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EXECUTIVE SUMMARY 
This document presents the progress of the research activity in 

WP6 Smart Grids: Smart Cable Diagnosis. 

There are three tasks defined in the MEAN4SG’s DoA within the Grant Agreement in this Work 
Package based on Smart Cable Diagnosis.: a) Smart Network Diagnostics: Online partial discharges 
monitoring of electrical networks, b) Smart Cable Oversheath Diagnosis in MV and HV grids, and c) 
Smart DC power lines: Predictive maintenance and fault location trough partial discharge analysis.  

The development of these tasks corresponds to the topics treated through 3 doctoral theses 
performed by Early Stage Researchers (ESR) 9, 10 and 11 

 

 

Task 6.1 Smart Network Diagnostics: Online partial discharges monitoring of electrical networks 

PhD title (ESR 9): Deep Neural Network for partial Discharge sources recognition in distribution 
network 

MEAN4SG beneficiary: Ormazábal (OCT ) 

ESR09’s research focus on the project was based on the insulation diagnosis of cable systems, 
through on-line partial discharge technique and deep neural network algorithms. To this regard, 
the main contribution to the ESR to MEAN4SG’s scope has been the Smart diagnosis for electrical 
networks.. 

 

8.2016

9.2016

10.2
01

6

11.2
01

6

12.2
01

6

1.2017

2.2017

3.2017

4.2017

5.2017

6.2017

7.2017

8.2017

9.2017

10.2
01

7

11.2
01

7

12.2
01

7

1.2018

2.2018

3.2018

4.2018

5.2018

6.2018

7.2018

8.2018

9.2018

10.2
01

8

11.2
01

8

12.2
01

8

1.2019

2.2019

3.2019

4.2019

5.2019

6.2019

7.2019

8.2019

9.2019

10.2
01

9

11.2
01

9

12.2
01

9

1.2020

2.2020

06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

ESR9
Sonia Barrios (34.9M)

2-CIRCE
| | | | | |

Apr 3rd Dec 1st Mar 31st Mar 1st May 31st Feb 28th
ESR10
Marina Adel (36M)

2-UFD
| | | | | |

Oct 24th Oct 9th Jan 31st May 14th | Oct 23rd
Sept 13th

ESR11
Saliha Madhar (24M)

↖ Ondrej Kozak (12M) 2-FFII
| |  | |

| | | | Feb 1st |  | Feb 1st
Oct 3rd May 31st Aug 31st Oct 1st Jun 7th Jun 21st

Recruited by HAEFELY
Recruited by HAEFELY

1-FFII

1-OCT

Recruited by OCT

Recruited by FFII
Smart Cable Sheath Diagnosis of HV/MV Grids

1-STRAT

[👨👨👨👨👨 Exp. Jan 2021]Smart DC power lines: predictive maintenance and fault location through partial discharge  analysis

Deep Neural Network for partial Discharge sources recognition in distribution network [👨👨👨👨👨 Exp. Jul 2020]

[👨👨👨👨👨 Feb 13th]



 

vi 

D6.2. WP6 Final research report  

 

 

Document: 
 

WP6 Final research report 
Author: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FFII Version: 1 

Reference: D6.2 Date: 13/3/20 

Task 6.2 Smart Cable Oversheath Diagnosis in MV and HV grids 

PhD title (ESR 10): Smart Cable Sheath Diagnosis of HV/MV Grids  

MEAN4SG beneficiary: FFII  

Focusing on the feasibility of the detection of defects in HV cables through measuring the cable 
sheath current, the main contribution to the project carried on by ESR09’s research has been the 
development of a method for the detection and localization of four types of defects through 
measuring cable sheath current. 

 

Task 6.3 Smart DC power lines: Predictive maintenance and fault location trough partial discharge 
analysis 

PhD title (ESR 11): Smart DC power lines: predictive maintenance and fault location through partial 
discharge analysis 

MEAN4SG beneficiary: HAEFELY AG 

As part of the WP6 "Smart cable diagnosis" ESR06 has been focused on the materials used in cables 
and other assets by simulating basic partial discharge faults on AC and DC  both in the computer 
and in reality, and correlating the results with promising results for future applications in the 
monitoring or off line diagnostics of cables. Partial results have been shared trough publications 
and events to the High Voltage community. 
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1 TASK 6.1 ONLINE PARTIAL DISCHARGE (PD) MONITORING OF 

ELECTRICAL NETWORKS (ESR09) 

1.1 Summary  
This research was carried out at OCT (Ormazabal Corporate Technology - Spain). It focussed on the 
insulation diagnosis of cable systems, through on-line Partial Discharge (PD) detection techniques 
and deep neural network algorithms. 

There are systems available on the market for the detection and measurement of PD sources. 
However, these systems tend to be expensive and often require interruption in service for 
installation and measurement. Nowadays, in a smart grid context, on-line techniques are more 
suitable, and utilities are working alongside manufacturers to develop more affordable monitoring 
solutions. Smart condition monitoring is the key solution to diagnose equipment incipient failure, 
and this requires intelligent algorithms to extract meaningful information from raw data, make 
predictions and provide accurate, real-time asset health insights. Therefore, deep learning methods 
could be an excellent option for these requirements.  

The accurate localization of a partial discharge source can reduce the response time for a 
maintenance team dramatically. In terms of partial discharges in cables, the pinpointing of a PD 
source to within a few meters equates to a maintenance team being able to go directly to the place 
and excavate a small area. Within the substation environment, a PD source could be more difficult 
to localize, and as such, the identification of PD type is useful.  

The automatic identification of PD sources on-line using an attractive techno-economically 
optimized system based on deep learning methods, which is possible with the ongoing 
advancement of GPUs (graphics processing units) for embedded applications and algorithms 
written in freely available programming languages such as Python or R, is an attractive option for 
network operators, maintenance providers and also brings added value to equipment 
manufacturer’s products. Therefore, the development of this technique is well aligned with the 
scope of MEAN4SG. 
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1.2 Background and organisation of the project  

1.2.1 ESR09 Factsheet 
Thesis title: Deep Neural Network for partial Discharge sources 
recognition in distribution network 
 
Research fellow: Sonia Barrios 
Current position: --Researcher at OCT (until 2020, April the 2nd) 
Contact beyond the project: 
https://www.researchgate.net/profile/Sonia_Barrios2 

 
Recruitment organisation within MEAN4SG: Ormazábal (OCT ) 
Secondment organisations:  

(1) FFII 
(2) CIRCE 

 
 

Main Contribution to MEAN4SG: 
Sonia’s research focus on the project was based on the insulation diagnosis of cable systems, 
through on-line partial discharge technique and deep neural network algorithms. To this regard, 
the main contribution to Sonia to MEAN4SG’s scope has been the Smart diagnosis for electrical 
networks.  
 
Link to presentation: https://youtu.be/Rnwyf8pMwXk 
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1.2.2 Background  

This project forms one of the three projects that make up Work Package 6 (WP6 Smart Grids: Smart 
Cable Diagnosis), specifically Task 6.1 Online partial discharge (PD) monitoring of electrical 
networks. 

PD measurement is an important diagnostic tool for indicating electrical insulation condition. An 
on-line PD detection system is preferable but difficult to calibrate apparent charge magnitudes due 
to changes in real distribution network loads and topologies. There is not as yet one standard 
method to calibrate on-Line PD measurements. 

This project demonstrates the advantages of PD measurement and monitoring systems typically 
providing the network operator with improved safety, security, reliability of supply and 
optimization of asset management costs.  

1.2.3 Objectives 

The initial principle objectives were: 

 Automated and accurate calibration of online PD measurements through use of continuous 
monitoring systems installed in electrical distribution networks. 

 Building on the accurate online calibration techniques, improved accuracy of localization of 
PD sources in electrical distribution networks. 

However, a small shift in focus toward the automation of PD identification through big data 
analytics and machine learning processes has come from the natural evolution of the project. New 
objectives were established since then, but still requiring the same planned practical experimental 
work associated with the project. 

The final goals were: 

 State of the art about machine learning techniques used for Partial Discharge classification 
and recognition.  

