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IUse same source frequency in all states Skate 1
MName Label Color DC Frequency Amplitude Phas=
VA E H. 50.000 Hz 0.00 v 0.0°
VB E LRV 50.000 Hz 0.00 v 0.0°
e E N 50.000 Hz 0.00 v 0.0°
n [x] LR 50.000 Hz 10.000 A 0.0°
B |- v 50.000 Hz 0.000 A 0.0°
IC E LRV 50.000 Hz 0.000 A 0.0°
Maximum Duration 100.0 ms
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Saturated Wave Form
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Power States Summary

Use same source freguency in all states

D- 8+%

Color DC Freguency
w 50.000 Hz n.oov 0.0=
w 50.000 Hz n.oov 0.0=
- 50,000 Hz 0.00 v 0.0=
w DC 10.000 &
w 50,000 Hz 0.000 4 0.0#
w 50.000 Hz 0.000 A n.0®
Maximum Duration 100.0 ms
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| 71lelslalz]als

Preamble

TR

AL

Start of frame

Header
MAC

Destination address

Source address

Priority
tagged

User priority | CFT | VviD

vID

Ether-

PDU

Ethertype

APPID

(Pad bytes i necessary)

Frame check sequence

0x01

4,00

0x88BA

See below

ISSH#
%! &

INPATCTRILAMp. InGEMg )

[ELLLF

InPATCTRLAMD.G

| cer | OpB | Test |Sowce] DetadQuai

DetiQuy |

INBTCTRZAmQ.InatMag )

Inn8TCTR2Ampq

InnCTCTRIAmp. Mg )

InnCTCTRIAMDG

INONTTCTRA Amp.inaeMag.|

IneNmTCTRAAMD.Q

UsnATVTRI VolinsMag |

UnnATVTRI.Volg

IR TR

UanBTVTR2. VolinssMag |

UnnBTVTR2.Volg

UsnCTVTRI. Vol ingtMag. |

UnnCTVTRI.Volg

UnnNmTVTRA. Vol ineeMag J

UnnNmTVTRY.Volg




No. Time
0.000000
0.000136
0.0004863
0.000635
0.001011

Source

omicroneE_00:
omicroneE_00:
omicroneE_00:
omicronE_00:
omicrone_00:

F+A

Destination
Iec-Tc57_04:00:
Tec-Tc57_04:

Protocol

IEC61850
IEC61850
IEC61850
IEC61850
IEC61850

& &
|
& C#!
&

Length
sampled values 127
Sampled values 127
sampled values 127
sampled values 127
sampled values 127

PR, |

P P

Info

4|

mn

# Frame 1: 127 bytes on wire (1016 bits), 127 bytes
= Ethernet II, Src: omicronE_00:10:19 (20:b7:c0:00:10:19), Dst: Iec-Tc57_04:00:01 (01

# Destination:

& Source: OmicronE_00:10:19 (20:b7:c0:00:10:19)
Type: IEC 61850/5v (Sampled value Transmission (0x88ba)
= IEC61850 sampled values

APPID: 0x4000
Length: 113

Reserved 1: 0x0000 (0)
Reserved 2: 0x0000 (0Q)

= savPdu
noAsDU: 1

= segasDuU: 1 item

= ASDU

svID: OMICRON_CMC_SV1

smpCnt:
confref

1436

01

smpsynch: local (1)
# PhsMeasl

00 01 20 b7
00 00 60 67
43 52 4f 4e
83 04 00 00
00 00 00 00

00 00 00 00
00 00 00 00

$ 7?D- 8D%5-5E AM

$ !

C# T3 *

T3

/*

*

captured (1016 bits)

Iec-Tc57_04:00:01 (01:0c:cd:04:00:01)

I T B .
.OMICRON _CMC_sV1

b0~

:0c:cd:04:00:01)
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A

Close the file

i NO
Exit Prugram/){———a\

‘/' Set up variable ™
\_ types

Define the parameters for standard parts of a
SV packet

|

Convert array data associated with smpCnt
from Hex to Dec and save to column @ in the
output array variable

Clear the contents of results page and re add
column headings

=

Increase the new INDEX by sviDLength to
locate the starting column for the ACurMag

Initiate the program to retrieve the required
K12 Text File —Set a variable with this file name

Convert array data associated with ACurmag
from Hex to Dec and save to column 1 in the
output array variable

~"Has a file been ™

Increase the new INDEX by 8 to |locate the
starting column for the BCurMag

selected?
Y - —
YES

Open the file and count the number of lines in

Convert array data associated with BCurmag
from Hex to Dec and save to column 2 in the
output array variable

the selected K12 text file. Display the result on
the screen

Increase the new INDEX by 8 to |locate the
starting column for the CCurMag

Open the K12 text file and point to the first line

Convert array data associated with CCurmag
from Hex to Dec and save to column 3 in the
autput array variable

