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2. Introduction 

This document discusses the UK Power Networks Flexible Urban Network Low Voltage (UKPN 
FUN-LV) project with respect to the two terminal (2T) and three terminal (3T) Power 
Electronics Devices (PED) supplied by Turbo Power Systems (TPS). Note that when used to 
mesh 2 or more Feeders, the PED’s create a Soft Open Point (SOP) on the LV network. 
 
The primary focus of this document will be to discuss the challenges faced in progressing the 
prototype units to an operational condition and as such will detail the field modifications 
made to the PED units to enhance their operation on the network.  Operational data is 
detailed in document 547-005 “UKPN PED Data Collection” which should be reviewed 
together with this document. Finally, having outlined the learnings from the trials the 
enhanced performance and characteristics of the production model are presented. 

 
2.1 Definitions, Acronyms and Abbreviations 
 

Term Definition 

2T Two Terminal 

3T  Three Terminal 

FUN-LV Flexible Urban Network Low Voltage 

LVDS Low Voltage Differential Signal 

PED Power Electronics Device 

SOP Soft Open Point 

TPS Turbo Power Systems 

UKPN  UK Power Networks 

VPN Virtual Private Network 

 
2.2 Reference Documents 

 

Number Title 

547-005 UKPN PED Data Collection (Spreadsheet) 

255-051 2T PED Door Lock Security Review 

255-050 2T Maintenance Manual 

247-061 3T Maintenance Manual 

FMI 247-001            Fibre-optic link & DC link capacitor thermistor 

FMI 247-002            Remote programming – 3T 
FMI 247-003            Addition of Bypass Capacitor to Crydom Relay – 3T 

FMI 255-001         Fibre-optic link & IGBT thermistor connection 

FMI 255-002         Remote Programming – 2T 

FMI 255-003            Addition of Bypass Capacitor to Crydom Relay – 2T 

3. Trial Data (Statistics on Operation and Levels of Transfer) 

Trial data has been collated from the iHost logs, which have a data resolution of 1 minute.  
The summary spreadsheet 547-005 “UKPN PED Data Collection” details the unit performance 
from January 2016 to June 2016. Individual unit issues are discussed in the comments 
section. 
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4. Operational Issues and Field Modifications 

4.1 Issues common to both 2T and 3T units 

4.1.1 Synchronisation (Ref FMI 247-001 & FMI 255-001) 
In the initial configuration of the PED, the inverter control cards (ICC) were completely 
independent of each other. All the cards produce a 5 kHz switching pattern separately. Due 
to fractional differences in crystal speed (and hence clock speed), it was observed that the 
switching patterns of each card moved relative to each other (i.e. not stationary). This caused 
several issues: 

1. Sampling on one inverter could occur during the switching of another leading to false 
readings.  

2. The current on the DC link was observed to pulse, a beating effect occurred as the 
switching patterns moved across each other. To correct this, the LVDS (Low Voltage 
Differential Signal) drivers and receivers were tasked with transmitting a 
synchronisation pulse between cards. The synchronisation pulse was used to lock the 
5 kHz switching cycles of each ICC in the PED relative to each other.  

3. The noise environment in the cabinets made the LVDS components ineffective and as 
such these were replaced with fibre optic components. 
 

4.1.2 Remote programming via Open VPN (Ref FMI 247-002 & FMI 255-002) 
UK Power Networks requested remote programming functionality to reduce the need for site 
visits when re-configuring the PED. Open VPN units were installed into all PED units to 
accommodate this. A modification was also applied to several programmable elements 
within the PEDs.  The hardware and software are now in place within the PEDs to enable 
remote programming. The UK Power Networks network is to be configured and tested to 
enable this function. 
 

