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Glossary 

 

Term Definition 

ALVIN Automated Low Voltage Intelligent Network 

CB Circuit Breaker ς in the context of this report, this refers to an Alvin 
wŜŎƭƻǎŜϰ ŘŜǾƛŎŜΣ ŎƻƴǘŀƛƴƛƴƎ ŀ ŎƻƴǘǊƻƭƭŀōƭŜ ŎƛǊŎǳƛǘ ōǊŜŀƪŜǊ 

FAT Factory Acceptance Test 

Loadsense Logic based control software developed by the OpenLV Project and 
tested as part of the Stage 2 FATs 

LV Low Voltage 

NOP Normally Open Point 

SAT Site Acceptance Test 

SS Substation 
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1 Introduction 

This document provides additional detail to support the Stage 2 Factory Acceptance Tests 
(FATs) undertakŜƴ ŀǘ 9! ¢ŜŎƘƴƻƭƻƎȅΩǎ /ŀǇŜƴƘǳǊǎǘ hŦŦƛŎŜǎ ƻƴ Wǳƭȅ мнth, 2018. 

¢ƘŜǎŜ ǘŜǎǘǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ !ƭǾƛƴ wŜŎƭƻǎŜϰ ƘŀǊŘǿŀǊŜ ōȅ ǘƘŜ [±-
/!tϰ ǇƭŀǘŦƻǊƳ but it was not practicable to provide the detail necessary to explain the 
operation of the Loadsense application. 

¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ōŜƭƻǿΣ ǇǊƻǾƛŘŜǎ ŀ ΨǿŀƭƪǘƘǊƻǳƎƘΩ ƻŦ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ǇǊƻŎŜǎǎ ƻŦ ǘƘŜ [ƻŀŘǎŜƴǎŜ 
application, and details the data gathered, generated and utilised, to drive the behaviour 
demonstrated in the Stage 2 FATs. 

2 Test Environment 

2.1 Software 

The following software versions were used in the FAT: 

¶ Modbus RTU Sensor Application  2404-SWREL-S011-V03.07.00 

production 

¶ Transformer Thermal Ratings   2579-SWREL-S011-V00.02.01 

production 

¶ Peer to Peer communications  2661-SWREL-S011-V00.05.00 

production 

¶ Load Profiler     2662-SWREL-S011-V00.02.06 

production 

¶ OpenLV Operating System configuration 2826-SWREL-V00.01.08 
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2.2 Network Configuration 

The LoadSense software works with a pair of LV substations on the same 11kV feeder (with 
no normally-open point between them), which are also interconnected at LV via a 
άƳŜǎƘƛƴƎέ ŦŜŜŘŜǊ ǿƘƛŎƘ Ƙŀǎ ŀ ƭƛƴƪ ōƻȄ ƻƴ ƛǘΦ ¢ǊŀŘƛǘƛƻƴŀƭƭȅ ǘƘƛǎ ƭƛƴƪ ōƻȄ ǿƻǳƭŘ ōŜ ŀ ƴƻǊƳŀƭƭȅ 
open point with the links not fitted, except under fault conditions when a back-feed could 
be established. 

For the OpenLV project the links will be permanently fitted to the link box, forming a 
continuous feeder between the two substations. !ƭǾƛƴ wŜŎƭƻǎŜϰ LV Circuit Breakers will be 
fitted in place of the LV board fuses at both ends of the feeder. 

At substation Site (Substation) 2, the Circuit Breaker will always be closed (unless there is a 
fault on the feeder, which will trip it) and so this substation will contribute to powering the 
meshing feeder. At Site (Substation) 1, the Circuit Breaker will be controlled by LoadSense. 
If the Circuit Breaker at Site 1 is open, then the complete meshing feeder load will be 
supplied from Site 2. If the Circuit Breaker at Site 1 is closed, then the meshing feeder load 
will be shared between Sites 1 and 2. 

The default state is to operate with the Site 1 Circuit Breaker open (Figure 1). However, if 
this will cause an overload at Site 21, then LoadSense may decide to close this Circuit 
Breaker (Figure 2). This will reduce the transformer load (and hence in time transformer 
temperature) at Site 2 but increase the load (and hence temperature) at Site 1. 