Increase the new INDEX by 8 to locate the
starting column for the NCurMag

Yes Increment to the next line in the
“ «———————— T i
e K12 Text File
A 3

Convert array data associated with NCurmag
from Hex to Dec and save to column 4 in the
output array variable

INO

Set the data string variable with the selected
line in open K12 text file

Increase the new INDEX by 8 to |locate the
starting column for the AvolMag

v

e

] _Does the data-. "

NO

Convert array data associated with Avolmag
from Hex tc Dec and save to column 5 in the
output array variable

’\ string contain the

&V Ether Type? a

~ =
s

YES

Increase the new INDEX by 8 to locate the
starting column for the BvolMag

Split the data string into an array

Convert array data associated with Bvolmag
from Hex to Dec and save to column 6 in the
outarray variable

v

Determine a reference column to enable the
program know where data exists in the array.

Increase the new INDEX by 8 to locate the
starting column for the CvolMag

Save value in the INDEX variable

!

Determine the number of characters in the
svID. The conversion of a hexadecimal number

Convert array data associated with Cvelmag
from Hex to Dec and save to column 7 in the
outarray variable

in the array for the sviDLength to decimal will
give this number

Increase the new INDEX by 8 to |ocate the
starting column for the NVolMag

y

Extract the svID information from the array and
save the converted characters to MU1_Hex

Convert array data assaciated with Nvolmag
from Hex to Dec and save to column 8 in the
outarray variahble

Increase INDEX by svIDLength and 3 to locate
the starting column for the smpCnt

Write the MU1_Hex and OutArray to the
results page in the Excel Spread Sheet

% 8
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Current Transformer Ouiput Signal Under Fault Conditions
60 I | | | I I I I I

; ! ! ' ! \ | Actual

Current [A)

002 004 006 008 01 012 014 016 018 02

Time (s)
#e * ) 0 2+06E ;

*
& T #,3
? B

" ! , R IO

* ) A8 &E

D I | ] ]

!
(
B ! 3
&E B 9,:

!
!
« ¥ %oH5 '
2 n
EP8 T
P ( *

% P
8 P
8P1 !
( HPD



9E+:

oOW:
OW:

7
\\ ,/
g
9
/
9
/
2
/
/
# F -, $$G 2
$ . %
+ [
-+ 1+FJ ! !
, !
B
T E 9E:
+ 1
8 O+:
8 O+:




E+P8
EP &

+1. P
8 P
EP &

F

(

| ( |
+$
| %#5 "
%#5 "
(
-+ 1+FJ
I + *7
!
B n
3!



Current (A)
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Conventional Instrument

Conventional Protection Relay
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i Internal bus
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Manufacturer "Z" Relay Transient Response to a DC Step Input
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Test Signal Recording
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Create the cutput of the merging unit based on a derived transfer function
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ENG4111 / ENG4112 - Research Project

Project Specification by Luke Napier
Student Number: 0050065124

Topic:
Develop Process Bus Architecture for integrating sampled value IEDs

Supervisor:
Tony Ahfock

Sponsor:
Ergon Energy

Project Aim
The purpose of the project is to investigate the theoretical performance of measurement systems based on
Sampled Values

Programme

ISSUE A: 19* March 2014

1. Research the performance criteria of primary and secondary systems for exist standards and devices.

2. Develop a theoretical model of a Current Transformer and the operation of an IED. Perform test to confirm
theoretical model.

3. Analyse the market availability of devices that employ Sampled Value measurement interfaces

4. Assess the functionality of the available devices against performance of the existing devices.

5. Develop a new architecture for the implementation of sampled values into a standard Ergon Energy
substation.

6. Deconstruct new architecture into building blocks for application into existing substations

7. Submit an academic dissertation on the research.

As Time Permits:

1. Undertake performance testing of the new hardware.



Component Information

Protection IED (PIED MTEFpIED
rotection ; MTBF, =100 MTTR: = 12hr A =
( ) PIED yr PIED PIED ™ MTBFpypp, + MTTRpapy
Merging Unit (MU 150 My
erging Uni : MTBF, 1= MTITRy 1= 12 Agremmn e
ging (MU) MU yr = 1280 MU ™ MTBFyy; + MTTRyq;
. MTBFgg
Ethernet Switch (ES): MTBFgg = 50yr MTTRp = 12hr Apgim
MTBFygq + MITRgg
DC Power System (UPS i
ower System 1 MTBF pe:= 35 MITR;pe = 12h A=
Y ( ) UPsS ¥I UPS r UPS = MTBE g + MTTR pg
DC Cables (DCC 150 MBfpec
ables ; MTBFpy - = MTTRyy - = 12hr Ao e
(bec) nee 7 DEC DCC™ MTBFpoe + MTTRp
Optic Fibre Cables (OFC) 150 Morc
ic Fibre Cables 1 MIBFqpe = MITR e = 12hr _—_—
p OFC v OFC AQFC MTBFope + MTTRopc
MTBFRpn
RedBox (RED): MTBFppp = 135yr MTTRpgp = 12hr

