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Glossary
Term Definition
ALVIN Automated Low Voltage Intelligent Network
CB Cirpujt Breakelc in thg context oj this report, :[his refers to an Alv
wSOf 2aSu RSYUAOSXZ O2yul AyAy3a |
FAT Factory Acceptance Test
Loadsense Logic based control software developed by t®eenLV Project anc
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
(FATspndertakSy |4 9! ¢SOKy 2t 238Qa ™/2018)Sy KdzNBG hTFFA
tKSaS (Sadta RSY2yaiuNr SR GKS adz00SaafdzAd 02yl
/ !t n LJbutitFvasNadwt practicable to provide the detail necessary to explain the
operation of theLoadsense application.

CKS AYF2NNIGA2Y 0St263 LINBPOGARSAE | Wgl 1 3G§KNRJ
application, and details the data gathered, generated and utilised, to drive the behaviour
demonstrated in the Stage 2 FATS.

2 Test Environment

2.1 Sdtware
The following software versions were used in the FAT:
1 Modbus RTU Sensor Application 2404SWRES011Vv03.07.00
production
1 Transformer Thermal Ratings 2579 SWREIS011Vv00.02.01
production
1 Peerto Peer communications 2661-SWREIS011Vv00.05.00
production
1 Load Profiler 2662SWRES011Vv00.02.06
production

1 OpenLV Operating System configuration2826 SWREW00.01.08
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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 normallyopen poirt between them), which are also interconnected at LV via a
GYSakKAy3dé TFTSSRSNI 6KAOK Kla | tfAYy]l 02E 2y Al
open point with the links not fitted, except under fault conditions when a baekl could

be establishd.

For the OpenLV project the links will be permanently fitted to the link box, forming a
continuous feeder between the two substatiorisf @A y w$ Cifcudt BrSakers will be
fitted in place of the LV board fuses at both ends of the feeder.

At substaion Site(Substation@, 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 SitgSubstation)l, the Circuit Breaker will be contted 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 stag is to operate with theSite 1Circuit Breaker opefFigurel). However, if
this will cause an overloadt Site 2, then LoadSense may decide to closés tircuit
Breaker(Fgure 2). This will reduce th transformer load (and hence in time transformer
temperature) at Site 2 but increase the load (and hence temperature) at Site 1.

12 A0KAY GKS hLISy[+ LINRP2SO0 GKA& Aa 3IdzZ NI y e®Shan G K NR dz3 K
would be utilised in a business-usual scenario.
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bl with Richard Ash 2015/06/05
station

Substation
1

U OpenLV Managed Installation
Customer Loads Customer Loads
N N AN N N N
(0] 0] OO 00 00 00
o J = O = O = O =
Link box closed

Figurel: Distribution network with OpenLV managed installatiopEnergised fronSubstation 2

D lStrI b u tl 0 n N etWO r k Drawing: ZM&INSDW-SG{?Q{I?{;:;:.(IIEZ?;;
technology Wlth Richard Ash 2018/06/05

Substation

OpenLV Managed Installation

-

Customer Loads

Customer Loads

Link box closed

— L
—

Fgure 2: Distribution network with OpenLV managed installatioEnergised fronSubstatiors 1 & 2

E
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The logic for the operation of the switch is shown in belowigure3.

MNew temperature forecast for
Site 1 Circuit Breaker Closed

Wait for arrival of temperature forecast for
Site 2 Circuit Breaker Open

Co we
want to mesh?

No

©n this drawing:

Site 1 = controlled ALVIN Recloser

Site 2 = always closed ALVIN Recloser
(Matched to other development sheets - may not
match the S&I requirements document)

When the Recloser is closed to mesh the networks:
* Site 1 load goes up

* Site 1 transformer gets hotter

* Site 2 load goes down

* Site 2 transformer gets cooler

Is Tx 2 predicted to
exceed threshold
with CB open?

Yes

Should we mesh?
Is Tx 1 predicted to No

Quit Breaker

stay under threshold
with CB closed?

Yes

Can we mesh?
Are all phases of the No

feeder live at
=200V7?

Yes

Close Circuit Breaker

Figure3: Operation logic for Loadsense
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2.3 Test Data

The test data for the FAT was generated from the following spreadsheets:
1 2930TSTD&001V00.08.00; load-current-generatorsitel
1 2930TSTD&002v00.08.00; load-current-generatorsite2

Note that in this versin (V00.08.00) the ALVIN output topics have been disabled by
LINSFAEAY I GKSYIRBROKGKSE NB y28 LAOISR dzLJ 6@
first row to reverse this if real ALVIN hardware is not available for testing.