4.1.3 Erroneous Emergency Stop Signals (Ref FMI 247-003 & FMI 255-003) 
In situ, it was observed that several PED units were suffering from phantom emergency stop 
signals. Upon investigation it was discovered that the Crydom relay units within the PED 
cabinets were showing susceptibility to noise. A bypass capacitor was fitted in to the Crydom 
relay to direct high frequency current away from the relay coil. The emergency stop input 
circuit on the ICC was also modified to reduce the risk of high frequency tripping (by reducing 
the corner frequency of the low pass input filter).  

 
4.2 Issues affecting 2T only 

4.2.1 Overheating of the IGBTs. (Ref FMI-255-001) 
During temperature testing it was observed that by blocking the air vents on the PED, it was 
possible to overheat the IGBTs to the point where they became damaged or life limited. The 
temperature sensor on the IGBT heatsink was abandoned in favour of the on chip NTC 
thermistor which, having lower thermal inertia, provided a quicker response time to improve 
device protection.  
 

4.2.2 Airflow 
During temperature testing it was observed that as the PED heated up the fans began to fail. 
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Initially the fans, which are situated at the top of the unit, were arranged such that air was 
sucked from the bottom of the unit to the top. As the internal components became hotter, 
the air presented to the fans became hotter. Eventually the air presented to the fans was hot 
enough to exceed the fans thermal limit and they cut out. Reversing the direction of air flow 
has corrected this problem.  
 
4.3 Issues affecting 3T only 

4.3.1 Overheating of the DC Link Capacitors. (Ref FMI-247-001) 
The DC link capacitors in the PED have been observed to reach temperatures exceeding their 
rated specification. This was not expected. The ambient temperature sensor has been 
relocated to the dc link and a power derating curve has been applied to ensure that the DC 
link capacitors do not overheat.  

 

5. Project Challenges 

5.1 Specification 
Given the infancy of the technology and the approach, practical implementation of Soft Open 
Point (SOPs) is not well documented; as such the specification was limited. To bridge this 
knowledge gap, grid connection standards were used as a guideline which have proved not 
to be optimal for the application. During testing at PNDC (Power Networks Demonstration 
Centre) and then during field trials, it become clear that some elements of this specification 
need adjusting when being implemented in a SOP. 
 
For example, it is clear that the line to neutral voltages seen at some of the sub-station 
locations of the 3T installations are tending to the upper end (if not in excess of) of the grid 
specification, 230 Vrms ±10%. For the purposes of this trial, TPS was asked to actively limit 
the PED voltage, at its point of connection, to 253 Vrms. This limits the power transfer 
capability of the PED and in this higher voltage environment reduces the working envelope of 
operation for the SOP.  
 
This issue was encountered only in a limited number of locations where 3T devices were 
installed and where the location of the SOP was created closest to the distribution 
transformer. At this point the voltage is set high by the transformer in order to account for 
the voltage drops on the high impedance LV lines between the transformer and the 
consumer.  
 
A number of corrective actions can be considered either in the production product or 
installation strategy to alleviate this: 
 

 A change of specification to accommodate larger grid voltages. This would require 
not just a change to grid connection settings but also a re-design of the power 
electronic hardware to accommodate the higher working voltages (a next generation 
product). 

 

 Application of voltage support in 2T street furniture devices installed closer to the 
consumer could enable the transformer voltage to be set lower in order for the 
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operating window of the 3T device at the substation to be restored and achieve full 
capacity. 

 
Furthermore, it was not anticipated that purely reactive current production would be 
required as the specification called for a worst case power factor condition of 0.7. A 
requirement to achieve a purely reactive current would require component specification and 
control to be reviewed, but is all achievable within the scope of an SOP converter. 
 

 
5.2 Logistics 
The design, production, delivery, installation, commissioning and support of 24 prototype 
units (Methods 2 and 3) within the project timescales, without the acquired knowledge of a 
first off in-field proof of concept system, has proved very challenging. 
 
Facilities were not available to test PED units for long periods of time in conditions that 
reflect the live distribution network. As such the majority of unit testing has occurred at the 
installation sites in London and Brighton. When operational issues in the systems have been 
identified, corrective actions have needed to be identified and then implemented at multiple 
sites.  
 