A e
RED
MTBFpgp + MTTRpRp

11kV Feeder Bay Existing System Availaibility

occ?] -
Allexisting = [ ADCC 1- (l - ADCC) -Aprgp|-100
A1 lexisting = 99.996805833

11kV Feeder Bay New System Availaibility

2 3 2
Allnew = [AMU‘[I = [l = (AOFC'AMU)] ]'AOFC -ApIED ARS }'100
A ey - 999895053

Redundancy Process Bus System 1

Agys1 = [AMU’[I = [1 = (AOFC'AMU)]2]‘AOFC2‘{1 = D - (AOFC'APIED)]Z}’AESZ]'IOO

Agye1 = 99.991786612

Redundancy Process Bus System 2

Agysz = {[1 & [1 = (AOFC‘AMU)]ZT‘AOFC[I & [l = (AOFC‘APIED)]Z]‘AESZ]‘IOO

Aggsn = 99.99361171



Redundancy Process Bus System 3

VT signal communcition path availability to to the first ethemet switches

2
Ayp=1- [l - [1 ~[- (AOFC‘AMU)]ZH

2
3
Agys3 = [1 - [1 - (AOFC 'AESﬂ }'AMU'AVT'APIED}‘IOO

Agysy = 99.997718149

Redundancy Process Bus System 4

Asysd = LMU‘L B [1 - (AOFC3‘AESJ]2]'{1 -f1- APIED)ZHJOO

Agyey = 99.999087053

Redundancy Process Bus System 5

i=1.5 ORIGIN := 1
AN

2 2 2
n, = 2 n s % n, n
Asyss; = LMU'[1 - (] - AOFC) ] ‘L o {1 - (AMU “AQFC j] :|'ARED 'AOFC'L & {1 - (APIED “AQFC )] :|'AP[ED:|']00

AsysSi =

99.994777839
99.994777754
99.994777498
99.994777071
99.994776474

Redundancy Process Bus System 6

Asg = LMU'[‘ -(1- AOFC)Z} Z‘L - [l - (AMUni’AOFcnijﬂ‘L - [1 - (AILEDz‘AOFCHZ}‘{l - [1 = (APIEDni'AOFcnﬂZ}'AHED]’100

Asg =

1

99.997718345
09.88771826
99.997718004
99.997717577
99.99771698

NSO O PR OO PR PR AU | PR OO R
A, = [Anu Lo (1 ’AOFC) 11-11 - {anu “Aorc 11-11-\apep20rc)| |{1-|1-\2pmp 4orc )| |/ 1*[1 ’(APIED)]
Asgb; =
99.99908725
99.999087165
99.999086909
99.999086482
99.999085884




Redundancy Process Bus System 7

2 2
As7,= AU ! - l-Agre © Aps"AREDAPIED , | ApmEp| 100 Asys7b; = A L - I-Agpc ™ -Aps'ArepAmu ) |-ApmEp| 100
Ag7, =

! Asys7bi =

99.997718027
99.997717679
99.997717227
99.997716671

99.99771601

99.997718027
99.997717757

99.99771742
99.997717017
99.997716547

Sensitivity Anlysis

Iterations := 10000

PlusErrory = 0% MinusErreryy; = 0%
PlusErrorgg == 0% MinusErrorpg := 0%
PlusErrorgpc = 0% MinusErretgpe = 0%
MTBFy 1 imay = 150»(1 + PlusEerMU)yr MTBFg g ax = 50(] + PlusEnorES)~yr MTBFGpCmax = 150~(] + PlusEHorOFc)yr
& } MTBFytimax A MTBFEgmax s MTBF 5p Cmax
MUmax == ESmax ‘= FCmax =
MTBFMUmax + MTTRMU MTBFESIHED( + MTTRES MTBFOFCIHEX + MTTROFC

Senstivity of the MTBF for the merging unit

Probability == [ for pe 1..100
mn < 0

p

MinusError, “—
MU 100

MTBFyf{imin 4 MTBFMU(I - MinusEIrorMU)