These sheetsan be mad available irequestedbut 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 Ay wSOf 2 &
Circuit Breaker)and

2. 0 KS a20KSNE effeedeR atzhg sité, Wi8ch B foKaffected by tAdvin
wS Of Zitctireaker position.

Each load is made up of a load curve innfiute steps, taken from the LV Network
Templates project spreadsheet.

¢CKS a20KSNE 2R |G 4(®ighDomestidiodi@rande K-80%]) (kow ¢ S Y LI
Customer Size ~70)) Winter load curve, scaled for a maximum current of 250A per phase.

Site 1 Other Load
300.0

250.0
200.0

150.0

Current (Amps)

100.0
50.0

0.0
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

— | ] CUIVE = |2 curve L3 curve

Figure4 Wh § KSNID [¢BiteR t NP FAE S
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2.3.2 Site 2

¢ KS
(Suburban)) Winter load curve, scaled for a maximum current of 250A per phase.

Current (Amps)

300.0

250.0

200.0

150.0

100.0

50.0

0.0

G20KSNE f2FR G { A0S st Bomaktic HaminankeS(~60%4)

Site 2 Other Load

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

— | ] CUIVE = |2 cuUrve L3 curve

Figure5-WYh G KSNID [¢BiteR t NBFAf S

2.3.3 Meshing Feeder

The meshing feeder load uses the LV Template 9 (Domestic Ecanbominance (~65%))
Winter load curve, scaled for a maximum current of 150A per phase.

Current (Amps)

160.0
140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

Meshing Feeder

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
Time
— | ] curve =2 curve L3 curve

Figure6: Load Profile- Meshing Feeder
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3 Loadsense verification

Successful operation of the Loadsense software was demonstrated in the StBges2
through the use of simulated data in each-L\V t 1 LJX F G F2 N¥Y ® the {
implementation of the Loadsense control system reduces ktafite l1at peak timesvhen
Loadsense is operational.

The below sections3(1¢ 3.3) detail:

=

1 Transformer load and temperatures in an unmeshed (circuit breaker open) system;
1 Transformer load and temperatures in a meshed (circuit breaker closed) system; and
1 Transformer load and temperatures in an automaliy unmeshed system.

Section3 of this report is intended tesimplydemonstrate that the control system operates
to transfer load from one substation to anothewnhilst greater detail, expanding on the
specific operation of t Loadsense process is provided in the appendix

Pagellof 79
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3.1 Open circuit breaker operation

The plots in this sectio(8.1) show the load profiles for each transformer (Site 1 and Site 2),
the connecting feeder, and the resulting transfeeNJ Wl 2 G { L2 G Q G S Y LIS NI (i dzNE

Key points are:
1 The circuit breaker at Site 1 is open, without any automatic control;
1 The full load of the connecting feeder is fed from Site 2.

Site 1 Circuit Breaker; Open

Figure7 shows the overallor R 2 F (GKS { A0S ™M ¢NIYyaAaT2NX¥YSNE 4|
breaker is permanently open; it peaks and dips to approximately 255A and 115A
respectively.

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

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

Site 1: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Open

400 100
90
350
80
300
70
250
60
— = LocalTxTotal
g 200 50 % LocalFeeder
4 E —— HotSpot
] T
=
E £
40 =
150
30
100
20
50
10
0 o

N s R s T e T L R s S Scs T L SA'» B~ SAe S e S s SRS s P S 'y S S S S s S S T s TPy S S P RS s B
R R R e L O N i gt Ll i G S g O e

"y

Figure7: Site 1- Circuit Breaker Open
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Site 2: Circuit Breaker Open

Figure8a K2 g a
breaker (at Site 1) is permanently open; it peaks and dips to approxinzG&y and225A
respectively.

0KS 20SNYrff 2R 2F GKS {AGS

As a resultof the open circuit breakerthe measured load on the cogecting feeder is
moderate with a high overnight pealdue to it being fed entirely from Site Panging from
approximately 35A to 140A.

The Transformer HotSpot temperature ranges from approximatéhp 95 degrees Celsius.

Amrps RMS

400

350

250

200

150

100

0

G

i1 T 0 s g e G e £
G R I O R

Site 2: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Open
100

—— LocalTxTotal
LocalFeader
= HotSpot

Terrperalure (C)

40

20

10

e R e S s s B N e R R S e R o G- e AR s B S R - B B RS I
g o g B N B B T Y S S o e S

444444

Datestamp

Figure8: Site2 - Circuit Breaker Open
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Site 1 & Site 2: Circuit BreakelOpen

Whenthe plots arecombined, it can be seen that the Site 2 transformer load is significantly
higher than that of Site 1 and is significantly influenced by the connectirdgfdead and
the overnight peak.

