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CT Saturation and Burden

saturation causes waveform distortion

should be sized to avoid saturation

Maximum burden can be determined from
CT and power system information



Typical CT Saturation Waveform
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Maximum CT Burden
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Digital Relay Filtering

Analog low-pass

E Removes high-frequency signals
E Anti-aliasing

Digital filtering

E Fundamental frequency

E Removes harmonics

E Cosine and fourier



Unfiltered Current Waveforms
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Output of Full-Cycle Cosine Filter
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Current Magnitudes
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Phase Angle in Degrees

Phase Relationship of
Current Waveforms




Distance Element

Phase angle comparator
Line-drop compensated voltage

Polarizing voltage



Mho Element Derivation




Ohms Secondary

Example Impedance Plot
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Zone 1 Distance Element
Using Dual-Filter Scheme
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Determine Maximum CT Burden

2000/5, C800, R, = 0.76 ohms
Maximum fault current: 35,200 amps
System X/R: 10 (84.3 degrees)

Maximum burden: 0.82 ohms



Distance Element Evaluation

Ensure high-speed tripping by Zone 1
distance element @ Close-in faults and

fault at 70% of reach
Ensure dependable operation of Zone 2
element for pilot scheme tripping

E High-speed operation for close-in and remote
terminal faults

E Minimum pickup duration for pilot tripping



Zone 2 Operation

Close-in fault

Remote terminal fault
(100% of line impedance)

Operating time less than 0.8 cycles

Minimum pickup duration of 2 cycles



Zone 2 Distance Element Operation

Remote Fault i Six Times Maximum
1 ” 1 1 1 1

I 1

i .

NSNS SN I S I 0 U A N I O A |




Ohms Secondary

Zone 2 Mho Element Plot 1
Six Times Maximum

Zone 2
Reach
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Impedance Plot With Extended
Zone 2 Reach Setting
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Increase CT Burden to Seven Times
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Zone 1 Operation

Close-in fault at maximum fault current
Fault at 70% of set reach
Must trip within 0.8 cycles

No duration requirement



Zone 1 Operation for Close-in Fault
Six Times Maximum Burden
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Measured Impedances for High-Speed
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Zone 1 Response for Fault at
/0% of Reach
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Measured Impedances for Fault
at 70% of Reach



