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Presentation Outline

• Reactor Operation Sequence of Events

• Waveform Analysis

• Primary and Backup Differential Planes

• Resonance Effect

• Conclusions
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Waveform Analysis-Reactor Inrush

Harmonic Blocking Backup Relay



Waveform Analysis-Reactor Inrush



Waveform Analysis-Reactor Inrush

0.794A

0.856A



Backup Relay Protection Settings

Description Setting Value

PERCENT DIFFERENTIAL Function Enabled

PERCENT DIFFERENTIAL Pickup 0.100 pu (0.5A)

PERCENT DIFFERENTIAL Slope 1 25 %

PERCENT DIFFERENTIAL Break 1 1.570 pu

PERCENT DIFFERENTIAL Break 2 7.840 pu

PERCENT DIFFERENTIAL Slope 2 98 %

PERCENT DIFFERENTIAL Inrush Inhibit 

Function

Adapt. 2nd

PERCENT DIFFERENTIAL Inrush Inhibit 

Mode

2-out-of-3

PERCENT DIFFERENTIAL Inrush Inhibit Level 10.0 % fo

PERCENT DIFFERENTIAL Function Enabled

PERCENT DIFFERENTIAL Block OFF



B-Phase Differential Calculation

IOP=0.094p.u

IRT=0.144p.u



Relay Differential Algorithms

Harmonic Blocking Backup Relay

IOPA > IAT + IAW ∗ 𝑆𝑙𝑜𝑝𝑒IOP > IRT ∗ SLP
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Relay Differential Algorithms

IOPA = |IAT + IAW |

IRTA = |IAT| + |IAW|

IAdiff = IAT + IAW

IAr = MAX |𝐼𝐴𝑇| , (|𝐼𝐴𝑊|)

IOP > IRT ∗ SLP

Primary Relay

Backup Relay



A Phase Differential and 2nd Har

Harmonic Blocking Backup Relay

Unfiltered
IOPA = IAT + IAW

Filtered
IOPA = |IAT + IAW |

2nd Harmonic of IOPA

2nd Harmonic Ratio of fo

Idiff= 0.002A

I2nd= 0.002A



B Phase Differential and 2nd Har

Filtered
IOPB = |IBT + IBW |

Unfiltered
IOPB = IBT + IBW

2nd Harmonic of IOPB

2nd Harmonic Ratio of fo

Idiff=0.496A

I2nd=0.238A

52% of Fo



C Phase Differential and 2nd Har

Filtered
IOPC = |ICT + ICW |

Unfiltered
IOPC = ICT + ICW

2nd Harmonic of IOPC

2nd Harmonic Ratio of fo

Idiff=0.013A

I2nd=0.012A



Harmonic Content Summary

Harmonic Blocking Backup Relay

Relay is set to block the 87 element on two out of three 

phases. As a result, relay operates.

2𝑛𝑑 𝐻𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝑆𝑒𝑡𝑡𝑖𝑛𝑔 10% 𝑜𝑓 𝐹𝑜

2𝑛𝑑 𝐻𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝐴 𝑃ℎ𝑎𝑠𝑒 = 0 𝐴𝑚𝑝𝑠 𝑜𝑟 𝑍𝑒𝑟𝑜 %

2𝑛𝑑 𝐻𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝐵 𝑃ℎ𝑎𝑠𝑒 = 0.238 𝐴𝑚𝑝𝑠 𝑜𝑟 50 % of 𝐹o

2𝑛𝑑 𝐻𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝐶 𝑃ℎ𝑎𝑠𝑒 = 0 𝐴𝑚𝑝𝑠 𝑜𝑟 𝑍𝑒𝑟𝑜 %
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Primary Relay Protection Settings

Description Setting Value

Diff. Element Operating Current Pickup (p.u.) O87P 0.5

Slope 1 Setting (%) SLP1 35

Slope 2 Setting (%) SLP2 75

Unrestrained Element Current Pickup (p.u.) U87P 1.00

Incremental Operate Current Pickup (p.u.) DIOPR 1.2

Incremental Restraint Current Pickup (p.u.) DIRTR 1.2

Enable Harmonic Blocking Differential Element E87HB Y

Enable Harmonic Restraint Differential Element E87HR N

Second-Harmonic Percentage (%) PCT2 10



Relay Differential Algorithms

Harmonic Restraint Primary Relay

)IOPA > IAT + IAW ∗ 𝑆𝑙𝑜𝑝𝑒 + 𝐾2 ∗ 𝐼𝑂𝑃𝐴𝑝ℎ2 + 𝐾4 ∗ (𝐼𝑂𝑃𝐴𝑝ℎ4

IOP > IRT ∗ SLP

• 10 

• K4th 

+

Σ 

Σ 

• f(SLP1, SLP2)IRTA

I2nd

I4th

IOPA

 

 

 

TRIP



Relay Differential Algorithms

Harmonic Blocking Primary Relay

IOPA > IAT + IAW ∗ 𝑆𝑙𝑜𝑝𝑒IOP > IRT ∗ SLP

+

+

+

+

IAM4

IOPA

• f(SLP1, SLP2)IRTA

IPU

AND
AND

OR

2nd-Harmonic Blocking

87BL

87R

xth-Harmonic Blocking

TRIP

ph2

ph4

IAM2

OR
87BL1

TRIPAND

OR

87BL2
87BL3

87R1
87R2
87R3



Differences in Differential Algorithms

IOPA = |IAT + IAW |

IRTA = |IAT| + |IAW|

IAdiff = IAT + IAW

IAr = MAX |𝐼𝐴𝑇| , (|𝐼𝐴𝑊|)

IOP > IRT ∗ SLP

Primary Relay

Backup Relay



Recursive Fourier Transform



Recursive Fourier Transform



Primary Relay Protection Settings
)IOPA > IAT + IAW ∗ 𝑆𝑙𝑜𝑝𝑒 + 𝐾2 ∗ 𝐼𝑂𝑃𝐴𝑝ℎ2 + 𝐾4 ∗ (𝐼𝑂𝑃𝐴𝑝ℎ4



Primary Relay Protection Settings
IADiff = IAT + IAW

IRA = MAX |𝐼𝐴𝑇| , (|𝐼𝐴𝑊|)



Bonus – Resonance Effect



Conclusions

- Understand behavior of high voltage reactors during in-

rush conditions

- When applying two different relays from different or same 

manufacturer, make sure the protection algorithms are 

well understood. 

- Use harmonic cross blocking for reactor applications to 

avoid operating during energizations



QUESTIONS

Joe Perez P.E. 

SynchroGrid

Luke Hankins
SynchroGrid

Eric Schroeder P.E.
Cross Texas Transmission 

Presented at the 69th Annual Texas A&M Relay Conference

Jerry Burton
Cross Texas Transmission 