% 7 MTBFMUmin
MUmIN ™ MTEFy min + MT TRy

ApfUran ¢ Tunif (Iterations » AMUmin ’AMUmaX)

for n e 1..Iterations

2
3
Agyg < Hl = [1 = [(AOFC) ‘(AES)H }‘AMUmﬂ‘APIED]‘IOO
Asys € round(ASys s 4)
Al Lexisting € round(Al 1existing s 4)

-0.0001

mn ¢ mn + 1 if ASys = Allexisting

Prob ¢« ——
p Iterations

t < Prob




Senstivity of the MTBF for the Ethernet Switch

Probability ==

for p=1..100

mn « 0

. p
MinusErrerpe ¢ ———

ES™ 100
MTBFpg i < MTBFES»(I - MinusErmrES)

A - MTBFESmin
ESmin
MTIBFggmin + MITRgg

ARgpan ¢ Tunif| (Iterations,AESmin s AES)

for n e 1. Iterations

2
3
Agys Hl - {1 - [(AOFC) ‘AESrann]] ]‘AMU‘APIED]‘IOO

Agys ¢ round(Asys, 4)

Al lexisting < round(Al 1existing’ 4)

mn < mn+ 1 if Asys > Allexisting -0.0001

Prob <« —
P Iterations

t « Prob

Senstivity of the MTBF for the Fibre optic cable

Probability :=

for pe1..100

mn « Q

. P
MinusErrer, ——
OFC 100

MTBFoRCmin « MTBFOFC(I - MinusEIrorOFC)

MTBEGECmin
AoFCmin ~ YrpR MTTR
OFCmin * OFC

AQFCran ¢ Tunit| (Iterations, AQFCmins AOFC)

for n e 1. Tterations

2
Agys © Hl - {1 - {(AOFCrann)fJ)’AES]] }‘AMU’APIED}’]OO
Asys — round(ASyS, 4)

Al lexisting - mund(A1 lexisting? 4)

mn < mn+ 1 if Agys = Al existing 0.0001

mn
Prob  « - .
P Iterations

t < Prob



Onoomba Substation

LV Feeder Main protection - CT & VT control cable

LVFdr:= ADCC;APIED =0.999968058

LV Bus Main protection inc CB fail relay

LVHZDgys1 = ADCC6'APIED2 , DYHZDpygp = ADCC6’APIED , PVHDpygs = ADCC6’APIED2 = 0.999917867
LV Feeder and Bus Backup protection

2
S0C:= Apce “ApED

Transformer Main protection Transformer Backup protection
Bl ADCC3‘APIED DitfB= ADcc3‘APIED

HV Bus Main protection HV Bus Backup protection
HYHZDM:= ADCC4‘APH~:D HYHZDD;:= ADCC4‘APIED

HV Feeder Main protection HV Feeder Main protection
HVEdM = ADCC2'APIED HVFdB = ADCCZ'APIBD

LV Bus 1 Reduction

LVBus, = [1 - [l - (LVFdr3»LVHZDBusJ]~( 1- soc)]] = 0.9995999%4
LV Bus 2 Reduction

LVBus, = [1 - [l = [LVFdr4»LVHZDBu52)]~( 1- soc)]] = 0.9995959994
LV Bus 3 Reduction

LVBus; = [1 = [l - (LVFdr3»LVHZDBUS3)]~(1 - soc)]] = 0.9999999941
Transformer 1 Reduction

Trans; = 1 - [{1 - Difv}-(1 - DigtB)] = 0.999999998

Transformer 2 Reduction

Trans, = 1 - [{1 - pieiv}-(1 - DifiB)] = 0.999999998

HV Bus Reduction

HvBus = 1 - [(1 - EvazDM)(1 - HVHZDB)] = 0.999999997

HV Feeder 1 Reduction

HvFdr = 1 - [(1 - BvFan){1 - HvFdB)] - 0.999999999

HV Feeder 2 Reduction

HVEdr, = 1 - [(1 - HvFaM)-{1 - HvFaB)] = 0.999999999

A

con 1= (LVBus| LVBus, LVBus 3 Trans, ‘Trans HVBus HVFdr, HVFdr,)- 100

Aun = 99.999997443



Ultimate Process Bus 1 System Availaibility

The availability has been brken into subsystems which start with the IED and ends at each switch. These subsystem
incorporate redundnacy of the ethernet switches. To solve for each subsystem the availability of the the IEDS and

communcation paths are done seperately and then combined.

