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DESIGN CONSIDERATIONS FOR APPLICATION OF

SHUNT CAPACITORS IN HEAVY HATER PLANT (TUTICORIN)

-A.R. Subraaanian
-R.A.A. Palani
-J. Thomson

A new 3.3 K.V. 4200 KVAR auto switching capacitor bank has
been installed at HWP(T) for power factor improvement. This
had been supplied and erected by M/s. Asea Brown Boveri Ltd.

Requirement:-

In the year 1986 Tamil Nadu Electricity Board formulated the
Rules and Regulations regarding the restriction of power
factor over the utilities of consumers. Accordingly, if the
power factor of the consumer is less than 0.85 penalties had
been implemented depending upon the poor power factors and
disconnection of service-connection, in case if it could not
be improved within a specific period. During the above
period the power factor of HWP(T) was 0.866. Additional
equipment for modifications of the Plant were expected to be
commissioned. Hence, to avoid disconnection of power
supply and to reduce the cost of electricity consumption by
the way of reducing maximum demand the capacitor bank had
been commissioned. The average load requirement of HWP(T)
was 11.13 MVA with the power factor of 0.86, the calculated
KVAR rating was 5,600. To improve the power factor from
0.86 to 0.98 the reactive compensation calculated was around
4 200 KVAR.

Accordingly, taking into account the following design as-
pects the capacitor bank had been commissioned:-

Capacitor Bank connection:-

Industrial loads basically operate on a medium voltage bus
in the range of 3.3 KV to 11 KV. and overall power compensa-
tion is normally provided on this bus. The capacitor
banks for the voltage range are made up of capacitor units
of equal VAR output and rated for line to neutral voltage of
the system. The units of each phase are connected in paral-
lel to form a balanced star bank. The star connected capac-
itor bank is not grounded for industrial application
because of the following merits it offers over the grounded
arrangement.

a) When a unit develops short circuit fault, the fault
current in the grounded bank can reach the full short cir-
cuit value of the system, as sound phases cannot limit the
short circuit current; in an ungrounded star bank, the fault
current is limited by the impedance of the other two sound
phases permitting less expensive fusing for the units of
ungrounded bank, as fuses with lower rupturing capacity can
be used.
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b) A grounded star bank will provide a path for zero
sequence currents which may result in false operation of
fault relay; this is avoided in ungrounded bank and

c) When th'e surge arrestor is to be used to protect the
bank, it is preferable to keep the capacitor neutral un-
grounded; if the bank is grounded considerable damage nay
occur to the arrestor when the discharge current from the
capacitor bank through the arrestor - which may haave
sparked over - exceeds its rated value.

The ungrounded capacitor bank may be connected either in
single star or in two star groups of equal rating with their
neutral tied together. Out of these, the double star ar-
rangement offers a better choice from the protective relay-
ing point of view. In a single star bank, the relay which
is set sensitively in an attempt to detect over voltage may
operate on an unbalance in the system voltage. This is
avoided in the double star arrangement. However to form a
double star bank, the total number of units should be suffi-
ciently large to be split into two groups. Delta connected
banks are rarely used because of the complexity of protec-
tion.

Basic protection:

Basically there are three steps involved in the protection
of capacitor banks:-

a) Individual unit fusing to isolate the faulty capacitor
unit
b) Unbalanced protection to guard against extended exposure
of capacitor units to over voltages due to removal of units
from the banks and
c) Protection of bank against major fault so as to discon-
nect it from the system

Capacitor unit fusing:-

When any capacitor unit develops intenal fault, it should be
isolated from the bank as quickly as possible, to avoid
rupture of unit casing due to internal pressure. The cur-
rent rating of the fuse is chosen to be at least 135% of
nominal current of the unit to allow for

a) 10% plus tolerance in the output ofthe capacitor as per
IS 2834

b) Harmonic current which may be present due to harmonics
generated by the plant loads and

c) Over voltage due to system operation or capacitor bank
unbalance because of removal of units in any phase due to
fau]t .
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Explosion type fuses may be used if the total reactive power
output of the bank does not exceed 7800 KVAR, that is 2600
KVAR/phase. If the rating exceeds 7800 KVAR, current limit-
ing type fuse should be used.

Capacitor units are also manufactured with internal fuses.
In this case every individual capacitor element inside the
unit is protected by a fuse. When an element fails, a very
small part of the capacitor unit is disconnected, instead of
the vhole capacitor unit as with external fusing. Thus even
with the failure of a few elements the capacitor unit is
still left in service with the corresponding reduction in
reactive power output.

