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1. GENERAL INFORMATION  
 
 
   Solutions of medium voltage capacitor banks can be divided for following families 
of insulation level: 
 

-  12kV insulation level capacitor banks (6,3; 7,56; 10,5; 11; 12kV) 
-  24kV insulation level capacitor banks (15; 15,75; 20; 21; 22; 24kV) 
-  30-72kV insulation level capacitor banks (30; 31,5; 35; 40; 55; 72,5kV) 
-  110kV and 220kV capacitor banks. 

 
12kV insulation level capacitor banks first of all are designed for power factor 
correction in industrial networks. Generally, they are executed as indoor, rarely as 
outdoor. Construction solutions include fixed (for individual PFC), automatic 
switched and automatic regulated; without reactors or with reactors in protective or 
in filtering system. Capacitor banks may be assembled on steel racks, in cubicles or 
on basis of existing bays in switching stations.  
 
24kV insulation level capacitor banks first of all are designed for power factor 
correction in distribution stations 15kV and 20kV. They are executed generally as 
outdoor (seldom as indoor). Taking into consideration limited scope of switching 
equipment for voltages higher than 12kV, usually such capacitor banks are 
executed as fixed or as automatic transformer filters. 
 
30-72,5kV insulation level capacitor banks are designed for power factor 
correction of large loads, such as arc furnaces. They are executed as indoor or 
outdoor, in harmonics filtering system. Usually power factor correction system 
consists of several filters, fixed, automatic regulated (switching by means of 
vacuum circuit-breakers 36kV) or creating a part of a SVC dynamic power factor 
correction system. 
 
110kV, 220kV capacitor banks are designed for power factor correction in high 
voltage distribution stations. They are executed as outdoor, fixed. 
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2. SIZING OF PFC SYSTEM PARAMETERS 

2.1. Localisation of PFC equipment in the network 
  
   Kind of power factor correction, and thus localisation of the capacitor bank in 
energetic network is determined on basis of assumed aims of the PFC. Chosen 
kind of power factor correction determines rated voltage of the system and way of 
the regulation (fixed, automatic switched, automatic regulated). 
 
   Individual PFC means connection of the capacitor directly to the terminals of a 
compensated load and in most cases – switching by means of the same switch. 
Such solution ensures maximum relieving of the network, as the reactive power is 
generated close to the load. The disadvantage of such solution is that capacitors 
are not being utilised during idle time of the load, and thus necessity of PFC 
systems installation of big power. For such kind of PFC, fixed capacitor banks are 
utilised.  
 
   The most common kind is a group PFC , meaning installation of the capacitor 
bank for a group of loads supplied from one section of a station. Capacitor bank is 
usually automatic regulated. Such execution require additional measuring, 
protection and control equipment and circuits. 
 
   Central  PFC means installation of one capacitor bank for a plant or a distribution 
station. Thus, total power required is minimised, and automatic regulation ensures 
power factor close to set value. The disadvantage of this solution is reactive current 
flow by supplying and distribution network, transformers and lines supplying loads.  
For central PFC, automatic regulated or, in case of a constant demand for power 
factor (i.e. in distribution stations) automatic switched or fixed capacitor banks.  
 

 
 

 

a)

b)

 

Individual PFC Group PFC Central PFC on high (a) and medium (b) 
voltage level 
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2.2. Choosing of regulation manner  
 
Manner of capacitor bank’s regulation depends on variability and dynamics of 
capacitive power demand. 
 
In case the power demand is constant, fixed  capacitor banks  are utilised. It is the 
simplest solution, often without its own switching and protective equipment nor 
separate supplying switchgear (in case of capacitor banks for individual power 
factor correction).  
 
Automatic switched capacitor banks are more complex. The capacitor bank 
consists of one grade, thus the regulation is made in “0-1” manner and automatic 
connection and disconnection ensures no overcompensation.  
 
Automatic regulated capacitor banks : capacitor bank consists of grades, each of 
them consisting of sets of capacitors, reactors or coils, protections and switching 
equipment. Thus, the cost of an automatic regulated capacitor bank is much higher 
than a fixed capacitor bank of the same power.  
Such execution in medium voltage network implies several decisions, which 
influence the price, maintenance costs and efficiency of power factor correction 
equipment: 
 

-  Discharge time of capacitors, and thus regulation time.  
Capacitor, before successive energising, has to be discharged. According to 
IEC60871 standard, the discharge time of capacitor should be 10 minutes to 
a safe level (75V). “ELMA energia” company utilises in its installations units 
of discharge time 5 minutes to level of 50V. Shorter discharge times, and 
thus shorter idle time of grades, can be ensured by means of fast discharge 
circuits’ voltage transformers. However, it has to be taken into consideration 
that life expectance of medium voltage switching equipment (especially 
circuit-breakers) is limited, so reduction of regulation time increases 
maintenance costs. 
 

-  Power of the first grade (regulation step)  
Power of the first grade determines quantity of power levels the capacitor is 
able to obtain. From one point of view, its value has to ensure proper power 
factor value during low burden periods, from the other side –too low value is 
not economically reasonable (capacitor bank of the same power but with 
lower regulation step requires implementing more grades).  
 

-  Power of each grade.  
Effective grading of the capacitor bank’s power requires, that the power of a 
successive grade cannot be higher than twice power of the preceding grade. 
Ratio of each grade power comparing to the power of the first grade is called 
a regulation sequence. The regulation sequence, which ensure the most 
comfortable conditions of the capacitor bank’s operation, the most exact 
utilisation of PFC equipment power and unification of apparatuses is 1:1:1... 
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regulation sequence, where powers of each grade is the same. The 
disadvantage of such solution is much higher cost and bigger space 
requirements (i.e. capacitor bank of 6 regulation steps with 1:1:1... regulation 
sequence consists of six grades, and with 1:2:3 sequence – only of three).  

-  Switching equipment.  
For 12kV capacitor banks vacuum contactors are used as a switching 
equipment. For higher voltages, there is a necessity of utilising vacuum of 
SF6 circuit breakers, which’s life expectance is limited and thus maintenance 
costs are higher. The alternative is solution patented by “ELMA energia” 
company – transformer filters. 

Dynamic power factor correction  – it is the most expensive kind of power factor 
correction, where the power of the system is adjusted to network demand within 
miliseconds. There are two basic solutions: 

-  TSC systems, which – in similar way as automatic regulated capacitor 
banks – consists of capacitor grades, but in this case the thyristor switches 
are used; “ELMA energia” company offers for this purpose dynamic 
transformer filters, 

-  TCR/FC systems, consisting of fixed capacitor banks FC and thyristor 
controlled reactor. 

2.3. Operation in harmonics presence 
 
   Wide application of electroenergetic appliances, especially non-linear loads (traction 
stations, regulated electric drives, heating technologies), and such loads as welding 
machines and arc furnaces, results in generation harmonics – sine waves of frequencies 
higher than fundamental component (3rd harmonics: 150Hz, 5th harmonics: 250Hz,           
7th harmonics: 350Hz, etc.). 
 

 
Sine wave disturbed by harmonics presence 

 
    Operation of the capacitor bank in “polluted” network is endangered in relation with: 
 

-  overload of capacitors caused by higher effective value of current (according to 
standards, capacitors are able to operate with current not higher than 130% of 
rated value), 

-  possibility of resonance phenomena between capacitance of the capacitor bank 
and inductances of the supply network, what might cause generation of currents of 
values close to short-circuit ones.  
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   Possibility of the resonance phenomena might be estimated by calculation of resonance 
frequency of the circuit: supplying network – capacitor bank. This value determines 
frequency, for which the reactance of the circuit is zero:  

 

Q
S

ff ZW
1r ´=  

 
where: Szw – SC power of the system in point of capacitor bank’s installation (MVA);  

Q – power of the capacitor bank (MVar);  
f1 – fundamental harmonics frequency (Hz). 

 
   In networks, in which voltage and current sine waves are distorted by harmonics, 
capacitor banks with resonance reactors are utilised.  
 
   In such kind of equipment, there is a reactor connected in series with capacitor. 
Inductance of the reactor together with capacitance of the capacitor create a resonance 
circuit of resonance frequency fr.  
 
