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Historical Overview

1847

Fuse was recommended
to protect telegraph
station from lightning
strikes

1890

First AIEE Protective
Relay Conference

1890

Direct release Oil CB
proposed

1904

Protection device with
the basic structure of dis-
tance relay proposed

1920

Ferroresonance devised
- two stable frequency
operating points coexist

1921

Step characteristic was
first used

1936

CVT term devised

1948

Working group fromed
to investage transient
characteristics of CVT

1949

Design improvements to
CVT

1971

Transient Response inves-
tigation

1981

IEEE committee report
trigerring standard

1992

Digital Models proposed

1997

Patented Solution 1

2002

Patented Solution 2
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Type of Ferro-resonance suppression circuit
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CVT Transients : Cause 1 - Point on Wave

C - Energy (Square mark, scaled)

Fault at zero crossing
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CVT Transients : Cause 1 - Point on Wave (Contd.)

L - Energy (Square mark, scaled)
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CVT Transients : Cause 2 - Stack Capacitance

Extra high capacitance

Impact of stack capacitance on CVT
transients

High C Low magnitude more duration

Low C High magnitude less duration

C2

C1

LC

CT

RC RT1 LT1

LTCRTC

RT2 LT2

RBFSC

S1

S2

Rph.

Yph.

Bph.

Intermediate Transformer

Detailed CVT model

CVT
Tran-
sients

Point
on

Wave

CVT
Tran-
sients

Stack
Capac-
itance

CVT
Tran-
sients

CVT
Tran-
sients

CVT
Tran-
sients

CVT
Tran-
sients

Causes

9 / 22



CVT Transients : Cause 3 - Turns Ratio
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CVT Transients : Cause 4 - Type 1 FSC

IR
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CVT Transients : Cause 5 - Type 2 FSC
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CVT Transients : Transient Response Test Ratio (TSTR)

Transient response of CVT

TSTR =
|Us(t)|√

2Us
× 100%
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CVT Transients : Cause 6 - Stray Capacitance

Impact of primary winding stray
capacitance
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CVT Transients : Effects
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CVT Transients : Solution 1 - Reach Reduction
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CVT Transients : Solution 2 - Fixed Time Delay
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CVT Transients : Solution 3a - Adaptive Time Delay
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CVT Transients : Solution 3b - Adaptive Time Delay
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CVT Transients : Solution 4 - Patented Technique 1
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CVT Transients : Solution 5 - Patented Technique 2
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CVT Transients : Solution 5 - Patented Technique 2

−20 0 20 40

0

20

40

60

80

F

R
S

Resistance (Ω)

R
ea

ct
a
n

ce
(Ω

)

ZL Z1 Z2

Z3 Zest.

Impedance plot for SIR 30

Patent CVT transient filter

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
0

20

40

60

80

Time (s)

C
V

T
S
ec

on
d
ar

y
V

ol
ta

ge
(V

)

raw
with filter

21 / 22



Thank You

Questions?
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