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iNTro
The convergence of physical means, established rules and shared procedures ensures 
the provision of safe, abundant and high quality electricity.
Everyone understands the need to improve this level of service, but its underlying 
complexity calls for serious consideration: distribution systems, equipment and 
infrastructures, neutral earthing systems, controlling disturbance, power factor 
compensation, etc. are just a few of the essential subjects.

The production, transmission, control and protection of electricity (from 
distribution systems through to the terminal connection of receivers, and 
including the transformation, metering and distribution stages) must be carried 
out in a totally safe way, taking care not to pollute it (which is a new aspect). 

electricity is a shared commodity that must be protected just like air or water. 
it is therefore important to avoid using it indiscriminately and discharging 
all types of disturbance onto the system. deterioration of the power factor, 
harmonics, transients, etc. have a harmful effect on the signal and disadvantage 
all users. The quality of energy is now controlled by strict standards, but these 
will doubtless have to change further to control aspects of electromagnetic 
compatibility that are constantly changing with the introduction of new 
production technologies (wind-powered, solar, etc.) or operating technologies 
(power electronics, dC, etc.)

The solutions offered by Legrand contribute to more effective and more 
economical energy management. 

A knowledge of the phenomena involved is also one of the key points that Book 3 
sets out to explain using a totally qualitative approach that complements Book 2, 
which demonstrated this same need for energy efficiency by means of the power 
analysis operation.

in accordance with its policy of continuous improvement, the Company reserves the right to change specifications  
and designs without notice. All illustrations, descriptions, dimensions and weights in this catalogue are for guidance  
and cannot be held binding on the Company.
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Energy  
distribution  

conditions

Electricity is a flexible, adaptable form of 
energy, but it is difficult to store, and consump-
tion by customers and coincidental demand are 
constantly varying� These requirements  
necessitate permanent transmission and  
provision of energy via a distribution system:
- High voltage for high powers and long  
distances
- Low voltage for medium and low powers  
and short distances

GENEraL STruCTurE of ELECTriCiTy NETWorKS

Large centres
of consumption

Transformer substations 
on the distribution system

Production centres

Conurbations

Railway network

Towns, businesses, 
superstores, 
housing

Rural housing, 
craft industry

Private production

Transformer substations on
 the local distribution system

Production centres

Industries

400 kV
225 kV
90 kV
63 kV

20 kV
400/230V

Although the term “network” is often used in the singular to describe the whole infrastructure required to carry 
energy from the production centres to users, it would be more accurate to use the plural to cover all the different 
systems which make up each level of the overall system�

Electricity transport network Distribution local distribution
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The system is regulated by means of requirements placed on producers, in particular the requirement to keep  
the current frequency at 50 Hz (or 60 Hz)� Too much power results in an unwanted increase in frequency, while 
insufficient power causes a drop in frequency� automated systems disconnect producers that do not comply with  
the standards, but for the regulators of the system this automation results in random events that are not controlled 
and may cause damage�
in many countries throughout the world the system is not interconnected, either because it is not sufficiently 
advanced, or because the country is too large� The creation of a network of systems in Europe contributes considerably 
to the reliability and availability of those systems by enabling exchanges of energy�
New energy sources such as wind or solar power involve new problems, due to their considerable variability  
and above all the difficulty of accurately forecasting their production several hours in advance� The question  
therefore arises of the balance between potential consumption and the available power of the new sources�

the advantage of interconnection

1  NaTioNaL aND iNTErNaTioNaL 
ELECTriCiTy TraNSPorT NETWorK
Voltages of 225 and 400 kV, in the VHV (Very High 
Voltage) range, have historically been used in france, 
but other voltages (see table 5 in standard IEC 60038) 
are used throughout the world� These very high volta-
ges limit energy loss over long distances�
Production centres are connected to one another  
via interconnection stations which are used for distri-
bution across the whole area and also, if required,  
for exchanging energy with bordering countries,  
as in Western Europe, by the use of a single voltage  
of 400 kV�

2  DiSTribuTioN NETWorK
This system carries the energy to regional or local 
distribution centres (conurbations) and to large consu-
mers such as railway networks, chemical or iron and 
steel industries, etc� Switching stations incorporate 
transformers which reduce the voltage to various 
levels, according to requirements: 225 kV, 150 kV, 
90 kV, 63 kV or even directly to 20 kV for short distance 
or limited power uses�

3  LoCaL DiSTribuTioN NETWorK
using transformer substations (HV/HV), the high vol-
tage (90 kV, 63 kV) is reduced to 20 kV or sometimes 
even 15 kV (historically medium voltage, MV) or directly 
to low voltage (230/400 V) which can be supplied to 
individual users (private houses, shops, tradesmen, 
small companies, farms, etc�)� High voltage (gene-
rally between 3 and 35 kV) is supplied to small towns, 
districts of medium sized towns, villages, shopping 
centres, small and medium sized companies, etc� The 
same principles for providing and ensuring the safety 
of the high voltage supplies are used throughout the 
world� That is, the distribution part of the high voltage 
system consists of a transformer substation, known 
as the “Source substation”� This substation comprises 
one or more transformers which supply a system that 
can take a number of forms, from the simplest (radial 
distribution) to the safest (double tap-off, looped)� The 
principles of these systems are shown on p�08�
High voltage is generally distributed between three 
phases, usually without neutral� The HV neutral point 
is earthed by means of a neutral point resistor or coil 
which limits the current if there is a phase/earth fault�
(see earthing diagrams on p�10)� 
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Energy distribution  
conditions (continued)

The energy is delivered from the local 
distribution system via an HV/HV 
(bulk users) or more commonly an 
HV/LV “source substation”� An HV/LV 
substation primarily consists of:
- One or more incoming cabinets,  
depending on the type of supply 
- A protection and metering cabinet  
(with HV main circuit breaker) 
- One or more transformer cabinets  
(one per transformer) 
- The main LV distribution board 
based on standard IEC 60364, which 
can be located in the same place as 
the HV substation or in a different 
location�

according to the EWEa (European Wind Energy association) the wind-
powered production base in Europe could reach an installed power of 
180,000 MW in 2020, i�e� five the times the 2004 installed power, which was 
34,000 MW� The procedures for connecting wind-powered installations 
to the electricity system are defined by decrees and orders� installations 
with a maximum power of 12 MW are connected to the HV local distribution 
system� This system was originally set up to take consumers (see diagram 
on p�02)� The gradual introduction of production into the system may lead 
to an inversion of the power flows at HV stations�
installations with a power of more than 12 MW are usually connected to the 
distribution system (HV)� The trend in the future will be the development of 
land-based or offshore wind farms, generating much higher powers (about 
one hundred MW) which could be connected directly into the transmission 
network�

connecting wind-powered production sources

Production Local distribution

Railway
Heavy industry

Industry
20 kV

Interconnection station

40
0 

kV
 in

te
rc

on
ne

ct
io

n

Interconnection station

Switching station

Switching station

To 
interconnection

To 
interconnection

400 kV 225 or
400 kV

125 or
225 kV

20 kV

20 kV

Urban
distribution
230/400 V

Rural
distribution
230/400 V

From production to use
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classification of voltages

french decree no� 88-1056 of 14 November 
1988 divides voltages into five classes� 
The feature that distinguishes it from the 
international approach is the division of LV  
and HV into four sub-classes LVa, LVb, HVa  
and HVb, which are used in many countries�

Nominal voltage un (V)
aC DC

Extra low voltage ELV un ≤ 50 un ≤ 120

Low voltage LV
LVa 50 < un ≤ 500 120 < un ≤ 750

LVb 500 < un ≤ 1000 750 < un ≤ 1500

High voltage HV
HVa 1000 < un  ≤ 50,000 1500 < un  ≤ 75,000

HVb un > 50,000 un > 75,000

Standard iEC 60038 defines a set of 
“standard” voltages to be used for 
creating aC and DC power and traction 
systems� it refers to two voltage 
ranges, LV and HV, with segregation 
corresponding to the various voltages 
used throughout the world�  
The various tables in this standard  
are given on the following pages�

un (V) LV range un (V) HV range

aC power 
systems

100 V 
to  

   1000 V(1)

1000 V  
to  

35 kV(1)

35 kV 
to  

  230 kV(1)
>245 kV

DC traction 
systems

500 V 
to  

   900 V(1)

1000 V 
to  

  3600 V(1)
- -

aC traction 
systems -

12,000 V 
to  

   27,500 V(1)
- -

(1) inclusive value

National standards (1)

(1) In France, NF C 13100 (delivery substations) and NF C 13200 (high voltage installations)

MS1

MS2

HV line

IEC 60364

scope of the standards
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Energy distribution  
conditions (continued)

three phase ac systems, with nominal voltage 
greater than 1 kV and not exceeding 35 kV  

and associated equipment

Two sets of highest voltages for equipment are given 
below: one for 50 Hz and 60 Hz systems (series i), the 
other for 60 Hz systems (series ii – North american 
zone)� it is recommended that only one of the two 
series is used in any one country� Series i systems are 
generally three-wire, while those in series ii are four-
wire�

Series i Series ii

Highest 
voltage for 
equipment 

(kV)

Nominal system
voltage (kV)

Highest 
voltage for 
equipment 

(kV)

Nominal 
system
voltage 

(kV)
3�3 3�3 3 4�40 4�46
7�7 6�6 6  –  –
12 11 10 – –
– – – 13�3 12�27
–  –  – 13�37 13�3
– – – 14�42 13�3

17�7(1) –  15(1) – – 
24 22 20 –  –
– – – 26�6 24�44

36 33 – – –
– – – 36�6 34�4

40�0 – 35  – –
(1) Value not recommended for new systems

ac systems whose nominal voltage  
is between 100 V and 1000 V inclusive  

and associated equipment

Values of the phase-neutral and phase-to-phase 
voltages of three phase four-wire systems to  
which single phase or three phase receivers can  
be connected�

Three-phase four-wire 
or three-wire systems

Single-phase 
three-wire systems

50 Hz 60 Hz 60 Hz
– 120/208 120/240

– 240(1) –

230/400 277/480 –

400/690 480(1) –

– 347/600 –

1000(1) 600(1) –

(1) Three-wire systems without neutral

The term medium voltage, still in fairly common usage, referred in france more or less to the HVa range (MV/LV 
transformer) and applied to distribution or supply systems for industry� in other countries, the limit could be different� 
Standards aNSi/iEEE 1585 and iEEE Std 1623 therefore place it between 1 and 35 kV (range found in standard 
iEC 60038)� for example, standard NEMa 600 refers to “medium voltage cables rated from 600 V to 69,000 VaC”� 
Standard EN 50160 on the characteristics of distribution systems (see p�24) still defines medium voltage (MV)  
as the voltage range from 1 kV up to 35 kV� 
it should also be noted that the terms “Very high voltage” (> 100 kV), “Extra High Voltage” (> 300 kV) and  
“ultra High Voltage (> 800 kV) are not standardised either� We should therefore currently only refer to low voltage  
and high voltage�

changes in terms used
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three phase ac systems, with nominal voltage 
greater than 35 kV and not exceeding 230 kV  

and associated equipment
Highest voltage

for equipment (kV) Nominal system voltage(1) (kV)

52(2) 45(2) –

72�5 66 69

123 110 115

145 132 138

170(2) 150(2) –

245 220 230

(1) Only use one of the recommended sets of values in any one 
country: 66/220 kV or 69/230 kV
(2) Values not recommended for new systems

three phase ac systems for which  
the highest voltage for equipment  

is greater than 245 kV
Highest voltage for equipment (kV)

300(1)

362

420

550

800

1050

1200

(1) Values not recommended for new systems

Equipment with nominal voltage below  
120 V ac or 750 V Dc

DC aC
Nominal values Nominal values

Preferred  
(V) 

Supplementary 
(V)

Preferred  
(V) 

Supplementary 
(V)

- 2�2 - -
- 3 - -
- 4 - -
- 4�4 - -
- 5 -  5
6 - 6 -
- 7�7 - -
- 9 - -

12 - 12 -
- 15 - 15

24 - 24 -
- 30 - -

36 - - 36
- 40 - -

48 - 48 -
60 - - 60
72 - - -
- 80 - -

96 - - -
- - - 100

110 - 110 -
- 125 - -

220 - - -
- 250 - -

440 - - -
- 600 - -

Dc and ac traction systems
Voltage rated frequency of 

aC systems (Hz)Lowest (V) Nominal (V) Highest (V)

DC systems 

400(1) 600(1)  720(1) -
500 750 900 -

1000 1500 1800 -
2000 3000 3600 -

aC single-phase systems 
4750(1) 6250(1) 6900(1) 50 or 60
12,000 15,000 17,250 16 2/3
19,000 25,000 27,500 50 or 60

(1) Values not recommended for new systems
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Energy distribution  
conditions (continued)

HV DiSTribuTioN SCHEMaTiC DiaGraMS

d

HVA/LV HVA/LV

F

D

A

d F
A

Source substation

antenna (or single tap-off) distribution system

This is mainly used in rural areas, in 
overhead systems� if there is a fault 
on one section of cable or in one 
substation, the users have no supply 
while the repair is carried out� D: source substation outgoing line

a: antenna incoming line
d: Outgoing line to HVa/lV transformer
F:  transformer upstream protection (HV fuse)

A1

D1

D2 A2

d
Source substation

F

A1 A2

d

F

A1 A2

d

F

HVA/LV HVA/LV HVA/LV

ring (looped) distribution system

This is used in urban areas or 
large industrial sites and has the 
advantage of limiting the time 
during which users on the loop have 
no supply� if there is a fault on one 
section of cable or in one substation, 
the faulty section is isolated by 
opening the two devices on either 
side of that section, and the loop is 
re-supplied  by closing the circuit 
breaker� The fault is located visually 
by an indicator light on the outside of 
the transformer substation�

D1, D2: source substation outgoing lines
a1, a2: loop incoming/outgoing lines
d: Outgoing line to HVa/lV transformer
F:  transformer upstream protection 
(HV fuse)

A1 A2 A1 A2

HVA/LV HVA/LV

d

F

d

F

D1

D2

Source substation

Double tap-off (or double antenna) distribution system

This is used to ensure optimum 
continuity of service�
if there is a fault on one of the 
lines, the subscriber's supply 
is switched over to the second 
line� D1, D2: source substation outgoing lines

a1, a2: incoming lines (with mechanical locking)
d: Outgoing line to HVa/lV transformer
F:  transformer upstream protection (HV fuse) 
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The distribution system transformers are coupled at the switching station (or source substation)� The high voltage 
lines are distributed according to the various systems, depending on the users' requirements and service conditions 
and the geographical topology of the locations (distance to consumers)� The distribution substation constitutes the 
boundary between high voltage and the low voltage used directly by consumers�

Organisation of the high voltage network

HV/HV transformers

HV/LV distribution
substations

HV/LV distribution
substations

Distribution 
substation
(example HV/HV)

Ring
distribution

Radial
distribution

Double tap-off
distribution
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Energy distribution  
conditions (continued)

SCHEMaTiC DiaGraMS of HV NEuTraL EarTHiNG SySTEMS

As with LV installations, it is advisable to locate the 
high voltage system (neutral point) in relation to the 
earth potential� The default values (currents, over-
voltages) will differ according to the characteristics 
of this link (direct, resistive, inductive) and the earth 
connection value�

Low fault current but overvoltages not discharged� 
used in industry (< 15 kV)�

isolated neutral

L1

N 

ZL 

L2

L3

ZL 

ZL 

Limits fault currents and overvoltages, but requires  
the earth connection value to be controlled�
used for overhead and underground HV  
systems�

resistive neutral

N 

Zn 

L1

L2

L3

ZL 

ZL 

ZL 

The compensation coil (also called arc suppression 
or Petersen coil) compensates for the capacitance 
of the system Cr by its inductance Ln: reduction of 
the fault currents if Ln and Cr matching, greater 
risk of overvoltage, possibility of permanent active 
compensation by computer�
used in underground HV systems�

impedance earthed neutral

N 

Ln 
Cr 

L1

L2

L3

ZL 

ZL 

ZL 

Direct earthing eliminates overvoltages but the fault 
current is high�
used on HV systems covering long or very long 
distances�

Earthed neutral

N 

L1

L2

L3

ZL 

ZL 

ZL 
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Independently of the neutral earthing system specific 
to the high voltage network (which is the responsibility 
of the distributor), it is important to establish the  
procedures for earthing the high voltage conductive 
parts�
In practice, these are the exposed conductive parts  
of the HV delivery substation as against the earthing  
of the neutral and exposed conductive parts of the  
LV system�
The connection of these HV conductive parts is defined 
by an additional letter added to the usual designations 
TT, TN and IT (see p�48):
- r, the HV conductive parts are bonded to the earth of 
the neutral and the earth of the LV conductive parts
- N, the HV conductive parts are bonded to the earth of 
the neutral but not to the LV conductive parts
- S, the HV conductive parts are separated from the 
earths of the neutral and LV conductive parts�
This results in six possible combinations for  
the LV neutral earthing system and the situation  
of the HV conductive parts�

1  TNr aND iTr SySTEMS
In these systems, the conductor of the HV conductive 
parts is electrically connected to the single main earth 
terminal that is common to the whole installation� 
The main earth terminal is connected to the general 
equipotential bonding� If other nearby buildings are 
being supplied, the main equipotential bonding of each 
building will be connected to the general equipotential 
bonding (see p�80)�

PE or 
PEN

LV Cond. parts

Cond. parts of  HV substationHV/LV

3
2
1

Rt

tnr system

LV Cond. parts

Cond. parts of  HV substation

3
N

Z

Rt
PE

2
1

HV/LV

itr system

HiGH VoLTaGE CoNDuCTiVE ParTS boNDiNG

any insulation fault in the TNr system results 
in a phase-neutral short circuit� 
The minimum current must be calculated to 
check that the overcurrent protection devices 
are suitable�
The protective conductor must run close  
to the live conductors�
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Energy distribution  
conditions (continued)

2  TTN aND iTN SySTEMS
In these systems, the HV conductive parts and the LV 
conductive parts are not electrically connected to the 
same earth connection� The TTN system is found in 
public LV distribution systems or installations covering 
large areas (buildings a long distance apart)�

3  TTS aND iTS SySTEMS
In these systems, the earth connections of the HV 
conductive parts, the neutral point of the LV supply 
and the LV conductive parts are all separate� This 
system is needed for long-distance supply require-
ments (mountain resorts or installations, etc�)�

PE

LV Cond. parts

Cond. parts of  HV substation

3
N

2
1

Rt1 Rt2

HV/LV

ttn system

PE

LV Cond. parts

Cond. parts of  HV substation

3
N

2
1

Rt1Rt0 Rt2

HV/LV

tts system

LV Cond. parts

Cond. parts of  HV substation

3
N

Z

Rt2Rt1

PE

2
1

HV/LV

itn system

LV Cond. parts

Cond. parts of  HV substation

3
N

Z

Rt2Rt1Rt0
PE

2
1

HV/LV

its system

in TTN and TTS systems, the fault currents are limited by a number of earthing resistors in series connected 
and by the interconnection of the conductive parts to these earths� The risk is that the fault current value 
could be insufficient to be detected� This must lead to the use of detectors (residual current coil sensitive to 
homopolar current) between the neutral point and earth leading to breaking on the 1st fault�
in iTN and iTS systems, not breaking on the 1st fault is permitted as long as the fault current is limited 
(resistance Z or capacitive coupling of the installation in relation to earth)� Monitoring and indication by a 
permanent insulation monitor, and finding the fault quickly and eliminating it are mandatory and require an 
appropriate service on hand�
in iTN and iTS systems, the 1st fault current is only limited by the capacitive impedance to earth of the 
installation� The insertion of an impedance Z thus increases the value of the fault but limits transient 
overvoltages� in practice, the value of the impedance Z will be taken to be approximately half that  
of the capacitive impedance of the installation�
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DELiVEry PoiNT aND CoNNECTioN To HV NETWorK

The delivery point constitutes the boundary between the distribution structures and the customer's private  
installations� This is also referred to as the “concession boundary”�

pole-mounted 
substation

The distributor ensures that the structures  
for which it holds the concession operate in 
accordance with the specifications� 
for operational reasons the distributor may 
need to carry out work in the customer's 
substation� The customer is responsible for 
the private installations that it uses�

HV connection to transformer 
with or without transformer cabinet

Connection to system with or without cable
trough via single pole or three-pole cables

Cable trough for 
outgoing LV cables

2 incoming
cabinets 
IM

LV equipment

CT provided by 
the energy 
distributor

Protection 
cabinet 
PM or QMIM

LV 
connection

Example of design of a delivery substation

^ HV delivery  
substation with  
isolation and protection
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Energy distribution  
conditions (continued)

Switch Double tap-off  incoming line

High voltage cabinets

Cabinets must comply with the following standards:

- EDf HN 64 S 41 (modular cabinets) or HN 64 S 42 
(kiosk substation)

- Nf C 13-100,13-200 and EN 62271-1 for cabinets, and 
other standards specific to each item of switchgear, in 
particular EN 62271-200 for positive contact indication 

 standards and specifications  
applicable in France

1  SELECTioN of HiGH VoLTaGE CabiNETS
The cabinets must meet positive contact indication, 
locking and operation criteria and be suitable for the 
characteristics of the supply system:  
operating voltage, line intensity, short-circuit power 
(or intensity)�
A cabinet is characterised by:
- Its rated voltage (according to the system voltage)
- Its rated current (to be calculated according  
to the number of transformers to be supplied)
- Its short-circuit current withstand (according  
to the short-circuit power of the upstream system)
- Its function (switch, circuit breaker, etc�)

2  HV/LV TraNSforMErS
Zucchini dry-type HV/LV transformers significantly 
reduce the installation stresses on delivery  
substations: 
- No risk of leak
- reduction of fire risks
- reduction of electromagnetic radiation�
for selection and full characteristics please  
refer to Book 2: “Power balance and choice  
of power supply solutions”

Zucchini > 
transformer
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Energy delivery substation

HiGH VoLTaGE LoW VoLTaGE 

Zucchini Hr and scp busbars
- For transport and distribution of high power
- safe, flexible and fast installation system 
- Designed for minimized electromagnetic emissions 
- reduced weight comparing to traditional installations

Zucchini transformers
- From 100 to 20 000 kVa
- cast resin transformers 
- certified low Emission (clE)

High voltage energy compensation and power 
quality monitoring
- Very high resistance to strong electrical fields
- Very low power losses, enabling considerable 
savings for highpower capacitor banks
- real time power quality analysers : dips, 
swells, waveforms, power quality report, flicker, 
harmonics…

Xl³ enclosures
- Modular system for safe and 
compliant installations up to 4000 a
- Form of separation, from 2a to 4b

low voltage energy compensation 
alpivar2 and alpimatic ranges
- Vacuum technology capacitors
- automatic capacitor banks

Legrand has a product offer for energy delivery substations for high and low voltage compensation, transformation, 
energy transmission, measurement and power analysis functions�
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3  Power factor comPensation
Improving the power factor of an electrical installation
consists of giving it the means to produce a varying
proportion of the reactive energy that it consumes
itself.
Different systems are available to produce reactive 
energy, particularly phase advancers and shunt  
capacitor banks.
The capacitor is most frequently used thanks to:
- its non-consumption of active energy,
- its purchasing cost,
- its easy use,
- its service life,
- its very low maintenance (static device).
The capacitor is a receiver composed of two  
conducting parts (electrodes) separated by an  
insulator. When this receiver is subjected to a  
sinusoidal voltage, it shifts its current, and there-
fore its (capacitive reactive) power, by 90° in advance 
the voltage. Conversely, all other receivers (motors, 
transformers, etc.) shift their reactive component 
(inductive reactive power or current) by 90° delay the 
voltage. The vectorial composition of these (induc-
tive or capacitive) reactive powers or currents gives a 
resulting reactive power or current below the existing 
value before the installation of capacitors. In other 
words, inductive receivers (motors, transformers, etc.) 
consume reactive energy, while capacitors (capacitive-
receivers) produce reactive energy.

4  filtering harmonics
For installations with a high level of harmonic pollu-
tion, the user may be confronted with two  
requirements:
- compensating for reactive energy and protecting  
the capacitors
- reducing the voltage distortion rate to acceptable 
values compatible with the correct operation of most 
sensitive receivers (programmable logic controller, 
industrial computer hardware, capacitors, etc.). For 
this application, Legrand is able to offer passive type 
harmonic filters. A passive type harmonic filter is a 
serial combination of a capacitor and an inductive coil 
for which each combined frequency corresponds to 
the frequency of an interfering harmonic voltage to be 
eliminated.
For this type of installation, Legrand products offer 
services like:
- analysis of the supply on which the equipment is to
be installed with measurements of harmonic currents
and voltages
- computer simulation of the compatibility of the
harmonic impedances of the supply and the different
filters
- calculation and definition of the different components
of the filter
- supply of capacitors, inductive coils, etc.
- measurement of system efficiency after installation
on site.

a good power factor matches a high cos   (close to 1) or low tan   (close to 0).
a good power factor optimises an electrical installation and provides the following advantages:
- no billing for reactive energy,
- decrease in the subscribed power in kVa,
- limitation of active energy losses in cables thanks to the decrease in the current conveyed in the installation,
- improvement in the voltage level at the end of the line,
- additional power available at the power transformers if the compensation is performed in the secondary 
winding. 
the installation conditions and selection of compensation devices are explained on page 90.
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5  metering 
Metering is an important element in an electrical dis-
tribution system. It provides information on the active 
power consumed on the installation as well as the 
reactive power, which is non-productive for the user, 
but necessary for creating the magnetic field in the 
windings of motors and transformers, without which 
they would not be able to operate.
In many countries the electrical energy distributors bill 
for this reactive energy, which can be eliminated by 
incorporating a capacitor bank in the customer's ins-
tallation, hence the importance of metering, in order to 
determine whether this value needs to be improved.
Metering is normally used, but there are still installa-
tions that do not have this function, leading to difficulty 
in optimising the energy consumption of these instal-
lations.

The opening up of markets and the diversity of offers 
has led to there being a plethora of metering and bil-
ling arrangements today.
But as a general rule the metering principles are still 
linked to the terms of supply.
A distinction is therefore made between controlled 
power connections and monitored power connections. 
In the former, the limit of available energy is set by a 
detection device that trips if there is an overcurrent. 

Different tariffs can be applied according to the time of 
day (peak times/off-peak times), the day (peak days) or 
other rules.
In the latter, protection is of course provided against 
overcurrents, but it does not have a limiting role in 
relation to a supply contract. The energy is billed 
according to more or less complex concepts: peak 
times, summer, winter, moving peak, adjustable peak, 
etc. and additional billing if the contractual values are 
exceeded.

new sustainable development requirements will lead 
to a revision of metering principles in order to provide 
both compatibility with exchanges of energy flows and 
better realtime information for users and producers. 
the buildings of the future will be both producers 
and consumers and this balance will be, if possible, 
profitable (positive energy) as a result of integrated 
production installations (solar, wind-powered, etc.). 
the metering function will no longer be one-way but 
“intelligent” , incorporating real energy management.

intelligent metering

the energy supplier measures and bills for the 
reactive power consumption according to the type of 
contract and the subscribed demand.
in fact, even when it is not billed, it is always a good 
idea to evaluate the reactive power and compensate for 
it, if required, with capacitors (see p. 90). 
in this case, it is highly advisable to take 
measurements to ensure correct sizing, as 
inappropriate compensation can lead to malfunctions.

a better power factor makes it possible to limit or 
avoid the cost of reactive energy when it is billed.
this monetary incentive is required for people to 
realise the obvious advantage of a good power factor, 
which is all too often downgraded these days by 
inductive loads and especially by distorting loads 
(harmonics). see Book 2.

reactive energy measurement

< Flush-mounted 
central measure unit
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Energy distribution  
conditions (continued)
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lV rationalizeD Voltages

Although a great deal of harmonisation work has been 
carried out internationally in order to adopt identical 
voltage values and electricity system characteris-
tics, there are still a great many variants (see tables 
of countries' characteristics) which could hamper 
exchanges of products and above all risk creating dan-
gerous situations.

To this end, standard IEC 60664-1 has established 
the concept of “rationalized voltage” which enables 
a number of nominal supply voltages to be linked to 
a reference value, referred to as “rationalized”. This 
value can then be used for designing devices or in 
product standards. The insulation value of a device Ui 
should normally refer to a voltage of this type, which 
implies that the device can be used on all electrical 
supply systems that are included in that value.

single-phase three or two-wire ac or Dc systems

nominal voltage  
of the supply system (V)

rationalized voltages
for insulation line-to-line for insulation line-to-earth

all systems (V) 3-wire systems with earthed mid-point (V)

12.5 12.5 -
24 25 -
25 25 -
30 32 -
42 50 -
48 50 -
50 50 -
60 63 -

30-60 63 32
100 100 -
110 125 -
120 125 -
150 160 -
200 200 -

100-200 200 100
220 250 -

110-220 250 125
120-240 250 125

300 320 -
220-440 500 250

600 630 -
480-960 1000 500

1000 1000 -
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three-phase four or three-wire ac systems

nominal voltage of  
the supply system (V)

rationalized voltages
for insulation line-to-line for insulation line-to-earth

all systems (V)

three-phase four-wire 
systems neutral-earthed

three-phase three-wire 
systems unearthed  
or corner-earthed

60 63 32 63
110 125 80 125
120 125 80 125
127 125 80 125
150 160 - 160
200 200 - 200
208 200 125 200
220 250 160 250
230 250 160 250
240 250 160 250
300 320 - 320
380 400 250 400
400 400 250 400
415 400 250 400
440 500 250 500
480 500 320 500
500 500 320 500
575 630 400 630
600 630 - 630
660 630 400 630
690 630 400 630
720 800 500 800
830 800 500 800
960 1000 630 1000

1000 1000 - 1000

The phase/earth insulation level for systems that are 
not earthed or are earthed via an impedance (IT neu-
tral earthing system) must be considered as being the 
same level as that between phases. An insulation fault 
on one phase may result in a rise in earth voltage and 
increase the values of the other two phases in relation 
to the faulty phase to that of the phase-to-phase (or 
full) voltage.

For equipment designed to be used on either Three-
phase four or three-wire systems, insulation should 
be considered necessary between phase and earth 
at the same level as between phases (read from the 
3-wire three phase system column). The design of 
Legrand distribution blocks and busbars (see Book 12) 
incorporates this requirement by providing an identical 
insulation level for all phase and neutral poles.
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Energy distribution  
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country
Frequency (Hz) 
and tolerance 

(%)

Household
voltage (V)

commercial 
voltage (V)

industrial
voltage (V)

Voltage 
tolerance

(%)
albania 50 + 0.5 220/380 220/380 220/380 • 6 kV - 10 kV +5

algeria 50 ±1 220 380/220 380/220 • 30 kV (rural)
10 kV (urban) ±10

andorra 50 +1 230
400

230
400 230 • 400 +6/-10

angola 50 ±5 380/220 • 220 380/220 400/231 ±10
antigua and Barbuda 60 400/230 • 120/208 400/230 • 120/208

argentina 50 ±2 220 380/220
220 380/220 ±8

armenia 50 ±0.4 380/220 • 220 380/220 • 220 • 110 kV
35 kV/6 kV •10 kV

380/220 • 220 • 110 kV
35 kV/6 kV • 10000 kV ±5

australia 50 ±0.1 400/230 400/230 400/230 +10/-6

austria 50 ±1 230 400/230 400/230 ±10
(400/230)

azerbaijan 50 ±0.4 380/220 • 220 380/220
220 380/220 ±5

Barhain 50 ±2 415/240 • 240
400/230

415/240 • 240
400/230

11 kV • 415/240
240 • 400/230 ±6

Bangladesh 50 ±2 400/230 400/230 11 kV • 400/230 ±10

Belarus 50 ±0.8 380/220 • 220
220/127 • 127 380/220 • 220 380/220 Normally ±5

Maxi 10 

Belgium 50 ±3 230 • 400/230 230 • 400/230 From  3 to 15.5 kV +6/-10
Benin 50 ±5 220 220 to 380 15 kV/380V ±10
Bolivia 50 ±5 230 400/230 • 230 400/230 +5/-10

Bosnia herzergovina 50±0.2 380/220 • 220 380/220 • 220 10 kV • 6.6 kV
380/220

±8
±5

Brazil 60 220/127 380/220 • 220-127 380/220 • 440/254 +5/-7.5
Bulgaria 50 ±0.1 220/230 220/230 380 ±10
Burkina faso 50 ±10 230 400 400 ±10

Burundi 50 ±1 380/220 400/230
400/230 • 66 kV/400-230

10 kV/400-230
30 kV/400-230

±10

cambodia 50 ±0.5 220 380/220 380/220 ±5
cameroun 50 ±1 220-260 260-220 380/220 +5/-10

canada 60 ±2 240/120
240

347/600 • 416/240
208/120 • 600

46 kV • 34.5 kV/20 kV
24.94 kV/14.4 kV 

13.8 kV/8 kV
12.47 kV/7.2 kV

4.16 kV/2.4 kV • 600/347

+4/-8.3

canary island 50 ±5 220 220/380 380/220 ±5

cape Verde 50 220 220/380 380/400 • 20 kV • 6 kV
15 kV • 13 kV • 10 kV ±5

central african 
republic 50 ±4 220/380 15 kV • 220/380 15 kV • 220/380 ±10

chad 50 ±1 220 220 380/220 Not available

chile 50 ±0.2 220 380 13.8 kV • 13.2 kV
12 kV • 440 • 380 ±3.5

china 50 ±0.2 220 380
220

380
220

±7
+7/-10

colombia 60 ±0.2 240/120 • 208/120 240/120 • 208/120 44 kV • 34.5 kV • 13.8 kV
(11.4 kV Bogota only) +5/-10

congo (Democratic 
republic) 50 220/240 380/220 380/220 • 6.6 kV

20 kV • 30 kV ±10

costa rica 60 240/120 240/120 • 208/120 240/120 • 208/120
400/277 ±5

cote d’ivorie 50 ±2 230/400 15 kV • 19 kV • 43 kV 15 kV • 19 kV • 43 kV +6/-10
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country
Frequency (Hz) 
and tolerance 

(%)

Household
voltage (V)

commercial 
voltage (V)

industrial
voltage (V)

Voltage 
tolerance

(%)
crotia 50 400/230 • 230 400/230 • 230 400/230 ±10
cuba 60 ±1 115/230 230/400 230/400 ±10
cyprus 50 ±2.5 230/400 230/400 22/11 kV • 230/440 ±10

czech republic 50 ±1 230/400 230/400 • 500
690

400 kV • 220 kV • 110 kV
35 kV • 22 kV • 10 kV

6 kV • 3 kV
+6/-10

Denmark 50 ±1 400/230 400/230 400/230 +6/-10
Djibouti 50 220 400/230 400/230 • 20 kV ±10

Dominican republic 60 240 240/120 7.2 kV • 480 • 220/110
208 • 115 ±3

ecuador 60 ±1 110 110 440/220 ±5

egypt 50 ±0.5 380/220 • 220 380/220 • 220
132 kV • 66 kV • 33 kV
20 kV • 22 kV • 11 kV

6.6 kV • 380/220
±10

estonia 50 ±1 380/220 • 220 380/220 • 220 380/220 ±10

ethiopia 50 ±2.5 220 380/230 15 kV • 45 kV • 132 kV
230 kV • 380/230 ±10

fiji 50 ±2 415/240 • 240 415/240 • 240 11 kV • 415/240 ±6

finland 50 +/0.1 230 • 400 400/230 400/230 • 690/400 • 690/400 
10 kV • 20 kV • 110 kV +6/-10

france 50 ±1 400/230 • 230 400/230 • 690/400 20 kV • 10 kV • 400/230 +6/-10
french guiana 50 220 230/ 400 15 kV • 20 kV • 30 kV • 400 Not available
georgia 50 ±0.5 380/220 380/220 380 • 6 kV • 10 kV ±10

germany 50 ±0.5 400/230 • 230 400/230 • 230 20 kV • 10 kV • 6 kV
690/400 • 400/230 +6/-10

ghana 50 ±5 240-220 240-220 415-240 ±10
greece 50 230 230/400 400 +6/-10
grenada 50 230 400/230 400/230 +4/-8
guadeloupe 50 and 60 220 380/220 20 kV • 380/220 Not available

honduras 60 ±3 220/110 480/277 • 240/120 69 kV • 34.5 kV • 13.8 kV
480/277 • 240/120 + ou-5

hong Kong 50 ±2 380/220 380/220 11 kV • 380/220 ±6
hungary 50 ±1 230/400 230/440 230/400 ±10
iceland 50 ±0.1 230 400/230 400/230 +6/-10
india 50 ±3 440 • 230 400 • 230 11 kV • 440/250 ±10
indonesia 50 220 • 220/380 220/380 150 kV • 70 kV • 20 kV ±5
iran 50 ±5 220 380/220 20 kV • 400/230 • 380/220 ±5

iraq 50 220 380/220 11 kV • 6.6 kV
3 kV • 380/220 ±5

ireland 50 ±2 230 400/230 10 kV • 20 kV • 38 kV
110 kV • 400/230 +6/-10

israel 50 +0.5/-0.6 400/230 400/230
For above 630 kVA:
12.6 kV/22 kV/33 kV

/110 kV/161 kV
±10

italy 50 ±2 400/230 • 230 400/230 20 kV • 15 kV
10 kV • 400/230 ±10

Japan 50 (east) / 60 (west) 200/100 200/100
(up to 50 kW)

140 kV • 60 kV • 20 kV
6 kV • 200/100

±6V(101V)
±20V(202V)
6-140 kV

Jordan 50 230 400/230 415/240 • 3.3 • 6.6 • 11 kV ±7
Kenya 50 ±2.5 240 415/240 415/240 ±6
Korea republic of 
south 60 ±0.2 220 ±13 • 110 ±10 380 ±38V • 220 ±13 20.8 kV • 23.8 kV

380 ±38V • 380/220 Not available

Kuwait 50 ±4 230 400/230 400/230 +10/-10

latvia 50 ±0.4 380/220 • 220 380/220 • 220 380/220 +10/-15
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Frequency (Hz) 
and tolerance 

(%)

Household
voltage (V)

commercial 
voltage (V)

industrial
voltage (V)

Voltage 
tolerance

(%)
lebanon 50 220 380/220 380/220 ±10

lybian 50 ±1 220 220/380 380
11 kV ±10

lithuania 50 ±1 400/230 400/230 400/230 ±10
luxembourg 50 ±0.0 400/230 400/230 65 kV • 20 kV +6/-10
macedonia 50 380/220 • 220 380/220 • 220 10 kV • 6.6 kV • 380/220 Not available

madagascar 50 ±2 220/110 • 380/220 220/110 • 380/220
63 kV • 35 kV • 30 kV

20 kV • 15 kV
5.5 kV • 380/220

Low voltage: ±7
Hight voltage: ±5

malaysia 50 ±1 240
415/240 415/240 415/240 +5/-10

mali 50 220
380/220 220 • 380/220 Not available Not available

malta 50 ±2 230 400/230 11 kV • 400/230 +10/-6
martinique 50 230 230/400V • 230 230/400 • 20 kV -10/+6
mauritania 50 380/220 380/220 15 kV • 380/220 ±10
mauritius 50 ±1 230 400/230 400/230 ±6

mexico 60 ±0.2 220/127 • 220 • 120 220/127 • 220 • 120 13.8 kV • 13.2 kV
480/277 • 220/127 ±10

morocco 50 ±5 380/220 380/220 225 kV • 150 kV
60 kV • 22 kV ±10

netherlands 50 ±10 400/230 • 230 400/230 25 kV • 20 kV • 12 kV
10 kV • 230/400 ±10

new zealand 50 ±1.5 400/230 • 230 400/230 • 230 11 kV • 400/230 ±6

nigeria 50 ±1 230 • 220 400/230 • 380/220 15 kV • 11 kV
400/230 • 380/220 ±5

norway 50 ±1 400/230 400/230 400/230 • 690 ±10
Pakistan 50 230 400/230 • 230 400/230 ±5
Paraguay 50 ±5 220 380/220 • 220 22 kV • 380/220 ±5
Peru 60 ±6 220 220 20 kV • 10 kV • 220 ±5

