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Presentation Prefabricated metal-enclosed 
and metal-clad switchgear
Frequency and switchgear functions

Frequency
Two frequencies are usually used throughout the world: 
A short list could be summarized as follows, knowing some countries use both 
frequencies in di!erent networks:
•  50 Hz in Europe – Africa – Asia - Oceania – South of  South America except 

countries mentioned for 60Hz.
•  60 Hz in North America – North of  South America – Kingdom of  Saudi Arabia  

– Philippines –Taiwan – South Korea - South of  Japan. 

Switchgear functions
The following table describes the di!erent switching and protecting functions met  
in MV networks and their associated schema.

Designation  
and symbol

Function Current switching
Operating 
current

Fault current

Disconnector Isolates

Earthing switch Connects  
to the earth

(short-circuit 
making capacity)

Load break switch Switches loads Ɣ

Disconnecting switch Switches 
Isolates

Ɣ

Circuit-breaker Switches 
Protects

Ɣ Ɣ

Contactor Switches loads

Ɣ

Withdrawable contactor Switches  
Isolates  
if  withdrawn Ɣ

Fuse Protects  
Does not isolate

Ɣ (once)

Withdrawable devices See associated 
function

See associated 
function

See associated 
function

Ɣ = yes
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There are three main types of electric 
circuit opening and closing devices 
which are used in medium voltage 
networks.

3. Selection of switching devices

Switch-disconnectors
Switch-disconnectors or isolators able 
either to open the rated current or not 
(obviously with a high power factor).
Together with the devices mentioned 
previously, the fuses which are associ-
ated both with the contactors and often 
also with the switch-disconnectors, 
must also be considered.
There are other devices for particu-
lar applications (such as short-circuit 
limiting devices) which are for particular 
applications.
The various types of circuit are analysed 
below regarding the advantages and 
disadvantages of selecting the switch-
ing device with the only criterion of the 
PROTECTION�SYSTEM��/THER�CONSIDERATIONS�
regarding types of plant, maintenance, 
etc. are excluded from this analysis, 
but which the designer must keep well 
in mind when selecting the switching 
device.

Generators 
The importance and cost of the machine, 
the low number of operations required, 
and the need to delay opening in the 

Circuit-breakers
Apparatus able to close and interrupt 
the short-circuit current.

Contactors 
Apparatus able to carry out a high 
number of operations and interrupt 
limited short-circuit currents.

case of a fault to guarantee selective trip 
of the protections, recommend use of a 
circuit-breaker.
Attention must in any case be  paid to 
the value of asymmetry which the circuit-
breaker is able to interrupt since in net-
works near generators the unidirectional 
component of the fault current is high.

Transformers  
Selection of the switching device is 
influenced by how many and which 
possible faults in the machine are to 
be recognised and eliminated. To make 
correct selection, it  must be known 
which switching device and any relative 
protections are used on the secondary.
7HEREAS�MEASUREMENT�ON�THE�PRIMARY�
side for overloads and two- and three-
phase short-circuit provides precise 
indications regarding the type and 
position of the fault, in the case of a 
ground fault (if the transformer connec-
tion unit is star delta as it normally is for 
distribution transformers), there are two 
independent circuits which have to be 
monitored.
5SING�SWITCH
DISCONNECTORS�WITH�FUSES��

Selection of switching devices
There are three main types of electric circuit  
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 which are used in medium voltage networks.
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Non-inductive current and voltage sensors 

Since the power aborbed by the devices connected to the 
secondary circuit is extremely limited,  
it is no longer necessary to have magnetic circuits for the 
coupling between the primary and secondary circuit. 

Current sensors or air CTs (Rogowsky coils)  
and voltage sensors (voltage dividers)  
have therefore been developed, which eliminate the 
negative as- pects of the inductive type of transformers 
(hysteresis cycle).
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efficiently grounded. The cable capacity, together with the 
VT inductance, makes up an oscillating circuit (R L C). The 
conditions for which the circuit itself goes into resonance can 
therefore occur on the circuit (capacitive reactance = induc-
tive reactance saturates the VT) and, although the cause 
of the saturation ceases (for example, an ground fault), a 
transient oscillation remains (i.e. a multiple frequency of that 
of the network) of reactive energy put into play by the com-
PONENTS�OF�THE�OSCILLATING�CIRCUIT��/WING�TO�THE�FREQUENCY�OF�
this oscillation, a permanent and high circulation of current 
is produced just in the primary winding. Since this current is 
only magnetising, the secondary winding is little involved, so 
there is a lot of heating at the primary and negligible heating 
on the secondary. Abnormal heating of the windings always 
produces a strong internal pressure, consequently breaking 
the external housing.
The measures taken to prevent ferroresonance phenomena 
are mainly to:
–  increase the magnetisation impedance of the VT;
–  use VTs which work with lower induction than the predicted 

