

(Stellenbosch 

University) 

 

Bousbaine, Amar 

(University of Derby) 

 

Dhavalkumar, 

Dhavalkumar (Alstom 

Grid UK) 

 

El-Sayed, Mohamed 

(Kuwait University) 

 

Elshahawi, Mohamed 

(Helwan University) 

 

Jiao Fu (Queen's 

University Belfast) 

 

 

Session 1:    9:00-10:45    Tuesday, 6th September, Chairman: Dr. G. Taylor                  HALL C    
 

session 

 

Paper 

ID 

 

Title: Renewables II 

 

Authors 

 

1-C-01 

 

 

 

1-C-02 

 

 

 

1-C-03 

 

 

 

1-C-04 

 

 

 

219 

 

 

 

90 

 

 

 

288 

 

 

 

237 

 

 

 

Analysis of Converter Connected Synchronous 

Wind Turbines to Grid Disturbances. 

 

 

Wind farm electromagnetic dynamic model and 

outgoing line protection relay RTDS testing 

 

 

Analysis of different methods to improve the fuel 

cell dynamics for modern aircraft applications 

 

 

Generic Photovoltaic System Emulator Based on 

Lambert ω Function 

 

 

Kearney, Joseph 

(Dublin Institute of 

Technology) 

 

Li, Guanghui 

( Xi’an Jiaotong 
University) 

 

Luecken, Arno 

(Helmut-Schmidt-

University) 

 

Ghanim Putrus 

(Northumbria 

University) 

 



1-C-05 

 

 

 

1-C-06 

 

 

 

1-C-07 

 

351 

 

 

 

389 

 

 

 

22 

The Basic approaches of creating an interface 

between industrial enterprise, Smart Grid and 

Cloud Computing  

 

Using Smart Metering for Load Aggregation: 

Towards an Integrated Smart Grid/Active Network 

Management Framework 

 

Discrete Time Simulation of an Electrical Power 

Network with Renewable Generation 

 

Geberslassie , Mussie  

(SWF) 

 

 

Ozveren, Cuneyt 

(University of Abertay 

Dundee) 

 

Saharuddin Othman 

(Brunel University) 

 

Session 1:    9:00-10:45    Tuesday, 6th September, Chairman: Dr. R. Speh                       HALL D    
 

session 

 

Paper 

ID 

 

Title: Operation and Control I 

 

Authors 

 

1-D-01 

 

 

 

1-D-02 

 

 

 

1-D-03 

 

 

 

1-D-04 

 

 

 

1-D-05 

 

 

1-D-06 

 

 

1-D-07 

 

133 

 

 

 

211 

 

 

 

309 

 

 

 

166 

 

 

 

73 

 

 

239 

 

 

249 

Study on Applying PSO to Outage Planning for 

Electric Power Facilities and Generating System 

Configurations during Outage Works 

 

A genetic algorithm based economic dispatch 

(gaed) with environmental constraint optimisation 

 

 

Delay-Dependent Wide-Area Damping Control for 

Stability Enhancement of HVDC/AC 

Interconnected Systems 

 

TCSC Output-Feedback Damping Controller 

Design to Damp Power Systems Oscillation with 

Consider-ing Signal’s Delay 

 

Optimal pmu placement using ant colony 

optimization approach  

 

Design and comparison of Multimachine Power 

System Stabilizers based on Evolution Algorithms 

 

The Hierarchical Coordinated Optimizing Control 

of AGC and AVC System Based on Event-driven 

System 

 

Kawahara, Koji 

(Hiroshima Institute of 

Technolgy) 

 

King, David 

(University of Abertay 

Dundee) 

 

Li, Yong 

(Hunan University) 

 

 

Liu, Fang 

(Waseda University) 

 

 

Miljanic, Zoran 

(University Montenegro) 

 

Mulumba, Tshina 

(UCT) 

 

Wei, Hu (Tsinghua 

University) 

 

 

 

 

 



Session 1:    9:00-10:45    Tuesday, 6th September, Chairman: Dr. H. Nouri                    HALL E    

session 

 

Paper 

ID 

 

Title: Distributed Energy I Authors 

 