Subsystem - Switch 1

11 re 1 - ]
Arppswi = |1 - [\1 - ApEn ‘(1 - APIED)

[ {1 horc 1 - rcxd)]
Acomswi = |1 - [\1 - Aorc ‘(1 - AOFC) A

2
Aqwt = A[EDSWr[l - [(1 I — ﬂ - 0.999999999

Subsystem - Switch 3
10 mp )1 - )

Appsws = | 1 = |\1 - ApEp ‘(1 - APIED)

4
ACOMSW3 = [l - Kl - Agrc J(l - AOFC):H'AES

2
Agws = A[EDSWS.@ - [(1 - Acomsws) ﬂ = 0.999999999
Subsystem - Switch 5
2

Z
AIEDSWS = {1 - [(1 - APIED) ]]

7 2
ACOMSWS = [l - [(1 - AOFC) ﬂ “Aps

2
K A]EDSW;@ = [(1 —Aesians) ﬂ - 0.999999999

Subsystem - Switch 6

AEDSW6 = [1 - Kl - AMU4]'(1 - AMU)]Ml - {(1 - AMU)ZH

ACOMSWE = [l - Kl - AOFcﬂ‘(1 - AOFC)IHI - {(1 - AOFC)ZH‘AOFC3‘AES

2
Aswe = A[EDSW(:‘[I - [(l - ACOMSW()) ﬂ = 0.999999997

Subsystem - Switch 8

ATEDSWS = [1 = Kl = AMU4]‘(1 = AMU)]H1 = [(1 = AMU)ZH

ACOMSWS = [l - Kl - AOFcﬂ‘(1 - AOFC)H‘[I - {(1 - AOFC)ZH‘AOFC3‘AES

2
Agwg = A[EDSWS'[I - [(l - ACOMSWS) ﬂ = 0.999999997

Subsystem - Switch 2
IR[(Eye Ry
Arppswa2 = |1 - [\1 ~ AprEp ‘(1 - APIED)
5
AcoMsw2 = [1 = Kl - Agrc j(l = AOFC)]]‘AES

2
Agw = AIEDSWZ[I - [(1 - ACOMswz) ]] = 0.999999998

Subsystem - Switch 4

AlEDsW4 = [l - {(1 - APIED)Z:H

ACOMSW4 = {1 - {(1 - AOFC)Z]:|3'AES

3

2
Agwy = AIEDSW4‘[1 = [(1 = ACOMSW4) ]] = 0.99999999%

Subsystem - Commmuncation network connect
between switches

12
2
ACOMNET = [1 - [(1 - Agrc) ﬂ ~ 0.999999999

Subsystem - Switch 7

AlEDSW7 = [l - Kl - AMUﬂ'(1 - AMU)M1 - [(1 - AMU)Z]]

AcoMsw7 = [1 = Kl = AOFC6]'(1 = AOFCZIH'AES

2
Agwy = AIEDSWT[I = [(1 - ACOMSW?) ]] =0.999999999

Subsystem - Switch 9
2
-l m?]
Arppswo =| 1 - (1 ’AMU)

ACOMSW9 = {1 - {(1 - AOFC)z]:|2'AES

2
Agwo = AIEDSWQ‘[I = [(1 = ACOMSW9) ]]



Subsystem - Switch 10
i-fi-maT
Appswig=|1 - (1 - AMU)
2,
2
ACOMSW10= [1 {(1 - AOFC) ﬂ “Aps

ASwio= AIEDSW9‘[1 - [(1 - ACOMSW9)2]:|

Therefore the ultimate process bus system is fully operational when all the the subsystems are functioning.

Aprocessbusl = (ASW1'ASWZ'ASWS‘ASW4‘ASW5'ASW6'ASWTASW8'ASW9‘ASW1 O'ACOMN'ET)']OO

=99.999998205

Aprocesshusl

Ultimate Process Bus 2 System Availaibility

Subsystem - Switch 1

AIEDSW12 = APIED

ACOMSW12= L = kl = AOFC7] ZH'AES

2
A= AIEDSle'[l N [(1 - ACOMSWlZ) ]:| =0.999904178

Subsystem - Switch 3

AIEDSW32 = APIED

ACOMSW32 = L - kl - AOFC6) 2ﬂ “ApS

2
Agwan = AIEDSWSZ’[I & [(1 - Acomswin) ﬂ =0.999917866
Subsystem - Switch 4

8
A[EDSW42 ™= APIED

ACOMSW42 = L = kl = A()chj zﬂ “Ags

2
Agwan = AIEDSW42'[1 N [(1 = ACOMSW42) ﬂ = 0.99989049

Subsystem - Switch 6

6
AIEDSW62 = AMU

ACOMSW62 = L - kl - AOFC6) Zﬂ AR

2
Aswen = AIEDswsz‘[l % [(1 5 ACOMSW&) ﬂ = 0999945243

Subsystem - Switch 8

10
AEDSWS2 = AMU

IRIOmE)|
Acomswsz=| 1 - (I_AOFC j Agg

2
Agwer = AIEDSWSI[I = {(1 = ACOMSW82) H = 0.99990874

Subsystem - Switch 2

AIEDSW22 = APIED

-
5
Acomsw2z = L = kl - AoFC ) :|:|’AES
I il
Agwaz = Arpswaz| 1 - | {1 - Acomswaz) || = 0999931554