one;
–  use VTs with high permeability iron;
–  insert damping resistances (or, in any case, devices with 

non-linear resistance) in series with the secondary wind-
ings connected with open delta (the voltage relay must be 
connected in parallel with the anti-ferroresonance resist-
ance).

In the past, a secondary set of three VTs connected with open 
delta was used to measure the homopolar voltages (needed 
TO�IDENTIFY�THE�GROUND�FAULTS	��)N�MODERN�DIGITAL�APPARATUS��2%&�
54. type relay), it is no longer necessary to provide this sec-
ondary of the VTs since the homopolar voltage (vectorial sum 
of the three phase voltages) is calculated inside the relay itself 
(the signal which comes from the secondary with open delta 
is often less precise).

4.4 Non-inductive current and 
voltage sensors

Since the power aborbed by the devices connected to the 
secondary circuit is extremely limited, it is no longer neces-
sary to have magnetic circuits for the coupling between the 
primary and secondary circuit. Current sensors or air CTs 
(Rogowsky coils) and voltage sensors (voltage dividers) have 
therefore been developed, which eliminate the negative as-
pects of the inductive type of transformers (hysteresis cycle). 
Particular reference is made to:
–  saturation: the saturation phenomenon does not exist with 

current sensors (there is no iron) and therefore definition of 
the ultimate precision factor is no longer a problem;

–  performance: the previous examples showed how dif-
ficult it is to reconcile the performance of the instrument 
transformers with the loads connected to the secondary. 
In fact, the need to have at least 25% of load to guarantee 
precision is no longer a problem;

–  rated primary currents and voltages: the linearity of re-
sponse allows 95% of the applications to be covered with 
just two or three types of transducers, with considerable 
advantages for standardisation of the switchgear compart-
ments and the possibility of their rapid re-conversion;

–  there is no longer the need to have instrument CTs or VTs 
and/or Protection CTs or VTs since precision is constant 
and there is no longer the problem of saturation.

The reference Standards for the current and voltage sensors 
are:
n�� )%#������
�������
��	�AIR�#4S��ELECTRONIC�CURRENT�TRANS-

formers);
n�� )%#������
�������
��	�6OLTAGE�DIVIDERS��64S	��ELECTRONIC�

voltage transformers).

For current sensors or air CTs, the main characteristic is that 
these are transformers whose magnetic circuit is replaced by air. 
A peculiar fact about these types of CTs is that the secondary 
signal is not proportional to the primary size, but to its derivative 
(which, when suitably integrated in the devices connected to 
the secondary, allows current measurement to be obtained). As 
already pointed out, there are no saturation phenomena, but as 
a negative aspect there generally the precision class, which in 
present-day design does not reach the characteristics which can 
be had for the inductive type of instrument CTs.
The main characteristic for the voltage sensors is the lack of 
ferroresonance phenomenon (obviously because there is no 
longer any iron). 
This is not a negligible advantage where there is still the use of 
networks run with isolated neutral. As for air CTs, in the current 
state of technology, the precision class of voltage dividers (VTs) 
does not yet reach that of the inductive type of VTs either.

