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Harmonic Distortion
Harmonic Distortion is described as the interference in an AC power signal created by frequency multiples of the sine wave. Total Harmonic Distortion is used as a measure of the amount of Harmonic distortion in the system. THD is defined as the ratio of the power in the supply due to all the harmonics and the power of the fundamental supply.
[image: THD equation]
This article aims to highlight how the injection of harmonics, even in small quantities, can adversely affect the machines, motors and the power electronics. Often the injection of the harmonics affects the motor causing the harmonics in the first place. As such detection and reduction of harmonics are an important activity for the industry today.
Causes of Harmonic Distortion
In modern electrical systems, power electronics are used to control the circuits. These power electronics including almost all of the domestic gadgets like computers etc require DC power supplies to operate. The utility supply is a 3-phase AC supply as shown here.
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Fig 1: 3 Phase Supply
The waveform shown here is a perfect sine wave at a frequency of 50Hz. For simplicity the amplitude is normalised to 1.
Upto the 1960s most of the electric loads were linear loads, in other words, the current flowing through the appliances was a perfect sine wave also. These appliances include induction motors, domestic lighting stoves and most other household appliances.
With the advent of modern electronics, appliances became non-linear in the way they drew current through the mains electricity supply. The variable frequency drives and UPS systems are a major source of harmonics being injected into the electrical system and without proper protection, these harmonics can affect other parts of the plant and even the grid. UPS systems convert the incoming AC to a DC signal to charge batteries in the event of a power outage – the DC component is a vey high frequency signal and it interferes with he near perfect AC power supplies (most of the distortion in the modern power network is customer generated).
Effects of Distortion
Harmonics are defined as waveforms at multiples of frequency of the fundamental input signal. For the 50Hz AC waveform (the fundamental or the 1st harmonic frequency) above, the harmonics will  look like:


Fig 2: 2nd harmonic

Fig 3: 5th harmonic
The illustrations show sine waves at frequencies that are multiples of the fundamental sine wave. The effect of harmonics (high frequency sine waves) is explained by studying the relationship of the harmonics with the fundamental frequency sine wave.
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	Fig 4: Relationship of the harmonics to the Fundamental (Source –http://www.allaboutcircuits.com/vol_2/chpt_10/8.html


 
It is clear from the table above that harmonics affect the 3 phases in a similar manner. The 2nd, 5th, 8th etc Harmonics create a negative torque on motors running from the 3-phase supply. The motor will consume electrical energy to overcome the counter-torque created by the Negative Sequence Harmonics.
The 4th, 7th, 10th etc Harmonics create a positive torque on motors running of the 3-phase supply. These are called Positive Sequence Harmonics.
Triplen Harmonics (harmonics that are odd multiples of the 3rd harmonic i.e. the 9th, 15th,21st harmonics etc ) or the Zero Sequence Harmonics. In a typical 3-phase system, Triplen Harmonics cause a current to flow in the neutral wire – this means that the neutral wire has to be oversized.
The interaction between the positive and negative sequence harmonics in an electrical system produces torsional oscillations in the motor shaft. These oscillations can be potentially catastrophic if the frequency resonates with the natural mechanical frequency of the motor shaft itself. It is important that for large VFD motor installations, harmonic analyses be performed to determine the levels of harmonic distortions and assess their impact on the motor.
The presence of harmonics also raises the operating temperature of the motor. In a paper published[1] in the Industrial and Commercial Power Systems Technical Conference (1998 IEEE), the presence of the 3rd harmonic in a VFD installation operating at 10% efficiency can cause the temperature of the motor to rise by 6°C.
It is easy to see how the power quality of a system might be compromised by the presence of harmonics. Modern plant equipment and the associated controlling power electronics are more reliant than ever on good power quality for optimum operation. Deviations from ideal power quality is acceptable but even small amount of interference can have serious effect on the power system as a whole as a real life example shows below.
At Premium Power, we are committed to bringing power quality issues and the problems associated with to the forefront. We believe that energy should be treated as a critical asset by the industry and as suchany effort to optimise consumption and increase efficiency of the plant should be encouraged. This has the added benefit of reducing the end-products carbon footprint.
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	Problems are presented below along with their description, causes and consequences:
1. Voltage sag (or dip)
2. Very short interruptions
3. Long interruptions
4. Voltage spike
5. Voltage swell
6. Harmonic distortion
7. Voltage fluctuation
8. Noise
9. Voltage Unbalance


[bookmark: 1]1. Voltage sag (or dip)
Voltage Sag

Description: A decrease of the normal voltage level between 10% and 90% of the nominal rms voltage at the power frequency, for durations of 0,5 cycle to 1 minute.
Causes: Faults on the transmission or distribution network (most of the times on parallel feeders). Faults in consumer’s installation. Connection of heavy loads and start-up of large motors.
Consequences: Malfunction of information technology equipment, namely microprocessor-based control systems (PCs, PLCs, ASDs, etc) that may lead to a process stoppage. Tripping of contactors and electromechanical relays. Disconnection and loss of efficiency in electric rotating machines.
Go back to Index ↑