 Programing in Python. 
 Neural Networks Algorithms. 
 Database generation of real Partial Discharge sources found in MV electrical network. 
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1.3 Research line of the fellow  

1.3.1 Research tasks, activities to attain the project goals 

In order to attain the project goals, Sonia’s tasks and activities have been performed in different 
frontlines: 

Literature background and familiarization with the theme. 

The first steps of the project were the theoretical study of Partial Discharges and the international 
standards related.  

After the principal concepts were settled, a more specific literature review was carried out about 
the on-line calibration of partial discharges in distribution networks. It has been found that different 
techniques are used, depending on the manufacturers and service providers, making it difficult to 
compare quantitative measurements. In addition to this problem, the fact of having different 
distribution network topologies and the difficulty of performing repeated tests under the same 
conditions in an energized installation make it complicated to standardize and characterize properly 
the partial discharge behaviour and quantification in a complex environment. 

Once the problematics and challenges of the subject were identified, the mid-term objectives were 
established.  

Hands-on familiarization with measuring equipment and a real medium voltage distribution 
network. 

Taking into account the practical experimental work planned for this project, this step has consisted 
in getting involved with the particular partial discharge equipment of Ormazabal and the laboratory 
facilities, which is a Medium Voltage (MV) distribution demonstration and experimentation 
network. This step has been essential for the following stages of experimentation. 

Practical Partial Discharges Measurements. 

To address the problematics found in the on-line calibration of partial discharges in distribution 
networks, practical measurements had to be done with the aim to understand the phenomenon 
and thus propose a solution. Therefore, practical experience and partial discharges measurements 
on the experimentation MV distribution network have carried out. 

A first set of experiments was designed and carried out with interesting results which were 
presented at the SMAGRIMET conference in April 2018. As a first experience measuring partial 
discharges in a quasi-real energized network, this work was helpful to visualize theoretical and real 
PD signals and to become familiarized with the particular PD equipment of Ormazabal. 

Analysing the different circuits, it was assumed that the amplitude of signal injected at one end 
should progressively decrease as a function of measuring distance and the different components in 
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the circuit. However, this was not observed and more measurements had to be done to obtain 
more details of the observed behaviour. 

A second set of experiments were made to study the propagation of partial discharges in complex 
MV distribution network configurations, where the propagation velocity of the signals were 
calculated with a method  called Time-of-flight (TOF). Results were presented in CIRED conference 
in June 19.  

Literature background and familiarization with Machine Learning techniques. 

To pursue towards the new objectives that were established after the first secondment, a 
theoretical base in machine learning techniques was needed. Several courses have been taken in 
this step to understand the principles of this technique.  

Among all the techniques, it has been found that Deep Learning based on Deep Neural Networks 
were the most attractive for the task of classifying images and signals, therefore especial attention 
was paid in this topic.  

Literature review of the state of the art of partial discharges classification with Machine learning. 

To fix the new mid-term goals, a survey of the recent progress was made in the field of Machine 
Learning method for the automated identification of Partial Discharges. The outcomes were 
published in the open access Energies journal. 

It has been found that many methods were developed over the years, where appropriate features 
were expertly extracted from the raw data obtained from the partial discharges measurements and 
used as input for Machine Learning (ML) algorithms. However, with developments in computation 
and data storage, Deep Learning methods have been used for automated features extraction and 
classification. Several contributions have demonstrated that Deep Neural Networks (DNN) have 
better accuracy than the typical ML methods providing more efficient automated identification 
techniques. Nevertheless, it has been found that improvements could be made regarding the 
general applicability of the method, the data acquisition, and the optimal DNN structure. The mid-
term goals were established takin into account these potential improvements.    

Real Partial discharges sources measurements.  

Most Deep Neural Networks found in the literature were trained with data from artificial PD sources 
constructed in laboratories and with few real samples; this could be an issue in their application in 
real electrical installations. Indeed, the accuracy in the recognition will depend on the reliability of 
the training data. If these data do not represent exactly the same phenomenon found in real 
installations, the DNN will not make a reasonable prediction. 

Taking into account the issues mentioned before. The first goal was to construct a database of real 
PD sources found in electrical installations and measured with different sensor technologies.  
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Nowadays, the main cause for partial discharges failures are installation errors in substations and 
the rough handling or bad workmanship in joints and terminations. These defectives mountings 
found in the field were replicated in Ormazabal´s laboratory to construct the database with ten 
different partial discharge sources. 

Construction of the Database. 

The raw data were collected and analysed from the measurements carried out in the previous step. 
Different signal processing tools were applied to achieve the better data/image representation of 
the signal. 

Programming in Python. 

Python has been chosen as the programing language to develop the algorithm.  Python´s licence is 
freely usable and distributable, even for commercial use. 

In this step, to get familiarized with the programing code, many on-line tutorials were made. Two 
libraries were found to code neural networks, Keras and Tensorflow and they were implemented 
in next steps. 

Training in Deep Neural Network  

After some test, an optimal DNN structure, that combines Convolutional neural networks with 
Autoencoder, was chosen.  This choice was made according to the type of data and the physical 
phenomenon.  

The Database was used as input to train the neural network and fine-tuning hyper parameters were 
necessary to achieve a good classification performance. 

The second secondment performed by Sonia was focused on DNN 
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1.3.2 Recruitment and Training Overview 

 
Figure 1 ESR09 recruitment timeline 

Recruitment Organisation 

Sonia Barrios has been recruited by OCT in a total duration of 34.9 months, from 3.04.2017 until 
the end of the project (29.02.2020). Due to an approximately 1 month delay hiring, it has not been 
possible that Sonia completes the established 36 months within the project. However, her research 
continues even beyond it. 

During her training he has acquired skills in the Online partial discharge (PD) monitoring of 
electrical networks, corresponding to the dedicated task 6.1 within the project framework. 

During the whole duration of the project, Sonia performed daily interaction with PST and associated 
OCT staff for supporting all areas of research being developed, taking advantage from the UDEX 
(experimentation facility) to validate the scientific results. 

 

Secondment organisations 

In total, Sonia has collaborated at the heart of two secondment organisations within her research 
during MEAN4SG project.  

Table 1 Secondments performed by ESR09 

Information about secondments for ESR09 

Fellow Secondment Organization Start Date  End Date  
Duration 
(months) 

Sonia Barrios (ESR09) FFII 1.12.2017 31.03.2018 3.9 
Sonia Barrios (ESR09) CIRCE 1.03.2019 31.05.2019 3 

 

During her first secondment at FFII, Sonia got support in performing measurements within 
laboratory environment, using the High Voltage Laboratory (LAT-UPM) of the Polytechnic University 
of Madrid to validate her scientific results. 
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The goals of this secondment period were to obtain an additional training in a traditional laboratory 
environment and the possibility of carrying out measurements with controlled PD sources of 
different types in a well-controlled environment.  

Besides the opportunity to work with other equipment available and evaluate the different 
methods, algorithms and techniques used by the researchers in this laboratory, this experience has 
helped to support further experimentation in the home institution providing “baseline” PD 
measurements of “pure” typical defects.   

After this period, the on-line PD calibration main goal has changed toward the automation of PD 
identification through big data analytics and machine learning. For this purpose, a new literature 
review was necessary to study the state of the art. 

The first secondment period has provided additional training in a traditional laboratory 
environment. This has provided the possibility of carrying out measurements with controlled PD 
sources of different types in a well-controlled environment. This information was used as a good 
baseline for PD patterns. This secondment has also provided the opportunity to work with other 
equipment available and evaluate the different methods, algorithms and techniques used by the 
same. 

During her second secondment at CIRCE, Sonia got support in analysis of data produced at OCT and 
development of deep learning algorithms. 

