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1-Wide Area Monitoring System (WAMS)

 Wide Area Monitoring System (WAMS) is an integral part of power
system operation today.

d WAMS Utilizing synchrophasor measurements enable the
monitoring of power systems and provide critical information for
understanding, forecasting, or even controlling the status of power
grid stability in real-time. q{l

O In recent years, more and more WAMSs have been built around the
world to meet the growing needs for all kinds of system-stability-
related applications.

O A wide-area Frequency Monitoring Network (FNET) utilizing a
family of PMU called FDR was developed by Virginia Tech iIn
North America.
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Wide Area Monitoring System (WAMYS)

J More than 80 FDRs are installed in the United States and
about 40 installed worIdW|de
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Wide Area Monitoring System (WAMYS)

0 Egypt Is one of the recognized nations in the WAMSs
world
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2- Egyptian Wide Area Monitoring System (EWAMS)
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d EWAMS was constructed through our project “Smart Grid
Frequency Monitoring Network Architecture and Applications”
by installing 10 FDRs in various power stations in Egyptian
Electric power grid.
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Egyptian Wide Area Monitoring System (EWAMS)

d EWAMS is an Internet based wide area monitoring system
that is constructed using 10 FDRs connected to the VT output in
10 power stations distributed over the Egyptian power grid. u.{l

U EWAFMS is a power grid situational awareness tool that
collects real-time, Global Positioning System (GPS) time-
stamped measurements with high precision at the transmission
level.

d EWAMS made the synchronized frequency, voltage angle,
and voltage magnitude observation of the entire Egyptian power
grid possible with reasonable cost for the first time.

U The following figure shows the developed Internet-based
WAMS architecture for the Egyptian power grid.
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3- EWAMS Architecture
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3-1 EWAMS layout

| The Selected Power Stations from the Egyptian
Electrical Grid for FDR deployment

k Helwan University Host Servers (HUHS) for
Data Management and Analysis
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3-2 FDR Deployment for EWAMS

 The locations of the 10 FDRs are decided to provide full
observability of the Egyptian electric power grid for different
monitoring and control applications. '
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3-3 FDR design for EWAMS

Special design for Egyptian power grid
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3-4 Communication Infrastructure for EWAMS

Communication Infrastructure (Internet)

1 ADSL Internet access connections
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3-5 HUHS for Data Management and Analysis

3

r

Helwan University Host
Servers (HUHS) for Data
Management

Data Reaal time Non-Real time Data storage
Concen trator application application Sarver
Server Server Server

 Data Concentrator Server (DCS)
o Collect data from FDRs
o Align the data by time stamps
o provide synchronized outputs for application software
o Database Operation Service
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HUHS for Data Management and Analysis

U Real Time Application Server (RTAS)
o Frequency monitoring application
o Phase angle monitoring application
o Event detection
o Event type diagnosis
o Event location
o Oscillation trigger

(J Non-Real Time Application Server (NRTAS)
o Event visualization
o Oscillation modal analysis
o Web service

(] Data Storage Server (DSS)
o Store all historical data

1]
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4- EWAMS Device and Software Installation

Two levels for EWAMS installation
u{ll

Selected Part of the\

Egyptian grid

\(

Installed FORs
0

r

i ( |
Infrastructure

Level #2

Helwan University Host
Servers (HUHS) for Data
Management

’

| —

(

19 9/12/2013



4-1 FDRs setup In power station

Five steps for installing FDR and Router in power station

FDR : : "
et |CP/IP Configuration %

GP? fslllf\tt?nna GPS antenna is connected in the most suitable place.
INstallation

3G router Internet Connection Configuration

Configuration

ConnFeEtEm " Connection to VT of 220kV / 57.73 V.

panel

oIl [ X/RX Test
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4-2 Network configuration for FDRs devices
FDR Transmission Protocol: TCP/IP
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4-3 Snapshots for FDR and Router installation process
Wadi-Hof Installation (500kV/ 220kV Cairo Zone Grid)
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Snapshots for FDR and Router installation proce

