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A capacitor bank is generally made up of several 
individual single phase or three-phase capacitors, 
assembled together and interconnected to create high 
power assemblies called "capacitor banks".

LEgRAND designs and manufactures various different 
types of capacitor banks, defined by: 

• The total reactive power to be installed

• The nominal supply voltage

• The electrical requirements:
- Presence of harmonics
- Automatic capacitor banks with power factor 
controller

• Installation
- Indoor (in an electrical room)
- Outdoor (in an electrical substation)

• Operator safety
- IP 00 open rack
- IP 21 - IK 05 cubicle (indoor installation)
- IP 23 - IK 05 cubicle (outdoor installation)

medium voltage capacitor banks

TyPES Of CaPaCiTOr BaNkS
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• Delta wiring
This type of wiring is used for low power capacitor 
banks and those with a nominal voltage of less than 
12 kV. 
These capacitor banks are mainly intended for direct 
compensation at the terminals of MV motors. 
The capacitor(s) are generally three-phase.

• Double star wiring 
The type of wiring is suitable for capacitor banks of 
all powers and voltages (in this case single phase 
capacitors are subject to phase-to-neutral voltage).
An unbalance protection device (transformer and 
current relay) continuously monitors the unbalance, 
between two neutral points, and if there is an internal 
fault in a capacitor it triggers the opening of the bank's 
operating device.

• H wiring
This type of wiring is intended for high power single 
phase MV capacitor banks and three-phase MV 
capacitor banks. For three-phase capacitor banks, the 
unbalance is monitored on each phase.
This unbalance monitoring system applies to both star 
and delta capacitor banks.

wiriNg CaPaCiTOr BaNkS

wiring mv capacitor banks
The "all-film" MV capacitor is generally a single phase unit (or three-phase for max. voltages of 12 kV).
There are several wiring or connection methods for combining individual capacitors to create high power capacitor 
banks.
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L3L2L1

HRC fuse

Three-phase capacitor

L3L2L1

Unbalance CTSingle phase
capacitor
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L2

Unbalance CT

Single phase capacitor
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BuilT-iN ElECTriCal PrOTECTiON DEviCES

aDDiTiONal aCCESSOriES

In addition to the protection devices specific to each 
capacitor (internal fuses or pressure monitoring 
devices), other accessories must be used and an 
associated external protection device incorporated in 
the capacitor bank. The most commonly used external 
protection devices are:
- HRC fuses
- Unbalance or differential protection

HRC fuses
Protection using HRC fuses integrated in the capacitor 
bank is ideal (technically and economically) for 
capacitor banks with the following characteristics:
- Low power (< 1000 kVAr)
- Those equipped with three-phase connection 
capacitors (see delta wiring, p. 57)
- Supply voltage less than 12 kV
The rating of the HRC fuses will be selected to have a 
value between 1.7 and 2.2 times the nominal current of 
the capacitor bank.
HRC fuse blow-outs are generally caused by a short 
circuit inside the capacitor.

Unbalance or differential protection
This protection generally applies to capacitor banks 
with the following characteristics:
- Medium or high power (> 1000 kVAr)
- Those with single phase connection capacitors
- Supply voltage greater than 12 kV

Unbalance or differential protection is sensitive, 
capable of detecting and reacting to a partial fault in a 
capacitor.
It consists of a current transformer connected between 
two electrically balanced points, combined with a 
current relay. When there is a fault in a capacitor there 
is an unbalance and therefore a current circulating in 
the current transformer, which will cause, by means of 
the relay, the banks' operating device (circuit breaker, 
switch, contactor, etc.) to open.

Quick discharge reactors
Installing two quick discharge reactors or voltage 
transformers between the phases of the capacitor bank 
reduces the capacitor discharge time from 10 minutes 
to approximately 10 seconds.
This reduced discharge time:
- Provides safety for staff when carrying out work
- Reduces waiting time before earthing (closing of the 
earthing switch)
- Makes it possible to reactivate the capacitor banks 
in steps more quickly after breaking, although a 
minimum time of 30 minutes between two discharges 
is essential, to ensure correct cooling of the reactors.