                                                      

1 ²ƛǘƘƛƴ ǘƘŜ hǇŜƴ[± ǇǊƻƧŜŎǘ ǘƘƛǎ ƛǎ ƎǳŀǊŀƴǘŜŜŘ ǘƘǊƻǳƎƘ ǎŜǘǘƛƴƎ ǘƘŜ ΨƻǾŜǊƭƻŀŘ ǘƘǊŜǎƘƻƭŘΩ ǘƻ ŀ ƭƻǿŜǊ level than 
would be utilised in a business-as-usual scenario. 
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Figure 1: Distribution network with OpenLV managed installation ς Energised from Substation 2 

 

 

Figure 2: Distribution network with OpenLV managed installation ς Energised from Substations 1 & 2 
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The logic for the operation of the switch is shown in below in Figure 3. 

 

Figure 3: Operation logic for Loadsense 
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2.3 Test Data 

The test data for the FAT was generated from the following spreadsheets: 

¶ 2930-TSTDC-S001-V00.08.00 ς load-current-generator-site1 

¶ 2930-TSTDC-S002-V00.08.00 ς load-current-generator-site2 

Note that in this version (V00.08.00) the ALVIN output topics have been disabled by 
ǇǊŜŦƛȄƛƴƎ ǘƘŜƳ ǿƛǘƘ ά-έ ǎƻ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƴƻǘ ǇƛŎƪŜŘ ǳǇ ōȅ [ƻŀŘ{ŜƴǎŜΦ 9Řƛǘ ǘƘŜ άƻǳǘǇǳǘέ ǎƘŜŜǘ 
first row to reverse this if real ALVIN hardware is not available for testing. 

These sheets can be made available if requested but are not included within this document. 

2.3.1 Site 1 

The load at each site is split into two components: 

1. the meshed feeder load (which is affected by the position of the !ƭǾƛƴ wŜŎƭƻǎŜϰ 
Circuit Breaker); and 

2. ǘƘŜ άƻǘƘŜǊέ ƭƻŀŘ ƻƴ ǘƘŜ ƻǘƘer feeders at the site, which is not affected by the Alvin 
wŜŎƭƻǎŜϰ Circuit breaker position. 

Each load is made up of a load curve in 10-minute steps, taken from the LV Network 
Templates project spreadsheet. 

¢ƘŜ άƻǘƘŜǊέ ƭƻŀŘ ŀǘ {ƛǘŜ м ǳǎŜǎ ǘƘŜ [± ¢ŜƳǇƭŀǘŜ 4 (High Domestic Dominance (~90%) (Low 
Customer Size ~70)) Winter load curve, scaled for a maximum current of 250A per phase. 
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Figure 4: ΨhǘƘŜǊΩ [ƻŀŘ tǊƻŦƛƭŜ ς Site 1 
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2.3.2 Site 2 

¢ƘŜ άƻǘƘŜǊέ ƭƻŀŘ ŀǘ {ƛǘŜ н ǳǎŜǎ ǘƘŜ [± ¢ŜƳǇƭŀǘŜ н όaƻŘŜst Domestic Dominance (~60%) 
(Suburban)) Winter load curve, scaled for a maximum current of 250A per phase. 
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Figure 5 - ΨhǘƘŜǊΩ [ƻŀŘ tǊƻŦƛƭŜ ς Site 2 

2.3.3 Meshing Feeder 

The meshing feeder load uses the LV Template 9 (Domestic Economy 7 Dominance (~65%)) 
Winter load curve, scaled for a maximum current of 150A per phase. 
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Figure 6: Load Profile - Meshing Feeder 
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3 Loadsense verification 

Successful operation of the Loadsense software was demonstrated in the Stage 2 FATs 
through the use of simulated data in each LV-/!tϰ ǇƭŀǘŦƻǊƳΦ  Lǘ ǿŀǎ ǎƘƻǿƴ ǘƘŀǘ the 
implementation of the Loadsense control system reduces load at Site 1 at peak times when 
Loadsense is operational. 

The below sections (3.1 ς 3.3) detail: 

¶ Transformer load and temperatures in an unmeshed (circuit breaker open) system; 

¶ Transformer load and temperatures in a meshed (circuit breaker closed) system; and 

¶ Transformer load and temperatures in an automatically unmeshed system. 

Section 3 of this report is intended to simply demonstrate that the control system operates 
to transfer load from one substation to another, whilst greater detail, expanding on the 
specific operation of the Loadsense process is provided in the appendix. 
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3.1 Open circuit breaker operation 

The plots in this section (3.1) show the load profiles for each transformer (Site 1 and Site 2), 
the connecting feeder, and the resulting transformeǊ ΨIƻǘ{ǇƻǘΩ ǘŜƳǇŜǊŀǘǳǊŜΦ 

Key points are: 

¶ The circuit breaker at Site 1 is open, without any automatic control; 

¶ The full load of the connecting feeder is fed from Site 2. 

