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Differential Protection Principle

Balanced CT Ratio
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No Relay Operation if CTs Are Considered ldeal
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Differential Protection Principle
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Relay Operates
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Problem of Unequal CT Performance

CT

‘."Qp |:| Protected E>|:|
Equipment' ﬁ ‘? External

Fault

e False differential current can occurif a CT
saturates during a through-fault

e Use some measure of through-current to
desensitize the relay when high currents are
present
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( Magnetizing Inrush Current during Energization)
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im(1-C0s ) Table 8.1 Harmonics of the magnetizing
inrush current
Harmonic a,la
00 1:: 2I:ﬂ: ax = 60° o = 90° o = 120°

2 0.705 0.424 0.171

Figure 8.7 Idealized inrush current waveform 3 0.352 0.000 0.086
4 0.070 0.085 0.017
5 0.070 0.000 0.017
6 0.080 0.036 0.019
7 0.025 0.000 0.006
8 0.025 0.029 0.006
9 0.035 0.000 0.008
10 0.013 0.013 0.003
11 0.013 0.000 0.003
12 0.020 0.009 0.005
13 0.008 0.000 0.002
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Figure 8.9 Magnetizing current during overexcitation
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Figure 8.10 Current waveform during CT saturation
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PROTECTED |

Correct application of differential protection requires CT ratio
and winding connections to match those of transformer.

CT secondary circuit should be a “replica” of primary system.
Consider :

(1) Difference in current magnitude
(2) Phase shift
(3) Zero sequence currents
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Use of Interposing CT

P2 A2 A1 a1l a2 P2 P1

1 S2

B B

Y

g

U Oelie )35 D 10 S A

Interposing CT provides :
» Vector correction
» Ratio correction

» Zero sequence compensation
(1)



Traditional Use of Interposing CT
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Interposing CT provides :
» Vector correction
» Ratio correction

» Zero sequence compensation
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Differential Protection Applications

e Bus protection

e Transformer protection
e Generator protection

e Line protection

e Large motor protection
e Reactor protection

e Capacitor bank protection

e Compound equipment protection
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Differential Protection
Summary
e The overcurrent differential scheme is simple

and economical, but it does not respond well to
unequal current transformer performance

e The percentage differential scheme responds
better to CT saturation

e Percentage differential protection can be
analyzed in the relay and the alpha plane

e Differential protection is the best alternative
selectivity/speed with present technology
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Multiple Input Differential Schemes

/ Differential Protection Zone
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Bus Differential: Several Inputs

Three-Winding Transformer
Differential: Three Inputs
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Previously, we have studied differential relays that determine the existence of
an internal fault by comparing the magnitudes of two currents entering and
leaving the protected equipment. The differential protection verifies adherence
to Kirchoff's current law.

If the current entering the protected zone is equal to the current leaving that
zone, then there is no problem. If this balance is not maintained, then there
must be a leak or an internal fault.

This same principle can be applied to protect buses and three-winding
transformers, as shown above. In these cases, more than two currents per
phase must be compared. These are called multiple input differential schemes.
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