At the heart of CIRCE, the continuation of her project was focused in coding Deep Neural Networks 
(DNN) algorithms to classify different partial discharges sources. The main objective of the second 
Secondment was to gain experience in python programming and to develop a neural networks 
algorithm to automate the classification of partial discharges sources 

 

Courses and summer schools organized in the framework of MEAN4SG 

ESR09 has participated in four (4) from the six Specific Courses and Summer Schools organized in 
the framework of the project 

 2nd MEAN4SG Specific Course: Hold in the University of Strathclyde, Glasgow, UK, on 6-
8/06/2017, as a training activity within the ITN-ETN MEAN4SG project 

 3rd MEAN4SG Specific Course: Hold in CIRCE, Zaragoza, Spain on 28-30/11/2017, as a 
training activity within the ITN-ETN MEAN4SG project 

 2nd MEAN4SG Summer School: Hold in the University of Strathclyde, Glasgow, UK, on 23-
25/01/2018, as a training activity within the ITN-ETN MEAN4SG project, 

 3rd MEAN4SG Summer School: Hold in ORMAZABAL, Boroa, Spain on 19-21/06/2018, as a 
training activity within the ITN-ETN MEAN4SG project 
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Figure 2 Visit to the Strathclyde facilities during the 2nd Summer School 

Other training events performed/promoted within MEAN4SG 

Among the training events taken place and promoted within the project’s framework, ESR09 did 
participate in the following: 
 Post Graduate Research Development Certificate (STRAT, Glasgow) – 2017/2019 
 Demo workshop about insulation diagnosis on MV grids for maintenance departments of 

utilities. Hold in LCOE, Madrid, Spain on 03/06/2019, as a training activity within the ITN-
ETN MEAN4SG project 

 SMAGRIMET (First International Colloquium on Smart Grid Metrology 2018)  
 CIRED (International Conference on Electricity Distribution 2019). 
 Partial Discharge training course at National France Laboratory. October-2017. Paris -

France 

Other activities: 
 Partial Discharge Course, 3 & 4 October ´17, LNE – France 

(https://www.lne.fr/fr/formation/instrumentation/metrologie-electrique/me47)  
 Internal training in electrical risk safey according to standards, 30 March ’17, OCT – Spain 
 Internal training in electrical safety related work practices, 13 November ´17, OCT – Spain 
 Mentoring at “Formación Continua OCT”, October ’17, OCT – Spain 
 "First Hands-on Experience with Deep Learning  Algorithms" course at BCAM  (Basque 

centre for applied mathematics),  June’18, Bilbao-Spain 
 Matlab EXPO Bilbao 2018,  May’18, Bilbao-Spain 
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Seminar Presentations 

ERS09 did participate in the following seminar events proposed in the framework of the project: 

 CIRED'19. The Leading Forum where the Electricity Distribution Community meets. 3-6 June 
2019. Paper Title: “Measuring PD propagation in complex MV distribution network 
configurations” 

 PhD Webinar. Group SC - Smart Cable Diagnosis: September, Monday the 23rd – Sonia 
Barrios [10:30] - Recognition of partial discharge sources in distribution network with deep 
neural networks [Link to the presentation https://youtu.be/Rnwyf8pMwXk] 

 
Figure 3 Presentation of Sonia’s results during the PhD Webinar 
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1.3.3 Skills learnt under MEAN4SG framework 

 

 

 

Research Skills: 

• Development of PhD/research project 
• Engaging Beyond Academia: Industry, 

Networking and Opportunity 
• Scientific papers search tools and 

reference managers 
• Writing of scientific documents 

Metrology from a National Metrology 
Institute's perspective 

• Fundamentals on metrology 
• Ethics of Research Data Management 

and Sharing. 
• Library Use and Information Literacy 

Skills for Researchers, University of 
Strathclyde (online course, 10hs) 

• Research Integrity (University of 
Strathclyde Online Course – 20hs) 
June´17 

Technical Skills: 

• Partial Discharge Measurements 
Techniques 

• Instrumentation technologies for 
Smart Grid 

• Programing in Python 
• PG essential: Digital Scholarship Skills 

(University of Strathclyde- Online 
Course) September’17 

Management Skills: 

• Manages problems and conflict. 
• Application of project management 

through the setting of research goals, 
intermediate milestones and 
prioritisation of activities. 

• Clarifies priorities; sets expectations, 
keeps project on track. 

• Enterprise, Creativity and 
Entrepreneurship (University of 
Strathclyde Online Course)  

Communication Skills: 

• English courses 
• Writing & Presenting Research. 

(University of Strathclyde, 3 days 
course) January´18 

• Presents work confidently. 
• Ability to communicate research 

effectively to a diverse and non-
specialist audience. 
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1.4 Achievements  

1.4.1 Research results 
 Answer to the issues in Accurate Fault Location by synchronizing measurements 

performed in UDEX. Results: Method developed taking into account network 
configuration 

 Answer to the issues in Accurate Fault Identification by s Deep learning method 
development for PD identification. Results: Novel method for PD identification through 
image classification 

 Answer to the issues in Techno-economically viable solution by the use of low cost system 
for acquiring data and identification algorithm. Results: Low cost system used 
successfully with DL algorithm implemented on low cost optimised computing system. 

 4 publications. The thesis manuscript is been writing with the results and a publication in 
IEEE journal is planned to be submitted. 

1.4.2 Thesis  

 Title: Deep Neural Network for partial Discharge sources recognition in distribution 
network. 

 Defense date (Upcoming): July, 2020 
 Defense place: University of Zaragoza 
 Doctoral school: University of Zaragoza 
 Thesis supervisor: dr Julio Melero 

1.4.3 Publications 

Up to 2 conference papers and a (1) journal paper have been published by Sonia 
 S. Barrios, I. Gilbert, A. Hurtado, P. Mulroy, and I. Orue, “Practical measurements of partial 

discharges in a smart grid laboratory” in 2018 First International Colloquium on Smart Grid 
Metrology (SmaGriMet), Apr. 2018, pp. 1–5. DOI: 10.23919/SMAGRIMET.2018.8369824. 

 S. Barrios, I. Gilbert, P. Mulroy, A. Hurtado, and I. Orue, “Measuring PD propagation in 
complex MV distribution network configurations” in 25th International Conference on 
Electricity Distribution. en, p. 5, 2019. 

 S. Barrios, D. Buldain, M. Comech, I. Gilbert, and I. Orue, “Partial Discharge Classification 
Using Deep Learning Methods—Survey of Recent Progress”, Energies, vol. 12, no. 13, p. 
2485, Jun. 2019. DOI: 10.3390/en12132485. 

Besides, another journal publication is being drafted at the moment this report has been written 
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 Sonia Barrios, David Buldain, María Paz Comech, Ian Gilbert, “Convolutional Autoencoder for 
PD recognition in switchgear”, IEEE, 2020 

1.4.4 Synergies with third parties  

In order to develop synergies with third actors Sonia took advantage from the specific courses and 
summer schools to get in touch with consortium partners. It should be highlighted: 

 Networking with HAEFELY HIPOTRONICS in OCT, September’19: This activity was part of the 
ERIGrid project (https://erigrid.eu/) that provides free laboratory access to engineers 
working in the domain of smart grids. A researcher from HAEFELY HIPOTRONICS company 
came to our laboratory and we performed experiments during three weeks with the aim to 
gain practice in measurements of partial discharges in a smart grid laboratory, which was a 
common subject of our PhD project. At the end of the experiments, we wrote a paper with 
the outcomes. 

 Engaging in Interdisciplinary Collaborative Research (University of Strathclyde, 3 days 
course) June’19: This activity was 3 days intensive course at Strathclyde University with Dr. 
Frank Sieldlok from University of Auckland.  It has provided an overview of the latest 
thinking of Collaborate Research (ICR), followed by introduction of some useful frameworks 
to aid practical engagements in this form of research. During the course, we also made a 6 
students team to discuss about an interdisciplinary research proposal. 

Besides, Sonia has identified potential ways of collaboration with other ESRs, notably: 

 ESR-11 Saliha Madhar (HAEFELY) | Smart DC power lines: predictive maintenance and fault  
locations through partial discharge  analysis, working on the Automation of Partial 
discharge recognition for AC-DC networks. 
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1.4.5 Exploitable foreground that can potentially derive from the ESR project 

The main target audience of the research are the network operators and maintenance teams 

In terms of relevant innovation activities carried out (prototypes, testing activities, standards) and 
new potential applications, products, services, reference materials, the use of artificial intelligence, 
machine learning within this field is still fairly novel (with the processing power available today), 
this combined with the innovative use of data from the field ('controlled' fault data) and newly 
applied deep learning techniques have produced results that can be used in new applications. 

