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Ecuador WAMS Overview

= Architecture

PMU Data Analysis
= Angle Unwrapping

= Difference Calculation
= Fast Fourier Transform

Visualization

System Scalability
= Pl AF (Asset Framework)
= Pl AF Model-Based Parameter Substitution
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Wide Area Monitoring System for Ecuador

= Proportionally the largest WAMS project in South America
= Area: 106,000mi% — Equivalent to the Size of Colorado

= Initial WAMS implementation: 2 Months
= Characterize the system as a function of the voltage phase angle\"

= Create procedures for the operation of the system

= Training for CENACE personnel (Control Center Dispatchers, Engineers, etc.)
= Understanding of Synchrophasor metrics

= Validate the dynamic model of the system
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Wide Area Monitoring System for Ecuador

= Resolve Internal Oscillations with Colombia
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PMU Installation Phase | — Five PMUs
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PMU Installation Phase Il — Fourteen PMUs (Dec 2012)
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PMU Installation Phase Ill = Twenty PMUs (2013)
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Total 27 PMUs (2014)
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Architecture Overview

Pl Server 2010 Pl Clients
PI FET Interface Pl ProcessBook
Pl Interface Node Pl DataLink
Pl C37.118
Pl Unwra — &
S

1133 Arbiter PMUs
43 Measurements per PMU (60HZz)
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C Phase voltage angles
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PMU Data Analysis

= P|C37.118 Interface
= Raw PMU data

= Pl Phasor Angle Interface
= Unwrap discontinuous voltage angle (+ 180)

= Compute differences for:
= Unwrapped angles
= Frequencies

" PIFFT Interface
= Compute FFT of unwrapped angle/frequency differences
= Several window widths are required to pick up events of interest
= Compute damping coefficients at each mode.
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Pl C37.118 Interface (raw data)

i%u PI Interface Configuration Utility - PIC371181 =10 x|
Interface Tools Help
T EX|dlrroBREde |
Interface: |PIC371181 > PISYSTEM-2010 v| Rename |
Type: |C3?‘|1B j FI IEEE C37.118 Fl Server Connection Status
Diescription: I f PI-SYSTEM-2010
; S Witeable
Wersions: [FIC37118 exe version 1.0.5.101 [Unilnt version 4.5.2.0
General — Pl IEEE C37.118 Interface-Specific Parameters (1.0.4.28]
Jrilrik . - — - - -
Path to ¥ML Corfig File: N YaRI D |
Pl SDK IC. Program Files 86\PIPChntefaces C37118  est XML
- Di ted Start — Device Cnnfgumtlnn file Settings
pEannEcied At =l [BETT B — Local End Point Corfiguration
- Diebug Comm DLL
- Failower Qo = 1 PIC37118_C 002 di
. Session " Serial lDI I £ O_LommEte. —I
- Performance Points . :
- Performance Counters B Eucllen:tPE::P N Bnabled Data 'I"|meo|_rt| 1000
- Remote irT
. ;iaalth Paints o [Yes ¥| Reconnect Rate[ 30000 Finan[io -] Faioverd|
IP Corfigurati
Service igurEten [~ Use Local IP Address
I0 Rate Protocol Port Close
Interface Status TCP = 1] Command
Crndl J Crndl Socket [~ Use Multicast IP Addr
Data[UDP x| Data[é713 | [Yes 7] |
1] | +]
Additional Parameters
“ =
—
Cloze | Apply I
| Feady | Stopped |FIC3711E1 - Installed r
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Pl Phasor Unwrap Angle Calculation

{i# OSIsoft - Phasor Calculations o (=]

Server:  [PISYSTEM2010 =] comect |
((J OSlsoft.
Unwrap Angle |.ﬁngle Difference I Output/Debug I -

Unwrap Angle Configuration

Point Source: |LINWP Range:
Aftr. wf tag name: Isn:uun::etag Low Limit: -180

[71]
[=x]
(=]

Calc. Delay: [1 s W auo High Limit: 180
Test Limit: |34D
Configuration:

The tag will unwrap the angle of the input tag referenced at "sourcetag” attribute

|- debug urwrap anale

Status: Running

CORPORACION
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CENACE - Unwrapped Angle (Molino Station)
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CENACE - Unwrapped Angles
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Frequency and Angle differences calculation

{i#4 0SIsoft - Phasor Calculations
Server: |F‘I-SYSTEM-2D1 0 = Trrreal |

. Urwrap Angle  Angle Difference |DLrtert;"Debug I

Angle Differences Configuration

Point Source: |DIF Calc. Delay: |1_5 ¥ auto

Input Tag 1: Ie:nu:lesu:
Input Tag 2: Isnun:etag

Configuration:
The tag will save the result from the difference between input tag1 - input tag 2
Exemple -= Cuput = ExDesc - Sourcetag

r debug angle differences

Status: Running

CORPORACION
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Critical Differences

= Molino = Reference Angle

= 7 Critical Differences
= Voltage Phase A
= Frequency

= (Calculate real time FFT
= Pl FFT Interface
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Frequency Differences Results

Phase A Voltage Differences
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Fast Fourier Transform of Differences

= PI| FFT Interface (2 Instances)

= Calculates Fast Fourier Transform in real time (Moving window)
= 2 xlInstances

= 1 x unwrapped angles, 1 x frequencies
= Configuration:

= 60Hz

= 64 Magnitudes, Angles and Damping Coefficient & window size

= 10 Area, Integrals, Harmonics and Peak Locations

= 232 Tags per difference (3,248 points total)
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Fast Fourier Transform of Differences

%, PI Interface Configuration Utility - PIFFTInt1 - 10| x|

Interface Tools Help

AEX|d| > =a|pR e |

Interface: |F'IFFTInt1 - PI-SYSTEM-2010 | Henamel

Tope: IFFT|nt j Fazt Fourner Transform Pl Server Connection Status
Diescriptior: I A7 PI-SYSTEM-2010
; W wiiteable
Wersions: |PIFFTInt exe version 1.1.4.20 |Unilnt version 45.2.0
General — Fast Fourier Transform Interface-Specific Parameters [1.1.5.27]
Umll:'r:tSDK General | Input Data FFI'kajts ] Debug/History Recovery
- Dizconnected Startup
- Debug [~ Scale angle outputs
- Failover v Write "No Sample" to output tags

- Perfarmance Points
- Performance Counters

- Health Points v Mumber of amay indices for peak IT

FETImt area calculation

Semvice )
Madmum output events 1000
I0 Rate ™ ? |

Interface Status

[+ Sort magnitudes of FFT spectrum

[~ Calculation Period

I—
[T Reset Time Perod I

Minutes

— Additional Parameters

Cloge | Apply I

| Beady | Stopped | PIFFTInt - Installed v
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Fast Fourier Transform Spectrum

Raw Frvguenoy Data
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Synchrophasor Data Visualization
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Synchrophasor Data Visualization
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3D Synchrophasor Data Visualization

#{2 0SIsoft Phasor Data Visualizer 3D M=
Connect |
MOLLFreg
PASC.Freq
QUEV.Freg
TOTO.Freg
60.1 -
Playback
60.05 yba I~ on

: \\ Start Time:
R . [6-jan-12 00:00:00
End Time:
|6-jan-12 00:01:00

Stﬂpl Play |

Scale [ auto

Center Poink: I &0

Deadband (+/-):|0.1

Data
Start Time: *-a20s

End Time: I"

Resclution: 1000 =

Repaint v auto

Refresh Rate: ISDD "I
=l

Tag Search | x | Display Time [~ show Start Time: [NON_NUMERIC End Time: [NON_NUMERIC
Connected to UIQOSEDE-SMCAPS Peveloped by: Bruno Bachiega (bbachiega@osizait. com)
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Pl AF — Scalable and easy to Maintain

B~ & CENACE

- PI AF = |:'F M olino
‘e G PMUA
[ ildi _ i ; w [ Pascuales
Building an Asset-Centric Pl System e it
= QOrganize data based on logical and physical objects B it
B G Quevedo
= Features ] e
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: . . - 3 Diterencias
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Similar Elements are based out of the same AF template

B (3 CEMACE
{E- G Maire
e Y
- [ Pasoudes
i b @ PMUA
El- ( Pomasqud
P @ P
P - i Queveds
P e @ PMUN

Generd | Child Elements  Attibutes | Ponts | Version |

| Eilter
[# + = Hame alvaim
(=8 ® = Faseh, 0
| B ¥ Angulo de Comiente ., | 1393332
| B ¢F Angulo deVakagem .| -123,9541 V
= ¥ Magiiude de Comie.. | 409.597583111328 4
= ¥ Maginitude de Volta.. | 138924 234375 Y
B 7 Paite Imaginaia de ... | -300,375335693359 A
® ¥ Pate Imaginaia de . | 115235 5625V
® ¥ Pate Redl de Comie, | -273.0558 °
8 ¢ Pate Real deVokag.. 7755323
81 || =] FaseB ]
i B ¥ Angulo de Comierte . | 107,1743°
B 7 Angulo de Vokagem ... | 115.7504 ¥
B 7 Magiitude de Corrie... | 410, 063262339453 &
B ¥ Magniude deValta.. | 13826015625V
® ¥ Parte Imaginaia de |, | 351 778351181641 A&
8 o Pate Imaginaia de... | 1245303125 Y
® ¥ Paite Real de Corie.. | -121.0831 *
B 7 Paite Aeal de Valag. .| 60067 22V
B ¢ Frequencia 59 93267 Hz
# 8 = Lattude 0
&  ® =] Longitude 0
# 8 =] Modelo PML 11338
# B PMUID 1
# B ] Provesda Aibites
= ¥ ROCOF 0,011 2454099580645 Hz
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Future Implementation

" Training classes for operators

= Use Positive Sequence voltage phase angles

= Analysis of Zero and Negative sequence angles
= Add Phase portrait displays

= Add Voltage stability displays QV charts and PV charts
= Automatic notifications of oscillations

" Plots of mode shapes

= Define Lyapunov stability regions for phase portraits
= Real time Bode plots of FFT differences
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Forthcoming Challenges and Developments

* |nterarea Oscillations - Ecuador <> Colombia

= Colombia’s load is 4 times bigger than Ecuador

= Ecuador’s generation will double in the next 5 years

= New 500Kv Transmission Line

= Regional integration

Appropriate infrastructure and procedures to monitor and operate
the grid are fundamental

@0 OSlsoft.
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Bruno Bachiega Gonzalo Uquillas
bbachiega@osisoft.com ququillas@cenace.org.ec
(402) 570 1406

Danilo Ribeiro Chuck Wells
dribeiro@osisoft.com cwells@osisoft.com
(510) 347 2684 (650) 504-6278
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