Site 1: Circuit Breaker ς Open 

Figure 7 shows the overall loŀŘ ƻŦ ǘƘŜ {ƛǘŜ м ¢ǊŀƴǎŦƻǊƳŜǊΣ ǿƘŜƴ ǘƘŜ !ƭǾƛƴ wŜŎƭƻǎŜϰ ŎƛǊŎǳƛǘ 
breaker is permanently open; it peaks and dips to approximately 255A and 115A 
respectively. 

As a result of the open circuit breaker, the measured load on the connecting feeder is zero 
due to it being fed entirely from Site 2. 

The Transformer HotSpot temperature ranges from approximately 45 to 70 degrees Celsius. 

 

Figure 7: Site 1 - Circuit Breaker - Open 
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Site 2: Circuit Breaker ς Open 

Figure 8 ǎƘƻǿǎ ǘƘŜ ƻǾŜǊŀƭƭ ƭƻŀŘ ƻŦ ǘƘŜ {ƛǘŜ н ¢ǊŀƴǎŦƻǊƳŜǊ ǿƘŜƴ ǘƘŜ !ƭǾƛƴ wŜŎƭƻǎŜϰ ŎƛǊŎǳƛǘ 
breaker (at Site 1) is permanently open; it peaks and dips to approximately 360A and 225A 
respectively. 

As a result of the open circuit breaker, the measured load on the connecting feeder is 
moderate, with a high overnight peak, due to it being fed entirely from Site 2, ranging from 
approximately 35A to 140A. 

The Transformer HotSpot temperature ranges from approximately 75 to 95 degrees Celsius. 

 

 

Figure 8: Site 2 - Circuit Breaker - Open 
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Site 1 & Site 2: Circuit Breaker ς Open 

When the plots are combined, it can be seen that the Site 2 transformer load is significantly 
higher than that of Site 1 and is significantly influenced by the connecting feeder load and 
the overnight peak. 

Similarly, the Site 2 transformer temperature is both higher than at Site 1, but whilst similar 
in shape, is also offset to later each day as a result of the Economy 7 profile. 

 

Figure 9: Site 1 & Site 2 - Circuit Breaker - Open 
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3.2 Closed circuit breaker operation 

The plots in this section (3.2) show the load profiles for each transformer (Site 1 and Site 2), 
ǘƘŜ ŎƻƴƴŜŎǘƛƴƎ ŦŜŜŘŜǊΣ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ǘǊŀƴǎŦƻǊƳŜǊ ΨIƻǘ{ǇƻǘΩ temperature. 

Key points are: 

¶ The circuit breaker at Site 1 is closed, without any automatic control; 

¶ The full load of the connecting feeder is shared, at an assumed distribution of 
50%/50% between Site 1 and Site 2. 

This results in an increase in Site 1 load and a decrease for Site 2, with equivalent impact on 
the transformer temperatures as the feeder load is shared between the transformers. 

Site 1: Circuit Breaker ς Closed 

Figure 10 shows the overall load of the Site 1 Transformer, ǿƘŜƴ ǘƘŜ !ƭǾƛƴ wŜŎƭƻǎŜϰ ŎƛǊŎǳƛǘ 
breaker is permanently closed and thus sharing the load of the connecting feeder; it peaks 
and dips to approximately 280A and 155A respectively. 

With the circuit breaker closed, the measured load on the connecting feeder fluctuates 
between 18A and 70A. 

The Transformer HotSpot temperature ranges from approximately 55 to 80 degrees Celsius. 

 

Figure 10: Site 1 - Circuit Breaker - Closed 
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Site 2: Circuit Breaker ς Closed 

Figure 11 ǎƘƻǿǎ ǘƘŜ ƻǾŜǊŀƭƭ ƭƻŀŘ ƻŦ ǘƘŜ {ƛǘŜ м ¢ǊŀƴǎŦƻǊƳŜǊΣ ǿƘŜƴ ǘƘŜ !ƭǾƛƴ wŜŎƭƻǎŜϰ ŎƛǊŎǳƛǘ 
breaker is permanently closed and thus sharing the load of the connecting feeder; it peaks 
and dips to approximately 290A and 205A respectively. 

With the circuit breaker closed, the measured load on the connecting feeder matches that 
experienced by Site 1 and fluctuates between 18A and 70A. 