Similarly, the Site 2 transformer temperature is both higher than at Site lwhil$t similar
in shapejs also offseto later each day as a result of the Economy 7 profile.

Sites 1 & 2: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Open

400 100
90
350
80
300
70
250
50 = Sitel LocalTxTotal
—— Sitel LocalFeeder
[=) = Sitel HotSpot
o 200 02— site2 LocalTxTotal
“u; g Site2 LocalFeeder
E 2 — Site? HotSpot
0 =
150
30
100
20
50
10
0 0

o D b o i o A o i o o o D e 0 i i o D g i Sa fa
PP F PP PP LEL L E L FFFP PP F P F L L L P PP

Figure9: Site 1& Ste 2 - Circuit Breaker Open
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3.2 Closed circuit breaker operation

The plots in this sectio(8.2) show the load profiles for each transformer (Site 1 and Site 2),
GKS O2yySOlGAYy3a FSSRSNE | vy Rtenp&&ureNBS & dzf G Ay 3 (NI

Key points are:
1 The circuit breaker at Site 1 is closed, without any automatic control;

1 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 &dand 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, Closed

Figure10 shows the overall load of the Site 1 TransformeK Sy G KS 1 f Ay wSOf
breaker is permanentlglosed and thus sharing the load of the connecting fepdgueaks
and dips to approximately8DA and B5A respectively.

With the circuit breaker closedhe measured load on the connecting feed&ictuates
between 18A and 70A

The Transformer HotSpot temperature ranges from approximd&iBhp 80 degrees Celsius.

Site 1: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Closed

400 100
a0
350
80
300
o0
250
60
5 = LocalTxTotal
uz'_{ 200 50 @ LocalFeeder
o 2 HotSpot
4 £
= @
a0 2
150
30
100
20
50
10
0 o

R R A R R - R R I o e B S o S S S B aPa B R I e P B S S S - o S S i R i
R R St R POt g e g G P S

FigurelO: Site 1- Circuit Breaker Closed
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Site 2: Circuit Breakeg Closed

Figurella K2ga GKS 20SNIff f2FR 2F GKS {AdGS wm
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 breake dosed, the measured load on the connecting feeder matches that
experienced by Sité andfluctuates between 18A and 70A.

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

Site 2: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Closed

400 100
90
350
80
300
70
250
60
5 —— LocalTxTotal
] 200 50 > LocalFeader
r E = HotSpot
g H
< =
40 =
150
30
100
20
50
10
0 0

)
AT AT O G g S Y S T e BT o 8 o T P S A S S o T

Datestamp

Figurell: Site2 - Circuit Breaker Closed
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Site 1 & Site 2: Circuit BreakerClosed

When the plots are combined, it can be seerfFigurel2 that when the circuit breaker is
permanently closed, in comparison Eagure9, the load experienced by each transformer is
more evenly distributed.

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

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

Sites 1 & 2: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Closed
400 100

350

= Site] LocalTxTotal
——— Sitel LocalFeeder
= Sitel HotSpot
= Site2 LocalTxTotal
Site2 LocalFeeder
— Site? HotSpot

ATRERMS
Temrperalure (C)

100

10

0 0
S R S "y ‘3 A ‘a3 3 i e P R ] "y eI o ey i
R e R O e R RO Ot g R gl RS SR

Datestamp

Figurel2: Site 1& Site 2 Circuit Breaker Closed
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3.3 Autonomous circuit breaker operation

The plots in thisection show the load profiles for each transformer (Site 1 and Site 2), the
O2yySOUAYy3d FSSRSNE yR (GKS NBadzZ GAy3a GNFXyasfz
Key points to note in this situation are:

1 The circuit breaker at Site 1 is allowed to operate autonomowsyktermined by
the Loadsense control algorithm;

1 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 thameding feeder between the substations across
the overnight peak when Site 2 load is at its peak, resuitiran increase in Site 1 load and
a decrease for Site. 2

The benefits demonstrated to the Site 2 transformerFigurel2 are less significantvhen
the circuit breaker operates autonomouslgue to the circuit breaker only occasionally
being closedo alleviate peak loading forecasts.

