Voltage Transformers
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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?




Inductive VT / PT

Construction
Typically for 175 kV — 24 kV

Capacitor Voltage

Transformer
132 kV and Upwards




CVT Structure
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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
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CVT Transient at Voltage Zero
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CVT Transient Reduces Fundamental
Voltage Component

Janan Sagnum.
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CVT Components Affect CVT Transient

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

e Excitation current of the intermediate
transformer

e Turns ratio of the intermediate voltage
magnetic transformer

e Ferroresonance-suppression circuits

High-C CVT Causes Less Transient
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High- and Low-C CVT Comparison
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Active Suppression Circuit Aggravates

CVT Transient
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Active Suppression Circuit Aggravates
CVT Transient
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System Conditions Affect CVT
Transient

e Point of wave, where the fault occurs
e System Impedance Ratio (SIR)
e CVT burden

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

Burden (VA)
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Solutions to Distance Overreach

e Reducing Zone 1 reach

e Introducing time delay

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

Zone 1 (Zgr1)

ZR1_NEW

Delayed

[]

Conclusion

Faults at voltage zero generate worst CVT
transient

e Passive ferro-suppression circuit produces
much less CVT transient

e Low SIR application does not cause
overreach concern
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Conclusion

e High-C CVTs reduce distance relay
overreach

e Resistive burden causes less CVT transient

Classification of CVTs

e Accuracy class
¢ Protection 3P & 6P (typical)
¢ Metering 0.3 & 0.6

e VArating

e \/oltage factor
¢ 1.2V, ., 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

l— | i icTse i
— Maine = 180 - %Y ] \d
Fomit ™ ;o V
rtds_sharc_CVT3

D/AMONITORING | DAC16 SCALING

I MONITORING SIGNAL NAMES

| FERRO-RESONANCE FILTER | B-VS-HCURVE | P-LOSS DATA

" MAINDATA | TRANSFORMER DATA | BURDEN

[ Name | D Value Unit | Min |_Max |

[Name VT Name =

F Base Frequency 60.0 Hz

I Capacitor Divider (Vsys-V1) h 28962e-2 |uF 0.0

[c2 |capacitor Divider ¢v1-gna) 2630741 _|uF 0.0

.Lt Tuning Reactor 20,853 H 0.0

csa Cross-sectional Area 6.5e-3 mz 0.0 -

lF‘Len Path Length 0.5 m 0.0

:le Initial Remanence 0.0 pu

[ReaP lassignmentofModelto 3PC Card | Manual = o |

.SIHC -- Manual: Place on 3PC Card &l 11018 1 18

|shP | Manual: Place on 3PC Processor  |B ~ 0 |2

Update Cancel Cancel All
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Data entry for a CVT model (2

Cl |c 1 ICTE8B [y [CVIB] ¢
Home = L5 | ] I 1 el M
1 IcTesC 1 1 [cvmc] 4
. . o N
Tids_sharc_CVIJ
‘ TRANSFORMER DATA
Name Description Value Unit__|_Min Max
Rp |Primary Side Resistance l474.0 Ohms 0.0
p _Primary Side Inductance |4.46 H _D.l]
4] Primary Side Turns {11000 turns 1
Rs _secondary Side Resistance 018 (Ohms llJ.O
Ls |Secondary Side Inductance  [0.47e-3 _|H oo |
NS Secondary Side Turns [115 turns 1 -
‘l update || cancel || canceran

Data entry for a CVT model (3)

IcTogs

BURDEN ]
Name ___ Description | value Unit Min Max
\ Burden series resistance 400 L] Ohms _0 U]
Lh |Burden series inductance [1.84 H 00
Rbp Burden parallel resistance [2298.0 Ohms 0.0

Update || Cancel || CancelAl
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Data entry for a CVT model @)
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Model Response under Steady State
Conditions

A

Primary vs Secondary Voltage
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Model Response under Transient

Conditions

Primary vs Secondary Voltage
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