Poland 50 +0.2/-0.5
50 +0.4/-1 230 400/230 1 kV • 690/400

400/230 • 6.3 kV +6/-10

Portugal 50 ±1 400/230 • 230 60 kV • 30 kV • 15 kV
10 kV • 400/230 • 230

60 kV • 30 kV • 15 kV
10 kV • 400/230 • 230 60 ±10

Qatar 50 ±1 240 415/240 33 kV • 66 kV • 132 kV ±5

romania 50 ±0.5 230 440/230 660/380
400/230 ±10

russia 50 ±0.2 380/220 • 220 660/380/220
380/220/127

660/380/220
380/220/127 +10/-20

rwanda 50 ±1 220 380/220 15 kV • 6.6 kV • 380/220 ±5
saudi arabia 60 ±0.3 220/127 220/127 13.8 kV • 380/220 ±5
senegal 50 ±5 220 380/220 • 220/127 90 kV • 30 kV • 6.6 kV ±10

serbia 50 230/400
230

230/440
230 10 kV • 6.6 kV • 230/400 ±10

singapore 50 ±1 400/230 • 230 400/230 22 kV • 6.6 kV • 400/230 ±6
slovakia 50 ±0.5 230/030 230/400 230/400 ±10

slovenia 50 ±0.1 230/400 230/400
35 kV • 20 kV • 10 kV • 6 kV

3.3 kV • 1000V • 660V
500V • 400/230

+6/-10 for 
400/230

somalia 50 230 • 220 • 110 440/220 • 220/110
230 440/220 • 220/110 ±10

south africa 50 ±2.5 433/250 • 400/230
380/220 • 220

11 kV • 6.6 kV • 3.3 kV
433/250 • 400/230

380/220

11 kV • 6.6 kV • 3.3 kV
500 • 380/220 ±10

spain 50 ±0.5 380/220 • 220
220/127 • 127 380/220 • 220/127

25 kV • 20 kV • 15 kV
11 kV • 10 kV • 6 kV

3 kV • 380/220
±7
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Frequency (Hz) 
and tolerance 

(%)

Household
voltage (V)

commercial 
voltage (V)

industrial
voltage (V)

Voltage 
tolerance

(%)
sudan 50 240 415/240 • 240 415/240 Not available

sweden 50 ±0.5 400/230 • 230 400/230 • 230 6 kV • 10 kV • 20 kV
400/230 +6/-10

switzerland 50 ±2 400/230 400/230 20 kV • 16 kV • 10 kV • 3 kV
1 kV • 690/400 • 950/400 ±10

syrian arab republic 50 380/220 • 220 380/220 • 220
220/115 380/220 ±5

thailand 50 ±5 220 380/220
220 380/220 Not available

tunisia 50 ±2 380/220 • 231/400
242/420

380/220 • 231/400
242/420 30 kV • 15 kV • 10 kV ±10

turkey 50 ±1 380/220 380/220 36 kV • 15 kV
6.3 kV • 380/220 ±10

Ukraine 50 +0.2/-0.4 380/220 • 220 380/220 • 220 380/220
220 +5/-10

United arab emirates
(aDwea) 50 ±0.5 415/240 415/240 11 kV • 415/240 ±5

United arab emirates
(Dewa) 50 ±1 380/220 380/220 11 kV • 6.6 kV • 380/220 ±3

United arab emirates
(sewa) 50 ±1 415/240 415/240 11 kV • 6.6 kV • 415/240 ±5

United arab emirates
(fewa) 50±1 415/240 415/240 11 kV • 415/240 ±5

United Kingdom
excluding  northern 
ireland

50±1 230 400/230 22 kV • 11 kV • 6.6 kV
3.3 kV • 400/230 +10/-6

UK northern ireland 50±0.4 230 • 220 400/230 • 380/220 400/230 • 380/220 ±6

(Usa) north carolina 60 ±0.06 240/120 • 208/120

±10%
240 • 480/277

460/265 • 240/120
208/120

±10%
24 kV • 14.4 kV • 7.2 kV
2.4 kV • 575 • 460 • 240

460/265 • 240/120 • 208/120

+5/-2.5

(Usa) michigan 60 ±0.2 240/120 • 208/120 480 • 240/120
208/120

13.2 kV • 4.8 kV • 4.16 kV
480 • 240/120 • 208/120 +4/-6.6

(Usa) california 60 ±0.2 240/120 4.8 kV • 240/120 4.8 kV • 240/120 ±5

(Usa) miami 60 ±0.3 240/120 • 208/120 240/120 • 208/120 13.2 kV • 2.4 kV
480/277 • 240/120 ±5

(Usa) new York 60 240/120 • 208/120 240/120 • 208/120
240

27.6 kV • 13.8 kV • 12.47 kV
4.16 kV • 480/277 • 480 Not available

(Usa) Pittsburgh 60 ±0.3 240/120 460/265 • 240/120
208/120 • 460 • 230

13.2 kV • 11.5 kV • 2.4 kV
460/265 • 208/120

460 • 230

±5 (ligthning)
±10 (power)

(Usa) Portland 60 240/120 480/277 • 240/120
208/120 • 480 • 240

19.9 kV • 12 kV • 7.2 kV
2.4 kV • 480/277

208/120 • 480 • 240
Not available

(Usa) san francisco 60 ±0.08 240/120 • 208/120 480/277 • 240/120 20.8 kV • 12 kV • 4.16 kV
480 • 480/277 • 240/120 ±5

(Usa) ohio 60 ±0.08 240/120 • 208/120 480/277 • 240/120
208/120

12.47 kV • 7.2 kV • 4.8 kV
4.16 kV • 480

480/277 • 208/120
±5

Uruguay 50 ±1 220 220 • 3x220/380 15 kV • 6 kV • 220
3x220/380 ±6

Venezuela 60 120 480/277 • 208/120 13.8 kV • 12.47 kV
4.8 kV • 2.4 kV Not available

Vietnam 50 ±0.1 220 380/220
500 kV • 220 kV • 110 kV

35 kV • 22 kV • 15 kV
10 kV • 6 kV • 3 kV

±5
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energy quality and 
disturbance of the 

power supply

the quality of the electrical energy may be affec-
ted either by events that occur on the distribution 
systems (switching, lightning, etc.) or by the use 
made of the electricity when for example certain 
receivers create significant variations in the current 
consumption (switching on) or alter the waveform 
(harmonics).

DistUrBances DescriBeD in stanDarD en 50160

It is therefore important to set clear rules between the distributor and the consumer under a supply contract. 
This can specify stricter provisions than standard EN 50-160 (see below) but by default in Europe it constitutes 
the binding reference document in the absence of any specific regulations or other undertaking by the  
distributor.

The quality of the electricity supply is the subject of 
a European standard, EN 50160, which stipulates the 
permissible limits of 14 values or phenomena charac-
terising or affecting the 50 Hz sinusoidal signal. Based 
on a statistical approach, it is designed to ensure a 
certain level of quality during normal operation.

1  signal freQUencY
The nominal voltage frequency is 50 Hz with a tole-
rance of +/-1% (i.e. 49.5 to 50.5 Hz) for 99.5% of each 
one-year period and +4 to -6% (i.e. 47 to 52 Hz) for the 
whole period. 

U

t

Frequency (Hz): f  = 1/T 
at 50 Hz, T = 20 ms

T : period (s)

Frequency and period

Model 7100
350.0 V

Three Phase Delta
         165.0 A

-350.0 V          -165.0 A

0.0 A0.0 V

Waveshape Disturbance

2

4

6

Example of recording showing frequency  
drift and signal distortions

This type of fluctuation is virtually nonexistent on 
public distribution systems in industrialised countries. 
In installations supplied by standalone sources  
(generator sets, inverters, etc.), different tolerance 
limits can be set, or regulation devices may even be 
necessary.
The same applies to systems that are not interconnec-
ted (for example, islands) where wider tolerances are 
permitted: +/- 2% for 99.5% of each week and  +/-15% 
for 100% of the time.

2  amPlitUDe of the sUPPlY 
Voltage
The supply voltage represents the rms value measu-
red at the delivery point. It is measured at a given 
moment and averaged over a time interval (typically 
10 minutes).
The nominal voltage Un which characterises the 
system can be distinguished from the stated voltage 
Uc which would result from an agreement on values 
that are different from those in standard EN 50160. 
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The standard voltage for low voltage public systems in 
Europe is:
- 230 V between phases and neutral (400 V between 
phases) for three phase systems with neutral 
- 230 V between phases for three phase systems 
without neutral

3  slow Voltage Variations
Under normal operating conditions, the following slow 
voltage fluctuations are permitted over a period of one 
week: +/- 10% of the reference value (230 or 400 V), i.e. 
207 to 253 V or 360 to 440 V for 95% of measurements, 
and - 15% to +10% for 100% of measurements, i.e. 195 
to 253 V and 340 to 440 V.
The supply voltage of the system can fluctuate daily, 
weekly or seasonally as a result of significant varia-
tions in load on the system. Voltage regulation devices 
installed in transformer substations can limit these 
variations. In addition, high power receivers such as 
welding stations, large motors, furnaces and other 
energy-intensive installations may cause local voltage 
drops while they are in operation. 

Example of recording showing amplitude 
variations of the supply voltage

Maxi
Medium
Mini

Power limits are generally set for motors supplied by a 
public distribution system.
The solution may therefore be to increase the power of 
the source (reduction of its impedance and increase in 
its short-circuit power) or compensate for the reactive 
energy connected with one device in particular that is 
causing disturbance (see page 99). 

4  fast sUPPlY Voltage Variations
These variations, which come mainly from currents 
drawn by high loads, should not exceed 5 to 10% of the 
nominal voltage. Recordings show that momentary 
reductions of 30% are totally possible when receivers 
such as motors or transformers are switched on. 
These variations are non-periodic and occur at random 
moments.
When fast voltage variations become cyclical, this is 
referred to as flicker, with reference to light variations 
which can be annoying above a certain level.

Example of recording showing  
slow voltage variations

400V

08/12/09
20h00

09/12/09
00h0

09/12/09
04h00

09/12/09
08h00

09/12/09
12h00

09/12/09
16h00

09/12/09
20h00

10/12/09
00h00

10/12/09
04h00

10/12/09
08h00

405V

410V

415V

Average data two hoursLine-to-line voltage

Line-to-line voltage: FACEL TR1
U12 Moy
U23 Moy
U31 Moy
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Model 7100
300.0 V

Three phase delta
50.0 A

0.0 V
      0 sec

0.0 A
600.00 ms

25.0 A150.0 V

RMS values marker

30.00 ms/div

Example of recording of a voltage dip

5  flicKer seVeritY
The intensity of the annoyance caused by flicker is 
defined by a UIE-CIE (International Union for  
Electricity Applications - International Commission  
on Illumination) measurement method.
It is evaluated as follows:
– Short term severity (Pst) measured over a period  
of ten minutes
– Long term severity (Plt) calculated based on a 
sequence of 12 Pst values over a two-hour period, 
according to the following formula:

Plt = 3         Pst3 
 12

12

Σ
i = 1

Under normal operating conditions, for each one-week 
period, it is recommended that the long term flicker 
severity level Plt associated with voltage fluctuations 
is less than or equal to 1 for 95% of the time.

08/12/09
20h00

09/12/09
00h0

09/12/09
04h00

09/12/09
08h00

09/12/09
12h00

09/12/09
16h00

09/12/09
20h00

10/12/09
00h00

10/12/09
04h00

10/12/09
08h00

0,8

0,6

0,4

0,2

1

Données moyennes 2 heuresFicker Plt

Ficker Plt : FACEL TR1
Plt1 Moy
Plt1 Max

Plt2 Moy
Plt2 Max

Plt3 Moy
Plt3 Max

Example of recording showing  
ficker severity variations

6  Voltage DiPs
These can be due to faults occurring at users’  
installations, but they often result from troubles  
on the public distribution system. The numbers of 
these vary considerably according to local conditions, 
and they generally only last up to one second.
Most voltage dips last less than 1 second with a depth 
of less then 60%. In other words, the residual voltage 
remains greater than 40%.
There is a voltage dip as soon as the rms value of one 
of the voltages, measured separately on each phase, 
falls below a set threshold. 
Standard EN 50160 does not specify the number, dura-
tion or depth of voltage dips. This characteristic could 
form the subject of a contractual agreement.
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electronic and computing equipment is sensitive to voltage variations. the first installations, affected by apparently 
random faults, were historically the source of most Power Quality problems.
the creation of the information technology industry council curve (itic curve), has enabled a template to be defined, 
within which a voltage fault (dip or overvoltage) can be acceptable or unacceptable. Plotting the duration of an event 
as a function of the voltage in relation to the nominal supply voltage, these curves define the limits within which the 
device should continue to operate with no interruption or loss of data.

itic curves

100%

10µs 100µs 1ms 10ms

Duration

100s 1s 10s 100s

200%

300%

400%

500% Percent of  
nominal 
value

Prohibited region: 0

No damage region: 0

7  short Voltage interrUPtions
Short interruptions or microbreaks refer to when 
the value of the signal drops to 0 V or less than 1% of 
the nominal voltage. These generally last less than 
a second, although a break of 1 minute may still be 
considered as being short. Microbreaks and voltage 
dips are phenomena that are often random and unpre-
dictable, and they may occur irregularly over time. It 
may be important to define contractually the maxi-
mum duration and threshold for a voltage dip to be 
considered as being a microbreak (for example a vol-
tage < 40% of Un for less than 600 ms). In most cases, 
only recordings can enable a decision on the accuracy 
of the phenomena to be made with certainty.

Model 7100
300.0 V

Three Phase Wye
         50.0 A

0.0 V
         0 sec

         0.0 A
600.00ms

25.0 A150.0 V

RMS Sag Disturbance

30.00 ms / div

1V

Example of recording of a short voltage 
interruption
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of the power supply (continued)
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8  long Voltage BreaKs
These values are not quantified as they depend on 
totally chance elements.
The frequency with which they occur is very variable 
and is dependent on the architecture of the distribution 
system or the exposure to climatic hazards.
Under normal operating conditions, the annual fre-
quency of voltage interruptions of more than three 
minutes may be less than 10 or can reach as many as 
50, depending on the region.

9  temPorarY oVerVoltages
This type of fault can occur both on the distribution 
system and on the user's installation. It can be devas-
tating as the voltage supplied may reach a level that is 
dangerous for equipment.
The main risk is there being a phase-to-phase instead 
of a phase-neutral voltage if, for example, the neutral 
fails. Faults on the high voltage system (fallen line) can 
also generate overvoltages at the low voltage end.
Standard EN 50-160 does not set limits for these 
overvoltages. But on this point, it is essential, for the 
safety of people and installations, to choose equip-
ment sized according to the standards (harmonised 
with IEC 60064-1) and tested for withstand to lightning 
impulses (see next section). 

10 transient (or PUlse) 
oVerVoltages
These phenomena are very variable. They are mainly 
due to lighting and switching on the system. Their rise 
time ranges from a few microseconds to a few milli-
seconds, so their frequency range is very wide, from 
a few kHz to several hundred kHz. Protection against 
overvoltages requires the use of protection devices 
such as voltage surge protectors (see Book 7) and the 
installation of equipment that is appropriate for its 
location in the installation.

requirements of standard iec 60064-1:
• Sturdy basic insulation and supplementary insulation 
must withstand the following temporary overvoltages:
- short duration temporary overvoltages, amplitude  
Un + 1200 V for t < 5 s
- long duration temporary overvoltages, amplitude  
Un + 250 V for t > 5s
(Un is the supply system nominal phase-neutral 
voltage to earth)
• Reinforced insulation must withstand values equal  
to double the overvoltage values

i nsulation coordination in low  
voltage systems with regard  
to temporary overvoltages

U

t
t

t : 5 ms

typical switching overvoltage wave

0ms 500ms 1s 1s500ms

50V

100V

150V

200V

250V

300V

350V

400V

Date 17/09/2009 Heure:03:51:35:25Tension

Example of recording of a long voltage break
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the rated impulse voltage value (Uimp) that the equipment withstands must be the same as or greater than the test value 
corresponding to the overvoltage category (i to iV), which is chosen according to the location in the installation (see Book 7 p.15).

for 230/400V systems the transient overvoltages at the point of supply are not generally considered to exceed 6 kV peak (en 50-160)

 insulation coordination iEc 60664-1

Phase-neutral 
voltage deduced 

from the ac 
or Dc nominal 

voltages up to and 
including

nominal voltages currently used in the world in volts (V)
rated impulse voltage  

for equipment 

(V)

overvoltage category

4-wire three 
phase systems 

with earthed 
neutral

3-wire three 
phase systems, 

not earthed

single phase 
systems

2-wire ac or Dc

single phase 
systems

3-wire ac or Dc

i ii iii iV

150 220/208 115, 120 100 100-200 800 1500 2500 4000
127/220 127 - - - - - -

- - 110, 120 110-220 - - - -
- - - 120-240 - - - -

300
- 200, 220, 220 220-440 - - - -

220/380, 230/400 230, 240, 260, - - 1500 2500 4000 6000
240/415, 260/440 277, 347 - - - - - -

277/480 380, 400, 415 - - - - - -
- 440, 480 - - - - - -

600
347/600, 380/660 - - - - - - -
400/690, 417/720 500, 577, 600 480 480-960 2500 4000 6000 8000

480/830 - - - - - - -

Model 7100
600.0 V

Single phase
50.0 A

-600.0 V
          0 sec

-50.0 A
20.00 ms

0.0 A0.0 V

Pulse

1000.00 us/div

1V261.6+
225.7-

recording of overvoltage due to lightning strike

lightning striking the system triggers 
overvoltages which are carried right 
to the users despite protection devices 
installed by the distributor. Unlike 
overhead systems, underground systems 
largely attenuate the shock wave.
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Energy quality and disturbance  
of the power supply (continued)

11 Voltage UnBalance
Voltage unbalance is caused by high power single 
phase loads.
It causes negative current components which can trig-
ger braking torques and temperature rises in rotating 
machines.
It is advisable to divide the loads over the three phases 
as much as possible and to protect installations using 
appropriate detectors.
Under normal operating conditions, for each one-
week period, 95% of the rms values of the negative 
sequence component of the supply voltage, averaged 
over ten minutes, must be between 0% and 2% of the 
positive sequence component. 

In some regions where parts of system users' installa-
tions have single phase connections or are connected 
between two phases, the unbalance can reach 3% at 
the three phase point of supply.
If τi is the instantaneous unbalance value, the average 
rate τνm is defined by the equation

τνm = 
1
Τ

Τ

∫
0
τi

2(t)dt

where T = 10 minutes

Standard EN 50-160 only stipulates limits based on the 
negative sequence components of the voltage.

08/12/09
20h00

09/12/09
00h0

09/12/09
04h00

09/12/09
08h00

09/12/09
12h00

09/12/09
16h00

09/12/09
20h00

10/12/09
00h00

10/12/09
04h00

10/12/09
08h00

1%

0,5%

1,5%

Données moyennes 2 heuresTension symétrique

Tension symétrique : FACEL TR1
Déséquilibre Moy
Déséquilibre Max

Example of recording of voltage unbalance

Satisfactory approximations can be made using 
conventional measurements enabling the unbalance 
ratio between negative and positive components to be 
ascertained.
voltage unbalance =     6 x (U2

12 + U2
23 + U2

31) 
(U12 + U23 + U31)

 -2

where U12 + U23 + U31 are the three phase-phase  
voltages

12 harmonic Voltages
When the characteristics of a distribution system are 
described, the harmonic distortion of the distributed 
voltage(s) is an important factor with regard to opera-

• The symmetrical system corresponds to all the  
components (impedances, emf, back emf and loads) 
assumed to be symmetrical, i.e. identical on each 
phase. this must not be confused with balancing, which 
concerns the equality of the currents and voltages.

• An unbalanced symmetrical three phase system can 
be expressed as three balanced three phase systems 
(fortescue method). this division can be carried out 
using three methods: positive, negative, zero sequence 
(homopolar).
if there is a fault, overvoltage or short circuit affecting 
only one of the phases (which is the most common 
situation), the system becomes non-symmetrical and 
can then only be described by a real system, with 
separate V and i for each phase, representing the part 
concerned.

using symmetrical components

V3

V1

V2

V3d

V1dV2d

V2i V10

V20

V30V1iV3i

Unbalanced system

positive sequence negative sequence zero sequence



31

D
IS

TU
R

B
A

N
C

E
S 

D
E

SC
R

IB
E

D
 IN

 S
TA

N
D

A
R

D
 E

N
 5

01
60

Maximum harmonic distortion at the point  
of supply, expressed as a percentage  

of the fundamental voltage u1
according to iEc 61000-2-2

odd-order harmonics even-order 
harmonicsnot multiples of 3 multiples of 3

order h relative 
voltage (Un) order h relative 

voltage (Un) order h relative 
voltage (Un)

5 6% 3 5% 2 2%

7 5% 9 1.5% 4 1%

11 3.5% 15 0.5% 6...24 0.5%

13 3% 21 0.5% - -

17 2% - - - -

19 1.5% - - - -

23 1.5% - - - -

25 1.5% - - - -

In addition, total harmonic distortion of the voltage 
supplied (including all harmonics up to order 40) must 
not exceed 8% of the fundamental voltage (order 1).
To limit the harmonics, it may initially be necessary to 
revise the structure of the installation:
- Increase the cross-section of the neutral conductor
- Regroup the polluting loads (if necessary with source 
separation)
- Use of transformers with special windings (coupling 
of the 3rd order harmonic and its multiples on the  
neutral)
- Connection of sensitive equipment away from the 
polluting loads
- Connection of polluting loads to the source with the 
lowest impedance and as far upstream as possible
It is also necessary to check that the capacitor banks 
for compensating the power factor cannot start reso-
nating (possible use of anti-harmonic inductances 
connected in series). See p.114.
- The TN-C neutral earthing system must be avoided.

08/12/09
20h00

09/12/09
00h0

09/12/09
04h00

09/12/09
08h00

09/12/09
12h00

09/12/09
16h00

09/12/09
20h00

10/12/09
00h00

10/12/09
04h00

10/12/09
08h00

5%

10%

Average datas for 2 hoursTHD tension

THD tension : FACEL TR1
V1 Moy
V1 Max

V3 Moy
V3 Max

V2 Moy
V2 Max

Example of recording of harmonic voltages

ting problems (sensitivity of electronic equipment) and 
reliability problems (ageing by heating of windings and 
conductors, breakdown of insulation of capacitors) that 
this type of disturbance can cause.
But it is important to know that the source of harmonic 
voltages is in the first place harmonic currents.
These currents can disturb equipment locally but 
above all they perniciously increase the level of dis-
tortion of the distributed voltage across the whole 
installation and for other users via the public distribu-
tion system.
Harmonic currents are generated by devices whose 
supply consumes non-sinusoidal currents. Electronic, 
computer and office equipment, some lighting fittings,  
industrial welding equipment, inverters, power 
converters and numerous machines are the main 
causes (see Book 2).
Like harmonic currents, harmonic voltages can be 
broken down into sinusoidal voltages than can be  
described:
– Individually, according to their relative amplitude (Uh) 
in relation to the fundamental voltage Un, where  
h represents the harmonic order
– As a whole, i.e. according to the value of the total 
harmonic distortion THD, calculated using the fol-
lowing formula:

THD =      
40

Σ(Uh)2

h=2

Under normal operating conditions 95% of the rms 
values of each harmonic voltage averaged over ten 
minutes and measured over a week must not exceed 
the values given in the table below.
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13  InterharmonIc voltages
This phenomenon refers to the frequencies located 
between the harmonics. These are caused by fre-
quency inverters, uninterruptible power supplies, 
controlled rotating machines or arc devices.
Their interaction can cause flicker phenomena, but it 
is above all with regard to information signals trans-
mitted on the system that they must be identified and 
controlled.

14 InformatIon sIgnals 
transmItted on the system
In some countries, the public distribution system may 
be used by the distributor to transmit signals. The 
voltage value of the signals transmitted on the HV dis-
tribution system (1 to 35 kV), averaged over 3 s, must 
not exceed the values shown by the curve below over  
a period equal to 99% of one day. 

The system is used by the distributor to transmit 
information signals which are superimposed over the 
voltage supplied in order to transmit information to 
users’ installations. However, the system must not be 
used to transmit information signals from private ins-
tallations.
The frequencies of these signals vary from tens of 
hertz to several kilohertz, according to their function:
– centralised remote control signals: superimposed 

sinusoidal voltage in the 110 Hz to  3000 Hz range
– Power line carrier signals: superimposed sinusoi-
dal voltage in the 3 kHz to 148.5 kHz range
– Wave marking signals: short-time pulses (tran-
sients) superimposed at selected moments in the 
voltage wave.

Frequency in kHz
1 10 1000,1

10

1

Voltage level in percentage

all aspects of electromagnetic compatibility 
(emc) are covered in this guide, including 
protection against lightning phenomena (see 
Book 7), the principles of building installations 
from the point of view of equipotentiality, 
shielding and coupling between conductors 
(see Book 8), taking harmonics into account 
(see Book 2) and the effect of the choice of the 
neutral earthing system vis-a-vis emc  
(see p. 73).

15  netWork analysIs
The devices in the Alptec ranges can be used to 
obtain full readings for the electrical characteristics 
of networks, store them and transmit them remotely 
for use. The choice of reactive power compensation or 
conditioning solutions will then be totally appropriate.

the entire range of legrand analysers and 
associated services meets the requirements 
of institutional or private producers and 
distributors. 
the analysis of consumer sites (large-
scale industrial or commercial sites) is 
also a major source of knowledge in energy 
management, with obvious potential savings 
as a consequence.
this type of service can be designed on 
request, for conventional or renewable 
energy, for any local application, with the 
accompanying specific requirements.
for reference, in a number of countries, 
including france with edf, partnerships of 
several thousand measuring stations are 
currently working on all the distribution 
systems equipment using alptec analysers.

Energy quality and disturbance  
of the power supply (continued)
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example of a network of analysers installed as well in the electrical substations as in the consumer locations

alptec network quality analysers

Modem or Ethernet connection 
for remote statical analysis 
of the power quality

ALPTEC 2400R

ALPTEC 2444d

ALPTEC duo: 
analysis of the power quality 
of the electricity provided 
by the production plant

ALPTEC 2444i

GSM connection for remote 
analysis of the power quality 
and power supply failures

Analysis of the power quality of the electricity 
provided by the transportation network

USB connection
for spot analysis

GPS
synchro.

Local bus synchro.

 
Connection

several networks can be supervised by only one server Pc
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Example of implementation for the analysis of a local and public energy distribution system

Points of  measurement and control

the new alptec 2333b portable compact analyser in a small, robust case can collect and store all the energy 
quality data for a given location. It is supplied with measuring probes and flexible current transformers that 
can be easily adapted to all conductors up to 3000 a. It can be powered by the circuit being measured or via a 
2P+e mains cable.
Its memory capacity is up to four months’ recordings. the integrated gsm modem enables it to be 
interrogated remotely and the data to be processed using the Winalp software.

Energy quality and disturbance  
of the power supply (continued)
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other dIsturBances

Although standard EN 50-160 constitutes a contrac-
tual basis for establishing the minimum features of 
the energy distributed, the fact remains that nume-
rous other disturbance phenomena circulate on the 
systems and that depending on the uses, it may be 
necessary to characterise them so that they can be 
minimised or protection provided against them. 
It is sometimes difficult to deal with disturbance in 
that its origin and the routes it takes are complex.
In addition to the known phenomena of lightning and 
switching, numerous new sources, in particular power 
converters, can cause disturbance in installations. 
This disturbance, which is generated by the instal-
lation itself or carried by the system from external 
sources or by the conductive parts, earthing circuits 
and shared elements, depends on the characteristics 
of the installation (impedances, short-circuit power, 
resonance, etc.). The complexity of all these EMC phe-
nomena makes them difficult to predict and even more 
difficult to simulate.

The various aspects of electromagnetic compatibility 
(EMC) are covered in this guide, including protec-
tion against lightning phenomena (see Book 7), the 
principles of building installations for aspects of 
equipotentiality, shielding and coupling between 
conductors (see Book 8), taking harmonics into 
account (see Book 2) and the effect of the choice of the 
neutral earthing system on EMC (see p. 71).
Only the main phenomena conducted via the supply 
systems will be covered here, whether they are the 

HV system
impedance

Transformer 
impedance

LV system
impedance

Insulation 
resistance

Earth 
resistance

Load

N/PE loop
impedance

source of the phenomena or are affected by them:  
the effects of overvoltage and rapid voltage transients 
(capacitor switching, overvoltages caused by conver-
ters, restrikes, failure of fuses, etc.) that are mainly 
encountered in industrial or commercial environ-
ments, as well as phenomena generated by receivers 
(DC components, leakage currents, discharge on the 
system, etc.), which can all affect the quality of the 
energy used, whether it comes from a public distribu-
tion system or any other origin.

the available values generally characterise balanced three phase systems (r, X, Ik3). 
the faults therefore often affect single phase branches. the faults themselves are residual current  
or “bipolar” faults (phase/earth insulation 
fault, breaking overvoltage, short-circuit, 
etc.) and occur according to load (damping) 
conditions that are very different (no-load, 
capacitive effects, very high short-circuit 
current, inductive effects) and unbalanced. It is 
therefore very difficult to predict these random 
situations or to simulate them in terms of emc. 

Symmetrical system Non-symmetrical system

Source Line Fault
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Energy quality and disturbance  
of the power supply (continued)

1  oPeratIonal sWItchIng: 
overvoltages  
and overcurrents
Although these types of disturbance are mentioned in 
standard EN 50160, in which overvoltages are treated 
in terms of impulse withstand voltage (Uimp) to be 
applied when designing switchgear in order to protect 
against their possible destructive effects, they are also 
sources of potential malfunctions. Their very broad 
frequency spectrum, their random occurrence and 
their many forms make them difficult to eliminate. In 
fact, practically all operations on industrial systems, 
in particular high power operations, produce overvol-
tages. They arise from the sudden making or breaking 
of the current. Lines and transformers then behave 
like self-induction devices. The energy produced in 
the form of transients depends on the characteristics 
of the circuit being switched. The rise time is in the 
region of a few microseconds and its value can reach 
several kV.
The above oscillogram shows the voltage bounces and 
peak voltages that may occur for example when a fluo-
rescent lighting circuit is energised.

This type of disturbance is often accompanied by an 
overcurrent on the line concerned and emission of 
magnetic and electric fields.

Due to the size of the LF transient current 
(10 kHz < f < 1 MHz) on closing, the radiated impulsive 
magnetic field can reach high values that may disturb 
sensitive products. If the overcurrent involved is high 
(several kA), the damped oscillatory magnetic field 
caused by the disturbance can be simulated in order to 
check the immunity of sensitive products.

standard Iec 61000-4-10 (damped oscillatory 
magnetic field immunity test) describes a 
simulation test (100 a/m at a distance of 60 cm 
from the source causing the disturbance) 
for 1 mhz to 100 khz damping. knowledge of 
actual phenomena has led legrand to develop 
tests at much higher field values over much 
wider frequency spectra.

100µs

60 mA/m

a magnetic field is 
generated when the 
current is established.

Main voltage

Waveform

160 a current peak for 6 x 58 W tubes
frequency of the damped sine wave: 3 kHz
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Although closing operations are accompanied by high 
overcurrents and generally limited overvoltages, ope-
ning operations trigger overvoltages than can be very 
high. They can be accompanied by high frequency 
electric fields that could cause disturbances. The phe-
nomenon of resonance plays a major role here (see p.40).
Breaking the current in an electric contact generates 
damped oscillations at the resonance frequencies of 
the source and the load. The resonance frequency of 
the source is very often higher than that of the load. 
Transients caused by the load and the source are 
superimposed, leading to high voltage levels at the 
terminals of the electric contact. If they exceed the 
voltage withstand of the contact, an electric arc is 
created. A voltage collapse is then observed at the ter-
minals, while the current continues to circulate (this is 
referred to as non-limiting self-extinguishing current). 
The arc ends when the electrical and thermal stresses 
on the contact are not sufficient to maintain it. The 
voltage transients during the switching phase oscillate 
at frequencies between 10 kHz and 10 MHz. The peak 
voltages of these transients range from a few hundred 
volts to several kilovolts. 

The voltage/frequency parameters change inversely 
during the switching phase on opening: at the start 
the peak voltages are of small amplitude but have 
a high frequency, while at the end the amplitude is 
large but the frequency is lower. The duration of these 
burst voltage transients ranges from 20 µs to ten or so 
milliseconds. It depends on the load, the mechanical 
behaviour of the contact (switching speed) and the 
environment (temperature and pollution).

To limit overvoltages and overcurrents during opera-
tions, it is essential to choose breaking devices that 
act very quickly and independently of the manipulation 
speed. They must be suitable for the loads.
Standard IEC 60947-3 (switches, disconnectors, 
switch-disconnectors and fuse-combination units) 
specifies the various utilisation categories for typical 
applications.

utilisation categories for switches, disconnectors and fuse-combination units  
according to iEc 60947-3

type of 
current

utilisation category
typical applications

category a category B

ac

ac-20aa ac-20Ba Connecting and disconnecting under no-load conditions

ac-21a ac-21B Resistive loads, including moderate overloads

ac-22a ac-22B Mixed resistive and inductive loads, including moderate overloads

ac-23a ac-23B Motor loads or other highly inductive loads

dc

dc-20aa dc-20Ba Connecting and disconnecting under no-load conditions

dc-21a dc-21B Resistive loads, including moderate overloads

dc-22a dc-22B Mixed resistive and inductive loads, including moderate overloads  
(for example: shunt motors)

dc-23a dc-23B Highly inductive loads (for example: series motors)

category a applies to equipment for frequent use, while category B applies to equipment for occasional use

standard Iec 61000-4-4 (electrical fast 
transient/burst immunity test) can be used to 
test equipment and appliances when coupled 
to their power supply access.
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Energy quality and disturbance  
of the power supply (continued)

Isolating switches in the vistop range (up to 160 a) and the dPX-I 
range (up to 1600 a) are particularly suitable for switching circuits 
that have a high inductive component. they are categories ac22a, 
ac23a and dc22a, dc23a (for the exact currents and voltages for each 
device, see the technical data).
their energy accumulation system enables sharp making and breaking that 
prevents the establishment of an arc and limits “non-limiting self-extinguishing current”.

Installing voltage surge protectors, designed to provide protection against overvoltages 
from the lightning effects, makes it possible to protect against the destructive effects of 
switching overvoltages which are more frequent but generally at a lower level than those 
due to lightning.
however the sparkover operating principle of these devices creates impulse currents in the 
bonding and earthing systems which are references for sensitive systems. their installation 
is therefore recommended for optimum protection, but it does not in any way dispense with 
the need for all the other measures designed to minimise these overvoltages.

installing voltage surge protectors

N

L3

L2

L1

Main protection

Circuit 
protection

Proximity 
protection

class ii voltage  
surge protector
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The inrush current limiter Cat. No. 442 96 redu-
ces the current peak on activation of transformers 
and power supplies to a value of less than 5 In. 
This peak may be due to the aperiodic component 
(see box above) or to the load of a filter capacitor 
at the power supply. Used with an auxiliary relay 
Cat. No. 040 68, it can be used for limitation up to a 
power of 9000 VA (40 A).

< inrush current limiter

transient states, which may be the source of overvoltages and overcurrents, can occur when loads are switched on or 
off. the most common transients concern transformers, motors, capacitors and batteries.

activating a transformer causes an inrush current of 10 to 20 In with a damped  
aperiodic component. this triggers an overvoltage in the secondary by capacitive  
coupling, and oscillatory effects due to the capacitances and inductances between the turns.
the breaking (or opening) of a transformer creates a transient overvoltage due to the breaking of the current in an 
inductive circuit. this overvoltage can create arc restrikes in the breaking devices, which must be chosen accordingly.

typical switching overvoltage curves

t (s)

Ie/In

U

t

t

t : 5 ms

U

t

0

5

10

Overvoltage when breaking 
a transformer

numerous products are likely to be disturbed 
by conducted overvoltage and overcurrent 
phenomena, and all the more so if they are 
associated with radiated magnetic field and 
electric field phenomena: products that 
incorporate analogue or digital electronics, 
radio controls, Power line carrier controls or 
even safety functions such as residual current 
devices. although all these products are 
intrinsically designed and tested to operate 
and withstand numerous types of disturbance, 
they are not invulnerable.
how the installation is created is an essential 
element in combating these phenomena 
and limiting their destructive effects: 
equipotentiality, earthing, neutral earthing 
system, decoupling of circuits, voltage surge 
protectors, filtering, shielding, etc., are just 
some methods which must be considered 
and implemented at the design stage of 
installations. Book 8 explains the main 
guidelines for this.
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Energy quality and disturbance  
of the power supply (continued)

the phenomenon of electrical resonance is frequently found in installations. It can lead to destructive overvoltages and 
overcurrents. 
three types of receivers make up ac electrical circuits : resistors (in ohms), capacitors (in farads) and inductors (in henrys). 
the impedance Z of these receivers (which is also expressed in ohms) is a function of the frequency f (hz), of the power 
supply signal and more precisely of its angular frequency  = 2π·f (expressed in radians per second) and is expressed 
respectively in the forms Zr = r, Zc = 1/cω and Zl = lω.
It is important to distinguish series resonance phenomena from parallel resonance phenomena.

• Resonance of a series RLC circuit

the circuit is capacitive or inductive, depending on the respective values of c and l.
the electrical resonance phenomenon (also called anti-resonance in that the voltages are in anti-phase) occurs if the voltage 
at the terminals of the capacitance and those at the terminals of the inductance compensate one another exactly. 
l  = 1/c  which can also be written lc ² = 1.
ω is the resonance angular frequency, which is 
generally written 0 and the resonance frequency f0 
is equal to ω0/2π
When there is resonance, the impedance of the 
circuit is practically the same as its resistance r. If 
the resistance is low (low resistance circuits such 
as distribution lines), the situation becomes critical. 
the voltage applied at the terminals of the circuit 
then creates a very high current. this current then 
imposes voltages uc and ul at the c and l terminals, which may exceed their withstand and cause dielectric breakdown.
the properties of series rlc circuits are used to create filters.

• Resonance of a parallel RLC circuit

the same phenomena occur on parallel rlc circuits. But in this case it is not the current 
which is common to all three elements but the voltage u.

the effects of the resonance differ according to whether it is series or parallel, and 
depending on whether the source behaves like a voltage source or a current source.
an ideal voltage source maintains a constant voltage at its terminals irrespective of the 
current drawn. for small or medium sized consumers, the distribution supply network 
behaves like a voltage source. a high capacitance behaves like a voltage source for a reduced load (high resistance). on the 
other hand, a current source draws a constant current irrespective of the voltage at its terminals. for example, an inductance 
(known as a smoothing inductor) behaves like a current source.