Pagel8of 79



WESTERN POWER 2 Factory Acceptance TestStage 2

DISTRIBUTION ;
PostFAT Analysis

Site 1: Autonomous Circuit Breaker Operation

Figurel3shows theoveNJ ft f f 2 R 2F (GKS {AGS M ¢NIyaT2Ny¢
breakeroperates autonomously, under the control of the Loadsense applicatiomeaks
and dips to approximately 255A and 115A respectively

The orange trace shows the circuit breakposition,06 s KSNE WKAIKQ A& Of 22
open), having a clear effect on the Site 1 transformer lodte measured load on the
connecting feeder is zeraexcept during the periods where the breaker is closed. The

smooth reduction in transformeload shown inFigure7 is broken by the increase in load

from the connecting feeder when the breaker is closed.

The Transformer HotSpot temperature ranges from approximatelyp Y0 degrees Celsius
showing that the closing of ghcrcuit breaker prevents the transformer from cooling as far
as was managed previously

Site 1: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Automatic Operation

400 100

a0
350

AVARTVARYAR YA

/\
WRVRYRVRYA:

Circuit Breaker Position

AmrpE (RMS)
Temperaure (C)

HotSpot
150

100
20

10

0 0
R e O P DR DD B PP P DO @D DD P
PP E PP FL OIS F P F L PP P FF FE PG F S F P

Datestamp

Figurel3: Site 1- Circuit Breaker Autonomous
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It can be seen inFigure 14 that where the circuit breaker isllowed 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 lattpoint. As the load begins to drop at Site 2,

GKS R2gyIUNBYR NBadzySasx dzydiaft GKS OANDdzA G 06N
NBEF1SNI hLISyQ LINPFAES 200dzNAE @

The difference in total transformer load can be seen, along with the impact on thelbvera

transformer temperature, which never quite drops to the lowest temperature experience in

' W/ ANDdzZA G . NBFTSNI hLISyQ a0SyIFINAR2: | fiK2dAaAK

Site 1: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker Operation Comparison

400 100

350

Amrpe RMS
Temrperaiure (C)

R T L o R g Y R g g R R R YU SPFCA
PP PO P ,{y"e,;é?',y“‘?,g’ ,@'\'13‘?’,,\-“94&;\’“@9&” 50 P PP P B PP B PP PP

Datestamp
Sitel LocalTxTotal - CB Auto =-=--ss-cen Sitel LocalTxTotal - CB Open Sitel LocalFeeder — CB Auto Sitel LocalFeeder — CB Open
Sitel HotSpot — CB Auto -=---oeeeees Sitel HotSpot — CB Open Circuit Breaker Position

Figurel4: Site 1- Circuit BreakeiComparisong Open © Autonomous
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Site 2: Autonomous Circuit Breaker Operation

Figurel5a K2ga GKS 2@0SNIrff f2FR 2F GKS {AGS H ¢ NJ
breaker operates autonomously, under the control of the Loadsense applicatipeaks

and dips to approximately 315A and 208A respectively.

¢CKS 2N y3aS GNIOS aK2pga GKS OANDdzAG O0NBIF {1 SNJ
open), having a clear effect on the Site 2 transformer load. The measured load on the
connecting feder s1ows 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 transformepéeature,
in comparison to the situation iRigure8 where the circuit breaker is open.

Site 2: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Automatic Operation

70
60
’ = LocalTxTotal
LocalFeeder

— HotSpot
Circuit Breaker Pasition

AMpE (RMS)
Temperaure (C)

150

100
20

10

0 0
oD o 2 o o D o o o e D o D i o o QD g o o e
PP E PP FLEFE L L FPEFLE PP EFF S F L F S F P

Datestamp

Figurel5: Site2 - Circuit Breaker Autonomous
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It can be seen inFigure 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 préxted by the system occurs. The increase is not as significant as
FYOGAOALI GSR F2NJ I W ANDdzA G . NBF1SN hLSy {0OSy
The difference in total transformer load can be seen, along with the impact on the overall

transformer tempeature, seen with a notable decrease in the maximum and a marginal
decrease in the minimum operating temperatures.

Site 2: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker Operation Comparison

Amrps RMS
Temrpergiue (C)

150

100

0 0
o o D Ao P QD o D o o o D o o o D o o D o £ o o D o R
VEFSELFLFSESELIPELF S TP EE S ESEE LT FLF LI P FEFS

Datestamp
Site2 LocalTxTotal - CB Autg -=---==:==so- Site? LocalTxTotal - CB Open Site2 LocalFeeder — CB Auto Site2 LocalFeeder — CB Open
Site2 HotSpot — CB Auto ==sreemreeees Site2 HotSpot — CB Open Circuit Breaker Position

Figurel6: Site 2 - Circuit BreakeiComparisong Open to Autonomous
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Site 1 & Site 2: Autonomous Circuit Breakgperdion

In comparison td-igure9, it can be seen ifrigurel? that with the circuit breaker at Site 1
operating automatically, the load experienced by each transformer is more evenly
distributed duringperiod 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.

