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Answer Any FIVE FULL Questions
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1 | Explain with the help of necessary diagrams, the principle of operation of TSC. [10] | CO4 | L4
Sketch the relationship between current and number of capacitors conducting.
2  |Explain series capacitor protection using varistor protective gear. [10] | CO4 | L4
3 | With the help of diagram & waveform explain working of TCR. [10] | CO4 | L4
4 Discuss the application of synchronous condenser in [10] | CO5| L2
i) Power System Voltage Control
ii) Emergency reactive power supply
5 | With neat sketches explain various starting methods of synchronous condenser. [10] | CO5| L4
6 | Explain the effects of harmonics on electrical equipment. [10] | CO6 | L4
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6ans:
16.3. EFFECT OF HARMONICS ON ELECTRICAL EQUIPMENT

Blown capacitor fuses or failed capacitors in power capacitor banks are
often the first evidence of excessive ac harmonic levels. ANSI Standard
C55.1-1980 and NEMA CP1-1973 cover the characteristics of shunt
power capacitors. In these standards, considerable attention is given to
harmonics, and allowances are made for increases in both the effective
voltage and current due to harmonics. Continuous operation with exces-
sive harmonic current can lead to increased voltage stress and overtem-
perature, and can shorten the life of capacitors. Typically, a 10% increase
in voltage stress will result in a 7% increase in temperature, reducing the
life expectancy to 30%. This “‘life’’ analysis does not allow for capacitor
failure initiated by dielectric coron= The damage done by corona pro-
duced by excessive peak voltages depends on both the intensity and dura-
tion of the corona. There have been numerous cases of premature
failure — in the order of months rather than years — as a result of inade-
quate provision for harmonic voltages.

Harmonic currents can cause overheating of rotating machinery, partic-
ularly solid-rotor (nonsalient-pole) synchronous generators. Harmonic
currents produce a magnetomotive force that causes currents to flow in
the solid rotor surface, adding to the heating. Positive-sequence rectifier
harmonics [following the equation n = kg + 1 (7th, 13th, etc.)] rotate
forwards and cause harmonic orders 6, 12, and so on, in the rotor. Those
harmonics following the equation n = kg — 1 (5th, 11th, etc.) are nega-
tive sequence, rotate against the rotation of the rotor, and again produce
harmonic orders 6, 12, and so on, in the rotor. The resulting pulsating
magnetic field caused by the oppositely rotating pairs of magnetomotive
forces sets up localized heating in the rotor which may require a derating
of the machine. The derating for 6-pulse operation, where the 5th and
7th harmonics dominate, can be considerable, depending on the particular
machine design. Derating for balanced 12-pulse rectifier operation is gen-
erally minimal. The presence of rotor amortisseur windings greatly allevi-
ates the rotor heating problem.

Induction motors are much less affected by harmonics than are solid-
rotor synchronous generators. However, excessive harmonic currents can

especially when they are connected into 2’:;
‘overheat i nance with the system are aggravating
\t! m"- —

or more harmonics. I’R)
or monic c‘::-lr?nts carried by transformers will increase tl:l :r‘:ﬁ.( The
LA by 2 factor greater than the mere increase in ;n;gR ot DEOLOT:
la’:nmt of the increase depends on the proPOl’ﬁ‘“‘d (:he amount Propor-
:i‘::nal to frequency squared (eddy current loss 211;288 ). The same is true
tional to the first power of frequency (s:;Yalc::sun’ dosigness of feactors
- cu“em-lim“tihflg W t:nnti?h;ec‘::z?.of each signiﬁcgnt harmonic s;) tgaf
ltlhe:: é:nk::;:y tte;eu;-zper factor for I2R loss contributed by the funda

mental and each contributing harmonic.
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