Combined current – voltage sensors
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There are basically two types of multifunction devices:
– line switch-disconnector/earthing switch
– circuit-breaker/feeder disconnector/earthing switch

The ABB GSEC switch-disconnector/earthing switch is based 
precisely on this design philosophy. The enclosure consists 
two half-shells; the upper one in insulating epoxy resin 
makes it possible to minimize the distances to the walls of 
the switchgear, and therefore to achieve particularly compact 
solutions. The lower half-shell, on the other hand, is made of 
stainless steel and allows the metallic segregation between 
the busbar compartment and the compartment adjacent to 
the switchgear, allowing the earthing of the two compartments 
and therefore allowing personnel to operate safely. With this 
solution it is possible to design electrical switchgear classified 
as PM (Metal Partition). 
In accordance with Standard CEI EN 62271-1, the device is 
classified as a “sealed pressure system” since no interventions 
related to the gas will be required during its operational life, in 
this case 30 years. In addition, the high number of mechanical 
operations (class M2=5000 operations with a single spring 
operating mechanism and class M1=1000 operations with 
a double spring mechanism) and electrical operations (class 
E3 on line contacts with 5 closures on short-circuit currents 
and 100 interruptions on the rated current) help to make it a 
virtually maintenance-free device. Its compactness is further 
improved also by the integration of the capacitive sockets 
and cable connections directly on the lower insulators. The 
switchgear can then mount a Voltage Presence Indicating 
System (VPIS) system, which signals the presence of voltage 
on the cables connected to the switchgear in accordance 
with the Standard IEC 61958. Upon completion of the safety 
measures we find a mechanical indication of the position of 
the switchgear, a signal connected directly to the operating 
shaft of the switchgear (as per Annex A of IEC 62271-102). 

4.  Sizing and choice of equipment 
 and components

1 Opening and closing push-buttons 
2. Connection for the line operating 

lever
3. Connection for the earth operating 

lever
4. Voltage signalling lamps    

(if applicable)

Line Open Earth

5. Top insulators
6.  Enclosure (power part)
7. Housing of the operating 

mechanism
8. Bottom insulators
9.  Mimic diagram 
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A further development of this concept is the ABB HySec 
multifunction device, an integrated and highly compact 
solution that combines the functions of three different devices: 
circuit-breaker, line disconnector and earthing switch; as in 
the case of the GSsec, the bottom stainless steel part allows 
metal segregation between the cable compartment and 
the busbar compartment, guaranteeing maximum operator 
safety during installation or maintenance of the switchgear 
but, at the same time, ensuring continuity of service. In this 
case too, it has to be considered that the interlocks between 
the various functions are part of the appliance itself and are 
therefore factory tested. The integrated solution is therefore 
particularly interesting for use in medium voltage switchgear 
for secondary distribution.
The circuit-breaker function is integrated in the upper part and 
for this purpose a vacuum circuit breaker is housed in the in 
the upper half-shell. The lower half-shell houses a line switch-
disconnector (to isolate the cables from the busbars) and 
earthing switch (to earth the actual cables). 
The use of vacuum interrupters to interrupt short-circuit 
currents provides a brilliant way to isolate the arc chamber of 
the circuit-breaker from the rest of the environment, filled with 
SF6, which is therefore aimed at the isolation and operation of 
the disconnector. The vacuum interruption also ensures high 
electrical performance.
The appliance is very flexible in that it can be used both as 
an input and output unit. In addition, the very limited number 
of components that characterize this integrated solution and 
the fact that it is tested as a single device makes it intrinsically 
very reliable. In accordance with Standard CEI EN 62271-1, 
the device is classified as a “sealed pressure system” since 
no interventions related to the gas will be required during 
its operational life, in this case 30 years. Its compactness 
is further improved also by the integration of the capacitive 
sockets and cable connections directly on the lower 
insulators.

1.  Operating mechanism of the the interrupting part
2.  Resin housing of the interrupting part
3.  Mechanical interlock between feeder disconnector and earthing switch
4.  Lower part in stainless steel
5.  Operating mechanism of the line disconnector and the earthing switch
6.  Lower isolators with integrated capacitive sockets

 Closed Open Isolated  Earth
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Gas circuit-breakers HD4/R-Sec
(with REF601 relay and current sensors) 

 Vacuum circuit-breakers VD4/R-Sec
(with REF601 relay and current sensors) 

4.2 Circuit-breakers
It is important to underline that as a general device DG it is 
recommended to use a circuit-breaker, because the standard 
requires all MV Users to be protected against earth faults. 
The choice of general device may therefore fall either on the 
multifunction device that we have already seen or, if a more 
traditional solution is required and with higher performance 
electrical characteristics in terms of rated current and 
breaking capacity, on circuit-breakers. Obviously the Standard 
CEI 99-4 emphasizes that in MV systems the circuit-breakers 
must have adequate breaking and closing capacity for the 
short-circuit current calculated at the point of installation. It 
also suggests including an alarm that will immediately signal a 
power outage on the operating mechanism so that immediate 
action can be taken to restore its power supply (see also 
Standard CEI 0-16).

