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HARMONICS



§ Higher network utilisation – higher operating costs and reduced supply availability for expansion

§ Lighting flicker

§ Errors in measurements using digital and analogue metering systems due to harmonic 
interference

§ Nuisance tripping of electronic protective devices such as circuit breakers and residual current 
devices due to inaccurate zero crossings

§ Damage to power factor correction capacitors due to high frequency harmonic interference 
causing increased current draw, leading to increased operating temperatures and premature 
failure

Problems caused by harmonics



Typical industrial electrical installation



Typical industrial electrical installation

NON-LINEAR 
LOADS

LINEAR LOADS



Linear load 

A load that draws a sinusoidal current when energized by a sinusoidal voltage.

§ Light bulbs

§ Heaters

§ AC motors

Nonlinear load 

A load that draws a non-sinusoidal current when energized by a sinusoidal voltage.

§ UPS systems

§ Computer power supplies

§ Inductive heating

§ Welding equipment

§ Battery chargers

§ Electronic ballasts (e.g. HID lighting)

§ Inverter split systems

§ Variable Speed Drives

Linear & Non-Linear Loads



Harmonics are caused by 

‘Non-linear loads’

and are responsible for a significant % of total 
electrical power absorbed from the grid

Harmonic Generators



EMC 

Governed in Australia by Australian Communications & Media Authority (ACMA) 

Electronic items required to be certified with C-Tick mark of approval

C-Tick/EMC compliance ensures that the approved device does not interfere and affect the 
operation of surrounding electronic devices due to radiated electromagnetic noise

Harmonics & EMC – Different!



EMC



Harmonics

Levels governed by AS/NZS 61000 series of standards for LV  and MV  installations

Local supply authority have own PCC harmonic levels to comply to – can be lower than AS/NZS 
levels

Harmonics & EMC – Different!



• Voltage harmonics are the key to minimize – remember that current harmonics cause the voltage 
harmonics when connected to a network

• AS/NZS61000-3-6:1996 - Part 3.6: Limits—Assessment of emission limits for distorting loads in 
MV and HV power systems, Table 1.

The harmonic limits in Australia & New 

Zealand





Powercor Australia



Harmonics ‘live’ on 
the line side

Harmonics



A sinusoidal waveform has no harmonics

What are harmonics?
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A non-sinusoidal waveform contains harmonics

What are harmonics?

Rtotal.V =...
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Harmonics are integer multiples of the fundamental frequency

§ 50Hz is the fundamental frequency and also known as the 1st harmonic.

§ 2nd harmonic is 100Hz (2 x 50Hz)

§ 3rd harmonic is 150Hz (3 x 50Hz)

§ Etc, etc

Any non-sinusoidal waveform can be created by the addition of harmonics at various amplitudes
and phase angles

Phase, frequency and amplitude



Most non-linear loads contain an AC-DC converter

Specific harmonics generated by an AC-DC converter is specified by the number of ‘pulses’ or 
diodes contained within the rectifier 

Bridge rectifiers & Pulses
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E.G – VSD

What is inside a Non-Linear load?

Converter

AC to DC

Inverter

DC to AC

DC

Bus

Filter

AC Drive
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4 pulse rectifier most common in single phase DC applications. 

E.g: Power Supply

Bridge rectifiers & Pulses
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harmonic 11&13
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6 pulse rectifier most common in three phase appliactions 

E.g: VSD’s

Bridge rectifiers & Pulses



70.7A of fundamental current

Fundamental (1st Harmonic) 



28.0A of 5th harmonic current, 153deg

Fundamental and 5th Harmonic



10.9A of 7th harmonic current, 282deg

1st, 5th and 7th Harmonics



5.5A of 11th harmonic current, 0deg

1st, 5th, 7th and 11th Harmonics



Sum the 5th, 7th and 11th harmonic currents

1st and sum of the 5th, 7th and 11th 



Add some 13th, 17th, 19th, 23rd, 25th and 29th harmonic current

1st and sum of the 5th thru 29th 



Sum the harmonics with the fundamental

1st and sum of harmonics



Let’s look at the phase angles of the various harmonics and the pattern that develops: 

Positive, negative and zero sequence 

harmonics



Harmonics such as the 7th, which “rotate” with the same sequence as the fundamental, are called 
positive sequence – i.e A-B-C

Harmonics such as the 5th, which “rotate” in the opposite sequence as the fundamental, are called 
negative sequence– i.e C-B-A

Triplen harmonics (3rd, 9th, etc) which don't “rotate” at all because they're in phase with each 
other, are called zero sequence. 

Positive, negative and zero sequence 

harmonics



§ For motors connected on a supply containing harmonics and controlled via conventional motor 
starting techniques, the mechanical rotation of the rotor depends on the torque produced by the 
sequential “rotation” of the applied 3-phase power.