The Transformer HotSpot temperature ranges from approximately 65 to 80 degrees Celsius. 

 

Figure 11: Site 2 - Circuit Breaker - Closed 
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Site 1 & Site 2: Circuit Breaker ς Closed 

When the plots are combined, it can be seen in Figure 12 that when the circuit breaker is 
permanently closed, in comparison to Figure 9, the load experienced by each transformer is 
more evenly distributed. 

The connecting feeder load is assumed to be equal for each transformer (with Site 1 
LocalFeeder underneath the Site 2 LocalFeeder line on the below plot). 

Having the circuit breaker closed, reduces the overall load, and subsequent transformer 
temperature at Site 2, whilst increasing both at Site 1. 

 

Figure 12: Site 1 & Site 2- Circuit Breaker - Closed 
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3.3 Autonomous circuit breaker operation 

The plots in this section show the load profiles for each transformer (Site 1 and Site 2), the 
ŎƻƴƴŜŎǘƛƴƎ ŦŜŜŘŜǊΣ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ǘǊŀƴǎŦƻǊƳŜǊ ΨIƻǘ{ǇƻǘΩ ǘŜƳǇŜǊŀǘǳǊŜΦ 

Key points to note in this situation are: 

¶ The circuit breaker at Site 1 is allowed to operate autonomously, as determined by 
the Loadsense control algorithm; 

¶ The full load of the connecting feeder is shared, at an assumed distribution of 
50%/50% between Site 1 and Site 2, when the circuit breaker at Site 1 is closed. 

The breaker is closed to share load of the connecting feeder between the substations across 
the overnight peak when Site 2 load is at its peak, resulting in an increase in Site 1 load and 
a decrease for Site 2. 

The benefits demonstrated to the Site 2 transformer in Figure 12 are less significant when 
the circuit breaker operates autonomously, due to the circuit breaker only occasionally 
being closed to alleviate peak loading forecasts. 
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Site 1: Autonomous Circuit Breaker Operation 

Figure 13 shows the oveǊŀƭƭ ƭƻŀŘ ƻŦ ǘƘŜ {ƛǘŜ м ¢ǊŀƴǎŦƻǊƳŜǊΣ ǿƘŜƴ ǘƘŜ !ƭǾƛƴ wŜŎƭƻǎŜϰ ŎƛǊŎǳƛǘ 
breaker operates autonomously, under the control of the Loadsense application; it peaks 
and dips to approximately 255A and 115A respectively.  

The orange trace shows the circuit breaker position, όǿƘŜǊŜ ΨƘƛƎƘΩ ƛǎ ŎƭƻǎŜŘ ŀƴŘ ΨƭƻǿΩ ƛǎ 
open), having a clear effect on the Site 1 transformer load.  The measured load on the 
connecting feeder is zero, except during the periods where the breaker is closed.  The 
smooth reduction in transformer load shown in Figure 7 is broken by the increase in load 
from the connecting feeder when the breaker is closed. 

The Transformer HotSpot temperature ranges from approximately 50 to 70 degrees Celsius, 
showing that the closing of the circuit breaker prevents the transformer from cooling as far 
as was managed previously. 

 

Figure 13: Site 1 - Circuit Breaker - Autonomous 
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It can be seen in Figure 14 that where the circuit breaker is allowed to operate 
autonomously, it closes to share the load between Sites 1 and 2 across the LocalFeeder 
connection. 

This results in a sharp increase in current through the LocalFeeder at Site 1, subsequently 
reversing the steady decline experienced at that point.  As the load begins to drop at Site 2, 
ǘƘŜ ŘƻǿƴǘǊŜƴŘ ǊŜǎǳƳŜǎΣ ǳƴǘƛƭ ǘƘŜ ŎƛǊŎǳƛǘ ōǊŜŀƪŜǊ ƻǇŜƴǎ ŀƴŘ ŀ ǎƘŀǊǇ ŘǊƻǇ ǘƻ ǘƘŜ Ψ/ƛǊŎǳƛǘ 
.ǊŜŀƪŜǊ hǇŜƴΩ ǇǊƻŦƛƭŜ ƻŎŎǳǊǎΦ 

The difference in total transformer load can be seen, along with the impact on the overall 
transformer temperature, which never quite drops to the lowest temperature experience in 
ŀ Ψ/ƛǊŎǳƛǘ .ǊŜŀƪŜǊ hǇŜƴΩ ǎŎŜƴŀǊƛƻΣ ŀƭǘƘƻǳƎƘ ǘƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ƛǎ ǳƴŎƘŀƴƎŜŘΦ 