    For frequency values lower than fr, including fundamental component harmonics 50Hz, 
the circuit has a capacitive character. For frequencies above resonance frequency fr, 
reactor-capacitor circuit has a inductive character, preventing resonance phenomena 
occurrence. 
 
   In detuned capacitor banks (capacitor banks with protective reactors), such parameters 
of capacitors and reactors are taken, to ensure resonance frequency lower than lowest 
recorded frequency of harmonics. I.e. for network with 5th, 7th, 11th, 13th... harmonics, L and 
C parameters of the circuit should give a resonance frequency in range between 174Hz 
and 210Hz (the most often: 189Hz). Detuned filters are used mostly in multi-grade 
automatic regulated capacitor banks. 
 
    In tuned capacitor banks (passive filters), resonance frequency fr is close to frequency 
of filtered harmonics. PFC system might consist of one filter, or of several filters (i.e. of 2nd

, 

3rd
, 4

th
, 5

th harmonics for arc furnaces, or 5th, 7th, 11th and 13th harmonics for large loads 
supplied by 6-pulse inverters). Sets of filters are executed usually as fixed, as their 
automatic regulation require solving of several problems on design stage (i.e. matter of 
proper switching sequence of filters).  
 
   During choosing of filter type (tuned, detuned) it is necessary to take into consideration 
aspects of required electric energy quality (installation of tuned filters in order to obtain 
required harmonics levels), as long as economical (tuned filters are more expensive than 
detuned ones). 
 
   During analyse of capacitor bank’s operation possibility without resonance reactors it is 
necessary to take into consideration, that harmonics could be generated not only by loads 
in the plant, but they can flow from distribution network (especially in the vicinity of large 
industrial plants), thus before it is necessary to conduct measurements of current and 
voltage harmonics. As a series connection of capacitor and reactor results in voltage rise 
on capacitor terminals, in capacitor banks with reactors it is necessary to use capacitors of 
rated voltage higher than network voltage. Therefore, it is not possible to make simple 
modernisation of capacitor bank without reactors if there is a necessity of reactors’ use. 
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Software  
 
„ELMA energia” company owns a sophisticated computer software which enables full 
analyse of capacitor bank’s operation possibility without resonance reactors and choosing 
of capacitors and reactors parameters for capacitor banks with resonance reactors.  

2.4. Supply voltage value 
 

   Capacitors are very sensitive for voltages higher than rated value. Permissible 
continuous voltage value on capacitors’ terminals is 110% of rated voltage 12 hours daily. 
Exceeding of this value will result in ageing of capacitor unit or its destruction. 
   As a lightning protection, surge arresters which “cut” voltage impulses and absorb 
energy might be used on capacitor bank’s supply, but they will not protect the capacitor 
bank against long-time voltage rise.  
   In automatic regulated capacitor banks, the protection of capacitors against long-time 
overvoltages is realised by a control relay, which in such situation disconnects capacitor 
grades. 

2.5. Switching transients 
 
   Switching of capacitors is accompanied by transient states (overvoltages and 
overcurrents). Capacitors, according to IEC60871 standard, are able to withstand: 
 

-  100 times rated current value within 0,5 of period, 
-  short-time overvoltages of value 22  times of capacitors’ rated voltage. 

 
   Longer overcurrents and overvoltages can cause damage of capacitor elements, 
and thus lose of capacitance or damage of the unit.  
   Especially dangerous are cases, when capacitors are switched to network with 
capacitors already operating. In such case, maximum current value is: 
 

( ) 12L2C1C

N

S
XXX

U
3
2

I
´+

= , 

 
where: UN – rated phase-to-phase network voltage, 
  XC1 – capacitive reactance of already operating capacitors, 
  XC2 – capacitive reactance of switched capacitor, 
  XL12 – inductive reactance between capacitances C1 and C2. 
 
   With no additional inductances in the circuit, currents during switching of 
capacitors can reach values close to short-circuit ones.  
   In order to limit this phenomena, inrush current limiting reactors are utilised.  
 
   The separate problem is a proper choosing of switching apparatuses. Only 
switches ensuring no re-strike (vacuum, SF6). Using of such equipment as oil 
circuit-breakers can cause damage of PFC system. 
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3. ELEMENTS OF PFC SYSTEM  
 
 

 
 
 

 
 
 

 
 
 
 

 
1. Supplying switchgear 
In case of fixed capacitor banks, when there is a possibility of its connection to 
terminals of compensated load – there is no necessity of separate supplying 
switchgear. In other case, it is necessary to use one of switchgears of 
compensated section, switchyard or distribution station. “ELMA energia” company 
offers modernisations and adaptations of existing, and delivery of new 
switchgears. 
 
2. Power fuses  
Primary protection of PFC equipment against short-circuit currents for rated 
voltages up to 12kV. For higher voltages, short-circuit protection is realised by 
circuit-breakers. 
 
3. Switching equipment 
In case of automatic switched and automatic regulated capacitor banks, vacuum 
contactors (up to 12kV) and SF6/vacuum circuit breakers (for higher voltages). 
Fixed capacitor banks might be equipped with a disconnector, ensuring safe 
insulation distance in case of maintenance works. 
 
4. Overload protection current transformers 
This is a standard equipment of automatic regulated capacitor banks and a option 
for fixed capacitor banks. Current transformers are installed in every grade of the 
capacitor bank (two for capacitor banks in double star system and three for 
capacitor banks in star and delta system). 
 
5. Overvoltage protection voltage transformers  
Overvoltage protection is an option in case it is not realised by protective 
automatics in the supplying switchgear. 
 
6. Earthing switch 
It is an element of interlocking system, ensuring service safety. It is a standard 
equipment of automatic regulated capacitor banks. interlocking system prevents 
closing of an earthing switch when circuit breaker on supply is closed. 
 
7. Reactance elements 
Reactance elements in capacitor bank circuit might have following functions: 
-  limiting of transients during capacitors’ switching (limiting reactors), 
-  protection of the capacitor bank against resonance phenomena, 
-  harmonics filtration. 

 
8. Surge arresters 
It is an option for fixed capacitor banks and a standard equipment of automatic 
regulated capacitor banks. Surge arresters are installed on capacitor bank supply, 
as well as on every grade of the capacitor bank. 
 
9. Power capacitors 
In medium voltage capacitor banks, three-phase capacitors are used (for voltages 
up to 12kV and grade power up to 1MVar) and – in most cases - 1-phase 
capacitors in double star system with unbalance protection CT. 
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4. GENERAL TYPES OF CAPACITOR BANKS 
 
Execution: indoor 
Insulation voltage  12kV 24kV 36kV 
No harmonics presence 
     - fixed AB3 – page 12  

AB-2Y – page 14 
ACR3 – page  17 
BSW – page 30  

AB-2Y – page 14 
BSW – page 30 

BSW-30 – page 48 

     - automatic switched ACR-3 – page 17 
ACR-2Y – page 19 

AB3 – page 121) 
AB-2Y – page 141) 
BSW – page 301) 

BSW – page 302) BSW-30 – page 483) 

     - automatic regulated ACR-3 – page 17 
ACR-2Y – page 19 
BSW – page 301) 
BKJ – page 364) 

BSW – page 302) BSW-30 – page 483) 

     - dynamic in general, dynamic loads cause harmonics distortion in the network.  
ATSC and SVC systems are designed for operation in harmonics presence 

Capacitor banks designed for operation in harmonics presence 
     - fixed BSWD-2Y – page 32 BSWD-2Y – page 32 BSWD-30 – page 50 
     - automatic switched ACRD-3 – page 21 

ACRD-2Y – page 24 
BSWD-2Y – page 321) 
ACRDG – page 234) 

BSWD-2Y – page 322) BSWD-30 – page 503) 

     - automatic regulated ACRD-3 – page 21 
ACRD-2Y – page 24 

BSWD-2Y – page 321) 
ACRDG – page 234) 

BSWD-2Y – page 322) BSWD-30 – page 503) 

     - dynamic ATSC – page 46 
SVC – page 53 

ATSC – page 46 
SVC – page 53 

ATSC – page 46 
SVC – page 53 

Filtering systems  
     - fixed FWH – page 37 FWH – page 37 BSWD-30 – page 50 
     - automatic switched FWH – page 371) FWH – page 372) BSWD-30 – page 503) 