Subsystem - Commmuncation network connect
between switches

9
2
ACOMNET2 = {1 - [(1 = AOFC) ]] = 0.999999999

Subsystem - Switch 5

7
AJEDSWS2 = AMU

2
7
ACOMSWS2 = L = kl - Agrc ) H‘AES

2
Agyysz = AIEDSW52'|:1 & [(1 - ACOMSWSZ) :|:| =0.999936117

Subsystem - Switch 7

-
AIEDSWT2 = AMU

2
7
ACOMSWT2 = L - kl —AgFC ) H'AES

2
Aswrz = AIEDSWH»[I - {(1 - Bonaswaz) ﬂ =0.999936117

The availbililty of the process bus architecture has switch 4 & 8 in parallel to the other switches. Therefore the availbility

of the second process bus system is:

Aprocessbus? = [1 - (1 = Aswu’Aswzz'Aswaz'ASWSZ'Aswsz'Aswn‘ACOMNEU)‘(1 - Asw42’Asw&2)]‘100

Aprocessbus? = 99.99969139



Atriivm F# Alvrde }“[ Ajvrdez ]‘“ Avrar F

Arries s
+50c1 +DFC —
4 4 < < lely | < < 4 < oFc | Pore ¢
-« Alvrdrr (4 Avrdrz Alyrdr ALVBusl“ ‘ Aoric % Aorc Aorc Aorc = Agsia
' ' ' 1 i F— A 1—{ A A H A H A }4—
# Ao 4] Ao H A H Bl | Aorc oFC oFC oFc oFc oFC

Alvbusam H Avbusiv H Alvrder H Alvrdes H Alvrdrs H Alvrdia )‘*
Alvbus2s }4—1 Alvbusis «

I

Acs7p

e

| Aorc H Aorc E

|
: | ‘ —: Agrc H Aore “—{ Acrc H Aorc %—‘ Aorc H Agrc F
Alvrdra H Alvrdrs H ALVFdrﬁH ALVFdr?H Alvpus2 3 Aorc }4‘ Acrc H Aorc H Aorc H Aorc F‘j‘ Arsoa
{ Acrc }<~ Acrc H Acrc H Acrc H Aarc FJ‘ Agszs Aorc .AOFC H Acre H Acre )1— Aorc }4—
L
AOFC il ADFC <
[Shail Arinn == TATszmM Areaivm | Aryrgrio 4 Alvrdrs | Al
‘ i
Asocs Aokc Acsgp Aorc )“}_ﬁ Aorc H Agrc H Aorc }* Aorc ‘ﬁ Arraeas
ALVFdrBHALVFdrBH AL\«'FdIJOH ALVMSS}‘J%H Aorc H Anre H Aorc }*} Agrc %J‘ Acsaa ‘h* Agrc Agrc <
I
‘{ Aorc H Aorc H Acrc H Acrc }*4 Arszs 4 1 Aorc Agrc
I Asre :4 Acsga i } Aorc Aarc Auyrdeam Atr1Hvm
-~ Acsan i Aorc Aorc Anvrdrip Atrinva
Acrc Aorc Acrc o ‘ 7 r 3
]—[ ]j Arsan 4— | Aorc Aorc
Arrip }4 Apvrartn Anvbuss Aarc Aorc Aorc
Atriv ﬁAHVFdrIM Avbusm ‘ Aorc % Aorc Aarc }‘ Aorc Agre l—
Aorc Aorc | Aorc Acsioa Aorc Aose Atvrdeam ATF2HVM‘
Acsi08 i Aorc Aorc Anyrdrzs ATFzHVB}
Aorc ’:jl—ﬁ Aorc ]J ”
: - - T Aorc Aorc
Ateon 4 Apvracoa Aorc Aokc |
Arezv 14— Apvraraw Aorc Aorc
Apssp
Aorc Aorc
| Protection IED
Aorc :H: Aorc | Aorc H Aore :H: Agrc ]—E Agrc Availability Block
A A [ A A A ‘ Ethemet Switch
oFc oFC oFC OFC oFc Aore Asy Pt
Merging Unit
Aorc Aorc 1 Aorc Aorc Agc + Aorc % Availability Block
i | | Optic Fibre Cabl
Acrc Ackc | Ackc Aorc Acrc | Aok % Aot sttt otk

Switch 1 has 3 connections
Switch 2 has 2 connections
Switch 3 has 2 connections
Switch 4 has 3 connections
Switch 5 has 2 connections

Each one of the these connection has a redundant path. By
combining this into one system.