[bookmark: 2]2. Very short interruptions
Very short interruptions

Description: Total interruption of electrical supply for duration from few milliseconds to one or two seconds.
Causes: Mainly due to the opening and automatic reclosure of protection devices to decommission a faulty section of the network. The main fault causes are insulation failure, lightning and insulator flashover.
Consequences: Tripping of protection devices, loss of information and malfunction of data processing equipment. Stoppage of sensitive equipment, such as ASDs, PCs, PLCs, if they’re not prepared to deal with this situation.
Go back to Index ↑


[bookmark: 3]3. Long interruptions
Long interruptions

Description: Total interruption of electrical supply for duration greater than 1 to 2 seconds
Causes: Equipment failure in the power system network, storms and objects (trees, cars, etc) striking lines or poles, fire, human error, bad coordination or failure of protection devices.
Consequences: Stoppage of all equipment.
Go back to Index ↑


[bookmark: 4]4. Voltage spike
Voltage spike

Description: Very fast variation of the voltage value for durations from a several microseconds to few milliseconds. These variations may reach thousands of volts, even in low voltage.
Causes: Lightning, switching off  lines or power factor correction capacitors, disconnection of heavy loads.
Consequences: Destruction of components (particularly electronic components) and of insulation materials, data processing errors or data loss, electromagnetic interference.


[bookmark: 5]5. Voltage swell
Voltage swell

Description: Momentary increase of the voltage, at the power frequency, outside the normal tolerances, with duration of more than one cycle and typically less than a few seconds.
Causes: Start/stop of heavy loads, badly dimensioned power sources, badly regulated transformers (mainly during off-peak hours).
Consequences: Data loss, flickering of lighting and screens, stoppage or damage of sensitive equipment, if the voltage values are too high.
Go back to Index ↑


[bookmark: 6]6. Harmonic distortion
Harmonic distortion

Description: Voltage or current waveforms assume non-sinusoidal shape. The waveform corresponds to the sum of different sine-waves with different magnitude and phase, having frequencies that are multiples of power-system frequency.
Causes: Classic sources: electric machines working above the knee of the magnetization curve (magnetic saturation), arc furnaces, welding machines, rectifiers, and DC brush motors.
Modern sources: all non-linear loads, such as power electronics equipment including ASDs, switched mode power supplies, data processing equipment, high efficiency lighting.
Consequences: Increased probability in occurrence of resonance, neutral overload in 3-phase systems, overheating of all cables and equipment, loss of efficiency in electric machines, electromagnetic interference with communication systems, errors in measures when using average reading meters, nuisance tripping of thermal protections.
Go back to Index ↑


[bookmark: 7]7. Voltage fluctuation
Voltage fluctuation

Description: Oscillation of voltage value, amplitude modulated by a signal with frequency of 0 to 30 Hz.
Causes: Arc furnaces, frequent start/stop of electric motors (for instance elevators), oscillating loads.
Consequences: Most consequences are common to under voltages. The most perceptible consequence is the flickering of lighting and screens, giving the impression of unsteadiness of visual perception.
Go back to Index ↑


[bookmark: 8]8. Noise
Noise

Description: Superimposing of high frequency signals on the waveform of the power-system frequency.
Causes: Electromagnetic interferences provoked by Hertzian waves such as microwaves, television diffusion, and radiation due to welding machines, arc furnaces, and electronic equipment. Improper grounding may also be a cause.
Consequences: Disturbances on sensitive electronic equipment, usually not destructive. May cause data loss and data processing errors.
Go back to Index ↑


[bookmark: 9]9. Voltage Unbalance
Voltage Unbalance

Description: A voltage variation in a three-phase system in which the three voltage magnitudes or the phase-angle differences between them are not equal.
Causes: Large single-phase loads (induction furnaces, traction loads), incorrect distribution of all single-phase loads by the three phases of the system (this may be also due to a fault).
Consequences: Unbalanced systems imply the existence of a negative sequence that is harmful to all three- phase loads. The most affected loads are three-phase induction machines.
Go back to Index ↑
Reference: Power Quality Problems and New Solutions – A. de Almeida, L. Moreira. J. Delgado (Download paper)