     - automatic regulated FWH – page 371) FWH – page 372) BSWD-30 – page 503) 
     - dynamic ATSC + APF – page 46 

SVC – page 53 
ATSC + APF – page 46 

SVC – page 53 
ATSC + APF – page 46 

SVC – page 53 
 

Execution: outdoor 
Insulation voltage  12kV 24kV 36kV 
No harmonics presence 
     - fixed BSN-2Y – page 38 

BSNL-2Y – page 41 
BSN-2Y – page 38 
BSNL-2Y – page 41 BSN-30 – page 48 

     - automatic switched BSN-2Y – page 382) 

BSNL-2Y – page 412) 
BSN-2Y – page 382) 

BSNL-2Y – page 412) 
BSN-30 – page 483) 

     - automatic regulated BSN-2Y – page 382) 

BSNL-2Y – page 412) 
BSN-2Y – page 382) 

BSNL-2Y – page 412) BSN-30 – page 483) 
 

     - dynamic in general, dynamic loads cause harmonics distortion in the network.  
ATSC and SVC systems are designed for operation in harmonics presence 

Capacitor banks designed for operation in harmonics presence 
     - fixed BSNLD-2Y – page 41 BSNLD-2Y – page 41 BSND-2Yz-30 – page 42 
     - automatic switched BSNLD-2Y – page 412) 

FTR – page 43 
BSNLD-2Y – page 412) 

FTR – page 43 
BSND-2Yz-30 – page 423) 

FTR – page 43 

     - automatic regulated BSNLD-2Y – page 412) 

FTR – page 43 
BSNLD-2Y – page 412) 

FTR – page 43 
BSND-2Yz-30 – page 423) 

FTR – page 43 

     - dynamic FTR – page 43 
ATSC – page 46 
SVC – page 53 

FTR – page 43 
ATSC – page 46 
SVC – page 53 

FTR – page 43 
ATSC – page 46 
SVC – page 53 

Filtering systems 
     - fixed BSNLD-2Y – page 41 BSNLD-2Y – page 41 BSND-2Yz-30 – page 42 
     - automatic switched BSNLD-2Y – page 412) BSNLD-2Y – page 412) BSND-2Yz-30 – page 423) 

     - automatic regulated BSNLD-2Y – page 412) BSNLD-2Y – page 412) BSND-2Yz-30 – page 423) 

     - dynamic ATSC + APF – page 46 
SVC – page 53 

ATSC + APF – page 46 
SVC – page 53 

ATSC + APF – page 46 
SVC – page 53 

1)
 with regulation cubicle/cubicles 

2) regulation by means of a circuit-breaker in the supplying switchgear or separate 24kV regulation cubicle 
3) regulation by means of a circuit-breaker in the supplying switchgear or separate 30kV regulation cubicle 
4) execution for mines undergrounds 
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Type:  AB-3 

Network voltage: up to 12kV Range of powers: up to 1000kVar 

Capacitors: three-phase Conn. system: D 

Execution: indoor, without resonance reactors 

Application:  - fixed PFC 

 
 
   Fixed capacitor banks AB-3 type are designed for fixed power factor correction in industrial medium 
voltage networks 6,3kV and 11kV. 
   The case of the capacitor bank is a switchgear made of aluzinc of protection degree IP3x (IP54 on 
request). Capacitor banks are equipped with set of interlocks, preventing improper switching operations and 
ensuring service safety. 
   AB-3 capacitor banks might be equipped with: 

-  power fuses, 
-  inrush current limiting reactors, 
-  overload protections, 
-  quick discharge voltage transformers, 
-  surge arresters. 

 
General rated data 
 
Rated voltage: up to 12kV 
Rated effective power of the capacitor bank: 50...1000kVar 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Conn. system: delta 
Discharging devices: inside capacitors, 
 discharge to 50V/5 min. 
Protection degree: IP3X (up to IP54 on request) 



 -12-

Dimensions 
 

  
depth: 850mm  
 
Example of single-line diagram 
 

  
 
Rated powers 
 

Power of capacitors 
kVar 

Dimension 
A 

mm 
50 650 
100 650 
150 650 

166,7 650 
200 650 
250 650 
300 750 

333,3 750 
400 1000 
500 1000 
600 1000 

666,7 1000 
800 1200 
900 1300 
1000 1300 
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Type:  AB-2Y 

Network voltage: up to 24kV Range of powers: up to 3000kVar 

Capacitors: single-phase Conn. system: Y – Y 

Execution: indoor, without resonance reactors 

Application: - fixed PFC 

 
 
   Fixed capacitor banks AB-2Y type are designed for fixed power factor correction in industrial medium 
voltage networks up to 24kV. 
   The case of the capacitor bank is a switchgear made of aluzinc of protection degree IP3x (IP54 on 
request). Capacitor banks are equipped with set of interlocks, preventing improper switching operations and 
ensuring service safety. 
   AB-2Y capacitor banks might be equipped with: 

-  power fuses, 
-  inrush current limiting reactors, 
-  overload protections, 
-  quick discharge voltage transformers, 
-  surge arresters. 

   As a standard, AB-2Y capacitor banks are equipped with unbalance protection CT. 
 
General rated data 
 
Rated voltage: up to 24kV 
Rated effective power of the capacitor bank: 600...3000kVar 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Conn. system: double star 
Discharging devices: inside capacitors, 
 discharge to 50V/5 min. 
Protection degree: IP3X (up to IP54 on request) 
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Dimensions for 11kV voltage 
 

  
depth: 850mm  
 
Example of single-line diagram 
 

 
 
Powers of capacitor grades 
 

Rated power 
of the grade  

Dimension 
A 

mm 
6,3kV 10kV 

150 1100 1200 
300 1100 1200 
400 1100 1200 
450 1100 1200 
500 1100 1200 
600 1100 1200 
700 1100 1200 
800 1100 1200 
900 1100 1200 
800 1100 1200 
1000 1100 1200 
1200 1100 1200 
1400 1100 1200 
1600 1100 1200 
1800 1100 1200 
2000 1100 1200 
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Fixed capacitor banks AB type 

 



 -16-

 
Type:  ACR-3 

Network voltage: up to 12kV Range of powers: up to 5000kVar 

Capacitors: three-phase Conn. system: D 

Execution: indoor, without resonance reactors 

Application:  - automatic regulated PFC 

 
  Capacitor bank ACR-3 type of power 1200kVar and regulation step 400kVar (2 grades, 3 regulation steps) 

   Automatic regulated capacitor banks ACR-3 type are designed for power factor correction in industrial 
medium voltage networks 6,3kV and 11kV.   
   The case of the capacitor bank is a switchgear made of aluzinc of protection degree IP3x (IP54 on 
request). Capacitor banks are equipped with set of interlocks, preventing improper switching operations and 
ensuring service safety. 
   Each grade consists of two switchgears: regulation cubicle and capacitor cubicle. 
   First cubicle is wider, ensuring the cable incomer. As an alternative, the capacitor bank might be equipped 
with an additional supplying switchgear (with load-break switch for capacitor bank of total power up to 
950kVar or circuit-breaker). During sizing of grades’ powers it is necessary to remember, that the power ratio 
of successive grades cannot be higher than 1:2. It is advisable to use regulation sequences 1:1:1..., 1:2:2..., 
1:2:3..., 1:2:4... 
   Capacitor cubicles are equipped with inrush current limiting reactors, ensuring limiting of switching currents 
to acceptable values. 
 
