




 Inaccurate models can cause blackouts  For e.g. August 1996 blackout –

models did not represent reality

NERC requires model validation - MOD-026, MOD-027 require periodic

verification of generator dynamic models including excitation controls,

governor and turbine controls

 Traditional staged tests for Generator Model Validation

> Require units to be taken out of service

> Expensive and Time consuming

Industry Need
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Generator Parameter Validation (GPV) - Architecture
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• Can be deployed in the field for individual plants
• Can be deployed at a central location for multiple generators



Methodology
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Generator Model Validation using Synchrophasors

 Synchrophasor data from PMUs and advanced algorithms enable online
generator model validation

Benefits

> No need to take Units Offline - Reduces Cost Significantly

> Can be repeated frequently for multiple events and multiple generators

> Can not only perform validation but also calibrate models
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 Comprehensive Platform for Generator Model Validation using PMU/DFR data

 Inputs

> PMU/DFR Measured Event Data

> Model – power flow & dynamic data (PSSE format)

 Methodology

> Validation – Comparing simulated response to PMU measurements

> Sensitivity Analysis -Automated Process of Identifying key Parameters

> Calibration – GPV provides parameters to update the model for matching PMU measured response

> Automated  Report Generation & Emailing Capability

 Types of Models that can be validated: Generator, Governor, Exciter, Stabilizer for conventional power
plants

Generator Parameter Validation (GPV) - Introduction
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 Online/Real-Time

> Run Continuously as a service

> Validate Multiple Events

> Validate Multiple Generators

> Quantify Mismatch and Identify Good vs Questionable (programmatic not visual)

> Automated Report Generation and Email

 Offline Generator Parameter Validation (GPV)

> Perform Detailed Analysis Offline

> Sensitivity Analysis

> Calibration and Tuning

> Generate Automated Report

GPV Overview – Real-Time and Offline
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Generator Model Validation for TVA

 Large Unit (> 500 MW)  at TVA
Models – Generator and Exciter
 TVA Provided us the data for the event – fault caused nearby unit to trip
Model response did not match the PMU measurement
 Performed Sensitivity Analysis and Calibration
 Identified two key parameters that were corrected

> Inertia (H)
> Exciter Model Parameter (Va Max)

Updated model matched the PMU response
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5 Step Process for Model Validation for TVA

 Input Data

 Validation – Model not valid

 Sensitivity Analysis – Identifying key parameters for calibration

 Calibration – 2 out of 37 Parameters updated

 Revalidation – Model matched the PMU event data

 Report Generation
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Validation Results
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• Comparison of
PMU and Simulated
Data for P and Q

• Quantify Mismatch
between the two
using RMSD and
Comprehensive
Similarity
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Sensitivity Analysis
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• Identify Key Parameters
that change the
generator response

• Rank Parameters as per
Sensitivity Results

• Ability to Select
Parameters for
Calibration

• Specify Range for each
parameter Variation
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Trajectory Sensitivity Analysis
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• Analyze 
Trajectories of 
Generator 
Response for 
Key Parameters

• Identify how the 
generator 
response 
changes with key 
parameter values

Trajectories for Exciter Parameter Va Max

Trajectories for Generator Inertia H



Calibration
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• Identifies correct model parameters that match measured 
response

• Performs revalidation to show comparison of simulated with 
PMU data with new model

• Performs goodness of fit assessment on the new response



GPV Automated Report – For NERC Compliance
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• Includes all results and
plots from the analysis

• Provides all
information required
for compliance

• Generated
Automatically



GPV Summary
 Comprehensive Platform for Generator Model Validation and Calibration
 Validated – Nuclear, Steam Turbine, Gas Turbine, Hydro, Combined-Cycle
 Renewables (Wind, Solar etc.) – On the Roadmap
 Key Functionality and Capabilities

> Automatic Validation after significant events
> Automatic quantification/identification of good vs questionable models
> Detailed analysis and tuning – sensitivity analysis, trajectory analysis and calibration
> Automated Report Generation
> Easy to use Interface

 Available for deployment
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