1-E-01 

 

 

 

1-E-02 

 

 

 

1-E-03 

 

 

 

1-E-04 

 

 

 

1-E-05 

 

 

 

1-E-06 

 

 

1-E-07 

 

303 

 

 

 

62 

 

 

 

61 

 

 

 

212 

 

 

 

122 

 

 

 

127 

 

 

220 

On the Assessment of Imposed Duty on 

Distribution System Interrupting Devices 

Considering Penetration of Distributed Generations 

 

Negative-sequence Current Injection of Dispersed 

Generation for Islanding Detection and Unbalanced 

Fault Ride-through 

 

Eigenvalue Analysis of Distributed Generation 

Including Multimass Turbine Model 

 

 

Reactive power control of dfig wind turbine under 

super/sub synchronous operation using fuzzy logic 

 

 

An Approach to Eliminate the Impact of 

Distributed Generation on Fuse Fatigue Issues in 

Distribution Radial Feeders 

 

A dynamic-rms inverter model for distributed 

generation 

 

Development of an Interactive, Web-based Energy 

Usage Application for Residential Loads 

 

Nabizadeh, Nima 

(Shahrood university) 

 

 

Nguyen, Tuyen 

(Shibaura Institute of 

Technology) 

 

Rizqiawan, Arwindra 

(Shibaura Institute of 

Tech) 

 

Saniei, Mohsen 

(Shahid Chamran 

University) 

 

Sedaghati, Ali 

(Shahrood University) 

 

 

Wirasanti,Paramet 

(University of Soest) 

 

Du Preez, Katrien 

(Stellenbosch 

University) 

 

Tuesday, 6th September 2011 

SESSION 2 (11:15- 12:45)  

 
Session 2:    11:15-12:45    Tuesday, 6th September, Chairman: Prof. G. Burt                 HALL B    

  

session 

 

Paper 

ID 

 

Title: Innovation and Future  Authors 

 

2-B-01 

 

 

 

2-B-02 

 

 

2-B-03 

 

 

 

 

199 

 

 

 

182 

 

 

273 

 

 

 

 

Multi criteria decision analysis as a tool in planning 

and development of future power systems 

infrastructure 

 

Impact of Future Residential Loads on Medium 

Voltage Networks 

 

Overview and Comparison of Leading 

Communication Standard Technologies for Smart 

Home Area Networks Enabling Energy 

Management Systems 

 

Berrie, Scott 

(University of 

Strathclyde) 

 

Grond, Marinus 

(Enexis) 

 

Jordán Córdova, 

Claudio E. P. 

(TU/e) 

 

 



2-B-04 

 

2-B-05 

 

 

 

2-B-06 

 

139 

 

188 

 

 

 

134 

 

Innovative method of demand side management 

 

An Interdisciplinary Approach to Demand Side 

Participation for Deferring Distribution Network 

Reinforcement 

 

Review of hpc applications for future power system 

analysis tools 

Klavsuts, Irina (NSTU) 

 

Lawson, Mark 

(Durham University) 

 

 

Plecas, Milana 

(University of 

Strathclyde) 

 

 

Session 2:    11:15-12:45   Tuesday, 6th September, Chairman: Prof. C.Stassinopoulos   HALL C    

 

session 

 

Paper 

ID 

 

Title: Diagnosis and Measurement I 

 

Authors 

 

2-C-01 

 

 

2-C-02 

 

 

2-C-03 

 

 

2-C-04 

 

 

 

2-C-05 

 

 

 

2-C-06 

 

155 

 

 

195 

 

 

388 

 

 

93 

 

 

 

98 

 

 

 

245 

 

Optimal Placement of PMUs Considering 

Redundancy and Single Line or Branch Outage 

 

On line monitoring system for power transfomer by 

using gas sensor made from  nano-particles 

 

Spatial Electric Load Forecasting Using Fuzzy 

Cellular Automata Technique 

 

Numerical Simulation of a Transmission Line Fault 

Location and Identification Methodology in the 

Presence of Superfluous Noise 

 

Reduction of the Background Noise for Partial 

Discharge Measurements in Transformer Test 

Circuits fed by Static Frequency Converters 

 