 

Figure 14: Site 1 - Circuit Breaker Comparison ς Open to Autonomous 
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Site 2: Autonomous Circuit Breaker Operation 

Figure 15 ǎƘƻǿǎ ǘƘŜ ƻǾŜǊŀƭƭ ƭƻŀŘ ƻŦ ǘƘŜ {ƛǘŜ н ¢ǊŀƴǎŦƻǊƳŜǊΣ ǿƘŜƴ ǘƘŜ !ƭǾƛƴ wŜŎƭƻǎŜϰ ŎƛǊŎǳƛǘ 
breaker operates autonomously, under the control of the Loadsense application; it peaks 
and dips to approximately 315A and 208A respectively.  

¢ƘŜ ƻǊŀƴƎŜ ǘǊŀŎŜ ǎƘƻǿǎ ǘƘŜ ŎƛǊŎǳƛǘ ōǊŜŀƪŜǊ ǇƻǎƛǘƛƻƴΣ όǿƘŜǊŜ ΨƘƛƎƘΩ ƛǎ ŎƭƻǎŜŘ ŀƴŘ ΨƭƻǿΩ ƛǎ 
open), having a clear effect on the Site 2 transformer load.  The measured load on the 
connecting feeder shows an immediate drop when the breaker is closed, and an increase 
when opened. 

The Transformer HotSpot temperature ranges from approximately 70 to 90 degrees Celsius, 
showing that the closing of the circuit breaker reduces the overall transformer temperature, 
in comparison to the situation in Figure 8 where the circuit breaker is open. 

 

Figure 15: Site 2 - Circuit Breaker - Autonomous 
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It can be seen in Figure 16 that where the circuit breaker is allowed to operate 
autonomously, it closes to share the load between Sites 1 and 2 across the LocalFeeder 
connection. 

This results in a short decrease in current through the LocalFeeder at Site 2, before the 
sharp load increase predicted by the system occurs.  The increase is not as significant as 
ŀƴǘƛŎƛǇŀǘŜŘ ŦƻǊ ŀ Ψ/ƛǊŎǳƛǘ .ǊŜŀƪŜǊ hǇŜƴ {ŎŜƴŀǊƛƻΩ ŀǎ {ƛǘŜ м ƛǎ ǎƘŀǊƛƴƎ ǘƘŜ ƭƻŀŘΦ 

The difference in total transformer load can be seen, along with the impact on the overall 
transformer temperature, seen with a notable decrease in the maximum and a marginal 
decrease in the minimum operating temperatures. 

 

Figure 16: Site 2 - Circuit Breaker Comparison ς Open to Autonomous 
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Site 1 & Site 2: Autonomous Circuit Breaker Operation 

In comparison to Figure 9, it can be seen in Figure 17 that with the circuit breaker at Site 1 
operating automatically, the load experienced by each transformer is more evenly 
distributed during period of peak network loading. 

The connecting feeder load is assumed to be equal for each transformer (with Site 1 
LocalFeeder underneath the Site 2 LocalFeeder line on the below plot), when the circuit 
breaker is closed. 

Figure 17 clearly shows that the automatic operation of the circuit breaker is transferring 
some load from the connecting feeder, initially energised from the transformer at Site 2, to 
the transformer at Site 1. 

 

Figure 17: Site 1 & Site 2 - Circuit Breaker - Autonomous 

Appendix 1 details the operational characteristics of the Loadsense software, providing a 
step by step process of how the forecasting and decision process is implemented. 
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Figure 21 shows the decrease in load, and subsequently, transformer operating 
temperature, in response to the control system operating autonomously and enabling a 
transfer of load from Site 2 to Site 1 along the connecting feeder.  It is assumed that 50% of 
the total feeder load will be transferred. 

 

Figure 18: Site 2 & Site 1 Feeder- Circuit Breaker - Autonomous 

¢ƘŜ ǘŜǎǘ ǎǳŎŎŜǎǎŦǳƭƭȅ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǘǊŀƴǎŦŜǊ ƭƻŀŘ ōŜǘǿŜŜƴ 
interconnected substations and hence, deliberately reduce load and overall operating 
temperature for a more heavily loaded asset.  At the same time, consideration of the 
ΨǎǳǇǇƻǊǘƛƴƎΩ ŀǎǎŜǘ ǿŀǎ ƳŀƛƴǘŀƛƴŜŘ ǘƻ ǇǊƻǘŜŎǘ ōƻǘƘ ǘǊŀƴǎŦƻǊƳŜǊǎΦ 
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Appendix 1. LoadSense Operation 

The LoadSense software consists of several connected elements; the full implementation in 
Figure 19 looks complex but most of this is due to data flows appearing in triplicate for all 
three phases. 