Wadi-Hof Installation (500kV/ 220kV Cairo Zone Grid)
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Snapshots for FDR and Router installation process
Wadi-Hof Installation (500kV/ 220kV Cairo Zone Grid)
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Snapshots for FDR and Router installation process
South-Cairo Installation (500kV/ 220kV Cairo Zone Grid)
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Snapshots for FDR and Router installation process
South-Cairo Installation (500kV/ 220kV Cairo Zone Grid)
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Snapshots for FDR and Router installation process

South-Cairo Installation (500kV/ 220kV Cairo Zone Grid)
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Snapshots for FDR and Router installation process

220kV /500kV board FDR installation
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Snapshots for FDR and Router installation process

Part of the wiring connection
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Snapshots for FDR and Router installation process

Wiring Diagram layout
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4-4 EWAMS Software Installation

EWAMS Arxchitecture
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DCS server located
at Tennessee University

Packerreceived
http.//fnetpubllc.utk.edu

X C DCS server located Port 4001
/ cam at Helwan University

Packet transmitted
XG0

\

192.168.1.100
Port 4001

To Build our FDR Data
Collector application
and our Web
application

http://helwan-ntra.com
Port 4001 33




4-5 Logical structure of Egyptian WAMS
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4-6 HUHS Software Installation

d HUHS Software components
o Window Server 2008 R2
o Nova Backup Server
Microsoft Forefront Endpoint Protection
TeeChart: Charting and graphing library
MYSQL Server
MySQL Workbench
Microsoft Access
PHP "Personal Home Page”
[1S "Internet information services"
FNET Server Application
o Applications: Event trigger, Oscillation Trigger, ...

S O O OO0
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Data Flow Paths and Application Hierarchy
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Data Flow Paths and Application Hierarchy
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Data Flow Paths and Application Hierarchy

. 2
second Laver t l
_______________ Ry g gy | —

7 HUHS Real Time Application Servar ™, HUHS Data Storage Sarvar ™,

————————————————

: Frequancy

| Monltoring Interface

|

: Event Oigillation
i Trigger Trigger
|

e —

Access
Database

|
Oscillation :
Modal Analysis | s
i =
Event Location | e Wab fivar %
o omREE
. i TesaChart Appiis ation Web Page _/

3 8 9/12/2013



EWAMS Server Application
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Snapshot from the EWAMS Database
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16 1116 7/27/2013 4:10:54 PM 4 497569 49.7575 0.6654 56.39 7/27/20139:12:41 AM 582544 &
e | »
Datasheet View iﬂ -] g"f
l‘!sunl a I | | Dotabase 'ams«w I‘mmmm Iumwwm Wt Microsolt Access - s P @ 72‘};’;‘3.
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EWAMS Web Display

Synchronized Frequency Measurements

BV Frequency Color Scheme (Deviation from nominal value, Hz)

(= 4%) (09, 001 (s, o) | (o5, 0.01) JE0000)T (021,003 ] 0,05 {05,000

** The frequency values displayed here on the public website are fed from a set of sample data and do not represent the current system frequency.

Egypt
UTCTime | 03:52:31 | 03:52:27 | 03:52:23 | 03:52:19 | 03:52:15 | 03:52:11 | 03:52:07 | 03:52:03 | 03:51:59 | 03:51:55

WadiHof (57.7v) Unit #1083 " 50.0205 | 50.0055 | 50.0152 | 50.01%4 | 50.023 [ 50.0197 | 50.0165 | 50.0187
Unit #1084 NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData
Unit #1107 0097 | 50065 | 500187 soot | shovs | S00ME | 5008 | 960 |
: Unit #1111 SOOSRON 0004 | 500155 | 0012 | 50014 | 500013