In practice, industrial systems are complex and comprise both parallel and series elements (these are the receivers and 
also the conductors, the transformer windings, the stray capacitances, the leakage resistances, etc.) which represent both 
inductances and capacitances. It is thus always possible that resonance may occur, and adding compensation capacitors may 
modify or trigger the conditions for their occurrence (see p. 114).

Electrical resonance

U
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I
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in a capacitance c, the current is 
in /2 phase lead in relation to the 
voltage (lead quadrature)
in an inductance l, the current is in 

/2 phase lag in relation to the voltage 
(lag quadrature).
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2  dIsturBances caused By statIc 
converters
Power electronics has gradually become established 
as the preferred method of controlling electrical 
energy. Originally used almost exclusively for varying 

speed or torque control applications, it has now spread 
to the field of the low power switching mode power 
supplies that are found everywhere, and in the future 
it will play a decisive role in the control and stability 
of smart electrical systems whose energy production 
with be both mixed and decentralised. (Smart grid).

static conversion consists of adapting an energy exchange process from a generator to a receiver (optionally 
reversible) by controlling solid state switches: mosfet transistor (field-effect transistor), gto thyristor (gate turn-off 
thyristor), IgBt (Insulated gate Bipolar transistor), etc., according to a defined sequence.

converters are referred to as “direct” when they have only one conversion stage. But they are generally combined to 
create indirect converters. an ac/ac converter for variable control of an asynchronous motor is in fact made up of an 
initial ac/dc rectifier stage and a second dc/ac inverter stage. likewise an ac/dc electronic power supply forming a 
battery charger is for example made up of an ac/dc rectifier stage, then a high frequency ac/ac pulse control stage, 
which changes the voltage at minimum cost and in minimum space, and then a final ac/dc rectifier stage that provides 
dc current (or similar). other converters, such as dimmers or heating regulators controlled by varying the conduction 
angle, are reduced to a single ac/ac stage.

Inverters or static uninterruptible power supplies (uPs) consist of at least two ac/dc and dc/ac stages for the 
charging and output of a backup battery.

converters are being used in an increasingly 
wide range of applications, and now cover all 
power ranges. new methods and equipment 
for measuring power must be used, and 
the increase in their use is accompanied by 
new mains supply disturbance (harmonics, 
overvoltages) that must be controlled.

static converters

various ways of carrying out conversion

dc source ( )

ac source ( )

dc receiver ( )

ac receiver ( )

Pulse control (adjustable voltage)

ac PoWer controller (rms voltage  
adjustable without changing frequency)

cycloconverter
(adjustable rms voltage and frequency)

Inverter rectIfIer

Single phase
or three phase

system

Calibrated
and filtered 
AC voltage

Fixed DC
voltage

Rectification 
+ battery charging

device
Battery  

Inverter
+ filter
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Energy quality and disturbance  
of the power supply (continued)

thyristor bridge rectifier at the input of  
a conventional ac/Dc converter

the shape of the current with a great deal of harmonics 
(signals with steep wavefronts) entering the pulse control 
stage of the converter can be seen

Illustration of undervoltages and overvoltages or 
“commutation notches”

Unlike operational switching, described in the pre-
vious section, which is characterised by its more or 
less random and non-repetitive occurrence and by 
characteristics mainly due to loads and installations, 
that caused by static converters is recurrent. The ope-
ration of a static converter is intrinsically polluting, as 
the electrical values are extremely variable, over very 
short periods (10 ns to 1 µs), with high amplitudes  
(about one kilovolt and one kiloampere) and over a 
very wide frequency range (100 Hz to 1 MHz). In fact, 
each conversion stage contributes to disturbance over 
a frequency range that is dependent on its switching 
frequency: input rectifier up to a few dozen kHz, HF 
switching stage up to a few megahertz and phenomena 
associated with the switching transitions (resonance, 
normal mode excitation) up to several dozen mega-
hertz. EMC treatment of converters will consist of 
limiting their spectral range or trying to confine all the 
undesirable parasitic effects in the converter.
A three-phase sinusoidal voltage is generally rectified 
using a thyristor bridge. The load current is drawn at 
the three phases by alternate operation of the thyris-
tors. These are “trigged” in succession by the thyristor 
that was in control in the preceding time phase sen-
ding a pulse to their gate. The result is periods, which 
are of course very short (a few hundred µs), in which 
short-circuits occur between phases. The value of 
these short-circuits is only limited by the impedance 
of the upstream system. The effect of the inrush cur-
rent is voltage drops and voltage increases that are 
referred to as “commutation notches”. Rather than 
their amplitude, it is above all the differentials of these 
values (dV/dt), which may reach several hundred V/s, 
that cause electromagnetic disturbances. The resul-
ting high frequencies may encounter resonance in the 
system, in particular in the presence of capacitances 
(cables, capacitors), and result in this case in real 
overvoltages on the system.

UTh1 UTh2 UTh3

UTh'1 UTh'2 UTh'3

ITh1 ITh2 ITh3

UC1

UC2

UC3

IC1

IB UB

IC2

IC3

ITh'1 ITh'2 ITh'3

U

U

Ue

ωt

π/3 π/3
2π/3

2π

U

ωt

π
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3  sWItchIng overvoltages  
of caPacItors
The activation of capacitors placed on the HVA system 
may cause transient overvoltages (several times the 
value of Un) with sufficient energy to destroy the vol-
tage surge protectors at the supply end of the low 
voltage installation or even the components of the 
static converters or reactive energy compensation 
capacitors.
This phenomenon may be particularly dangerous if, 
when the HVA capacitors are activated, the resonance 
frequency of the upstream circuit corresponds to the 
resonance frequency of the LV circuit. The characteris-
tics of this phenomenon are essentially linked to the 
inductance L of the HVA/LV transformer, the capaci-
tance C of the capacitors and the resistance R of the 
low voltage network. If the resistance is low 

(not many resistive receivers), the damping of the  
transient overvoltages will be reduced, increasing  
the risk of resonance on the HVA and LV circuits  
at the same frequency (f0H = f0B).
Amplification of the disturbance associated with HVA 
capacitor switching is particularly sensitive if the  
reactive power used in HVA is much higher than that 
used in low voltage. This risk can be limited by using 
capacitor banks that are activated gradually (steps)  
or by activation at zero voltage. 
High energy absorption (at least 1 kilojoule) voltage 
surge protectors can be used to limit transient  
overvoltages from the HVA system, in the same way 
as tuned filters with low voltage capacitor banks can 
shift the resonance frequency of the installation. 
Overvoltages from the HVA system will not be  
eliminated, but at least they will not be amplified.

HVA/LV
transformer

HVB/HVA
transformerHVB transport 

   network
HVA distribution

network
LV load
system

HVA
capacitor
bank

LH

CH

LB

CB

LV
capacitor
bank

resonance frequencies of the circuits:
- hvB: f0h = 1/2 π lh ch

- lv: f0B = 1/2 π √lh ch

legrand voltage surge protectors 
cat. nos 030 00 and 030 20/22/23, 
which are type 1 high capacity (h) and 
increased capacity (e), are suitable 
for protecting the supply end of power 
installations.  
If switching overvoltages are found 
to occur frequently, it is important 
to count them and use the remote 
voltage surge protector status 
indication contact.

< class i voltage surge 
protectors specifically  
for protection at the origin 
of installations requiring a 
high service level
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E l E c t r i c a l  E n E r g y  s u p p ly

Legrand can provide a solution that is a useful 
addition to voltage surge protectors: passive 
filters used with capacitor banks. Their tuning 
frequency is calculated to eliminate the sus-
pect resonance frequency and thus limit its 
effects. The filter is calculated and defined 
after diagnosis and measurement on site 
using a network analyser.
The fact that Legrand is able to supply capa-
citor banks for both HVA supplies and LV 
supplies makes their mutual adaptation much 
easier, and having one manufacturer dealing 
with both levels of compensation is a guaran-
tee of safety.
Breaking devices using technologies suitable 
for capacitive currents (vacuum or SF6 filled 
chambers) can also be provided with the 
capacitor banks.

Energy quality and disturbance  
of the power supply (continued)

^ alpivar2 compensation 
racks with detuned reactor

^ alpivar2 vacuum 
technology capacitor

^ HV capacitor bank
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4  dc comPonents
The electronic supply stage of numerous machines 
and also many high consumption domestic applian-
ces (washing machines, hobs, etc.) has a rectifying 
device. If there is an insulation fault downstream of 
this device, the earth leakage current may contain 
a DC component (more precisely a unidirectional 
pulsed component) which modifies the shape of the 
AC current consumed. This shape is thus asymmetri-
cal, which may result in the residual current devices 
(RCD) failing to operate due to modification of the 
magnetic flux in the core. The two current half-waves 
are not identical, as the opposing field (coercive) no 
longer cancels the previous flux with the opposite sign 
every half cycle. The toroidal core may then remain 
magnetised (hysteresis phenomenon) and the residual 
current device is rendered inoperative.
AC type RCDs, used for the majority of circuits, cannot 
detect this type of fault. They should only be used for 
heating or lighting circuits that do not have an electro-
nic power supply.

New residual current devices have been developed to 
operate with electronically controlled loads.
Type “A” RCDs protect against sinusoidal AC fault cur-
rents and fault currents with a pulsed DC component. 
Type B RCDs also provide protection against smooth 
DC fault currents. These are mainly used in industry, 
on three-phase installations containing for example 
variable speed drives or an uninterruptible power 
supply (UPS).

5  Permanent leakage currents
Unlike fault currents, which flow accidentally between 
the live poles and the protection circuit or earthing, 
leakage currents exist while the installation is opera-
ting normally.
There are three different types of leakage current:
• Currents caused by receivers whose power supply is 
earthed (via bonding parts and the protection circuits) 
by means of capacitive electronic components (PCs, 
variable speed drives, etc.). On energisation, these 
currents are increased by an inrush current phenome-
non associated with the load of the capacitors. Some 
typical potential leakage current values are given the 
the table below.

• Currents that are associated with stray capacitances 
from the installation's conductors which are propor-
tional to the scale of the installation and the number 
of receivers supplied. There are no exact rules for 
calculating these currents other than that they can 
trip a 30mA residual current device when the instal-
lation reaches several hundred metres in length. It 
should also be noted that these currents may increase 
over time, depending on the ageing of the insulation. 
Monitoring the installation's insulation by means 
of continuous measurement (Permanent Insulation 
Monitor – PIM) or regular measurement (see Book 
10: Measuring the insulation resistance) enables any 
changes to be anticipated.

• Leakage currents that frequently develop on cer-
tain types of installations due to their nature, without 
however reaching a dangerous level comparable to a 
fault current (resistance furnaces, cooking or steam 
installations, equipment with numerous auxiliaries or 
sensors, etc.). Using the TN-S neutral earthing system 

I
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Energy quality and disturbance  
of the power supply (continued)

limits the contact voltage to a value which is not dan-
gerous, while permitting significant leakage currents 
to exist.(see p. 61). It should however be noted that 
although this situation provides better continuity of 
operation, it must be limited to the time spent finding 
and dealing with the leak, in order to avoid creating 
fire risks and to avoid increasing the EMC disturbance 
by the circulation of permanent currents in the protec-
tion circuits.
The design of an electrical installation must provide 
for the installation of protection devices for the safety 
of people and property which take account of these 
leakage currents. When these currents are added 
together in the protection circuits they can reach the 
trip threshold value of the residual current protection 

typical leakage current values

electrical appliance typical potential  
leakage current

computer workstation 1 to 3 mA

underfloor heating 1 mA/kW

fax machine/printer < 1mA

cooking appliances 1.5 mA/kW

at the supply end of the group of circuits concerned, 
remembering that this value is generally much lower 
than the theoretical threshold: for example 15 to 
20 mA actual for 30 mA nominal.

a standard ac type rcd is considered to be capable of protecting 3 to 5 Pcs, and more than this 
may cause unexpected tripping on energisation.
using an hPI model enables current transients due to capacitive effects to be absorbed, 
while greatly limiting this risk of tripping and enabling a larger number of machines to be 
supplied(1).
In addition to their immunity to inrush current transients, hPI rcds also have increased 
immunity to high frequency disturbance (lighting currents, switching overvoltages, 
disturbance on electronic power supplies). this characteristic is associated with the 
technology of the device itself and the use of a detector coil for which the saturation limits of 
the material are high.

(1) It is not possible to give precise details of the exact number of devices as the currents consumed are 
dependent on many factors (type of device, lengths and cross-sections of circuits, etc.).  
It is advisable to check that the RCD does not trip when the installation is started up.

legrand Hpi rcD
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6  current InversIon
Any installation connected directly to a public energy 
distribution system and that may also be supplied via 
another source should normally incorporate a device 
to prevent backfeed of the distribution system (see 
Supply Inversion, Book 2)
Increasing numbers of installations are carrying out 
self-generation based on renewable energies (solar or 
wind-powered production, small power plants or other 
sources) and are connected to the supply network to 
feed energy back into it. This arrangement must of 
course form the subject of an agreement, as well as a 
number of precautions.

Decoupling protection must disconnect generators if 
the following occurs:
- Fault on the supply network

- Disappearance of the power supply via the supply 
network
- Voltage or frequency variations greater than those 
specified by the distribution company
This decoupling protection must be incorporated in an 
automatic breaking device that complies with a reco-
gnised European standard.

Inverters Applications

Meters

Public 
distribution 
network

Solar-powered
generators

When the sum of the leakage currents of the devices supplied via the part of an 
installation protected by an rcd is likely to be greater than half the rated residual 
current (IΔn) for this rcd, there is a high risk of tripping. this problem can be  
avoided by using a circuit separation transformer, under tn-s neutral earthing  
system conditions.

 the conductive parts of the appliances are then connected to the neutral or middle 
point of the transformer secondary and this link is connected to an earth connection. 
Protection is provided by the overcurrent protection devices of the live conductors of 
the secondary circuit. (see “supply via a specific transformer” p. 61)

circuit separation transformers

for safety reasons, it is essential to indicate to all 
those involved the specific danger associated with the 
presence of two energy sources. Warning signs must 
be placed close to protection and operating devices and 
inverters.

Danger associated with  
the presence of two energy sources

Caution: two power 
sources present: 

- Distribution system
- Solar panels

Isolate both sources 
before carrying out 

any work
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Neutral earthing  
systems

The earthing conditions of installations have 
been defined in regulations by means of neutral 
earthing systems, with the aim of protecting 
people against the consequences of insulation 
faults. Although all these systems provide 
a theoretical equivalent level of protection 
against electric shocks, they have different 
characteristics in terms of use, electromagnetic 
compatibility, adaptability, maintenance or cost, 
which it is important to know.

NeuTrAl eArThiNg sysTems

standard ieC 60364 defines three neutral earthing sys-
tems, called tt, it and tN. the 1st letter refers to the 
situation of the power supply (generally, the neutral 
of the transformer secondary) in relation to earth. the 
2nd letter refers to the situation of the exposed metal 
conductive parts of the devices in the installation.

several types of neutral earthing system can 
coexist in the same installation (islanding). 
The rules for the use of islanding are given on 
page 58.

“Neutral earthing systems” represent the 
various possible organisations of the low 
voltage electrical installation in relation to the 
earth voltage. 
standard ieC 60364 uses the term “earthing 
arrangements” to define these systems.
in practice, even though it is not totally correct, 
the term “neutral earthing system” is more 
commonly used.

L3
L2
L1

PIM Z

T

T

T

T

N

N

PE

PE
I

Transformer

Isolated or
impedant
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1  TT sysTem (NeuTrAl eArTheD)
T: neutral point earthed
T: exposed conductive parts earthed

in tt systems, the neutral point on the secondary of 
the installation's power supply transformer is connec-
ted directly to earth. the exposed conductive parts of 
this installation are connected to an electrically sepa-
rate earth connection (in public distribution systems).
the fault current is limited to a considerable extent 
by the impedance of the earth connections but may 

RB RA

L1

L2

L3

N

PE

tt system

generate a dangerous contact voltage. this current is 
generally too low to activate the overcurrent protection 
devices, and should therefore preferably be eliminated 
by a residual current device.
the neutral conductor must never be connected to 
earth downstream of the residual current device. the 
exposed conductive parts must be connected to a 
single earth connection, and a single residual current 
device placed upstream is adequate. if the circuits are 
connected to different earth connections, each set of 
circuits must be protected by its own residual current 
device.
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if there is an insulation fault on a receiver, the fault current if (i fault) circulates in the circuit referred to as 
the fault loop. This circuit comprises the fault impedance on the exposed conductive part of the receiver, the 
connection of this exposed conductive part to the protective conductor, the protective conductor itself and its 
earth connection (rA).  
The loop is closed by the transformer windings and the power supply circuit. logically, the impedance of the 
loop should therefore be calculated based on all the elements in series that make up this loop.
in practice, and this is permitted in the standards, only the resistance of the earth connection of the exposed 
conductive parts rA is taken into consideration. The fault current is overestimated a little, but the safety 
margin is increased.  
The condition rA x if < 50 V must be met for AC installations. 
The sensitivity threshold i∆n of the residual current protection device is chosen so that i∆n < 50

rA

sensitivity of the residual current device i∆n  
according to the earth resistance
rCD i∆n rA (Ω) ul: 50 V

< 30 ma < 500

100 ma 500

300 ma 167

1 a 50

3 a 17

in practice, 100, 300, or even 500 mA residual current 
devices are used associated with earths of less than  
100  in dry areas. When the earth is poor, a sensitivity 
of 30 mA is necessary.

L1 

L2 

L3 

N 

RB RA 

PE 

If  

standard ieC 60364 no longer uses the voltage 
limit ul: 25 V. This value was applied for damp 
areas in which the insulation conditions are 
reduced. 
The result was requirements for lower earth 
connection values. 
medical studies have shown that this value of 
25 V is not justified.  
The ul value: 50 V must therefore be conside-
red in all cases. 
instead, special additional provisions 
(additional equipotential links, circuits 
protected by high sensitivity rCDs) are specified 
for areas where there are increased risks. 
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the tt system with protection by a residual current 
device is simple to implement, naturally safe and does 
not require any calculations.
For these reasons, it is mandatory for connections  
to the public system.
Nevertheless, it can pose problems of vertical discri-
mination or sensitivity to leakage currents, but there 
are appropriate solutions:
- several levels of residual current devices (with  
offset on the sensitivity and the breaking time) make it 
possible to maintain good discrimination (see Book 6)
- use of hpi residual current devices that have a  
good level of immunity to high leakage currents  
(computing)
- use of a circuit separation transformer (see Book 6).

high sensitivity residual current devices (iAn: 30 mA) 
are used to provide protection against indirect contact 
when the conditions for establishing the earth connec-
tion are unfavourable (> 500 O) or even impossible.
These devices, which are mandatory in many countries 
for the supply of power sockets up to 32 A  
and for increased risk operating conditions (portable 
devices, site installations, presence of moisture, etc.), 
provide additional protection against direct and  
indirect contact.

practical formulae for calculating an earth  
connection r (in Ω)

Vertical rod
r = /l
(l: length of the rod in m)

Plate
r = 0.8 /l
(l: perimeter of the plate in m)

horizontal 
conductor 

r = 2 ρ/l
(l: length of the conductor in m)

> Establishing the earth connection
the resistance of the earth connection depends on the 
nature of the ground. average resistivity values ρ:
- rich arable land, fill, compacted damp soil : 50 Om
- Poor arable land, gravel, coarse fill : 500 Om
- stony soils, dry sand, impermeable rock :  
3000 Om.
it generally depends on the geometry and dimensions 
of the earth electrode (rod, plate, conductor in founda-
tions).
Details and corrosion-resistance precautions for esta-
blishing earth connections are given in Book 8.

in some countries convention permits the  
protection to be provided by overcurrent devi-
ces. This results in requirements for earth 
connection values that are very difficult to 
achieve (< 0.5 Ω for a 32 A rating, for example) 
which leads to high fault currents.  
This practice is prohibited by french standard 
NF C 15-100 (art. 531.1.2).
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Neutral earthing systems  
(continued)

R 

PEN 

L1 

L2 

L3 

N 

PE

tn-c-s system

R 

L1 

L2 

L3 

N 

PE

tn-s system

L1 

L2 

L3 

PEN

R 

tn-c system

2  TN sysTem (NeuTrAl CONNeCTeD) 
T: neutral point earthed
N: exposed conductive parts connected to neutral 

in tN systems, a point on the power supply, generally 
the transformer neutral, is earthed. the exposed 
conductive parts of the installation are connected to 
the same point by a protective conductor. the system 
is called tN-C when the neutral function is combined 
with that of the protective conductor, which is then 
called PeN. if these conductors are separated,  
the system is named tN-s. 
When both variants cohabit in the same installation, 
the term tN-C-s can be used, remembering that the 
tN-C system must always be upstream of the tN-s 
system.
the impedance of the fault loop is low (it does not flow 
through the earth).  

if there is an insulation fault, it changes to a short 
circuit which must be eliminated by the overcurrent 
protection devices.

if the loads are three phase only,  
the TN-s system can have a non-distributed 
neutral. The devices therefore have three 
poles, and the residual current toroid detec-
tion sensors must exclude the Pe conductor.
in principle, a TN system in which the  
neutral is not distributed is considered to be 
a TN-s system. A permanent warning sign is 
advisable in order to avoid confusion with a 
TN-C system.
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in TN-C systems, the “protective 
conductor” function takes prece-
dence over the “neutral” function.  
A PeN conductor must always be 
connected to the earth terminal 
of a receiver. if there is a neutral 
terminal, a “bridge” is created 
between it and the earth terminal.

if there is a fault at any point in the installation affecting a phase conductor and the protective conductor  
or an exposed conductive part, the power supply must be cut off automatically within the specified breaking 
time t while complying with the condition Zs x ia < u0.
Zs: impedance of the fault loop comprising the power supply line, the protective conductor and the source 
(transformer windings).
ia: operating current of the protection device within the specified time
u0: nominal phase/earth voltage
The maximum times must be applied to circuits that could supply class 1 mobile devices (in general all power 
sockets). in practice these times are complied with by the use of circuit breakers without time delays.

For the fixed parts of the distribution installation, longer times, but less than 5 s, are permitted as long  

as rPe < 500
u0Zs 

, rPe being the resistance of the protective conductor (highest value between a point on this 

conductor and the equipotential link). 
This formula is used to check that the ratio of the impedance of the protective conductor to the total impe-
dance of the fault loop is such that the voltage of the faulty exposed conductive part will not exceed 50 V,  
but it does not check that the break takes place within the required time.

R 

L1 

L2 

L3 

PEN

L 

N 

L 

N 
PEN 

PEN L3 

N 

L2 

L1 

L3 

L2 

L1 

N 
PEN 

PEN 

single phase receiver three phase receiver

max. breaking time t 
for terminal circuits

Nominal voltage  
u0 (V)

t (s)

50 < u0 < 120 0.8

120 < u0 < 230 0.4

230 < u0 < 400 0.2

> 400 0.1
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in order to avoid differences in voltage between neutral and earth (in particular in widespread installations  
or in the event of lightning overvoltages), it is possible to use regular interconnections (removable for measu-
rements) between the Pe conductor and the N conductor: at the source (neutral point of the transformer), 
upstream of the main protection device (in the main lV distribution board), upstream of the protection devices 
on the load circuits (secondary distribution boards), at the point of use (power socket outlet).

Caution: This arrangement is only applicable in countries in which breaking of the neutral is not mandatory. 
it is not possible in France for example.

Validation of the protection against indirect contact in 
tN systems is based on checking the operating condi-
tions of the protective devices (see Book 6).
the higher the fault value, the easier it is to obtain  
the tripping conditions. 
the value of the fault current decreases as the length 
of the busbars increases … at the risk of no longer  
meeting the protection condition. 
the following is then possible:
- increase the cross-section of the conductors  
(reduction of the impedance of the fault loop)
- Create a local equipotential link (reducing the  
prospective touch voltage value)

- use additional residual current protection devices
this last solution makes it possible to do away with 
checking. it protects terminal power socket circuits 
on which the receivers and cable lengths are often not 
known.

L1 

L2 

L3 

N 

PE

Determination of the maximum line lengths 
protected against indirect contact and the 
minimum short-circuit currents is an essential 
condition for using the TN neutral earthing  
system (see Book 6).
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if there is a rupture or break in the PeN conductor, 
the exposed conductive parts of the installation may 
be increased to the voltage potential u0. For this 
reason it must not be possible for the PeN conduc-
tor to be broken by any device (isolation, protection, 
emergency stop). For the same reasons of continuity, 
its minimum cross-section must be no smaller than  
10 mm2 if it is copper and 16 mm2 if it is aluminium, 
to ensure adequate mechanical strength.
in TN systems, the safety connected with limiting 
the increase in the voltage of the exposed conduc-
tive parts is based on connection to the protective 
conductor, for which it is important to check that the 
voltage remains as close as possible to the earth. For this reason, it is recommended that the Pe or PeN conductor 
is connected to earth at as many points as possible, and at least at the transformers supplying the main distribution 
board (main equipotential link), in each building, or even in each group of load circuits.

The rule concerning the non-breaking of the PeN conductor can be inconvenient 
when measuring the insulation, in particular that of the hVA/lV transformer. in fact 
breaking the earth conductor does not totally isolate the windings, which are still 
connected to the PeN conductor, which is itself earthed via the protective conduc-
tors or the equipotential links of the installation. To enable momentary isolation of 
the PeN conductor, a 4-pole isolating device should be installed (or better still, 3P 
+ offset N). The pole of the PeN conductor will be short-circuited by a green/yellow 
conductor with the same cross-section. This conductor is disconnected to carry out 
measurements after isolation. The advantage of this solution is that the continuity 
of the PeN is physically linked to the re-energisation.

using the pEn conductor

The detection of earth fault currents by residual current toroid sensors 
is prohibited in TN-C systems.
however it is possible to detect overcurrents in the PeN conductor that 
lead to breaking of the phase conductors (but not the PeN) by placing  
a toroid sensor on the neutral/PeN connection in the transformer.  
The smaller the cross-section of the PeN in relation to the phase  
conductors the more necessary this detection. R 

L 1 

L 2 

L 3 

PEN

R

L1

L2

L3

PEN

Increase 
in voltage

Break

L1 PEN L2 L3 
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3  iT sysTem (iNsulATeD  
Or imPeDANCe eArTheD NeuTrAl)
i:  “insulated” or “impedance earthed” neutral
T: exposed conductive parts earthed

in it systems, the power supply of the installation is 
isolated from the earth or connected to it via a high 
impedance Z. this link is generally established at the 
neutral point or at an artificial neutral point.  
the exposed conductive parts of the installation are 
interconnected and earthed. if there is an insulation 
fault, the impedance of the fault loop is high (set by the 
capacity of the installation in relation to earth or by the 
impedance Z).
at the 1st fault, the rise in the voltage of the exposed 
conductive parts remains limited and there is no 
danger. Breaking is not necessary and continuity is 
ensured, but the fault must be located and eliminated 
by an appropriate service.
a permanent insulation monitor (Pim) must be 
installed to monitor the insulation condition of the ins-
tallation. 
if a second fault is added to the 1st fault that has not 
been eliminated, the fault changes to a short circuit, 
which must always be eliminated by the overcurrent 
protection devices.

in it systems, the exposed conductive parts can be 
earthed individually, in groups, or all interconnected 
together. 
in all cases, it is necessary to check that the condition 
ra x ia < 50 V is met for the earth resistance ra of the 
exposed conductive parts in question (ia being the trip-
ping current of the protection device). interconnection 
and linking to a single earth connection are preferable.
if a double fault occurs, the protection conditions to 
be implemented and checked for each group will be 
those of the tt system if the exposed conductive parts 
are separate, and those of the tN system if they are all 
interconnected.  
(see determination of the protection conditions  
in Book 6).

L1

L2

L3

N

PE

Impedance
Z

Voltage surge
limiter

PIM

it system

The Pim continuously injects a direct current (a few 
volts) between a point on the system and the earth. 
The capacitive part of the impedance is not therefore 
measured. The current drawn corresponds to the sum 
of the leakage currents of the three phases and charac-
terises the insulation of the installation. An indication 
threshold (set to half the normal value) or a permanent 
display of the insulation value enables the installation 
to be monitored and maintained. An installation must 
only have one Pim. its operating voltage must take 
account of whether or not there is a neutral  
(for example 250 V with neutral, 400 V without neutral).

permanent insulation monitor (piM)
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 1st fault: no danger for people 

The current of the 1st fault (if) is limited by the sum of the 
resistances of the earth connections of the power supply 
(rB), the exposed conductive parts (rA) and the impe-
dance (Z). Thus in the example above:

If
U0

RA RB Z
230

30 10 2000
0,112 A

 

The non-breaking condition must be checked, ensuring 
that the current will not increase the exposed conductive  
parts to a voltage higher than the voltage limit ul. The 
following is therefore required:  
rA x if < 50 V, i.e. in the example: 30 x 0.112 = 3.36 V.
The exposed conductive parts will not reach a dangerous 
voltage and non-breaking is permitted.

 2nd fault: short circuit 

in the event of a 2nd fault affecting another phase,  
on the same or another exposed conductive part, a loop 
is created by the exposed conductive parts of the faulty 
receivers, the protective conductors and the power 
supply conductors. This will cause a high short-circuit 
current to circulate for which the elimination conditions 
are those of the TN or TT system. it should be noted  
that this double fault situation is totally independent  
of the situation of the neutral in relation to earth, which 
may be isolated or impedance earthed. The iT double 
fault current is often lower that it would be with a TN 
system. The protected line lengths will be reduced  
accordingly.
if there is a fault, the voltage of the neutral may increase 
to that of the faulty phase (phase-to-neutral voltage).  
The voltage of the other phases will tend to increase 
towards the value of the phase-to-phase voltage.  
it is therefore advisable not to supply devices between 
phase and neutral in iT systems and thus not to  
distribute the neutral.

Operating principle of the it system 

230 V
Impedance
Z (2000 Ω)

RB 
(10 Ω)

RA 
(30 Ω)

L1

L2

L3

N

PE

If

If

230 V

L1

L2

L3

N

PE
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each neutral earthing system has advantages and 
disadvantages for the safety of property, electroma-
gnetic compatibility or continuity of service.  
the main system must therefore be chosen according 
to these criteria, but the characteristics of the system, 
the receivers, and the requirements for their operation 
may not be compatible with this system alone within 
the same installation. Creating a specific system in 
part of the installation, or islanding, may be an appro-
priate solution. 

1  suPPly ViA The sAme 
TrANsFOrmer 
Whether it is possible to create different neutral  
earthing systems in one installation (islanding) is  
initially dependent on whether or not the island can  
be supplied via a separation transformer.
in practice, only tN and tt systems can cohabit,  

subject to compliance with the following conditions:
- the neutral is earthed directly
- each part of the installation is calculated and  
protected according to the specific rules of each 
system
- a main equipotential link is established in each  
building, and the protective conductors connected to it
- each part of the installation (island) has its own 
protective conductor to which the exposed conductive 
parts are connected
- if there are exposed conductive parts of different  
installations in the same building, they must be linked  
by means of an additional equipotential link
- the rules specific to the use of the PeN conductor 
(tN-C system) must be complied with, in particular  
the non-breaking of the PeN or its connection to the 
general equipotential link downstream of the breaking 
device.

General equipotential link

PE

PEN
PEN

PEL1 LL2

TN-S system TT system

TN-C system

L3 N N

Building earthing

L1

L2

L3 

schematic diagram of the power supply in the same building or in two buildings close to one another

Non-breaking of the PeN 1 
or connection to the general 
equipotential link downstream  
of the breaking device 2.

All the protective conductors  
are connected to the same 
equipotential link 3. 
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Changing from the TN-C system to the TN-s 
system is not considered to be a change of 
neutral earthing system, but in all cases,  
the TN-s system must be downstream  
of the TN-C system.

Cable

TT system

PE

PE

PE

Building 1 earthing Building 2 earthing

TT system TN-S system

N

N

PE L1 L2 L3 N LN L1 L2 L3

Building 1 

equipotential link 

Building 2 

equipotential link 

PE

L1

L2

L3

schematic diagram of the power supply of several buildings

if only the TN-C system is used in the 1st building, the power supply cable of the second building can use  
the neutral conductor as the protective conductor (PeN) (cables with 4 conductors).
Otherwise (example in the diagram), the power supply cable must have five conductors (separate Pe and N),  
or four conductors with a Pe conductor placed in contact with the cable, to provide the link between the protective 
circuits of the two buildings.
if several earthing systems (identical or different) are used in the same building, the protective circuits  
(Pe conductors) must be linked together and interconnected to the same equipotential link of the building  
concerned.
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Neutral earthing systems  
(continued)

Public distribution often uses the TT system. The use of a TN system link requires the agreement of the local  
distribution service:
- it is generally connected on underground systems
- The low voltage neutral is connected to the earth of the hVA exposed conductive parts of the substation  
(TNr system, see p.11)
- The PeN conductor is not broken, right up to the delivery point
- The characteristics of the system (distances, powers, changes) are required in order to calculate the possible fault loop.

Collective
installation
(TN system)

Local 
equipotential
link

Individual
installation
(TT system)

N
PE

L1

L2
L3

PE PE N LN L3 L2 L1

Example of cohabitation of systems: individual installation: tt system  
(subscribers), collective installation: tn (for example, heating)

PEN

Transformer
HVA/LV

Connection
protection

(1)

Metering
Main LV 
distribution board

Applications

Subscriber
protectionIsolation

N

PE

L1

L2

L3

(1) if the delivery substation and the main lV distribution board are located in the same building, the exposed 
conductive parts of the substation must be linked to the same earth connection as the lV installations.

connecting an installation to the public distribution system using a tn-c or tn-s system
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2  suPPly ViA A sPeCiFiC 
TrANsFOrmer
in this application, there are three situations. 

• The use of a “circuit separation transformer”, to 
separate the load circuit locally from the supply cir-
cuit in order to avoid the risk of indirect contact on the 
separate circuit. this precaution is applicable for the 
supply of a device or a set of devices grouped together 
(see Book 6).

• The use of an isolating transformer with separate 
windings to supply a specific device that is sensitive to 
electromagnetic disturbance. the transformer is thus 
used for its filtering properties (see Book 8).

• The use of an isolating 
transformer with sepa-
rate windings intended to 
re-create a supply source 
at the start of which the 
neutral earthing system 
appropriate to the specific 
requirement of the island 
can be set up, generally 
tN-s or it.

N

PE

L1

L2

L3

PE

L1

L2

L3

IT or TT TN-S
RCD-1A

Main
equipotential
link

Connection of  

protective conductors

Equipotential link between

exposed conductive parts

standard system diagram of an island with three phase tn-s system  
(can be applied to a single phase system)

2.1. supply via TN-s system 
(local neutral connected)
this system is used for installations with high leakage 
currents (data processing), low insulation (furnaces, 
welding machines) or those that are subject to a great 
deal of disturbance (microwave transmitters).
applications where interference suppression is impor-
tant (capacitors) may also need this type of system 
(industrial control or telecommunications equipment).
Protection against insulation faults (indirect contact) is 
provided by overcurrent protection devices, checking 
that the fault current is greater than the tripping cur-
rent (+ 20%). 
if the short-circuit power of the transformer is ina-
dequate, a low sensitivity (for example 1 a) residual 
current device must be used.
Particular attention must be paid to the equipotentia-
lity of the receivers. additional links will have to be set 
up for this.
Neutral/protective conductor interconnections must be 
established as well as additional referencing to earth, 
if necessary.

^ isolating transformer 
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Neutral earthing systems  
(continued)

2.2. Power supply in iT system
this arrangement is used for installations where  
there is:
- a need for continuity of service for safety (medical, 
food processing)
- a need for continuity of operation (ventilation, pumps, 
markers)
- a risk of fire (silos, hydrocarbons)
- a low short-circuit power (standalone generators)
although the primary property of the it system is to 
limit the 1st fault current and not “break”, the fact 
remains that this choice may be made to the detriment 
of other requirements that must be given due conside-
ration:
- the non-distribution of the neutral conductor, which 
is still recommended due to the risk of rise in voltage 
or breaking in the event of a double fault, is not very 
compatible with the use of single phase receivers
- the risk of rise in the voltage of the earth to which 
the exposed conductive parts of the electronic devices 
are connected by their protective conductors
- the difficulty of using high sensitivity residual current 
devices (30 ma) for power sockets that would break at 
the 1st fault.

To check that the chosen device is suitable, an  
approximate value of the minimum short circuit at the 
furthest point of the installation can be obtained, using 
the following formula :

ik min = 
US

US
2

P
Ucc%
100

2
S
ρ

us: transformer secondary voltage in V 
P: transformer power in VA 
ucc %: transformer short-circuit voltage 
 : length of the line in m

s: cross-section of the line in mm2 
 copper: 0.023  mm2/m

The rating of the protective device must be chosen  
to provide a breaking time of 5 s maximum for the ik  
current previously defined.

gg fuse:
 
in <

 ik min
4

 
Type C circuit breaker:

 
in <

 ik min
8

practical rule for determining the rating of the protection on the secondary

it is recommended that the iT island is only 
created over a small area.
if the neutral conductor is necessary, it must 
be systematically protected (and not just 
broken) and it must not have a small cross-
section (it could melt if there were a double 
fault).  
The presence of harmonics connected with 
devices used in medical applications must also 
be taken into account when sizing this neutral 
conductor.
To limit the risk of a rise in the voltage of 
the exposed conductive parts they must be 
interconnected and linked to the local earth 
connection, which must itself be connected to 
all the earth connections of the building via the 
main equipotential link.
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PE

PIM Z

TN or TT IT

Main
equipotential
link

N

PE

L1

L2

L3

standard layout of an it system island for continuity of operation, with distributed neutral conductor

The application of the medical iT system is defined in 
France by standard NF C 15-211 (measure P5). it is 
mandatory in anaesthetics rooms, operating theatres 
and cardiac catheterisation rooms. it is recommended 
in several other areas: hydrotherapy, recovery rooms, 
intensive care or haemodialysis units, etc.
The transformer and switchgear must be in an area 
separate from the room or unit, but an illuminated 
indication of the insulation monitoring device must be 
visible in the room or unit. 
The impedance Z of the Pim must be at least 100 kO with 
an alarm threshold set at 50 kO corresponding to a fault 

current of approximately 5 mA (if = 
 u0 230 =   = 4,6 mA Z 50000 ) 

enabling any fault to be detected before the high 
sensitivity residual current devices break.
All circuits must be protected by type A high sensitivity 
residual current devices.
Devices with power > 5 kVA must be supplied directly with 
no socket.
Devices and sockets whose power is < 5 kVA must be  
supplied via a separation transformer for the three  
types of room or area for which a medical iT system  
is mandatory.

 Medical it system

Protection of power sockets by high sensitivity residual current devices is mandatory, but unexpected breaking due to 
tripping can be anticipated by setting the detection current of the Pim to a value lower than that of the residual current 
device (see medical iT system). if continuity of operation is vital, high sensitivity residual current devices are not necessary 
if the devices are connected directly to the installation (with no power socket). The special use exemption measure can be 
applied to supply power sockets that are not protected if no device other than those intended are likely to be connected. is
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compatibility between high sensitivity residual current devices and non-tripping at the 1st fault in it islands
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Neutral earthing systems  
(continued)
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generator sets have specific features that must be 
taken into account for protection against electric 
shocks. mobile sets cannot be connected to earth and 
their connection by means of a flexible cable can be 
easily damaged. in general, generator sets have much 
lower short-circuit levels than transformers (around 3 
in instead of 20 in). as a result, the tripping conditions 
required for protection against indirect contact cannot 
be provided by devices sized for operation on the 
normal supply.