Figurel7 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.

Sites 1 & 2: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker - Automatic Operation

400 100

90

)

60 — Sitel LocalTxTotal

~——— Site 1LocalFeader

— Sitel HotSpot

200 50 = Site2 LocalTxTotal
Site? LocalFeeder

— Site2 HotSpot

——— Circuit Breaker Position

ATpE RMS
Terrperalure ()

40
150

100

20

10

] ] | 0
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Datestamp
Figurel?: Site 1& Site 2- Circuit Breaker Autonomous

Appendix ldetails the operational characteristics of the Loadsense software, provaling
step by step process of how the forecasting and decision process is implemented.

Page23of 79



WESTERN POWER 2 Factory Acceptance TestStage 2

DISTRIBUTION ;
PostFAT Analysis

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 assumesDitaf

the total feeder load will be transferred.

Sites 1 & 2: Tx Load, Feeder Load & Hot Spot Temperature

Circuit Breaker Operation Comparison
400 100

g
£ P
o 2
=3 =
E a
< 0 5
150 =
30
100
20
50
10
0 0
ol o W0 Ao £ A0 Ao el el i o A e "l VR RS o D Ao el i el o A el ]
YEESESFLFSELF LI LI FESE TGS FFF P EFF S F P& 5
Datestamp
Site? LocalTxTotal - CB Auto -~ Site2 LocalTxTotal - CB Open Sitel LocalFeeder — CB Auto Sitel LocalFeeder — CB Open
Site2 HotSpot - CB Auto Site2 HotSpot — CB Open Circuit Breaker Position

Figurel8: Site 2 & Site 1 FeedeCircuit Breaker Autonomous
¢KS GSaid &adz00SaafdAZte RSY2yadN)IGSR GKS aeé:
interconnected substations andehce, deliberately reduce load and overall operating

temperature for a more heavily loaded assetAt the same time, consideration of the
WA dzLILR2 NI AY3IAQ aaSad ¢6Fa YFAYGlrAYySR G2 LINRGSOD
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Appendix 1. LoadSense Operation

The LoadSense software consists@eweral connectedelements the full implementation in
Figure19 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

OpenLV Loadsense Implementation

Gridk Source T10  Txload
riakey Dest
Sensor L T Feeder out 113 In out 17
1 I I Sw. State
T Total T2 T2 =
Zoad Current L3 T3

L1 T4
Mesh Feeder L2 T3
Load Current L3 T8 Souce TxLoad
Dest | Til Feeder Out 116 In Out 718 |Ti1 Feederld b i pagr
7 Sw. State Sw.State | guigeing
—
Modbus RTU
Sensor 11 7 | T7
ALVINSwitch _L2 T8 T26
State i3 TO T
11 T2 Load,
112
ALVINSwich LY 122 Sta Out T2 Temp
& 13 T1-3 Load Hot: : T20 Profils
u TopOil  T21 T19
Avivearie LT ]| Ambient, State  TX)
Voltage 13
Modbus TCP T13 In Out_T19
Sensor
Outdoor T25
Indoor TI4
7 T2
T33
Peer to Peer el
Mesh Faoder T%
Load
Predicted 7
open temp.
On this drawing: When the Recloser is closed to mesh
Site 1= controlled ALVIN Recloser the networks:
. Site 2 = always closed ALVIN Recloser * Site 1 load goes up
Substat|on 1 (ReCIOSerS Controlled) (Matched to other development sheets - may not = Site 1 transformer gets hotter
match the S&I requirements document) = Site 2 load goes down

* Site 2 transformer gets cooler
— —

11 U4
Mesh Faeder L2 TS -~
Load Current L3 U6 Source Txlo Feeder Ld ‘Paer to Peer
U8 Feeder Out 1716 In Out_yy1 outgoing
U8 Sw State =
T
I qu
UL3 Load Hot: U20
TopOi _ U21
Ambient State U2
Modbus TCP U1
Sensor Load Temp
Outdoor u13 In Out U153 22 State Out U4 Profile Out
Ambient temp. Ul? Ambient vt
- L) S
Ambient temp.
Peer to Peer
ALVIN Switch 128
Stete
Mesh Feadar s Project: ET17
Load Drawing: 2930-DESGN-5002-V00.04.00

