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Shunt Reactor Types

• Dry-type or oil-
immersed

• Air-core or gapped 
iron-core

• Fixed or variable 

Magnetizing characteristic (air-core and gapped iron-core reactors)



Shunt Reactor Design

• Three-leg design – zero-sequence 
is 80–90% of positive and negative 
sequence 

• Five-leg design – zero sequence is 
equal to positive and negative 

• Reactor X/R is high and dc 
component may last 1–10 seconds

• Air core and iron core have many 
differences – one air core has 
many more turns compared to iron 
core; hence, X/R is typically lower 
in air coreThree-leg and five-leg shunt reactor designs



EHV Dry-Type Reactors: Air Core 

Multiple coil mounting arrangements
Three-phase 

stack mounting

Multiple series-connected columns

Various mounting arrangements

In-line and triangular 
mounting arrangements



Shunt Reactor Failure Modes

• Turn-to-turn fault – oil and dry type

• Dry-type reactors – cabling and 
induced voltage

• CT saturation

• Overcompensation / 
undercompensation for line 
reactor – resonance and 
controlled closing

• Single-pole tripping and fourth-leg 
reactors

• Controlled closing and opening  Typical reactor protection



Utility 1 Reactor Failures
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Case 1 – Melted Secondary Cables



Test 
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Routing of cable R42.1

Yard ground

Yard ground
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Case 1 – Melted Secondary Cables



To switch house / relay

Case 1 – Melted Secondary Cables



Case 1 – Melted Secondary Cables



Switch House

Cable R43 routing (460’)

3018

Test Box #1

3028

3038

Revised cable routing

Case 1 – Melted Secondary Cables



Simple Summation: Current Differential
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Case 2A – Differential Misoperation on Energization



Fundamental currentsRaw currents

IAT / IBT / ICT = source-side CTs (window-type)

IAN / IBN / ICN = neutral-side CTs (bushing-type)

IAX / IBX / ICX = differential current

048 shunt reactor #2

A-Phase

Case 2A – Differential Misoperation on Energization- Uneven DC CT Saturation



Case 2B – A Phase Uneven DC CT Saturation

• The neutral side 
Phase-A CT began to 
saturate at 
approximately 27 
cycles after the 
reactor was 
energized. At that 
time, the bus side CT 
experienced less 
saturation, which 
resulted in the false 
current differences



Source: D. Caverly, et al, “Air Core Reactors: Magnetic Clearances, Electrical Connection, and Grounding of Their Supports”

Case 3 – Reactor Connection Orientation



Case 3 – Reactor Connection Orientation



Utility 2 Reactor Failures



34.5 kV 50 MVAR 
Reactor 

Arrangement



Switching Arrangement

SF6 Circuit breaker is used on the phase side of the shunt reactor



Case 1 – A-Phase reactor failure 
(while in service)





Case 2 – 115 kV Grounded-Y Shunt Reactor

• 115 kV, 25 MVAR grounded Y reactor A-Phase faulted because of 
surface contamination

• Flashover on the surface resulted in creating a turn-to-turn fault,  
resulting in 87N relay operation

• A-Phase of the reactor short resulted in a short-circuit current 
over 20 kA 





Case 2 – A-Phase Reactor Failure 
(while in service)

Pre-fault current: 181 A peak

Fault current: >20,000 A; 400:5 CT saturated 



Reactor on fire



Protection  

Fault Prevention!



Turn-to-Turn Fault Case – One Turn Short 



Shunt Reactor Impedance



Calculations of Currents Through Windings 
During a Fault



C37.109 Guide for Shunt 
Reactor Protection

New revision to be published in 2024
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