‘J—{ ALVFdrl H ALVFdrl H ALVFdrSH ALVBuslH ATFZLM HAHVFdrlM H AHVbusM h

Acrc H Aorc H Aorc %—' Acrc H Aorc H Aorc

ﬂ Aoec H AESlA‘

|
Agrc H Aorc H Acrc 7 Aorc i‘j Acrc H Aorc

H Aorc H Acsip :

Alvrara H Apvrars H ALVFerH Avrarr H Awauszh

[
Aorc H Aoee H Acrc 4| Aorc |11 Aorc ]‘* Acsra

Aprc H Aore H Acrc 4 Aorc H Acrc }" Arsrs

‘-{ Avras H Alvrdrs H ALVFdrlOH AwausaH Arrom HAHVFerM h

Aorc H Aorc H Acrc H Aorc H Aorc H Agrc F Apsza <

Agrc H Aorc H Acrc H Aorc H Aorc H Agrc F Apsip <

Switch 1 has 3 connections
Switch 2 has 3 connections

Switch 3 has 3 connections ] Aok ]_[ Aorc Aorc
Each one of the these connection has a redundant path. By —1 Aorc Aorc Aorc
combining this into one system.
Aorc ]{ Acrc Aore Aorc Aorc Aorc :"—
Aorc Agrc Aorc Acrc Acrc Aorc %‘

Argsa ‘ Aorc H Aorc H Agrc 4{ Aorc H Aorc H Aorc H Acrc F
 Apssp ‘ Aorc M Aorc H Aorc 4{ Aorc H Aorc H Aorc H Agre }‘

| | Avrdrim % ‘ATFIEAM+ ‘ATFlHVM }4 ‘ATFILVMH Alvrdra H Alvrdr H Alyrdrt |< |

Arsea ‘—‘ Aorc H Aorc H Aorc H Aorc H Aorc H Aorc

Acses ‘% Aore H Aorc H Agrc H Aorc H Agrc H Aorc

‘ Aivbuszv }4 ‘ALthslM}‘ ] Ayraey }4 ‘ Ajvrdes F [ ALVdeS)‘ ‘ Avrdea F

‘ Agsza |L ‘ Acre H Aore H Acrc H Aorc M Acrc H Aorc 4‘[ Aorc J<

- ‘ Azsrn : —" Aorc H Aorc H Aore H Aorc H Aore H Aorc H Agre ]‘ -

|’ l Anyrdeam F ’ Arraram }4 ‘ATFZHVM" |ATF2LVM}‘ | Alvrdrio F | Alvrdrg F ‘ Alvrdes l<

Aorc

—{ Asoct H Asocs H Asoc H Atria HAHVMABH Auvbuss H Arep HAH\IFerEh
i Aorc H Agrc H Acrc H Agrc H Aarc H Aorc H Agrc H Aorc H Aesan |
]
‘ ""{ Aorc H Acrc H Aore H Acrc H Aorc H Aorc H Aorc F Acsap
|
‘j Aorc [» Acsga P{ Agrc ‘
4 Aorc | » Amsgs :
‘ [ | ] [
| Aorc F ‘ Aorc H Aore H Aorc FJ‘ Aorc [ Aok F“ Aore H Aarc H Aorc %
—} Aorc H Aorc H Aorc H Aorc H Aorc |4—‘ Agre H Aorc H Agrc H Aorc F

Alvbus2a } %Awhusls‘ % Ajvrarin ‘ .{ATFJ.HVB‘ %Amma‘ %Amwa‘ .{ATFEHVB‘ % Ajvrdran ‘
i

-

A, Protection IED
Availability Block

et ‘ Ethernet Switch
Availability Block

Merging Unit
Availability Block
A Optic Fibre Cable
OFC Availability Block




Sub Import ()

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

Selection.ClearContents
' Reset the column headings

Data5tring, Packet FPreamble, EtherType Rs String

swID Rs String
MOl _Hex A=s String

smpCnt, ACurMag, BCurMag,

arr() As String
INDEX As Integer

RowCount, MNumberofLines,

QutArray (10) As Long

' Define the parameters of the standard parts of the packet
Packet FPreamble = "|0
EctherType = "|&88|ba"
svID = "az"
RowCount = 2