Richard Ash 2018/07/26

Substation 2 (Reclosers always shut)
See Dwg. 2930-DESGN-5003 for listing of topic names for each referenced topic on this drawing, e.g. U4 T20

Connections to CSV Data Recorder not shown technology

Figurel9: 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 futur@hisfirst requires predicting the
load curent for the same period

Two predictions are carried out, one for the case wherelthe @A Yy  vCBoOIf BReakSru
at Site 1 is open, and the other for the case wherelthe @A y  WCBcOif Beeak8rat Site
1 is closed. These predictionsonsider 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 isonsidered

3.4.1 Site 1

For Site 1 withthé f GA y vCBclif BReakBnhelalwayd2 LISY > 6S KISRE (KS
load buta negligible feeder loadfF{gure20).

1 Blue trace (LocalTxTota) ¢ KS W2 GKSNJ t 21 RQ O2YLINRAAA
GNF yAT2NYSNI SEOSLII F2NJ 0KFd AyadNRRdIzOSR

1 Red trace (LocalFeeder)The lad irtroduced to the Site 1 transformer from the
WYSaKAy3a FSSRSNO®

y 3
T N

Measured Currents Site 1
300

250

200

2
¥ 150
=
£
<
100
50
P I e I ——
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
Time
== | ocalTxTotal === LocalFeeder

Figure20: Measured Currentg, Site 1
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As the days are all identical in the telStgure21 showsthe first day in more detail.

We can woerlay the predicted transformer currenwhenthe! £ @A Yy wik@tiBRaked 1/
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 ortamge

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 cloggetgreen prediction.

Again, with the prediction made at 18:00:00 UTC on 2018/01/08 the same happens
confirmingwe have predictions of the load with the circuit breaker op&he accuracy of
the prediction in this scenario is enhanced by the unchangiad foofile from dayto-day.

Measured and Predicted Open Currents Site 1

300
250
200

150

Amps RMS

100

50

0
2018/01/08 00:00:00  2018/01/08 04:00:00 ~ 2018/01/08 08:00:00  2018/01/08 12:00:00  2018/01/08 16:00:00  2018/01/08 20:00:00  2018/01/09 00:00:00

Time
X Prediction 1 Made ==+ Prediction 1 Values X Prediction 2 Made === Prediction 2 Values === LocalTxTotal

Figure21: Site 1 CBOpen¢ Measured & Predicted Currents
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With respectto the prediction of the loadingt Site 1iftheSite 1! f @A Yy vCBcOIf 2 & S u
Breakemwere to beclosed, an assumptiois requred about the sharing of the meshing

feeder load between the two transformerBorthis analysi, we assume that 50% of the
meshing feeder load will be transferred to Site 1.

Closed Current Site 1

350
300
250

200

Amps RMS

150
100
50

0
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
Time

= | ocalTxTotal Meshing Feeder === ClosedLoad

Figure22: Closed Curreng Site 1
Here(Figure22), we see theollowing:

1 Blue trace (LocalTxTota])The total load experienced by the Site 1 transformer with
GKS {AGS M [/ ANDdzA G . NBIF 1SN w2LISy Qo

Yellow trace (Meshing Feedeghe total load associated with the meshing feeder.

Brown trace (ClosedLoad) 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, 2018/01/08jgure23) we can shav 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.

Measured and Predicted Closed Currents Site 1
350

Amps RMS

100

50

0
2018/01/08 00:00:00  2018/01/08 04:00:00 ~ 2018/01/08 08:00:00 ~ 2018/01/08 12:00:00  2018/01/08 16:00:00 ~ 2018/01/08 20:00:00  2018/01/09 00:00:00
Time
X Prediction 1 Made === Prediction 1 Values X Prediction 2 Made === Prediction 2 Values ==== ClosedLoad

Figure23: Site 1 CBClosedc Measuredand Predicted Closed CurrengsSite 1
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Tuming now to a situation where th8ite 1! f @A Yy wis@tBraakes iz held closed

and the network is always meshed, the measurements st@wmeshed feeder drawing

KFfF ola o0ST2NB0O 2F AGQa OdzNNBy (ithelSeRY {AGS ™
curve(Figure24).