§ Positive sequence harmonics create a magnetic field in the direction of rotation. Assists with 
rotation of the motor shaft however draws additional current from the supply.

§ Negative sequence harmonics develop magnetic fields in the opposite direction of rotation. 
Reduces torque and draws additional current from the supply.

§ Zero-sequence harmonics do not affect the rotor's torque and hence do not produce a rotating 
magnetic field of any kind.  Zero sequence harmonics will increase overall current demand and
generate heat as they flow back to the supply transformer and collect on the neutral leg, 
creating excessive heat in the transformer and neutral leg alike. 

Motor issues caused by harmonics



Table shows various sequence harmonics based on the fundamental and harmonic waveforms. 

Positive, negative and zero sequence 

harmonics

Harmonic 

Number

Frequency 

Hz Sequence

1 50 +

3 150 0

5 250 -

7 350 +

9 450 0

11 550 -

13 650 +

15 750 0

17 850 -

19 950 +

21 1050 0

23 1150 -

25 1250 +

27 1350 0

29 1450 -



Looking at >3 phase systems, there should not be zero sequence harmonics present in the system 
due to no triplen harmonics being present in >3 phase systems. 

Positive, negative and zero sequence 

harmonics

Harmonic 

Number

Frequency 

Hz Sequence

1 50 +

3 150 0

5 250 -

7 350 +

9 450 0

11 550 -

13 650 +

15 750 0

17 850 -

19 950 +

21 1050 0

23 1150 -

25 1250 +

27 1350 0

29 1450 -



Common form of presenting harmonic levels is called a ‘harmonic spectrum’.

Uses a simple bar graph showing the nth harmonics and their respective amplitudes

Representing Harmonics

Typical Harmonic Spectrum of 6-Pulse 

Rectifier
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The fundamental harmonic or 1st harmonic 
represents 50Hz and corresponds to 100% 
of the available current

The 5th harmonic (or 250Hz), the spectrum 
shows that the harmonic current is 
approximately 40% of the fundamental 
current 

The 7th harmonic (or 350Hz) contributes to 
approximately 30% of the fundamental 
current 

and so on and so forth. 

Representing Harmonics

Typical Harmonic Spectrum of 6-Pulse 

Rectifier
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THID is a ratio between two numbers and is given as a %.

We can decrease THID

by either decreasing Iharmonic increasing Ifundamental

What is THID?
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Let’s look at an example using a standard 6 pulse, 22kW VSD.

Iharmonic = 19.34A

Ifundamental = 36.00A

Itotal = 40.87A

THID   = 53.73%

Highlighted in green are the most prevalent 

harmonics

Fourier Transform & Example

Harmonic 

Number

Frequency 

Hz

Amplitude 

Peak

Amplitude 

RMS

Amplitude 

RMS
2

0 DC 0.00 0.00 0.00

1 50 50.91 36.00 1296.00

3 150 0.00 0.00 0.00

5 250 20.93 14.80 219.04

7 350 15.41 10.90 118.81

9 450 0.00 0.00 0.00

11 550 5.37 3.80 14.44

13 650 4.24 3.00 9.00

15 750 0.00 0.00 0.00

17 850 2.97 2.10 4.41

19 950 2.69 1.90 3.61

21 1050 0.00 0.00 0.00

23 1150 1.98 1.40 1.96

25 1250 1.84 1.30 1.69

27 1350 0.00 0.00 0.00

29 1450 1.56 1.10 1.21

Sum of 3rd to 29th 374.17

Iharmonic (A) 19.34

Sum of 1st to 29th 1670.17

Itotal (A) 40.87

THID (%) 53.73
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Fourier Transform & Example



Now, let’s decrease Iharmonic by adding a harmonic filter on the same 6 pulse, 22kW VSD.

Iharmonic = 1.66A

Ifundamental = 36.00A

Itotal = 36.04A

THID   = 4.60%

Decreasing IHarmonic Example 

Harmonic 

Number

Frequency 

Hz

Amplitude 

Peak

Amplitude 

RMS

Amplitude 

RMS
2

0 DC 0.00 0.00 0.00

1 50 50.91 36.00 1296.00

3 150 0.00 0.00 0.00

5 250 1.70 1.20 1.44

7 350 1.27 0.90 0.81

9 450 0.00 0.00 0.00

11 550 0.71 0.50 0.25

13 650 0.42 0.30 0.09

15 750 0.00 0.00 0.00

17 850 0.42 0.30 0.09

19 950 0.28 0.20 0.04

21 1050 0.00 0.00 0.00

23 1150 0.14 0.10 0.01

25 1250 0.14 0.10 0.01

27 1350 0.00 0.00 0.00

29 1450 0.11 0.08 0.01

Sum of 3rd to 29th 2.75

Iharmonic (A) 1.66

Sum of 1st to 29th 1298.75

Itotal (A) 36.04

THID (%) 4.60



THID Spectrum - 22kW 6 pulse + Harmonic Filter
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Current Distortion (THID) 