Performance of Fault Detection Method for a 

Modular multilevel Inverter Using Voltage 

histogram And Principle Component Neural 

Network 

 

Amin, Nima 

(Shahrood UT) 

 

Chatterjee, Anjali 

(CMERI (CSIR)) 

 

Wasilewski, Jacek 

 

 

Healy, Caroline (Cork 

Institute) 

 

 

Moessner, Kai (KIT) 

 

 

 

Sedghi, Seddigheh 

(Shahrood university) 

 

 

Session 2:    11:15-12:45    Tuesday, 6th September, Chairman: Prof. P. Mikropoulos  HALL D   

  

session 

 

Paper 

ID 

 

Title: High Voltage I Authors 

 

2-D-01 

 

 

2-D-02 

 

 

2-D-03 

269 

 

 

64 

 

 

102 

Injection of a Corona Model in a Transmission 

Line using the ATP/EMTP Software 

 

The performance of Nanocoating for high voltage 

insulators  

 

Insulator String Flashover Modeling with the aid of 

Anane, Zahira 

(University of Sétif) 

 

Braini, Shuaib (Cardiff 

University) 

 

Datsios, 



 

 

 

2-D-04 

 

 

 

2-D-05 

 

 

2-D-06 

 

 

 

 

192 

 

 

 

257 

 

 

313 

 

an ATPDraw Object 

 

 

Measurement of the electric field in a rod-plane 

configuration using the capacitive probe with 

optical fiber: Vertical rod insertion effect 

 

Modeling the Electrical Conduction Behavior of 

Polymers 

 

The effect of uv irradiation on the leakage current 

of polymeric insulators  

Zacharias(Aristotle 

University) 

 

Khelil, Djazia 

(USTHB, Algeria) 

 

 

Mertens, Thomas (TU 

Dortmund) 

 

Nekeb, Abdelbaset 

(Cardiff University) 

 

 

Session 2:    11:15-12:45    Tuesday, 6th September, Chairman: Dr. H. Schau             HALL E   

  

session 

 

Paper 

ID 

 

Title: Quality and Protection I Authors 

 

2-E-01 

 

 

 

2-E-02 

 

 

 

2-E-03 

 

 

 

2-E-04 

 

 

 

2-E-05 

 

 

 

2-E-06 

 

49 

 

 

 

227 

 

 

 

308 

 

 

 

25 

 

 

 

31 

 

 

 

2 

 

 Effects of Distributed Generators from Renewable 

Energy on the Protection System in Distribution 

Networks 

 

Probability Estimation of the Occurrence of 

Protection System Failures in Highly Distributed 

Generation Systems 

 

Comparison between Compact Fluorescent Lamps 

distributed in Colombia and Germany. 

 

 

Impact of Penetration of Distributed Generation on 

Protection Coordination in a Radial Distribution 

Feeder 

 

Performance Comparison of Frequency-Based Loss 

of Grid Protection Schemes for Distributed 

Generation 

 

Optimization of recloser placement to improve 

reliability by Genetic Algorithm 

 

Abdel-Majeed, Ahmad 

(Universität Stuttgart - 

IEH) 

 

Adrianti, Adrianti 

(University of 

Strathclyde UK) 

 

Blanco, Ana 

(Universidad Nacional 

De Colomb)  

 

Chowdhury, Sunetra 

(UCT) 

 

 

Chowdhury, Sunetra 

(UCT) 

 

 

Dehghani,Nematollah 

(Islamic Azad 

University) 
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SESSION 3 (14:00- 15:30)  

 
Session 3:    14:00-15:30    Tuesday, 6th September, Chairman: Prof. M. Conlon              HALL B    

  

session 

 

Paper 

ID 

 

Title: Smart Grid I 

 

Authors 

 

 

3-B-01 

 

 

3-B-02 

 

 

3-B-03 

 

 

3-B-04 

 

 

 

3-B-05 

 

 

3-B-06 

 

41 

 

 

58 

 

 

84 

 

 

178 

 

 

 

265 

 

 

267 

 

  