General rated data 
 
Rated voltage: up to 12kV 
Rated effective power of the capacitor bank: 100...5000kVar 
Rated effective power of grades: 50...1000kVar 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Conn. system: delta 
Discharging devices: inside capacitors, 
 discharge to 50V/5 min. 
Protection degree: IP3X (up to IP54 on request) 
 



 -17-

 
 Regulation cubicle Regulation  Capacitor 
 with cable incomer cubicle cubicle  

  
depth: 850mm  
 

   
 
Powers of capacitor grades 
 

Power of capacitors 
kVar 

Dimension 
A 

mm 
50 450 
100 450 
150 450 

166,7 450 
200 450 
250 450 
300 550 

333,3 550 
400 800 
500 800 
600 800 

666,7 800 
800 1000 
900 1100 
1000 1100 
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Type:  ACR-2Y 

Network voltage: up to 12kV Range of powers: up to 10000kVar 

Capacitors: single-phase Conn. system: Y – Y 

Execution: indoor, without resonance reactors 

Application:  - automatic regulated PFC 

 
ACR-2Y type capacitor bank of power 2700kVar and regulation step  900kVar (2 grades, 3 regulation steps) 

   Automatic regulated capacitor banks ACR-2Y type are designed for power factor correction in industrial 
medium voltage networks 6,3kV and 11kV.   
   The case of the capacitor bank is a switchgear made of aluzinc of protection degree IP3x (IP54 on 
request). Capacitor banks are equipped with set of interlocks, preventing improper switching operations and 
ensuring service safety. 
   Each grade consists of two switchgears: regulation cubicle and capacitor cubicle. 
   First cubicle is wider, ensuring the cable incomer. As an alternative, the capacitor bank might be equipped 
with an additional supplying switchgear (with load-break switch for capacitor bank of total power up to 
950kVar or circuit-breaker). During sizing of grades’ powers it is necessary to remember, that the power ratio 
of successive grades cannot be higher than 1:2. It is advisable to use regulation sequences 1:1:1..., 1:2:2..., 
1:2:3..., 1:2:4... 
   Capacitor cubicles are equipped with inrush current limiting reactors, ensuring limiting of switching currents 
to acceptable values. 
 
General rated data 
 
Rated voltage: up to 12kV 
Rated power of the capacitor bank: 450...10000kVar 
Rated powers of grades: 150...2000kVar 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Conn. system: double star with unbalance 
 protection CT 
Discharging devices: inside capacitors, 
 discharge to 50V/5 min. 
Protection degree: IP3X (up to IP54 on request) 
 



 -19-

  Regulation cubicle Regulation  Capacitor 
 with cable incomer cubicle cubicle 

  
depth: 850mm  
 

   
 
Rated powers of grades 
 

Rated power 
of the grade 

Dimension 
A 

mm 
6,3kV 10kV 

150 1100 1200 
300 1100 1200 
400 1100 1200 
450 1100 1200 
500 1100 1200 
600 1100 1200 
700 1100 1200 
800 1100 1200 
900 1100 1200 
800 1100 1200 
1000 1100 1200 
1200 1100 1200 
1400 1100 1200 
1600 1100 1200 
1800 1100 1200 
2000 1100 1200 
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Type:  ACRD-3 

Network voltage: 6,3kV  Range of powers: up to 5000kVar 

Capacitors: three-phase Conn. system: D 

Execution: indoor, with resonance reactors 

Application:  - automatic regulated PFC 

 

 
 ACRD-3 type capacitor bank with resonance reactors of power 900kVar and regulation step 300kVar (2 grades, 3 regulation steps) 

   Automatic regulated capacitor banks ACRD-3 type are designed for power factor correction in industrial 
medium voltage networks 6,3kV with current and voltage harmonics’ presence.   
   Capacitor banks are equipped with resonance reactors, ensuring resonance circuit creation of a resonance 
frequency fr = 134Hz (3rd harmonics), 189Hz or 210Hz (5th harmonics). For harmonics lower than the 
resonance frequency (including fundamental component 50Hz), capacitor bank is a capacitive load, for 
harmonics above – an inductive load, excluding possibility of resonance phenomena occurrence. 
   The case of the capacitor bank is a switchgear made of aluzinc of protection degree IP3x (IP54 on 
request). Capacitor banks are equipped with set of interlocks, preventing improper switching operations and 
ensuring service safety. 
   Each grade consists of three switchgears: regulation cubicle, reactor cubicle and capacitor cubicle. 
   First cubicle is wider, ensuring the cable incomer. As an alternative, the capacitor bank might be equipped 
with an additional supplying switchgear (with load-break switch for capacitor bank of total power up to 
950kVar or circuit-breaker). During sizing of grades’ powers it is necessary to remember, that the power ratio 
of successive grades cannot be higher than 1:2. It is advisable to use regulation sequences 1:1:1..., 1:2:2..., 
1:2:3..., 1:2:4... 
 
General rated data 
 
Rated voltage: 6,3kV 
Rated effective power of the capacitor bank: 100...5000kVar 
Rated effective power of grades: 50...1000kVar 
Resonance frequency: 189...250Hz 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Conn. system: delta 
Discharging devices: inside capacitors, 
 discharge to 50V/5 min. 
Protection degree: IP3X (up to IP54 on request) 
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 Regulation cubicle Regulation Reactor Capacitor 
 with cable incomer cubicle cubicle cubicle 

   
depth: 850mm 
 
Single-line diagram 
 

   
 
Powers of capacitor grades for resonance frequency fr = 189Hz 
 

Rated power 
of the grade 

Power of 
capacitors 

Dimension 
A 

mm 

Dimension 
B 

mm 
50 66,7 1400 450 
100 133,3 1400 450 
150 200 1400 450 
200 266,7 1400 450 
225 300 1400 550 
250 334 1400 550 
300 400 1400 800 
350 466,6 1400 800 
400 534 1400 800 
450 600 1400 800 
500 666,6 1400 800 
600 801 1500 1000 
700 945 1500 1100 
750 999,9 1500 1100 
800 1066,8 1500 1200 
900 1200 1500 1350 
1000 1333,3 1500 1400 
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Type:  ACRDG 

Network voltage: 6,3kV Range of powers: up to 5400kVar 

Capacitors: three-phase Conn. system: D 

Execution: with resonance reactors 

Application:  - automatic power factor correction in mines’ undergrounds of 

“a” grade explosion danger 

 

 
ACRDG type capacitor bank 900kVar with regulation grade 300kVar (2 grades, 3 regulation steps) 

 
   ACRDG type capacitor banks are designed for automatic power factor correction in mines’ undergrounds 
of “a” grade explosion danger. Low levels of SC powers in underground networks, and thus high danger of 
resonance phenomena, capacitor banks are equipped with reactors in detuned system (fr = 189Hz). 
   Cubicle of the capacitor bank is made of aluzinc, of protection degree IP54. Capacitor banks are equipped 
with system of interlocks, preventing improper switching operations and ensuring service safety. 
   Each grade consists of three cubicles: regulation cubicle, reactor cubicle and capacitor cubicle.  
   Regulation cubicle of the first grade is equipped with a cable incomer.  
 
General rated data 
 
Rated voltage: 6,3kV 
Effective power: ...5400kVar 
Regulation step: 150...900kVar 
Active power losses of capacitors: � 0,20W/kVar 
Conn. system: delta 
Discharge time: 50V within 5 minutes 
Protection degree: IP54
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Type:  ACRD-2Y 

Network voltage: up to 12kV Range of powers: up to 7000kVar 

Capacitors: single-phase Conn. system: Y – Y 

Execution: indoor, with resonance reactors 

Application:  - automatic regulated PFC 

 
ACRD-2Y type capacitor bank with resonance reactors of power 1500kVar and regulation step 500kVar (2 grades, 3 regulation steps) 

   Automatic regulated capacitor banks ACRD-2Y type are designed for power factor correction in industrial 
medium voltage networks 6,3kV and 11kV with current and voltage harmonics’ presence.   
   Capacitor banks are equipped with resonance reactors, ensuring resonance circuit creation of a resonance 
frequency fr = 134Hz (3rd harmonics), 189Hz or 210Hz (5th harmonics). For harmonics lower than the 
resonance frequency (including fundamental component 50Hz), capacitor bank is a capacitive load, for 
harmonics above – an inductive load, excluding possibility of resonance phenomena occurrence. 
   The case of the capacitor bank is a switchgear made of aluzinc of protection degree IP3x (IP54 on 
request). Capacitor banks are equipped with set of interlocks, preventing improper switching operations and 
ensuring service safety. 
   Each grade consists of three switchgears: regulation cubicle, reactor cubicle and capacitor cubicle. 
   First cubicle is wider, ensuring the cable incomer. As an alternative, the capacitor bank might be equipped 
with an additional supplying switchgear (with load-break switch for capacitor bank of total power up to 
950kVar or circuit-breaker). During sizing of grades’ powers it is necessary to remember, that the power ratio 
of successive grades cannot be higher than 1:2. It is advisable to use regulation sequences 1:1:1..., 1:2:2..., 
1:2:3..., 1:2:4... 
 