Is the cause of 

Voltage Distortion (THVD)

Current Distortion v’s Voltage Distortion



§ Transformer can be represented as a 
voltage source with impedance

§ As load current flows through transformer 
impedance, voltage drop occurs

§ If current harmonics are present, voltage 
harmonics will be present on the 
secondary of the transformer which will 
affect other loads (or customers) 
connected to the same

Current Distortion v’s Voltage Distortion
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§ Typical nonlinear loads draw current only near the peak of the sine wave hence I2R voltage 
drop or loading effect on transformers and power lines only occurs at the peak.

§ A combination of high source impedance and harmonic currents can cause a “flat topping” effect 
on the line voltage or Voltage distortion.

§ A source with low impedance is known as a “stiff” source because voltage distortion is not easily 
distorted.

§ A source with high impedance is known as a “soft” source because voltage is easily distorted. 

Current Distortion v’s Voltage Distortion



Stiffness of power supply relates to the ratio of the short circuit current of the transformer against 
the load current

The “stiffer” the supply, the higher the ratio Isc/Iload will be

The “softer” the supply, the lower the ratio Isc/Iload will be

Current Distortion v’s Voltage Distortion
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1500kVA, 5%, 400VAC transformer causes low voltage distortion

Referred to as ‘Stiff’ power supply

1500kVA & 55kW Load
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load

sc

I

I



Possible Applicable Standard



Using our calculation software, see effect of 1500kVA, 5%, 400VAC transformer with 55kW load

Iharmonic = 32.52A

Ifundamental = 88A

Itotal = 93.82A

THID   = 36.95%

THVD = 0.77%

1500kVA & 55kW Load

Harmonic 

Number

Frequency 

Hz

Amplitude 

Peak

Amplitude 

RMS

Amplitude 

RMS
2

0 DC 0.00 0.00 0.00

1 50 124.45 88.00 7744.00

3 150 0.00 0.00 0.00

5 250 33.94 24.00 576.00

7 350 23.48 16.60 275.56

9 450 0.00 0.00 0.00

11 550 12.87 9.10 82.81

13 650 10.18 7.20 51.84

15 750 0.00 0.00 0.00

17 850 6.93 4.90 24.01

19 950 6.22 4.40 19.36

21 1050 0.00 0.00 0.00

23 1150 4.81 3.40 11.56

25 1250 4.38 3.10 9.61

27 1350 0.00 0.00 0.00

29 1450 3.68 2.60 6.76

Sum of 3rd to 29th 1057.51

Iharmonic (A) 32.52

Sum of 1st to 29th 8801.51

Itotal (A) 93.82

THID (%) 36.95

THVD (%) 0.77



75kVA, 5%, 400VAC transformer causes lots of voltage distortion

Referred to as ‘Soft’ power supply

Other equipment connected to same transformer will see the same voltage distortion

75kVA & 55kW Load
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Possible Applicable Standard



Using our calculation software, see effect of 75kVA, 5%, 400VAC transformer with 55kW load

Iharmonic = 25.50A

Ifundamental = 92A

Itotal = 95.47A

THID   = 27.71%

THVD = 7.94%

75kVA & 55kW Load

Harmonic 

Number

Frequency 

Hz

Amplitude 

Peak

Amplitude 

RMS

Amplitude 

RMS
2

0 DC 0.00 0.00 0.00

1 50 130.11 92.00 8464.00

3 150 0.00 0.00 0.00

5 250 32.53 23.00 529.00

7 350 11.03 7.80 60.84

9 450 0.00 0.00 0.00

11 550 8.49 6.00 36.00

13 650 4.95 3.50 12.25

15 750 0.00 0.00 0.00

17 850 3.39 2.40 5.76

19 950 2.69 1.90 3.61

21 1050 0.00 0.00 0.00

23 1150 1.56 1.10 1.21

25 1250 1.41 1.00 1.00

27 1350 0.00 0.00 0.00

29 1450 0.85 0.60 0.36

Sum of 3rd to 29th 650.03

Iharmonic (A) 25.50

Sum of 1st to 29th 9114.03

Itotal (A) 95.47

THID (%) 27.71

THVD (%) 7.94
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Customer 

A

• The Point of Common 
Connection (PCC) is the 
location where Customer A 
needs to comply to 
AS/NSZ61000-3-6

Customer 

B

Customer 

C

• In addition to Customer B and 
Customer C

PCC

Typical distribution network



Assume cable length is negligible

Effect of cable lengths

L1.I = f( t...

VM4.V = ...
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