ABB circuit-breakers of the VD4/R and HD4/R series with 
lateral operating mechanisms have been designed specifically 
for use in secondary distribution switchgear and are used 
in MV/LV transformer substations in the industrial sector in 
general and in the service sector. The use of vacuum circuit-
breakers provides particular advantages in power systems 
where required frequent operations are required with normal 
operating currents. VD4/R vacuum circuit-breakers provide 
high operating reliability and a long life.
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Criteria SF6 Circuit Breaker Vacuum Circuit Breaker

Switching of Short circuit current with 
High DC component

Well suited Well suited

Switching of Short circuit current with 
High RRV

Well suited under certain conditions 
(RRV>1-2 kV per Milli seconds

Very well suited

Switching of transformers Well suited. Well suited

Switching of reactors Well suited Well suited. Steps to be taken when 
current <600A. to avoid over voltage 
due to current chopping

Switching of capacitors Well suited. Re-strike free Well suited. Re-strike free

Switching of capacitors back to back Suited. In some cases current limiting 
reactors required to limit inrush 
current

Suited. In some cases current limiting 
reactors required to limit inrush 
current

Switching of arc furnace Suitable for limited operation Well suited. Steps to be taken to limit 
over voltage.

Comparison of the SF6 And Vacuum Switching Technologies In Relation To Switching Applications
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Switchgear de!nition Current-limiting fuses
Introduction 
Characteristics

Introduction 
MV current-limiting fuses are primarily used to protect transformers, and also 
motors, capacitors and other loads. 

Characteristics 
Ratings of  the fuse-base 
• Rated voltage
• Rated current
• Rated insulation level (power-frequency, dry, wet and impulse withstand voltages) 
Ratings of  the fuse-link 
• Rated voltage 
• Rated current 
• Rated maximum breaking current
• Rated frequency
• Rated minimum breaking current for Back-Up fuses.
• Rated TRV 
Characteristics of  the fuse-link
• Temperature rise
• Class 
• Switching voltages
• Time-current characteristics
• Cut-o"  characteristics 
• I2t characteristics 
• Mechanical characteristics of  the strikers
• Maximum application temperature

Rated voltage (Ur) (cf. § 4.2 IEC 60282-1) 
A voltage used in the designation of  the fuse-base or fuse-link, from which the test 
conditions are determined.
The rated voltage of  a fuse and should be selected from the following table.

Series I (kV) Series II (kV)
3,6 2,75
7,2 5,5
12 8,25
17,5 15
24 15,5
36 25,8
40,5 38

NOTE 1:  This rated voltage represents the highest voltage for the equipment (see 
IEC 60038). 

NOTE 2: On three-phase solidly earthed systems, fuses may only be used provided 
that the highest system voltage is less than or equal to their rated voltage. On single 
phase or non-solidly earthed systems, fuses may only be used provided that the 
highest system voltage is less than or equal to 87 % of  their rated voltage, unless 
speci!c testing has been performed (see IEC/TR 62655:2013, 5.1.3).

Sectional view of  a fuse link

D
M

10
52

61

1 - Contacts
2 - Case
3 - Core
4 - Fuse elements
5 - Extinguishing agent
6 - Strike

1

2
3
4

5

2

4

5

6

3



MV Technical Guideschneider-electric.com I 107

Switchgear de!nition Current-limiting fuses
Characteristics

Rated insulation level (fuse-base) (cf. § 4.23 IEC 60282-1) 
Fuse-base rated insulation levels – Series I
It is based on practice in Europe, and standard reference conditions of  
temperature, pressure and humidity are 20 °C, 101,3 kPa and 11 g/m3, respectively, 
of  water.