' Clear the contents of any previously imported data
Sheets ("MU_1") .5elect
Cells.Select

Range ("A1") .5elect

ActiveSheet.Range ("AL1"™)
AotiveSheet.Range ("B1™)
AotiveSheet.Range ("C1™)
AotiveSheet . Range ("D1™)
AotiveSheet.Range ("EL1™)
AotiveSheet . Range ("F1™)
AotiveSheet . Range ("G1™)
AetiveSheet.Range ("H1™)
LetiveSheet.Range ("I1™)
LectiveSheet.Range ("J1™)

' Retrieve text file

M=gBox "Please retreive

If Fname =

"

= "Logical

CCurMag,

Hode™

= "Sample Count"™

"L-Phase
"B-Phase
"C-Phase
"Heutral
"L-Phase
= "EB-Phase
"C-Phase
= "Neutral

Current
Current
Current
Current
Voltage
Voltage
Voltage
Voltage

the K12 Text File"
Fname = Application.GetOpenFilename ()

"False" Then Exit Sub

' Count the number of lines in the text file
HNumberofLines = 0
Cpen Fname For Input &s #2
While Not ECF(2)

Input #2, DataString

NumberofLines = NumberofLines + 1

Wend

Close #2

M=gBox Format (HumberofLines,

CurrentLine As Double

()™
()™
()™
()™
vy
vy
tvn
tvn

"$,¥¥4") £ " number of lines to process", vbOEOnly,

NCurMag, AVolMag, BVolMag, CVolMag, NVolMag As Long

"Data Import™



' Import text file content for Sampled walue data
Open Fname For Input As #1
Sheets ("MU_1") .Activate
While Not ECF (1)
Input #1, DataString

If InStr(DataString, EtherType) > 0 Then ' Check to see if the Ether type for a 5V is in the string
arr() = Split(DataString, "|") ' This will =plit the =string into the two hexadecimal numbers and
' create an array
INDEX = Application.Match (svID, arr, False) + 4 ' This will look for the column with fixed bits
' for the reference the umber of columns to the
' information needed
svIDLength = CLng ("&H" & arr(INDEX)) ' Determine the number for the number of characters in the =svID
MUl Hex = ™" ' Clear out MUl Hex before use
For i = 1 To vaDLengt,hI
MUl Hex = MUl Hex & Chr("&H" & arr(INDEX + 1))
Hext i
INDEX = INDEX + svIDLength + 3
smpCnt = CLng("&H" & (arr (INDEX) & arr(INDEX + 1)))
CuthArray(0) = smpCnt
INDEX = INDEX + svIDLength
ACurMag = CLng ("&H"™ & (arr(INDEX) & arr(INDEX + 1) & arr(INDEX + 2) & arr(INDEX + 3)))
Cuthrray(l) = ACurMag / 1000
INDEX = INDEX + 8

BCurMag = CLng ("&H" & (arr(INDEX) & arr(INDEX + 1) & arr(INDEX + 2) & arr(INDEX + 3)))
Outhrray(2) = BCurMag / 1000

INDEX = INDEX + 8

CCurMag = CLng("&H"™ & (arr (INMDEX) & arr(INDEX + 1) & arr(INDEX + 2) & arr (INDEX + 3)))
Cuthrray(3) = CCurMag / 1000

INDEX = INDEX + 8

NCurMag = CLng ("&H" & (arr(INDEX) & arr(INDEX + 1) & arr(INDEX + 2) & arr(INDEX + 3)))

Cuthrray(4) = NCurMag / 1000

INDEX = INDEX + 8

AVolMag = CLng("&H" & (arr (INDEX) & arr (INDEX + 1) & arr (INDEX + 2) & arr (INDEX + 3)))
Outhrray(5) = AVolMag / 1000

INDEX = INDEX + 8

BVolMag = CLng("&H"™ & (arr(INDEX) & arr(INDEX + 1) & arr(INDEX + 2) & arr(INDEX + 3)))
Cuthrray(6) = BVolMag / 1000
INDEX = INDEX + &
CVolMag = CLng("&H" & (arr (INDEX) & arr (INDEX + 1) & arr (INDEX + 2} & arr (INDEX + 3)))
Cuthrray(7) = CVolMag / 1000
INDEX = INDEX + 8
NVolMag = CLng ("&H" & (arr (INDEX) & arr (INDEX + 1) & arr (INDEX + 2} & arr (INDEX + 3)))
Quthrray(8) = NVolMag / 1000

Wend

Close #1

' Unload ProgressForm
M=sgBox "Finished", vbInformation, "Done"™

End Sub
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