Damping reactors
Installing single phase damping reactors in series on 
each phase of the capacitor bank makes it possible 
to reduce the switching currents to values that are 
acceptable for the corresponding operating device.
These are necessary in the following situations:
- Step capacitor banks
- Very high mains short-circuit power in relation to the 
power of the capacitor bank to be connected
- Frequent control operations of the capacitor bank

Capacitor banks (continued)
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aDDiTiONal aCCESSOriES (CONTiNuED)

OPEraTiNg aND PrOTECTiON DEviCES

The operating and protection equipment (circuit 
breaker, fuse, switch, contactor) of a medium 
voltage capacitor bank must take the following three 
requirements into account:
• Capacity to withstand high transient currents when 
activated
• Capacity to ensure breaking on opening without 
restrike (at the moment of breaking, the capacitor bank 
may be loaded at full voltage)

• Capacity to withstand a permanent rms current 
corresponding to at least 1.43 times the nominal 50 Hz 
current of the capacitor bank in steady state.
Vacuum switch operating devices, or those in the SF6, 
are ideal for operating and protecting capacitor banks.

The LEgRAND Technical Departments can advise you 
on the selection of a suitable operating and protection 
device for your capacitor bank.

Contactor
The installation of a contactor at the input of the capacitor 
bank enables it to be controlled by a PLC or a regulation 
system (for example a power factor controller). 
This contactor is designed to switch capacitive currents 
and is generally of vacuum type.
A contactor must always be used with three damping 
reactors, or a detuned reactor in order to damp the 
inrush currents.

Other possible components:
• Earthing switch
• Switch (optionally motorised)
• Circuit switch (optionally motorised)
• Power factor controller to control automatic capacitor 
banks
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Detuned reactors
For mains supplies with a high level of harmonic 
interference, installing a detuned reactor, generally 
three-phase and connected in series with the capacitor 
bank, is the only effective protection.
The detuned reactor performs a dual role:
- Increasing the impedance of the capacitor in relation 
to the harmonic currents
- Shifting the parallel resonance frequency of the 
source and the capacitor to below the main frequencies 
of the harmonic currents that are causing interference

Note: The detuned reactor also performs the functions 
of a damping reactor.
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Possible components of medium voltage capacitor 
banks:

• Capacitors
• Additional accessories (discharge reactors, damping 
reactors and detuned reactors)
• Built-in electrical protection devices (HRC fuses, 
unbalance protection devices, etc.)
• Operating devices (circuit breakers, switches, 
contactors, etc.)
• Power factor controllers for automatic capacitor 
banks

They can be fitted and wired:
- On open racks (IP 00)
- In cubicles (IP 21 or IP 23 - IK 05) 
(other degrees of protection on request).

These assemblies are designed for:
- indoor type installation
- Outdoor type installation

LEgRAND offers various standard or specific 
equipment to meet your requirements.

racks and cubicles for capacitor banks

COmPOSiTiON
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iNSTallaTiON EXamPlES 

Fixed type - Delta configuration
• Max. voltage: 12 kV
• Max. power: 2500 kVAr
• Installation: indoor or outdoor

• Possible components:
damping reactors, discharge reactors, HRC fuses, 
earthing switch, detuned reactor, etc.
• Max. dimensions (mm): 2000 x 2000   H = 2200 

Example of electrical diagram

Example of assembly
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L1 L2 L3

iNSTallaTiON EXamPlES 

Fixed type with contactors -  Delta configuration
• Max. voltage: 12 kV
• Max. power: 2500 kVAr
• Installation: indoor or outdoor

• Possible components:
damping reactors, discharge reactors, contactors, HRC 
fuses, power factor relays, detuned reactor, etc.
• Max. dimensions (mm): 2000 x 2000   H = 2200 

racks and cubicles for capacitor banks 
(continued)

Example of electrical diagram

Example of assembly
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Fixed type - Double star configuration
• Max. voltage: 36 kV
• Max. power: 20,000 kVAr
• Installation: indoor or outdoor
• With or without serial group per branch

• Possible components:
damping reactors, discharge reactors, unbalance 
relays, unbalance current transformers, etc.
• Max. dimensions (mm): 3500 x 2000   H = 4000

Example of electrical diagram

Example of assembly

iNSTallaTiON EXamPlES 

To unbalance relay

L1 L2 L3
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racks and cubicles for capacitor banks 
(continued)

iNSTallaTiON EXamPlES 

Fixed type - Double star configuration
• Max. voltage: 24 kV
• Max. power: 5000 kVAr
• Installation: indoor or outdoor

• Possible components:
damping reactors, discharge reactors, unbalance 
current transformers, unbalance relays, etc.
• Max. dimensions (mm): 2500 x 2000   H = 2200

Example of electrical diagram

Example of assembly
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To unbalance relay

L1 L2 L3
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Energy performance of installations in commerce and industry
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