A Smart Photovoltaic Generation System 

Integrated with Lithium-ion Capacitor Storage 

 

Load measurement and analysis for inverse load 

reconstruction 

 

Integration of Smart Grid Technologies in a 

MicroGrid with PV and FC units 

 

Towards a system for accessing real-time cross-

provider electric mobility charging station 

information 

 

Assessment of local reliability indices  

 

 

Process Bus Configurations for Protection Schemes 

in the Digital Substation: IEC 61850 

 

Kaoru, Koyanagi 

(Waseda University) 

 

Bin, Yang (University 

Stuttgart) 

 

Grigoris, Papagiannis 

(Aristotle University) 

 

Theo, Lutz (RWTH 

Aachen) 
 

 

Porumb, Radu (Buch 

University) 

 

Xin Sun (University of 

Bath) 

 
Session 3:    14:00-15:30    Tuesday, 6th September, Chairman: Dr. C. Ozveren            HALL C   

  

session 

 

Paper 

ID 

 

Title: Diagnosis and Measurement II 

 

Authors 

 

3-C-01 

 

 

 

3-C-02 

 

 

 

3-C-03 

 

 

 

3-C-04 

 

 

 

3-C-05 

 

 

 

74 

 

 

 

244 

 

 

 

141 

 

 

 

292 

 

 

 

197 

 

 

 

 Fault Location in Distribution Networks by 

Combining Studies of the Network and Remote 

Monitoring of Protection Devices 

 

Opportunities to exploit Phasor Measurement Units 

(PMUs) and synchrophasor measurements on the 

UK Transmission Network 

 

Design of High Speed Measurement System for a 

FPGA-based Direct Torque Controlled PMSM 

Drive System 

 

The utilization of phasor measurement data for 

Linear State Estimation 

 

 

Exploiting Plug-in Vehicles to enable better 

Management of Electricity Demands and 

Generation 

 

Sperandio, Mauricio 

(Federal University of 

Pampa) 

 

Taylor, Gareth (Brunel 

University) 

 

 

Wang, Yingnan 

(Berlin University of 

Technology) 

 

Chowdhury, Sunetra 

(UCT) 

 

 

Parry, Emily 

(University of Bath) 

 

 



3-C-06 214 

 

The Impact of Plug-In Electric Light Vehicles on 

the Electrical System for the University of Bath. 

Parry, Emily 

(University of Bath) 

 
Session 3:    14:00-15:30    Tuesday, 6th September, Chairman: Prof. M. Irving               HALL D   

  

session 

 

Paper 

ID 

 

Title: Simulation and Analysis I 

 

Authors 

 

3-D-01 

 

 

 

3-D-02 

 

 

 

3-D-03 

 

 

 

3-D-04 

 

 

 

3-D-05 

 

 

 

3-D-06 

343 

 

 

 

261 

 

 

 

204 

 

 

 

206 

 

 

 

207 

 

 

 

252 

 

 Steady-State and Dynamic Performance of Oman 

Transmission System with Diesel-Engine Driven 

Distributed Generation 

 

DFIG Performance Assessment During Low 

Voltage Ride Through In The Dynamic Voltage 

Stability Of An Electric Power System 

 

Congestion management driven transmission 

expansion planning 

 

 

Large Wind Farm Integration in Large Power 

Systems. Case Study: Western Romania Power 

System 

 

Allocation of transmission cost for reactive power 

using system matrices method 

 

 

Research on the Self-excitation Characteristics and 

Practical Criterion of Generators in Isolated 

Hydropower Group 

 

Abdalla, Omar (OETC) 

 

 

 

Carlos Ferreira (Isec) 

 

 

 

Barbulescu, Constantin 

(Politehnica University 

TM) 

 

Barbulescu,Constantin 

(Politehnica University 

TM) 

 

Barbulescu, Constantin 

(Politehnica University 

TM) 

 

Wei, Hu (Tsinghua 

University) 

 
Session 3:    14:00-15:30    Tuesday, 6th September, Chairman: Prof. D. Micu             HALL E   

  

session 

 

Paper 

ID 

 

Title: Grounding and Safety 

 

Authors 

 

