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Voltage Transformers

Overview

 VT and CVT construction

 VT and CVT equivalent circuit

 What is CVT transient?

 Why do CVT transients cause distance 
relay overreach?

 What determines CVT transient?

 What are some solutions?
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Inductive VT / PT 
Construction

Typically for 175 kV – 24 kV

Capacitor Voltage 
Transformer

132 kV and Upwards
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CVT Structure

line voltage

ferroresonance-suppression
circuit

relay voltage

compensating reactor

step-down
transformer

C2

C1

L
A

B

n:1

Ferroresonance-Suppression Circuits

Active Passive

relay voltage relay voltage

st
ep

-d
ow

n 
tr

an
sf

or
m

er
 s

ec
on

da
ry

st
ep

-d
ow

n 
tr

an
sf

or
m

er
 s

ec
on

da
ry

C

L

R R

GAP
RfLf



4

CVT Model With Active 
Ferro-Suppression Circuit

Used for Transient Studies

CVT Model With Passive
Ferro-Suppression Circuit
Used for Transient Analysis
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CVT Model for Analysis

Phasor Diagram for CVT
At Unity Power Factor
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Farben Diagrams

CVT and Distance Element 
Evaluation System



7

Power System Model

Microprocessor Relay Model
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CVT Transient at Voltage Zero

CVT Transient at Voltage Peak
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CVT Transient Reduces Fundamental 
Voltage Component

Reduced Fundamental Voltage 
Decreases Fault Impedance Calculation
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CVT Components Affect CVT Transient

 Coupling capacitors (stack capacitance), 
magnitude of the tap

 Excitation current of the intermediate 
transformer

 Turns ratio of the intermediate voltage 
magnetic transformer

 Ferroresonance-suppression circuits

High-C CVT Causes Less Transient
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High- and Low-C CVT Comparison

Active Suppression Circuit Aggravates 
CVT Transient
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Active Suppression Circuit Aggravates 
CVT Transient

Frequency Response of CVT
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System Conditions Affect CVT 
Transient

 Point of wave, where the fault occurs

 System Impedance Ratio (SIR)

 CVT burden

CVT Transient Related to System SIR
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ANSI Burden for CVT Transient Testing

Inductive Loading Increases 
Distance Overreach
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Solutions to Distance Overreach

 Reducing Zone 1 reach

 Introducing time delay

CVT Transient-Induced Distance 
Element Overreach Depends on SIR
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Secure Zone 1

Conclusion

 Faults at voltage zero generate worst CVT 
transient

 Passive ferro-suppression circuit produces 
much less CVT transient

 Low SIR application does not cause 
overreach concern
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Conclusion

 High-C CVTs reduce distance relay 
overreach

 Resistive burden causes less CVT transient

Classification of CVTs 

 Accuracy class

 Protection 3P & 6P (typical)

 Metering 0.3 & 0.6

 VA rating 

 Voltage factor

 1.2 Vnom continuous

 1.5 / 30 sec (effectively earthed)

 1.9 / 8 hrs (unearthed, insulated neutral etc.) 
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Modeling a CVT in an EMTP like 
program

Data entry for a CVT model (2)
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Data entry for a CVT model (2)

Data entry for a CVT model (3)
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Data entry for a CVT model (4)

Model Response under Steady State 
Conditions
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Model Response under Transient 
Conditions