1  Portable generator sets  
for temPorary installations
limited to a few kVa, these supply directly a small 
number of receivers (market stall, kiosk, power supply 
for portable tools, etc.).
the exposed conductive parts of the set and those of 
the installation must be linked together by means of a 
protective conductor.
each outgoing circuit must be protected by a  
residual current device i∆n < 30 ma.
if the set has one or more power sockets without a 
protective rCD, there should be one rCD per circuit  
at a distance of less than 1 m. as earthing is not 
possible and the neutral pole is not accessible, the ins-
tallation will operate as an it system.
if the generator set supplies class ii devices, the 
exposed conductive parts are not linked but the pro-
vision of one or more rCDs remains mandatory for 
supplementary protection against direct contact, in 
particular on the flexible connecting cable.

PE

G

1 m max.

Connectors or terminals

neutral earthing systems of generator sets

2  mobile generator sets  
for temPorary installations
With powers greater than 10 kVa, these supply 
larger installations (building sites, carousels, circu-
ses, etc.). 
the exposed conductive parts of the set must be linked 
to the exposed conductive parts of the devices being 
used by means of a protective conductor. Protection 
against electric shocks is provided by a residual cur-
rent device i∆n < 30 ma protecting all the outgoing 
lines, usually incorporated in the set by construction. 
if there are requirements for differential discrimina-
tion between the circuits supplied, secondary residual 
current devices i∆n < 30 ma can be installed on each 
outgoing line, as long as they are at a distance of less 
than 1 m. the rules for selecting the devices described 
in Book 6 can be applied.
if there is a possibility of establishing a reliable earth 
connection, the installation can operate in tN-s 
system mode. the fault current is closed by the neu-
tral or by linking the exposed conductive parts if the 
neutral is not distributed. this is possible for three-
phase loads only, and enables three-pole devices to be 
used. in this case this is a tN-s system with non-dis-
tributed neutral, which should not be confused with a 
tN-C system.
if there is no earth connection established on the 
set, the installation will operate as an it system. the 
breaking and protection devices must have staggered 
opening of the neutral with protection of all the poles. 
in addition, the cross-section of the neutral must not 
be reduced.

the installation and setup of generator sets 
are subject to specific regulations on the 
characteristics of the areas, the discharge and 
pollutant levels of the exhaust gases, and the 
permissible noise. it is advisable to refer to 
these regulations with the assistance of the 
manufacturers and competent bodies.
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in all systems (apart from tn-C), the provi-
sion of a residual current protection device 
is recommended. the residual current toroid 
sensor must be placed downstream of the 
earthing of the neutral point (see diagram 
opposite) or on the generator's neutral point 
earth conductor.

Caution, in tn or it systems, protection 
against indirect contact may not be provided 
(ik value too low).
in installations that are to be re-supplied by 
a mobile generator set, a sign must be placed 
close to the connection point, with the wording: 

minimum power of the  
set to be installed: x kVa

G

 Mobile installation Fixed installation

L1

L2

L3

N

PE

Connectors or terminals

via a protective conductor (with an identical cross-sec-
tion) incorporated in the cable or via a separate cable 
sized for the fault conditions, with a minimum copper 
cross-section of 16 mm².
the installation will then operate as a tN-s or tt 
system.

3  mobile generator set for 
fixed installation for one-off 
re-suPPly
temporary one-off re-supply of a fixed installation 
instead of the mains supply or the usual power supply 
should only be carried out after isolation. 
manual opening of the main circuit-breaker generally 
provides this separation, as long as it is held in posi-
tion (locking, padlocking) or indicated by a warning 
sign. 
in all systems (tt, it, tN) the exposed conductive 
parts of the generator set must be interconnected with 
the earth network of the existing installation.
if a local earth connection can be established for the 
set's neutral, the earth must be interconnected with 
the equipotential link of the installation.
if, as is often the case, this operation is not possible or 
not carried out, the installation will operate as an it 
system if the generator's neutral is not accessible. 
if the generator's neutral is accessible, it must be 
linked to the protection circuit of the fixed installation 

if the generator is a power supply for safety 
services, the earthing system used will be the 
it system.
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Neutral earthing systems  
(continued)

N
e

u
tr

a
l 

e
a

r
th

iN
g

 s
ys

te
m

s 
o

f 
g

e
N

e
r

at
o

r
 s

e
ts

G

Fixed installation Mains supply

N

Re-supply

Fixed installation Mains supplyRe-supply

Part with double or
reinforced insulation

general  
equipotential 

link Application

G

N

Part with double or
reinforced insulation

general  
equipotential 

link Application

rules for installing a mobile generator set for fixed installations

4  mobile generator set for fixed 
installation for re-suPPly Plan-
ned at the design stage
When the re-supply of a fixed installation in place
of the mains supply or the usual power supply is plan-
ned at the design stage, an all-pole supply inverter 
must be installed. irrespective of the neutral earthing 
system of the fixed installation, it is necessary to 
interconnect the exposed conductive parts (tt, it), the 
neutral point of the set and the exposed conductive 
parts of the set (tN) to the exposed conductive parts of 
the existing installation. 
if the protection conditions (ik min.) are not met by the 
overcurrent protection devices (it and tN systems) 
or cannot be determined (see box), a high sensitivity 
residual current device (30 ma) must be used and the 

neutral earthed upstream of the rCD (see diagrams 
below).
in tt systems, an rCD must be used in all cases. the 
part upstream of the residual current device must 
have double or reinforced insulation (see Book 6). the 
toroid sensor must be placed on all the live conduc-
tors (phase + neutral) or on the conductor linking the 
neutral point on the alternator to the earth of the ins-
tallation (tt or tN-s). this solution is not applicable in 
tN-C systems.
When a generator set supplies a standalone instal-
lation with no power sockets or whose continuity of 
service is paramount (machine, crane, carousel), it is 
permissible not to install a residual current device as 
long as the conditions for protection against indirect 
contact are met in line with the chosen neutral ear-
thing system.
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5  fixed sets for fixed 
installations
if the set is a replacement supply,
it must use the same neutral earthing system as the 
normal supply.
the conditions for protection against indirect contact 
and tripping for minimum short circuits must be 
checked (see Book 4), and must be met each time the 
installation is supplied by the normal supply and by 
the generator set.
safety installations should preferably be created with 
it systems or under tN system conditions.

the setting or rating of the overcurrent protection devices that provide protection against indirect contact when using 
a neutral earthing system for a generator set must be chosen with care (see book 4). the low value of the fault current 
(ikmin) is not always compatible with the fuse breaking time. the rated current in of these fuses and that of the genera-
tor ig must be similar and it is essential that the tripping conditions are checked. likewise, if circuit breakers are used, 
the magnetic operation adjustment (short delay) must be set to a low threshold.
the short-circuit current at the terminals of the generator is determined in a simplified way using the formula:

ik = in
x’d

 where x’d represents the direct transient reactance of the generator as a %.

its value in ohms is xd = u2

P
x’d where u represents the rated phase to phase voltage of the alternator (in V) 

and P its apparent power (in Va). in the absence of any information, x’d is taken as being less than or equal to 30%.

in practice, the short-circuit current iK will not exceed ik = in
30%

, i.e. 3.in, and this value could even decrease in stabi-
lised alternator operation.
an im setting, minimum (1.5 or 2) ir, will be applied using devices with electronic releases (see book 5).

attention must be paid to the calculation rules used by software packages, which take into consideration a relationship 
between the line resistance rl and the reactance of the supply xd that may be incompatible for calculating the protec-
tion devices near the generator.

if  rl

xd
< 0.8, exact mathematical calculations (see book 4) or the use of calculation charts may be more appropriate.

conditions for protection against short circuits and indirect contact

P17 portable 
combined units 
can be mounted 
on chassis and 
are particularly 
suitable for 
creating 
distribution 
panels for 
generator sets. 
the feedthrough 
ground terminal 
and the free 
terminal for connecting a protective conductor 
are suitable for the connection conditions of 
neutral earthing systems.



68

E l E c t r i c a l  E n E r g y  s u p p ly

Neutral earthing systems  
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tt system   
general  
principle

Detection of a fault current running through the earth 
and disconnection of the power supply by a residual 
current device

        
        

          
 

           
         
       

advantages - simplicity (very few calculations when installing)
- extension with no need to calculate the lengths
- low fault currents (fire safety)
- Very little maintenance (apart from regular testing  
of the rCDs)
- safety of people when portable devices are supplied  
or if earthing is defective (with 30 ma rCDs)
- operation on a source at low prospective ik  
(generator set)

          
  

           
 

       
 

        
  

        
       
     
         

 
         

disadvantages - No differential discrimination if only one device  
at supply end of installation
- Need for rCDs on each outgoing line to obtain  
horizontal discrimination (cost)
- risk of false tripping (overvoltages)
- interconnection of exposed conductive parts to a 
single earth connection (widespread installations)  
or rCD needed for each group of exposed conductive 
parts
- level of safety dependent on the value of the earth 
connections

        
        

      
         

    

        

       
       

     
  
     
        

notes - Voltage surge protectors recommended for overhead 
distribution
- Possibility of linking the power supply earth connec-
tion and that of the exposed conductive parts for private 
hVa/lV transformer (check breaking capacity of rCDs)
- Need to control equipment with high leakage currents 
(separation, islanding)
- importance of establishing and ensuring durability  
of earth connections (safety of people)
- ensure the earth values and tripping thresholds  
of the rCDs are checked periodically

        
       

      
       

         
          

        
          

       
    

            
      

             
   

        
     

            
     

seleCting neutral earthing systems
the choice of a neutral earthing 
system is dependent on  
requirements and objectives that 
are often contradictory, to such 
an extent that sometimes several 
systems have to be created within 
one installation (islanding)  
in order to meet safety,  
maintainability or operating  
requirements that are too  
dissimilar. the following table 
summarizes the advantages 
and the disadvantages of each 
system.
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the fault current changes to a short-circuit current 
which is broken by the overcurrent protection devices, 
and the exposed conductive parts are kept below a safe 
voltage threshold

Keeping the 1st fault current at a very low value limits 
the voltage rise of the exposed conductive parts,  
and there is thus no need for disconnection

      
        
     
         
  

          
        

          
 

- low cost (protective devices are used for fault  
currents and overcurrents)
- the earth connection has no effect on the safety  
of people
- low sensitivity to disturbance (good equipotentiality, 
neutral earthed)
- low sensitivity to high leakage currents (heating, 
steam, computing equipment)

- Continuity of service (no breaking on 1st fault)
- 1st fault current very low (fire protection)
- fault current causes little disturbance
- operation on sources at low prospective ik  
(generator set)
- supply of receivers sensitive to fault currents  
(motors)

         
    

           
  

     
        

      
         

           

- high fault currents (generation of disturbance  
and risk of fire in particular with tN-C system)
- Need for accurate calculation of lines
- risk in the event of refurbishment extensions  
or uncontrolled use (qualified staff)

- installation cost (protected neutral, Pim, voltage surge 
protectors)
- operating cost (qualified staff, location of faults)
- sensitivity to disturbance (poor equipotentiality with 
earth)
- risks on 2nd fault: 
- short-circuit overcurrents
- Disturbance (rise in earth voltage)
- appearance of a phase-to-phase voltage (if neutral 
distributed)

       

        
          

      
         

 
        
     

         
     

- the protection conditions must be checked:  
at the design stage (calculation), on commissioning, 
periodically and if the installation is modified
- Practical checking requires special test equipment 
(measurement of the ik at the end of the line)
- the use of residual current devices enables the fault 
currents to be limited (check the breaking capacity) 
and risks not provided for by the calculations to be 
overcome (breaking of the protective conductors, line 
lengths of mobile loads, etc.)

- indication of the 1st fault is mandatory and a search  
for the cause must be undertaken immediately
- the situation of a 2nd fault must be avoided in view  
of the risks involved
- Protection by voltage surge protectors is essential 
(risk of rise in earth voltage)
- it is advisable to limit the scale of it installations  
to what is strictly necessary (islanding)
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Neutral earthing systems  
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the following tables give general rules for choosing 
the neutral earthing system according to the instal-
lation, the receivers and the operating conditions. 
however in some cases these rules may be inapplica-
ble. the neutral earthing system must be chosen for 
the majority of the applications in the installation. 

if one of them is not very compatible with this choice,  
it is preferable to isolate it and treat it separately 
(islanding, filtering, separation).
Choosing the overall system based on this single appli-
cation would be to risk making the wrong choice for 
the rest of the installation.

type and characteristics of the installation recommended system

- lV public distribution system tt (tN on request)

- Widespread system with poor earth connections
- supply via transformer with low ik
- generator set (temporary installation)
- overhead line system

tt

- system subject to disturbance (area subject to lightning)
- system with high leakage currents tN

- generator set (temporary power supply) tN-s

- generator set (emergency power supply)
- emergency source for safety circuits in buildings open to the public it

types of receiver and operating conditions recommended system

- Numerous mobile or portable devices
- installations with frequent modifications
- site installations
- old installations
- areas where there is a risk of fire

tt

- electronic and computing equipment
- equipment with auxiliaries (machine tools)
- handling equipment (hoists, cranes, etc.)
- Devices with low insulation (cooking, steam appliances, etc.)
- installations with high leakage currents (marinas, etc.)

tN-s

- areas where there is a risk of fire 
- Control and monitoring installations with large numbers of sensors
- installations with requirement for continuity (medical, pumps,  
ventilation, etc.)
- Devices that are sensitive to leakage currents (risk of damage  
to windings)

it
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neutral earthing system and emC
the choice of the “neutral earthing system” has a 
direct effect on the “electromagnetic compatibility”  
of the installation:
- the consequences of a lighting strike are partly 
dependent on the situation of the power supply in rela-
tion to earth, defined by the first letter (i or t)
- the transmission of conducted or emitted high fre-
quency disturbance depends on the connection of the 
exposed conductive parts of the installation and their 
equipotentiality, defined by the second letter (t or N)

the energy transmission distances require a common 
voltage reference that can be accessible from the 
source to the load and can discharge disturbance such 
as lightning. only the earth meets these conditions!

The earth is not necessary 
to ensure equipotentiality 
in the installation

The earth is used as 
equipotentiality reference 
between the source and 
the installation

Source

Device

Equipment

Installation

separate installation and power supply  
(public distribution system) 

standalone installation

locally, the earth is not necessary for the equipoten-
tiality of an installation. it is the equipotential bonding 
system which provides this equipotentiality. thus when 
the energy source is nearby or standalone (batteries, 
solar panels, generator set, etc.) it is not necessary to 
earth the power supply and the installation. the pro-
tection can be provided simply by “local equipotential 
links” that are not earthed. if there is a lightning strike, 
which is the main risk, the voltage of the whole instal-
lation rises equally, and thus there is no damage. high 
altitude weather stations and isolated transmitters use 
this principle.  

disturbance

installation emC

reference 
voltage,
earthing

lightning,
earthed casing

PoWer suPPly

equipotential
bonding 
system
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in differential mode, the disturbance that will be linked 
to the line will give rise to a current imd, and thus  
to a voltage umd between the two outgoing and return 
conductors of the line. this voltage may be high enough 
to change the level of the signal that is normally trans-
mitted and lead to a control error (transmission line) or 
equipment damage in the event of high-energy distur-
bance such as lightning (power line).

Imd

Umd

in common mode, the rise in the voltage umc is identi-
cal on both line conductors and occurs in relation to an 
external reference, generally the earth. the common 
mode current imc flows in the same direction on both 
conductors.

Imc

Umc

as a general rule, differential mode disturbance is more 
contraigant as it affects the products' own functional cha-
racteristics (measurement levels, trip thresholds, energy 
supply, etc.).
Common mode disturbance, even though it may be  
at a higher level, mainly affects the insulation of pro-
ducts, which for safety reasons, is generously sized.

it is always advisable to convert differential mode distur-
bance to common mode to limit its effects and for ease of 
filtering. twisting is for example a very simple method 
that is used universally for data cables.

“true common mode” is characterised by the circulation 
of the disturbance in all conductors. its return is ingoing 
via different capacitive or galavanic coupling with others 
devices. for example, a lightning overvoltage in top of 
installation is “true common mode”. it is not stopped by  
a transformer.

“false common mode” is characterised by the return of 
disturbance in the earthing sytem and bonding network. 
this is generally the case of components or devices 
under metal conductive parts (classe i) connected on ter-
minal circuits. 
the “false common mode” is stopped by a transformer, 
in particular transformer with screen.

Differential mode, common mode

P

N

PE

P

N

PE
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advantages and disadvantages of the neutral earthing systems in relation to EMc

neutral 
earthing 
system

advantages disadvantages

tt - the neutral voltage is fixed.
- the fault currents are low

- source earth connection and load earth connection are 
separated and less equipotential. impedance of the  load 
earth connection can be high
- Pe conductor does not constitute a reliable voltage  
reference, resulting in the need for additional equipotential 
links
- lightning strike giving differentiel mode overvoltage (dis-
symetry of the system)

it - the fault currents are low
- good protection against conducted 
lightning (common mode overvol-
tages) but risk of sparkover on the 
neutral impedance, resulting in the 
need for a surge voltage protector

- “load” earth voltage not fixed in relation to the source  
and consequently not fixed in relation to that of the exposed 
conductive parts 
- increase in earth voltage (direct lightning strike) or after 
the 1st fault: loss of reference for electronic devices
- Circulation of permanent currents by capacitive coupling 
between live and earth conductors

tn-s - a single “source” and “load”  
voltage reference, the earth is not 
used as a conductor, and good 
equipotentiality of the exposed 
conductive parts
- low impedance of the protection 
circuit due to the need to carry high 
fault currents

- specific installation rules and equipment (5 wires)
- Possible rejection of disturbance on the neutral  
if the equipotentiality is uncertain between the neutral  
and the Pe conductor or if their paths are different  
- high fault currents
- lightning strike giving differentiel mode overvoltage (dis-
symetry of the system)

it is generally agreed that the tN-s system  
is the best compromise in terms of emC. it is easy  
to the make up for limitations of this system by the 
additional use of voltage surge protectors that com-
bine common and differential modes.
use, on each outgoing circuit, of rCBos compatible 
with the leakage currents will limit the currents  
in the event of a fault.

the tn-C system is not recommended  
due to the circulation of high fault currents  
in the Pen conductor.
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as well as on-board installations (vehicles, ships, etc.) 
and telecommunications installations, DC is already 
used for numerous applications in static converters to 
supply machines or for installations supplied by means 
of batteries (backups, emergency lighting, etc.). 
one of the main advantages of DC sources is their easy 
reversibility: generators discharging and receivers 
charging for batteries, receivers operating normally 
and as generators in braking mode for rotating machi-
nes which are also easy to control (varying speed or 
torque) using power electronics components (thyristor, 
igBt, mos transistor) up to several dozen kVa.
recent developments in lighting (leDs), direct electro-

nic power supplies (computing) and in particular the 
expansion of solar-powered energy have extended the 
use of DC. 
New rules are now needed (some are still being 
developed) and the choice of products must take into 
consideration very specific requirements which, if  
unknowned, will lead to major disappointment. it 
should also be remembered that, contrary to popular 
belief, DC can be very dangerous, with heart block 
mechanisms that are different from aC (see Book 6). 
under these conditions, the imperative safety requi-
rement necessitates the rigorous use of appropriate 
neutral earthing systems.

When the diagrams (on the following pages) indicate earthing of a specific polarity in a two-wire dC system,  
the decision to earth this positive or negative polarity must be based on the operating and protection conditions, and 
must in particular take account of electrochemical corrosion. 
in solar-powered installations, no polarity on the dC installation side should normally be earthed and all the compo-
nents must be class ii or installed with additional insulation.
if there is an inverter present, with no separation transformer, the neutral earthing system of the dC part  
must be identical to that of the aC part. 
according to the recommendations of solar panel manufacturers, a polarity can be earthed as long as measures are 
taken to ensure the safety of people (for example, permanent insulation monitor (Pim)).

Earthing 

dC installation 
rules

dC has once again come to the fore. We can see 
history and edison's theories being repeated. 
the days of the conflict between dC and aC are 
well and truly in the past, and what is important 
now is to make use of the complementary nature 
of these two forms of electrical energy. 
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neutral earthing systems in dC installations

1  tn systems in dC installations
the point directly connected to earth is generally the 
negative pole or the middle pole (diagrams below). 
as the fault loop is made up exclusively of galvanic 
elements (live conductors and protective conductors), 
any dead fault current between phase and the exposed 
conductive part becomes a short-circuit current that 
should be eliminated by appropriate overcurrent pro-
tection devices.

L+

L-

PE

Earthing 
of  system

PEL

Exposed conductived parts

Earthing 
of  system

Exposed conductived parts

L+

M

L-

PE

PEM

Optional
application 
of  a battery

Optional
application 
of  a battery

2  tn-C systems in dC 
installations
the functions of the earthed live conductor (generally 
l-), or the earthed middle conductor (m) are combined 
in a single PeN conductor for the whole system.

L+

PEL

L+

L-

PEM
PE

Earthing 
of  system

Exposed conductived 
parts

Earthing 
of  system

Exposed conductived 
parts

Optional
application 
of  a battery

Optional
application 
of  a battery
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3  tn-C-s systems in dC 
installations
the diagrams below show the possibilities of parts of 
systems (on the left) in which the protective conduc-
tor and one of the polarities are combined (exposed 
conductive parts used as return) and parts of systems 
in which these conductors are separate (on the right) 
coexisting in the same installation, creating a tN-s 
neutral earthing system.

4  tt systems in dC installations
the point on the power supply that is directly connec-
ted to earth is generally the negative pole or the 
middle pole.
the fault loop may include the earth over part of its 
path, which does not rule out the possibility of electri-
cal connections, either intentional or de facto, between 
the earth connections of the installation's exposed 
conductive parts and that of the power supply.
apart from in the latter hypothesis, the intensity of the 
fault current between phase and the exposed conduc-
tive part is lower than that of a short-circuit current, 
but it can nevertheless be sufficient to induce dange-
rous voltages. in practice, this system is not used, as 
the earth connections are not generally separate.

L+

L-

PE
PEL

L+

L-

M

PE
PEM

TN-C system

TN-C-S system

TN-S system

TN-C system

TN-C-S system

TN-S system

Earthing 
of  system

Exposed conductived 
parts

Exposed conductived 
parts

Earthing 
of  system

Optional
application 
of  a battery

Optional
application 
of  a battery

L+

L-

Earthing of  exposed 
conductived parts

PEN

L+

M

L-

PEN

PE

PE

Earthing 
of  system

Earthing of  exposed 
conductived parts

Earthing 
of  system

Optional
application 
of  a battery

Optional
application 
of  a battery

DC installation  
rules (continued)
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5  it systems in dC installations
in this system, the current resulting from a single fault 
between a live conductor and the exposed conductive  
part is sufficiently low not to induce a dangerous 
contact voltage.
the first fault current is closed by the leakage capa-
citance of the installation (on energisation) and 
optionally by the resistance r inserted between a 
point on the power supply (generally l-) or the middle 
conductor (m) and earth. the intensity of the current 
resulting from the first fault is limited either by the 
fact that the power supply has no earth connection or 
by the value of the resistance r.

L+

L-

PE

Earthing of  exposed 
conductived parts

   
 

Earthing 
of  system

 
 

Optional
application 
of  a battery

R

 
  

L+

M

L-

   
 

PE

Earthing of  exposed 
conductived parts

 
 

Earthing 
of  system

 
  

Optional
application 
of  a battery

R

it is essential to coordinate the protective measures in the dC and aC parts of the installation with one another. 
the tn system should preferably be used. 
 

if the solar modules 
are not connected to 
a protection circuit, 
they must be installed 
in accordance with 
class ii rules, or moni-
tored by a permanent 
insulation monitoring 
device.

Example of a solar-powered installation

AC

DC

Solar-powered 
modules

Voltage surge protector
enclosure

Protection
enclosure

Distribution
enclosure

Meters

Earthing rod

Dc voltage ranges

range directly earthed  
systems

systems that are  
not directly  
earthed(1)

between 
pole  

and earth

between  
poles

between  
poles

i u < 120 u < 120 u < 120

ii 120 < u < 900 120 < u < 1500 120 < u < 1500

u is the nominal voltage of the installation (volts)

(1) if the compensator is distributed, the equipment supplied  
between pole and compensator is chosen so that its  
insulation corresponds to the voltage between poles
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78

designing dC installations
the design and installation principles for a DC circuit 
are the same as those for an aC circuit.
the main differences concern the calculation of the 
short-circuit currents and the choice of protection 
devices.

1  insulation Voltage
standard ieC 60664-1, which is the reference standard 
for insulation, stipulates identical insulation values for 
aC and DC voltages. it is however important to spe-
cify and check the voltage to which reference is being 
made.  for example, many products have an insulation 
voltage of 690 V between phases and implicitly 400 V 
between phases and earth. for DC they can only be 
used at 400 V.
legrand distribution blocks, terminal blocks and bus-
bars are designed with an identical level of insulation 
between phases and between phases and neutral. for 
these products, the DC insulation value corresponds to 
the given aC value.

2  rated Current of bars and 
busbars 
the values given for aC bars can be directly used for 
DC bars (see Book 12 “Busbars and distribution”). for 
one bar, the values are totally transposable.
When busbars are concerned, the values given for aC 
can also be used; they are better and lead to a lower 
temperature rise, as there is no mutual inductance 
effect in DC circuits that would increase the impedance 
of the bars.

3  resistanCe to short-CirCuit 
Currents
With regard to thermal stress i²t, the aC rms values 
can be directly transposed to DC for the rated currents.
With regard to dynamic stress, a DC short circuit 
causes a higher degree of mechanical stress than a 
3-phase short circuit (ik3) and is more like a double 
phase short circuit (ik2). 
But there is no asymmetry factor leading to a one-off, 

alternating force. the force is maintained and unidirec-
tional.
the DC withstand value can be determined from the 
dynamic withstand value ipk given for aC, reverting to 
the value corresponding to a symmetrical rms current 
and assigning it the corresponding ratio √2.
for example, an arrangement of bars with supports 
said to be 40 kÂ peak corresponds to an i rms of 40/2 = 
20 ka (taking an asymmetry factor of 2 into account)
the corresponding DC value would then be:
 20 √2 = 28 ka

4  CalCulating short-CirCuit  
Currents
to calculate the short-circuit current ik of a battery 
whose internal resistance is not known, the following 
formula can be used: C is the capacity of the battery in 
ah.

iK = 10 C

to calculate the short-circuit current ik at the ter-
minals of a DC generator, the following formula is 
applicable: ri is the internal resistance of the genera-
tor.

iK = 

to calculate the short-circuit current at any point in 
the installation, the following formula should be used: 
rl is the resistance of the line.

 iK = 

if there is a DC motor present, the above ik value must 
be increased up to 6 times the in value of the motor.

1.1 un

ri

1.1 un

ri + 2 rl

DC installation  
rules (continued)
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5  seleCting ProteCtion  
deViCes
to select protection devices, it is advisable to check 
that the characteristics of the circuit (short-circuit 
current, rated current, time constant) are compatible 
with the choice of the appropriate protection device.
residual current devices for aC circuits are not  
suitable.

gg and am industrial fuse cartridges can be 
used in dC systems up to a voltage of 48 V
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5.1. dPx moulded-case circuit beakers
thermal-magnetic DPX can also be used up to an ope-
rating voltage of 250 V DC (two poles in series) or 500 V 
(three poles in series). their magnetic thresholds are 
then increased by 50% (see table below).

devices
2 poles in series 3 poles in 

series
protection  
thresholds

110-125 V 250 V 500 V thermal
% ir

magnetic
% im

dPx 125

16 ka 20 ka 16 ka 16 ka 100 % 150 %

25 ka 30 ka 25 ka 25 ka 100 % 150 %

36 ka 36 ka 30 ka 30 ka 100 % 150 %

dPx 160
 

25 ka 30 ka 16 ka 16 ka 100 % 150 %

50 ka 50 ka 25 ka 25 ka 100 % 150 %

dPx 250 er
25 ka 30 ka 25 ka 25 ka 100 % 150 %

50 ka 50 ka 36 ka 36 ka 100 % 150 %

dPx 250 36 ka 30 ka 25 ka 25 ka 100 % 150 %

dPx-h 250 70 ka 50 ka 36 ka 36 ka 100 % 150 %

dPx 630 36 ka 40 ka 36 ka 36 ka 100 % 150 %

dPx-h 630 70 ka 45 ka 40 ka 40 ka 100 % 150 %

dPx 1250 50 ka 50 ka 50 ka 36 ka 100 % 150 %

dPx-h 1250 70 ka 60 ka 60 ka 50 ka 100 % 150 %

Breaking capacities and protection  
thresholds of DpX with Dc supply

5.2. dx circuit breakers
DX and DX-h circuit breakers (1P/2P/3P/4P -  
in < 63 a) designed to be used with 230/400 V aC sup-
plies, can also be used with DC supplies. in this case, 
the maximum value of the magnetic trip threshold 
must be multiplied by 1.4. for example: for a curve 
C circuit breaker whose trip threshold is between 5 
and 10 in with an aC supply, the trip threshold will be 
between 7 and 14 in with a DC supply.
the thermal tripping curve is the same as with an aC 
supply.
the maximum operating voltage is 80 V per pole  
(60 V for single-pole + neutral). for voltages above  
this value, several poles must be wired in series.
the breaking capacity is 4000 a for a single-pole cir-
cuit breaker at maximum voltage (80 V DC per pole)
at other voltages, the breaking capacities are given  
in the table below according to the number of poles  
in series. 

  Voltage single pole 2-poles 3-poles 4-poles
 
 

< 48 V DC 6 ka 6 ka
 dx 110 V DC   6 ka 6 ka
  230 V DC       10 ka
   < 48 V DC 10 ka 10 ka    
 dx-h 110 V DC   10 ka 10 ka  
   230 V DC       15 ka

+

-

+

-

+

-

+

-

Breaking capacity icu  
according to En 60947-2
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Structure of the  
protection system

The protective conductors always constitute the 
main part of this system, but the complexity of 
the system will increase with the requirements 
of information technology, voltage surge 
protection, local area networks, etc. with the 
risk of muddling the terminology somewhat. A 
quick reminder of the terminology may therefore 
be helpful…

Local conductive 
structure connected 
to earth

Local equipotential 
link

Additional equipotential 
link

Non-earthed 
equipotential 
link

Additional equipotential 
link

Earthed local 
conductive 
structure

Earthing 
conductor

Functional earth 
conductor

Metal busbar system

Main LV distribution board

HV/LV transformer 
protective conductor

HV exposed 
conductive 
parts conductor

Earthing of  voltage 
surge protectors

General equipotential link

Main earth terminal

Isolating device for measurement

Earthing conductor

Main equipotential 
link conductors

General main equipotential 
link conductors

Protective conductors 
main terminal or collector

Main protective conductor

Lightning conductor

Class II 
equipment

Structure 
of  the building 

Earth electrode

Circuit 
protective 
conductors

2

1

3

4

5

6

16

11b

11a

18

10

17

12

15

19

7

9

8

14

13

Diagram of the protection system (see definitions on the following pages)
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    Earth, general symbol

      Green/yellow dual colour protective conductor 
Earth connection providing protection against 
electric shocks

    Functional earth role, which does not 
necessarily include protection against electric 
shocks

 ou   Exposed conductive part, electrical connection 
of chassis, voltage reference point

   Equipotential link

   Exposed conductive part not linked to a 
protective conductor. If a functional link is 
necessary (for example linking exposed 
conductive parts), use the symbol o.

   Device with double insulation achieved by 
construction, or assembly with double insulation 
(referred to as fully insulated), achieved by  
installation.

symbols

DEFInITIonS 

1  Earth electrode 
Set of conductive elements in contact with the earth.  
the earth connection is established according to local  
conditions (type of ground) and the required resistance 
value.

2  Earthing conductor 
conductor providing the link with the earth electrode. it 
is generally not insulated, and has a minimum cross-
section of 25 mm2 (copper) or 50 mm2 (galvanised steel).

3  Isolating device 
this is inserted in the earthing conductor. the device is 
opened in order to measure the earth connection.

4  Main earth terminal 
electrical link between the earth circuit and the general 
equipotential link. can be an integral part of the general 
equipotential link or the isolating device.

^ For a real "bonding" approach: earthing of shielding by 
clamps fixed on “Fixomega” claws clear identification of the 
circuits on Viking terminal blocks

5  General equipotential link 
Located at the origin of the installation and/or at the 
point of entry in each building. it links all the earthing 
conductors, the main equipotential link and the various 
protective conductors.

6  General main equipotential link conductor 
connects the metal parts of the structure, the busbars 
and frames to the general equipotential link. the cross-
section must the same as that of the main protective 
conductor with a minimum of 6 mm2 (10 mm2 for alumi-
nium) and a maximum of 25 mm2 (35 mm2 for 
aluminium).

7  Main equipotential link conductors 
connect the conductive parts near the main LV distribu-
tion board to the protective conductor terminals. 
the cross-section must be the same as that of the pro-
tective conductor with a minimum of 6 mm2 (10 mm2 
for aluminium) and a maximum of 25 mm2 (35 mm2 for 
aluminium).

8  Main protective conductor  
conductor linking the main earth terminal to the main 
protective conductor terminal. its cross-section is deter-
mined according to the rules given in this section (choice 
or calculation). St
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9  Protective conductors main terminal or collector  
this is located in the main LV distribution board. it is 
chosen or determined according to the rules given in this 
section.

10 Circuit protective conductors 
these are determined in accordance with the current of 
each load circuit, according to the rules given in this sec-
tion (choice or calculation).

11 Additional equipotential links 
these are used to ensure the continuity of the protective  
circuits. 
a) Between exposed conductive parts, the cross-section 
is at least that of the smaller protective conductor of the 
two exposed conductive parts to be linked
b) Between exposed conductive parts and conductive 
parts, the cross-section must be at least half that of the 
protective conductor of the exposed conductive part to be 
linked.
nB: in both cases, a minimum of 2.5 mm2 is necessary 
if the link is protected mechanically (in an enclosure, 
ducting, sleeve, etc.) and 4 mm2 if it is not protected 
(flexible wire). these rules are applicable to the remova-
ble panels and doors of XL3 and Altis enclosures when 
no equipment is fixed in them. When equipment is fixed 
in them or there are specific risks of indirect contact 
with these exposed conductive parts (feedthroughs for 
controls, no faceplate, etc.), the Legrand range of flexi-
ble braids provides an ideal solution for all installation 
requirements.

12 Local equipotential link: if in a tn or it neutral ear-
thing system, the lengths of the circuits upstream of the 
terminal circuits are not known or they are too long, a 
local equipotential link is created in each distribution 
board supplying the terminal circuits. 
its cross-section must be at least half that of the pro-
tective conductor supplying the board, with a minimum 
of 6 mm2 (10 mm2 for aluminium), and a maximum of 
25 mm2 (35 mm2 for aluminium).

13 HV/LV transformer protective conductor 
the cross-section is determined according to the type of 
conductor, the power of the transformer and the reaction 
time of the hV protection. in practice, its cross-section is 
identical to that of the main protective conductor.

< Equipotential link  
conductors connected 
to a collector bar  
or “main protective  
conductors terminal”

< Xl3 enclosures:  
the interconnection of the 
exposed conductive parts 
by design makes  
it a great deal easier to 
connect the protective  
conductors to the load 
circuits 
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Structure of the protection  
system (continued)
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^ connecting protective conductors  
by means of Viking green/yellow terminal 
blocks: the rail is used as collector

^ Earthing conductors consisting  
of braids (30 mm2)

14 HV exposed conductive parts conductor 
if the installation is supplied via a delivery substation, 
the cross-section used is 25 mm2 (35 mm2 for alumi-
nium). for other types of supply, the cross-section must 
be calculated.

15 Earthing of voltage surge protectors 
this is designed to discharge the fault currents resulting 
from the elimination of overvoltages. these conductors  
must be as short as possible and only used for this 
purpose. the minimum cross-section is chosen accor-
ding the manufacturers' instructions: generally 4 to 
16 mm2

16 Earthing conductor with no safety function 
this provides the earth connection, for functional 
reasons or due to the level of disturbance. only use the 
green/yellow dual colour if the conductor also performs 
the protective function. the terms “noiseless earth” or 
“clean earth” must not be used

17 Earthing conductor 
- conductor for functional use only: voltage referencing 
(electronic exposed conductive parts), its cross-section 
is then chosen according to the actual current. 
- electromagnetic compatibility: the conductors must 
be chosen to be as short and wide as possible to reduce 
their impedance at high frequencies.

18 non-earthed equipotential link 
Link specific to certain restricted applications in non- 
conducting environments (test platform, etc.). All the 
exposed conductive parts and parts that are accessible 
simultaneously must therefore be linked.  
the cross-sections are taken as being identical to those  
of the additional equipotential links.

19 Class II equipment 
the exposed conductive parts of this equipment must 
not be connected to a protective conductor.
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Power factor  
compensation

Reactive energy compensation is an essential 
process in improving energy efficiency. 
It reduces the power consumption and thus  
its cost, enables optimum use of installations  
by preventing them being oversized, and  
more generally it improves the quality  
of energy systems. 

Although it is currently only used in high power  
installations, there is no doubt that its application will 
become noticeable in the smallest installations where 
modern receivers with downgraded power factor (elec-
tronic devices, low consumption lighting, etc.) now play 
a major role.
electrical installations are made up of three types  
of load: resistive loads, inductive loads and capacitive 
loads, which make up, in Ac supplies, series  
and parallel arrangements of circuits known as rLc 
(see p. 86).
to this “historical” concept the following must now be 
added: the characteristic of signal distortion connected 
with the nature of the non-linear loads which absorb a 
non-sinusoidal current at the origin of an unnecessary 
additional power said to be distorting. 
this distortion is quantified by the concepts of harmo-
nics and total harmonic distortion thD (see Book 2).
it is essential to consider this new element as it has 
changed the treatment of power compensation by 

incorporating harmonic correction, thus leading to a 
change in what must be taken into consideration and 
in the products to be used, as “cleaning up” the system 
must now also be taken into account when choosing 
compensation solutions. this dual requirement is 
covered by the whole Legrand range.
from fixed capacitor banks to complete Alpimatic 
systems with protection against harmonics, high and 
low voltage, including Alptec measuring products and 
the various service and diagnostics offers, there is a 
comprehensive approach to compensation and impro-
vement of energy quality.

Reactive power Q is an energy accumulated by the 
non-active or non-dissipative elements that make up 
capacitors (impedance L ) and inductances (1/C ). 
This energy is connected with the electric and magnetic 
fields that arise when they are supplied with power. 
In variable state, it passes alternately between 
capacitances and inductance and the voltages UL at the 
terminals of the inductances and UC at the terminals of 
the capacitances are always in anti-phase. 

By sign convention to quantify these exchanges, it is 
said that inductances absorb reactive power and that 
capacitors create it. 