—— P Unit 1112 OSOSIE| 500157 | 500158 | 500165 | 500197 | 500208 | 500192 | 500164
Unit #1113 | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData
Unit #1114 | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData
Unit #1115 | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData
-» Unit #1116 [ 50.0194 | 50.0213 [ 50.0197 | 50.0165 | 50.0187 | NoData | 50.0148 | 50.0145
Unit #1117 | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData
Unit #1119 | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData | NoData
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Real Time Non-Real

Time

Applications Applications

Event Location

Online Visualization Estimation
Instability %‘l Smart Load Shedding
Detection

Event Identification Adaptive Dynamic

Modeling
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Application-1 | |

* ON-line Visualization based diagnosis

13
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Online Visualization of Synchronized Measurements

—— |

(Helwan University Host Server)

NURBW LS

Data Real time
Concentrator application Server
Server

g ..

Non-Real time  Data storage

application Server Server

|
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Event Identification.

Event Location Estimation.
Adaptive Dynamic Modeling.
Oscillation Trigger.
Instability Detection.

Application Layer
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Online Visualization of Synchronized Measurements

Effective visualization helps viewers to understand and interpret power system
dynamic situation more easily and rapidly to improve situational awareness.
The visualization tool will receive measurements from FDRs and visualize i
online as shown.

) MATLAB R2013a
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Mapping

.« Freguency Color Coded{Hz) -
mapgir
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z01 |
202 | |
203 - | |
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E0L) | Kurymat-1 l
z08 - |
210 - I |
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212 I
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Online Visualization of Synchronized Measurements

| MATLAE R2013a

Current

[l
=

4
la
=) a
il
A F
Bl m
) m
B sl
R sl

AHGSLD.
MATLAE
€3] anc
€ anc
€] e
€3] are:
€3] vzt
@ stop
€9 figu
€3] iscoi

Phase

Angle

Ahg(deg)

Mapping

Basateen Aln Sera
1 _

=

L]

5

£

razapl  Abozapl

5.]

OkV EEDW Heli?ples
L HOA I

[ 1

-

y

Busy

= ¥
f__'Start| 5‘}:'@ E ' Final Tested dont edit | g FMETServer | ‘k MATLAB F2013a ANGSLD

| AMGSLD | ANGSLD CukputFon [ln 113 ol 15

A f Uniitled - Paint 3 [ () 2B

7iza 2013

A

9/12/2013



Online Visualization of Synchronized Measurements

J MATLAB R2013a
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Online Visualization of Synchronized Measurements

J MATLAB R2013a
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Application-2 4{]

Adaptive Dynamic Model Based on
WAMS Using Harmony Search
Technique

a1
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Introduction
Conventional Power System Simulation
Adaptive Power System Simulation
Power System Simulators
PSS®E Interface Programs
Power System Model Parameters Effectiveness on Simulation Behavior

ADM Scheme

Unforeseen Operating Cases

Testing Case

I
 Conentionalpover Sy Simuation
 AdeePower Ssensimuaion
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Application-3 &«

Generator Trip Identification
Using Minimum Distance
Classifier Technique




When Generator trins
Generators Trip Identification Using Minimum Distance Classification
Training and Testing Cases
The main problem encountered with the proposed technique is the fauity Data
Testing case under Faulty Data

FDR Setup at Helwan University and Online Application



Testing Gases

Testing Case I:

Tebeen Station Trip

Topology :

disconnecting two lines between Cairo-South bus and Ain-Sera and removing a
load of 349 MW at North Cairo bus