 

Table 2 Exploitation Plan for ESR09 

Exploitation Plan for ESR09 

Fellow Title 

Direct 
Applications 

 / Commercial 
use 

Patent 
Future 

Research 
Required 

Sonia Barrios 
(ESR09) 

Smart Network Diagnostics: Online 
Partial Discharge Monitoring of Electrical 

Networks 

Possi
ble 

Possi
ble Yes* Yes 

 

*Originally the exploitation plan envisaged only leading to possible patentable results. However, 
with the change in focus of the research the results have indeed become patentable and could lead 
to a stand-alone commercial application or even included within a larger maintenance system. 

 

Details on how the detected patents could be developed are explained in its dedicated deliverable: 
“D8.2 Exploitation roadmap in consonance with the end user feedback” 
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2 TASK 6.2 SMART CABLE SHEATH DIAGNOSIS IN MV AND HV GRIDS 

(ESR10) 

2.1 Summary  
This research is focused in the feasibility of the detection of defects in HV cables through measuring 
the cable sheath current measurements. A smart monitoring technology is developed to verify the 
bonding connection of cable sheaths of distribution grids using sensors distributed along cable 
systems. Signal processing of induced currents on cable sheaths compared with the theoretical 
values give useful information to identify where an incipient defect is located. With the aim of 
reducing the current induced in the cable sheaths, cross-bonding (CB) grounding cable systems are 
used in long distance power transmission land lines. A new criterion for the detection and 
localization of defects that might occur in the cables sheath with CB configuration has been 
developed. The criterion proposed can be applied at different levels of load current and at different 
percentage of unbalance in minor sections. For the application of the criterion, the cable system 
under evaluation is modelled using the ATP software. Various practical cases were studied showing 
the effectiveness of the criterion for the detection and localization of different types of defects in 
simulated cable systems. Furthermore, in order to validate the criteria adopted for the defect 
detection, based on the ATP model, two real cases were evaluated. The results obtained proved 
that this criterion is suitable for the detection and localization of defects in the cables sheath, when 
on-line measurements are performed in monitoring applications. 
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2.2 Background and organisation of the project  

2.2.1 ESR10 Factsheet 
Thesis title: Smart Cable Sheath Diagnosis of HV/MV Grids 
 
Research fellow: Marina Adel Shokry 
Current position: PhD Researcher at FFII-LCOE 
Contact beyond the project: linkedin.com/in/marina-adel-shokry-
75564a174 

 
Recruitment organisation within MEAN4SG: FFII 
Secondment organisations:  

(1) OCT 
(2) UFD 

 
 
Main Contribution to MEAN4SG: 
Focusing on the feasibility of the detection of defects in HV cables through measuring the cable 
sheath current, the main contribution to the project carried on by Marina’s research has been the 
development of a method for the detection and localization of four types of defects through 
measuring cable sheath current. 
 
Link to presentation: https://youtu.be/Rnwyf8pMwXk 
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2.2.2 Background  

Worldwide, electric power transmission and distribution relies on great and expensive network of 
high voltage (HV) and medium voltage (MV) cables for power delivery. Over the last years, 
underground cable systems have risen in popularity compared to overhead line system due to the 
growing of renewable energies. 

During power system operations, cables are subjected to electrical, thermal, mechanical and 
environmental stress which leads to eventual defect in the bonding connection. Moreover poor 
installation and maintenance may lead to defects which often cause cable breakdown. 

In "The Feasibility of Cable Sheath Fault Detection by Monitoring Sheath-to-Ground Currents at the 
Ends of Cross-Bonding Sections" (published in IEEE Transactions on Industry Applications by M. 
Marzinotto and G. Mazzanti), the feasibility of detecting defects in the cable oversheath by 
monitoring the cable sheaths currents is presented. The study presented is applied on a HV and 
EHV cable of 400kV and 150 kV rating voltage. The bonding type applied in this study is the cross 
bonding with cable transposition (Kirke-Searing bonding). Different influence factors are studied in 
this work, e.g. the resistance and the location of the fault as well as the unbalance in minor sections 
and the load current. The location of the fault is varied between locating the fault at the nearest 
points either to the terminals or to the joints. The resistance of the fault varies from 1 to 100 Ω. 

The reasons that originate failures in power cables are classified into 6 groups; adverse 
environmental conditions, poor workmanship, manufacturing problems, operational or 
maintenance reasons and age degradation. Some cable defects are related to cable sheath 
disconnection, others cause excessive sheath current like faults, breakdown between sheaths and 
flooding in link-boxes. 

2.2.3 Objectives 

For the abovementioned reasons, the objective of the thesis is developing a method for the 
detection and localization of defects by measuring the cable sheath currents. This method should 
be applied on different sheath bonding configurations: Solid Bonding, Single Point and Cross 
Bonding configurations. The defects that are studied in this thesis are open circuit defect, 
breakdown between sectionalized sheaths or short circuit between two sheaths in link-box, 
flooding in link-boxes and wrong sheath connection in link-boxes. 
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2.3 Research line of the fellow  

2.3.1 Research tasks, activities to attain the project goals 

Types of High Voltage underground cables above 30 kV have been studied: CV cables (cross-linked 
polyethylene insulated with vinyl sheathed cable) which is also known as XLPE (cross linked 
polyethylene), its main insulation is composed of the solid organic material XLPE and OF cables (oil 
filled) which the main insulation is oil impregnated insulation papers. 

Different sheath bonding types of metallic sheaths in order to reduce the electric potential 
difference between the sheaths of a three phase cable system and earth potential have been 
studied: the sheaths are grounded at both ends (Solid Bonding). However, in case of long cables, 
Solid Bonding configuration leads to excess circulating currents in the cable sheath and increase in 
the total power loss. For this reason, the 575-2014 IEEE provides a guideline for special sheath 
bonding types: Solid Bonding, Single Point, Cross Bonding without cable transposition and Cross 
Bonding with cable Transposition. 

The different condition monitoring techniques that already exist have been analyzed: partial 
discharge monitoring, off-line conditions monitoring techniques for dielectric losses and insulation 
resistance. 

The state of art of detecting defects by measuring cable sheath currents has been studied, starting 
with the existing methods for calculating cable sheath currents then the reported methods on the 
feasibility of the detection and localization of cable sheath currents. The methods for calculating 
cable sheath currents in cable systems are Complex Impedance Matrix method, which is a numeric 
solution based on the self and mutual impedances of the cable system taking into account the 
inductive coupling, and Electromagnetic Transient Programs like EMTP software, in which the 
calculations of the sheath currents are done using distributed impedance and admittances for the 
modelling of the cable system and the relevant surrounding which also takes into account the 
capacitive coupling of the cable system. Furthermore, a comparison analysis between both 
methods has been carried out. 

There reported methods in papers have been studied: the feasibility of detecting defects in cable 
oversheath through measuring the cable sheath currents and detection of defects in cable sheath 
bonding by measuring cable sheath currents. 

Sheath currents under normal condition (no defect) and under different types of defects have been 
analyzed by means of software packages. The different types of defects taken into account in 
sheath bonding are: open circuit sheath fault, breakdown between sectionalized sheaths, flooding 
in link-boxes and wrong sheath connections in link-boxes. 

Sheath currents (magnitude and angle) in Single point, Solid Bonding and Cross bonding cable 
systems have been analyzed. 
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Furthermore, different influence factors have been taken into account on each sheath bonding type 
e.g. the formation type, load current and percentage of unbalance in minor sections in case of Cross 
Bonding configurations. 

After the analysis process, two proposed methods have been represented for the detection and 
localization of defects using sheath currents: Criterion 1 based on the Root Mean Square (RMS) 
value of the sheath current and Criterion 2 based on the Phasor Measurements (PM) value of the 
sheath current. The first proposed method is based on measuring the Root Mean Square (RMS) 
value of the total induced current in the cable sheath (TICS). The total induced current in the cable 
sheath in each sensor is expressed in per-unit being referred to its expected value in the normal 
operation condition (no defect). The resulted values are classified into 4 discrete levels #0, #1, #2, 
#3 and #4, each level represents a change in the sheath current in case of defect with respect to 
the expected current for normal operation (no defect). The second one is based on the Phasor 
Measurement Units (PMU) of the sheath currents. The capacitive current subtraction (CCS) 
proposed method allows obtaining only the inductive current in each cable sheath loop by 
subtracting the capacitive current. The capacitive current component is obtained by ATP software 
considering a zero load current. Alternatively, the inductive current can be also determined by 
analytical way. Both procedures permit to verify if the inductive current is correctly determined 
when the capacitive current subtraction method is applied 

After the development of these methods, an analysis of the selection and optimization of the best 
sensor for the detection and localization of defects has been carried out. In order to select the best 
emplacement for inserting the sensors along a particular Cross bonding cable system configuration, 
it is important to take into consideration two factors. The first one, is the feasibility of the detection 
of the defect by the sensor (the sheath current is changing or not in case of defect). The second one 
is the capability of the sensor to distinguish between two different defects (the change in the code 
in case of defect is changing according to the defect or the location where the defect is occurred). 