The exchange can therefore be written: 
If L  = 1/C   The loads are equal at all times  

and Q = 0

If L  > 1/C   The source must supply a power  
Q = (L  – 1/C )·I² (Q is positive)

If Lω < 1/Cω  The source receives reactive energy  
(Q is negative)

The reactive power supplied by the source is generally 
written Q, while that supplied by a compensation device 
is written Q’ or Qc.

reactive power

^ in industry, the presence of a large number of motors is the main 
cause of deterioration of the power factor
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in order to fully understand the effect of reactive power 
and the need to compensate for it, the equivalent 
diagrams applied to the systems (generators-lines-
receivers) must be examined. it is first and foremost 

BALAnCInG SySTEMS

V1

Q

P

X

E1A E2A

V2

on these and on upstream production centres that the 
reactive power called by users has harmful effects.
the active power transferred between two voltage  
systems (generator e1 and receiver e2) with a trans-
mission angle τ (phase shift between V1 and V2)  
due to impedance X of the transmission line is given  
by the equation:

p = V1·V2
X

 cos τ

applied voltage diagrams

Z = R + jX

ZV1 V2

I

I

ϕ

τ

Ia

Ir

V1

V2

ZI

(R+jX)I

Z = R + jX

Z
C

V1 V2

I = Ia + Ir + Ic Ic = -Ir

Ia + Ir

τ

Ia

V1

V2 ZI

(R+jX)I

• Without compensation: • With compensation:

on this diagram, it can be seem that current I in load 
Z is shifted in relation to voltage V2 with a phase shift 
angle ϕ due to the reactance of this load (current Ir). The 
apparent current I is thus increased and the voltage drop 
(R + jX)·I in the line is also increased. In addition to the 
losses in the installation there are also further losses in 
the line, due to the reactive part of load Z.

If this load is compensated in order to totally counteract 
the phase shift (  = 0, cos  =1), the current in load Z is 
reduced to its active part Ia. 
The line voltage drop (R + jX)·I is also reduced, as is the 
line phase shift (transmission angle ). 

Compensation of the load improves the energy supply conditions, beyond local treatment of an  
active/reactive imbalance, giving real coherence to the whole of the electrical system: generators-
transmission lines-receivers. Legrand’s compensation offer, which covers both high and low voltage, 
provides an ideal answer to all requirements. The financial and technical rules for distribution and location of 
capacitor banks are given on page 97.
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inductive loads, typically motors and transformers, 
and also certain types of lighting with ballast, as well 
as welding equipment (see Book 2) or induction hea-
ting, have the particular feature of operating with the 
help of a magnetic field. Some of the power needed 
to generate this magnetic field is not converted into 
heat or work. Very long lines (by inductive storage) and 
also static converters (controlled rectifiers, Ac power 
controllers, etc.) can also consume unnecessary 
energy by phase-shifting the current behind the funda-
mental voltage.
the energy that corresponds to this power is called 
reactive energy. it is expressed in “kilovolt-ampere-
reactive hour” (kvarh).
Whatever the source and type of energy: public dis-
tribution system, standalone set, upS or other, it is 
energy that is needlessly consumed. 

the harmful consequences of reactive power on trans-
mission lines described previously is also found in 
installations:
 - it increases the necessary current at the risk of cau-
sing destructive overcurrents and problematic voltage 
drops leading to the need to oversize the conductors.
- it reduces the available active power, 
which limits the possibilities of using the source or th
e
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power factor  
compensation (continued)

THE nEED To CoMPEnSATE FoR REACTIVE EnERGy
requires it to be oversized.
- it generates an additional operating cost connected 
with the pricing of the reactive energy consumed and 
measured by the distribution company.

1  PARALLEL RLC CIRCUIT 

C

R

L

U

IC

IRIt

IL

The impedances of the inductive, resistive and 
capacitive branches of the circuit are respectively:
ZL = Lω
ZR = R
ZC = –1/Cω

over-compensation (Ic >Ir), increases the apparent 
current consumed (see p. 85) and also increases the 
voltage applied to the equipment. The illustration of 
vectors V2S (with over-compensation) and V2 (with 
appropriate compensation) shows this phenomenon, 
which must be avoided. Care must be taken when 
choosing energy compensation.

Over-compensation

τ

Ia

Ic

I

V1

V2 V2S

ZI

(R+jX)I

Unlike the compensation of inductive circuits, 
compensation of predominantly capacitive 
circuits requires the use of inductances to 
absorb the reactive energy that is produced. 
This situation is found on distribution circuits 
(very long lines, cable networks), often 
when there is a low load on the circuits. new 
installations that use numerous electronic 
power supplies (data centres) may also have 
this particular feature. As well as avoiding 
feeding the energy back onto the system, 
compensation of an installation with too high a 
capacitance is necessary to limit the transient 
overcurrents and overvoltages that could 
occur when such loads are switched on, and to 
avoid self-excitation of synchronous motors.
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industrial systems are generally parallel rLc  
circuits. however each branch may itself make up 
other complex series or series/parallel systems. 
All three elements share the same supply voltage. 
the total current it is equal to the vectorial sum of  
the currents of all three elements: it = ir + iL + ic
the impedance of this type of circuit is equal to the 
inverse of the sum of the inverses of each impedance, 
i.e. using complex numbers (see Book 2):

Z = 1
1/r + j(cω – 1/Lω)

 where j = √-1

this equation shows that the impedance part due to 
the capacitance and the inductance may tend towards 
0 if Lω = -1/cω. this is the phenomenon of resonance 
(or more precisely, anti-resonance, as uL and uc are in 
anti-phase) which occurs at certain frequencies cor-
responding to an angular frequency: 

ωo = 1
√Lc

Due to the equality Lω = –1/cω, the impedance of 
the circuit is reduced at the resistive branch r. the 
current may then suddenly increase to dangerous or 
even destructive values. this phenomenon must in 
particular be controlled when installing compensation 
capacitors, especially if there are harmonics, as the 
frequency ω0 can be reached more easily, and/or if 
there is a high impedance L (in particular in low power 
installations). See p. 115.
the power of each branch is written as follows: 

pr =  ir²·r  QL = iL²·Lω  Qc = ic²·(1/cω)

2  CURREnT DIAGRAM  
the phase shifts between currents in parallel rLc 
circuits and the powers associated with each of the 
impedances that make up these circuits can be repre-
sented by fresnel current and power diagrams, which 
show the concepts of phase shift (ϕ) and power factor 
(pf or λ).
the power factor characterises the ratio of the active 
(useful power) power to the apparent power (sum of 
the active power and the reactive power).

When the currents and voltages are totally sinusoidal, 
the current diagrams and power diagrams are simi-
lar and the power factor (pf or λ) is identical to the 
cosine ϕ of the displacement angle between the u  
and i vectors.

2.1. Inductive circuit

the above current diagram can be used to locate the 
vectors representing each of the three components of 
a parallel rLc circuit. the voltage u of the source is 
considered to be the reference. it should be noted that 
in this example, the value of iL (reactive current in the 
inductance) is greater than that of ic (reactive current 
in the capacitance). the  ϕ angle is negative. 
Adding capacitors will thus make it possible to supply 
the reactive current necessary for the compensation of 
iL. the 2nd diagram is a simplified representation that 
is often used, in which the sum of iL and ic is written ir 
(for reactive), which must not be confused with ir (cur-
rent of the resistive branch in the left-hand diagram).

U

ϕ

ϕ

IC

IR

It

IL

Ia

It

Ir

IR: current in the resistive branch  
IL: current in the inductive branch 
IC: current in the capacitive branch  
It: total apparent current



2.3. Groups of loads:  
additivity of reactive powers
installations are made up of numerous groups of 
loads connected in parallel (A, B, c, etc. in the exam-
ple below). the current/voltage phase shift and the 
total current it consumed by these groups of loads 
are the result of adding the current vectors. this is 
a somewhat complicated mathematical approach. 
however, the reactive power is easy to calculate from 
the arithmetical sum of the various powers of each 
load.

receiver A is made up of inductance L1 and resistor r1, 
receiver B is made up of inductance L2 and resistor r2.
the fresnel diagram of the group of receivers A and B 
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power factor  
compensation (continued)

the following relationships are established based on 
this diagram: ia = it cos ϕ (active current), ir = it . sin ϕ 
(reactive current), it² = ia² + ir² (apparent current).

2.2. Capacitive circuit
in the diagram below, the value of ic (reactive current 
in the capacitance) is greater than that of iL (reactive 
current in the inductance); the ϕ angle is positive. 
to compensate for the reactive current ic being too 
high, shunt reactors must be used. this must not be 
confused with the insertion of inductances in series 
with the capacitors, which is intended to limit the risk 
of resonance. See p. 114.

U

IC

IR

It

IL

ϕ

Ia

It

Ir

ϕ

The 2nd diagram is a simplified representation that  
is often used, in which the sum of IL and IC is written Ir  
(for reactive)

If there are non-linear loads an additional 
power, referred to as distorting power, is 
introduced and the equality of the ratios 
between the power and the sinusoidal currents 
is no longer verified. only measurement of the 
power rms values will give the power factor 
(see Book 2).

it sinϕ

i2 sinϕ2

i1 sinϕ1

ϕ1

ϕ2 ϕ

U

I1

I2 It

I1

R1

L1

R2

L2

I2

It

U

A B C
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4  USE oF THE TAnGEnT ϕ
the tangent ϕ characteristic is widely used for its 
practicality. the closer it is to zero the less reactive 
energy is consumed. the advantage of this expression 
is that it characterises the balance of the exchange 
of reactive energy between the supply source and the 
consuming installation. thus, if the power compensa-
tion is too high, the reactive power Q becomes positive 
again and the tangent ϕ once again moves away from 
zero.

tan ϕ = 
reactive power Q (kvar)
Apparent power S (kVA)

tan ϕ = √1-(cos ϕ)²
cos ϕ3  poWer diagram 

S (kVA)

S (kVA)

P (kW)

P (kW)

Q (kvar)

Q (kvar)

ϕ

ϕ

the two representations above are possible as the 
power has no sign. however, and by analogy with the 
current diagram, the first representation is preferable.

p = u i cos ϕ (active power in kW) 
Q = u i sin ϕ (reactive power in kvar)
S = u i (apparent power in VA)

for linear loads (see Book 2) :

cos ϕ = Active power p (kW)
Apparent power S (kVA)  

The permitted values for tan ϕ vary according 
to the country and the supply contract. 
In France, the value above which billing is 
triggered (according to tarif period) is 0.4 
(corresponding to a cos  of 0.93) seen from 
the High Voltage metering side which also 
incorporates the reactive consumption of the 
connection transformer.
In Low Voltage metering, the reactive 
consumption of the HV/LV transformer is 
added on a fixed basis, reducing the permitted 
value of tan  by 0.09. The tan  value is then 
0.31, corresponding to a cosine  of 0.955. 
The separation of electrical energy 
transmission and distribution companies leads 
to consideration of the possibility of lowering 
the tan  value to 0.2.  
The search for additional savings by penalising 
the reactive energy comes up against the 
technical requirement of reducing the 
resonance frequency of installations caused 
by too many capacitors (see p. 114). These are 
all contradictory elements that show that it is 
important to have a good knowledge of the  
characteristics of the installation and 
its receivers when implementing any 
compensation project.

demonstrates the relationship between vectors it, i1 
and i2 associated with the sinusoidal values it, i1 and i2 
respectively:
it sin ϕ = i1 sin ϕ1 + i2 sin ϕ2

multiplying the two members of the equation by u 
(common voltage in parallel group), gives: 
u.it sin ϕ = u i1 sin ϕ1 +u i2 sin ϕ2

the reactive power of the group of receivers is equal  
to the sum of the reactive powers of each receiver,  
i.e. Q = Q1 + Q2
this rule, which can be generalised to any group of 
receivers supplied with the same sinusoidal voltage  
is known as Boucherot’s theorem. Q = ΣQn



Power compensation enables the interests of the user and 
those of the energy distribution company to be combined, by 
improving the efficiency of installations through better use of 
the available power by limiting the consumption of reactive 
energy that is not only unnecessary and expensive but also a 
source of overcurrents in conductors. The example below shows 
how, by “increasing” the power factor from 0.7 to 0.95, for the 
same active power of 100 kW, the apparent power S (in Va), in 
comparison to that which actually has to be supplied, has been 
reduced by 35%.

When the cos  changes from an initial value cos 1 to a final 
value cos 2, as a general rule, the ohmic losses are reduced by: 
(1 – (cos 1 /cos 2)²) x 100 as a %. Thus changing from a cos  of 
0.7 to 0.95 reduces the losses by 45%.
A poor cos  therefore causes voltage drops in the conductors.  
The voltage drop in an electric line can be calculated using the 
formula: U = I ( R cos  + L  sin ).

The maximum power that can be transmitted in an AC system is 
calculated using the following formulae:
P = U I cos   for single phase and P = U I √3 cos  for three-phase.

For the same current, the power transmitted is in direct 
proportion to the cos . 
Thus changing from a cos  of 0.7 to 0.95 enables the active 
power (in W) to be increased by 35% while reducing the 
associated line heat losses and voltage drops (see above).
The power that a transformer can deliver is expressed in kVA. 
This is the available apparent power.  
Even better use will be made of this transformer if the cos  of 
the load is close to 1.
Improving the cos  from an initial value cos 1 to a final value 
cos 2, for X (W) power used, releases an additional usable 
apparent power of: S (kVa) = p(kW) x ((1/cos 1) – (1/cos 2)).
Therefore a 1000 kVa transformer delivering a load of 700 kW 
with a cos  of 0.7 is at its maximum load. 
By improving the cos  from 0.7 to 0.95, an additional available 
active power of 250 kW is released.

an energy efficiency tool 
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power factor  
compensation (continued)

Real power = 100 kW

Apparent power

R
ea

ct
iv

e 
po

w
er

be
fo

re
 =

 1
00

 k
va

r

Reactive power
after = 33 kvar

C
ap

ac
ita

nc
e 

ad
de

d 
=

67
 k

va
r

After = 105 kVA

Before = 142 kVA

power factor calculations:
Before pF = 100/142 = 0.70 or 70%
after pF = 100/105 = 0.95 or 95%

Adding capacitors gives the distribution system the 
necessary reactive power to return the power factor to 
the required level. capacitors act like a source of reac-
tive energy, which accordingly reduces the reactive 
power that the energy source must supply. the power 
factor of the system is therefore improved.
in an installation consuming reactive power Q1 (dia-

gram 1), adding a capacitor bank generating a reactive 
compensation power Qc (diagram 2) improves the ove-
rall efficiency of the installation.
the reactive power Q1 initially supplied by the source 
is reduced to a new Q2 value (diagram 3), the ϕ angle is 
smaller and the cosine of this angle is improved (moves 
towards 1). the current consumption is also reduced.

InSTALLATIon oF CAPACIToRS

  

Diagram 1 Diagram 2 Diagram 3

ϕ1

S (kVA)

P (kW)

Q (kvar)

ϕ1

S1 (kVA)

P (kW)

Q1 (kvar)

Qc (kvar)

S2 (kVA)

P (kW)

Q1

Qc

Q2
ϕ2
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1  DETERMInInG THE CoMPEnSATIon 
By THEoRETICAL CALCULATIon

1.1. Based on the cos ϕ and the currents

the final current is reduced so that:
itf = iti.cos ϕi/cos ϕf
the reduction of the apparent current is proportional  
to the improvement of the cos ϕ for the same active  
power p = ui cos ϕ
Likewise, compensation of the cos ϕ, at constant appa-
rent current, will enable an active power pf increased 
in the same proportion as the ratio between the initial 
cos ϕ and the corrected cos ϕ to be carried. 
pf/pi = cos ϕf/cos ϕi
the reactive power compensation Qc can be defined  
as being the difference between the initial power 
(Qi = u.iri.sin ϕi) and the reactive power obtained after 
compensation (Qf = u·irf·sin ϕf):
Qc = u·(iri – irf)·(sin ϕi – sin ϕf).

1.2. Based on tan  and powers
calculation based on the powers enables the required  
tan  value to be used directly to determine the reac-
tive power compensation to be installed.

Ia

Itf

Iri Iti

Irf

ϕf
ϕi

Ia: active current
Iti: initial apparent current (before correction)
Itf: final apparent current (after correction)

i: phase shift before correction
f: phase shift after correction

Iri: reactive current before correction
Irf: reactive current after correction
Ia = Iti.cos i = Itf. cos f

P

S’

S

Q’

Qc
Q

ϕi
ϕf

Initial value of tan i = Q/P
Required value of tan ϕf = Q’/P
Qc = Q – Q’ i.e. QC = P (tan i – tan ϕf)
The power compensation is very easy to calculate from 
the required tan  value.
The capacitance value in farads is calculated as follows:

C = 
P (tan i – tan f)

U²

When the power compensation (QC1) is determined 
correctly, its value must be as close as possible to the 
reactive power Q to be compensated and the phase 
shift angle (ϕ’) tends towards 0.
If the compensation (QC2) is greater than the reactive 
power, the phase shift angle ( ”) increases and the 
apparent power S” increases. 
The circuit becomes predominantly capacitive.
This leads to an increase in the current consumed 
which defeats the purpose.
over-compensation also tends to increase the voltage 
applied to the installation (see p. 86). It must be 
avoided. It is generally considered that it should not 
exceed 1.15 times the power to be compensated.
The use of power factor controllers and step 
capacitor banks (see p. 105) avoids problems of over-
compensation.

Over-compensation

P

S’

S’’

S

Qc1

Qc2

Q

ϕ’

ϕ’’
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power factor  
compensation (continued)

the amount of reactive energy billed er fac will be:  
erfac = er – ea·tan ϕ  = er – (0.4·ea)
power Qc of the capacitors to be installed:  
Qc = er/nBhm
- erfac: reactive energy billed each month (in kvarh)
- ea (kWh) is the monthly active energy consumption 
for the period and the times defined above
- er (kvarh) reactive energy consumption for the  
same period
- nBhm: number of hours operation per month for 
which er is billed
Depending on the metering and billing methods, a cer-
tain amount of reactive energy may be permitted free 
or at a discounted rate by the distribution company.
in the same way, if metering is carried out at low vol-
tage, the share of the reactive power consumed by the 
hV/LV transformer is added to the billed energy on a 
fixed basis. for example, if the permitted value of tan ϕ 
changes to 0.31 (see p. 89), the amount of reactive 
energy billed er fac will become:  
erfac = er – ea·tan ϕ  = er – (0.31·ea)

2.2. Without reactive energy metering
in this type of supply contract (for example, "yellow 
tariff" - low power supply - in france), the reactive 
energy consumption is not shown on the electricity 
bill. it is charged indirectly, based on the consumption 
of apparent power in kVA.

2  DETERMInInG THE CoMPEnSATIon 
BASED on BILLInG InFoRMATIon
As pricing and metering methods can vary from 
country to country, only a general process for asses-
sing the need for reactive compensation, using the 
energy distribution company's readings or bills, will  
be described here.
Depending on the pricing method, access to the 
reactive energy consumption (kvarh) may be direct, 
together with the number of hours to which this value 
refers. it is then billed proportionately. this is gene-
rally the case for high power connections with one or 
more hV/LV transformers dedicated to the installation.
for lower power connections, the reactive power 
consumption may be indirectly billed by the overcon-
sumption of the apparent power (in VA) that is causes. 
for a “monitored power” connection, it is then billed 
according to the amounts by which the subscribed 
nominal apparent power is exceeded.

2.1. With reactive energy metering
in general, billing is applied when the tan ϕ exceeds a 
certain value (0.4 for example) and also according to 
time periods (peak times) or seasons (winter).
the following calculation method, given for infor-
mation purposes only, can be used to calculate the 
capacitor banks to be installed at the supply end of 
an installation with regular, repetitive operation. for 
random or sequenced operation, automatic banks, 
which switch on according to the load, are recommen-
ded so as not to “overcompensate” the installation.
- Analyse the bills for the period for which the reactive 
power is charged
- Select the month in which the bill is highest (kvarh to 
be billed)
- evaluate the number of hours the installation ope-
rates per month (nBhm) (for example high-load times 
and peak times) during which the reactive energy is 
billed.

< Multifunction digital 
measurement control 
unit with reactive energy 
metering
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the distribution company charges a “fixed charge” that 
depends on the subscribed apparent power. Above this 
power, the consumer pays penalties. this is the princi-
ple of “monitored power”.
reactive energy compensation reduces the fixed 
charge by reducing the subscribed apparent power. it 
also enables the amounts over and above this subscri-
bed demand to be limited (billing of the additional kVA 
over the limit).

An installation usually operates with a subscribed demand S of 160 kVA.
The average value of tan  read is 0.75 (estimated cos  0.8).
At peak demand, the power reached is close to the subscribed demand.
At its peak, this installation therefore consumes an active power P = UI√3 cos  = 160 x 0.8 = 128 kW  
and a reactive power Q = P. tan  = 128 x 0.75 = 96 kvar.
Setting a target value of tan ϕ at 0.4, it will be possible to reduce the reactive power consumption  
to Q = P (tan i – tan f) = 128 x (0.75 - 0.4) = 45 kvar.
The saving in the reactive power consumption is G = 96 - 45 = 51 kvar.
The power compensation Qc could be 50 kvar by default.

The power S for the subscribed demand then becomes S = √(P)2 + (Q)2 = √(128)2 + (51)2  = 138 kVA.

All that remains is to compare the potential saving on the subscribed tariff with the necessary expenditure in terms 
of the installation of compensation capacitors. The payback time on such an investment is generally very fast and is 
justified as soon as tan  exceeds 0.6.

This simplified approach may lead to a risk of overcompensation when the installation is not subject to high loads (for 
example, in the summer). This is why more or less detailed readings, depending on the complexity of the consumption 
cycles, are always recommended in practice.

Example of potential savings on an installation billed in kVa

nowadays reactive power is only billed for 
high power installations, using direct metering 
(of the reactive power in kvar) or indirect 
metering (of the apparent power in kVA). Low 
power installations (household subscribers 
or SoHo) are billed in kW and therefore their 
only disadvantage is the limitation of the 
available current. For responsible energy 
management with the aim of making better 
use of resources, and in view of the increasing 
numbers of receivers with a poor power factor 
(electronic power supplies, low consumption 
light bulbs), billing should logically move 
towards taking reactive power into account, 
which the next generation of “intelligent” 
meters will be capable of doing. Compensation 
of small installations will then come into its 
own.

In practice it is extremely inadvisable to 
install a capacitor bank without an accurate 
power analysis (calculated or simulated 
using software) or without preliminary 
measurements. 
Under-compensation will not provide the 
expected saving on the power consumption, 
while over-compensation will lead to probable 
overvoltages and resonance in relation to the 
supply (see p. 110). 
Remember that there is an increased risk of 
malfunctions in low power installations or 
those with distorting loads (harmonics). 

to determine the reactive power value to be installed, 
the capital investment costs of the capacitors must be 
compared with the savings on the fixed charge paid to 
the distribution company.
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power factor  
compensation (continued)

3  CALCULATIon BASED on MEASURED 
ELEMEnTS
power measurements have changed a great deal due 
to the increasing complexity of the signals and current 
waveforms absorbed, and as a consequence metering 
equipment has also advanced (see Book 2), to such a 
degree that one no longer talks about power measure-
ment but power analysis.

3.1. Power measurement
power measurement is a one-off measurement that 
can provide useful information as to the operating 
conditions of an installation, but it remains more or 
less limited depending on the equipment used (direct 
access to cos ϕ, tan ϕ, and harmonic powers), may be 
marred by errors due to the waveforms and frequen-
cies of the signals, and above all only provides an 
image at a given moment.
• In single phase systems the power can be measured 
(using a wattmeter), and also the voltage and the cur-
rent. the p/ui ratio gives the cos ϕ. 
• In three-phase systems, power P1 and P2 can be 
measured, using the two wattmeters method.

the total power in three-phase systems is obtained by 
adding together the readings from two wattmeters.
the tan ϕ is calculated the same way: 
tan ϕ = √3·(p1 - p2) / (p1 + p2).

in balanced state, the reactive power Q can be measu-
red using a single wattmeter.

it is demonstrated that cos (u13·i1) = cos (π/2 – ϕ)
the reactive power in three-phase systems is written 
Q = √3·p.

For this type of installation, the independent power 
producer must supply the distribution company with an 
amount of reactive energy equal to a contractual share 
of its production of active energy during high-load 
times and peak periods. In this case, the calculation 
of the capacitor bank must take the following into 
account:
• The on-load active consumption of the generator
• The on-load reactive consumption of the LV/HV 
transformer (if there is one)
• The reactive energy to be supplied (contractual share 
of the active energy produced)

calculation for energy suppliers  
(small power plants)

I1

I2

I3

W1
L1

L2

L3

N

W2

U13

U23

P1 = U13·I1·cos (U13·I1) = U13·I1 

⇒ P2 = U23·I2·cos (U23·I2) = U23·I2

I1 + I2 + I3 = 0   ⇒   I3 = – I1 – I2 

⇒ P = V1·I1 + V2·I2 – V3·I1 – V3·I2

P = I1 (V1 – V3) + I2 (V2 – V3) = I1·U13 + I2·U23 = P1 + P2

I1

W

L1

L2

L3

N

U23

P = U23·I1.cos (U13·I1) = U23·I1
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power of the capacitors to be installed (in kvar) per kW of load
Current values Target values

cos 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1

0.48 0.46 0.43 0.40 0.36 0.33 0.29 0.25 0.20 0.14 0

0.40 2.29 1.805 1.832 1.861 1.895 1.924 1.959 1.998 2.037 2.085 2.146 2.288

0.41 2.22 1.742  1.769 1.798 1.831 1.840 1.896 1.935 1.973 2.021 2.082 2.225

0.42 2.16 1.681 1.709 1.738 1.771 1.800 1.836 1.874 1.913 1.961 2.002 2.164

0.43 2.10 1.624 1.651 1.680 1.713 1.742 1.778 1.816 1.855 1.903 1.964 2.107

0.44 2.04 1.558 1.585 1.614 1.647 1.677 1.712 1.751 1.790 1.837 1.899 2.041

0.45 1.98 1.501 1.532 1.561 1.592 1.626 1.659 1.695 1.737 1.784 1.846 1.988

0.46 1.93 1.446 1.473 1.502 1.533 1.567 1.600 1.636 1.677 1.725 1.786 1.929

0.47 1.88 1.397 1.425 1.454 1.485 1.519 1.532 1.588 1.629 1.677 1.758 1.881

0.48 1.83 1.343 1.730 1.400 1.430 1.464 1.467 1.534 1.575 1.623 1.684 1.826

0.49 1.78 1.297 1.326 1.355 1.386 1.420 1.453 1.489 1.530 1.578 1.639 1.782

0.50 1.73 1.248 1.276 1.303 1.337 1.369 1.403 1.441 1.481 1.529 1.590 1.732

0.51 1.69 1.202 1.230 1.257 1.291 1.323 1.357 1.395 1.435 1.483 1.544 1.686

0.52 1.64 1.160 1.188 1.215 1.249 1.281 1.315 1.353 1.393 1.441 1.502 1.644

0.53 1.60 1.116 1.144 1.171 1.205 1.237 1.271 1.309 1.349 1.397 1.458 1.600

0.54 1.56 1.075 1.103 1.130 1.164 1.196 1.230 1.268 1.308 1.356 1.417 1.559

0.55 1.52 1.035 1.063 1.090 1.124 1.156 1.190 1.228 1.268 1.316 1.377 1.519

0.56 1.48 0.996 1.024 1.051 1.085 1.117 1.151 1.189 1.229 1.277 1.338 1.480

0.57 1.44 0.958 0.986 1.013 1.047 1.079 1.113 1.151 1.191 1.239 1.300 1.442

0.58 1.40 0.921 0.949 0.976 1.010 1.042 1.073 1.114 1.154 1.202 1.263 1.405

0.59 1.37 0.884 0.912 0.939 0.973 1.005 1.039 1.077 1.117 1.165 1.226 1.368

0.60 1.33 0.849 0.878 0.905 0.939 0.971 1.005 1.043 1.083 1.131 1.192 1.334

0.61 1.30 0.815 0.843 0.870 0.904 0.936 0.970 1.008 1.048 1.096 1.157 1.299

0.62 1.27 0.781 0.809 0.836 0.870 0.902 0.936 0.974 1.014 1.062 1.123 1.265

0.63 1.23 0.749 0.777 0.804 0.838 0.870 0.904 0.942 0.982 1.030 1.091 1.233

0.64 1.20 0.716 0.744 0.771 0.805 0.837 0.871 0.909 0.949 0.997 1.058 1.200

0.65 1.17 0.685 0.713 0.740 0.774 0.806 0.840 0.878 0.918 0.966 1.007 1.169

0.66 1.14 0.654 0.682 0.709 0.743 0.775 0.809 0.847 0.887 0.935 0.996 1.138

0.67 1.11 0.624 0.652 0.679 0.713 0.745 0.779 0.817 0.857 0.905 0.966 1.108

0.68 1.08 0.595 0.623 0.650 0.684 0.716 0.750 0.788 0.828 0.876 0.937 1.079

0.69 1.05 0.565 0.593 0.620 0.654 0.686 0.720 0.758 0.798 0.840 0.907 1.049

0.70 1.02 0.536 0.564 0.591 0.625 0.657 0.691 0.729 0.796 0.811 0.878 1.020

4  ConVERSIon TABLE
this table can be used to calculate (based on the power of a receiver in kW) the power of the capacitors to change 
from an initial power factor to a required power factor. it also gives the equivalence between cos ϕ and tan ϕ
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Power factor  
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Current values Target values

cos ϕ 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1

0.48 0.46 0.43 0.40 0.36 0.33 0.29 0.25 0.20 0.14 0

0.71 0.99 0.508 0.536 0.563 0.597 0.629 0.663 0.701 0.741 0.783 0.850 0.992

0.72 0.96 0.479 0.507 0.534 0.568 0.600 0.634 0.672 0.721 0.754 0.821 0.963

0.73 0.94 0.452 0.480 0.507 0.541 0.573 0.607 0.645 0.685 0.727 0.794 0.936

0.74 0.91 0.425 0.453 0.480 0.514 0.546 0.580 0.618 0.658 0.700 0.767 0.909

0.75 0.88 0.398 0.426 0.453 0.487 0.519 0.553 0.591 0.631 0.673 0.740 0.882

0.76 0.86 0.371 0.399 0.426 0.460 0.492 0.526 0.564 0.604 0.652 0.713 0.855

0.77 0.83 0.345 0.373 0.400 0.434 0.466 0.500 0.538 0.578 0.620 0.687 0.829

0.78 0.80 0.319 0.347 0.374 0.408 0.440 0.474 0.512 0.552 0.594 0.661 0.803

0.79 0.78 0.292 0.320 0.347 0.381 0.413 0.447 0.485 0.525 0.567 0.634 0.776

0.80 0.75 0.266 0.294 0.321 0.355 0.387 0.421 0.459 0.499 0.541 0.608 0.750

0.81 0.72 0.240 0.268 0.295 0.329 0.361 0.395 0.433 0.473 0.515 0.582 0.724

0.82 0.70 0.214 0.242 0.269 0.303 0.335 0.369 0.407 0.447 0.489 0.556 0.698

0.83 0.67 0.188 0.216 0.243 0.277 0.309 0.343 0.381 0.421 0.463 0.530 0.672

0.84 0.65 0.162 0.190 0.217 0.251 0.283 0.317 0.355 0.395 0.437 0.504 0.645

0.85 0.62 0.136 0.164 0.191 0.225 0.257 0.291 0.329 0.369 0.417 0.478 0.602

0.86 0.59 0.109 0.140 0.167 0.198 0.230 0.264 0.301 0.343 0.390 0.450 0.593

0.87 0.57 0.083 0.114 0.141 0.172 0.204 0.238 0.275 0.317 0.364 0.424 0.567

0.88 0.54 0.054 0.085 0.112 0.143 0.175 0.209 0.246 0.288 0.335 0.395 0.538

0.89 0.51 0.028 0.059 0.086 0.117 0.149 0.183 0.230 0.262 0.309 0.369 0.512

0.90 0.48 0.031 0.058 0.089 0.121 0.155 0.192 0.234 0.281 0.341 0.484

0.91 0.46 0.300 0.061 0.093 0.127 0.164 0.205 0.253 0.313 0.456

0.92 0.43 0.000 0.031 0.063 0.097 0.134 0.175 0.223 0.283 0.426

0.93 0.40 0.000 0.032 0.066 0.103 0.144 0.192 0.252 0.395

0.94 0.36 0.000 0.034 0.071 0.112 0.160 0.220 0.363

0.95 0.33 0.000 0.037 0.079 0.126 0.186 0.329

0.96 0.29 0.000 0.041 0.089 0.149 0.292

0.97 0.25 0.000 0.048 0.108 0.251

0.98 0.20 0.000 0.060 0.203

0.99 0.14 0.000 0.143

1 0 0.000

Example: 200 kW motor - cos ϕ = 0.75 - cos ϕ to be achieved: 0.93 - Qc = 200 x 0.487 = 98 kvar.

power of the capacitors to be installed (in kvar) per kW of load (continued)
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1  Finding The opTimum loCaTion 
although in general, the calculation of the reactive 
power to be installed is initially carried out globally, it is 
advisable not to be swayed by the apparent simplicity of 
this process, and to look further for the optimum loca-
tions for more targeted compensation, referred to as 
“sector” or even “individual” compensation.
the choice of capacitors and the type of operation 
of the bank (fixed or automatic) can then be adapted 
to provide better efficiency and a quicker return on 
investment.
In all cases, the active and reactive powers must be 
determined first of all and as far as possible the profile 
of the consumptions at the various places in the instal-
lation where capacitors may be located.
the analysis of this data (see the Power analysis pro-
cess in Book 2) enables the values of the minimum, 
average and maximum reactive powers to be supplied 
at each point studied to be determined.

insTalling CapaCiTors and speCiFiC insTallaTions

installing compensation depends on the mini-
mum reactive power to be supplied locally 
compared with the global power that would be 
necessary for the whole installation. in other 
words, there is no point in compensating an 
entire installation if only one receiver or one 
sector consumes reactive energy, especially if 
this demand is variable. a dedicated automatic 
capacitor bank would be much more effective 
in this case.
a local or individual reactive energy demand 
that is greater than 50% of the global 
demand can be considered to justify specific 
compensation.

1.1. global compensation
When the load does not vary, global compensation is 
suitable and provides the best savings/performance 
compromise.

> High voltage global compensation
the capacitor bank is connected upstream of the 
HV/lV transformer. 

the additional cost connected with high voltage 
insulation rules out any benefit of using this for low 
power compensation (apart from in the case of indi-
vidual requirements). the median value of 1000 kvar 
is the level above which the installation of an HV 
capacitor bank can be considered, as the supply 
currents and ratings of the associated protection devi-
ces can become prohibitive in low voltage at this level.

> low global voltage compensation

M M M M

M M M M
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Power factor  
compensation (continued)
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associated ohmic losses are reduced. the active power 
availability (kW) is increased. But a risk of over-com-
pensation if there are significant load variations must 
be taken into account. this risk can be eliminated by 
installing step capacitor banks.

sector compensation is recommended when the instal-
lation covers a large area and when it contains sectors 
with high or mixed reactive energy consumption. 
High voltage compensation can also be used in sectors 
when it is applied to very high power motors for exam-
ple, which are often supplied with high voltage.

alptec power factor controllers 
continuously control the power factor of 
the installation. These devices control 
the connection and disconnection of the 
compensation capacitors according to 
the required power factor, the value of 
which can be programmed. depending 
on the model, they can control 3, 5, 7 or 
12 capacitor steps (see p. 105).
They have advanced control functions 
(digital screen, internal temperature 
sensor) and communication functions 
(rs232 port for management via a plC 
or pC, programmable relay for remote 
alarm).

power factor controllers

M
3±

M
3±

xA/5A
class 1 - 10 VA

Varmeter 
Relay

the capacitor bank is connected to the main distribu-
tion board and provides compensation for the whole 
installation. It remains in operation permanently, 
at least during the reactive energy billing period for 
normal operation of the site.

> Mixed compensation
this can combine the advantages of high voltage 
global compensation with low voltage sector com-
pensation. But it may also concern high voltage 
compensation (on a specific receiver) combined with 
global compensation that may be low voltage.

1.2. sector compensation
the capacitor bank is connected in the distribution 
board at the head of a circuit or a group of circuits, or 
better still in the distribution switchboard of the sector 
concerned, and supplies the reactive energy required 
by one sector of the installation.
a large part of the installation is thus freed from the 
consumption of reactive power.
as with any compensation, the important point is to 
eliminate the penalties for excessive consumption 
of reactive energy and increase the transformer's 
available active power. at the same time, the currents 
carried upstream of the compensated sector and the 

M M M M
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2  reaCTive CompensaTion oF  
asynChronous moTors 
(compensation at the motor terminals)

the table below gives, for information purposes only, 
the maximum capacitor power that can be connected 
directly to the terminals of an asynchronous motor 
without any risk of self-excitation. It will be necessary 
to check in all cases that the maximum current of the 
capacitor does not exceed 90% of the magnetising 
current (off-load) of the motor.

C1

C2

Qc

M
3±

Supply

i0: Motor off-load current
u: supply voltage

• If Qc < 90% i0 √3 u • If Qc > 90% I0 √3 u

C1

Qc

M
3±

Supply

maximum motor power maximum speed rpm

hp kW
3,000 1,500 1,000

max. power in kvar
11 8 2 2 3

15 11 3 4 5

20 15 4 5 6

25 18 5 7 7.5

30 22 6 8 9

40 30 7.5 10 11

50 37 9 11 12.5

60 45 11 13 14

100 75 17 22 25

150 110 24 29 33

180 132 31 36 38

218 160 35 41 44

274 200 43 47 53

340 250 52 57 63

380 280 57 63 70

482 355 67 76 86

1.3. individual compensation
In this configuration, the capacitor bank is connected 
directly to the terminals of the receiver (motor, varia-
ble control unit, furnace, etc.).
the compensation produces the right amount of reac-
tive energy at the location where it is consumed.
this is the type of compensation that offers the most 
advantages but which is the most costly.

as well as eliminating the penalties for excessive 
consumption of reactive energy and increasing the 
transformer's available active power, the main advan-
tage of this type of compensation is the limitation of 
the currents carried in the busbars located upstream 
of the receiver, thus reducing the heat losses (kWh) 
and voltage drops in the busbars. If capacitor banks 
with harmonic filters are used (see p.122), eliminating 
the harmonics as close as possible to their source 
will prevent them circulating in the whole installation, 
reducing the losses due to the distorting power as well 
as reducing the risk of possible resonance with ano-
ther capacitor bank installed further upstream. 

M M M M

Consideration of the layout of the capacitor 
banks and their distribution is of primary 
importance. legrand's services are available 
to provide help with these choices. The savings 
made and achieving the required flexibility of 
operation will depend on these choices.
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If the capacitor power required to compensate the 
motor is greater than the values given in the previous 
table or if, more generally: Qc > 0.9⋅I0⋅√3 U, compen-
sation at the motor terminals will however remain 
possible by inserting a contactor (c2), controlled by an 
auxiliary contact of the motor contactor (c1), in series 
with the capacitor.

3  reaCTive CompensaTion oF 
TransFormers
In order to operate correctly, a transformer requires 
internal reactive energy to magnetise its windings. the 
table opposite gives, for information purposes only, the 
value of the fixed capacitor bank to be installed accor-
ding to the powers and loads of the transformer. these 
values may change, depending on the technology of 
the device. Each manufacturer can provide their own 
precise values.

