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4. Capacitor Banks for Medium Voltage

RTR designed banks for medium or high 
voltage distribution networks are for 
installation with Transformers, Power Sub-
Stations, Distribution Feeders and the users 
of MV network facilities, to provide reactive 
power compensation, system voltage 
regulation and avoiding penalties for low 
power factor in electrical bills.
The MV capacitors are composed of several 
series-parallel capacitive groups of “film-foil” 
type, impregnated with biodegradable oils 
free of chlorinated compounds (PCBs), very 
low loss, with internal discharge resistors and 
option internal fuses, suitable for mounting 
indoor /outdoors. The total power of the 
bank may be divided into progressive steps 
connection as different control schemes. 
Banks include all elements of isolation, 
control gears, switching, protection and 
communications appropriate for the required 
service.

4.1 Fixed banks for medium voltage 
overhead distribution lines

Fixed capacitor banks are most uses in 
medium voltage networks because of Low 
cost, low weight, easy installation on pole, 
maintenance free. Reducing power losses 
and voltage drops, improving the quality 
of service provided to users. Dimensioned 
to compensate 
m i n i m u m 
daily reactive 
demand, avoiding 
o v e r v o l t a g e 
and harmonics 
overcompensation. 
Formed by 3 or 6 
units capacitors 
connected in single 
or double star 
with isolated or 
grounded neutral 

star. Connected to the network by fuse 
disconnections and preferably equipped 
with overvoltage protectors.

4.2 Automatic capacitor banks for medium 
voltage overhead distribution lines.

They provide finer reactive control according 
to the load. Control strategies based 
either on time of day, voltage level, VAR 
demand, temperature or a combination 
of them. Microprocessor-based controls 
with metering, event recording, annual 
programming and remote supervision 
capacity. 
Capacitor swit-ching by means of economical 
oil switches or maintenance-free vacuum 
switches with dry, solid foam insulation.

4.3 Fixed open type medium voltage 
capacitor banks for industrial installations 
and small power sub-stations.

When the capacitors are installed at the 
customer’s installation, they provide low 
power factor penalty reduction or elimination. 
Floor-or platformmounted banks of reduced 
fooftprint. Capacitors connected in simple 
or double wye with unbalance protection. 
Various sectionalizing and protection 
schemes available. 

MEDIUM VOLTAGE
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4.4 Automatic open type medium voltage 
capacitor banks for large industrial 
installations and power substations.

Control strategies based either on time of 
day, voltage level, VAR demand, temperature 
or combination of them. Single- or multistage 
banks, each stage provided with independent 
switching, protection and inrush current 
limiting reactors. Off-the-shelf or PLC-based, 
open-architecture controls. Special control 
options: Zero-Voltage-Crossing (ZVC) of 
switches, automatic tripping of bank upon loss 
of voltage, time-delayed bank reconnection 
after power restoring. 

4.5 High voltage capacitor banks for large 
power sub-stations.

They provide large amounts of reactive power to 
the system. All bank components are designed to 
withstand large short-circuit currents. Capacitors 
are connected in simple wye, double wye or 
bridge connection. 

4.6 Metal enclosed capacitor banks
Metal-enclosed capacitors modules,factory-
assembled, ready to install in indoor or 
outdoor locations. Capacitor switching with 
vacuum contactors, vacuum switches or 
vacuum circuit breakers. 

4.7 Fixed capacitor Banks for the mining 
and oil industries 

They are used to supply reactive power 
to internal power distribution systems in 
mining and oil fields, and also to provide 
VARs to well pumps, oil-pumping stations, 
etc. Sturdy design to withstand the 
harshest environmental conditions without 
maintenance. No floor preparation works or 
protective fences required. 
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5. Selection chart of MV capacitors for motors and transformers 

5.1 Charts for MV motors

Power
KW
150
180
200
250
300
400
500
750
1000
1300
1600
2000
2500
3000
4000
5000

Aparent
Power
MVA

2,5
3,15

4
5

6,3
8
10

12,5
16
20
25

31,5
40

Nominal
H.P.
204
245
272
340
408
543
680
1019
1359
1766
2174
2717
3397
4076
5435
6793

Primary
Voltage

kV
≤20
≤20
≤20
v20
≤36
≤36
≤36
≤36
≤66
≤66
≤66
≤66
≤66

Secondary
Voltage

kV
≤16
≤16
≤16
≤16
≤20
≤20
≤20
≤20
≤20
≤20
≤20
≤20
≤20

Reactive
power
kVAr
190
240
300
375
475
600
750
940

1200
1500
1875
2360
3000

3000 r.p.m
30
40
42
53
63
80
100
150
200
260
320
400
500
590
800
1000

1500 r.p.m.
37
45
50
63
75

100
125
187
250
325
400
500
625
750

1000
1250

Reactive power (kVAr)

5.2 Charts to transformers
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6.1 Simple star connection

This type of protection is based on impedance 
variation in the phases to happen a failure in 
one of the capacitors. It consists a current 
transformer connected between two 
electrically balanced points and combined 
with a current relay. 
When that happens, an unbalance current 
flows from the connection between the 
neutral and earth in the bank in which the 
primary of a current transformer is connected 
to a single core measurement and secondary 
turn feeds to an overcurrent relay (with 
rejection of harmonic currents). This type of 
protection is used in powerful banks in high 
voltage. 
In this case, the impedance increases in the 
phase of the units which is out of service in 
the same proportion to the same quantity. 
The banks made with capacitors with internal 
fuses in elements, their action also results 
in an increase in impedance in this branch, 
but in this case the variation is much smaller, 
because the other internal elements of 
capacitor continue working.
Consequently, adjusting the protection must 
discriminate unbalance current variations 
much lower. In some cases it is desirable to 
have an ampere meter which always measure 
unbalance current variations base, so that we 
can see variations that may give premature 

signs of any inconvenience at the bank. In 
other cases you can choose one protection 
with a first alarm step and a second step 
of disconnection. In all these cases it is 
advisable to contact our technical department 
to determine the adjustment calculation 
protections, specifying the total number of 
units, the characteristics of each capacitor, 
the CT and relay available.