General rated data 
 
Rated voltage: up to 12kV 
Rated effective power of the capacitor bank: 200...7000kVar 
Rated effective power of grades: 100...1400kVar 
Resonance frequency: 189...250Hz 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Conn. system: double star with unbalance 
 protection CT 
Discharging devices: inside capacitors, 
 discharge to 50V/5 min. 
Protection degree: IP3X (up to IP54 on request) 
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 Regulation cubicle Regulation Reactor Capacitor 
 with cable incomer cubicle cubicle cubicle 

 
depth: 850mm 
 
Single-line diagram 
 

    
Powers of capacitor grades for resonance frequency fr = 189Hz 
 

Rated power 
of the grade 

Power of installed 
capacitors 

Dimension  
A 

mm 

Dimension 
B 

mm 
6,3kV 10kV 6,3kV 10kV 

100 140 1400 1500 1100 1200 
150 200 1400 1500 1100 1200 
200 275 1400 1500 1100 1200 
225 300 1400 1700 1100 1200 
250 333 1400 1700 1100 1200 
300 400 1400 1700 1100 1200 
350 470 1400 1700 1100 1200 
400 540 1400 1700 1100 1200 
450 600 1400 1700 1100 1200 
500 670 1400 1700 1100 1200 
600 800 1500 1700 1100 1200 
700 930 1500 1700 1100 1200 
750 1000 1500 1700 1100 1200 
800 1070 1500 1700 1100 1200 
900 1200 1500 1700 1100 1200 
1000 1333 1500 1700 1100 1200 
1200 1600 1500 2000 1100 1200 
1400 1860 1700 2000 1100 1200 
1500 2000 1700 2000 1100 1200 
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Capacitor banks ACR, ACRD type 
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Capacitor banks ACR, ACRD type 
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Regulation cubicles of capacitor banks with capacit or grades on steel 
constructions type ACR...z, ACRD...z 

 
   Automatic regulated capacitor banks ACR...z and ACRD...z type are designed for power factor correction 
in medium voltage distribution systems of voltage 6,3kV and 11kV.   
   In capacitor banks of this type, regulation cubicles are made of aluzinc, with protection degree IP3x (IP54 
on request). Capacitor or capacitor-reactor grades are assembled on steel racks. Capacitor part is fenced, 
with a gate equipped with voltage presence sensors and interlocks, preventing access to live parts. Such 
solution ensures the most comfortable conditions of capacitors’ operation, and thus their longest life 
expectance. Many technical solutions ensure flexibility of sizing capacitor grades’ dimensions and thus 
adaptation to dimensions of existing premises (different dimensions of constructions, possibility of installation 
in existing bays, installation of different levels of the distribution station, installation of capacitor bank’s part 
outdoors). 
   First cubicle is wider, ensuring the cable incomer. As an alternative, the capacitor bank might be equipped 
with an additional supplying switchgear (with load-break switch for capacitor bank of total power up to 
950kVar or circuit-breaker). During sizing of grades’ powers it is necessary to remember, that the power ratio 
of successive grades cannot be higher than 1:2. It is advisable to use regulation sequences 1:1:1..., 1:2:2..., 
1:2:3..., 1:2:4... 

 
 Regulation cubicle Regulation  
 with cable incomer cubicle  

  
depth: 850mm 

 

   
*) 2 for capacitor bank with single-phase capacitors, 3 for capacitor bank with three-phase capacitors 
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Regulation cubicles of automatic regulated capacitor banks with capacitor grades on steel racks type 

ACR...z, ACRD...z 
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Type:  BSW 

Network voltage: up to 24kV Range of powers: up to 18000kVar 

Execution: indoor, without resonance reactors 

Application:  - individual PFC 

 - grades of automatic regulated capacitor banks 

 
 
 
   BSW type capacitor banks are assembled on steel racks. They are being used as capacitor grades of 
automatic regulated capacitor banks or as separate capacitor banks for individual PFC. Their construction 
ensures adaptation of their dimensions to local conditions (different shape of constructions for capacitors and 
reactors), and also their installation in existing bays. As a part of automatic power factor correction system, 
they are delivered together with fencing and gate, which’s opening is permissible only after the discharge 
time of capacitors passes. 
   BSW type capacitor banks might be equipped alternatively with: 

-  quick discharge voltage transformers (mounted on the racks), 
-  inrush current limiting reactors (mounted on racks), 
-  overload protection current transformers (mounted on racks of fixed capacitor banks or in 

regulation grades of automatic regulated capacitor banks), 
-  surge arresters (mounted on racks of fixed capacitor banks or in regulation grades of automatic 

regulated capacitor banks). 
 

Type BSW-3 BSW-1Y BSW-2Y 
Network voltage up to 12kV up to 24kV up to 24kV 

Rated power 25...1000kVar 75...1000kVar 

for fixed capacitor banks: 
150...18000kVar 

for grades of automatic regulated capacitor banks: 
150...2400kVar 

Conn. system: delta star double star 
Capacitors: three-phase single-phase single-phase 

Power of capacitor 
units: 

25...400kVar 25...333kVar 25...500kVar 

Quantity of 
capacitor units: 

1, 2, 3 3 6, 12, 24, 36 

 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Discharging devices: discharge to 50V within 5 minutes 
 (shorter on request) 
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BSW type capacitor banks
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Type:  BSWD-2Y 

Network voltage: up to 12kV (24kV) Range of powers: up to 7200kVar 

Capacitors: single-phase Conn. system: Y-Y 

Execution: Indoor, with resonance reactors 

Application:  - individual PFC 

 - grades of automatic regulated capacitor banks 

 
   BSWD type capacitor banks are assembled on steel racks. They are being used as capacitor grades of 
automatic regulated capacitor banks or as separate capacitor banks for individual PFC. Their construction 
ensures adaptation of their dimensions to local conditions (different shape of constructions for capacitors and 
reactors), and also their installation in existing bays. As a part of automatic power factor correction system, 
they are delivered together with fencing and gate, which’s opening is permissible only after the discharge 
time of capacitors passes. 
   BSWD type capacitor banks might be equipped alternatively with: 

-  quick discharge voltage transformers (mounted on the racks), 
-  overload protection current transformers (mounted on racks of fixed capacitor banks or in 

regulation grades of automatic regulated capacitor banks), 
-  surge arresters (mounted on racks of fixed capacitor banks or in regulation grades of automatic 

regulated capacitor banks). 
   Capacitor banks are equipped with resonance reactors, ensuring resonance circuit creation of a resonance 
frequency fr = 134Hz (3rd harmonics), 189Hz or 210Hz (5th harmonics). For harmonics lower than the 
resonance frequency (including fundamental component 50Hz), capacitor bank is a capacitive load, for 
harmonics above – an inductive load, excluding possibility of resonance phenomena occurrence. 
    Special executions foresee systems of rated vol tage up to 24kV. 
 
Rated power: 100...7200kVar (higher powers on request) 
Rated voltage: 6,0; 6,3; 7,6; 10,0; 10,5; 11,0; 11,5; 12kV (other on request) 
Power of capacitor units: 25...400kVar 
Quantity of capacitor units: 6, 12, 24 (higher quantities on request) 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Discharging devices: discharge to 50V within 5 minutes (shorter on request) 
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BSWD capacitor banks with regulation cubicles (capacitor banks ACRD...z type) 
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BSWD capacitor banks with regulation cubicles (capacitor banks ACRD...z type) 
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BSWD capacitor banks with regulation cubicles (capacitor banks ACRD...z type) 
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Type: BJK 

Network voltage: 6,3kV Range of powers: up to 1200kVar 

Capacitors: three-phase Conn. system: D 

Execution: without resonance reactors 

Application:  - automatic regulated power factor corrections in mines’ 

undergrounds (also in methane presence) 

 
   Automatic regulated capacitor banks BJK type are designed for power factor correction in 6,3kV mining 
distribution networks. 
   Flameproof cubicle ensure possibility of application in mines’ undergrounds, with and without methane 
presence in the atmosphere and endangered by coal dust ignition. 
   The cubicle is made of flameproof steel  sheets. Moreover, the cubicle is equipped with skids, with 
possibility of assembly of wheels for rail transport and hinges for suspended transportation. This solutions 
ensure mobility of the capacitor bank and allow installation of the system in various operation conditions. 
Assembly and service of units are easy and convenient. 
   Capacitor bank is equipped with protections against short-circuits and overloads. 
 