3-E-01 

 

 

3-E-02 

 

 

3-E-03 

 

 

3-E-04 

79 

 

 

147 

 

 

161 

 

 

312 

An Investigation on a Transient Impedance of 

Vertical Electrodes 

 

Determining the possibility of paralleling 

generators with different grounding methods 

 

Efficiency and Probability Analysis of Lightning 

Protection System at Korean Nuclear Power Plants 

 

Experimental Investigation of High Frequency and 

Fujita, Yuta (Doshisha 

University) 

 

Golshani, Amir 

(Hannover University) 
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Abstract-This paper presents the research results of the 

influence of decoupling elements as representation of inductive 
property. The main equipment of the research were impulse 
generator, spark gap and varistor arresters as protective 
devices, storage oscilloscope and wires. The impulses were 
injected to the arresters through the decoupling elements, and 
recorded by the oscilloscope. The decoupling elements consisted 
of three types, namely ferrite, iron and air core decoupling 
elements. The wires those wound on the cores were made of 
copper.  

The results indicated that the inductances and capacitances 
for ferrite, iron and air cores were 133.6 µH and 8.0 µF, 14.7µH 
and 38.6 µF and 2.2 µH and 27.99 µF respectively. Based on the 
oscilloscope display, the first, second and third highest 
oscillations of the impulse voltages were for the ferrite, iron and 
air cores of the decoupling elements respectively. As an addition, 
the impedance of the ferrite core decoupling element was the 
highest among other decoupling elements. Therefore, the ferrite 
core decoupling element was the most suitable for an 
impediment the surge overvoltages. 

Index Terms--arrester, ferrite, impulse, decoupling element, 

oscillation. 

I. INTRODUCTION 

Transient overvoltages due to lightning and switching 

surges cause steep build-up of voltage on transmission lines 

and other electrical apparatus [1]. Electrical systems which 

contain electronic devices are susceptible to damage due to 

overvoltages caused by various sources. These sources are 

switching electromagnetic pulses, lightning electromagnetic 

pulses, nuclear electromagnetic pulses, electrostatic 

discharges and direct lightning strokes. Basically, there are 

two types of overvoltages caused by atmospheric discharges, 

direct or nearby strikes and distance strikes. Reflected or 

travelling waves are produced in transmission lines by cloud-

to-cloud lightning, and overvoltages are induced in systems 

by lightning in the surrounding area [2]. 

When a discharge current flows in a conductor, it generates 

longitudinal and transverse voltages. The longitudinal voltage 

generated between the conductor and the metal cable screen, 

creates stress on the insulation of the connected device 

between its input terminal and the earthed enclosure. A 

transverse voltage is established between the conductors and 

this exerts pressure on the input circuit of the connected 

device [2].  

Surge currents can be coupled ohmically, inductively and 

capacitively on signalling lines of extended systems. Low-

voltage installations can usually only withstand impulse 

voltages of several kV and therefore are susceptible to 

damage, or even destruction, by the tens of kV produced by 

distant strokes, or 100 kV produced by direct strokes. The 

withstand voltage of some electronic devices can be as low as 

10V [2]. 

Overvoltage protectors (overvoltage limiters) are 

components, protective circuits and devices which limit 

overvoltages in systems to admissible values. Typical 

components currently used in overvoltage protectors and 

protective circuits are discharge gaps, varistors and 

suppressor diodes. For overvoltage limitation, the important 

characteristics are protection level, impulse current discharge 

capacity and very short response time. They are 

recommended for use in protectors together with decoupling 

links [2]. 

Protective circuits reduce overvoltages step-by-step by 

means of series connected limiting components and 

decoupling links. The overvoltage-limiting elements are thus 

arranged with decreasing limiting voltage and power rating. 

The decoupling links can be resistors, inductors capacitors or 

filters. Within the staggered protective stages, the rating of 

the coarse protection depends on the requirements of the 

lightning protection potential equalisation. Sensitive 

protectors are rated according to the overvoltage protection 

sensitivity of device to be protected and often these are 

inserted prior to the inputs to the device. The decoupling links 

between coarse and fine protection should be dimensioned so 

that they can safely withstand the potential differences that 

arise when surge currents are discharged, and so that in 

normal system operation they do not influence the data flow 

[2]. 