The first stages are identical at Site 1 and Site 2. 

 

Figure 19: Loadsense implementation 
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3.4 Predicted Loads 

To make decisions in the LoadSense Application, it is necessary to be able to predict the 
transformer temperature for four hours into the future. This first requires predicting the 
load current for the same period. 

Two predictions are carried out, one for the case where the !ƭǾƛƴ wŜŎƭƻǎŜϰ Circuit Breaker 
at Site 1 is open, and the other for the case where the !ƭǾƛƴ wŜŎƭƻǎŜϰ Circuit Breaker at Site 
1 is closed. These predictions consider the state of the circuit breaker when the 
measurements were made, hence why the meshing feeder current as well as the measured 
transformer load current is considered. 

3.4.1 Site 1 

For Site 1 with the !ƭǾƛƴ wŜŎƭƻǎŜϰ Circuit Breaker held (always) ƻǇŜƴΣ ǿŜ ƘŀǾŜ ǘƘŜ άƻǘƘŜǊέ 
load but a negligible feeder load, (Figure 20). 

¶ Blue trace (LocalTxTotal) ς ¢ƘŜ ΨƻǘƘŜǊ ƭƻŀŘΩ ŎƻƳǇǊƛǎƛƴƎ ŀƭƭ ƭƻŀŘ ƻƴ ǘƘŜ {ƛǘŜ м 
ǘǊŀƴǎŦƻǊƳŜǊ ŜȄŎŜǇǘ ŦƻǊ ǘƘŀǘ ƛƴǘǊƻŘǳŎŜŘ ŦǊƻƳ ǘƘŜ ΨƳŜǎƘƛƴƎ ŦŜŜŘŜǊΩΦ 

¶ Red trace (LocalFeeder) ς The load introduced to the Site 1 transformer from the 
ΨƳŜǎƘƛƴƎ ŦŜŜŘŜǊΩΦ 
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Figure 20: Measured Currents ς Site 1 
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As the days are all identical in the test, Figure 21 shows the first day in more detail. 

We can overlay the predicted transformer current when the !ƭǾƛƴ wŜŎƭƻǎŜϰ /ircuit Breaker 
is open, onto the graph of actual current. Taking the prediction made at 01:00:00 UTC on 
2018/01/08, we can see that it lies on top of the actual transformer load. The orange hour-
glass denotes the point in time at which the prediction (shown as the green line) was issued. 
At the point the blue line on the graph would have stopped at the orange marker. As time 
carried on we can see that the blue (actual) line lies very close to the green prediction. 

Again, with the prediction made at 18:00:00 UTC on 2018/01/08 the same happens 
confirming we have predictions of the load with the circuit breaker open. The accuracy of 
the prediction in this scenario is enhanced by the unchanging load profile from day-to-day. 
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Figure 21: Site 1_CB-Open ς Measured & Predicted Currents 
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With respect to the prediction of the loading at Site 1, if the Site 1 !ƭǾƛƴ wŜŎƭƻǎŜϰ Circuit 
Breaker were to be closed, an assumption is required about the sharing of the meshing 
feeder load between the two transformers. For this analysis2, we assume that 50% of the 
meshing feeder load will be transferred to Site 1. 

2018/01/07 00:00:00 2018/01/08 00:00:00 2018/01/09 00:00:00 2018/01/10 00:00:00 2018/01/11 00:00:00 2018/01/12 00:00:00

0

50

100

150

200

250

300

350

Closed Current Site 1

LocalTxTotal Meshing Feeder ClosedLoad
Time

A
m

p
s
 R

M
S

 

Figure 22: Closed Current ς Site 1 

Here (Figure 22), we see the following: 

¶ Blue trace (LocalTxTotal) ς The total load experienced by the Site 1 transformer with 
ǘƘŜ {ƛǘŜ м /ƛǊŎǳƛǘ .ǊŜŀƪŜǊ ΨƻǇŜƴΩΦ 

¶ Yellow trace (Meshing Feeder) ς The total load associated with the meshing feeder. 

¶ Brown trace (ClosedLoad) ς The total load that would be experienced by the Site 
transformer if the Site 1 Circuit Breaker were closed, thus taking 50% of the meshing 
feeder load. 