Whilst stable system operation was ultimately achieved, the high number of demonstrator 
units and the multiple locations at which they are installed have proved challenging and time 
consuming. However, completing deployment in 24 sites has contributed positively toward 
achieving a robust solution that considers the natural variances that will be encountered 
when deploying on the LV distribution network. 
 
Future smart grid innovations would likely be introduced on a smaller sample size in order to 
attain stable functional performance for proof of concept in a shorter time frame. 

  
5.3 Cooling 
In order to meet the timescales of the project, TPS subcontracted the design of several 
system components. The cooling systems for both the 2T and 3T PEDs were both designed 
and supplied by third parties. 
 
The 3T cooling systems were problematic during the trials, with failing pumps, failing seals, 
loss of coolant etc. Negotiating with the third party to correct these issues has been 
challenging, however, a significant issue related to dropping coolant levels has been resolved 
through improved system sealing.  
 
Such issues will be avoided in any future product as a loss of cooling performance results in 
the system overheating and then tripping to protect itself. After repeat tripping events the 
system will lock out in recognition of their being a wider issue with the cooling system.  
 
The 2T cooling system was found to be sub-optimal. Initially the fans, which are situated at 
the top of the unit, were arranged such that air was sucked from the bottom of the unit to 
the top. As the internal components became hotter, the air presented to the fans became 
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hotter. Eventually the air presented to the fans was hot enough to exceed the fans thermal 
limit and they cut out. Reversing the direction of air flow has corrected this problem, 
however at full power further cooling is needed to achieve continuous operation and avoid 
shut down due to component overheating protection. After extensive testing, the unit has 
now been de-rated to 150kVA. Production product will see this addressed through the 
introduction of higher efficiency enabling switching devices.  
 
 
5.4 Noise 
The PEDs employ a 5 kHz switching frequency and while not excessively noisy, is at a position 
in the human audible range that can be heard. The 3T PEDs are predominantly in enclosed 
buildings and as such the 5 kHz noise is readily absorbed by the walls of the sub-station 
building. Of the twelve 3T PED units, two have been disabled in sensitive areas due to noise 
complaints related to cooling fan noise and not switching noise. 
 
This is not the case however with the 2T PEDs, these units are what is termed “street 
furniture”, they are located on pavements. One unit has been disabled due to excessive noise 
complaints, this unit is situated in a residential area.   
 
Production product will address this through the application of switching frequencies above 
the audible range and reduction in losses made possible with next generation switching 
device technology.  
 
5.5 2T Security and Safety 
Security for the 2T units was reviewed when a unit was discovered left to be unlocked. After 
investigation of the three point locking system used for the control and inverter cabinet 
doors, it was concluded that the current security system was adequate once lock cover plates 
were replaced where observed to be absent on a number of installations. Whilst it is 
impossible to completely defeat the most determined of individuals, it is important that due 
diligence is shown in this area to protect against loss of life (refer to 255-051, “2T PED Door 
Lock Security Review”).  
 
5.6 Point of Connections 
It has been observed at several sites that the point of connection to the network has failed, 
in that the fuse carrier has melted. This is believed to be due to an insecure (loose) fitment to 
the bus bars within the substation. Whilst not directly a PED issue, this has led to operational 
down time as the affected port on the PED has to be removed from service until the 
hardware is replaced.  
 
5.7 Communications 
The PEDs are autonomous and can operate unattended once enabled. Enabling and disabling 
the device modes of the PEDs can be achieved remotely via a DNP3 interface. The DNP3 
interface also transfers electrical network information, from several current and voltages 
transducers placed on the network, to the PED. This information is required for the control 
algorithms to make power transfer decisions.  
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Remote connection problems to both the 3T and 2T units have been observed at several 
sites. In some cases this has been due to weak communication signals at the substations, 
sites such as Shaftesbury and Piccadilly are underground and can be difficult to communicate 
with. 
 