Rated voltage 
of the fuse kV

Rated lightning impulse withstand voltage  
(negative and positive polarity)

Rated 1 min power-frequency 
withstand voltage (dry and 
wet) kV (r.m.s.)List 1 kV (peak) List 2kV (peak)

To earth
and
between
poles

Across 
the isolating
distance of  
the fuse-base
(see note)

To earth
and
between
poles

Across 
the isolating
distance of  
the fuse-base
(see note)

To earth
and
between
poles

Across 
the isolating
distance of  
the fuse-base
(see note)

3,6 20 23 40 46 10 12
7,2 40 46 60 70 20 23
12 60 70 75 85 28 32
17,5 75 85 95 110 38 45
24 95 110 125 145 50 60
36 145 165 170 195 70 80
40,5 180 200 190 220 80 95
52 250 290 250 290 95 110
72,5 325 375 325 375 140 160
NOTE: An isolating insulation level should be specified only for those fuse-bases to which isolating properties are assigned.

Fuse-base rated insulation levels – Series II
It is based on practice in the U.S.A. and Canada where standard reference 
conditions of  temperature, pressure and humidity are 25 °C, 101.3 kPa  
and 15 g/m3, respectively, of  water.

Rated
voltage 
of
the fuse 
kV

Rated lightning impulse withstand 
voltage (negative and positive 
polarity) kV (peak)

Rated power-frequency withstand voltage kV (r.m.s.)

To earth and 
between poles

Across the isolating 
distance  
of the fuse-base 
(see note)

To earth  
and between poles

Across the isolating
distance of  the fuse-base
(see note)

Outdoor Outdoor

1 
m

in
 d

ry

10
 s

 w
et

1 
m

in
 d

ry

10
 s

 w
et

2,75 45 50 15 17
4,76 60 70 19 21
8,25 75 95 80 105 26 35 30 29 39 33
15 95 105 36 40
15,5 110 110 125 125 50 50 45 55 55 50
25,8 125 150 140 165 60 70 60 66 77 66
38 150 200 165 220 80 95 80 88 105 88
48,3 250 275 120 100 132 110
72,5 350 385 175 145 195 160
Note: An isolating insulation level should be specified only for those fuse-bases to which isolating properties are assigned.

Rated frequency (cf. § 4.4 IEC 60282-1) 
Standard values of  rated frequency are 50 Hz and 60 Hz.

High current interruption for 
current limiting fuse

Voltage across the fuse

Current through the fuse

Fuse switching voltage

Fuse melts

Prospective current

Arc voltage

TRV
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The MV switchgear must contain the previously described 
devices safely according to the product standard CEI EN 
62271-200. The switchgear must be located in the User room 
of the electrical substation and is therefore one of the most 
important elements for the physical sizing of the structure.
The configuration of the MV switchgear, in addition to 
containing the input of the connection cable and the DG, 
depends on the wiring diagram of the User installation. 

6.1 Diagram of the user 
installation 

The scheme to be adopted in general for the users for the MV 
switchgear immediately downstream of the connecting cable 
is shown in the following figure. Depending on the protections 
requirements, the scheme must be completed with a set of 
transformers/transducers that may be of the type TV-I or TV-
NI.

6.  Diagram of user system for 
connection and MV switchgear

The dashed VT branched on the busbar, indicated by B, is an 
alternative to the recommended solution indicated by A.
As you can tell from the previous figure, the ideal positioning 
of the homopolar toroid TO is upstream of the DG; the ideal 
solution both for the inductive CTs and VTs and for the 
non-inductive transducers is to position them immediately 
downstream of the DG.

It is also allowed to position the TV-I upstream of the circuit-
breaker or of the phase CTs, but in this case they must be 
protected, on the MV side, with an IMS combined with fuses 
(In d 6.3 A) to protect the primary of the TV-Is. It must be 
highlighted that the tripping of any primary fuses and/or 
protections of the secondary circuit must in any case cause 
the DG to open, or switching of the function of protection 
67N (directional protection for earth faults) to 51N (homopolar 
overcurrent protection), keeping the same set values relating 
to homopolar current tripping thresholds, and restoring the 
67N protection in the shortest possible time so as to avoid 
accidental tripping in the event of single-phase earth fault 
external to the User network. If instead the VTs are branched 
downstream of a DG and phase CT, there are no constraints 
on the primary protection of the actual VTs. Lastly, the TV-NIs 
do not require protection on the MV side. 

Connection cable

Distributor Distributor

User UserUser

Distributor

Disconnector 
optional

TO

Phase CT

For the remaining user installation

DG = General Device
SPG = General Protection System
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