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Project Overview

March, 2017 — June, 2019
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Task 1: Disturbance based Model Validation &
Calibration

Motivation e Powertech

» Generic tool for generator owner to be compliant with Field
iy PSL
L
?
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NERC Requirement (MOD-026/033)

0 bj ective Model Cal/Val PhasorAnalytics Pacific
. . . core sw platform m Elgi ISEC
* Production-grade software solution which can work @EE Gl Sﬁﬁﬂiﬂe
across multiple commercial dynamic simulation engines & researe = Solutions
Accomplishment Multi-team Collaboration

» Functional specification completed.

e Algorithm developed and tested with simulated data.

o Software platform integration with simulation tool PSLF
completed.

« Paper titled “Synchrophasor Based Dynamic Model Validation
Leveraging Multiple Events” presented at the 2018 IEEE
Innovative Smart Grid Technologies (ISGT) Conference.

o Paper titled “Towards a Commercial-grade Tool for Disturbance-
based Model Validation and Calibration” at 2018 IEEE PES

eral Meeting. PhasorAnalytics User Interface 4




Task 2: Angle-based Grid Management for Voltage
Stablility Assessment

Motivation
« To enhance the real time visibility and grid asset e ,——
utilization — . ¢ om
Objective
* Production-grade software solution for Fast Voltage - _,
Stability Assessment (FVSA) based on Voltage Angle- = T T

DIFF CHANGE ~ | % OF MAX LIM % OF ANGLE DIFF MAX LIM = MAX LIM

based information
Accomplishment

« Fast Voltage Stability Assessment (FVSA) functional
specification completed.

 FVSA algorithm developed and tested with simulated
data.

 FVSA software platform integration completed.

 FVSA software application factory acceptance testing W e REERPecNmenw v umsmus
Comp|eted. =T e

 Presented “PMU Measurement-Model Based Voltage G ) s ey o er) e 5 o0
Security Monitoring Application” at the April 2018 NASPI K& Chi - -
@eting and North America User Group Meeting in June 5
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Task 3: Operator Guidance Tool

o Augment existing synchrophasor applications with detailed root cause assessment, what-if
capabilities, and recommendations during islanding and other disturbance conditions.

 Demonstrate Enhanced Island Monitoring and Enhanced Disturbance Management at
MISO.

« Enhanced Island Monitoring (EIM) provides the exact cause and location of the islanding event, island size,
island composition, information about circuit breaker(s) that can be closed by the operators to resynchronize
the formed island from the main grid.

« Enhanced Disturbance Management (EDM) provides time of occurrence OERACB?S%IEQ?QH\% o?.‘.’t%ﬂﬁgeve”t Spread
(wide area or local), event type and MW change during taes=swma

Enhanced lsland Monitoring

Accomplishment
« Enhanced Island Management and Enhanced R g T TR
Disturbance Management tested with simulated T et m m w7 | e | e e
data.

» Operator guidance field test plan document for
deployment at MISO completed.
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Upcoming Milestone & Field Tests

2018 Q4

2019 Q1

2019 Q2

Milestone | Milestone Description Due Category
M10A Dynamic model calibration algorithm tested with realistic data in target platform with PSLF | 12/19/2018 Development
M22 Model Validation & calibration FAT using PSLF 12/19/2018 | FAT/Field Demo
M30 Operator Guidance FAT 12/19/2018 | FAT/Field Demo
Milestone | Milestone Description Revised Category
M6B Model calibration software platform with TSAT 3/19/2019 Development
M10B Dynamic model calibration algorithm tested with realistic data in target platform with TSAT | 3/19/2019 Development
M24 Model Validation & calibration FAT using TSAT 3/19/2019 | FAT/Field Demo
M23 Model Validation field tests 3/19/2019 | FAT/Field Demo
M28 AGM field test 3/19/2019 | FAT/Field Demo
M31 Operator Guidance field test 3/19/2019 | FAT/Field Demo
Milestone | Milestone Description Revised Category
M25 Model Calibration field tests 6/19/2019 | FAT/Field Demo




PhasorAnalytics Model
Calibration Algorithm
Development




Two Stage Approach for Model Calibration

1. Design Considerations

Production-grade software tool

Generic for wide variety of models (PSLF, TSAT and PTI PSS/E)
Minimal data flow change on existing tools

Account for non-linearity in models

Quiality of solution with reasonable speed

Account for multiple different events

Avoid tuning parameters that may already be at their true values

P,Q
Set of
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PMU data Parg meter P Model Rl
from |dentifiability Calibration
events IENHE Algorithm
A Parameters| (B, ) A Parameters| |P,Q
V.f Dynamic Simulation Engine

(PSLF/TSAT)

Phasor Measurements

— Simulation
— Actual
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Verification
Comparing measured and simulated results
Oscillations (FRQ, DAMP, Mode Shape, Sources)

Calibration
Tuning model parameters

After

Simulation
Engine

— Simulation
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Stage I-Parameter ldentifiability

* Jacobian matrix, A = « Sensitivity magnitude: reduces in counter-clockwise direction

Parameters » Sensitivity dependency: represented by connecting lines
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» Rank deficiency of A can result from;
(1) very small entries in columns of A
(2) columns of A being nearly linearly dependent

Causing failure to identify parameters uniquely A = USVT M., = ¥ 02v2

Identifiability provides data-driven sensitivity insight for user.




Stage llI-Parameter Estimation

A 4 A 4

er system component model
(PSLF/TSAT)

NLS Optimization approach is selected:
el » Flexibility for customization
« Handling non-gaussian noise

Pk Y Pk Y Algorithm Improvement:

» Faster execution.

* Robustness during abnormality.
Solve optimization problem « Seguential parameter estimation for
min ly™ - Y| ? real-world sequential events.

Compute sigma points
based on covariance/std.
deviation information

Compute Kalman Gain Compute output vs.

parameter Jacobian
Iteratively solve problem by
moving parameters in

K direction based on Jacobi
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Example Result: Hydro Power Plant Model
Calibration
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Software Application Steps

Raw Parameters Step I: Identifiability Down select
parameters

08 Parameter Identifiabilty Spiral Graph of Real Power
- T T

06 |
04 L

q
02 | JWas
q

08 Parameter Identifiabilty Spiral Graph of Reactive Power
g T T T

06 |

04 L

02 | a4

3 95

Hp 93

02

L L L L L L L
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Red -> corrupt

Dark Grey -> to be identified

Step Il: Parameter

Estimation
160 - . . .
155
150
145 L L L il 1 L il -
0 500 1000 1500 2000 2500 3000 3500
100 . .
Measured
Tuned
50 —— Default ||
0 »
M
-50 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500

13



Product Integration (PhasorAnalytics)

GE Energy -
Lesson Learned @z, Powertech Fiald

- Compatibility: Matlab (prototype) vs. C# (application) @P."SL Demo '!Eigifgf
- Performance: multi-platform handshake time longer than expected t 4 ‘ RSN Bl Slectic
- Robustness: .exceptlo.n haljdllng & m.elasurement noise Sy - PhasorAnalytics il
- Customer voice: fast iteration with utility partners core sw platform
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GRC works closely with Biz team and utility partners for product integration &




Live Demo
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