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The most widely used Power Quality 
Solutions from a survey of 1400 sites in 8 
countries
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Transients can be caused by:-
Lightning
Switching on the mains supply network
Switching of any load (even relays !)
Sags
Arc welding

Transients are often referred to as surges, 
particularly in standards
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IBM Survey of incidence rates of harmful 
power disturbances causing computer 
equipment failures (Allen & Segall)
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Some interesting facts about lightning

There are about 300,000 ground strikes 
every year in Britain
30 – 60 people are struck by lightning each 
year and on average 3 may be killed

Source: Tornado and Storm Research Organisation www.torro.org.uk

The Met Office monitors radio waves 
emitted from lightning flashes. These have 
a frequency of about 50 kHz and in principle 
can travel from the  other side of the World 
with very little loss in strength.

Source: www.met-office.gov.uk

https://www.torro.org.uk/
https://www.torro.org.uk/
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EN 61000-4-5: Testing and measurement 
techniques-Surge immunity test

This standard defines the test levels for 
various classifications of equipment. The 
most stringent test (interconnections 
through outdoor cables) calls for a 4kV 
surge test.
In reality surges in excess of 10kV can be 
expected, particularly in North and South 
America and the Pacific Rim.
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Locations near to power lines are particularly 
vulnerable to transients, typically 10kV ten times a 
year. Whereas an office in town could expect up to 3kV 
ten times a year.

Source: Manufacturing Systems Magazine
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Transients can cause:-

Equipment failure
Premature ageing of components e.g 
semiconductors (especially power 
components such as rectifiers)
Disruption of a process
Fire
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Some devices for protection 
against transients

Metal-oxide 
varistor, a 
bulk semi-
conductor, 
fast and less 
rugged than 
a GDT

Gas discharge  
tube, 
essentially 
just a spark-
gap, slow but 
very high 
power and 
negligible 
leakage  

Also avalanche devices (zener type action) and thyristor devices
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Harmonics
Sinusoidal components of a non- linear 
periodic waveform with a frequency that is a 
whole multiple of the fundamental frequency
Symmetrical waveforms – odd harmonics 
only
Asymmetrical waveforms – both odd and 
even harmonics
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A sine wave distorted by third and fifth harmonics
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Harmonics are caused by:-

Fluorescent Lighting (energy 
saving bulbs)
Televisions and computers
Switch mode power supplies
Variable speed drives
Air conditioning equipment
IT equipment
Phase-angle power controllers
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A Variable Speed Drive (VSD) comprises three main components:-
A RECTIFIER to convert the mains supply into DC
The DC LINK incorporating chokes and capacitors for maintaining a 
steady DC voltage
An OUTPUT STAGE using Insulated Gate Bipolar Transistors 
(IGBT’s) for generating a 3-phase, variable frequency output to 
control the motor
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Time

Current

Voltage

Simplified diagram showing the pulse width 
modulated output from an inverter drive.



REO (UK) LTD



REO (UK) LTD



REO (UK) LTD

80

40

-40

-80

400

200

-200

-400

Supply Voltage
Current

Time, msC
ur

re
nt

, A

Vo
lta

ge
, V

10 20 30

Typical input current waveform for a 1.5 kW PWM drive



REO (UK) LTD

Spectrum showing harmonic content of current waveform for 1.5kW PWM drive
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Harmonics can cause:-

High neutral currents i.e can be 1.7 x phase 
current when there are a lot of single phase 
loads because triplens are additive
Problems with half-size neutrals in older 
buildings
Nuisance tripping
Overheating and fire hazards
Overheating of Power Factor Correction 
Capacitors
Extra losses in transformers
Losses in power cables (skin effect)
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The formula for the depth of skin effect in copper is:-

f
mmDepth 04.66)( =

Current density

Current 

Low High
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Standards and Recommendations
EN 61000-3-2 
Up to 16A/phase
For Lighting Equipment > 25 W
For Other Equipment > 75 W

G5/4 Recommendations
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Harmonic distortion reduction 
techniques (medium power 
range)

Line reactors or DC link reactors
Star/Delta 12 pulse systems
Active PFC
PWM control of power transistors instead of using 
rectifiers 
Transformers with a high leakage inductance
UPS that doesn’t generate harmonics
Dedicated LV transformer
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The effect of adding a 
4% line reactor
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Dips, dropouts and 
interruptions
(short duration of less 
than 1 min)
These are caused by:-

Load switching and fault clearance on 
the mains network
Switching to emergency power supplies 
such as a UPS
Starting of large loads (motors can draw 
up to six times their full load current))
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Dips, dropouts and 
interruptions can cause:-

Domestic timers to stop
Electromechanical devices, relays, 
contactors and solenoids to 
malfunction
Protective circuits to close down
Data loss on IT equipment
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Number of disturbances per annum caused by faults or 
switching operations in the public supply systems

(Source: International Union of Producers and Distributors of 
Electrical Energy (UNIPEDE): 1991, No. 50.02.)
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BS EN 50160:2000 Voltage 
characteristics of electricity 
supplied by public distribution 
systems - permits

Short term dips under 85% and less 
than 1 minute = 10 to 1000 times/year
Interruptions under 1% and longer 
than 3 minutes = 10 to 50 times/year
Transients up to 6 kV Line to Earth
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Not so common but can be caused by:-
Temporary voltage rise on non-faulty 
phases during a single line-to-ground 
fault
Energising of a large capacitor bank
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Over and under voltages
(long duration)

Can affect the performance of  equipment
Relays and contacts can drop-out
Equipment can shut-down for protection 
e.g drives
Can shorten the life of electrical goods
More critical where supplies are less reliable 
or in remote areas.
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Solutions for voltage variation 
problems

Voltage stabilisers
Constant voltage transformers
Uninterruptible Power Supplies
Multi-tapped transformers
Switch-mode power supplies use their 
mark-space ratio to hold up the voltage but 
draw more current.
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Blackout
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Uninterruptible Power Supplies
Flywheel Generators
Fuel Cells
Diesel Generators
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If you design electrical equipment it is 
not adequate to rely purely on 
standards
It is very likely that power quality 
(reliability) will worsen
The authorities will continue to 
tighten-up on voltage distortion limits
There are many power quality issues 
that engineers may not be aware of
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Free Guides!
Email: 
main@reo.co.uk
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