Unbalance protection:-

When one ore more units in a phase is removed from the bank
by the fuse blowing, the impedance of that phase increases,
because all capacitor units are connected in parellel. This
results in the deplacement of neutral of the star bank
voltage and hence increased voltage appears across the units
of the faulted phase. The voltage across the units should
not be allowed to exceed 1.1 times the rated as per IS 2834.
Therefore, protection scheme to detect the over voltage due
to unbalance is essential for the capacitor installation.

Ungrounded single star bank:

Capacitor protection for over voltage due to unbalance for
single star bank. Residual voltage transformers (RVT) and
voltage unbalance relay (VUR) are used for this purpose.
Primary windings of the RVT are connected across the capaci-
tors and the secondary windings are connected in broken
delta. Relay VUR is actuated by the unbalance voltage
output of RVT.

Voltage across the remaining units in the faulted phase,
due to failure of N units in a phase is

V =N/( 3M-N)x Vln.

Ungrounded double star bank:-

In this scheme over voltage due to removal of units from a
phase is detected by sensing the current flowing between
the neutral of star groups. In normal condition the two
star groups are balanced and hence no current flow between
the neutrals. When capacitor units in any phase fail in
either of the two groups, voltages across the remaining
units of the faulted phase in the group increases. The
differential voltage between the two star groups results in
flow of current through the neutral connection. Thus neu-
tral current is a measure of over voltage due to failure of
units

IN = 3MN /(6M-N)*1C
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The normal practice is" to provide two stages of unbalance
detection, one relay to initiate the alarm circuit if the
over voltage due to failure of units is below 10% and anoth-
er relay to energise the trip coil of breaker for switching
off the bank if the over voltage exceeds 10%

Bank fault protections:

For protecting the bank from damage due to major faults
such as short circuit and earth fault, inverse time over
current (OCR) and earth fault (EFR).

Other protections:

Apart from the basic protections described above, it is
essential to provide a few additional protections for the
bank depnding upon the application of plant environment.

Quick discharge:

Internal discharge resistors connected across each unit
reduce the trapped charge to a safe value (below 50 V) in
about 5 min.after switching off. For single star bank,
R.V.T. serves this purpose. For double star bank two single
phase V.T's may be connected across the bank. The capaci-
tors when switched off will discharge quite rapidly through
the transformer windings, generally on 1 to 6 sec. Thus
capacitors will be completely discharged before the circuit
is closed again.

Consideration for Harmonics:

From the capacitor application perspective, the amount of
harmonics on a system may be divided into three categories:-

1) Harmonics exist, but not in enough magnitude to require
any special consideration

2) Enough harmonics present to cause problems only if reso-
nance occurs between the capacitor and the system inductance
-parallal resonance and

3) Harmonics large enough to cause problems for capacitors
or bus voltage even in the absence of resonant condition.

Harnonics resonance:

The frequency at which the capacitor resonates with the
svstem is found as <

fr = SQRT(SK/Qct) * f f

I
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If fr falls near the harmonics present in system, the capac-
itor bank is subjected to high over voltages due to parallel
resonance. To avoid this, the usual practice is to tune
the capacitor with a series reactor to about 4.7th harmon-
ics, that is to tuned below 5th harmonic.

Harmonics filtering:

When the harmonic magnitude is severe than the quality of
voltage must be improved, a series of harmonic filters
formed by splitting the capacitor banks, connecting reactors
in series and tuning them to the objections, can provide a
short circuit path for these harmonics, eleminating them
from the system.

Lighting protection:
Its primary function is to protect the capacitor bank from
lightning and other switching surges and riot to protect the
system itself. This protection is normally used optionally
in capacitor installations.

Circuit breakers for switching capacitor banks:

Criteria for evaluating the switching device for capacitor
switching are

a) type of circuit breaker

b) Continuous current rating of breaker and

c) Inrush current capability of breaker

The circuit breaker should be restrikefree as restriking
causes increased over voltages which result in premature
failure of capacitor, flash over of weakend system insula-
tion, etc. Its continuous current rating should be not less
than 135% of nominal current to accommodate increased cur-
rent due to plus tolerance of capacitor units, system over
voltage and also harmonic loadings.

The above system had been commissioned on 12.12.90. By
which the power factor of this Plant had been brought to
unity power factor from 0.86. By improving the power
factor, the expected reduction in MD is, 1300 KVA to 1500
KVA.

Expected reduction in energy consumption
per day - 225 KWHRs

Cof.t saving by the way of MD= 1500 x 75 - Rs. 1,12,500
per month

Expected cost reduction in energy
consumption - R S . 8,775

Total savings per month - Rs.1,21,275
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