Module 1 : Introduction Lecture 1 : Modern Power Systems Objectives In this lecture you will learn the following Evolution of power systems: significant milestones. Structure of a bulk power system network. What is a synchronous grid? Why is grid frequency standardised? Evolution Electrical Technology was founded on the remarkable discovery by Faraday that a changing magnetic flux creates an electric field. Out of that discovery, grew the largest and most complex engineering achievement of man: the electric power system. Indeed, life without electricity is now unimaginable. Electric power systems form the basic infrastructure of a country. Even as we read this, electrical energy is being produced at rates in excess of hundreds of giga-watts (1 GW = 1,000,000,000 W). Giant rotors spinning at speeds up to 3000 rotations per minute bring us the energy stored in the potential energy of water, or in fossil fuels. Yet we notice electricity only when the lights go out! While the basic features of the electrical power system have remained practically unchanged in the past century, there are some significant milestones in the evolution of electrical power systems: First complete DC power system built by Edison (1882): Incandescent lamps supplied by steam driven DC generators (electrical cable system at 110V). 59 customers spread over an approximate area with 1.5 km radius. Development of transformers led to supersession of DC systems by AC systems (why?). Nikola Tesla - polyphase induction motors: led to development of AC 3 phase systems. Interconnection of systems led to standardization of frequency (why?), 60 Hz in North America and 50 Hz in most other countries. Use of higher and higher voltage levels (up to 1000 kV line-line rms AC). Standardization of voltage levels. Development of Mercury Arc Valves, and subsequently thyristors led to high voltage dc transmission (HVDC): DC transmission suited for very long distance bulk transmission and underwater cable links. First commercial DC link in 1954. Several new developments : Gas turbines, static excitation systems, fast acting circuit breakers, microprocessor based relaying, use of communication technologies etc. Need for better utilisation and operation of AC transmission systems by use of high power electronic converters suggested. Several such converters are now in operation. Structure Present day power systems are characterised by: AC generation (3 phase synchronous machines using hydro, fossil and nuclear as primary energy sources) AC transmission (a limited number of DC transmission links are present in some systems) 3 phase AC utilization (some loads are single phase, but they are usually distributed equally in all phases to obtain a balanced system) The transmission network consists of an extra high voltage (220 kV and above) lines interconnecting large generators to major load centers. These lines are capable of transmitting large amounts of power over large distances (1000 km is not unusual!). For example, several 400 kV lines may be required to transmit, say, 2000 MW from a large thermal power plant to a distant load center. Note : high voltage dc lines are suitable if distances are very large (we shall see why later in the course). Generators, typically having terminal voltages of around 15 kV and are connected to these EHV lines via transformers. Interconnecting transformers connect EHV lines at different voltage levels (they are usually auto-transformers - why?). A sub-transmission network, consisting of transmission lines at 66 kV and 132 kV are used to deliver power received from EHV network to various distribution substations. Finally, a distribution network consisting of lines at less than 66 kV are used to transfer power to each consumer. A large power system may also be connected to neighbouring power systems via ac transmission lines or dc links. The power exchange between such neighbours is usually regulated (you will learn how this is done later). Power Grids "Except for a few islands and some small isolated systems, the entire electric grid in North America is really one big circuit. The humble wall outlet is actually a gateway to one of the largest and most complex objects ever built. The grid encompasses billions of individual components, tens of millions of miles of wire and thousands of individual generators " - Thomas Overbye, Reengineering the Electric Grid, American Scientist, 2000, Vol. 88, Iss. 3. The Indian Power Grid is not quite as big as North American power systems, but still has a large generating capacity of about 100 GW (100,000 MW). It is actually made up of three synchronised grids: Northern Regional Grid Southern Regional Grid Western + Eastern + North-eastern Regional (WR-ER-NER) Grid A synchronised grid implies that the generators in that grid are connected to one another by at least one AC transmission path. This also means that the synchronous generators in that grid are all operating at the same electrical frequency (what happens if they do not ?). For a well designed and operated system, inter-connected synchronous generators are seen to "stick together" in synchronism (by virtue of the physical equations which govern their motion). However they may lose synchronism if subjected to large disturbances. A generator when connected to a power system has to be connected by a special procedure known as 'synchronisation'. You will learn some of these things in forthcoming lectures. A load can be connected in a synchronous grid by simply connecting it in shunt (after suitable voltage transformation using transformation and ensuring that the system is capable of servicing that extra load). Did you know? In the WR-ER-NER grid, a synchronous machine in Panandhro Thermal Power Station (Kutch, Gujarat) operates "in synchronism" with Ranganadi, a hydro-generator in Arunachal Pradesh, a distance of more than 2000 km! There may be a very small number of induction generators in a synchronous grid. Induction generators do not run at synchronous speed and are sometimes used in conjunction with wind turbines. However, since induction generators always absorb reactive power, they are limited to small applications wherein reactive power is supplied externally by capacitors and synchronous generators. The three synchronous grids in India have the same nominal frequency (50Hz) but may not operate exactly at the same frequency. They are operated independently. However, the synchronous grids are connected by DC links which allow for a limited and controlled power exchange. It is planned to make a national grid consisting of large capacity links between all grids in the future ( why is there such a high degree of interconnection?). Recap In this lecture you have learnt the following Power systems have evolved from being DC systems to highly interconnected three phase AC systems Bulk power systems consist of a backbone of a extra high voltage transmission grid with generators pooling their generation into it. The pooled power is withdrawn by loads at lower voltage levels. AC interconnected power systems have an important property: frequency all over the grid is the same in steady state.
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