                                                      

2 Refinement of the feeder load distribution has been allowed for within the project, as more information 
becomes available as the trials progress. 
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Looking again at 1 day, 2018/01/08, (Figure 23) we can show the predicted loads and the 
outcome closed load. Again, the data matches up very well thanks to the repetitive nature 
of the testing load curve. 
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Figure 23: Site 1_CB-Closed ς Measured and Predicted Closed Currents ς Site 1 
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Turning now to a situation where the Site 1 !ƭǾƛƴ wŜŎƭƻǎŜϰ /ircuit Breaker is held closed 
and the network is always meshed, the measurements show the meshed feeder drawing 
ƘŀƭŦ όŀǎ ōŜŦƻǊŜύ ƻŦ ƛǘΩǎ ŎǳǊǊŜƴǘ ŦǊƻƳ {ƛǘŜ мΦ ŀƴŘ ōǊƛƴƎƛƴƎ ŀƴ ƻǾŜǊƴƛƎƘǘ ǇŜŀƪ ƛƴǘƻ the Site 1 
curve (Figure 24). 
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Figure 24: Site 1_CB-Closed ς Measured Currents ς Site 1 
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Post-FAT Analysis 

The closed load predictions at 13:00 and 23:00 on 2018/02/27 are a straightforward overlay 
onto the measured load current (Figure 25). 

This is because there is no calculation to obtain the closed load when the Site 1 Alvin 
wŜŎƭƻǎŜϰ Circuit Breaker is already closed. 

2018/02/27 12:00:00 2018/02/27 16:00:00 2018/02/27 20:00:00 2018/02/28 00:00:00 2018/02/28 04:00:00 2018/02/28 08:00:00 2018/02/28 12:00:00

0

50

100

150

200

250

300

Measured and Predicted Closed Currents Site 1

Prediction 1 Made Prediction 1 Values Prediction 2 Made Prediction 2 Values LocalTxTotal

Time

A
m

p
s
 R

M
S

 

Figure 25: Site 1_CB-Closed ς Measured and Predicted Closed Currents ς Site 1 
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With the Circuit Breaker closed, we must calculate the loads which would occur if it were 
opened. This is robust because it simply involves subtracting the feeder load from the total 
load (both local measurements) to get the remainder of the Site 1 load (Figure 26). 
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Figure 26: Site 1_CB-Closed ς Calculated Loads ς Site 1 

The resulting plots are: 

¶ Brown trace (ClosedLoad) ς Total load experienced by the Site 1 transformer where 
the Site 1 Circuit Breaker is closed. 

¶ Green trace (OpenLoad) ς The total experienced by the Site 1 transformer where the 
Site 1 Circuit Breaker open; equal to: 

¶ ǘƘŜ ΨƻǘƘŜǊ ƭƻŀŘΩ ŦƻǊ {ƛǘŜ мΤ 

¶ total load less 50% of the meshing load; or 

¶ total load less the monitored load of the meshing feeder at Site 1. 

The brown trace is equal to the blue trace shown in Figure 24. 
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Again, we can plot the predictions of open state load current overlaid on Figure 27 to show 
they are correct. 
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Figure 27: Site 1_CB-Closed ς Calculated and Predicted Currents Circuit Breaker were opened 
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Finally, we examine some data with the {ƛǘŜ м !ƭǾƛƴ wŜŎƭƻǎŜϰ /ircuit Breaker switching in 
and out over the course of the day (Figure 28). 

This results in local feeder load current when the Circuit Breaker is closed, and none when 
the Circuit Breaker is open. A corresponding increase in the total transformer load when the 
Circuit Breaker is closed is also showƴΦ ! /ƛǊŎǳƛǘ .ǊŜŀƪŜǊ tƻǎƛǘƛƻƴ ƻŦ άмέ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ 
Circuit Breaker is closed, ŀƴŘ άлέ ƛƴŘƛŎŀǘŜǎ it is open. 
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Figure 28: Measured Currents ς Site 1 

This graph just shows the measurements, which demonstrates our test data is correct. The 
calculations of Open and Closed load currents must be carried out considering the position 
of the Circuit Breaker at the time. 