When defining a reactive energy compensation 
installation, it is advisable to provide a fixed 
capacitor corresponding to the internal 
reactive consumption of the transformer at 
75% load.

legrand has a range of special “all film” technology capaci-
tors (see p.104) for compensation and balancing of induction 
furnaces.
These products conform to standard ieC 60110 covering a vol-
tage range from 50 v to 3000 v. 
They are air or water-cooled depending on the frequency, 
which may cover a range from 50 hz to 200 khz.
These capacitors are custom designed according to the requi-
rements and characteristics of the installation.
They can be supplied with or without discharge resistor, 
internal fuses, multiple outlets or pressure monitoring and 
thermostat protection devices.

capacitors for induction furnaces

Water-cooled capacitor 
for medium frequency 
induction furnaces 

nominal power of 
the transformer 

(kva)

power (kvar) to be provided for the internal 
consumption of the transformer

operation 

off-load 75% load 100% load
100 3 5 6

160 4 7.5 10

200 4 9 12

250 5 11 15

315 6 15 20

400 8 20 25

500 10 25 30

630 12 30 40

800 20 40 55

1000 25 50 70

1250 30 70 90

2000 50 100 150

2500 60 150 200

3150 90 200 250

4000 160 250 320

5000 200 300 425
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compensation capacitors are installed in numerous 
locations in electrical installations. they are to be 
found in high voltage transmission and distribution 
systems, in transformer substations and also at 
various levels in low voltage installations. capacitors 
therefore have to be made in accordance with very 
diverse technical specifications, for powers ranging 
from a few kvar to several Mvar. Installing capacitors 
in electrical systems fulfils several functions. although 
the most well-known is power factor compensation, 
they also improve the voltage regulation of transmis-
sion lines by reducing the voltage drop (see p. 85) and 
increase the capacitive component of lines that are 
naturally inductive.
capacitor banks are made up of capacitor units wired, 
protected and connected together according to dif-
ferent connection modes appropriate to each type of 
use. Each of these modes has advantages and disad-
vantages.
It should also be noted that numerous detection sys-
tems (current or voltage relays, controllers, etc.) are 
used with capacitor banks to detect (alarm threshold) 
and eliminate dangerous situations that could occur: 
unbalance, cascading damage, etc.

1  delTa ConneCTion
this is the most commonly used connection mode for 
capacitor banks with voltages lower than 12 kV. this 
configuration, which is used in particular in distribu-
tion installations, provides maximum reactive power 
in minimum dimensions. the compensation balances 
itself “naturally” if there is current unbalance or phase 
shifting of one phase in relation to another (presence 
of powerful single-phase receivers). 
However, this connection mode does not allow filtering 
of zero sequence components (3rd order harmonics 
and their multiples). the capacitors must be insulated 
for the full voltage (connection between phases), and if 
there is a breakdown the consequence is that the fault 
current is high as it is the result of a phase-to-phase 
short circuit.

sTruCTure oF hv CapaCiTors

2  sTar ConneCTion,  
neuTral noT ConneCTed
star connection has a number of technical advantages 
in relation to delta connection, but it is less favoura-
ble from an economical point of view. amongst other 
things it can block zero sequence currents. as the 
capacitors are subject to phase-to-neutral voltage, 
their value must be multiplied by    3 to obtain the 
same reactive power as in delta connection. their 

insulation voltage must nevertheless be provided for 
the phase-to-phase voltage to avoid the breakdown 
of one branch causing another branch to break down. 
this is the main drawback of this layout, where the 
loss of capacitor elements may not be detected, lea-
ding to load unbalance and no compensation. for this 
reason, double star connection is preferable.
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Power factor  
compensation (continued)

3  double sTar ConneCTion, 
neuTral noT ConneCTed

this type of wiring is suitable for all powers and all 
voltages of capacitors. It retains the advantages of 
star connection, and adds a protection mode enabling 
internal faults to be detected. as well as increasing the 
capacity of the bank, it also enables capacitors only 
insulated for phase-to-neutral voltage to be used.
an unbalance protection device (transformer and 
current relay) continuously monitors the unbalance 
current between the two neutral points and if neces-
sary triggers the disconnection of the bank.

high voltage capacitor banks are composed of 
elementary capacitors, generally connected 
in several serial-parallel groups, providing 
the required electrical characteristics for 
the device. The nominal insulation voltage of 
the bank depends on the number of groups 
in series, while the power depends on the 
number of elementary capacitors in parallel in 
each group.

4  sTar and double sTar 
ConneCTions, neuTral earThed
connections with earthed neutral provide better pro-
tection against transient overvoltages (lightning) and 
against electromagnetic disturbance in general.

However, resonances and zero sequence currents 
can be produced if there is a fault either as a result of 
internal breakdown or loss of a supply phase. these 
configurations require protection against overvoltages 
and unbalance.

Current
transformer

and detection I
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 protection by pressure monitoring device

in addition to or instead of fuses, and depending on the required protection 
conditions, capacitors can also be protected using a pressure switch that 
detects increased pressure in the case, generated by the breakdown of the ele-
mentary capacitances. a contact feeds back the measured state to trigger the 
breaking of a protection device.

 protection using internal fuses

When an internal fault affects one or more elementary capacitors, it is 
important to detect this fault and eliminate it as quickly as possible to avoid 
avalanche breakdown of the bank. if there is a fault in an elementary capacitor, 
the corresponding internal fuse eliminates the faulty element. given the large 
number of elementary capacitors that make up the device, the resulting loss of 
power is negligible (less than 2%). The breaking of an internal fuse can be trig-
gered by an overvoltage or overcurrent originating externally which exceeds 
the limits set for the product or if there is an internal insulation fault.
used with fuses, protection based on maintaining the symmetry (see above 
diagram), enables detection of an unbalance that corresponds to a number of 
faulty capacitors. The adjustment threshold, precisely defined by the manu-
facturer, sets maximum operating conditions with a view to ensuring maximum 
reliability and continuity.

legrand offers four configuration possibilities for its “all Film” capacitors (see 
p. 139).

internal faults in capacitor banks 

1

2

3

internal view of an "all-film" HV 
capacitor with internal fuses 
1. Discharge resistor 
2. internal fuse 
3. Elementary capacitance

5  h ConneCTion
H connection can be used for delta or star single-
phase or three-phase connections. the diagram 
opposite represents a branch (between two phases or 
between phase and neutral).
this type of wiring is intended for high power HV 
capacitor banks. for three-phase capacitor banks, 
the unbalance is monitored on each phase. It provides 
greater current unbalance measurement sensitivity.

Single-phase
capacitor

Unbalance CT
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Power factor  
compensation (continued)

using the most modern insulating polymer film technologies, legrand  
hv capacitors provide optimum reliability. 
each elementary capacitance is made using two aluminium foils forming the 
armatures insulated by a high dielectric quality polypropylene film. after 
being dried, treated and impregnated under vacuum with a non-chlorinated, 
non-toxic, biodegradable liquid dielectric, all the interconnected elements 
are placed in a stainless steel case, with porcelain terminals or insulated 
feedthroughs at the top, for connecting the device.
This “all film” capacitor technology has top quality characteristics: excellent 
resistance to electrical fields, very low ohmic losses limiting temperature 
rises, a much longer service life than with previous technologies using paper, 
and excellent resistance to transient overcurrents and overvoltages. With the 
polypropylene film, the liquid dielectric, which has a remarkably high chemical 
stability, a high gas absorption capacity and a high partial discharge extinction 
capacity (flash point approximately 150°C), ensures total insulation between 
electrodes.

Technical characteristics:

“all film” HV capacitors

1

2

4

5

3

1. connection
2. porcelain terminal
3. Fixing lug
4. stainless steel case
5. active part

average loss 
factor

on energisation 0.15 W/kvar
after 500 hours' operation 0.10 W/kvar

average variation of the capacitance  
as a function of the temperature 2 x 10-4/°c

operating frequency
standard 50 Hz

on request 60 Hz
permissible overloads permanent 1.3 In

permissible overvoltages

12 h/24 h 1.1 Un
30 min/24 h 1.15 Un

5 min/24 h 1.2 Un
1 min/24 h 1.3 Un

standard insulation levels (phases/earth) for individual capacitors

highest voltage for  
equipment 
um (rms value in kv)

2.4 3.6 7.2 12 17.5 24

Test voltage (10 s ) at 
industrial frequency (in kv) 8 10 20 28 38 50

lightning impulse withstand 
voltage (peak value in kv) 35 40 60 75 95 125
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< alpivar² fixed  
capacitor bank

a distinction is made between fixed value capaci-
tor banks and “step” (or automatic) capacitor banks 
which have an adjustment system that adapts the 
compensation to the variations in consumption of the 
installation.

1  Fixed  
CapaCiTor banks 

With constant power, these are suitable for individual 
compensation at the terminals of receivers (motors, 
transformers, etc.) or more generally for installations 
where the load is constant and fluctuates very little.

ComposiTion oF lv CapaCiTor banks

M
3±

M
3±

2  sTep CapaCiTor banks WiTh 
auTomaTiC regulaTion
this type of device enables the reactive power supplied 
to be adapted to variations in consumption, thus kee-
ping the compensation at its optimum value.
It is used in situations where the reactive power 
consumption varies considerably and is high in relation 
to the power of the transformer. such situations are 
encountered at the terminals of main lV distribution 
boards or at the origin of high power outgoing lines. 
step capacitor banks are made up of a combination of 
steps in parallel.
a step consists of a capacitor (or a combination of 
capacitors) and a contactor. switching all or part of the 
capacitor bank on and off is controlled by an integrated 
power factor controller.

M
3±

M
3±

Varmeter
Relay

.../5A
class 1 - 10 VA
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Power factor  
compensation (continued)

3  CapaCiTor banks WiTh separaTe 
ConTrol

It may be necessary to have separate switching of a 
capacitor bank to avoid overvoltages, by self-excitation 
or when a motor starts, using a special device:  
rheostat, change of coupling, reactors, auto-transfor-
mer, etc.

Fixed compensation has the risk of over-compensation 
which increases the operating voltage abnormally.
automatic compensation avoids permanent overvol-
tages resulting from over-compensation when the 
system has a very low load
a steady operating voltage is thus maintained, avoiding 
the additional cost of billed reactive energy.
if the power of the capacitors (in kvar) is less than 15% 
of the power of the transformer (in kva), choosing a 
fixed capacitor bank will definitely provide the best 
cost/savings compromise.
if the power of the capacitors (in kvar) is more than 
15% of the power of the transformer, a step capacitor 
bank with automatic regulation must be chosen.

conventional rule for selecting  
the capacitor bank technology

M

Optional 
damping
reactor

< alpimatic step  
capacitor bank

the capacitors will therefore only be activated after 
the motor starts. likewise, they may be disconnected 
before the motor is switched off.
the advantage of this system is the ability to totally 
compensate the reactive power of the motor at full 
load. an optional damping reactor should be provided 
if several capacitor banks of this type are installed on 
the same system.

< alpibloc capacitor 
banks can be equipped 
on request with a 
contactor combined  
with Hrc fuses 
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> losses by conduction
these are due to the leakage current which crosses 
the dielectric. this is similar to a resistance ri deter-
mined by the resistivity of the insulation material used 
and the dimensions of the capacitor. In capacitors 
other than electrolytic capacitors, these losses are 
very low. they depend on the characteristics of the 
insulation material. see table below for the characte-
ristics of a few common insulation materials.

the technical performance of a capacitor depends on 
several parameters relating to both its design (type of 
insulation material, volume of dielectric, etc.) and use 
(frequency, voltage applied, etc.). depending on their 
technology, capacitors have varying degrees of losses 
which can cause premature ageing and unnecessary 
energy consumption. 
as well as providing an optimum performance/size/
safety ratio, capacitors must operate with minimum 
losses. these losses are due to conduction but above 
all to dielectric hysteresis. the complete theoretical 
electrical model of a capacitor can be described by the 
diagram below.

these characteristics vary according to the techno-
logies used (films, metallised films, dielectric films, 
etc.), but it must be remembered that the value of the 
capacitance c tends to decrease with the tempera-
ture, as does the insulation resistance ri, and that the 
dielectric characteristics of the insulating material 
cd and rd (see loss angle δ below) are dependent on 
keeping within the set temperature range and the fre-
quency.

C

Ls Rs

Ri

Rd
Cd

ls equivalent series inductance
rs resistance of the armatures and links
ri insulation resistance
Cd absorption of the dielectric
rd resistance equivalent to losses of the dielectric
C: real capacitance
When the frequency increases, the effect of ls results 
in a gradual removal of the capacitive component of the 
capacitors up to the resonance frequency where Z = rs 
and lCω² = 1

δ

Zs

Up

U

Uc

C Up

Uc

U

 The simplified model above illustrates the origin 
of excessive temperature rises of capacitors which 
are the primary cause of the reduction of their life 
expectancy.

characteristics of various dielectrics

insulation tan δ at 50 hz(1)
volume  

resistivity 
at 20°C(2) (Ω⋅cm)

paper (dry) 10-3 to 1.7⋅10-3 5⋅1015

Cellulose acetate 1.3⋅10-2 to 6⋅10-2 1010 to 1014

mica 4⋅10-4 to 2⋅10-3 1014 to 1016

glass  5⋅10-4 >1016

polyvinyl chloride 7⋅10-3 to 4⋅10-2 1015 to 1017

polystyrene 5⋅10-4 1016

polysulphone 8⋅10-4 5⋅1016

polypropylene 3⋅10-4 3⋅1015 to 3⋅1018

polytetrafluoroethylene 2⋅10-4 1018

(1) the loss angle is generally measured at low frequency (50 Hz to 1 kHz) 
and the insulation resistance at 20°c
(2) the volume resistivity can be measured at different temperatures

CharaCTerisTiCs oF CapaCiTors
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Power factor  
compensation (continued)

> losses by dielectric hysteresis
In addition to losses by conduction associated with the 
leakage resistance ri, the dielectric can be likened to 
an imaginary impedance Zs.
from the point of view of losses by hysteresis, the 
capacitor can be represented by an ideal capacitor c in 
series with a resistance rs. Voltages Up and Uc are out 
of phase by 90°. angle δ between vectors Up and Uc is 
called the loss angle. the tangent of this loss angle is 
used to express the quality of the dielectric.

replacing Up and Uc by their values according to rs 
and Xc (capacitance of c) gives the following formula: 
tan δ = rs⋅c⋅2⋅π⋅f.
losses by hysteresis are a problem as then can cause 
the temperature of the capacitor to rise and modifica-
tion of its characteristics (permittivity of the dielectric, 
insulation resistance, increase of the loss angle, etc.).

The patented technology of 
alpivar² capacitors combines 
several leading-edge techniques 
to provide better performance, 
greater safety and greater ease 
of use.
better performance due to the 
use of coils, made of metallised 
polypropylene film, impregnated 
under vacuum with a self-extin-
guishing polyurethane resin. This 
provides both better heat dissi-
pation and reinforced electrical 
insulation. losses by partial dis-
charges are limited and the risks 
of breakdown greatly reduced. Features that are not found at this level with 
conventional dielectrics like air or oil.
greater safety due to the addition of three devices whose operating level 
adapts to the level of the fault.
The metallised film of which the electrodes are made is self-healing. if there  
is a local perforation, the zinc deposit vaporises around the fault and the  
insulation is automatically restored. if the short-circuit persists, an internal  
fuse will break the coil concerned.
Finally, if a more serious fault occurs, the gas overpressure, which can cause  
explosion of conventional capacitors (in aluminium tube), is avoided here by  
pressure monitoring devices consisting of a stepped membrane.
greater ease of use due to incorporation in modular units which can be assembled to create capacitor banks with dif-
ferent powers. installation is made easy with fixings incorporated in the unit, and connection on terminals makes for 
easy wiring of the cables and lug terminal. it will be noted that the polyamide 6 case has a high degree of mechanical 
strength (impact, vibration) and chemical resistance (solvents, alkalis, hydrocarbons), as well as climatic resistance 
(damp, sun, corrosion).

alpiVar² low voltage capacitors

For a quick check, the activation status of the 
pressure monitoring devices is directly visible 
from the outside of the capacitor bank

Connection
terminals

Self-healing coil

Self-extinguishing
polyurethane resin

vacuum coating

Overpressure
disconnection

device with visible
trip indication

Electric fuse

Self-extinguishing
plastic casing

Internal
discharge
resistor

When the pressure monitoring 
devices are operating, the 
faulty coil is de-energised by 
blowing of the fuse.
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 the activation of capacitor banks is accompanied by 
transient voltage and current states. the energisation 
of discharged capacitors is in practice equivalent to 
a short circuit whose value depends on the short-
circuit power ssc of the source and is only limited 
by the impedance of the system. the currents can 
reach several dozen times the nominal current 
value. In capacitor banks that are split or in steps, 
the phenomenon is increased by the discharge of the 
steps already in operation.
It should also be noted that these currents can be 
increased to a dangerous level if there are resonance 
phenomena. this is in particular the case when HV 
capacitors are activated if the resonance frequency of 
the upstream HV circuit corresponds to the resonance 
frequency of the lV circuit. 
the risks connected with the activation of capacitors 
placed on the HV system are described in § 3 of the 
section entitled “other disturbance”. they are even 
more dangerous if they are accompanied by transient 
overvoltages that have sufficient energy to destroy 
the voltage surge protectors at the supply end of the 
low voltage installation or even the components of the 
static converters or compensation capacitors themsel-
ves.
the implementation of a number of practical measu-
res can provide protection against these phenomena: 
insertion resistors, damping inductances also known 
as “damping reactors” and solid state contactors 
controlled to activate and disconnect the capacitor 
bank or capacitor bank steps under optimum condi-
tions. 
the advanced technology of legrand alpistatic auto-
matic capacitor banks limits switching transients and 
their consequences.

1  aCTivaTion oF a CapaCiTor bank
the whole of the system upstream of the capacitor 
bank is modelled as a source of voltage Vs and impe-
dance applied to an inductance l.
the symmetrical three-phase short-circuit current Ik3 

corresponds to a short-
circuit power ssc which is 
therefore: ssc = Vs⋅√ 3⋅Ik3.
Vc: voltage at the capaci-
tor bank connection point.
the peak-switching cur-
rent is equal to:

Ipk = √ 2⋅√ Ik3In = √ 2⋅Vs⋅  c
 l

the nominal current of the capacitor bank is In = cω⋅Vc 

the natural frequency of this current is fo = 1
2π √lc

the relationship between the peak current and the 
nominal current of the capacitor bank can therefore be 
written as follows: 
Ipk

In
 = √ 2⋅ 1

ω √lc
When there is a short-circuit or inrush current due to 
the capacitor bank, it is considered that the power ssc 
is determined by the inductance l of the system, whe-
reas in steady state the power consumption is linked to 
the impedance c of the capacitor bank.

ssc = 
Vs

2

lω
 and Q = cω²⋅Vc

to simplify, considering Vs = Vc, the relationship 
between the peak current and the nominal current 
of the capacitor bank can be calculated as the rela-
tionship of the apparent short-circuit power to the 
reactive power of the capacitor bank. 
Ipk

In
 = √ 2⋅ ssc

Q
  

likewise, the natural frequency can be calculated from 
this relationship  

fo = ω
2π

 ⋅ ssc

Q
applying the above to an example gives a better 
understanding of the importance of this relationship, 
which clearly underlines the risk of overvoltage on 
activation and thus of associated overvoltage, and all 
the more so if the power of the source is high in rela-
tion to the power of the capacitors.

C

L

VS

VC C

TransienT aCTivaTion sTaTes
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Power factor  
compensation (continued)

taking the example of an installation whose power is 
1000 kVa at 400 V with a prospective Isc of 25 ka, i.e. 
a short-circuit power ssc of approximately 17 MVa, 
compensated by a 250 kvar capacitor bank, the 
relationship between the switching current and the 
nominal current could reach:

Ipk

In
 = √ 2 ⋅

    17106

250 103  = 11.6
 
the resonance frequency will be  

fo = ω
2π

 ⋅     17⋅106

250 ⋅103
 = 412 Hz

To limit the risk of dielectric breakdown of 
capacitors in transient activation states, irres-
pective of whether or not they are amplified 
by resonance phenomena, the current that is 
generated and passing through the capacitors 
must be limited.
The use of a pre-insertion impedance, often 
called a damping reactor, on the capacitor 
bank switching device is therefore necessary. 
it will also protect the switching device.

When a stable system that has been moved from its position of equilibrium is left, it returns to that position, generally 
naturally by means of the natural oscillations that correspond to a preferred frequency Frp known as the natural fre-
quency. analogies can be drawn between mechanical systems and electrical circuits, so that natural frequency can be 
mentioned in connection with the characteristics of a circuit. it exists even when there are no stresses. if a sinusoidal 
excitation is applied in the region of this natural frequency and the system is not damped, the oscillation will then 
tend to be amplified by the phenomenon of resonance. it is this similarity of the resonance amplification factor to the 
natural frequency that has led to the use of the term resonance frequency, which combines both the causes and the 
consequences.

natural frequency and resonance frequency

2  aCTivaTion oF a sTep CapaCiTor 
bank
the whole of the system upstream of the capacitor 
bank is modelled as a source of voltage Vs and impe-

dance applied to a source inductance l comprising the 
upstream system, transformer and busbars.
the switching currents of a step capacitor bank 
increase as the capacitors are added. at the 1st step, 
the value of the switching current depends on the 
impedance l upstream of the system and the short-
circuit power of the supply as in the case of a single 
capacitor bank. When the 2nd and subsequent steps 
are activated, the steps already in operation discharge 
into the last step activated. 
there is no longer any limitation by the upstream 
impedance l.
Inductances l1, l2, l3, etc. representing the wiring 
between steps are too low to limit the current, which 
may then reach very high values (several hundred 
times the nominal current) and damage the capacitors 
or breaking devices.
on the other hand, the overvoltage associated with 
the activation of the steps that is spread to the system 
decreases with the number of steps already in operation.

C

L

VS
VC

Ln+1

CC

L3

C

L2

C

L1

1 2 3 n+1
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It is essential to limit the inrush currents in step 
capacitors. this can be done by inductances in series 
with the capacitors or pre-insertion resistors that are 
connected by auxiliary contacts during the activation 
phase of the capacitor.
the peak-switching current of a step increases with 
the number of steps already in operation. It is equal to 

Ipk = √ 2 ⋅Vs ⋅   c
ln

⋅ n
n+1

the nominal current of a step is In = cω⋅Vc 
the relationship between the switching current and 
the nominal current can be expressed as follows:
Ipk

In
 = √ 2 ⋅ 1 ω √lc

 ⋅ n
n+1

or by the notation of the powers: 
Ipk

In
 = Vc⋅√ 2 ⋅ 1 √Qωln

 ⋅ n
n+1

 for one step

a calculation example easily shows the order of 
magnitude of this relationship and the risks of damage 
to the associated devices.
With a capacitor bank with ten 5 kVa steps connected 
in a delta configuration at 400 V (Vc = 230 V) whose 
wiring is made up of loops of conductors between two 
steps corresponding to an inductance ln of 1 mH/m, 
it can be calculated that on activation of the tenth and 
last step, the overcurrent will reach 233 times the 
nominal current of one step:
Ipk

In
 = 230 √ 2⋅ 1 √5103 314 110-6  ⋅ 9

10
 = 233

reminder: Q = -c ω U² where c = Q/ω U², i.e. in the 
example (where Vc = U/√ 3  and ω = 314 at 50 Hz):

c = 5⋅103
 

314⋅(230√2)2  = 100 µf

L 1 2

C C

VS

the nominal current I is equal to √Q⋅c⋅ω = 12.5 a
the theoretical switching current Ipk may reach 12.5 x 
233 = 2912 a.

3  resonanCe beTWeen upsTream 
and doWnsTream impedanCes on 
aCTivaTion

there is a risk of amplification when the series reso-
nance frequency folV of the downstream lV installation 
is in the region of the natural frequency ftHV of the 
transient overvoltage due to the activation of the HV 
capacitor bank in the upstream installation.
at resonance lB cB ω0² = 1  
i.e. a resonance frequency folV = 1

2π √lB cB

at resonance lH cH ω0² = 1  
i.e. a resonance frequency ftHV = 1

2π √lH cH

When folV and ftHV are equal, the series resonances 
cause an impedance of all the l and c components, on 
both the HV and lV sides. the impedance of the cir-
cuit is then limited to its resistance r. If the upstream 
system behaves like a voltage source, that is, its vol-
tage hardly decreases at all with the current drawn (as 
is the case with a distribution system that is powerful 
in terms of the power of the connection), the value of

HV capacitors LV capacitors

Distributor Customer

LH

CH CB

LB

Transformer

Vs

lh: inductance of the upstream hv system
Ch: capacitance of the upstream hv system (hv capaci-
tor banks)
lb: inductance of the downstream lv system
Cb: capacitance of the upstream lv system (lv capaci-
tor banks)
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Power factor  
compensation (continued) 

the current i corresponding to f0 will be very high 
because it is only limited by its resistance. as the 
current passing through the capacitors increases 
considerably, the capacitors will be subjected to volta-
ges that may exceed their insulation level and result in 
their dielectric breakdown.

4  ElEctrical strEssEs connEctEd 
with dEactivation
During breaking of a capacitor bank or a capacitor 
bank step, the capacitor that has been separated 
remains charged with a certain level of voltage which 
depends on the angle at which the breaking was car-
ried out.
For breaking at zero current, which is of interest from 
the point of view of arc suppression and wear of the 
contacts, the voltage is then at its full value due to the 
current/voltage phase shift (π/2) at the capacitors. 
But if a restrike phenomenon occurs at the contacts, it 
can lead to the voltage increasing again, resulting in a 
phenomenon similar to switching, with an associated 
overcurrent and overvoltage that are both even higher 
(see p. 36). 

alpistatic automatic capacitor banks manage 
all these phenomena, controlling the switching 
phases by microprocessor. 
Ensuring the safety of people also requires 
that the capacitors are discharged after 
disconnection of the installation. discharging 
is generally carried out by the resistors within 
3 minutes. it is also possible to install high-
speed discharge reactors which will reduce 
this time to around ten seconds. this is a 
useful option for the safety of people if they 
are to work on the equipment (reduction of 
waiting time before isolation and earthing), or 
in the case of resetting after breaking (taking 
the cooling periods of the components into 
consideration, if necessary).

Devices that limit switching currents, resistors and, 
better still, damping reactors will also be useful in this 
case. 

 conventional switching using electromechanical 
contactors

alpistatic realtime automatic compensation to meet all the requirements  
inherent to the installation of capacitor banks

coupling a step uncoupling a step

 soft switching using alpistatic static contactors

- soft switching using alpistatic static contactors does 
not cause disturbance on the system.  
- its reaction speed (40 milliseconds) provides instant 
control of the reactive power.
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comparison of the main characteristics
sensitive data alpistatic conventional

Presence of electromechanical contactors  no  Yes

Wear of moving parts no Yes

contact bounce phenomenon no Possible

contact fatigue none considerable

Transient overcurrents on activation and deactivation of steps no Yes
(May exceed 200 ln)

Transient undervoltages none Yes (up to 100%)

compatibility (PLcs, computer equipment, etc.) excellent average

compatibility (welding machines, generator sets, etc.) excellent Poor

activation and deactivation response time 40 milliseconds approx. 30 seconds

number of operations Unlimited Limited (electromechanical 
contactor)

sound level during operation Zero Low (electromechanical 
contactor)

reduction of flicker Yes (for highly inductive 
loads) no

creation of harmonics no no

alPistatic comprises:
• The capacitor part, subdivided into a number of steps 
depending on the power rating of the compensator 
• One three-pole static contactor per step (breaking all 
three phases) 
• Cooling of each static contactor by fan-cooled heat 
sink 
• Standard and H type: 3 single phase damping 
reactors protecting the static contactor 
• SAH type: 1 three-phase anti-harmonic reactor 
protecting the static contactor and providing protection 
against harmonics 
• One set of 3 HRC fuses per step 
• A system for controlling the static contactors, 
comprising: 
- a reactive energy controller for automatic control 
- a microprocessor instrumentation and control card 
for each static contactor, that activates and deactivates 
the static contactors within 40 ms max. and avoids any 
transient voltage and current phenomena when steps 
are activated or deactivated. 
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Power factor  
compensation (continued)

resonance phenomena in electrical installations is 
well known and is simply a high amplification of the 
magnitude of the current and of the tension at a given 
frequency. During an installation, to a large extent it 
therefore depends on the impedance of all constituent 
components: networks, sources, transformers, cir-
cuits and loads.
The electrical source and its mathematical explanation 
are given again on page 40.

1  ParallEl rEsonancE or anti-
rEsonancE bEtwEEn sourcE and 
caPacitors.
The impedance of the source of an installation 
(network and transformer) is inductive by nature and 
increases proportionally with the frequency whilst that 
of the capacitors decreases. The result is a potential 
resonance between these two elements, which can 
lead to significant amplification of the currents and 
voltages; a phenomenon that can be produced during 
the propagation of transitory signals (operations in 
the upstream system, switching on the Hva batteries, 
etc.) and particularly if there are harmonics due to the 
loads present in the installation. 
The most critical resonance frequencies are the orders 
3 (single-phase sources), 5 and even 7 in commer-
cial installations whilst in the industrial installations, 
orders 5 and 7 are predominant, even though the 
speed control systems or the continuous power sup-
plies can also generate higher orders: 11, 13.
capacitor banks are one of the most sensitive compo-
nents of harmonics, absorbing them easily by virtue 
of their higher frequencies (network multiples) and 
causing their amplification when they are tuned to the 
resonance's proper frequency.
There are Legrand solutions therefore for protecting 
capacitors (anti-harmonic reactors) or for limiting har-
monics in highly polluted installations.
The modelling that follows can be used to understand 
resonance phenomenon between source and capa-
citor, its cause and consequences, from calculation 
methods based on the impedances.

in practice, the calculation does not need to go into 
this kind of detail and formulas (see page xx) are 
based on power values (ssc, P and Q). The values are 
generally known or can be accessed and they can be 
used to assess, with a sufficient degree of accuracy, 
the proper resonance frequencies (Frp) of the ins-
tallation and to check that these frequencies are far 
enough away from the harmonic frequencies (Fa). 

2  simPlifiEd modElling of an 
installation

The source is simplified by ignoring its resistive part 
and only retaining its reactance (Xr and XT). Likewise, 
the usage side of the installation is only considered 
for its corresponding active load. (the inductive part 
is ignored because it is normally compensated by the 
capacitors). it should also be noted that in the model-
ling with capacitors, the r part is not included in the 
impedance calculation as is not part of the resonance 
frequency calculation. on the other hand, r plays a 
significant role as a damping element of the resonance 
(see p.117).

ElEctrical rEsonancE and EnErgy comPEnsation

XR

XT

XC R

A

Xr: reactance of the upstream 
system

Xt: reactance of the user 
transformer

Xc: reactance of the capacitor bank 
when present

r: resistance corresponding to the 
active power absorbed
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2.1. Equivalent impedance without 
capacitors
seen from point a, the system's overall impedance  
can be written as a combination of XrT and r, with:
XrT = Xr + XT

1
Za

 = 1 XrT
 + 1

r
  ⇒  Za = XrT ⋅ r XrT + r

 

which can also be written as: Za = r ⋅ jLω r + jLω
 

by considering the reactance XrT as purely inductive.

2.2. Equivalent impedance with 
capacitors
The system's overall impedance can be written as a 
combination of XrT, r and c with the impedance seen 
from a written:
1
Za

 = 1
XrT

 + 1
r

 + 1
Xc

 , with XrT = Xr + XT

Za = XrT ⋅ r ⋅ Xc XrT + r + Xc
 

which can also be written as:

 Za # 1 
1
r

 + 1 jLω
 + jcω

  

if the impedance part r associated with the resistance 
of the receivers absorbing active power is excluded, 
the Lc branch of the diagram composed of the reac-
tance (inductance) of the source and of the reactance 
(capacity) of the capacitors is simply expressed as:

1
Za

 #  (cω - 1 Lω )2
 ⇒   Za # 1 

cω - 1 Lω

  

the curves below show the occurrence of resonance phenomenon between source (inductance expressed in µh) 
and capacitors (expressed in kvar). the inductance of the source is calculated from its total reactance Xrt (sum of 
reactances Xr of the hva network and Xt of the transformer; the reactance of the distribution elements such as the 

busbars is negligible). typical values are given in 
the chapter "short-circuit value at the origin of the 
installation" in book 4. 
the more prospectively powerful the source (low 
characteristic inductance), the higher the proper 
resonance frequency (in hz). conversely, the weaker 
the source (high inductance 500 µh in the example), 
the more this frequency value decreases.
in the same way, the higher the installed reactive 
power (kvar) compared with the source power, the 
more the proper frequency value decreases. 
installing high compensation in a low-power 
installation must therefore be checked carefully as 
regards the resonance risk to frequencies that are low 
and close to harmonic frequencies of the network. 

typical impedance

30

25

20

15

10

5

0

-5 0 200
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e

Frequency

200 kvar 50 µH

200 kvar 150 µH

40 kvar 500 µH

80 kvar 500 µH

400 600 800 1000

-10

-15

Z

R

f

the greater ω is, the 
greater jlω is and the 
more Z tends towards r. 

the smaller ω is the 
more that Z tends 
towards jlω.
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the r value (associated with the active power absorbed) has no direct effect on the resonance frequency value; on the 
other hand, it does play a role in damping this resonance by decreasing its intensity. it is the quality factor concept.

- if the source is acting as a voltage source (high ssc), the voltage 
u can be considered to be constant. the currents il and ic are 
equal to the resonance and reverse direction. 
the current il + ic tends towards 0

il = ic = 
u 

lωo
 = u cω0 

ω0 = 2 π f0, angular frequency to resonance frequency f0

these currents are not necessarily very high and they only 
depend on u. however, if u is high and if l to f0 is a low value, 
the damping will be reduced and an overcurrent in c cannot be 
excluded. 
By integrating overload factors of 1.3In (standard) and 1.5In 
(reinforced version h), legrand capacitors are designed to 
exclude this risk.

- if the source is acting as a current source (high upstream 
inductance and generally low associated ssc power), the current 
il + it will remain constant and the equivalent impedance Za will become very high, close to the resonance (see 
illustration on the characteristic impedance curves).
the voltage u = (il + it) Za can increase significantly: there is a risk therefore of destruction by overvoltage, as well as 
from associated overcurrent.

il = ic =          = ucω0 = i(l+c) Za = 
i(l+c) jlω0  

(1-LCω0
2) jlω0

 = 
1  

(1-LCω0
2)

 

if 1-LCω0
2 tends towards 0, then il = ic tends towards infinity

u lω0

 Equivalent wiring diagram to the resonance between the upstream system (source)  
and the compensation capacitors

C

L

R

Upstream system

 Equivalent
impedance ZA

IR

It IL

IC

U

The capacitor bank reactance Xc (1/cω) is inversely 
proportional to the frequency whilst the reactance of 
the source XrT (Lω) is proportional to the latter. 
Depending on the relative part of c and L, for a certain 
frequency known as "resonance", these two reactan-
ces become equal and cancel each other out as they 
are in anti-phase (this is why the term anti-resonance 
is also used between capacitors and source). The 
impedance Za is therefore reduced to resistance r.

in fact, the consequences of this phenomenon will 
differ depending on whether the upstream system is 
acting as a voltage source or as a current source (see 
below). a feature that depends on the network's capa-
city to supply energy which will result in short-circuit 
power ssc compared with the active power absorbed 
by the installation and the reactive power of installed 
compensation.



117

e
Le

c
Tr

ic
a

L 
r

e
so

n
a

n
c

e
 a

n
D

 e
n

e
r

g
Y 

c
o

M
P

e
n

sa
Ti

o
n

3  amPlification factor and 
acutEnEss of thE rEsonancE
The amplification factor of an rLc circuit is used to 
take into account the damping supplied by the resistive 
branch of the system; it allows potential resonance 
overcurrents and overvoltages to be predicted. it is 
defined by the formula:

Fa = Lω0 r
 = 1 cω0r

 

it is also called quality factor or overvoltage factor.

UL = Uc = Fa x U = Lω0 x U r
 = U cω0r

For its part the resonance acuteness defines the ratio 
between the nominal current i and maximum current 
iM circulating to the resonance of the circuit, i.e. when 
the impedance of the circuit is reduced to its resis-
tance r.
i

iM
 = 1 

 1+ Fa
2( f f0

 - f0 f )2

as such, a smaller or greater resonance acuteness 
can be observed depending on the frequency value 
compared with this resonance (f/f0 ratio) and depen-
ding on amplification factor Fa. 
The voltage values at the L and c terminals are 
expressed by the formulas:

UL

U
 = Uc U

 = 

f f0 
 1 Fa

2  + ( f f0
 - f0 f )2

To the resonance, f= f0 and the expression is simplified 
into:
UL

U
 = Uc U

 = 1
 Fa

For example, an overvoltage of 2 corresponds to an Fa 
factor of this same value 2.

4  EXPrEssion of thE amPlification 
factor through thE PowErs
The formula used to obtain Fa from the power values 
allows the extent of each of the terms and the dam-
ping effect caused to be understood easily:
- by the ratio of the active power absorbed compared 
with the power of the source (P/ssc); a loaded installa-
tion has better damping of resonance overvoltages and 
overcurrents. 
- by the ratio of the compensation power to the active 
power (Qc/P); the increase of Qc increases Fq and also 
decreases damping.

Fa = √Qc x ssc 
P

 

Qc: reactive power of all compensation capacitors (in 
kvar).
Qc = c⋅ω⋅U² ⇒ c = Qc/ω⋅U² to determine the corres-
ponding value in farads.
ssc: short-circuit power at the calculation reference 
point (generally the short-circuit power of the trans-
former which has potentially decreased by losses 
through the length of the trunking between transfor-
mer and capacitor banks)
P: active power of all linear loads of the installation

on this network of curves it can be seen that the lower 
the amplification factor fa numerically, the more the 
overcurrent is limited (i/im tends towards 1). 
a situation that corresponds with a significant part of 
the r resistance in proportion to the reactances lω 
and 1/Cω. 
the same curve type could be plotted for the voltage 
ratio ul/u and uc/u for different fa values.

Example of type of response

0
0 0.55 1 1.45 1.9 2.35 2.8

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

I/IM

f/f0

FA = 0.1
FA = 1
FA = 10
FA = 100
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Power factor  
compensation (continued)
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on the low-voltage distribution networks, the amplifi-
cation factor Fa varies between 1.5 and 6. 
in high-voltage networks, it is lower and is limited to 
between 1 and 3.
in industrial and commercial installations, on the 
other hand, a high number of compensation capacitors 
can increase its value up to 10 and above.
The expression of this factor shows that it is as favou-
rable as the active power load is high.

operation of an installation under damping 
conditions of the resonances and of the 
limitations in overvoltages and overcurrents 
will be all the more effective given that it will 
be close to the full load, the upstream power 
will be greater and the compensated reactive 
power part will be limited.

5  EXPrEssion of thE ProPEr 
frEQuEncy through thE PowErs
The proper frequency between source and capacitors 
can be calculated via a method using the impedances 

(see p.110). This allows accurate modelling of all the 
component parts: supply impedance, impedance of 
the transformer(s), impedance of the lines and of the 
capacitors, etc.
in practice the calculation can be simplified and redu-
ced to determine the value of the natural frequency 
Frp between the source transformer and the capacitor 
bank

Frp = f  ssc Qc
  (f fundamental frequency of the network)

or in the form of its harmonic order Hr.

