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Scope

The project will develop an innovative product that will define the bandwidth at which HV cable joints fail. It is planned that this will be
determined by performing the following activities:

PD data collection on HV cable joints within substations in LPN
Analysis of PD data to have a better understanding of partial discharge in cable joints
Retrieval of defective joint(s)  for forensic analysis in the laboratory to have a better understanding of joint failure and to provide
confidence in the reliability and performance of detection system
Data collected as part of the IFI project “Cable Pit Mitigation Strategy” will also be utilised
A final product “Canary” will be developed which will be used to monitor the health of HV cable joints within substations and cable pits
to identify high risk sites for controlled repair/replacement.

Objectives(s)

The aim of the project is to successfully develop an innovative product that can monitor the health of HV cable joints and identify those at
higher risk of failure for their controlled replacement, avoiding their catastrophic failure and related collateral damage which is currently a
safety hazard to our staff and members of the public.

Success Criteria

The success of the project will be judged against the four objectives described below:

Successful collection of PD data capture from a number of sites with HV cable joints
Analysis of PD captured data to define the bandwidth at which HV cable joints are at higher risk of failure
Retrieval of HV cable joint(s) where PD readings are deemed to be defective for forensic analysis in the laboratory
Development of a new product (“Canary”) that can be used for monitoring the health of HV cable joints  and cable pits to detect
those with high partial discharge for their controlled replacement

Performance Compared to the Original Project Aims, Objectives and Success Criteria

Spot measurements with EA Technology's UltraTEV Plus2 instrument were carried out at 20 substations with Vertical Straight Joints (VSJs)
in order to locate a suitable range of trial sites. The prototype instruments were installed in July 2016 into 10 selected substations to
understand the level of PD from the joint.

The first field trial with these prototype instruments ran from installation until October 2016. This provided measurements of noise and PD
levels at these sites over an extended period, therefore meeting the first project success criteria. The collected data was analysed and a
report produced detailing the outcomes. The main findings of the trial were to better understand thresholds at which VSJs are at high risk



and at levels when they are safe to operate. Ultimately, a better understanding of safe operating frequency threshold along with noise
levels within substation environment has improved the final developed Canary (this was achieve through the introduction of noise filters and
the avoidance of false alarms).

One of the trial sites was identified by the prototype instrument as having very high levels of PD. Two VSJs were removed from this site for
laboratory testing and analysis showed the outer sheath was damaged therefore emitting electrical discharges. If it hadn’t have been
removed from the network, the discharges may have led towards a failure of the joint. 

Based on the outcomes of the first field trial, a functional specification for the Cable Canary instrument was produced in November 2017
and agreed between EA Technology and UK Power Networks. This included the introduction of some novel features which were not
included in the prototypes built for the first field trial. The prototypes were updated in February 2017 with the new features and a second
field trial took place in April 2017 to test the new features. The analysis of the data captured shows that the noise filters introduced in the
second prototype has been successful in removing substation noise to avoid false alarms.  

The project decided to store data for these trials onto removable flash storage media (recovered by staff site visits) rather than rely upon
real-time communications. This decision both avoided communications costs and the reliability risks associated with installing
communications equipment.

In parallel, the design of a Cable Canary product to meet the functional specification was produced and approved by UK Power Networks.
Based on the design, a small number of prototype units were produced for HV laboratory testing and a small second field trial was carried
out. The field trial was successful as devices operated according to their specification.

The Cable Canary instrument has been developed and is ready for production. It has the following functionalities:

It takes the same measurement technology proven at the prototype stage;
It builds in noise rejection capability;
It integrates future communications possibilities; and
Its functionality is upgradeable via in field software updates.
 

The Cable Canary provides all these functionalities within fixed unit cost, which allows widespread deployment across the UK Power
Networks population of VSJ substations.

The project has been successful in delivering its aims, objectives and success criteria.  Due to its innovative approach in identifying high
risk VSJ, the project was also short-listed for IET awards 2017 under “Energy” category. 

The product has been developed and is now an off-the shelf device.

Required Modifications to the Planned Approach During the Course of the Project

No modifications were required to the original planned project scope and objectives. As per plan,  two field trials were carried out, the first
to capture the data and the second to test the modified prototype, which was successful in removing the noise level generated by the
substation to avoid any false alarms. 

Lessons Learnt for Future Projects

Two sets of field trials have been successfully conducted. The decision to store data for these trials onto removable flash storage media
rather than rely upon real-time communications had two advantages: it avoided communications costs and it increased the reliability of data
capture (compared to the risks associated with installing communications equipment).

The analysis of the first trial data showed that the trial included some sites with high levels of electrical noise (from customer's equipment)
and four with some level of PD activity. In three cases the level of PD was not high enough to be considered a risk to safe operation of the
network. At some of these sites the level of noise was substantially higher than the level of PD. As a result, the project has focussed on
developing a functionality to discriminate between noise and PD signals successfully.  In this way, the correct measurements of PD levels in
the presence of noise can be taken without requiring manual analysis of the data. The field trial was effective in quantifying the challenges
of correct PD measurement on the operational HV network, and providing detailed test data to develop solutions to these challenges.

Note: The following sections are only required for those projects which have been completed since 1st April 2013, or since the previous
Project Progress information was reported.

The Outcomes of the Project

The following outputs were achieved as part of the project:

-  PD data from 10 HV VSJ was collected and analysed from LPN substations.

- A better understanding of VSJ failures by conducting forensic analysis in laboratory environment. A detailed report on laboratory testing
and better understanding of VSJ has been produced and is available upon request.

-   "Cable Canary" has been developed following field trials and lab testing on VSJs and is now available as an off-the-shelf product.  The
device developed can detect PD within HV VSJs to give early warnings of potential failure of cable joint for a planned intervention.

Data Access

Two field trials were carried out on the network to test the development of the Cable Canary prototype. A large amount of data was
collected during the field trials, which can be shared with interested parties upon request as per UK Power Networks’ Innovation Data
Sharing Policy.



To view the full Innovation Data Sharing Policy please visit UK Power Networks’ website here:

http://innovation.ukpowernetworks.co.uk/innovation/en/contact-us/InnovationDataSharingPolicy.pdf

UK Power Networks recognise that Innovation projects may produce network and consumption data, and that this data may be useful to
others. This data may be shared with interested parties, whenever it is practicable and legal to do so, and it is in the interest of GB
electricity customers. In accordance with the Innovation Data Sharing Policy published in 2017/18, UK Power Networks aim to make
available all non-personal, non-confidential/non-sensitive data on request, so that interested parties can benefit from this data.”

 

Foreground IPR

The knowledge generated during the development of Cable Canary can be shared with other DNOs and third parties. Any foreground IPR
developed during the course of the project is jointly owned by the project partner and UK Power Networks.

 The methodology of Cable Canary developed can be shared with other DNOs upon request and is jointly owned by UK Power Networks
and EA Technology.

Planned Implementation

The Cable Canary device has been designed and developed as an end product of this project to identify high risk HV VSJs for early
intervention to avoid their failure. The specification of the device has been defined and the product is ready for production. 

UK Power Networks have approximately 4,000 sites in London area that contains VSJs within substations; generally two per site and the
project identified those sites with a high risk of failure. 

UK Power Networks is undergoing a contract discussion with EA Technology and plans to order a number of Cable Canary units to install
on the network for vertical straight joints monitoring.

Other Comments

N/A

Standards Documents

The learning from this project has no implication on standards.
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