 
 
Rated powers 
 

Type Rated power 
kVar 

Reg. grade 
kVar 

BJK300/100 300 100 
BJK450/150 450 150 
BJK600/200 600 200 
BJK750/250 750 250 
BJK900/300 900 300 
BJK1000/500 1000 500 
BJK1200/600 1200 600 

Single-phase diagram 
 

 
Dimensions 

 
Dimensions: 3200x1080x1480mm 
Weight: 3400kg 
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Typ:  FWH 

Network voltage: up to 12kV Range of powers: up to 13000kVar 

Capacitors: three-phase 

single-phase 

Conn. system: D 

Y, Y – Y 

Execution: indoor, with resonance reactors in tuned filters system 

Application:  - harmonics filtering systems 

 
Example of fixed harmonics filtering system 5h, 7h, 11h, 13h 

 
   Harmonics filtering systems FWH type are designed for harmonics filtering in distribution networks of 
voltage up to 12kV. Systems are projected individually, taking into consideration Customer’s requirements, 
available premises and funds. Possible executions include: 

-  fixed systems (switched by means of a circuit-breaker in supplying switchgear), automatic switched 
(switching of complete system by means of vacuum contactor in an additional regulation 
switchgear), automatic regulated (each filter equipped with its own regulation switchgear), 

-  filtering systems of harmonics: 5th, 7th, 11th, 13th, 23rd, 25th; system can consist of a filter of single 
harmonics of several harmonics (the most common system: filtering of 5th, 7th, 11th and 13th), 

-  equipped with single- or three-phase capacitors in delta, star or double star (depending on power, 
required protections and requirements of the Customer), 

-  overload protections: of a complete system or each filter separately, 
-  equipped with quick discharge voltage transformers. 

   Each filter is equipped with surge arresters. 
 

Rated voltages: 6,0; 6,3; 7,6; 10,0; 10,5; 11,0; 11,5; 12kV (inne na zamówienie) 
Rated power: do 7200kVar (wy� sze moce na indywidualne zapytanie) 
Frequency: 50Hz (na zamówienie 60Hz) 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Active power losses of capacitors: � 0,20W/kVar 
Discharge time: 50V within 5 minutes (shorter on request) 
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Type:  BSN-2Y 

Network voltage: up to 24kV Range of powers: up to 6000kVar 

Capacitors: single-phase Conn. system: Y – Y 

Execution: outdoor, without resonance reactors 

Application:  - fixed PFC 

 

 
 
General information 
 
BSN-2Yz type capacitor banks are designed for individual and group power factor correction in distribution 
systems up to 24kV. They are equipped with single-phase capacitors in double-star system with unbalance 
protection current transformer. Capacitor banks can be adapted to connection of cables from bottom or from 
above.  
As an option, capacitor banks can be equipped in quick discharge voltage transformers. 
 
General rated data 
 
Rated power: 300...4800kVar 
Rated voltage: 6,0; 6,3; 7,6; 10,0; 10,5; 11,0; 11,5;  
 15,75; 21; 24kV (other on request) 
Power of capacitor units: 50...600kVar 
Quantity of capacitor units: 6, 12, 24, 48 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -25°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Permissible voltages: 1,10UN 12h/day 
 1,15UN 0,5h/day 
 1,20UN 5 minutes 
 1,30UN 1 minute 
Permissible switching transients: 2� 2UN 
Permissible continuous current: 1,30IN 
Permissible short-time overcurrent (0,5 of period):  100IN 
Active power losses of capacitors: � 0,20W/kVar 
Discharging devices: discharge to 50V within 5 minutes 
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BSN-2Yz type capacitor banks 
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BSN-2Yz type capacitor banks 
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Type:  BSNL-2Y BSNLD-2Y 

Network voltage: up to 24kV Range of powers: up to 100MVar 

Capacitors: single-phase Conn. system: Y – Y 

Execution: outdoor, without resonance reactors 

outdoor, with resonance reactors 

Application:  - fixed PFC 

 - grades of automatic regulated capacitor banks 

 
 
General information 
 
BSNL-2Y and BSNLD-2Y type capacitor banks are designed for individual and group power factor correction 
in distribution networks of rated voltage up to 24kV. They are equipped with single-phase capacitors in 
double-star system with unbalance protection CT.  
 
General rated data 
 
Rated power: 4,8...100MVar 
Rated voltage: 6,0; 6,3; 7,6; 10,0; 10,5; 11,0; 11,5;  
 15,75; 21; 24kV (other on request) 
Power of capacitor units: 50...600kVar 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -25°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Permissible voltages: 1,10UN 12h/day 
 1,15UN 0,5h/day 
 1,20UN 5 minutes 
 1,30UN 1 minute 
Permissible switching transients: 2� 2UN 
Permissible continuous current: 1,30IN 
Permissible short-time overcurrent (0,5 of period):  100IN 
Active power losses of capacitors: � 0,20W/kVar 
Discharging devices: discharge to 50V within 5 minutes 
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Type:  BSN-2Yz-30, BSND-2Yz-30 

Network voltage: 30kV Range of powers: up to 13000kVar 

Capacitors: single-phase Conn. system: Y – Y 

Execution: outdoor, with or without resonance reactors 

Application:  - fixed power factor correction 

 
Capacitor bank 3,4MVar/30kV, without resonance reactors 

 
   Capacitor banks BSN-2Yz-30 and BSND-2Yz-30 type are designed for individual and group power factor 
correction in 30kV networks. They are especially designed for power factor correction of wind farms. 
Capacitor banks of this type can be equipped with detuned resonance reactors (fr = 189Hz). It is required in 
case of harmonics presence (i.e. in case of wind farms equipped with generators without filtering systems). 
   Capacitor banks are equipped with single-phase capacitors in double star system with unbalance 
protection CT and surge arresters.  
   As an option, capacitor banks can be equipped with fast discharge voltage transformers. 
 
General rated data 
 
Rated power: BSN-2Yz-30: ...13000kVar 
 BSND-2Yz-30: ...10000kVar 
Rated voltage: 30kV (other on request) 
Permissible continuous voltage Urob: 31,5kV 
Power of capacitor units: 50...600kVar 
Quantity of capacitor units: 12, 24 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -25°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Permissible operational voltage: 1,10Urob 12h/day 
 1,15Urob  0,5h/day 
 1,20Urob  5 minutes 
 1,30Urob  1 minute 
Active power losses: � 0,20W/kVar 
Discharge time: 50V within 5 minutes 
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Medium voltage transformer filters FTR  

Network voltage: up to 36kV  Range of powers: up to 16MVar 

Execution: outdoor, in detuned harmonics filtering system 

Application:  - automatic regulated PFC 

 - dynamic PFC 

 
General information 
 
Transformer filters are designed for automatic power factor correction. As a reactive element of each grade a 
transformer is utilised, of parameters ensuring creation with capacitors a detuned harmonics filter. Using of 
LV capacitors and switching equipment ensures all related advantages: 
 

-  longer life expectance of switching equipment (up to 1.000.000 operations in case of mechanic 
switches, practically unlimited number of operations in case of thyristor switches), 

-  quick discharge time (50V within 1 minute), 
-  lower installation and maintenance costs. 

 
Moreover, transformer filters equipped with thyristor switches ensure: 
 

-  dynamic power factor correction (within 14-20ms), 
-  no transient states during capacitors’ switching, 
-  minimising of overcompensation, 
-  reduction of voltage drops and flicker. 

 
Operation safety of filters is ensured by means of several protections (overvoltage, overload, short-circuit). 
 
