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ABOUT HARMONICS

What are harmonics?

- Components of electrical waveform other than
fundamental sinusoidal wave

- The total harmonic components are resolved
Into sinusoidal waves of multiple of fundamental
frequency (Fourier transform)
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FIFTH HARMONIC

Fundamental and 5th harmonic waves

Freq. = 50Hz
Freq. = 250Hz, Amplitude = 20%
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Impact of Harmonics on RMS and Peak Values

j 100 % H1 ) +33% H3 +20 % H5 + 4 % H25
Peak: 100 % 133 % 168 % 204 %
RMS: 100 % 105 % 108 % 110 %
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VOLTAGE DISTORTION DUE TO CURRENT
DISTORTION
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EXAMPLES OF HARMONICS GENERATING EQUIPMENT
TYPICAL EXAMPLES OF HARMONICS GENERATING EQUIPMENT

L Example input Ezample harmonic components
Source circuit types cument waveforms of input current (100% for Typical example applications
on AC sida fundamsntal-wave componsnt)
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INFLUENCE OF HARMONICS-I

Equipment Influence

Owverheating, burnout, or generation of vibration
and beat noise due to inflow of excessive current
or reduction of circuit impedance against
harmonic currents resulting from resonance
phenocmena

Capacitors and
reactors

Owverheating of neutral lines in 3-phase-4-wire

Neutral cables system due to flow of harmonic current

Rectifier Faulty control due to phase shifting of control
controller signals
Faulty operations due to excess of setting level or
Relays . .
phase variation caused by harmonic current or
voltage
Faulty operations due to excessive harmaonic
MCCBs current
Generators Owerheating in coils and cores

Communication | Generation of noise voltage due to
line electromagnetic induction
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INFLUENCE OF HARMONICS-II

Equipment

Influence

Avudioequipment
and home
appliances

Defects, influence on life and influence on
performance of components such as diodes,

transistors and capacitors, caused by harmonic
current and voltage

Moise and flickering of video image

Computer

Adverse influence on performance

Watt-hour meter

Measuring error due to non-linear characteristics
of effective voltage and current flux

Burnout of current coils due to inflow of excessive
harmonic current

FPower fuses

Elowing out due to excessive harmonic current

Transformer

Generation of beat noise due to

core’'s magnetostriction phenomena caused by
harmonic current

Reduction of capacity due to increase of core and

copper loss caused by harmonic voltage and
current
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POWER CUBE

K =~ KIW2 + KVAR? + KVAH?

KW = ACTIWVE POWER

KVAR = REACTIVE POWER

KVAH = HARMOMNIC POWER
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EFFECTS ON POWER FACTOR

PF = COSf

PF = COSa X
DISTORTION FACTOR

DISTORTION FACTOR =
''''' "/ / WL K-y o1l

Vrms Irms
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Power factor of Rectifier
Displacement anglea

= (Firing angle) / 2 in case of controlled rectifie
(PF = 0.866, for 60 deqg. firing angle)
= 15 Deg. in case of 6 pulse diode rectifier

(PF = 0.966)

= 7.5 Deg. In case of 12 pulse rectifier
(PF =0.991)

= 3.75 Deg. In case of 18 pulse rectifier
(PF =0.998)

= [ 2n, where n, is number of pulses per cycle of
rectifier
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Loss per annum due to less PF

Plant power consumption = 100 MW
Case-l, PF =0.991

MVA =100/ 0.991
= 100.908

Current at 415V = 140550A

T and D loss = 0.03 x 100
=3 MW

ASIA INVEST

" EU-ASIA
POWER = AMTECH m C4<‘PPER
a u u I QUALITY _= ELECTRONICS (INDIA) LTD. % nm“l‘wl:w .

INITIATIVE




Loss per annum due to less PF
Case-ll, PF = 0.998

MVA = 100/ 0.998
= 100.200

Current at 415V = 139564A

T and D loss =3MW x (139564 / 140550)
= 2.958 MW

Hence money saving per annum = (3 — 2.958) x 1000 x
24 x 365 x4
= Rs 14,71,680/-
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What is the extent of Reactive Power?

In Maharashtra there are around 6 lac Power Looms
of rating 0.5 HP operating at PF of 0.5,

Hence KVA = 600000 x 0.5x0.746 /0.5
= 4476000

Reactive KVA = 2238000
= 2.238 GVAR

Hence If reactive power is not compensated we whike
burdened with it!
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MEASURED HARMONIC CURRENT AT FULL LOAD FOR ONE
PARTICULAR INSTALLATION ARE GIVEN IN TABLE:

Harmonilc Currents
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Disadvantages of Reactive Power

Increased T & D loss

Increased Contract Demand

Blocked Generator Capacity

Increased Penalty on PF or Reduced Incentives on &g PF
Blocked Transformer Capacities

Drop in source voltage
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Limitations of switched capacitor method of
reactive power compensation

Limitation of precision: The minimum compensation is
decided by the smallest value of KVAR offered by gaacitor

Limitation of dynamic response:Dynamic response is limited
by the speed of the switching element, contactor dnyristor

Non-adaptability to unbalance in load:In case of unbalanced
load, the reactive power demand of each phase idférent

Sensitivity to line voltage:Same capacitor offers different
reactive power at different voltages
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Limitations of switched capacitor method of
reactive power compensation
Sensitivity to supply frequency:Capacitive impedance is
sensitive to frequency and works in opposite direain to
reactive power demand

Interference due to switching elementsSwitching leads to
current transient across source voltage

Dynamic compensation of harmonics is not possible:
Complex, variable and fast changing harmonic spectims of
load are difficult to compensate with conventionapassive
filters
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USE OF HARMONIC TRAP FILTERS

Frequency selective Harmonic currents
X low-impedance paths <
« [ T T [ 1T
Inductive source X5 X7 X Xi3 X1z '\
impedance defines Resistar for
a_uan{able short- higher frequencies
Circuit current. 5th Tth 11th 13th 17th

Arrangement of multiple parallel path filters using series-tuned
harmonic “traps,”
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PRINCIPLE OF ACTIVE HARMONIC FILTER

IL=IF + IH
IC = -IH
IS =IL + IC = (IF + IH) + (-IH)

Active & C b i

Filter




PRINCIPLE OF REACTIVE POWER
COMPENSATOR

Fundamental only Idiuomon
Supply — (O - ' Load
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PRINCIPLE OF REACTIVE POWER
COMPENSATOR (Time and Frequency
Domain)
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Rating of Reactive Power compensator
/ Multi-functional Active Harmonic Filter

KVA Rating =
KVA for Harmonic Mitigation

+ KVA Power for current unbalance compensation

+ KVA for Reactive Power compensation
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Application Case Study
of
Active Harmonic Filter
with

Non-Linear-Load
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Harmonic Spectrum of Non-Linear Load
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Harmonic Spectrum of Source Current with AHF OFF




Harmonic Spectrum of Source Current with AHF ON




Source Current and Load Current Waveforms when ARS-OFF




Source Current and Load Current Waveforms when AH&EON




Selective Harmonic Elimination in AHF




Amtech’s Services In Harmonics Related Issues

1. Harmonic Audit at specific non-linear loads.
2. Harmonic Audit of entire plant

3. Analysis of Harmonic measurements and recommendans
for harmonic mitigation.

4. Design, supply and commissioning of Harmonic férs.
5. Ensuring the plant to be free of Harmonic relatedoroblems.

6. Conducting Awareness Seminars on Harmonics Issues