The resulting plots look the same as they always have done, which is the point of these 
calculations ς we can arrive at the load current for each fixed network configuration, even 
though the actual network configuration is changing over time. 
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Figure 29: Calculated Feeder Currents ς Site 1 

The prediction of the future open and closed load currents from this data (Figure 29) goes 
exactly as before, with the graphs looking just the same because they are based on the 
same open and closed currents. 
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3.4.2 Site 2 

The story at Site 2 is similar but requires consideration of the different effect of the meshing 
feeder. With the {ƛǘŜ м !ƭǾƛƴ wŜŎƭƻǎŜϰ Circuit Breaker held (always) open, we have the 
άƻǘƘŜǊέ ƭƻŀŘ ŀƴŘ all the meshing feeder load on the Site 2 transformer.  

Here, (Figure 30), we see the following plots: 

¶ Blue trace (LocalTxTotal) ς Total load on the Site 2 Transformer when the Circuit 
Breaker at Site 1 is open. 

¶ Red trace (LocalFeeder) ς Total load on the meshing feeder. 
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Figure 30: Site 1_CB-Open ς Measured Currents ς Site 2 
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Post-FAT Analysis 

Next look at the first day in more detail (Figure 31), overlaying the predicted transformer 
current with the circuit breaker held open onto the graph of actual current. Taking the 
prediction made at 01:00:00 UTC on 2018/01/08, we can see that it lies on top of the actual 
transformer load, and again with the prediction made at 18:00:00 UTC on 2018/01/08 the 
same happens. So, we have predictions of the load with the {ƛǘŜ м !ƭǾƛƴ wŜŎƭƻǎŜϰ /ircuit 
Breaker open. As this depends only on the (very predictable) measured load, the accuracy is 
higher than would be expected in a business-as-usual scenario. 
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Figure 31: Site 1_CB-Open ς Measured and Predicted Open Currents ς Site 2 
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Moving on to the prediction of the loading with the {ƛǘŜ м !ƭǾƛƴ wŜŎƭƻǎŜϰ Circuit Breaker 
closed, we must assume about the sharing of the meshing feeder load between the two 
transformers. For this sequence of project tests, we have assumed that 50% of the meshing 
feeder load will be transferred to Site 1. 
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Figure 32: Measured Currents ς Site 2 

Here, (Figure 32), we see the following plots: 

¶ Blue trace (LocalTxTotal) ς Total transformer load at Site 2 with the Circuit Breaker 
at Site 1 open. 

¶ Yellow trace (LocalFeeder) ς Total load on the local (meshing) feeder. 

¶ Brown trace (ClosedLoad) ς Total transformer load at Site 2 with the Circuit Breaker 
at Site 1 closed. (In this instance, 50% of the meshing feeder load is transferred from 
the Site 2 transformer to Site 1.) 
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Looking again at 1 day, 2018/01/08 (Figure 33), we can show the predictions of closed load 
and the outcome closed load. The data matches up very well. 

 

Figure 33: Measured and Predicted Closed Currents ς Site 2 
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When the {ƛǘŜ м !ƭǾƛƴ wŜŎƭƻǎŜϰ Circuit Breaker is closed, the load on the meshing feeder, at 
Site 2 is smaller due to Site 1 taking 50% of the load.  Consequently, it has a less dominant 
impact on the site total load as shown in Figure 34. 
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Figure 34: Measured Currents ς Circuit Breaker Closed ς Site 2 
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Calculating the currents, the pattern reverses ς the closed load is the same as the measured 
transformer load, and for the open load we must add on the additional load we expect to 
be transferred from the meshing feeder. This results in the same graph (Figure 35) as when 
the Circuit Breaker is open, despite the different measurement inputs. 
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Figure 35: Calculated Feeder Currents ς Site 2 - Closed 
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²ƘŜƴ ǘƘŜ {ƛǘŜ м !ƭǾƛƴ wŜŎƭƻǎŜϰ /ƛǊŎǳƛǘ .ǊŜŀƪŜǊ ƛǎ ƻǇŜƴΣ ǘƘŜ ƭƻŀŘ ŀǘ {ƛǘŜ н ƛǎ ƛƴŎǊŜŀǎŜŘ ŘǳŜ ǘƻ 
managing the full load of the Meshing Feeder.  Due to the meshing feeder load having 
Economy 7 dominance, the load on the transformer is correspondingly higher still during 
the Economy 7 peak. 

From these calculated currents predictions are made for the two cases(Figure 36 & Figure 
37), Circuit Breaker open and closed, as before. These again track the actual curve closely 
because of the consistent input data. 
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Figure 36: Measured and Predicted Open Currents ς Circuit Breaker Closed ς Site 2 
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Figure 37: Measured and Predicted Closed Currents ς Circuit Breaker Closed ς Site 2 




































