He— '
Y = o ey !
7 i{~;'c:z;'.:::.::::::::::::i:.:.tw’:\::;::::::.'.:.::::::::’::::.t'.:-::::::; v l ‘ ﬂl :“2 :ﬂ3ﬂ w ey flg West C"%'
o8 A B ] s 3 North Cai
h CLELT Y ]| Heest e —— According to the A N
| : : ‘ enerate ot . B e ey | e
£ e fr Compare |~ eachsignal " votes, generator "~ | " ¥tth i @ s
| Form the V and F vector distanceof | according to the 5is tripped < e @%oeen Cen
| Tobgen for each FDR reading 1 : st
2 1'! scum | then calculate the PCs Jleest O | MINIMUM distance South Tebeen:
‘ e | of each vector and )
il vy ‘ find the mean value of PCs Of comparison Tebeen500 Suiz Golf Q
| e e @Kurymxl Zaafrana @
Test Case # 1 g




Application-4

 Event location estimatl
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Insufficient Data for Cmnputat'q:_m of Event Locatiorgy;,

Event Location Estimation

[ EventlocationRes bt - Notepad

Fle Edt Fomat View Help

2015-07-24 15:18:12
2013-07-42 15:24:3
2013-07-22 15:26:5%4
2013-07-42 15:32:5)
2013-07-42 15:34:14
2015-07-27 15:36:10
2013-07-42 15:37:58
2013-07-27 15:43:16
2013-07-42 15:52:4]
2013-07-¢2 15:55:17
2015-07-27 15:56:39
2013-07-42 16:00:16
2013-07-22 16:02:19
2013-07-42 16:04:29
2013-07-¢2 16:11:41
2015-07-27 16:13:57
2013-07-42 16:16:49
2013-07-27 16:18:58
2013-07-42 16:23:27
2013-07-42 16:25:13
2015-07-22 16:27:44
2013-07-42 16:29:00
2013-07-22 16:38:15
2013-07-42 16:39:57
2013-07-42 16:41:53
2015-07-27 16:48:13
2013-07-42 16:53:27

failed Triangulation 1400 ww GeneTrip
failed Triangulation 650 Mw Loadshedding
failed Triangulation 900 MW GeneTrip
failed Triangulation 850 M Loadshedding
failed Triangulation 1600 MW Loadshedding
failed Trianqulation 740 MW GeneTrip
failed Triangulation 2800 MW Loadshedding
failed Triangulation 1200 M GeneTrip
failed Triangulation 1300 MW GeneTrip
failed Triangulation 1800 mw Loadshedding
failed Triangulation 660 Mw Loadshedding
failed Triangulation 510 Mw Loadshedding
failed Triangulation 1100 W GeneTrip
failed Trizngulation 1500 M LoaoShedding
failed Triangulation 1000 My GeneTrip
failed Triangulation 580 Mw Loadshedding
failed Triangulation 1600 MW Loadshedding
failed Trianqulation 930 MW GeneTrip
failed Triangulation 1500 M Loadshedding
failed Triangulation 1100 Mw Loadshedding
failed Trianqulation 1100 ww Loadshedding
failed Triangulation 1600 Mw Loadshedding
failed Trianqulation 1200 W LoadShedding
failed Trizngulation 3200 M LozoShedding
failed Triangulation 1100 My GeneTrip
fai}ed Trianqu}at10n 1500 mw Lozdshedding

failed Trizngulation 1000 M LnadShEdd1nq
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 Smart Load sheddin
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Smart Load Shedding

: South__Tebeen ]
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= = (g i - iy T T, S UES
P e
= £
g E 7 72 o f - () 77 1s the total number of the FDRs
E8s YD) _ (ST =05 o>
- — - — T L m— - = o - -
sSE7 V=44 = =44 m(z) is the number of available FDRs
[=Y
Calculate Power Mismatch
IS /,-Ius_oad_;ip._—:;,‘c.enfcny_ tI
Normal a1 (1) AP = B -Af
Operation —_; — Threshold Af = focz — Sun

~ B

Pre-disturbance Post-disturbance

!

e e Load Amount to be Shed
Load Shedding Locations )
Depend on

= 7The Lowest Voltage Level Lociatiof"si/ _ pghcd — 1 -()5 o (AP S Pth_r)

Load Shedding Speed o /
Depend on

The rate of Change of Grid Frequency

Load Shedding
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