For impulse voltages with a finite front steepness the 

ignition time lag is practically counted from that instant at 

which the static breakdown voltage is exceeded. For a 

complete breakdown to occur, the duration of the stress must 

be greater than the corresponding ignition lag [3]. 

For over voltage following lightning strokes, the time 

required to reach the peak value is of order of 1 µs. Voltages 

generated in a laboratory to simulate these are called lightning 

impulse voltages [4]. An impulse voltage is a unidirectional 

voltage which without appreciable oscillations, rises rapidly 

to a maximum value and falls more or less rapidly to zero. 

Small oscillations are tolerated, provided their amplitude is 

less than 5% of the peak [5]. Current and voltage surges are 
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usually of high amplitude and short in time duration, and span 

different in frequency spectrum with a broad band in 

harmonics and as special distorted waveforms [6]. The rate of 

voltage rise of such a travelling wave is at its origin directly 

proportional to the steepness of the lightning current, which 

may exceed 100 kA/µs, as the voltage levels simply be 

calculated by it multiplied by the effective surge impedance 

[7]. 

Inductance, resistance and capacitance for a coil are 

influenced by coil and core materials, and coil form. The 

inductance and resistance behaviours are also influenced by a 

subject waveform. The resistance is also affected by skin and 

proximity effects. The air behaviour as a coil core material 

does not experience a saturation, as given electromagnetic 

field. As a vanished field, the air will fast recover. Ferrite 

core increases the self-inductance when low current, and it 

has small effect when high current or saturation. Iron core 

also increases the self-inductance of coil. It has faster 

saturated area and higher eddy current than the ferrite core 

[8].  

A decoupling element equivalent circuit is distributed RLC 

circuit, involve coil resistance, inductance, and capacitance, 

and capacitance between coil and ground. A simplified 

analysis is done by making a lumped equivalent circuit. 

Figure 1 shows a decoupling element equivalent circuit. In 

this case, it has small dimension or small turn number, so that 

a lumped equivalent circuit is enough to represent the coil. 

The resistance Rac is the resistance that representation coil ac 

resistive component, as addition with the resistance of eddy 

current loss representation. The coil resistance Rac involves 

resistive component Rdc, skin and proximity effects [8]. 

 

(a) Distributed (b) Lumped 

Fig. 1.  Decoupling element equivalent circuit  

 

The purpose of the research was to investigate the influence 

of decoupling element parameters on the behaviours of 

impulse waves, based on their characteristics. The decoupling 

parameters were the core types (ferrite, iron and air cores) and 

the turn number. Meanwhile, their characteristics were 

revealed by the inductances, capacitances, resistances and 

impedances. Finally, the behaviours of impulse waves were 

the condition of waves, such as their amplitudes and 

oscillations. 

 

II. TESTING METHODS OF DECOUPLING ELEMENTS  

The main testing circuit consisted of hybrid generator, 

arrester, and decoupling elements. The measuring instruments 

were on the generator panel display and the oscilloscope 

screen for impulse voltage and current peaks. Figure 2 shows 

the schematic testing circuits for the impulse on the low 

voltage arresters and decoupling elements cascade. 

 

 
Fig. 2. Schematic cascade circuits for the impulse tests  

 

The instrument specification for the decoupling tests is 

described below.  

 

Impulse Generator 

Type : hybrid 

Opened circuit voltage (1.2/50 µs) : 1 kV -10 kV 

Short-circuit current (8/20 µs) : 3 kA (maximum) 

Impedance = 2 Ω 

 

Spark gap arrester 

Rated voltage Uc = 350V/50Hz 

Lightning impulse current (10/350 µs) Iimp = 75 kA 

Voltage protection level (1.2/50 µs) Up ≤ 1 kV 

Response time tA ≤ 100 ns  

Arrester varistor 

Rated voltage Uc = 100 V 

Nominal discharge current Isn = 20 kA 

Voltage protection level: 