Hr =   ssc Qc
  

ssc : short-circuit power of the transformer (in kva)
Qc: reactive power of all compensation capacitors (in 
kvar).
a more simple calculation can potentially be done 
from the short-circuit voltage Uk expressed in % and 
the nominal power of the transformer sT (in kva).  
The formula then becomes:

Hr =   
100 x sT Uk x Qc

  

calculation example: 
For a power transformer sT of 1000 kva with a short-
circuit voltage Uk of 6% and installed reactive power 
of 300 kvar, the natural frequency order of the system 
will be:

Hr =   100 x 1000 6 x 250
 = 8.16 i.e. Frp = 50 x 8.16 = 408 Hz, 

a frequency which on the face of it is far away from the 
main harmonics.
if in the same example, the compensation power is 
increased to 500 kvar, the natural frequency order 
goes down to 

Hr =   100 x 1000 6 x 500
 = 5.7 i.e. Frp = 50 x 5.7 = 288 Hz: 

a frequency close to order-5 harmonics capable of 
being present in the installation and therefore requi-
ring special precautions.

Value of the amplification factor Fa 

0

1

2

3

4

5

6

7

1 2 3 4 5 6 7 8 9 10
(%)

FA

50% of P 20% of P

Power of capacitors as a % of the active load P
Ssc

P
Ssc

Active load of the system (P)
Short-circuit power (Ssc)

= as a %
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harmonics and EnErgy comPEnsation
The harmonic currents are mainly down to the non-
linear loads in the installations (see book 2). The most 
frequent harmonic sources are linked to the use of 
electric arcs (welding, arc furnaces, discharge lamps, 
etc.) and to magnetic machines. Power electronics 
(converters, variable control units, power supplies, 
ballasts, induction heating) is also a significant source 
of harmonics in the industrial field.
an additional source has recently appeared with the 
increased use of the following products amongst the 
general public and in the commercial area, which 
are all low-power devices but are in widespread use: 
computers, printers, televisions and small applicators 
that all have common electrical switching mode power 
supplies. The new forms of "low consumption" econo-
mic lighting are also new sources of harmonics.
one new feature: distorting power that is due to 
harmonics must be calculated in any electrical asses-
sment going forward.
Harmonics can lead to numerous malfunctions: tem-
perature rises in conductors, tripping of protective 
devices, eMc interference in control systems, vibra-
tion and noise in magnetic machines, etc., and even 
destructive effects: overloading, overheating and 
breakdown of transformers and more particularly of 
capacitors. 
For these latter devices, apart from creating additio-
nal losses through hysteresis due to the increase in 
frequency (see p.108), the presence of harmonics with 
higher frequency than that of the network leads to a 
decrease in the impedance of the capacitors, which 
results in overload currents and even destruction in 
the event of resonance.
Depending on the "total harmonics" present, rein-
forced compensation solutions (type H) will have to 
be implemented, or solutions that include suitable 
protective devices from the risk of resonance with har-
monics (types saH and saHr).
The design of the installation considered and calcula-
tion of the elements present which may be completed 
using on-site measurements will be essential in 
getting rid of resonance risk, the causes and conse-
quences of which are described in the previous 
chapter.

1  thE charactErisation of 
harmonic intErfErEncE
This distortion corresponds to unnecessary power 
consumption at multiple frequencies of the funda-
mental frequency; the distorted current matches the 
superposition of the various harmonic orders.

n = 1

n = 5

n = 11

n = 13

n = 15

n = 17

n = 7

  

  

  

  

  

n  1

n  5

  

  

  

  

  

n = 1

n = 3

n = 7

n = 9

n = 5

^ signal distorted by the presence of high harmonics orders, 
particularly orders 5 and 7 (even 11 and 13), typical of industrial 
environments (frequency controls for example)

^ signal distorted by the presence of harmonics, particularly order 3 
and 5 which are typical in commercial environments (electrical power 
supplies, computers)
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Power factor  
compensation (continued)

Harmonic interference can be characterised using 
several methods:
- by its value (in amps or volts) for each harmonic 
order (multiple of the fundamental frequency)
- by the total harmonic distortion (THD) in % which 
quantifies the harmonic signal part (defined in voltages 
or in currents) in relation to the sinusoidal fundamen-
tal wave (see book 2).
- by the corresponding harmonic power or distorting 
power D.

1.1. calculation of the value of each 
harmonic order with reference to its 
frequency

Y(t) = Y0 +
n = ∞

Σ
h = 1

Yh √2 sin(hωt - ϕh)

Y0: value of the Dc component generally nil 
Yh: effective value of the n-order harmonic,
ω: angular frequency of the fundamental frequency,
ϕh: phase shift of the harmonic component to t = 0.

1.2. calculation of harmonic distortion 
(hd) and of total harmonic distortion 
(thd)

HD =   
∞

Σ
h = 2

Y2
h

This magnitude is used to assess voltage or current 
distortion using a unique number. in practice, the total 
harmonic distortion is usually expressed as a percen-
tage by limiting the range (most often order 25, or 40 
or 50 in the event of high pollution).

THD (%) =   

    
25

Σ
h = 2

Y2
h 

     Y   x 100 

1.3. calculation of harmonic pollution or 
distorting power
With harmonics present, the actual apparent power 
represents the geometric sum of the voltage/current 
products of each harmonic order. 

• The THD does not provide any information on the spectral contents of the signal, and therefore does not 
constitute adequate means for calculating filtering methods in relation to resonance risks. on the other hand, 
it does give an interesting indication of the installation's degree of pollution and of the risks incurred.

• The voltage THDu characterises the voltage wave distortion.
a thdu value of less than 5% is considered normal: there is no fear of malfunction. a thdu value between 5% 
and 8% still complies with the standard EN 50160 (see p.31) but does reveal significant harmonic pollution 
and some malfunctions are possible. 
a thdu value higher than 8% reveals high harmonic pollution: malfunctions are probable. an in-depth 
analysis and the implementation of filtering devices are required. 
the presence of a high number of "polluting" consumers compared with too high a source impedance creates 
a voltage distortion, despite the presence of capacitors which may also be the amplification source of the 
resonance harmonics.

• The voltage THDi characterises the current wave distortion.
A THDi value lower than 10% or even 15% is considered normal: there is no fear of malfunction. 
A THDi value of between 15% and 35% (standard value 33%) reveals significant harmonic pollution: there is a 
risk of overheating, which involves oversizing of the cables and the power supplies.
a thdi value higher than 35% reveals high harmonic pollution: malfunctions are probable. it is, therefore, 
important to know the exact nature (the order) of the harmonics and, in particular, the potential part of 
order 3 which is often predominant. use of harmonics compensation devices is recommended. this becomes 
essential beyond 50% thdi.
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s2 = ( ∞

Σ
h = 1

U2h)( ∞

Σ
h = 1

i2h) avec i =   i2
h  1 + i2

h  2 + i2
h  3 +...+ i2

h  n  n w ∞

The effective value l of the current is determined by 
the contribution of the currents of each harmonic 
order.
The apparent power due to orders higher than 1 (fun-
damental order) constitutes the harmonic power or 
distorting power D.

D = U   
∞

Σ
h = 2

i2
h
 avec ih =   i2

h  2 + i2
h  3 + ...+ i2

h  n  n w ∞

The active power P and reactive power Q are linked to 
the current of the 1st fundamental order. 
The distorting power is linked to the harmonic orders 
higher than 1. 
The distorting power D increases the apparent power 
s and damages the power factor λ. 

s = √P2 + Q2 + D2 and λ = P √P2 + Q2 + D2

2  thE bEhaviour of thE caPacitors 
with thE PrEsEncE of harmonics
The harmonics circulate preferentially in the capaci-
tors at the risk or overloading and destroying them. 
The impedance of a capacitor is inversely proportional 
to the frequency (Zc = 1/cω); the more the frequency 
increases (the case with harmonics), the more the 
impedance decreases. 
The total harmonics present in the installation is deci-

the presence of harmonics is a source of 
deterioration of the power factor. it generates 
unnecessary power consumption not 
compensated by the capacitor banks. the 
harmonics generate capacitor overloads and 
the capacitors must therefore be reinforced or 
protected using special layouts.  
in the event of very high harmonic power, the 
critical frequencies must be eliminated or 
minimised using suitable filters. there are 
several technological possibilities: passive, 
active, hybrid 

sive therefore in the choice of capacitor type and its 
potential protection.
it can be difficult to calculate the actual harmonic 
power or the distorting power D. on the other hand, 
the active power sH of the harmonic generator pro-
ducts compared with the power of the source sT is 
easier to estimate. 
a ratio sH/sT in % is thus determined.
introducing capacitors, however, also has the effect of 
changing the impedance of the installation compared 
with that of the source, therefore risking resonance 
phenomenon occurring between the two, which is all 
the more easily attained given the fact of the frequency 
increase, i.e. the case where harmonic currents are 
present.
The amplification factor (see p.117) is used to calculate 
the resonance risk according to the power compensa-
tion Qc compared with the source power sT (or of its 
short-circuit power ssc), with this factor also depen-
dent on the active power load P.
as for the sH/sT ratio, a practical approach of the 
resonance risk between source and capacitors can be 
made by the Qc/sT ratio, which defines in % the pro-
portion of the reactive power installed Qc compared 
with the source power sT.
These two factors are used to balance the choice in a 
practical way through assessing the risk of harmonic 
pollution of the installation sH/sT compared with the 
power compensation used Qc/sT (see next page).

the installation's total harmonic distortion 
level and the compensation rate are two 
essential factors in choosing capacitor type.  
the more distorting loads incorporated in 
the installation and/or the more significant 
the compensation compared with the power 
supply, the higher the risk of harmonic 
overload of the capacitors. reinforced 
solutions or solutions that incorporate 
protective devices are therefore required.
care should be taken when installing 
compensation capacitors in low-power 
installations with several distorting loads 
(shops, offices, etc.)
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Power factor  
compensation (continued)

the two curves below show the usage limits advised for standard capacitors (red curve) and for type h capacitors 
(yellow curve)

reading examples: 
  for a standard capacitor, the usage limit for the ratio sh/st < 15% corresponds with a Qc/st ratio of 25%.
  for the same sh/st ratio, the Qc/st limit would be 45% with a type h reinforced capacitor.
  for a regular power compensation Qc/st = 30% (roughly corresponding with a power factor reading of 0.85 to 

0.95), the sh/st ratio must not exceed 12% with a standard capacitor whereas it can reach 25% with a reinforced type H 
one ( ).
beyond a ratio of sh/st > 25% or compensation of Qc/st >30%, capacitor solutions with filtering inductance (sah or 
sahr) would have to be chosen in this example.

choice of capacitors

50
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0
0 10 20 30 40 50 60

QC/ST (%)

SH/ST (%)

Standard H SAH SAHR SAHXR

≤ 15% 15% to 25% 25% to 35%

Degree of
pollution

SH_______
ST

35% to 50% > 50%

type h corresponds with a type of capacitor that 
is reinforced against overcurrents caused by 
harmonics.

type sah has a tuned protective reactor in series 
that limits the resonance phenomena to harmonic 
frequencies. 

types sahr (reinforced) and sahXr (extra-
reinforced) enable partial or total removal of 
harmonic pollution from the network using tuned 
inductances. these devices are proposed after 
studying the exact characteristics of the network 
and the requirements with regard to the equipment 
being supplied.

sH: total power weighted 
in kVa of the harmonic 
generators present in the 
transformer secondary 
supply.
st: power in kVa of the HV/lV 
transformer
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- impedance of the source Zs = r2
s  + X2

s 
- impedance of the harmonic generator receiver and of 
its power supply line Zu = r2

L + X2
L

if Zs << Zu, the voltage va = e, the source and the ups-
tream system acts as one ideal voltage source. The 
network is "immensely powerful" compared with the 
installation to be supplied. Frequency behaviour is 
linear, i.e. the contribution of the different harmonic 
orders does not change the voltages va and vB in the 
mathematical application of the superposition theo-
rem known as "de Parseval":

va =   
∞

Σ
h = 1

va
2

h and vB =   
∞

Σ
h = 1

vB
2

h

This same concept is used to link the harmonic pollu-
tion probability with the power of the source and the 
polluting element ratio. 
The inequality is transposed to the power in the form 
ssc >> sU

ssc: short-circuit power of the impedance source Zs

sU: apparent power of the impedance pollution recei-
ver Zu
The same approach has been shown to the resonance 
risk between source and installation (see p.111).

3  harmonic currEnt circulation 

3.1. installation without capacitors
The harmonic currents circulate naturally or "go back 
up" from their source to the circuits which show the 
lowest impedance.
in theory, most of these (ihs) are therefore sent back 
towards the source and the network by crossing the 
power supply transformer.

in practice, harmonic currents (ihu) are also fed back 
into the other load circuits of the installation: mutual 
pollution between harmonic generators and sensitive 
reactors is therefore possible.
an installation's sensitivity to the harmonics that it 
generates is of course linked to the quantity of these 
harmonics, and especially to the impedance characte-
ristics of the installation in relation to the source. 

M

Ihs

Ihu
Source of
harmonics

I(t)RS, XS

Impedance 
of  link

Connection
to busbar

To other
receivers

Non-linear 
receiver
generating
harmonics

Impedance 
of  source

Model of  the source Model of  the line

VAe
VB

A B

H

RL, XL

f  = 50 Hz

Equivalent wiring diagram

in order to limit the propagation of the 
harmonic currents in the installation, the 
supply must be as powerful as possible when 
compared to the pollution receiver harmonic 
generators.
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Power factor  
compensation (continued)

The primary/secondary Dy coupling of the tri-phase 
transformers is known for stopping the order-3 har-
monics, which are closed again by the neutral.
other specific couplings can be used to stop certain 
harmonic orders however. as such the Dz coupling 
stops the order-5 harmonics whilst the Dyd coupling 

the order-3 harmonic does not "go back up" through the 
hva/lv transformer. the harmonics of the three phases 
add up to neutral, which can lead to its overloading and 
require an oversizing of cross-section (see book 2).

the order-3 harmonics circulate in the installation
and can interfere with other receivers, particularly 
single phase ones. they can have receivers as their 
source in addition to protected power supplies.

special filters can be installed at the output of the 
pollution source (with uninterruptible power supplies) or 
before the pollution receivers (particularly single phase 
receivers). these filters can combine the absorption 
of the order-3 harmonic and the reactive power 
compensation.

the special case of the order-3 harmonic and of its multiples (3, 9, 15, 21, etc.)

I1

L1

L2

L3

N

I1

I1

Ih3
HTA/BT

Ih3

Ih3

ΣI3 = 3 Ih3ΣI1 = 0

N

L3

L2

L1

Loads

typical shape of the current distorted by the order-3 harmonic 
(single-phase load with rectifier bridge at the input for example)

stops the order-5 and order-7 harmonics.
Whilst it may be useful to stop these harmonics from 
"reverting" to the network, they are still not eliminated 
and they continue to circulate around the installation, 
which risks polluting sensitive receivers and overloa-
ding the capacitors.
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4  filtEring and Elimination of 
harmonics
With significant harmonics present (sH/sT: 25 to 35%), 
installation of an inductance in series with the capaci-
tor (type saH with anti-resonance reactor) can be used 
to increase the impedance of the latter to harmonic 
frequencies and to move the resonance frequency of 
the Lc filter thus created below the frequencies due 
to the main harmonic currents. This technique has its 
limits; it partially eliminates the harmonic currents, 
but a part continues to revert to the source.
Typical tuning frequency values:
- close to 200 Hz (networks up to 50 Hz) and to 240 Hz 
(networks up to 60 Hz): eliminates the possible 
resonance with the order-5 harmonic (for tri-phase 
systems where the order-3 harmonic is reduced or 
eliminated)
- close to 135 Hz (networks up to 50 Hz) and to 160 Hz 
(networks up to 60 Hz) for tri-phase systems where 
the order-3 harmonic is predominant.

The curves (see p.122) can be used to position 
the capacitor usage limits in relation to the 
power supplies, the compensation bank 
(capacitors) and the harmonic pollution 
elements. beyond these limits, the harmonics 
must be filtered or eliminated.

3.2. installation with capacitors
The installation of capacitors changes the harmonics 
circulation.
The capacitors' impedance is lower than that of the 
source when the frequency increases. The harmonics 
circulate naturally, therefore, towards the capacitors 
and do not revert (or do so much less) towards the 
source. The behaviour of the entire source/installation 
is changed and varies according to the harmonics fre-
quency.

From a mathematical point of view, the superposi-
tion theorem no longer applies and calculation of the 
contribution of each harmonic order would show that 
impedance ZU decreases with the frequency. on the 
equivalent wiring diagram (see p.123), the voltage va 
differs from e.
a significant ihc part of the harmonic currents is diver-
ted towards the capacitor.
There is a risk therefore of the latter being overloaded 
or destroyed.

M

Source of
harmonics

Compensation
capacitor

Ihs

Ihc

H5

H5

Anti-resonance
reactor

Source of
harmonics

Compensation
capacitor

Example of the layout of an anti-resonance reactor in series 
with the capacitor. the order-5 harmonic showing a resonance 
risk is stopped and is not tuned to the capacitor. 
it is not eliminated, however, and continues to circulate in the 
installation, risking other receivers becoming polluted.
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Power factor  
compensation (continued)

if the harmonic currents are too large (sH/sT: 35 to 
50%), they must be eliminated using special filters 
(saHr). a passive harmonic filter is essentially made 
up of an inductance in series with a capacitor. The two 
components are sized in such a way that they resonate 
at the unwanted frequency, thus leading the current 
to run through the filter. as such different "tuned" 
filters can each be installed on the frequency to be 
eliminated (250 Hz for order 5, 350 Hz for order 7). The 
advantage of these solutions is the simplicity and the 
limited cost.

 Passive filter

the passive filter 
is made up of an 
inductance in series 
with a capacitor. the 
lc cell made up in this 
way is connected to a 
given (order) harmonic 
frequency. 
it is an all-purpose 
solution that can be 

adapted to numerous configurations. its installation in 
parallel does not limit the power field. 
it is a solution that is completely compatible with the 
power compensation from the moment that an analysis 
of the harmonic content of the installation has been 
carried out.

 the active filter

the active filter 
analyses the 
harmonics that 
circulate around 
the installation in 
real time (current 
harmonics) or that 
are present at the 
terminal of a sensitive 
receiver (voltage 
harmonics). 

in anti-phase the filter feeds back a signal 
corresponding with the harmonics present in order to 
cancel them out. the active filter is used for harmonics 
compensation over a wide frequency band. it adapts 
according to the load but has a higher cost and its 
power remains limited. 

 the hybrid filter

this is an association of two systems, passive and 
active, which is used to extend the power area.
harmonics filtration is effective as long as a suitable 
system is chosen, which means that analysis and 
prior measurements are essential. if these are not 
completed then malfunctions are inevitable.

types of filter

M

Ih

Source of
harmonics

Filter

M

Ih

Iact

Is

Source of
harmonics

Active
Comp.

H5

H5
Source of
harmonics

Tuned
filter

Compensation
capacitor

Example of the layout of a filter tuned to a harmonic frequency 
(order 5).
the filter absorbs the harmonic and prevents resonance 
starting with the compensation capacitor. Depending on the 
position of the filter in the installation it allows the circulation 
of the "captured" harmonic to be decreased.  the filter must 
be sized so as to absorb currents that may be high where 
resonance occurs.
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The electrical networks are subject to more and more 
interference and equipment operating anomalies are 
often ascertained without it being possible to identify 
the cause with certainty.
a series of measurements over a period representing 
at least 7 days will enable the compensation devices 
and their value to be chosen with the required reliabi-
lity and security.

The alptec 2333 network analyser is a device for cha-
racterising and recording all electrical magnitudes and 
phenomena that are causing interference (harmonics, 
voltage dips, overvoltages, etc.). These recordings 
comply with applicable standards (en 50160, iec 
61000-4-30) and can be read remotely for analysis and 
for measurement reporting.

as in the case of the 2333 model, the quality alptec 
2444 analyser can measure and record all values inhe-
rent in the signal quality (voltage dips, overvoltages, 
flickers, harmonics and inter-harmonics, imbalances, 
etc.) in addition to the conventional values (inc. vol-
tage, current, active power P, reactive power Q and 
apparent power s, power factor, total harmonic dis-
tortion in the voltage and the current). The 2444 model 
comes in a portable version or as a fixed installation 
version on Din rail TH 35-15.

Winalp 2400 software (Windows® environment) allows 
data from one or more analysers to be stored and 
compared.

installation diagnostics

^alptec 2333 network analyser

< alptec 2444  
quality analyser

^ Examples of readings taken with Winalp 2400

08/12/09
20h00

09/12/09
00h0

09/12/09
04h00

09/12/09
08h00

09/12/09
12h00

09/12/09
16h00

09/12/09
20h00

10/12/09
00h00

10/12/09
04h00

10/12/09
08h00

200kW

300kW

400kW

500kW

Average data 2 hoursActive power

08/12/09
20h00

09/12/09
00h0

09/12/09
04h00

09/12/09
08h00

09/12/09
12h00

09/12/09
16h00

09/12/09
20h00

10/12/09
00h00

10/12/09
04h00

10/12/09
08h00

200kVA

400kVA

600kVA
Average data 2 hoursReactive power

08/12/09
20h00

09/12/09
00h0

09/12/09
04h00

09/12/09
08h00

09/12/09
12h00

09/12/09
16h00

09/12/09
20h00

10/12/09
00h00

10/12/09
04h00

10/12/09
08h00

0,5

0,6

0,7

0,8

0,9

Average data 2 hoursPower factor

Average values
Maximun values

• Active power

• Reactive power

• Power factor
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power factor  
compensation (continued)

By their nature, the capacitors show significant inrush 
currents when switched on.
in addition, harmonic currents often pass through 
them, increasing the actual current absorbed. Finally, 
standardisation requires a manufacturing tolerance of 
15% to be taken into account.
the sum in the strict sense of all tolerances leads to 
the application of a significant derating coefficient of 
the protection devices (see framed text opposite).
the structural layouts of Legrand capacitors: reinfor-
ced insulation type H, models with harmonics fibering 
type SaH, compact manufacturing tolerance allowing 
the increase in the actual current used to be limited 
between 1.3 and 1.5 times the theoretical current, and 
to make optimum economic use of all capacitors and 
protection devices.
the tables on the following pages specify the most 
appropriate choice of DX, DpX or DMX³ protection devi-
ces with alpivar, alpimatic and alpistatic banks.
attention: they must not be used for other products 
where performance and suitability cannot be guaran-
teed.
although the majority of capacitor banks are fitted 
with internal protection devices
(e.g. self-healing metallised film, internal fuses, over-
pressure disconnection devices), it is essential that the 
capacitor also has an external protection device. this 
protection may be provided by a circuit breaker or
by a fuse, and its breaking capacity must be compati-
ble with the prospective short-circuit value at the point 
of installation.

> protection by Hpc fuses type gl
a rating between 1.5 and 2 in is chosen. the fuses do 
not provide protection against overloads bearing in 
mind their over-calibration. Checks should therefore 
be made so that the capacitors are effectively self-pro-
tected.

> protection using circuit breakers
the circuit breaker rating is selected according to the 
increased rated current. Depending on whether the 
device has a fixed or adjustable rating, the lr thermal 

CapaCitor proteCtion

setting is adjusted to correspond to the exact value of 
the required protection device (see table on adjust-
ment of DpX devices). 
For type H standard and reinforced capacitors, the ins-
tant magnetic setting (im) is placed over 10 in so as to 
absorb the overcurrents when switched on.
the use of curve C circuit breakers is recommended if 
modular circuit breakers are used.
Where capacitors equipped with damping reactors are 
used (type SaH), the inrush current is reduced and a 
magnetic setting between 5 and 7 in is generally  
possible.
alpistatic type banks limit overcurrents considerably 
and a lower im setting (3 in) is used for even more 
effective protection of the entire compensation instal-
lation. 

in the absence of precise manufacturer data,  
the rating of the protection device can be determined 
based on an actual rated current (iB) increased by the 
factor K:

K = 2 for Q < 25 kvar
K = 1.8 for Q < 50 kvar
K = 1.7 for Q < 100 kvar
K = 1.5 for Q > 100 kvar

iB = Q x 1000
  

U 3
 K 

Q: reactive power of the capacitor bank (in kvar)
U: nominal voltage of the 3-phase network (in volts)

the K value takes into account the permissible 
variation in the power supply voltage as well as the 
presence of harmonics that are proportionally higher 
in low-power installations corresponding with banks 
that are also low capacity.
it also takes into account the variation in capacity due 
to the manufacturing tolerances for the capacitors 
which can lead to a 15% increase.

practical determination of the rating or  
of the setting of the protection device 
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choice of protection for alpivar² or alpibloc fixed 3-phase capacitor banks 
standard type and H type

Capacitors 400 V MCBs MCCBs Cross-section of the  
phase conductors  

(mm²)nominal 
power  
(kvar) in (a)

DX-h
in (a)

DX-L
in (a)

thermal-magnetic DpX electronic DpX

Device in (a) ir Device in (a) ir Cu al
2.5 3.6 6 - - - - - - 1.5 2.5

5 7.2 10 10 DpX 125 16 0.7 in - - - 1.5 2.5

7.5 10.9 16 16 DpX 125 16 1 in DpX 250 40 0.4 in 2.5 2.5

10 14.5 20 20 DpX 125 25 0.85 in DpX 250 40 0.5 in 2.5 4

12.5 18.1 25 25 DpX 125 25 1 in DpX 250 40 0.6 in 4 4

15 21.7 32 32 DpX 125 40 0.85 in DpX 250 40 0.8 in 4 6

20 29.0 40 40 DpX 125 40 1 in DpX 250 40 1 in 6 10

25 36.2 50 50 DpX 125 63 0.85 in DpX 250 100 0.5 in 10 16

30 43.5 63 63 DpX 125 63 1 in DpX 250 100 0.6 in 10 16

35 50.7 80 - DpX 125 100 0.7 in DpX 250 100 0.7 in 16 25

40 58.0 80 - DpX 125 100 0.85 in DpX 250 100 0.8 in 16 35

50 72.5 100 - DpX 125 100 1 in DpX 250 100 1 in 25 35

60 87.0 - - DpX 125 125 1 in DpX 250 160 0.8 in 35 50

75 109 - - DpX 160 160 1 in DpX 250 160 0.95 in 50 70

90 130 - - DpX 250 250 0.64 in DpX 250 250 0.7 in 50 70

100 145 - - DpX 250 250 0.8 in DpX 250 250 0.8 in 70 95

125 181 - - DpX 250 250 1 in DpX 250 250 1 in 95 120

150 217 - - DpX 630 320 0.9 in DpX 630 400 0.8 in 120 150

175 254 - - DpX 630 400 0.86 in DpX 630 400 0.9 in 150 185

the number of adjustment steps of the thermal threshold (ir = x times in) 
and the corresponding value are given in the table below.

adjustment of DpX devices

Devices
adjustment steps

1 2 3 4 5 6 7 8 9 10 11 12

DpX 125 0.70 0.85 1.00

DpX 160 0.64 0.67 0.71 0.74 0.77 0.80 0.84 0.87 0.90 0.93 0.97 1.00

DpX 250 er 0.64 0.67 0.70 0.74 0.77 0.80 0.83 0.87 0.90 0.93 0.96 1.00

DpX 250 Mt 0.64 0.68 0.72 0.76 0.80 0.84 0.88 0.92 0.96 1.00

DpX 250 eL 0.40 0.50 0.60 0.70 0.80 0.90 0.95 1.00

DpX 630 Mt 0.80 0.83 0.86 0.90 0.93 0.96 1.00

DpX 630 eL 0.40 0.50 0.60 0.70 0.80 0.90 0.95 1.00

DpX 1250 Mt 0.80 0.83 0.87 0.90 0.93 0.96 1.00

DpX 1600 0.40 0.50 0.60 0.70 0.80 0.90 0.95 1.00

> choice of protection circuit breakers
tables below give the circuit breakers 
to be intalled and their thermal adjust-
ment according to the capacitor banks.
the breaking capacity of the device 
must at least equal to the maximum 
prospective short-circuit current at its 
installation point.
the cross-section for cables in 
these tables is given for information 
purposes. it refers to a reference 
method e for cables or conductors of 
the U1000r2V type (pr3 column ieC 
60364-5-52). See book 4 for an exact 
determination according to installation 
conditions.
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choice of protection for alpivar² or alpibloc fixed 3-phase capacitor banks  
saH type, standard, reinforced and extra-reinforced class

Capacitors 400 V MCCBs Cross-section of the  
phase conductors  

(mm²)nominal 
power  
(kvar) in (a)

thermal-magnetic DpX electronic DpX

Device in (a) ir Device in (a) ir Cu al

40 58 DpX 125 100 0.85 in DpX 250 100 0.9 in 16 35

50 72.5 DpX 125 100 1 in DpX 250 100 1 in 25 35

72 104 DpX 160 160 0.9 in DpX 250 160 0.95 in 50 70

75 109 DpX 160 160 1 in DpX 250 160 1 in 50 70

80 116 DpX 160 160 1 in DpX 250 160 1 in 70 95

100 145 DpX 250 250 0.8 in DpX 250 250 0.8 in 70 95

120 174 DpX 250 250 0.92 in DpX 250 250 0.95 in 95 120

144 209 DpX 630 320 0.9 in DpX 630 320 0.9 in 95 150

150 217 DpX 630 320 0.9 in DpX 630 320 0.95 in 120 150

160 232 DpX 630 320 1 in DpX 630 320 1 in 120 150

200 290 DpX 630 400 0.9 in DpX 630 400 0.95 in 150 185

216 313 DpX 630 500 0.8 in DpX 630 630 0.6 in 150 240 (2 x 95)

240 348 DpX 630 500 0.9 in DpX 630 630 0.7 in 185 240 (2 x 120)

250 362 DpX 630 500 0.9 in DpX 630 630 0.8 in 185 240 (2 x 120)

280 406 DpX 630 630 0.8 in DpX 630 630 0.8 in 240 (2 x 120) 2 x 150

288 417 DpX 630 630 0.9 in DpX 630 630 0.9 in 240 (2 x 120)  2 x 185

300 435 DpX 630 630 0.9 in DpX 630 630 0.95 in 2 x 150 2 x 185

choice of protection for alpimatic 3-phase capacitor racks
Capacitors 400 V MCBs MCCBs Cross-section of the 

phase conductors  
(mm²)nominal 

power  
(kvar) in (a)

DX-h
in (a)

DX-L
in (a)

thermal-magnetic DpX electronic DpX

Device in (a) ir Device in (a) ir Cu al

Standard and H type

12.5 18 25 25 DpX 125 25 1 in DpX 250 40 0.6 in 4 4

25 (12.5+12.5) 36 50 50 DpX 125 63 0.85 in DpX 250 100 0.5 in 10 16

50 (25+25) 72.5 100 - DpX 125 100 1 in DpX 250 100 1 in 25 35

75 (25+50) 109 - - DpX 160 160 1 in DpX 250 160 0.95 in 50 70

SaH type, classical, reinforced and extra-reinforced class

12.5 18 25 25 DpX 125 25 1 in DpX 250 40 0.6 in 4 4

25 36 50 50 DpX 125 63 0.85 in DpX 250 100 0.5 in 10 16

40 58 80 - DpX 125 100 0.85 in DpX 250 100 0.8 in 16 35

50 72.5 100 - DpX 125 100 1 in DpX 250 100 1 in 25 35

72 104 - - DpX 160 160 0.9 in DpX 250 160 0.9 in 50 70

75 109 - - DpX 160 160 0.96 in DpX 250 160 0.95 in 50 70

80 (40+40) 116 - - DpX 160 160 1 in DpX 250 160 1 in 70 95
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choice of protection for alpimatic automatic 3-phase capacitor banks  
standard type and H type

Capacitors 400 V MCBs MCCBs aCBs Cross-section  
of the phase 

conductors (mm²)nominal 
power  
(kvar) in (a)

DX-h
in (a)

DX-L
in (a)

thermal-magnetic DpX electronic DpX DMX3

Device in (a) ir Device in (a) ir Device in (a) ir Cu al 

10 14.5 20 20 DpX 125 25 0.85 in DpX 250 40 0.5 In - - - 2.5 4

15 22 32 32 DpX 125 40 0.85 in DpX 250 40 0.8 In - - - 4 6

20 29 40 40 DpX 125 40 1 in DpX 250 40 1 In - - - 6 10

25 36 50 50 DpX 125 63 0.85 in DpX 250 100 0.5 In - - - 10 16

30 44 63 63 DpX 125 63 1 in DpX 250 100 0.6 In - - - 10 16

35 51 80 - DpX 125 100 0.7 in DpX 250 100 0.7 In - - - 16 25

40 58 80 - DpX 125 100 0.85 in DpX 250 100 0.8 In - - - 16 25

50 73 100 - DpX 125 100 1 in DpX 250 100 1 In - - - 25 35

60 87 - - DpX 125 125 1 in DpX 250 160 0.8 In - - - 35 50

75 109 - - DpX 160 160 1 in DpX 250 160 0.95 In - - - 50 70

87.5 127 - - DpX 250 250 0.64 in DpX 250 250 0.7 In - - - 50 70

100 145 - - DpX 250 250 0.8 in DpX 250 250 0.8 In - - - 70 95

125 181 - - DpX 250 250 1 in DpX 250 250 1 In - - - 95 120

150 217 - - DpX 630 320 0.93 in DpX 630 400 0.75 In - - - 120 150

175 254 - - DpX 630 400 0.9 in DpX 630 400 0.95 In - - - 150 185

200 290 - - DpX 630 400 1 in DpX 630 400 1 In - - - 185 240

225 326 - - DpX 630 500 0.9 in DpX 630 630 0.7 In - - - 2 x 120 2 x 150

250 362 - - DpX 630 500 1 in DpX 630 630 0.8 In - - - 2 x 150 2 x 185

275 399 - - DpX 630 630 0.9 in DpX 630 630 0.9 In - - - 2 x 150 2 x 185

300 435 - - DpX 630 630 0.9 in DpX 630 630 0.95 In - - - 2 x 150 2 x 185

350 507 - - DpX 1250 800 0.83 in DpX 1600 800 0.85 In - - - 2 x 185 2 x 240

400 580 - - DpX 1250 800 0.96 in DpX 1600 1250 0.6 in DMX³ 2500 800 1 in 2 x 185 2 x 240

450 652 - - DpX 1250 1000 0.9 in DpX 1600 1250 0.7 in DMX³ 2500 1000 0.9 in 2 x 240 2 x 300

500 725 - - DpX 1250 1000 0.96 in DpX 1600 1250 0.8 in DMX³ 2500 1000 1 in 2 x 240 4 x 185

550 797 - - DpX 1250 1250 0.83 in DpX 1600 1250 0.8 in DMX³ 2500 1250 0.8 in 2 x 240 4 x  185

600 870 - - DpX 1250 1250 0.9 in DpX 1600 1250 0.9 in DMX³ 2500 1250 0.9 in 4 x 150 4 x 240

675 979 - - - - - DpX 1600 1600 0.8 in DMX³ 2500 1600 0.8 in 4 x 150 4 x 240

750 1087 - - - - - DpX 1600 1600 0.9 in DMX³ 2500 1600 0.9 in 4 x 185 4 x 240

825 1196 - - - - - DpX 1600 1600 0.95 in DMX³ 2500 1600 1 in 4 x 185 4 x 240

900 1304 - - - - - - - - DMX³ 2500 2000 0.8 in 4 x 240 4 x 300
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choice of protection for alpimatic automatic 3-phase capacitor banks
 saH type, standard, reinforced and extra-reinforced class

Capacitors 400 V MCCBs aCBs Cross-section  
of the phase 
conductors 

(mm²)nominal 
power  
(kvar) in (a)

thermal-magnetic DpX electronic DpX DMX3

Device in (a) ir Device in (a) ir Device in (a) ir Cu al 
75 109 DpX 160 160 1 in DpX 250 160 0.95 in - - - 50 70

100 145 DpX 250 250 0.8 in DpX 250 250 0.8 in - - - 70 95

120 174 DpX 250 250 0.96 in DpX 250 250 0.95 in - - - 95 120

125 181 DpX 250 250 1 in DpX 250 250 1 in - - - 95 120

144 209 DpX 630 320 0.9 in DpX 630 400 0.7 in - - - 120 150

150 217 DpX 630 320 0.93 in DpX 630 400 0.8 in - - - 120 150

160 232 DpX 630 400 0.8 in DpX 630 400 0.8 in - - - 150 185

200 290 DpX 630 400 1 in DpX 630 400 1 in - - - 185 240

216 313 DpX 630 500 0.86 in DpX 630 630 0.7 in - - - 2 x 120 2 x 150

225 326 DpX 630 500 0.9 in DpX 630 630 0.7 in - - - 2 x 120 2 x 150

240 348 DpX 630 500 1 in DpX 630 630 0.8 in - - - 2 x 150 2 x 185

250 362 DpX 630 500 1 in DpX 630 630 0.8 in - - - 2 x 150 2 x 185

275 399 DpX 630 630 0.9 in DpX 630 630 0.9 in - - - 2 x 150 2 x 185

280 406 DpX 630 630 0.9 in DpX 630 630 0.9 in - - - 2 x 150 2 x 185

288 417 DpX 630 630 0.9 in DpX 630 630 0.9 in - - - 2 x 150 2 x 185

300 435 DpX 630 630 0.93 in DpX 630 630 0.95 in - - - 2 x 150 2 x 185

320 464 DpX 630 630 1 in DpX 630 630 1 in - - - 2 x 185 2 x 240

350 507 DpX 1250 800 0.83 in DpX 1600 800 0.85 in - - - 2 x 185 2 x 240

360 522 DpX 1250 800 0.86 in DpX 1600 800 0.9 in - - - 2 x 185 2 x 240

375 544 DpX 1250 800 0.9 in DpX 1600 800 0.9 in - - - 2 x 185 2 x 240

400 578 DpX 1250 800 0.96 in DpX 1600 1250 0.6 in DMX3 2500 800 1 in 2 x 185 2 x 240

432 626 DpX 1250 1000 0.83 in DpX 1600 1250 0.7 in DMX3 2500 1000 0.8 in 2 x 240 2 x 300

450 652 DpX 1250 1000 0.9 in DpX 1600 1250 0.7 in DMX3 2500 1000 0.9 in 2 x 240 2 x 300

504 730 DpX 1250 1000 0.96 in DpX 1600 1250 0.8 in DMX3 2500 1000 1 in 2 x 240 4 x 185

520 754 DpX 1250 1000 1 in DpX 1600 1250 0.8 in DMX3 2500 1000 1 in 2 x 240 4 x 185

525 761 DpX 1250 1000 1 in DpX 1600 1250 0.8 in DMX3 2500 1000 1 in 2 x 240 4 x 185

560 812 DpX 1250 1250 0.83 in DpX 1600 1250 0.85 in DMX3 2500 1250 0.8 in 2 x 240 4 x 185

600 870 DpX 1250 1250 0.9 in DpX 1600 1250 0.9 in DMX3 2500 1250 0.9 in 4 x 150 4 x 240

640 928 DpX 1250 1250 0.96 in DpX 1600 1250 0.95 in DMX3 2500 1250 0.96 in 4 x 150 4 x 240

648 939 DpX 1250 1250 1 in DpX 1600 1250 1 in DMX3 2500 1250 1 in 4 x 150 4 x 240

