
Chapter 2 

Literature Review 

2.1 Applicable Standards 

2.1.1 IEEE 18-2002 standard [2] 

Capacitors shall be capable of continuous operation provided that none of the 

following limitations are exceeded. 

• 110% of rated r.m.s. voltage 36.30 kV 

• 120% of rated peak voltage 

i.e., 1.2 * V2* rated r.m.s. voltage 56.00 kV 

Including harmonics but excluding transients 

• 135 % of nominal r.m.s. current based on rated kvar and rated voltage, 

For 5 Mvar bank 118.09 A 

For 20 Mvar bank 472.38 A 

Capacitors shall be capable of withstanding switching transients having crest 

voltage up to two times. 

• Reactive power manufacturing tolerance of up to 115% of rated reactive 

power. 

2.1.2 IEC60871 -1: 1997 [3] 

Under the routing test, capacitor should withstand ac test voltage of 2.15 times 

rated r.m.s voltage. 

Long duration power frequency voltages are 

• 100% of r.m.s. voltage for continuous operation at power frequency 

• 110% of r.m.s. voltage for 12hours in every 24h 

• 115% of r.m.s. voltage for 30 minute in every 24h 
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• 120% r.m.s. voltage for 5 minutes 

• 130% r.m.s. voltage for 1 minute 

Maximum permissible currents are: 

• 130 % of r.m.s. current for continuous operation at rated voltage, rated 

current and rated frequency excluding transients. 

2.2 The Capacitor Unit 

Figure 1 - Cross section of a Power Capacitor Unit 

Figure 1 is the building block of a shunt capacitor bank. The capacitor unit is 

made up of individual capacitor elements, arranged in parallel/ series connected 

groups, within a steel enclosure. The internal discharge device is a resistor that 

reduces the unit residual voltage to 50V or less in 5 min. Capacitor units are 

available in a variety of voltage ratings (240 V to 24,940V) and sizes (2.5 kvar to 

about 1000 kvar) [4], 

2.3 Fuse technologies 

Capacitor units are available with Internal or External Fuses or Fuseless as shown 

in Figure 2. 
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Figure 2 - Capacitor Fuse Technologies 

The use of fuses for protecting the capacitor units and its location (inside the 

capacitor unit on each element or outside the unit) is an important subject in the 

design of Shunt Capacitor Banks. 

2.3.1 Externally Fused 

Externally fused SCBs are configured using one or more series groups of parallel-

connected capacitor units per phase as shown in Figure 3. Advantages are 

• An individual fuse typically protects each capacitor unit. 

• The capacitor unit can be designed for a relatively high voltage because 

the external fuse is capable of interrupting a high-voltage fault. 

• Use of capacitors with the highest possible voltage rating will result in a 

capacitive bank with the fewest number of series groups. 
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Figure 3 - Externally fused type 
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Although the external fuses provide a visual indication of a failure, banks tend to 

occupy more substation space, are more expensive, have many live parts subject 

to possible damage by animals, and have higher installation and maintenance costs 

[4]. 

2.3.2 Internally Fused 

Each capacitor element is fused inside the capacitor unit. Upon a capacitor 

element failure, the fuse removes the affected element only. The other elements, 

connected in parallel in the same group, remain in service but with a slightly 

higher voltage across them. 

Figure 4 illustrates a typical capacitor bank utilizing internally fused capacitor 

units. The capacitor units are normally large because a complete unit is not 

expected to fail [4], 

JL 

a; 
i/i 

H_ Jl. 
i^r Tr 

m 
<3) 
tfi 
Co 

r r Tr r r 

as i 
l/S I «S I 

Q . 

1 T L x d "1 
T"" prr 

• 

Advantages 

Designed and coordinated to isolate internal faults at the element level and 

allow continued operation of the remaining elements of that capacitor unit. 

Higher reliability. 

Less space, lower installation and maintenance costs, and fewer live parts 

Shunt Capacitor Banks without internal Fuses 
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2.3.3 Fuseless shunt capacitor bank 

To form a bank, capacitor units are connected in series strings between phase and 

neutral, shown in Figure 5. 
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Figure 5 - Fuseless shunt capacitor bank and series string 

When the capacitor element fails, it welds and the capacitor unit remains in 

service. The voltage across the failed capacitor element is then shared among all 

the remaining capacitor element groups in the series. 