- on 5 kA (8/20 µs), Up≤ 1 kV 

- on Isn Up≤ 1.5 kV 

Response time tA ≤ 25 ns 

Operation temperature range = - 40oC … +80oC 

 

Varistor arrester  

Rated voltage Uc = 100 V 

Nominal discharge current Isn = 20 kA 

Voltage protection level : on 5 kA (8/20µs), Up≤ 1 kV, on 

Isn, Up ≤ 1.5 kV 

Respon time tA ≤ 25 ns 

Operation temperature range = - 40oC … +80oC 

 

Decoupling Element 

Wire : copper AWG 17 

Wire diameter : 0.8 mm 

Core types : iron, ferrite and air 

Core size : length = 97 mm, diameter = 8 mm 

 

The arresters under tests were connected with the impulse 

generator to the positive impulse (kV) and ground. The 

voltage divider on the impulse generator was connected to the 

oscilloscope to display the impulse waves. The impulse 

voltage would discharge on a certain level and it directly 

subjected the arrester.  
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Arresters cascade tests were to make a parallel circuit, 

where the location between spark gap and varistor was 

inserted a decoupling element. The other tips of the arresters 

were connected to the ground. The numerical data were 

obtained on the impulse generator display for the peak values 

and the impulse current and voltage waves on the 

oscilloscope screen. Figure 3 shows the decoupling elements 

which were tested by impulse currents with the arresters, 

where they consisted of iron, ferrite and air cores. 

 
(a) Iron core decoupling 

element 

(b) Ferrite core decoupling 

element 

(c) Air core decoupling 

element 

Fig. 3. Decoupling elements on the arrester impulse tests 

 

III. TESTING RESULTS AND DISCUSSION 

Table 1 lists the parameter values of the decoupling 

element measurement results. For the more turns, the iron 

core decoupling resistance would be higher. Nevertheless, the 

inductance would be lower than that the ferrite core 

decoupling element and higher than that the air core one. On 

the other hand, the capacitance of iron core decoupling 

element was the highest, followed by the air core and ferrite 

core elements respectively. 

The ferrite core gave significant change of inductance for 

different turn, i.e. from 133.6 µH on the 42 turns, it became 273 µH 

for 82 turns. It was followed by the iron core one, i.e. the inductance 

was 14.7 µH on the 42 turns, it became 129 µH on the 82 turns. The 

last was the air core decoupling element. 

Nevertheless, the capacitances were the reciprocal of the 

inductances. The capacitances would reduce as the turns increased. 

The highest capacitance was the iron core, 38.6 µF for the 42 turns 

and it became 11.45 µF for the 82 turns. It was followed by the air 

core decoupling element, i.e. 27.99 µF for the 42 turns and it became 

8.83 µF for the 82 turns. The last was the ferrite core decoupling 

element, 8 µF for 42 turns and it became 4.6 µF for the 82 turns. 

Thus, due to the ferrite core decoupling element as the highest 

inductance so that it mostly impeded the current impulses, as a 

consequence of high impedance. 

TABLE I 
MEASUREMENT RESULT VALUES OF DECOUPLING ELEMENTS  

Turns  42 82 

R (Ω) 0.054 0.416 

L (µH) 14.7 129 Iron core 

C (µF) 38.60 11.45 

R (Ω) 0.043 0.076 

L (µH) 133.6 273 Ferrite core 

C (µF) 8.0 4.6 

R (Ω) 0.02 0.046 

L (µH) 2.2 27.6 Air core 

C (µF) 27.99 8.83 

 
The ferrite core decoupling element impedance was the 

highest among air and iron core element impedances. Thus, 

the highest voltage drop was on the ferrite core decoupling 

element, and this case was suitable with the impulse test 

results as shown in Figure 4. Other impulses had also 

considerably voltage drops. 

