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Automated Capacitor Bank

Health Analysis

Using Waveform Event Data from

PQMs and DFRs



2 © 2017 Electric Power Research Institute, Inc. All rights reserved.

Cap Bank Monitoring
Tony Murphy, TVA
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PQ Monitoring of Capacitor Banks

Why Cap Bank Monitoring?

• An Aging Fleet

• Nuisance Trips

• Excessive CMs

• Catastrophic Failures

• Reportable Mis-ops

• Out of Service when Needed

• Tens of Thousands of Cap Units

and Fuses
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Data Analytics
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Cap Design 1: Externally Fused (Pre 1990)

PQM / DFR Inputs:

• Main Bus Voltages

• Cap Bank Breaker 

Currents

• Mid-stack Voltages

• Digital Status of Cap 

Circuit Switchers

BØ               CØ BØ               CØ
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Cap Design 2: Fuseless Uncompensated (1990 – 2000)

PQM / DFR Inputs:

• Main Bus Voltages

• Cap Bank Breaker 

Currents

• Cap Bank Relay 

Control Voltages

• Digital Status of Cap 

Circuit Switchers

BØ               CØ BØ               CØ
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Cap Design 3: Fuseless Compensated (Post 2000)

PQM / DFR Inputs:

• Main Bus Voltages

• Cap Bank Breaker 

Currents

• Cap Bank Relay 

Control Voltages

• Digital Status of Cap 

Circuit Switchers

BØ               CØ BØ               CØ BØ               CØ BØ               CØ
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Matlab Analytic Development
Dr. Surya Santoso, University of Texas 
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Capacitor Bank and Relay Health Analytics: 

Flow Diagram
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Module data input formats and other requirements:

Input parameters must be prepared in a separate txt file
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General Cap Energizing Characteristics: 

Peak Voltage and Mvar Change
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Pre-insertion Circuit Switcher Health Analytics  

R

jX
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R

jX

Pre-insertion Circuit Switcher 
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Capacitor Bank and Relay Health Analytics: 

Flow Diagram
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Cap. Health Analytics: Compensated Voltage Differential 

Scheme (Fuseless Cap Design); dV = VX – k VY

▪ Differential protection analysis:

– k factor = the scaled-down bus voltage 

over relay voltage (in rms) = (VX/VY).

– Compute differential voltage: 
scaled-down bus voltage – k historical * relay 

voltage  

– k historical: mean with outliers removed

– Polarity of diff. voltage is preserved
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Differential Voltage

▪ Initial k from a relay calculation 

sheet is only used once.

▪ Differential voltage fluctuated 

about zero but less than 0.5 V.

▪ No shorted elements, per table 

below.
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Four Capacitors in a Substation - July 2019

Relay Compensation Factors: Relay 1 - 4
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Four Capacitors in a Substation - July 2019

Relay Differential Voltages: Relay 1 - 4
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Four Capacitors in a Substation - July 2019

Reactance of Capacitor Banks: Bank 1 - 4
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Capacitor Bank and Relay Health Analytics: 

Flow Diagram
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EPRI Software Quality Assurance
Dr. Gaurav Singh, EPRI
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EPRI’s role in the process
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Some notable changes made by EPRI to the analytics
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Some notable changes made by EPRI to the analytics

Capacitor Bank 

Analytics

Pre-Insertion timing 
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Deploying analytics into PQ Dashboard

DFR or PQ 
Monitor Data

File folder

OpenXDA EAS 
(Extended 
Analytics 
Service) 

Template

MATLAB 
(*.M)

MATLAB DLL 
(*.DLL)

Open PQ 
Dashboard

R

W

R

W

R

One Time 
Manual

Process

R

1: Create your analysis in MATLAB 
• Expected Inputs: Voltage and 

Current waveform data
• Outputs: Values, Arrays, etc to be 

displayed in the dashboard as text, 
graphs, etc.

= Existing Infrastructure

= Your Work

2: Convert to DLL

3: Edit the Template
• For processing the input data from OpenXDA

• Places your output data in the Open PQ Dashboard.

4: Some editing may be required 
depending on your display needs.
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OpenXDA Integration
Tony Murphy, TVA
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System Center – Cap Bank Configuration
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System Center – Cap Bank Configuration
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SE Browser – Cap Bank Report
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SE Browser – Cap Bank Report
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SE Browser – Cap Bank Report
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OpenSEE – Cap Bank Analysis

Alarm Threshold

BØ
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