Two different real cases have been studied through carrying out real on-site measurements in two 
cable systems: The first one is under normal conditions, without any defect and the second one is 
in a defected scenario. 

Finally, conclusions of the thesis and the discussion of the future work have been also analyzed. 

Summary of conclusions 

Sheath to earth disconnection provokes a significant change in the sheath currents measured. If the 
sheath to earth disconnection occurs at the cable terminals the sensors placed at the terminals will 
measure zero amperes only at the position where the disconnection is occurred. In this case the 
sensors placed on the coaxial cables connected to the link-boxes will measure the difference 
between the capacitive current through the sheath loop where the disconnection occurs and the 
other sectionalized sheaths (superposition of the inductive and capacitive components). In general, 
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the open sheath defect at a cable terminal leads to a change of the sheath currents, at least in one 
sensor of the three sensors placed in the same place, either below or above the expected values. 

When sheath to earth disconnection occurs at the link-boxes, the sensors at the terminals are 
measuring the capacitive currents which might results in decreasing the sheath current in case of 
unbalance in minor sections at high percentage of load current or even increasing it in case of 
balanced CB or at very low levels of load current. Same occurs at the sets of sensors at the link-
boxes (where the defect is occurred). 

When a breakdown between sectionalized sheaths occurs, a short circuit between two sheaths is 
produced. This leads to increase of the currents measured by all sensors except the ones at the 
terminals of the sheath that is not involved in the short circuit between the other two sheaths. 
However in case of CB without transposition installed in flat formation at unbalanced minor 
sections (< 5%), the breakdown between sectionalized sheaths, provokes a slight increase in the 
healthy sheath due to the effect of coupling between sheaths in flat formation. 

It can be observed that as the load current increases the level of change in the sheath current also 
increases, contrarily as the percentage of unbalance in minor section increases, the level of change 
(expressed in p.u. values) in the sheath current decreases. This is due to the high induced current 
in the sheaths in case of high load current or high percentage of unbalance under normal condition, 
consequently the ratio of sheath currents between the defected and normal conditions is smaller. 

The defect corresponding to flooding in link-boxes leads to three phase short-circuit in the three 
cable sheaths which leads to an excess increase in the sheath currents at all the measuring 
positions. If the flooding occurs at both link-boxes in a Cross Bonding without cable transposition 
configuration, the sensors located at the terminals will detect an excess increase in the sheath 
current. However, the sensors placed close to the link-boxes will measure an almost zero. 

When a wrong sheath connection in link-box occurs, the sheath currents increase significantly at 
almost all the studied scenarios either in Cross Bonding with transposition or in Cross Bonding 
without transposition. 

In scenario 1, the sheaths and the conductors are transposed in reversed forms, this leads to an 
increase at the measuring positions of the sheath currents. 

In scenario 2, two sheaths are transposed while the third one is not, this also provokes an increase 
in the sheath currents at all the measuring positions. 

In scenario 3, the sheaths and the conductors are transposed by the same way. This is considered 
electrically as a long Solid Bonding which provokes an excess increase in the sheath current. 

In scenario 4, the sheaths are correctly transposed at the first link-box while at the second one; the 
sheaths are transposed by the same way as the conductors. This leads to an increase in the sheath 
currents at all the measuring positions. 
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In scenario 5, two sheaths are transposed to each other’s while the third one is not in the first link-
boxes. This provokes an increase in the sheath currents at all the measuring positions except at the 
untransposed sheaths at the link-boxes. 

In scenario 6, the sheaths are transposed in different ways in the first and the second link-boxes. 
This provokes an increase in the sheath current at all the measuring positions 

In scenario 7, the sheaths are not transposed in one link-box and transposed in the other. This 
provokes an increase in the sheath currents at all the measuring positions except at the link-box 
where the sheaths are not transposed in which the sheath current are almost zero. 

The TICS criterion of codes can detect the existence of any of the studied defect and in most of the 
cases it can identify it. Nevertheless, under perfectly balanced Cross Bonding and low levels of load 
current, it is much more difficult to identify and locate the defects. 

CCS method has been also developed in order to reduce the influence of the load current by 
subtracting the capacitive current under low load current. This method needs Phasor 
Measurements which requires expensive measuring instruments synchronized with the reference 
load current in at least one phase for the determination of the expected values. 

Contributions 

According to the study and the analysis described in this thesis, the following contributions have 
been achieved: 

1. Analytical formulas for direct application for sheath currents measurements have been derived 
for both Cross Bonding with and without transposition specially the capacitive contribution taking 
into account the impedances seen from each minor section. 

2. Two different software packages have been developed to determine cable sheath currents under 
normal and defect conditions, one of them by modelling using EMTP/ATP software and the other 
by analytical equations implemented in MATLAB. The compatibility of the results of the two 
developed methods has been demonstrated on a 220 kV cable system. 

3. Currents through cable sheaths of cable systems in single-point, solid bonding cross bonding with 
and without cable transposition and combination between different sheath bonding configurations, 
have been analyzed under different types of sheath defects in phasor form (magnitude and angle). 

4. Four types of sheath defects have been studied, sheath to earth disconnection, breakdown 
between sectionalized sheaths (short circuit in cable joint), flooding in link-boxes (three phase short 
circuit) and wrong sheath connection. 

5. A new universal code for each current measurement has been proposed on the basis of five 
different levels (#0, #1, #2, #3 and #4). #0 level means a sheath current below the expected value, 
#1 around the expected value with ± 25% of uncertainty, #2 above the expected value, #3 very 
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above the expected value (around approximately 10 times more than expected value with ±25%) 
and #4 ultra above the expected value (more than 12.5 times of the expected values). 

6. Two new diagnostic criteria have been proposed for the detection, identification and localization 
of sheath defects, by means of sets of three sensors that can be placed on the cable sheaths close 
to the cable accessories. A method is based on root mean square of induced current through the 
cable sheaths (TICS) and the other by subtracting the capacitive components (CCS) using Phasor 
measurements. 

7. The influence of the load current and the percentages of unbalance in minor sections on the new 
diagnostic criteria have been studied and reasonable stable codes have obtained for the 
identification of the defects. 

8. A new and universal procedure for analyzing the sheath currents in a generic cable system has 
been proposed, in order to detect, identify and localize defects in cable sheaths, for different sheath 
configuration (Single Point, Solid Bonding, Cross Bonding with and without transposition). 

9. The effectiveness of the best location of the sensors in CB with and without cable transposition 
configurations has been studied. 

10. The method proposed to identify defects in the cable sheath has been applied on a real case in 
which a wrong sheath connection was occurred. Good agreements between the expected and real 
results were obtained. The compatibility of the results of the TICS code method has been also 
demonstrated in another complete cable system without defect. 

2.3.2 Recruitment and Training Overview 

 
Figure 4 ESR10 recruitment timeline 

Recruitment Organisation 

Marina has been recruited by FFII in a total duration of 36 months, from 24.10.2016 until 
23.10.2019. During her training she has acquired skills in the Smart cable sheath diagnosis in MV 
and HV grids, corresponding to the dedicated task 6.2 within the project framework. 

The FFII helped Marina in all the stages of the project, showing her the right way throughout the 
project: highlighting the focus of the research, modelling, simulation, validating the results and 
publication. 
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In this sense, the main facilities and tools used to validate her scientific results at the heart of FFII 
has been Atp software model, data needed to facilitate the results, as well as the available 
publications.  

Secondment organisations 

In total, Marina has collaborated at the heart of two secondment organisations within her research 
during MEAN4SG project.  