Measured Currents Site 1

300
250
200

150

Amps RMS

100

50

0
2018/02/26 00:00:00 2018/02/27 00:00:00 2018/02/28 00:00:00 2018/03/01 00:00:00 2018/03/02 00:00:00 2018/03/03 00:00:00

Time
= | 0calTXTotal === LocalFeeder

Figure24: Site 1 CBClosedc Measured Currents ¢ Site 1
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The closed load predictions at 13:00 and 23:00 on 2018/02/27 are a straightforward overlay
onto the measured loadwrent (Figure25).

This is because there is no calculation to obtain the closed load whersitkel Alvin
w S Ot gZikcBtiBreaker is already closed.

Measured and Predicted Closed Currents Site 1
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0
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

Time
X Prediction 1 Made ==+ Prediction 1 Values X Prediction 2 Made === Prediction 2 Values === LocalTxTotal

Figure25: Site 1 CBClosedc Measuredand Predicted @sedCurrentsc Site 1
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With the Circuit Breaker closed, wustcalculate 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 remagnafthe Site 1 loaqFigure26).

Site 1 Calculated Loads

300
250
200

150

Amps RMS

100
50

0
2018/02/26 00:00:00 2018/02/27 00:00:00 2018/02/28 00:00:00 2018/03/01 00:00:00 2018/03/02 00:00:00 2018/03/03 00:00:00

Time
== OpenlLoad === ClosedLoad

Figure26: Site 1 CRClosedg CalculatedLoadsg Site 1
The resulting plots are:

1 Brown trace (ClosedLoaq)Total load experienced by the Site 1 transformer where
the Ste 1 Circuit Breaker is closed.

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

T 0KS W20KSNJt2FTRQ F2NJ {A0GS wmT
9 total load les$0% of the meshing load; or
9 total load less the monitore load of the meshing feeder at Site 1.

The brown trace is equal to the blue trace showifrigure24.
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Again,we can plot the predictions of open state load current overlaid-@ure27to show
they arecorrect.

Calculated and Predicted Open Currents Site 1
300
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150

Amps RMS
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0

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

Time
X Prediction 1 Made === Prediction 1 Values X Prediction 2 Made === Prediction 2 Values === OpenLoad

Figure27: Site 1_CEClosedc Calculatedand Predicted Current€ircuit Breaker were opened
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Finally, we examine some datawiththeA 4 S v | f @iduyBreakBrOwitehingim  /
and out over the course of the ddlyigure28).

This results in local feeder load current when tiecuit Breakers closed, and none when

the Circuit Breakers open. A corresponding increase in the total transformer load when the

Circuit Breaker is closed is alsiiowy @ !/ ANDdzA G . NBF {1 SNJ t 2aAGA2
Circuit Breaker is closed,y R G n é it gpR®A OF G S &

Measured Currents Site 1
300 1
250

200

150

Amps RMS
Circuit Breaker Position

100

2018/03/12 00:00:00 2018/03/13 00:00:00 2018/03/14 00:00:00 2018/03/15 00:00:00 2018/03/16 00:00:00 2018/03/17 00:00:00

o
o

Time
== | ocalTxTotal === LocalFeeder Circuit Breaker Position

Figure28: Measured Currentg, Site 1

This graph just shows the measurements, which demonstrates our testislaterect. The
calculations of Open and Closed load currantsst be carried outconsideringthe 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
calculationsg we can arive & the load current for each fixed network configuration, even
though the actual network configuration is changing over time.
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Calculated Feeder Currents Site 1
350 1
300
250
200 §
< 150 =
100
50
0 0

2018/03/12 00:00:00 2018/03/13 00:00:00 2018/03/14 00:00:00 2018/03/15 00:00:00 2018/03/16 00:00:00 2018/03/17 00:00:00

Time
=== OpenLoad === ClosedLoad Circuit Breaker Position

Figure29: Calculated Feeder CurrengsSite 1
The prediction of the future open and closed loadrents from this data(Figure29) 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 @milar butrequires consideration of thdifferent effect of the meshing
feeder. Withthe{ A 0 S m ! { @ikcyit Bredke® heldal\Baxd open, we have the
G 2 G KS NE allthg indRhinky §édRler load ahe Site Zransformer.

Here, Figure30), we see the followig plds:

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

1 Red trace (LocalFeedey)otal load on the meshing feeder.

Measured Currents Site 2
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Amps RMS
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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

Time
= |ocalTxTotal === LocalFeeder

Figure30: Site 1_CBOpen¢ MeasuredCurrentsg Site 2
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Next look at the first day in more detdiigure31), 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 2018/01/0& 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 happensSo,we have predictions of the load withtieA G S wm ! f @rduy wSOf 2 4

Breaker open. As this depends grdnthe (very predictable) measured lodthe accuracy is
higher than would be expected in a businessusual scenario.

