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Proj ect objective:
Utilize data obtained from Intelligent Electronic
Devices (I EDs) to enhance Power System State
-




Research Approach

Concentrate on the following issues:

= Analyze digital relays and other Intelligent
Electronic Devices installed in substations

Explore modern trends in substation
communications (IEC 61850)

Collect data from various locations within
substation and adjust the format

Provide redundancy of measurements

Write an application for data processing and
consistency checking




Substation Layout - One Line Representation
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Analog Measurements:

= Currents [A]

= Voltages [kV]

= Power Flows [kW, kVAr]
= Power Injections [same]
Digital Measurements:

« CB Statuses

= DS Statuses

Node Number = Ground Switches
Q Branch Number




Three-phase Substation Model in SIMULINK
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Processing Algorithms in

MATLAB

Kirchoff's
Current
Law

Start

Branch number

Find appropriate branch current
and branch status

Status = closed
&
Current <> 0

Ees Status = open
&

Consistency Curre 0
OK

Yes|

Consistency
OK

Node number

Node classification

busbar or internal node ?

Collect all incident branches
(and appropriate orientations)

All incident branches
have current measurement ?

Sum the currents in incident branches
(consider correct orientations)

Sum of phase A currents < KCLerr
&

Sum of phase B currents < KCLerr
&

Sum of phase C currents < KCLerr

I KCL
NOT sattisfied !

cannot be performed

| KLC
not performed for
external node

I KCL

Status = open
&
Current <> 0

Yes| Status = closed
&
NO Current =0
consistency !

Yes|

LOW
current value !

Status changed
to unknown

Status changed
to unknown

Consistency
cannot be

performed
due to
status

unknown

Non consistent
measurements !

abs(l,,-1

a171a2) <SMADMdis * max(abs(l,,),abs(l,))
&

abs(lg,-15,)<MADMdis * max(abs(lg,),abs(lg,))

abs(l¢,-1.,)<MADMdis * max(abs(l,),abs(l.,))

Branch number

Branch with double current

measurements ?

&

4
No redundant
measurements

Consistent
measurements

ch number

Count switching elements
in the branch

Number of
switching elements = 3 ?

Switchl = closed
&
Circuit Breaker = closed
&
Switch2 = closed

Branch status

equals

switch

Branch status

status closed

Redundant
Currents

Branch
Status

Circuit Breaker = closed
&
(Switchl or Switch2) = open

Branch status
open

Branch status
unknown

Topology Checking




Project Results - Future Work

UtPUt Ta'bl €S Future Work:

Communicated Data: = Substation transition analysis

- hree_phase or Sing'e_phase Output n SW|tCh|ng Sequences & intel’|OCking

ossible errors filtered out = State tracking & predicting
ore reliable data = Writing user friendly software

Node #

e Voliage (mag) | 095200 | 095200 | 095200 | 099200 | 095207
—Voltage(ang) | 0208 | 020 | o027 | o207 | ozs | [EEN[CCCRIETIIE
—injection (act) | wa | 0025 | wa | nwa | na | |
Injection (react) | _wa | ooeid | wa | wa | wa | _

Branch #

O CUTTent (Tag) | 162492 | 102150 | 255226 | L4z0l | 19000 |
[ Current (ang) | t7650 | tsesat | draves | irova2 | 2am0 | |ESNMRE R
B I s I o D' 2Nch Table
— Flow(reac) | - | - | oseess | - | ouopor |
— Saws | 1 | 1 | 1 | 1 | 1 | _