General diagram 
 
Transformer filter with mechanic switches Transformer filter with thyristor switches 

  
STN – rated power of the transformer 
UGN  - high voltage of the transformer  
UDN – low voltage of the transformer 
Uz – SC voltage of the transformer 
QBN – rated power of LV capacitors 
UBN – rated voltage of LV capacitor bank 
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General rated data 
   
Rated power: up to 16MVar 
Rated voltage: 6,0; 6,3; 7,6; 10,0; 10,5; 11,0; 11,5;  
 15,75; 21; 24; 36kV (other on request) 
Regulation grade: 200...1800kVar 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -25°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Permissible voltages: 1,10UN 12h/day 
 1,15UN 0,5h/day 
 1,20UN 5 minutes 
 1,30UN 1 minute 
Active power losses of capacitors: � 0,20W/kVar 
Discharging devices: discharge to 50V within 1 minute 

 
 

 

 
 

Transformer filter 20kV with mechanic switches 
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Transformer filter 20kV with mechanic switches 
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Type:  ATSC 

Network voltage: up to 30kV Range of powers: up to 5550kVar 

Capacitors: three-phase Conn. system: D 

Execution: indoor or outdoor, in detuned system 

Application: - dynamic power factor correction 

 
   ATSC type systems are designed for dynamic power factor correction in three-phase industrial networks of 
voltage up to 30kV. Each grade consists of thyristor switched LV capacitor bank and MV/LV step-down 
transformer of reactance parameters ensuring creation with the capacitor bank a detuned filter.    
   Utilisation of LV capacitors and thyristor switches provide all related advantages: 
 

-  short discharge time (50V within 1 minute), 
-  low installation, maintenance and operational costs, 
-  practically unlimited lifetime of switches, 
-  dynamics of the system: power of the system is adjusted to requirement of the network within 14-

20ms. Moreover, controller’s logic ensures instant switching of several or all grades in the same 
time, what provides limitation of voltage drops and flicker level, which are related to abrupt changes 
of reactive power consumption.  

-  instant disconnection of grades in case of power requirement decrease (no overcompensation). 
 
      Operation safety is ensured by set of protections (overvoltage, overload, short-circuit). 
     With active filters APF, ATSC systems can be a part of a hybrid compensating and filtering system. 
 
General rated data 
   
Rated power: up to 5,5MVar 
Rated voltage: 6,0; 6,3; 7,6; 10,0; 10,5; 11,0; 11,5; 15,75; 21; 24; 30; 36kV (other on request) 
Regulation step: 300...925kVar 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +35°C (up to  +45° on request) 
Discharge time: 50V within 1 minute 

     
ATSC system with a forced ventilation system 
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Outdoor medium voltage capacitor banks  

Network voltage: 30 ... 72kV Range of powers: up to 360MVar 

Execution: outdoor, without reactors or in harmonics filtering system 

(tuned or detuned) 

Application:  - individual power factor correction 

 - automatic regulated PFC 

 - FC capacitor banks of SVC systems (with tuned reactors) 

 
 
Medium voltage capacitor banks of voltages 30...72kV usually are designed individually and executed in 
harmonics filtering system. They can serve as equipment for individual or automatic regulated PFC 
(switching by means of vacuum circuit-breakers) or as FC capacitor banks of SVC systems. 
“ELMA energia” company offers full range of services: starting from measurements, analyses and sizing of 
the PFC system, through a project to delivery, assembly and construction works, finishing on commissioning 
and after-assembly measurements. 
 
General rated data 
 
Rated power: up to 360MVar 
Rated voltage: 30...72 kV 
Power of capacitor units: 50...600kVar 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -25°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Permissible voltages: 1,10UN 12h/day 
 1,15UN 0,5h/day 
 1,20UN 5 minutes 
 1,30UN 1 minute 
Permissible switching transients: 2� 2UN 
Permissible continuous current: 1,30IN 
Permissible short-time overcurrent (0,5 of period):  100IN 
Active power losses of capacitors: � 0,20W/kVar 
Discharging devices: discharge to 50V within 5 minutes 
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Outdoor medium voltage capacitor banks 
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Indoor medium voltage capacitor banks  

Network voltage: 30 ... 72kV Range of powers: up to 360MVar 

Execution: indoor, without reactors in harmonics filtering system (tuned 

or detuned) 

Application:  - individual power factor correction 

 - automatic regulated PFC 

 - FC capacitor banks of SVC systems  (with tuned reactors) 

 
Medium voltage capacitor banks of voltages 30...72kV usually are designed individually and executed in 
harmonics filtering system. They can serve as equipment for individual or automatic regulated PFC 
(switching by means of vacuum circuit-breakers) or as FC capacitor banks of SVC systems. 
Indoor execution is an alternative for outdoor execution, in case of space limitations. Utilised solutions 
ensure flexibility of adaptation to dimensions of existing premises (possibility of installation of a capacitor 
bank in several rooms or levels of the distribution station). 
“ELMA energia” company offers full range of services: starting from measurements, analyses and sizing of 
the PFC system, through a project to delivery, assembly and construction works, finishing on commissioning 
and after-assembly measurements. 
 
General rated data 
 
Rated power: up to 360MVar 
Rated voltage: 30...72 kV 
Power of capacitor units: 50...600kVar 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -5°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Permissible voltages: 1,10UN 12h/day 
 1,15UN 0,5h/day 
 1,20UN 5 minutes 
 1,30UN 1 minute 
Permissible switching transients: 2� 2UN 
Permissible continuous current: 1,30IN 
Permissible short-time overcurrent (0,5 of period):  100IN 
Active power losses of capacitors: � 0,20W/kVar 
Discharging devices: discharge to 50V within 5 minutes 
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Indoor medium voltage capacitor banks 
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High voltage capacitor banks  

Network voltage: 110, 220kV Range of powers: up to 360MVar 

Execution: outdoor, in harmonics filtering system (tuned or detuned) 

Application:  - individual power factor correction 

 - FC capacitor banks of SVC systems 

 

 
One phase of 110kV capacitor bank 

 
   High voltage capacitor banks are designed for power factor correction in 110 and 220kV networks. Usually 
they are projected individually and executed in harmonics filtering system. They can serve as fixed PFC 
systems in distribution stations or as FC capacitor banks of SVC systems. 
 
Rated power: up to 360MVar 
Rated voltage: 110, 220kV 
Power of capacitor units: 50...600kVar 
Frequency: 50Hz (60Hz on request) 
Minimum ambient temperature: -25°C (down to -40° on request) 
Maximum ambient temperature: +45°C (up to +55° on request) 
Permissible voltages: 1,10UN 12h/day 
 1,15UN 0,5h/day 
 1,20UN 5 minutes 
 1,30UN 1 minute 
Permissible switching transients: 2� 2UN 
Permissible continuous current: 1,30IN 
Permissible short-time overcurrent (0,5 of period):  100IN 
Active power losses of capacitors: � 0,20W/kVar 
Discharging devices: discharge to 50V within 5 minutes 
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Dynamic power factor correction systems SVC  

Network voltage: 6...220kV Range of powers: up to 300MVar 

Application:  - dynamic power factor correction  

 

 
 

   SVC systems consist of fixed passive harmonics filters FC, connected to bus-bars of compensated 
switching station. Thus full capacitive power of filters is supplied to the network. Digital control system, by 
means of a measurement system, determines instant demand for reactive power, for each phase separately. 
Results of measurements decide about instant value of thyristors’ firing angle in TCR system, and thus about 
inductive power of reactors. 
   Effective power of SVC system in given moment is a difference between total capacitive power of FC filters 
and inductive power of TCR. 
 
Primary components of SVC installation:: 
 
• set of passive harmonics filters 
• power reactors 
• thyristor valves in each phase of TCR 
• thyristor switches’ cooling system 
• digital control, protection and monitoring system. 
 