675 978 - - - DpX 1600 1600 0.8 in DMX3 2500 1600 0.8 in 4 x 150 4 x 240

720 1044 - - - DpX 1600 1600 0.85 in DMX3 2500 1600 0.84 in 4 x 185 4 x 240

750 1087 - - - DpX 1600 1600 0.9 in DMX3 2500 1600 0.9 in 4 x 185 4 x 240

792 1148 - - - DpX 1600 1600 0.95 in DMX3 2500 1600 0.96 in 4 x 185 4 x 240

800 1160 - - - DpX 1600 1600 0.95 in DMX3 2500 1600 0.96 in 4 x 185 4 x 240

864 1252 - - - - - - DMX3 2500 2000 0.8 in 4 x 240 4 x 300
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choice of protection for alpistatic 3-phase capacitor racks
Capacitors 400 V MCBs MCCBs Cross-section of the 

phase conductors  
(mm²)nominal 

power  
(kvar) in (a)

DX-h
in (a)

DX-L
in (a)

thermal-magnetic DpX electronic DpX

Device in (a) ir Device in (a) ir Cu al
Standard and H type

25 36 50 50 DpX 125 63 0.85 in DpX 250 100 0.5in 10 16

50 73 100 - DpX 125 100 1 in DpX 250 100 1in 25 35

75 109 - - DpX 160 160 1 in DpX 250 160 0.95in 50 70

125 181 - - - - - - - - - -

SaH type, classical, reinforced and extra-reinforced class

25 36 50 50 DpX 125 63 0.85 in DpX 250 100 0.5in 10 16

40 58 80 - DpX 125 100 0.85 in DpX 250 100 0.8in 16 35

50 73 100 - DpX 125 100 1 in DpX 250 100 1in 25 35

72 104 - - DpX 160 160 0.9 in DpX 250 160 0.9in 50 70

75 109 - - DpX 160 160 0.93 in DpX 250 160 0.95in 50 70

80 116 - - DpX 160 160 1 in DpX 250 160 1in 70 95

100 145 - - DpX 250 250 0.8 in DpX 250 250 0.8in 70 95

120 174 - - DpX 250 250 0.96 in DpX 250 250 0.95in 95 120

125 181 - - DpX 250 250 1 in DpX 250 250 1 in 95 120

choice of protection for alpistatic automatic 3-phase capacitor banks  
standard type and H type

Capacitors 400 V MCCBs aCBs Cross-section  
of the phase 

conductors (mm²)nominal 
power  
(kvar) in (a)

thermal-magnetic DpX electronic DpX DMX3

Device in (a) ir Device in (a) ir Device in (a) ir Cu al 
100 145 DpX 250 250 0.8 in DpX 250 250 0.8 in - - - 70 95

125 181 DpX 250 250 1 in DpX 250 250 1 in - - - 95 120

150 217 DpX 630 320 0.93 in DpX 630 400 0.75 in - - - 120 150

175 254 DpX 630 400 0.9 in DpX 630 400 0.95 in - - - 150 185

200 290 DpX 630 400 1 in DpX 630 400 1 in - - - 185 240

225 326 DpX 630 500 0.9 in DpX 630 630 0.7 in - - - 2 x 120 2 x 150

250 362 DpX 630 500 1 in DpX 630 630 0.8 in - - - 2 x 150 2 x 185

275 399 DpX 630 630 0.9 in DpX 630 630 0.9 in - - - 2 x 150 2 x 185

300 435 DpX 630 630 0.9 in DpX 630 630 0.95 in - - - 2 x 150 2 x 185

350 507 DpX 1250 800 0.83 in DpX 1600 800 0.9 in - - - 2 x 185 2 x 240

400 578 DpX 1250 800 0.96 in DpX 1600 1250 0.6 in DMX3 2500 800 1 in 2 x 185 2 x 240

450 652 DpX 1250 1000 0.9 in DpX 1600 1250 0.7 in DMX3 2500 1000 0.9 in 2 x 240 2 x 300

500 725 DpX 1250 1000 0.96 in DpX 1600 1250 0.8 in DMX3 2500 1000 1 in 2 x 240 4 x 185

525 761 DpX 1250 1250 0.8 in DpX 1600 1250 0.8 in DMX3 2500 1250 0.8 in 2 x 240 4 x 185
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choice of protection for alpistatic automatic 3-phase capacitor banks
 saH type, standard, reinforced and extra-reinforced class

Capacitors 400 V MCCBs aCBs Cross-section  
of the phase 

conductors (mm²)nominal 
power  
(kvar) in (a)

thermal-magnetic DpX electronic DpX DMX3

Device in (a) ir Device in (a) ir Device in (a) ir Cu al 
100 145 DpX 250 250 0.8 in DpX 250 250 0.8in - - - 70 95

125 181 DpX 250 250 1 in DpX 250 250 1in - - - 95 120

144 209 DpX 630 320 0.9 in DpX 630 400 0.7in - - - 120 150

150 217 DpX 630 320 0.93 in DpX 630 400 0.8in - - - 120 150

160 232 DpX 630 400 0.86 in DpX 630 400 0.8in - - - 150 185

175 254 DpX 630 400 0.8 in DpX 630 400 0.9in - - - 150 185

200 290 DpX 630 400 1 in DpX 630 400 1in - - - 185 240

216 313 DpX 630 500 0.86 in DpX 630 630 0.7in - - - 2 x 120 2 x 150

225 326 DpX 630 500 0.9 in DpX 630 630 0.7in - - - 2 x 120 2 x 150

240 348 DpX 630 500 1 in DpX 630 630 0.8in - - - 2 x 150 2 x 185

250 362 DpX 630 500 1 in DpX 630 630 0.8in - - - 2 x 150 2 x 185

275 399 DpX 630 630 0.9 in DpX 630 630 0.9in - - - 2 x 150 2 x 185

280 406 DpX 630 630 0.9 in DpX 630 630 0.9in - - - 2 x 150 2 x 185

288 417 DpX 630 630 0.9 in DpX 630 630 0.9in - - - 2 x 150 2 x 185

300 435 DpX 630 630 0.93 in DpX 630 630 0.95in - - - 2 x 150 2 x 185

320 464 DpX 630 630 1 in DpX 630 630 1in - - - 2 x 185 2 x 240

          
    

Capacitors 400 V MCCBs aCBs Cross-section  
of the phase 

conductors (mm²)nominal 
power  
(kvar) in (a)

thermal-magnetic DpX electronic DpX DMX3

Device in (a) ir Device in (a) ir Device in (a) ir Cu al 
575 833 DpX 1250 1250 0.86 in DpX 1600 1250 0.9 in DMX3 2500 1250 0.9 in 4 x 150 4 x 185

600 870 DpX 1250 1250 0.9 in DpX 1600 1250 0.9 in DMX3 2500 1250 0.9 in 4 x 150 4 x 185

625 906 DpX 1250 1250 0.93 in DpX 1600 1250 0.95 in DMX3 2500 1250 0.95 in 4 x 150 4 x 185

700 1015 - - - DpX 1600 1600 0.8 in DMX3 2500 1600 0.85 in 4 x 185 4 x 240

750 1087 - - - DpX 1600 1600 0.9 in DMX3 2500 1600 0.9 in 4 x 185 4 x 240

825 1196 - - - DpX 1600 1600 0.95 in DMX3 2500 1600 1 in 4 x 185 4 x 240

875 1268 - - - - - - DMX3 2500 2000 0.85 in 4 x 240 4 x 300

950 1377 - - - - - - DMX3 2500 2000 0.9 in 4 x 300 -

1000 1449 - - - - - - DMX3 2500 2000 0.95 in 4 x 300 -

1125 1630 - - - - - - DMX3 2500 2500 0.85 in 4 x 300 -

1250 1812 - - - - - - DMX3 2500 2500 0.95 in - -

1375 1993 - - - - - - DMX3 4000 3200 0.8 in - -

1500 2174 - - - - - - DMX3 4000 3200 0.9 in - -

choice of protection for alpistatic 3-phase capacitor banks  
standard type and H type (continued)
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Capacitors 400 V MCCBs aCBs Cross-section  
of the phase 

conductors (mm²)nominal 
power  
(kvar) in (a)

thermal-magnetic DpX electronic DpX DMX3

Device in (a) ir Device in (a) ir Device in (a) ir Cu al 
350 507 DpX 1250 800 0.83 in DpX 1600 800 0.85in - - - 2 x 185 2 x 240

360 522 DpX 1250 800 0.86 in DpX 1600 800 0.9in - - - 2 x 185 2 x 240

375 544 DpX 1250 800 0.9 in DpX 1600 800 0.9in - - - 2 x 185 2 x 240

400 578 DpX 1250 800 0.96 in DpX 1600 1250 0.6in DMX3 2500 800 1 in 2 x 185 2 x 240

432 626 DpX 1250 1000 0.83 in DpX 1600 1250 0.7in DMX3 2500 1000 0.8 in 2 x 240 2 x 300

440 638 DpX 1250 1000 0.86 in DpX 1600 1250 0.7in DMX3 2500 1000 0.8 in 2 x 240 2 x 300

450 652 DpX 1250 1000 0.9 in DpX 1600 1250 0.7in DMX3 2500 1000 0.9 in 2 x 240 2 x 300

480 697 DpX 1250 1000 0.93 in DpX 1600 1250 0.7in DMX3 2500 1000 0.96 in 2 x 240 2 x 300

504 730 DpX 1250 1000 0.96 in DpX 1600 1250 0.8in DMX3 2500 1000 1 in 2 x 240 4 x 185

520 754 DpX 1250 1000 1 in DpX 1600 1250 0.8in DMX3 2500 1000 1 in 2 x 240 4 x 185

525 761 DpX 1250 1000 1 in DpX 1600 1250 0.8in DMX3 2500 1000 1 in 2 x 240 4 x 185

560 812 DpX 1250 1250 0.83 in DpX 1600 1250 0.8in DMX3 2500 1250 0.8 in 2 x 240 4 x 185

576 835 DpX 1250 1250 0.86 in DpX 1600 1250 0.8in DMX3 2500 1250 0.86 in 2 x 240 4 x 185

600 870 DpX 1250 1250 0.9 in DpX 1600 1250 0.9in DMX3 2500 1250 0.9 in 4 x 150 4 x 185

640 926 DpX 1250 1250 0.96 in DpX 1600 1250 0.95in DMX3 2500 1250 0.96 in 4 x 150 4 x 185

648 939 DpX 1250 1250 1 in DpX 1600 1250 1in DMX3 2500 1250 1 in 4 x 150 4 x 185

675 978 - - - DpX 1600 1600 0.8in DMX3 2500 1600 0.8 in 4 x 150 4 x 185

680 986 - - - DpX 1600 1600 0.8in DMX3 2500 1600 0.8 in 4 x 150 4 x 185

720 1044 - - - DpX 1600 1600 0.8in DMX3 2500 1600 0.86 in 4 x 185 4 x 240

750 1087 - - - DpX 1600 1600 0.9in DMX3 2500 1600 0.9 in 4 x 185 4 x 240

792 1148 - - - DpX 1600 1600 0.95in DMX3 2500 1600 0.96 in 4 x 185 4 x 240

800 1160 - - - DpX 1600 1600 0.95in DMX3 2500 1600 0.96 in 4 x 185 4 x 240

825 1196 - - - DpX 1600 1600 0.95in DMX3 2500 1600 1 in 4 x 185 4 x 240

840 1217 - - - - - - DMX3 2500 1600 1 in 4 x 185 4 x 240

864 1252 - - - - - - DMX3 2500 2000 0.86 in 4 x 240 4 x 300

875 1268 - - - - - - DMX3 2500 2000 0.86 in 4 x 240 4 x 300

920 1333 - - - - - - DMX3 2500 2000 0.9 in 4 x 240 4 x 300

950 1377 - - - - - - DMX3 2500 2000 0.9 in 4 x 240 4 x 300

960 1391 - - - - - - DMX3 2500 2000 0.9 in 4 x 240 4 x 300

1000 1449 - - - - - - DMX3 2500 2000 0.96 in 4 x 300 -

1080 1565 - - - - - - DMX3 2500 2500 0.8 in - -

1200 1739 - - - - - - DMX3 2500 2500 0.9 in - -

1250 1812 - - - - - - DMX3 2500 2500 0.96 in - -

1320 1913 - - - - - - DMX3 2500 2500 1 in - -

1375 1993 - - - - - - DMX3 4000 3200 0.8 in - -

1440 2087 - - - - - - DMX3 4000 3200 0.86 in - -

1500 2174 - - - - - - DMX3 4000 3200 0.9 in - -

choice of protection for alpistatic 3-phase capacitor banks
 saH type, standard, reinforced and extra-reinforced class (continued)
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aLpiVar² CapaCitorS

V7540CB

standard type and H type - three-phase - 400 V - 50 Hz

nominal power 
(kvar)

Cat.nos Dimensions (mm)
Weight

(kg)

C
ap

ac
ito

r

Terminal
cover

Connection
cable outlet

27
5

22
0

55
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al
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is
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Connection
terminals

4 attachement
holes Ø 6.5

20
8

W2 

W1 

22
5

Standard type
470 V max.

H type
520 V max. W1 W2 H

2,5 V2.540CB VH2.540CB 90 70 275 3.5

5 V540CB VH540CB 90 70 275 3.5

7,5 V7.540CB VH7.540CB 90 70 275 3.5

10 V1040CB VH1040CB 90 70 275 3.5

12,5 V12.540CB VH12.540CB 90 70 275 3.5

15 V1540CB VH1540CB 90 70 275 3.5

20 V2040CB VH2040CB 90 70 275 3.5

25 V2540CB VH2540CB 90 70 275 3.5

30 V3040CB VH3040CB 180 156 275 7

35 V3540CB VH3540CB 180 156 275 7

40 V4040CB VH4040CB 180 156 275 7

50 V5040CB VH5040CB 180 156 275 7

60 V6040CB VH6040CB 270 244 275 10.5

75 V7540CB VH7540CB 270 244 275 10.5

80 - VH8040CB 360 332 275 14

90 V9040CB VH9040CB 360 332 275 14

100 V10040CB VH10040CB 360 332 275 14

125 V12540CB VH12540CB 450 419 275 17.5

Choice of  
products
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alpivar² and alpimatic technical characteristics

technical characteristics

Vacuum technology 
capacitors Compensation racks Compensation racks with 

detuned reactor

Standard 
type H type Standard 

type H type Standard 
type

reinforced 
type

Loss Factor < 0.3 W/kvar < 2 W/kvar < 6 W/kvar
tolerance on the capacitance -5 to +10 % -5 to +10 % -5 to +10 %
Max. permissible voltage 1.18 Un (24 h/24) 1.18 Un (24 h/24) 1.18 Un (24 h/24)
Max. permissible current 1.3 in 1.5 in 1.3 in 1.5 in 1.3 in 1.5 in

insulation 
class

withstand 1 minute at 50 Hz 6 kV 6 kV 6 kV
withstand 1.2/50 µs shock wave 25 kV 25 kV 25 kV

Standards ieC 60831-1 and 2 
CSa 22-2 no 190 

ieC 60439-1 
en 60439-2

ieC 60439-1 
en 60439-2

operating temperature -25°C to +55°C -10°C to +45°C -10°C to +45°C
average over 24h 45 °C 40 °C
annual average 35 °C

Storage temperature -30°C to +60°C -30°C to +60°C

saH type (with detuned reactor) - three-phase - 400 V - 50 Hz

nominal power 
(kvar)

Cat.nos Dimensions (mm)
Weight

(kg)Standard class
470 V max.

reinforced class
520 V. max

extra-reinforced class
620 V max. Height Width Depth

40 VS.r4040.189 1400 600 500 120

50 VS5040.189 1400 600 500 120

72 VS.rS7240.189 2100 1000 600 180

75 VS7540.189 1400 600 500 140

80 VS.r8040.189 1400 600 500 150

100 VS10040.189 1400 600 500 160

120 VS.r12040.189 1400 600 500 180

144 VS.rS14440.189 2100 1000 600 250

150 VS15040.189 1400 600 500 180

160 VS.r16040.189 1900 800 500 220

200 VS20040.189 VS.r20040.189 1900 800 500 250/260

216 VS.rS21640.189 2100 1000 600 320

240 VS.r24040.189 1900 800 500 280

250 VS25040.189 1900 800 500 275

280 VS.r28040.189 1900 800 500 300

288 VS.rS28840.189 2100 1000 600 380

300 VS30040.189 1900 800 500 300
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B6040

aLpiBLoC CapaCitorS WitH BUiLt-in CB

standard type and H type - 400 V - 50 Hz
nominal power 

(kvar)
Circuit breaker 

isc (ka)

Cat.nos Dimensions (mm)
Weight

(kg)Standard type  
470 V max.

H type 
520 V max. Height Width Depth

10 50 B1040 BH1040 380 190 230 5

15 50 B1540 BH1540 380 190 230 5

20 50 B2040 BH2040 380 190 230 5

25 50 B2540 BH2540 380 190 230 7.5

30 50 B3040 BH3040 380 365 230 10

40 25 B4040 BH4040 380 365 230 10

50 25 B5040 BH5040 380 365 230 12,5

60 25 B6040 BH6040 380 365 230 15

75 25 B7540 BH7540 380 365 230 15

90 36 B9040 BH9040 380/1000 550/350 230/500 20

100 36 B10040 BH10040 380/1000 550/350 230/500 20

125 36 B12540 BH12540 380/1000 550/350 230/500 25

150 36 B15040 BH15040 1000 350 500 75

175 36 B17540 BH17540 1000 350 500 100

saH type (with detuned reactor) - 400 V - 50 Hz

nominal power 
(kvar)

Circuit breaker 
isc (ka)

Cat.nos Dimensions (mm)
Weight

(kg)Standard class  
470 V max.

reinforced class  
520 V max.

extra-reinforced class 
620 V max. Height Width Depth

40 16 BS.r4040.189 1400 600 500 125

50 25 BS5040.189 1400 600 500 125

72 36 BS.rS7240.189 2100 1000 600 185

75 25 BS7540.189 1400 600 500 145

80 25 BS.r8040.189 1400 600 500 155

100 36 BS10040.189 1400 600 500 165

120 36 BS.r12040.189 1900 600 500 200

144 36 BS.rS14440.189 2100 1000 600 255

150 36 BS15040.189 1900 600 500 190

160 36 BS.r16040.189 1900 800 500 230

200 36 BS20040.189 BS.r20040.189 1900 800 500 260/270

216 36 BS.rS21640.189 2100 1000 600 325

240 36 BS.r24040.189 1900 800 500 290

250 36 BS25040.189 1900 800 500 285

280 36 BS.r28040.189 2100 800 500 350

288 50 BS.rS28840.189 2100 1000 600 385

300 36 BS30040.189 1900 800 500 320
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p7540 r7.8040.189

standard type and H type - three-phase - 400 V - 50 Hz

nominal power 
(kvar)

Cat.nos Weight (kg)

Standard type
470 V max.

H type
520 V max.

Standard 
type H type

12.5 p12.540 pH12.540 6 7

12.5 + 12.5 p12.512.540 pH12.512.540 11 14

25 p2540 pH2540 9 10

25 + 25 p252540 pH252540 16 17

25 + 50 p255040 pH255040 22 23

50 p5040 pH5040 16 17

75 p7540 pH7540 22 23

160 240

400

565

 Fixing holes Ø 7

580
24

8

22
5

Junction bars

saH type (with detuned reactor) - three-phase - 400 V - 50 Hz

nominal power 
(kvar)

Cat. nos

rack type

Weight (kg)

Standard class
470 V max.

reinforced class
520 V max.

extra-reinforced 
class 620 V max. Standard class

reinforced and 
extra-reinforced 

class

10 r5.1040.189 - r5 30

20 r5.2040.189 - r5 35

20 + 20 r5.202040.189 - r5 45

40
r5.4040.189 r5.r4040.189 r5 40 50
r7.4040.189 r7.r4040.189 r7 42 52

40 + 40 r7.404040.189 r7.r404040.189 r7 70 85

72 r9.rS7240.189 r9 80

80 r7.8040.189 r7.r8040.189 r7 65 80

aLpiMatiC raCKS

42
5

865

900

55
8

40
0

Ø
 8

.2
 fi
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R9 type 

665
700

468
500

32
5

32
5

42
5

45
8

42
5

45
8

Ø
7 

fix
in

g
 h

ol
es

Ø
 8

.2
 fi
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ng

 h
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es

24x8.2 oblong fixing holes 24x8.2 oblong fixing holes21x7 oblong fixing holes

R7 typeR5 type

Junction bars
Junction bars

Junction bars
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standard type and H type - three-phase - 400 V - 50 Hz

nominal 
power 
(kvar)

Steps 
(kvar)

Cat.nos Dimensions (mm)
Weight

(kg)
Standard  

type
470 V max.

H type
520 V max. Height Width Depth

10 5 + 5 M1040 MH1040 650 260 320 40

15 5 + 10 M1540 MH1540 650 260 320 40

20 10 + 10 M2040 MH2040 650 260 320 40

25 10 + 15 M2540 MH2540 650 260 320 40

30 5 + 10 + 15 M3040 MH3040 650 260 320 45

35 5 + 10 + 20 M3540 MH3540 650 260 320 45

40 10 + 10 + 20 M4040 MH4040 650 260 320 45

50 10 + 15 + 25 M5040 MH5040 650 260 320 45

60 20 + 20 + 20 M6040 MH6040 770 260 320 50

75 25 + 25 + 25 M7540 MH7540 770 260 320 75

87,5 12.5 + 25 + 50 M87.540 MH87.540 1000 350 500 80

100 25 + 25 + 50 M10040 MH10040 1000 350 500 80

125 25 + 50 + 50 M12540 MH12540 1000 350 500 90

150 25 + 50 + 75 M15040 MH15040 1400 600 500 125

175 25 + 25 + 50 +75 M17540 MH17540 1400 600 500 140

200 50 + 75 + 75 M20040 MH20040 1400 600 500 150

225 25 + 50 + 75 + 75 M22540 MH22540 1400 600 500 160

250 50 + 50 + 75 + 75 M25040 MH25040 1400 600 500 170

275 25 + 50 + 50 + 75 + 75 M27540 MH27540 1400 600 500 190

300 25 + 50 + 3 x 75 M30040 MH30040 1400 600 500 200

350 50 + 4 x 75 M35040 MH35040 1900 600 500 260

400 2 x 50 + 4 x 75 M40040 MH40040 1900 600 500 290

450 6 x 75 M45040 MH45040 1900 600 500 300

500 50 + 6 x 75 M50040 MH50040 1400 1200 500 370

550 2 x 50 + 6 x 75 M55040 MH55040 1400 1200 500 400

600 8 x 75 M60040 MH60040 1400 1200 500 430

675 9 x 75 M67540 MH67540 1900 1200 500 490

750 10 x 75 M75040 MH75040 1900 1200 500 500

825 11 x 75 M82540 MH82540 1900 1200 500 540

900 12 x 75 M90040 MH90040 1900 1200 500 560
 

aLpiMatiC aUtoMatiC CapaCitor BanKS

M20040 M20040
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saH type (with detuned reactor) - three-phase - 400 V - 50 Hz

nominal 
power 
(kvar)

Steps 
(kvar)

Cat.nos Dimensions (mm)
Weight

(kg)Standard class
470 V max.

reinforced class
520 V max.

extra-reinforced 
class 620 V max. Height Width Depth

75 25 + 50 MS7540.189 1400 600 500 180

100 2 x 25 + 50 MS10040.189 1400 600 500 230

120 3 x 40 MS.r12040.189 1400 600 500 250

125 25 + 2 x 50 MS12540.189 1400 600 500 250

144 2 x 72 MS.rS14440.189 2100 1000 600 300

150 3 x 50 MS15040.189 1400 600 500 300

160 2 x 40 + 80 MS.r16040.189 1900 800 500 300

200 50 + 2 x 75 MS20040.189 1900 800 500 340

200 40 + 2 x 80 MS.r20040.189 1900 800 500 340

216 3 x 72 MS.rS21640.189 2100 1000 600 380

225 3 x 75 MS22540.189 1900 800 500 360

240 2 x 40 + 2 x 80 MS.r24040.189 1900 800 500 370

250 2 x 50 + 2 x 75 MS25040.189 1900 800 500 380

275 50 + 3 x 75 MS27540.189 1900 800 500 400

280 40 + 3 x 80 MS.r28040.189 1900 800 500 400

288 4 x 72 MS.rS28840.189 2100 1000 600 460

300 4 x 75 MS30040.189 1900 800 500 420

320 4 x 80 MS.r32040.189 1900 800 500 430

350 50 + 4 x 75 MS35040.189 2100 800 500 460

360 40 + 4 x 80 MS.r36040.189 2100 800 500 470

360 5 x 72 MS.rS36040.189 2100 2000 600 600

375 5 x 75 MS37540.189 2100 800 500 470

400 5 x 80 MS.r40040.189 2100 800 500 520

432 6 x 72 MS.rS43240.189 2100 2000 600 680

440 40 + 5 x 80 MS.r44040.189 1900 1600 500 600

450 6 x 75 MS45040.189 1900 1600 500 600

480 6 x 80 MS.r48040.189 1900 1600 500 630

504 7 x 72 MS.rS50440.189 2100 2000 600 760

520 40 + 6 x 80 MS.r52040.189 1900 1600 500 670

525 7 x 75 MS52540.189 1900 1600 500 630

560 7 x 80 MS.r56040.189 1900 1600 500 700

576 8 x 72 MS.rS57640.189 2100 2000 600 820

600 8 x 75 MS60040.189 1900 1600 500 730

600 40 + 7 x 80 MS.r60040.189 1900 1600 500 750

640 8 x 80 MS.r64040.189 1900 1600 500 800

648 9 x 72 MS.rS64840.189 2100 3000 600 950

675 9 x 75 MS67540.189 2100 1600 500 800

720 9 x 80 MS.r72040.189 2100 1600 500 860

720 10 x 72 MS.rS72040.189 2100 3000 600 1130

750 10 x 75 MS75040.189 2100 1600 500 860

792 11 x 72 MS.rS79240.189 2100 3000 600 1200

800 10 x 80 MS.r80040.189 2100 1600 500 920

864 12 x 72 MS.rS86440.189 2100 3000 600 1260

MS28040.189
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saH type (with detuned reactor) - three-phase - 400 V - 50 Hz

nominal power 
(kvar)

Cat. nos
rack type Weight (kg)Standard class

470 V max.
reinforced class

520 V max.
extra-reinforced class 

620 V max.

25 rSt7.2540.189 7 50

40 rSt7.r4040.189 7 60

50 rSt7.5040.189 7 60

72 rSt9.rS7240.189 9 100

75 rSt7.7540.189 7 70

80 rSt7.r8040.189 7 80

100 rSt7.10040.189 7 80

120 rSt9.r12040.189 9 90

125 rSt9.12540.189 9 90

standard type and H type - three-phase - 400 V - 50 Hz

nominal power 
(kvar)

Cat.nos
rack type

Weight (kg)

Standard type
470 V max.

H type
520 V max. Standard type H type

25 rSt7.2540 rSt7.H2540 7 45 50

50 rSt7.5040 rSt7.H5040 7 50 55

75 rSt7.7540 rSt7.H7540 7 55 60

100 rSt7.10040 rSt7.H10040 7 60 65

125 rSt9.12540 rSt9.H12540 9 65 70

665

700

42
5

45
8

Fi
xi

ng
 h

ol
es

 Ø
8.

2

Fixing holes 24 x 8.2 

R7 type 

32
5

Joining bars

865

900

55
8

40
0

Fixing holes 24 x 8.2
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ng
 h

ol
es

 Ø
 8

.2

R9 type 

Joining bars

42
5

rSt7.5040
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standard type and H type - three-phase - 400 V - 50 Hz

nominal 
power 
(kvar)

Steps 
(kvar)

Cat.nos Dimensions (mm)
Weight

(kg)Standard type 
470 V max.

H type 
520 V max. Height Width Depth

100 2 x 25 + 50 St10040 StH10040 1900 800 500 170

125 25 + 2 x 50 St12540 StH12540 1900 800 500 200

150 50 +100 St15040 StH15040 1900 800 500 210

175 2 x 50 + 75 St17540 StH17540 1900 800 500 220

200 50 + 2 x 75 St20040 StH20040 1900 800 500 250

225 25 + 50 + 2 x 75 St22540 StH22540 1900 800 500 260

250 50 + 2 x 100 St25040 StH25040 1900 800 500 280

275 50 + 3 x 75 St27540 StH27540 1900 800 500 300

300 2 x 50 + 2 x 100 St30040 StH30040 1900 800 500 320

350 50 + 3 x 100 St35040 StH35040 1900 800 500 350

400 4 x 100 St40040 StH40040 1900 800 500 375

450 75 + 3 x 125 St45040 StH45040 2100 1000 600 400

500 4 x 125 St50040 StH50040 2100 1000 600 425

525 2 x 75 + 3 x 125 St52540 StH52540 2100 2000 600 475

575 75 + 4 x 125 St57540 StH57540 2100 2000 600 525

625 5 x 125 St62540 StH62540 2100 2000 600 550

700 75 + 5 x 125 St70040 StH70040 2100 2000 600 575

750 6 x 125 St75040 StH75040 2100 2000 600 600

825 75 + 6 x 125 St82540 StH82540 2100 2000 600 625

875 7 x 125 St87540 StH87540 2100 2000 600 650

950 75 + 7 x 125 St95040 StH95040 2100 2000 600 700

1000 8 x 125 St100040 StH100040 2100 2000 600 750

1125 9 x 125 St112540 StH112540 2100 3000 600 800

1250 10 x 125 St125040 StH125040 2100 3000 600 850

1375 11 x 125 St137540 StH137540 2100 3000 600 1000

1500 12 x 125 St150040 StH150040 2100 3000 600 1200

aLpiStatiC aUtoMatiC CapaCitor BanKS

StS40040



144

A
lp

is
tA

ti
c

 A
u

to
m

A
ti

c
 c

A
p

A
c

it
o

r
 b

A
n

k
s 

(c
o

n
ti

n
u

e
d

)
E l E c t r i c a l  E n E r g y  s u p p l y

saH type (with detuned reactor) - three-phase - 400 V - 50 Hz

Nominal 
power 
(kvar)

Steps 
(kvar)

Cat.Nos Dimensions (mm)
Weight

(kg)Standard class
470 V max.

Reinforced class
520 V max.

Extra-reinforced 
class 620 V max. Height Width Depth

100 2 x 25 + 50 sts10040.189 1900 800 500 210

120 40 + 80 sts.r12040.189 1900 800 500 250

125 25 + 2 X 50 sts12540.189 1900 800 500 240

144 2 x 72 sts.rs14440.189 2100 1000 600 350

150 50 + 100 sts15040.189 1900 800 500 280

160 2 x 40 + 80 sts.r16040.189 1900 800 500 280

175 2 x 50 + 75 sts17540.189 1900 800 500 300

200 40 + 2 x 80 sts.r20040.189 1900 800 500 320

200 50 + 2 x 75 sts20040.189 1900 800 500 320

216 3 x 72 sts.rs21640.189 2100 1000 600 430

225 25 + 50 + 2 x 75 sts22540.189 1900 800 500 360

240 2 x 40 + 2 x 80 sts.r24040.189 1900 800 500 360

250 50 + 2 x 100 sts25040.189 1900 800 500 380

275 50 + 3 x 75 sts27540.189 1900 800 500 400

280 40 + 3 x 80 sts.r28040.189 1900 800 500 400

288 4 x 72 sts.rs28840.189 2100 1000 600 510

300 2 x 50 + 2 x 100 sts30040.189 1900 800 500 430

320 4 x 80 sts.r32040.189 1900 800 500 430

350 50 + 3 x 100 sts35040.189 1900 800 500 460

360 40 + 4 x 80 sts.r36040.189 2100 800 500 460

360 5 x 72 sts.rs36040.189 2100 2000 600 650

400 4 x 100 sts40040.189 1900 800 500 500

400 5 x 80 sts.r40040.189 2100 800 500 500

432 6 x 72 sts.rs43240.189 2100 2000 600 730

440 80 + 3 x 120 sts.r44040.189 2100 1000 600 530

450 75 + 3 x 125 sts45040.189 2100 1000 600 530

480 4 x 120 sts.r48040.189 2100 1000 600 630

500 4 x 125 sts50040.189 2100 1000 600 630

504 7 x 72 sts.rs50440.189 2100 2000 600 810

sts28040.189

AlpiStAtiC AutomAtiC CApACitoR bANkS (CoNtiNuED)
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Nominal 
power 
(kvar)

Steps 
(kvar)

Cat.Nos Dimensions (mm)
Weight

(kg)Standard class
470 V max.

Reinforced class
520 V max.

Extra-reinforced 
class 620 V max. Height Width Depth

520 2 x 80 + 3 x 120 sts.r52040.189 2100 2000 600 660

525 2 x 75 + 3 x 125 sts52540.189 2100 2000 600 660

560 80 + 4 x 120 sts.r56040.189 2100 2000 600 690

575 75 + 4 x 125 sts57540.189 2100 2000 600 690

576 8 x 72 sts.rs57640.189 2100 2000 600 870

600 5 x 120 sts.r60040.189 2100 2000 600 720

625 5 x 125 sts62540.189 2100 2000 600 720

648 9 x 72 sts.rs64840.189 2100 3000 600 1000

680 80 + 5 x 120 sts.r68040.189 2100 2000 600 780

700 75 + 5 x 125 sts70040.189 2100 2000 600 780

720 6 x 120 sts.r72040.189 2100 2000 600 810

720 10 x 72 sts.rs72040.189 2100 3000 600 1180

750 6 x 125 sts75040.189 2100 2000 600 810

792 11 x 72 sts.rs79240.189 2100 3000 600 1250

800 80 + 6 x 120 sts.r80040.189 2100 2000 600 850

825 75 + 6 x 125 sts82540.189 2100 2000 600 840

840 7 x 120 sts.r84040.189 2100 2000 600 900

864 12 x 72 sts.rs86440.189 2100 3000 600 1310

875 7 x 125 sts87540.189 2100 2000 600 870

920 80 + 7 x 120 sts.r92040.189 2100 2000 600 930

950 75 + 7 x 125 sts95040.189 2100 2000 600 910

960 8 x 120 sts.r96040.189 2100 2000 600 950

1000 8 x 125 sts100040.189 2100 2000 600 930

1080 9 x 120 sts.r108040.189 2100 3000 600 1000

1125 9 x 125 sts112540.189 2100 3000 600 1000

1200 10 x 120 sts.r120040.189 2100 3000 600 1100

1250 10 x 125 sts125040.189 2100 3000 600 1100

1320 11 x 120 sts.r132040.189 2100 3000 600 1200

1375 11 x 125 sts137540.189 2100 3000 600 1200

1440 12 x 120 sts.r144040.189 2100 3000 600 1300

1500 12 x 125 sts150040.189 2100 3000 600 1300

saH type (with detuned reactor) - three-phase - 400 V - 50 Hz (continued)
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AlptEC poWER FACtoR CoNtRollERS AND poWER 
QuAlitY ANAlYSER

alptec power factor controllers

Number of steps
power supply

400 V - 50 Hz 230 V - 50 Hz
3 Alptec3.400 Alptec3.230
5 Alptec5.400 Alptec5.230
7 Alptec7.400 Alptec7.230

11 Alptec11st

12 Alptec12.400 Alptec12.230 
Alptec12H(1)

(1) with harmonic measurement

alptec power quality analyser

Device Cat.Nos mounting measurement power  
supply

backup 
battery 

autonomy

Flash 
memory card

Communication 
mode

Alptec R2444d rbAA001.1 din rail 4 voltages and  
4 currents 190-264 V Ac 

240-360 V dc > 30 minutes 512 mb
usb 

ethernet 
rtc modemAlptec R2444i rbAd001.1 portable device 4 voltages and  

4 currents

Alptec 2333 rbAb002 portable  
ip 54 device

3 voltages and  
3 currents

3-ph mode:  
215-600 V Ac 
1-ph mode:  

125-325 V Ac

> 45 minutes 1 Gb usb

accessories and software for power quality anlyser
10 A micro clamps (supplied with 2 m cable) rbAe016

Switchable clamp: 10 A/100A/1000 A (supplied with 2 m cable) rbAG007

Aptec switchable flexible coil (supplied with 3 m cable) rbAe017

Novaflex 56000 modem (56 kb/s) rbAe006

Winalp 2400 software rbAt001

rdAb002Alptec12.400 rbAA001.1
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“All-Film” HV CApACitoRS

technical characteristics

Average loss factor
at power-up 0.15 W/kvar

after 500 hours’ operation 0.10 W/kvar

Variation of the capacitance as a function of the temperature 2 x 10-4/°c

Discharge time to reduce the residual voltage to 75 V after disconnection of the supply 10 minutes

Frequency
standard 50 Hz

on request 60 Hz
Reference standards nF c 54 102, iec 60 871-1 et 2, iec 60 110, Vde 0560/4, Vde 0560/9, bs 1650
permissible overloads continuously 1.3 in

permissible overvoltage

12 hours in every 24 hours 1.1 un
30 minutes in every 24 hours 1.15 un
5 minutes in every 24 hours 1.2 un
1 minute in every 24 hours 1.3 un

temperature class

standard -25°c to +40°c
max. 45°c

average over 24 hours 35°c
average over 1 year 25°c

standard insulation levels (phases/earth) for individual capacitors
Highest voltage for equipment um 
(rms) (kV) 2.4 3.6 7.2 12 17.5 24

test voltage at industrial frequency 
(duration: 10 seconds) (kV) 8 10 20 28 38 50

lightning impulse withstand voltage 
(peak value) (kV) 35 40 60 75 95 125

possible type of protection for capacitors
Capacitor power and 

voltage
Capacitor 

connection
Capacitor 
protection

Associated 
external protection Advantages

All powers and all 
voltages single phase without internal fuses unbalance -

p > 200 kVAr and  
u < 13 kV single phase with internal fuses unbalance • Does not trip on 1st fault

• Assured continuity of service

All powers and  
u < 12 kV three-phase without pressure 

monitoring device Hrc fuses -

All powers and  
u < 12 kV three-phase with pressure 

monitoring device Hrc fuses • No risk of rupture of case
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Dimensions and weight

power 
(standard)

kvar

Dimensions(1) (mm) Weight
(kg)Hc A D

50 190 40 135 17
75 250 100 135 21

100 280 130 135 23
125 350 200 135 27
150 370 220 135 30
175 450 300 135 33
200 460 310 135 35
250 460 310 135 42
300 510 360 175 46
350 590 440 175 53
400 650 400 175 60
450 730 480 175 65
500 790 540 175 70
550 880 630 175 76
600 950 700 175 82

(1) Given the multiplicity of mV capacitor voltages, these 
dimensions must be confirmed by our technical departments.

um rms(2)

kV
Dimension Hb (mm)

indoor type outdoor type 
2,4 75 235
3,6 160 235
7,2 160 235
12 160 235

17,5 235 235
24 265 265

(2) the um rms voltage to be taken into account is the 
voltage of the mains supply to which the capacitor is to 
be connected, and not the nominal voltage of the unit 
(applies in particular to single phase capacitors wired in 
star or double star configurations).

 

A

345

220

D

397

430

Oblong holes 11x15

Hc

Hb

Fixing lugs

Insulated terminals

Connection Ø = M 12

A

345

397

430

Oblong holes 11x15

Hc

Hb

Fixing lugs

Insulated terminals

Connection Ø = M 12
123 123

D
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installation examples

   

   

            
           

          
         

    
 

L1 L2 L3

L1 L2 L3

L1 L2 L3

To unbalance relay

• Fixed type - Delta configuration

• Fixed type with contactors - Delta configuration

• Fixed type - Double star configuration
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