Table 3 Secondments performed by ESR10 

Information about secondments for ESR10 

Fellow Secondment Organization Start Date  End Date  
Duration 
(months) 

Marina Adel (ESR10) OCT 9.10.2017 31.01.2018 3.7 
Marina Adel (ESR10) UFD 14.05.2019 13.09.2019 4 

 

During her first secondment at OCT, Marina took advantage from OCT staff who explained her the 
earth connection in the UDEX, helping her in the measurements via the Earth resistance 
measurements. 

During her second secondment at UFD, Marina got different models for real systems from the 
secondment institution. In this sense, she used the cable sheath current measurments in real grids.  

 

Courses and summer schools organized in the framework of MEAN4SG 

ESR10 has participated in all Specific Courses and Summer Schools organized in the framework of 
the project 

 1st MEAN4SG Specific Course: Hold in CIRCE, Zaragoza, Spain on 31/01/2017-02/02/2017, 
as a training activity within the ITN-ETN MEAN4SG project 

 1st MEAN4SG Summer School: Hold in the Van der Valk Hotel, Haarlem, The Netherlands, 
on 19-20/04/2017 

 2nd MEAN4SG Specific Course: Hold in the University of Strathclyde, Glasgow, UK, on 6-
8/06/2017, as a training activity within the ITN-ETN MEAN4SG project 

 3rd MEAN4SG Specific Course: Hold in CIRCE, Zaragoza, Spain on 28-30/11/2017, as a 
training activity within the ITN-ETN MEAN4SG project 

 2nd MEAN4SG Summer School: Hold in the University of Strathclyde, Glasgow, UK, on 23-
25/01/2018, as a training activity within the ITN-ETN MEAN4SG project, 

 3rd MEAN4SG Summer School: Hold in ORMAZABAL, Boroa, Spain on 19-21/06/2018, as a 
training activity within the ITN-ETN MEAN4SG project 
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Other training events performed/promoted within MEAN4SG 

Among the training events taken place and promoted within the project’s framework, ESR10 did 
participate to the following: 

 Demo workshop about insulation diagnosis on MV grids for maintenance departments of 
utilities. Hold in LCOE, Madrid, Spain on 03/06/2019, as a training activity within the ITN-
ETN MEAN4SG project 

 UPEC, 28-31 August 2017, Greece. 
 CIRED, 3-6 June 2019, Spain. 
 Jicable, 23-27 June 2019, France. 

 
Figure 5 Visit to the LCOE facilities during the demo workshop about insulation diagnosis on MV grids for 

maintenance departments of utilities 
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Seminar Presentations 

ERS10 did participate in the following seminar events proposed in the framework of the project: 

 PhD Webinar. Group SC - Smart Cable Diagnosis: September, Monday the 23rd – Marina 
Adel [11:00] - SMART DIAGNOSIS FOR CABLE SHEATH CONDITION IN HIGH VOLTAGE CABLE 
SYSTEMS [Link to the presentation https://youtu.be/Rnwyf8pMwXk] 

 
Figure 6 Presentation of Marina’s results during the PhD Webinar 
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2.3.3 Skills learnt under MEAN4SG framework 

 

 

2.4 Achievements  

2.4.1 Research results 
 Answer to the Development of a method for the detection and localization of four types 

of defects through measuring cable sheath current. by Modelling the cable system on ATP 
software, diferent types of defects and sheath bonding types. Results: Development of a 
criteria of codes to identify and localize the defect 

 5 publications 

2.4.2 Thesis  

 Title: Smart Cable Sheath Diagnosis of HV/MV Grids 
 Defense date: 2020, February the 13th 
 Defense place: Universidad Politécnica de Madrid 
 Doctoral school: Universidad Politécnica de Madrid 
 Thesis supervisor: dr Fernando Garnacho 

  

Research Skills: 

Improving the writing 
skills, problem soving 

Technical Skills: 

Modeling HV cables on 
ATP software. Real 

measurments 
experience. 

Management Skills: 

Time managments and 
leadership 

Communication Skills: 

Improving the 
presentation skills. 
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2.4.3 Publications 

Up to 5 papers have been or are about to be published by Marina 
 Khamlichi, M. Adel, F. Garnacho, J. Rovira “Measuring cable sheath currents to detect 

defects in cable sheath connections”. UPEC, 2017. 
 Khamlichi, M. Adel, F. Garnacho, J. Rovira, “Análisis de corrientes por pantallas para 

detectar defectos en los cables de Alta Tensión en configuración cross-bonding”. ALTAE, 
2017. 

 M. Adel, A. Khamlichi, F. Garnacho, J. Martínez, A. Gonzalo, D. Prieto, J. Rovira, J. Llandres 
“Cable sheath diagnosis in cross bonding cable systems”. Jicable, 2019. 

 M. Adel, A. Khamlichi, F. Garnacho, J. Martínez, F. Álvarez “Detection and localization of 
defects in cable sheath of cross-bonding configuration by sheath currents”. IEEE transaction 
on power delivery, 2019. 

 F. Garnacho, A. Burgos, M. A. Shokry, A. Khamlichi2, J. Vidal, J. Rovira, “Automated sheath 
current monitoring system for cable sheath diagnostic purposes”. CIGRE, 2020 (to be 
published). 

2.4.4 Synergies with third parties  

At scientific conferences, Marina reached out to the external network of specialist in the area of 
Oversheath Diagnosis in MV and HV Grids. In this sense, her cooperation within the OCT and UFD 
in the framework of her secondments have been an asset. 

Besides, Marina has identified potential ways of collaboration with other ESRs, notably: 

 ESR-09 Sonia Barrios (OCT) | Smart Network Diagnostics: Online Partial Discharge 
Monitoring of Electrical Networks 

 ESR-11 Saliha Madhar (HAEFELY) | Smart DC power lines: predictive maintenance and fault  
locations through partial discharge  analysis 
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2.4.5 Exploitable foreground that can potentially derive from the ESR project 

The main target audience are the maintenance engineers and researchers. 

In terms of relevant innovation activities carried out (prototypes, testing activities, standards) and 
new potential applications, products, services, reference materials, Marina cooperated in the 
development of a method for the detection and localization of four types of defects through 
measuring cable sheath current. 

Table 4 Exploitation Plan for ESR10 

Exploitation Plan for ESR10 

Fellow Title 

Direct 
Applications 

 / Commercial 
use 

Patent 
Future 

Research 
Required 

Marina Adel 
(ESR10) 

Smart Cable Oversheath Diagnosis in MV 
and HV Grids Yes Yes Possible No 

Details on how the detected patents could be developed are explained in its dedicated deliverable: 
“D8.2 Exploitation roadmap in consonance with the end user feedback” 
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3 TASK 6.3 SMART DC POWER LINES: PREDICTIVE MAINTENANCE AND 

FAULT LOCATION TROUGH PARTIAL DISCHARGE ANALYSIS (ESR11) 

3.1 Summary  
This research focusses on the Study of Partial Discharges (PD) under DC voltage conditions. 
Characterization of the partial discharge on most common faults on a high voltage element under 
DC and generation of a “PD pattern” map on DC, similar to the available PD pattern on AC, allowing 
the differentiation between the basics failures in the laboratory under controlled circumstances. 
Partial discharge being one of the most reliable marker for dielectric quality under AC, mounting 
expectations for a similar prospect under DC conditions is a thriving notion. Some of the topics dealt 
with during the period of research are: Creation of artificial PD defect sources, Electrical PD 
measurement, Data Acquisition and Partial Discharge defect identification. The Analysis of the 
discharge data is the key aspect of this research. The analysis is primarily carried out using MATLAB 
user software amongst others. It has been focussed on the materials used in cables and other assets 
by simulating basic partial discharge faults on AC and DC both in the computer and in reality, and 
correlating the results with promising results for future applications in the monitoring or off line 
diagnostics of cables. Partial results have been shared trough publications and events to the High 
Voltage community. 
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3.2 Background and organisation of the project  

3.2.1 ESR11 Factsheet 
Thesis title: Smart DC power lines: predictive maintenance and 
fault location through partial discharge analysis 
 
Research fellow: Saliha Madhar 
↖ Previously: Ondrej Kozak 
Current position: PhD Researcher at HAEFELY AG 
Contact beyond the project: linkedin.com/in/saliha-abdul-
madhar 

 
Recruitment organisation within MEAN4SG: HAEFELY AG 
Secondment organizations:  

(1) University of Strathclyde (performed by former ESR11 Ondrej Kozak)  
(2) FFII 

 
 
Main Contribution to MEAN4SG: 
As part of the WP6 "Smart cable diagnosis" Saliha has been focused on the materials used in 
cables and other assets by simulating basic partial discharge faults on AC and DC  both in the 
computer and in reality, and correlating the results with promising results for future applications 
in the monitoring or off line diagnostics of cables. Partial results have been shared trough 
publications and events to the High Voltage community. 
 
