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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)



FIFTH HARMONIC

Fundamental and 5th harmonic waves

Freq. = 50Hz

Freq. = 250Hz, Amplitude = 20%



Impact of Harmonics on RMS and Peak Values



VOLTAGE DISTORTION DUE TO CURRENT 
DISTORTION



EXAMPLES OF HARMONICS GENERATING EQUIPMENT
TYPICAL EXAMPLES OF HARMONICS GENERATING EQUIPMENT



INFLUENCE OF HARMONICS-I



INFLUENCE OF HARMONICS-II



POWER CUBE



EFFECTS ON POWER FACTOR

PF = COS ffff

PF = COS aaaa X 
DISTORTION FACTOR

DISTORTION FACTOR =
V1 x        I1

Vrms             Irms



Power factor of Rectifier
Displacement angle aaaa

= (Firing angle) / 2 in case of controlled rectifier 
(PF = 0.866, for 60 deg. 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



Loss per annum due to less PF

Plant power consumption = 100 MW

Case-I, PF = 0.991

MVA = 100/ 0.991
= 100.908

Current at 415V = 140550A

T and D loss = 0.03 x 100 
= 3 MW



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

MVA = 100/ 0.998
= 100.200

Current at 415V = 139564A

T and D loss =3MW x (139564 / 140550)2 

= 2.958 MW

Hence money saving per annum = (3 – 2.958) x 1000 x 
24 x  365 x 4

= Rs 14,71,680/-



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 0.5 x 0.746 / 0.5
= 4476000

Reactive KVA = 2238000
= 2.238 GVAR

Hence if reactive power is not compensated we will be 
burdened with it!



MEASURED HARMONIC CURRENT AT FULL LOAD FOR ONE 
PARTICULAR INSTALLATION ARE GIVEN IN TABLE:



Disadvantages of Reactive Power

Increased T & D loss

Increased Contract Demand

Blocked Generator Capacity

Increased Penalty on PF or Reduced Incentives on Less PF

Blocked Transformer Capacities

Drop in source voltage



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 capacitor

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

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

Sensitivity to line voltage: Same capacitor offers different 
reactive power at different voltages



Limitations of switched capacitor method of 
reactive power compensation

Sensitivity to supply frequency: Capacitive impedance is 
sensitive to frequency and works in opposite direction to 
reactive power demand

Interference due to switching elements: Switching leads to 
current transient across source voltage

Dynamic compensation of harmonics is not possible: 
Complex, variable and fast changing harmonic spectrums of 
load are difficult to compensate with conventional passive 
filters





PRINCIPLE OF ACTIVE HARMONIC FILTER

IL = IF + IH

IC = -IH

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

= IF



PRINCIPLE OF REACTIVE POWER 
COMPENSATOR



PRINCIPLE OF REACTIVE POWER 
COMPENSATOR (Time and Frequency 
Domain)





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



Application Case Study

of 

Active Harmonic Filter

with 

Non-Linear-Load  



Harmonic Spectrum of Non-Linear Load



Harmonic Spectrum of Source Current with AHF OFF



Harmonic Spectrum of Source Current with AHF ON



Source Current and Load Current Waveforms when AHF is OFF



Source Current and Load Current Waveforms when AHF is ON



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 recommendations 
for harmonic mitigation.

4. Design, supply and commissioning of Harmonic filters.

5. Ensuring the plant to be free of Harmonic related problems.

6. Conducting Awareness Seminars on Harmonics Issues