General rated data: 
  
Rated power UN: 6...220kV 
Rated frequency fr: 50Hz, 60Hz 
Rated power QN: 2…300MVar 
Power regulation: digital controlled thyristor switches within TCR system  
Range of power regulation: 0…100% 
Triggering of thyristors: ETT or LTT according to customer’s demands 
Regulation concept: in each phase independently 
Cooling of thyristor valves of power up to 70MVar: Heat pipes or water according to customer’s demands 
Cooling of thyristor valves of power above 70MVar: Water 
Response time: � 10ms 
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Application of SVC systems 
 
   Dynamic power factor correction systems should be applied in cases, where energy quality is disturbed by 
loads characterised by: 
 
• dynamics of load fluctuations, including reactive power burden, 
• generation of current and voltage harmonics, 
• high flicker, 
• load asymmetry, 
• high voltage fluctuations. 
 
  

	
	

 
Active and reactive power consumption by 

an Electric Arc Furnace 

STEELWORKS, ARC FURNACES 
 
Electric arc furnace is one of the most uneasy 
electric loads and generate all above phenomena. It 
results in reduction of electric energy quality. 
Application of SVC system in case of arc furnaces 
will result in: 
 
• reduction of voltage fluctuations on supply bus-
bars, 
• reduction of harmonics levels, 
•  reduction of flicker (1,5 – 2 times), 
• symmetrisation of the load. 
 
In case of electric arc furnaces, there are important 
economical effects besides fees for reactive energy, 
which result from: 
 
• radical rise of EAF’s power (up to 20%), 
• reduction of tap-to-tap time, 
• reduction of electrodes’ consumption, 
• reduction of energy consumption pet tonne of 
melted steel. 



 
-54-

 

MINING HOISTS 
 
For mining hoists, which’s operation cycle lasts from 
few to one hundred seconds, and which’s rectifiers 
generate harmonics, an SVC systems plays a similar 
function as in case of rolling mills. 

 
 	

 

HV/MV URBAN AREA SUBSTATIONS 
 
In a local electric network, multi-grade capacitor 
banks are utilised. However such solution supplies a 
capacitive power only, and the reaction time does 
not allow to follow rapid load changes. SVC system 
allows a fast and precise power factor correction 
both inductive and capacitive power. Moreover, it is 
possible to use existing, fixed capacitor banks, thus 
reducing investments. 

  

TRACTION SUBSTATIONS 
 
Harmonics generated by rectifiers of traction 
substations, load asymmetry, load fluctuations and 
low power factor point the SVC system as an efficient 
solution to solve above problems. 

 
 	

 

WIND FARMS 
 
Rising number and power of wind farms day by day 
create higher demands for quality parameters in the 
point of connection to the energetic system. Wind 
farm can be either an inductive load (during 
operation) or a capacitive load (due to  capacitive 
reactance of cable lines), changing in time. 
Moreover, wind farms can influence the flicker and 
harmonics levels in point of connection (especially in 
case turbines not equipped with own filter systems). 
SVC systems can solve all above problems. 
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COMPONENTS OF SVC SYSTEM 
 
SET OF PASSIVE HARMONICS FILTERS 
 
   Passive filters LC are the source of capacitive 
power and a mean to reduce current and voltage 
harmonics content in the supply system. Choosing of 
proper harmonics numbers in the system is 
determined by a harmonics spectre in a point of 
installation of the SVC system. For arc furnaces, 
usually it is a set of harmonics: 2nd (“C” type filter with 
damping resistors), 3rd, 4th and 5th. 
 On request, reactors’ construction can allow 
flexible regulation of inductance value. This ensures 
precise tuning of filters, and thus maximum filtering 
accuracy. Passive filters are fixed to the supply bus-
bars. 

 
3rd harmonics filter 30kV of power 70MVar. 

Realisation of ELMA energia company 
 
TCR – Thyristor Controlled Reactor 
 

 

   Power of reactors is sized in order to obtain full 
range of harmonics filters’ capacitive power (from 0 
to 100%). Reactors are delta connected (two per 
phase). In each phase, there is a thyristor valve. 

 
THYRISTOR SWITCHES 
 
   SVC system is equipped with three thyristor switches, one for each phase of TCR reactor. Firing angles of 
thyristors determine instant value of inductive reactive power of the reactor, and thus – instant reactive 
power of the system. Utilisation of thyristor switches ensure short regulation times (10-20ms). 
   Systems are equipped with Electric Triggered Thyristors (ETT) or Light Triggered Thyristors (LTT). 
Thyristor switches are cooled by means of heat pipes (up to 70MVar) or industrial water. 
    

  
Thyristor switches of SVC systems 
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NATURAL COOLING SYSTEM BY MEANS OF HEAT PIPES 
 
   In case of systems of power up to 70MVar, there is no necessity of using external water cooling system. 
Cooling is ensured by means of heat pipes. Heat piper as bidirectional and totally enclosed, they absorb heat 
directly from thyristors. There are no moving parts, so the system is simple, does not require maintenance 
and is silent. 
   Heat pipes are installed in heat sinks of thyristors. Medium inside the heat pipe is warming, absorbing heat 
from thyristors, evaporates and in form of gas moves to the other end of heat pipe, loosing its internal heat. 
After loosing of the most of internal heat, the medium condenses and  flows to the bottom part of the heat 
pipe, starting the process from beginning. 
 
 

 
 

 
WATER COOLING SYSTEM 
 
Water cooling system is much more complex and expensive. For installation of power over 70MVar it is 
obligatory. 
 

 

1. heat exchanger and 
air cooling system 

2. valves 
3. main cycle water 

pump 
4. thyristor 
5. water tank 
6. water supplying pump 
7. ion exchanger 
8. expansion tank 
9. nitrogen gas cylinder 
T. temperature sensor 
F. flow sensor 
Q. conductivity sensor 
L. water level sensor 
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DIGITAL CONTROL, PROTECTION AND MONITORING SYSTEM 
 

 
Digital control, protection and monitoring system  

   Digital control system realises measuring 
functions in real time (determination of reactive 
power requirement for each phase independently) 
and sends proper signals to thyristor switches in 
order to regulate firing angle of the TCR system. 
   Regulation process of Thyristor Controlled 
Reactor is realised for each phase independently. 
System is characterised by a short response time. 
 

 

 
Simplified scheme of control system operation  

 
 

 

Other functions of digital control system:    
-  regulation, 
-  communication with external systems, 
-  self-diagnosis,  
-  protections and alarms, 
-  monitoring. 
Functions and subcomponents can be chosen on 
individual demand. 
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REALISATION OF SVC SYSTEMS 
 
SVC systems are always designed individually and have to consider i.e.: 

·  environmental conditions, 
·  supply system parameters, 
·  operation parameters of compensated loads, 
·  required results for energy quality after SVC system installation, 
·  available premises. 

 
 
Stages of SVC system installation realisation: 
  

·  local vision and electric parameters’ 
measurement, 
 

·  analyse of measurements and preparation 
of a concept, 

 
·  approval of the concept by the Investor, 

 
·  preparation of a technical documentation, 

approval by the Investor, 
 

·  production of SVC system components, 
 

·  laboratory tests of SVC components, 
 

·  erection at the customer, measurements, 
commissioning. 

 

 
Production of printed boards 

 
 

Part of SVC system documentation, prepared in ELMA energia company 
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QUALITY AND RELIABILITY – THE MOST IMPORTANT FACTOR S 
 
 
   ELMA energia company puts a big impact to studies and testing of each subcomponents, apparatuses and 
devices. The aim of tests is ensuring highest quality of supplied subcomponents, what results in high 
reliability of complete SVC systems. 
 
 

 
 

 
ELMA energia laboratory 

 



 
-60-

 
 

Other solutions and special executions 

 
 
 
   Capacitor banks presented in this catalogue are only a basic solutions. “ELMA energia” company scope of 

offer includes many other solutions, such as: 

 

-  single-phase capacitor banks:  

-  in „H” system with unbalance protection CT,  

-  without and with resonance reactors, 

-  fixed and automatic regulated,  

-  assembling in container stations (regulation cubicles or complete sets of automatic regulated 

capacitor banks), 

-  executions for specific climatic and environmental conditions, such as: 

-  mines’ undergrounds,  

-  very low or very high ambient temperatures 

-  with protections against animals (vermin, birds). 

 

  

Single-phase filter for railway application 
During assembly: capacitor bank on poles 
5MVar/33kV with sun protection roof and 

protections against birds 
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