Link to presentation: https://youtu.be/Rnwyf8pMwXk 
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3.2.2 Background  

Regarding investments in HVDC, in the year 2018 it was estimated that the HVDC network was 7.4 
billion USD as well it is estimated to rise steadily at a rate of 8% through the next decade. 

With an increasing or expanding HVDC network comes also the challenge of validating and 
qualifying the components of this network because HVDC is fairly a new technology compared to 
the AC counterpart and, therefore, to increase the reliability of this network it is important to 
validate and qualify these components that we put into the grid. 

There is a big expectation that partial discharge will also perform and have similar prospects in the 
field of HVDC. When we talk about maintaining HVDC infrastructure with partial discharge 
measurements it is common to think that of such huge equipment that fits in a room. However, the 
range of application of partial discharges is not just to be up to big equipment that sits in a room 
but also towards very small devices that can fit within your palm because partial discharge does not 
depend on the level of voltage but depends on the local electric field stress that is available moving 
on some background on partial discharges. 

Partial Discharge (PD) under AC field stress is employed as a monitoring tool for network 
components and assets as an indicator or precursor of breakdown. PD under AC is a mature topic 
and researchers in the past have investigated several subjects such as discharge mechanisms, 
insulation deterioration, breakdown, and defect identification. In recent times, these 
measurements have gained popularity in the field of pre-emptive maintenance and online 
monitoring.  

Tools for PD de-clustering that help resolve and identify defects and tools for PD localization using 
supplementary acoustic and UHF (Ultra High Frequency) measuring techniques are also gaining 
increasing popularity. These advancements have been made possible by the availability of 
increased computational power with the dawn of parallel computing. Today, it is possible to apply 
complex mathematical operations on large chunks of PD data to obtain analysis during the post-
processing phase. 

Nevertheless, the advent of HVDC brought new challenges as the pre-existing knowledge in the 
area of partial discharges in terms of defect recognition is not applicable to DC. The discharge 
behaviour under DC stress has been found to be erratic and there has been no plausible evidence 
so far that correlates the DC discharge process to insulation deterioration. 

This is primarily due to the low discharge repetition rates when it comes to DC unlike AC. Hence, 
this inability to produce stable behavioural patterns in DC-PD has led to a spark in interest in the 
application of several non-conventional measuring methods, with one such being the measurement 
using UHF sensors. 
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3.2.3 Objectives 

A timeline and some project plan were established, mainly divided in three phases: 

1. Collection of information, measurement in basic setups. 
2. Development of the basic algorithms. 
3. Algorithms validation in more complicated setups 

 

3.3 Research line of the fellow  

3.3.1 Research tasks, activities to attain the project goals 

The research of ESR-11 Saliha Madhar focusses on the Study of Partial Discharges (PD) under DC 
voltage conditions. Partial discharge being one of the most reliable markers for dielectric quality 
under AC, mounting expectations for a similar prospect under DC conditions is a thriving notion. 
Some of the topics dealt with during the period of research are: Creation of artificial PD defect 
sources, Electrical PD measurement, Data Acquisition and Partial Discharge defect identification. 
The Analysis of the discharge data is the key aspect of this research. The analysis is primarily carried 
out using MATLAB user software amongst others. Multiple defect types were studied, and several 
unique features and observations were made. The observations were theorized based on scientific 
understanding of the defect behaviour together with the dielectric characteristics of the associated 
insulating media. The research output has been published periodically through journals and 
conference papers. 

3.3.2 Recruitment and Training Overview 

 
Figure 7 ESR11 recruitment timeline 

Recruitment Organisation 

Both Saliha and previously Ondrej have been recruited by Haefely AG in a total duration of 36 
months (24 months for Saliha and 12 months for former ESR11 Ondrej) 

Both of them have received guidance from Haefely and Delf University (supervised by jointly Dr. 
Armando Rodrigo Mor, Asst. professor at TUDelft. Promoter, Prof. dr. Rob Ross) and acquired skills 
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in Smart DC power lines: predictive maintenance and fault location trough partial discharge 
analysis, corresponding to the dedicated task 6.3 within the project framework. 

At the heart of Haefely AG, Saliha was directly supervised by Dr. Petr Mraz who is responsible for 
the PD product line at HAEFELY. Formally, she would present her weekly progress at the progress 
meeting scheduled Monday or Friday. There was also a monthly progress meeting which was 
attended by Santiago Gonzalez, her department manager. 

Saliha got advantage from multiple HV laboratory facilities available at HAEFELY. 

 

Secondment organisations 

Both Ondrej and Saliha have collaborated at the heart of two secondment organisations within his 
research during MEAN4SG project.  

Table 5 Secondments performed by ESR11 

Information about secondments for ESR01 

Fellow Secondment Organization Start Date  End Date  
Duration 
(months) 

Ondrej Kozak (ESR11) U. of Strathclyde 31.05.2017 31.08.2017 3 
Saliha Madhar (ESR11) FFII 7.06.2019 21.06.2019 0.5 

 

Former ESR11 Ondrej did perform a first secondment at University of Strathclyde. Ondrej carried 
out work on High Voltage Laboratories, investigating partial discharge in DC cables insulation. 
Within the organization, and prior to his resignation in September 2017, Prof. Brian Stewart has 
been his supervisor. 

ESR11 Saliha performed a secondment at FFII. Saliha directly worked with Angel Ramirez Linares 
during the secondment at FFII. They performed PD tests under DC with 4 artificial defect samples, 
recording data for further analysis/ post-processing. In what regards the main facilities used to 
validate scientific results, HV laboratory/setup provided at FFII have been key. 
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Courses and summer schools organized in the framework of MEAN4SG 

Former ESR11 Ondrej has participated in the 2 Specific Courses and 1 Summer School organized in 
the framework of the project 

 1st MEAN4SG Specific Course: Hold in CIRCE, Zaragoza, Spain on 31/01/2017-02/02/2017, 
as a training activity within the ITN-ETN MEAN4SG project 

 1st MEAN4SG Summer School: Hold in the Van der Valk Hotel, Haarlem, The Netherlands, 
on 19-20/04/2017 

 2nd MEAN4SG Specific Course: Hold in the University of Strathclyde, Glasgow, UK, on 6-
8/06/2017, as a training activity within the ITN-ETN MEAN4SG project 

Joining the project on 2018, February the 1st, ESR11 Saliha did participate in the last Summer School 
organized in the project framework 

 3rd MEAN4SG Summer School: Hold in ORMAZABAL, Boroa, Spain on 19-21/06/2018, as a 
training activity within the ITN-ETN MEAN4SG project 

 

Other training events performed/promoted within MEAN4SG 

Among the training events taken place within the project’s framework, ESR05 did participate to the 
following: 

 Demo workshop about insulation diagnosis on MV grids for maintenance departments of 
utilities. Hold in LCOE, Madrid, Spain on 03/06/2019, as a training activity within the ITN-
ETN MEAN4SG project 

 Researchers meet Innovators. Hold in Berlin, Germany on 11-12/07/2019, an organized by 
the Marie Curie Alumni Association aiming researchers and innovators to synergistically 
and successfully work together. 

 Professional and Carrer Development, 01/02/2019, TU Delft. 
 Analytic Storytelling, 08/10/2019, TU Delft. 
 Data Visualisation, 14/10/2019, TU Delft. 
 Brain management, 29/10/2019, TU Delft. 