6.2 Double star with isolated neutral connection

This type of protection is bases on the 
impedance variation of the one phase of one 
of the stars of the bank to a fault happen in 
one of the capacitors.
When that happens, an unbalance current 
flows through the connection between the 
neutral of the star, on which the primary 
of a current transformer is connected to a 
single measurement core, whose secondary 
turn feeds an overcurrent relay. This type of 
protection is used by almost all banks in MT 
medium and large power, particularly those 
installed in sub-stations.
The variation in impedance capacitor banks 
without internal fuses is produced by the 
action of an external fuses. In this case the 
impedance increases in the phase out of 
service units, in proportion to the quantity 
of the same. In banks made capacitors with 
internal fuses, the performance of one of 

6. Unbalance protection in neutral current
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these also causes an increase in impedance 
in this branch, but in this case this variation 
is much lower, as the other elements of that 
capacitor continue working. Consequently 
adjustment protection should discriminate 
unbalance current variations much smaller.
In some cases it is convenient to have an 
ampere meter which always measures current 
unbalance, so that we can see variations that 
may give premature signs of any problems 
at the bank. In other cases, you can choose 
one protection with an alarm first step and a 
second step of disconnection.
In all these cases it is advisable to contact 
our technical department to determine the 
adjustment calculation protections, specifying 
the total number of units, the characteristics 
of each capacitor, the CT and relay available.

the facility.
- Malfunction of computers and electronic 

control equipment.
- Interference in lighting and communication 

circuits.
- Resonance with other system components.
- Errors in measurements equipment.
- Malfunction of components which connects 

in zero crossing.
- Decrease of power factor.

7.2. Harmonic filter reactors

The reactors are allows to solve the problems 
from harmonic distortion in the system. For 
proper design of reactor, it is necessary to 
study of harmonic in voltage and current by 
analyzing electrical power in the system. 
RTR´s reactors are anti-resonance and they 
are connected in series with capacitor powers. 
The low impedance of the system frequency 
50Hz (or 60Hz) and the high impedance of 
the harmonic frequency allows to protect the 
capacitor from resonance and other negative 
effects.

7.1 Harmonic distortion and its prejudicial 
effect

Non-linearity loads such as Arc and Induction 
furnaces, saturable reactors, variable speed 
drives, AC/DC convertors, electronics 
controls..ect. are increasing non-linear loads 
in the system. Unfortunately, these kind of 
loads have undesirable effects in alternating 
current power supply and it is necessary an 
important quantity of inductive power with 
sinusoidal current. The grid must be free 
of these distortions to prevent equipment 
malfunction hence this harmonic load leads 
to increase the current in capacitors while 
impedance decreases.
These harmonics distortions can produce 
negative effects as:
- Increasing the current in capacitors and 

capacitors banks, which implies shortening 
the lifespan of the capacitors. Malfunction 
of fuses.

- Ill-timed tipping of breakers and other 
protection equipment.

- Increase in losses and bad use of the 
facility. Overheating of gears, transformers, 
connectors, wires, and other equipment in 

7. Medium voltage harmonic filters
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Current limiting reactors for 
medium voltage applications 
are used to dampen the 
transient current spikes that 
happen during the turn on 
the electrical components 
and machines. Most common 
example is the power factor 
correction capacitors. During 
the initial charging of these 
capacitors a very large 
inrush current occurs. These 
reactors, when connected in 

series with a capacitor bank, preventing this 
inrush spikes, thus preventing protection 
devices from kicking in and shutting the 
system down. 

8. Current limiting reactors

7.2.1.  MV iron core harmonic fi lter reactors
 

Iron core medium 
voltage detuned 
reactors are main-
ly used at applica-
tions where space 
is limited. In some 
cases, they may 
present a more 
economical so-
lution than an air 
cored counterpart. 
These units are de-
signed for indoor 
use only.

The materials used are high quality which 
allows high linearity, low losses and high effi -
ciency. Vacuum impregnated varnish ensures 
silent and moisture-immune operation.

7.2.2 MV air core harmonic fi lter reactors
 
Similarly, these reactors allow 
to avoid the problems deriva-
tives from harmonic distortion 
in system. 
Air core reactors has similar 
electrical characteristics as 
iron core reactors, but they are 
without an iron core. These re-
actors make up for the lack of 
magnetic material by having 
more turns in windings, thus 
resulting in larger dimensions. 
Since it is very hard to saturate 
air, these type reactors have 
excellent linearity, maintaining 
same amount of inductance 
value, regardless of current.
Air core reactors can be used 
independently, or they can be 
mounted on top of each other.

Standard
Winding material
Core material
Impregnation material

Standard
Winding material
Core material
Impregnation material

IEC 60076-11
Copper or aluminum
Iron 
Vacuum varnish

IEC 60076-11
Copper or aluminum
Iron 
Vacuum varnish

Technical Characteristics Technical Characteristics 

Furthermore the additional impedance 
provided by these units can be used to 
reduce the short circuit current of the system, 
allowing for circuit breakers with lower short 
circuit capacity to be used. Air core reactors 
can be used independently, or they can be 
mounted on top of each other.
RTR´s reactor has high linearity, low losses 
and high effi ciency.

Standard
Winding material
Impregnation material

IEC 60076-11
Aluminum
Vacuum varnish

Technical Characteristics 