The fuseless design is not usually applied for system voltages less than about 34.5 

kV. The reason is that there shall be more than 10 elements in series so that the 

bank does not have to be removed from service for the failure of one element 

because the voltage across the remaining elements would increase by a factor of 

about E (E - 1), where E is the number of elements in the string [4], The discharge 

energy is small because no capacitor units are connected directly in parallel. 

2.3.4 Unfused Shunt Capacitor Banks 

Contrary to the fuseless configuration, where the units are connected in series, the 

unfused shunt capacitor bank uses a series/parallel connection of the capacitor 

units. The unfused approach would normally be used on banks below 34.5 kV, 

where series strings of capacitor units are not practical, or on higher voltage banks 

with modest parallel energy. This design does not require as many capacitor units 

in parallel as an externally fused bank [4], 
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2.4 Capacitor Bank Design 

2.4.1 Basics of capacitor bank design and capacitor unit connections. 

The optimum connection for a SCB depends on the best utilization of the 

available voltage ratings of capacitor units, fusing, and protective relaying. 

Virtually all substation banks are connected wye. Distribution capacitor banks, 

however, may be connected wye or delta. Some banks use an H configuration on 

each of the phases with a current transformer in the connecting branch to detect 

the unbalance. 

2.5 Grounded Wye-Connected Banks 

Grounded wye capacitor banks are composed of series and parallel-connected 

capacitor units per phase and provide a low impedance path to ground. Figure 6 

shows typical bank arrangements. 

Figure 6 - Multiple units grounded single Wye 

Advantages of the grounded capacitor banks include: 

• Its lcfw-impedance path to ground provides inherent self-protection for 

lightning surge currents and give some protection from surge voltages. 

Banks can be operated without surge arresters taking advantage of the 

capability of the capacitors to absorb the surge. 

• Offer a low impedance path for high frequency currents and so they can be 

used as filters in systems with high harmonic content. However, caution 



shall be taken to avoid resonance between the SCB and the system. 

• Reduced transient recovery voltages for circuit breakers and other 

switching equipment. 

• Some drawbacks for grounded wye SCB are: 

• Increased interference on telecom circuits due to harmonic circulation. 

• Phase series reactors are required to reduce voltages appearing on the CT 

secondary due to the effect of high frequency, high amplitude currents. 

2.6 Multiple Units in Series Phase to Ground - Double Wye 

When a capacitor bank becomes too large, making the parallel energy of a series 

group too great (above 4650 kvar) for the capacitor units or fuses, the bank may 

be split into two wye sections. Figure 7 shows typical bank arrangement for 

multiple units grounded double wye capacitor bank [4], 

The characteristics of the grounded double wye are similar to a grounded single 

wye bank. 
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Figure 7 - Multiple units grounded double Wye 

2.7 Ungrounded Wye-Connected Banks 

Ungrounded wye banks do not permit 

• Zero sequence currents, 

• Third harmonic currents, or 

• Large capacitor discharge currents during system ground faults to flow. 

• Over voltages appearing at the CT secondaries are not as high as in the 

case of grounded banks. 

11 



However, the neutral should be insulated for full line voltage because it is 

momentarily at phase potential when the bank is switched or when one capacitor 

unit fails in a bank configured with a single group of units. Figure 8 shows 

multiple units ungrounded single wye capacitor bank. For banks above 15kV this 

may be expensive [4], 

Multiple Units in Series Phase to Neutral - Single Wye 

Figure 8 - Multiple units ungrounded single Wye 

Figure 9 - Multiple units ungrounded double Wye 

When a capacitor bank becomes too large for the maximum 4650 kvar per group 

the bank may be split into two wye sections as shown in Figure 9. As for any 

ungrounded why bank, the neutral instrument transformers should be insulated 

from ground for full line-to-ground voltage, as should the phase terminals [4], 



2.9 Delta-connected Banks 

Delta-connected banks are generally used only at distributions voltages and are 

configured with a single series group of capacitors rated at line-to-line voltage. 

With only one series group of units no overvoltage occurs across the remaining 

capacitor units from the isolation of a faulted capacitor unit [4], 

2.10 H Configuration 

Some larger banks use an H configuration in each phase with a current 

transformer connected between the two legs to compare the current down each 

leg. This arrangement is used on large banks with many capacitor units in parallel 

[4]-
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