The embedded IT infrastructure has also been problematic, with several routing issues and 
firewall blockages.  The connection problems, whilst not directly a PED issue, have led to 
operational downtime. The inability to remotely control the device has led to an inability to 
restart the unit after a fault situation (this required personnel to attend the site). Lack of 
information from the current and voltage sensors leaves the PED blind to network conditions 
and as such results in the PED deactivating itself until communications are re-established.   
 

6. Maintenance 

See 255-050 “2T Maintenance Manual” 
See 247-061 “3T Maintenance Manual” 
Note: The 3T maintenance manual recommends that coolant levels only be inspected every 
five years. Although now with improved coolant system sealing in place, TPS recommend that 
these inspections be carried out on a three monthly basis until such a time as coolant levels 
have conclusively stabilised and loss rates become predictable. 
 

7. Future Improvements and Modifications to the Trial Units 

With the exception of any further unexpected operational issues that may arise with longer 
running periods, it is not envisaged that any further mechanical modifications will be 
necessary to the existing trial units.  
 
Software modifications may be required as a better understanding of the protection level 
required is gained, the control scheme is refined, or additional functions are added. It should 
be possible to implement these remotely over the open VPN gateway.  
 

8. Enhanced Production Unit Design 

Moving toward a production unit, a number of enhancements can be made to the power 
electronic converters with a view to achieving the following: 

 

 Reduced cost 

 Improved efficiency 

 Simplified cooling arrangements 

 Reduced size and weight 

 Restoration of continuous rating targets 

 Reduced audible noise 

 Improved installation time 

 Increased utilisation through optimised control settings 

 Delivery of full benefits capability, including higher order harmonic elimination 
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At the time of starting the FUN-LV project, semiconductor technology capable of being 
controlled with a high switching frequency was at best an emergent technology and in 
reality, unavailable. However, during the course of this project this enabling technology has 
become commercially available and has recently been deployed successfully in a number of 
TPS products to enable a number of the advantages cited above for its customers. 
 
Following a detailed roadmap study for soft open point converter technology, TPS concluded 
that this higher switching frequency technology should be applied to this product in order to 
achieve all of the benefits cited above. To this end, realistic performance improvement and 
cost reduction targets have been identified relative to the current (first) generation product. 
 
As with any technology development, a benefits and resulting value assessment needs to be 
undertaken before concluding on a suitable specification that achieves a viable solution. 
Taking this into consideration, and the fact that evaluation of SOP performance to date has 
only been considered with respect to active power transfer, TPS have proposed a split 
approach to its production SOP converters: 
 
Approach 1:  Upgrade the current design of method 2 and method 3 converters with higher 
switching frequency semiconductor technology to achieve the core benefits afforded to the 
existing architecture, and most notably controlled phase balance improvement.  
 
Approach 2: Simplify the current design of method 2 and method 3 converters, sacrificing 
additional benefits including controlled phase balance improvement, to focus on a cost 
optimised solution capable of achieving the primary and a reduced number of secondary 
benefits.  
NOTE: This approach can only be taken in consideration to a network with restricted 
imbalance characteristics! 
 
Whilst UK Power Networks would need to evaluate the value of the non-primary benefits 
afforded to approach 2, the comparison below (Table 1) at least provides an indicator as to 
the comparative converter costs with respect to the current design volume costings. 
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Table 1; Comparison of generation 1 and proposed production unit performance and cost 

 

Whilst in both approaches the cost and the performance of the converter can be enhanced 
substantially, the value of retaining controlled phase balance improvement must be 
considered with respect to increased cost. Clearly this benefit comes at a premium of 35% on 
cost versus the second approach of focussing on a unit that does not deliver benefits with 
respect to phase balance improvement. Regardless of approach taken, significant 
improvements can be made across all target measurables to achieve a lightweight, efficient, 
audibly sensitive and cost effective product. 