Measured and Predicted Open Currents Site 2
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200

Amps RMS

150
100
50

0

2018/01/08 00:00:00 ~ 2018/01/08 04:00:00  2018/01/08 08:00:00  2018/01/08 12:00:00  2018/01/08 16:00:00  2018/01/08 20:00:00  2018/01/09 00:00:00

Time
X Prediction 1 Made ==+ Prediction 1 Values X Prediction 2 Made === Prediction 2 Values === LocalTxTotal

Figure31: Site 1_CBOpenc¢ Measuredand Predicted Open CurrentsSite 2
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Moving on to the prediction oftte loading withthe{ A 4§ S ™ | f @rkujf BreakeOf 2 & S u
closed, wanustassumeabout the sharing of the meshing feeder load between the two
transformers Forthis sequence oprojecttests wehaveassumel that 50% of the meshing

feeder load will be trasferred to Site 1.

Closed Current Site 2
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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

Time

= | ocalTxTotal LocalFeeder === ClosedLoad

Figure32: MeasuredCurrentsg Site 2

Here, Figure32), we see the following plots:

1 Blue trace(LocalTxTotal} Total transformer load aSite 2 with the Circuit Breaker
at Site 1 opa.

Ydlow trace (LocalFeedeg)Total load on the local (meshing) feeder.

Brown trace (ClosedLoad)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 Site2 transformer to Site 1.)
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Looking again at 1 day, 2018/01/(ligure33), we can show the predictions of closed load
and the outcome closed load. The data matches up very well.

Measured and Predicted Closed Currents Site 2
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Amps RMS

100

50
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2018/02/28 00:00:00 2018/02/28 04:00:00 2018/02/28 08:00:00 2018/02/28 12:00:00 2018/02/28 16:00:00 2018/02/28 20:00:00 2018/03/01 00:00:00
Time
4 Prediction 1 Made —=—Prediction 1 Values Prediction 2 Made —=pPrediction 2 Values

ClosedLoad

Figure33: Measured and Redicted Closed Currentg Site 2
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Whenthe{ A0S ™ | { @rsuy BreakeOi$ cose§, the load the meshing feeder, at
Site 2is smallerdue to Site 1 taking 50% of the load. Consequeitthas a less dominant
impact on the site total loads $iownin Figure34.

Measured Currents Site 2 Circuit Breaker always Closed
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Amps RMS
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2018/02/26 00:00:00 2018/02/27 00:00:00 2018/02/28 00:00:00 2018/03/01 00:00:00 2018/03/02 00:00:00 2018/03/03 00:00:00

Time

= |LocalTxTotal === LocalFeeder

Figure34: Measured Currentg Circuit Breaker Closed Site2
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Calculating the currents, the pattern reversethe closed load is the same as the measured
transformer load, and forite open load wemustadd on the additional load we expect to

be transferred from the meshing feeder. This results in the same dfighe 35) as when

the Circuit Breaker is open, despite the different measurement inputs.

Calculated Feeder Currents Site 2 Closed
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2018/02/26 00:00:00 2018/02/27 00:00:00 2018/02/28 00:00:00 2018/03/01 00:00:00 2018/03/02 00:00:00 2018/03/03 00:00:00
Time

= OpenlLoad === ClosedLoad

Figure 35: Calculated Feeder CurrengsSite 2- Closed
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managing the full load of the Meshing Feeder. Due to the meshing feeder load having

Ecoromy 7 dominancethe load on the transformer isorrespondinglhigherstill during
the Economy 7 peak.

From these calculated currents predictions are made for the two ¢Bgpge36 & Figure

37), Circuit Beake open and closed, as before. These again track the actual curve closely
because of the consistent input data.

Measured and Predicted Open Currents Site 2
Circuit Breaker always Closed

400

200

Amps RMS

150
100
50

0
2018/02/28 00:00:00 ~ 2018/02/28 04:00:00  2018/02/28 08:00:00  2018/02/28 12:00:00  2018/02/28 16:00:00  2018/02/28 20:00:00  2018/03/01 00:00:00

Time
X Prediction 1 Made === Prediction 1 Values X Prediction 2 Made === Prediction 2 Values === OpenlLoad

Figure36: Measured and Predicted Open Currerg<ircuit Breaker Closed Site 2
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Figure37: Measured and Predicted Closed Curret€ircuit Breaker Closed Site 2
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