 

Seminar Presentations 

 CIRED'19. The Leading Forum where the Electricity Distribution Community meets, holds 
the major International Electricity Conference & Exhibition every two years in different 
venues in Europe with a worldwide perspective and participation. 3-6 June 2019. Paper 
Title: “Frequency response of a real cable network and its impact on field PD 
measurements” 



 

35 

D6.2. WP6 Final research report  

 

 

Document: 
 

WP6 Final research report 
Author: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FFII Version: 1 

Reference: D6.2 Date: 13/3/20 

 PhD Webinar. Group SC - Smart Cable Diagnosis: September, Monday the 23rd: Saliha 
Madhar [11:30] - Smart Grid DC Power Lines: Predictive Maintenance and Fault Location 
through Partial Discharge Analysis: [Link to the presentation 
https://youtu.be/Rnwyf8pMwXk] 

 
Figure 8 ESR11 Presentation during the last webinar (1/2) 

 
Figure 9 ESR11 Presentation during the last webinar (2/2). The finding nemo pattern 
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3.3.3 Skills learnt under MEAN4SG framework 

 

 

3.4 Achievements  

3.4.1 Research results 

Saliha focused on the defect recognition under DC creating visual patterns that represent the 
unique behavioral features of various defects on HVDC that will be representative of defects on the 
system.  

During her research, Saliha deals with the measurement of time synchronized PD measurements 
through conventional electrical means of signal acquisition. She deals with measurement and 
acquisition of high frequency (HF) signals and advanced signal processing in order to derive useful 
information from the discharge data. She has been performing repeated high voltage PD tests on 
insulation systems. Some of her research outcomes are as highlighted below: 

 The in-depth study of the corona discharge under DC yielding unique features of each 
corona stage and patterns for defect identification 

 Study of floating electrode defect patterns under AC, with a mathematical model for the 
defect behaviour. 

 A detailed study of the floating electrode defect progression  under DC stress conditions, 
providing once again several unique patterns for its identification. 

 Investigation on the phenomenon of surface discharge under DC voltages. 
 6 papers have been delivered covering her research 

Research Skills: 

Design skills, Data 
Analytics, Critical 

thinking 

Technical Skills: 

HV Testing, Knowledge 
on Product based 

solutions, Feasibility 
testing 

Management Skills: 

Decision making, 
prioritizing, delegation 

Communication Skills: 

Presentation, social 
exchange (networking) 
and technical writing 
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3.4.2 Thesis  

 Title: Smart DC power lines: predictive maintenance and fault location through partial 
discharge  analysis 

 Defense date (Upcoming): January 2021 
 Defense place: TU Delft, Netherlands 
 Doctoral school: TU Delft, Netherlands 
 Thesis supervisor: Dr. Armando Rodrigo Mor, Asst. professor at TUDelft. Promoter, Prof. 

dr. Rob Ross. 

3.4.3 Publications 

It worth to be mentioned that former ESR11 Ondrej, started a publication put could not be finalized 
to a level where could be published. Therefore, the below mentioned publications concerns solely 
ESR11 Saliha Madhar 

 S. Abdul Madhar, P. Mraz, S.Barrios, N. Akroud, “Frequency response of a real cable 
network and its impact on field PD measurements”. CIRED, 2019. 

 S. Abdul Madhar and P. Wenger, “Simultaneous electrical and UHF measurement of DC-PD 
from point-plane defect”. ISH, 2019. 

 P. Mraz, S.A. Madhar, P. Treyer, U. Hammer, “Guidelines for PD measurement according to 
IE 60270”. ISH, 2019. 

 P. Wenger, S. Abdul Madhar, M. Beltle, “Simultaneous Electrical, UHF and optical 
measurement of floating potential under DC stress”. IEEE (CEIDP), 2019. 

 S. Abdul Madhar, P.Mraz, A. Rodrigo Mor, R. Ross, “Physical Interpretation of the floating 
electrode defect patterns under AC and DC stress conditions”. Elsevier IJEPES, 2019. 

 S. Abdul Madhar, P.Mraz, A. Rodrigo Mor, R. Ross, “Study of Corona Configurations under 
DC Conditions and Recommendations for an Identification Test Plan”. Elsevier IJEPES, 2019. 

3.5 Networking and Exploitation Plan 

3.5.1 Synergies with third parties  

In terms of networking and due to the advanced status of ESR11 research, it has been Saliha who 
have had a more active role regarding meeting actors from the Smart Grids field.  

It worth to be mention, however, that contacts with ABB and University of Karlsruhe were 
established by former ESR11 Ondrej. Unfortunately, the candidate leave before the first 
measurements and results could not be achieved. 

In this sense, Saliha closely cooperated with TU Delft, University of Stuttgart (Philipp Wenger), TU 
Graz (Alex Pirker) which involved some teams that are working on similar topics of research that 
Saliha already has or would like to collaborate with. 
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Besides, Saliha has identified potential ways of collaboration with other ESRs, notably: 

 ESR-09 Sonia Barrios (OCT) | Smart Network Diagnostics: Online Partial Discharge 
Monitoring of Electrical Networks, with who she collaborated on a Transnational access 
with Ormazabal, Bilbao- results presented at CIRED, Madrid, June 2019 

 ESR-10 Marina Adel (FFII) | Smart Cable Sheath Diagnosis of HV/MV Grids, with who she 
has been making research on cable faults, which can also be maybe located trough partial 
discharges. Short discussions on meetings together 

3.5.2 Exploitable foreground that can potentially derive from the ESR project 

The main target audience of the research are High voltage community interested in the assets 
predictive maintenance, especially on new materials and technologies used on smart grids or DC 
applications 

In terms of relevant innovation activities carried out (prototypes, testing activities, standards) and 
new potential applications, products, services, reference materials, it should be highlighted the 
potential DC-PD defect identification tool for HVDC testing and monitoring. In other sense, potential 
contribution to the Cigre working groups and IEC standardization committees have been taken 
place 

Table 6 Exploitation Plan for ESR11 

Exploitation Plan for ESR11 

Fellow Title 

Direct 
Applications 

 / Commercial 
use 

Patent 
Future 

Research 
Required 

Saliha Madhar 
(ESR11) 

Smart DC power lines: Predictive 
maintenance and fault location trough 

partial discharge analysis 
No No Possible Yes 

Details on how the detected patents could be developed are explained in its dedicated deliverable: 
“D8.2 Exploitation roadmap in consonance with the end user feedback” 
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4 CONCLUSIONS 

The research activity in WP6 progressed well and the obtained results are in good agreement with 
the initially defined work plan.  

Task 6.1.  

The main contribution of the ESR09 research activity have been the following: 

 Answer to the issues in Accurate Fault Location by synchronizing measurements 
performed in UDEX. Results: Method developed taking into account network 
configuration 

 Answer to the issues in Accurate Fault Identification by s Deep learning method 
development for PD identification. Results: Novel method for PD identification through 
image classification 

 Answer to the issues in Techno-economically viable solution by the use of low cost system 
for acquiring data and identification algorithm. Results: Low cost system used 
successfully with DL algorithm implemented on low cost optimised computing system. 

 4 publications. The thesis manuscript is been writing with the results and a publication in 
IEEE journal is planned to be submitted. 

 

Task 6.2.  

The obtained results have been: 

 Answer to the Development of a method for the detection and localization of four types 
of defects through measuring cable sheath current. by Modelling the cable system on ATP 
software, diferent types of defects and sheath bonding types. Results: Development of a 
criteria of codes to identify and localize the defect 

 5 publications 
 

Task 6.3.  

The research of ESR-11 Saliha Madhar focusses on the Study of Partial Discharges (PD) under DC 
voltage conditions. Partial discharge being one of the most reliable markers for dielectric quality 
under AC, mounting expectations for a similar prospect under DC conditions is a thriving notion. 
Some of the topics dealt with during the period of research are: Creation of artificial PD defect 
sources, Electrical PD measurement, Data Acquisition and Partial Discharge defect identification. 
The Analysis of the discharge data is the key aspect of this research. The analysis is primarily carried 
out using MATLAB user software amongst others. Multiple defect types were studied, and several 
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unique features and observations were made. The observations were theorized based on scientific 
understanding of the defect behaviour together with the dielectric characteristics of the associated 
insulating media. The research output has been published periodically through journals and 
conference papers. 
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