 

 
(a) Ferrite core 

decoupling element 

 
(b) Air core decoupling 

element 

 
(c) Iron core 

decoupling element 

Fig. 4. Voltage drop waveforms on 82 turn coils and 2 kV input voltage 

 

Figure 5 shows the decoupling element V-I characteristics 

for the cores and both turns. The ferrite core decoupling 

element had the highest voltage drop among remaining 

elements for a same current. This case is shown distinctly on 

the 42 turn elements. Therefore, the ferrite core decoupling 

element could make that a spark gap arrester would operate 

faster than the remaining elements. As a comparison, this case 

is shown in Figure 6, where the impedance would decrease 

drastically. 
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Fig. 5. Decoupling element V-I characteristics 

 
Figure 6 shows the characteristics of decoupling element 

impedance against the current with 42 turns. It indicates that 

the Ferrite core decoupling element had extremely distinct 

characteristics of impedance. The R, L, and C parameters of 

decoupling elements were measured by the 2 kHz measuring 

frequency. These measurements did not change significantly 

until tens kilohertz. 
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Fig. 6. Z-I characteristics of decoupling element with 42 turns 

  
The material permeability could be calculated by a 

decoupling element inductance calculation. A calibration was 

done by the core decoupling element measurements. After 

that, the core and ferrite material permeability were obtained. 

The core and ferrite relative permeability could be obtained 

by using the relation of comparison between iron and air core 

inductances, and ferrite core inductance. Table 2 shows the 

permeability of decoupling element cores. 
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TABLE II 

DECOUPLING ELEMENT PERMEABILITY 

Number of 

turn (N) 

L (µH) 

Measurements 
µrFerrite µrIron 

42 2.2 15.364 6.682 

82 27.6 9.891 4.674 

 
On the tests with hybrid generator, the voltage-current 

curves did not show a saturated condition yet, where they 

were mostly linear. The iron core decoupling element 

impedance was different from the air one, because hysteresis 

and eddy’ current losses had roles on them. 

These data were use to determine decoupling element drop 

voltages in an arrester cascade protective coordination design. 

The point of view was a change existence of element 

impedance as function of current, so that the R, L and C 

parameter determinations were not enough to determine the 

impedance on the current flow circuit thoroughly yet. 

The testing results of the arrester cascades on the primary 

sides, i.e. the chopped voltages were given in the graphical 

forms as Figure 7 below. It shows the characteristics of 

impulse voltages versus chopped waves on the 42 turn 

arrester cascade decoupling element on the primary (a) and 

the secondary (b) sides.  
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Fig. 7. Vi-Vp characteristics of cascade arrester on 42 turn decoupling 

elements 

 

Figure 8 shows the characteristics of impulse voltages 

versus chopped voltages on the 82 turn arrester cascade 

decoupling elements on the primary (a) and secondary (b) 

sides. 
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Fig. 8. Vi-Vp characteritics of 82 turn arrester cascade decoupling 

elements 

 

The characteritics of current distribution in the cascade, i.e. 

the current that flowed on the secondary and primary (total 

current) sides of varistor are in Figure 9(a) below. This figure 

shows the characteristics of chopped currents versus chopped 

voltages on the 42 turn arrester cascade decoupling element. 

Furthermore, Figure 9(b) shows the characteristics of the 82 

turn arrester cascade decoupling element. 
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Fig. 9. Characteristics of current distribution on the 42 and 82 turn arrester 

cascade decoupling elements 

 

We see that based on the impedance and drop voltage 

graphics, the ferrite core decoupling element was the fastest 

for the arresters to operate. This case was also proven by the 

cascade tests as shown in Figure 10 until 12. The spark gap 

arrester always operated fastest using the ferrite core 

decoupling element, because the drop voltage was higher than 

the summation of chopped voltage on the varistor. Figure 10 

shows the cascade voltage and current waves on the 82 turn 

air core decoupling element. 

 

(a) Chopped voltage wave (b) Chopped current wave 

Fig. 10. The cascade voltage and current waves on the 82 turn air core 

decoupling element 

 
Figure 11 shows the chopped voltage and current waves of 

the 82 turn iron core decoupling element of cascade arrester. 

 

(a) Chopped voltage wave 

 
(a) Chopped current wave 

Fig. 11. The cascade voltage and current waves on the 82 turn iron core 

decoupling element 

 
Figure 12 shows the chopped voltage and current waves of 

the 82 turn ferrite core decoupling element of cascade 

arrester. 
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