
Chapter 2 

Power system Harmonics & their Impacts 

2.1 Introduction 

This chapter basically describes what harmonics are: and introduces vanous 

terminology related with harmonics. It covers description on sources of harmonics. 

their effect on various electrical equipments, and the standards of harmonics. 

2.2 What are harmonics? 

The typical definition for a harmonic is "a sinusoidal component of a periodic wave or 

quantity having frequency that is an integral multiple of the fundamental frequency " 

[2]. Simply express, harmonics is the name given to the multiples of the fundamental 

50 Hz frequency that powers our homes and businesses. Harmonics can be voltage 

and/or current present in the electrical system in multiples of the fundamental 

frequency. The even frequencies are a result of de voltages on the busses. and the odd 

frequencies are a result of ac voltages. Some references refer to "clean" or "pure" 

power as those without any harmonics [3]. But such clean waveforms do not exist 

practically. Due to widespread use of electronic equipment in today's commercial and 

industrial environments. the actual voltages and currents in the power system are not 

purely sinusoidal but are periodic in the steady state. Any periodic non sinusoidal 

function of a fundamental frequency "f' may be expressed as the sum of pure sine 

waves in which the frequency of each sinusoid is an integer multiple of the 

fundamental frequency. This multiple is called a harmonic of the fundamental. 

Figure 2.1 Illustrates the representation of distorted waveform with a sum of sine 

waves. 
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Figure 2.1 Representation of a distorted waveform 

A sinusoidal voltage or current function that is dependent on time t may be 

represented by the following expressions: 

Voltage function. v(t) 

Current function. i(t) 

= V sin(wt) 

= I sin( wt+0) 

Where w = 2rrf is known as the angular velocity of the periodic waveform and fJ is 

the difference in phase angle between the voltage and the current waveforms referred 

to a common axis. The sign of phase angle fJ is positive if the current leads the 

voltage and negative if the current lags the voltage. 

For a periodic non sinusoidal waveform the same expression may be written as, 

V(t) =Yo+ V 1 sin( wt) + V 2sin( 2 wt) + V 3sin(J wt) + ............ + V n sin(n wt) + 

Yn+lsin( (n+ 1) wtj + .......... .. 

In this expression V 0 represents the constant or the DC component of the waveform. 

v1.V2 v3. are the peak values of the successive terms of the expression. These 

terms are known as the harmonics of the periodic waveform. 
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2.2.1 Harmonic Number 

Harmonic number (h) refers to the individual frequency elements that comprise a 

composite waveform. For example, h=3 refers to the third harmonic component with a 

frequency equal to three times 50 Hz or 150 Hz. Harmonic number 1 is assigned to 

the fundamental frequency component of the periodic waveform and harmonic 

number 0 represents the constant or DC component of the waveform . 

.. 

2.2.2 Odd and even harmonics 

Harmonics with odd harmonic numbers (e.g. 3, 5, 7, 9, 10) are known as odd 

harmonics and that of with even harmonic numbers (e.g. 2, 4. 6, 8, 1 0) are known as 

even harmonics. Except in very few cases only odd harmonics are dominant in the 

power systems. Symmetrical waves contain only odd harmonics and un-symmetrical 

waves contain even and odd harmonics. A symmetrical wave is one in which the 

positive portion of the wave is identical to the negative portion of the wave. An un

symmetrical wave contains a de component (or offset) or the load is such that the 

positive portion of the wave is different from the negative portion. Except in very few 

cases only odd harmonics are dominant in the power systems. 

2.2.3 Inter harmonics 

Voltage or current having frequency component that are not integer multiples of the 

fundamental power frequency are called as inter harmonics [3]. A special category of 

inter harmonics which are having frequency values less than the fundamental is called 

sub harmonics. Inter harmonics, always present in the power system, have recently 

become of more importance since the widespread use of power electronic systems 

results in an increase of their magnitude. 

Inter harmonics may be generated at any voltage level and are transferred between 

levels. Inter harmonics generated in HV and MV systems are injected into the LV 

system and vice versa. Their magnitude seldom exceeds 0.5% of the voltage 

fundamental harmonic, although higher levels can occur under resonance conditions. 
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converters, cyclo-converters, induction motors, and arcing devices [ 4]. 

Table 2.1 summarizes the different forms of harmonics with respect to fundamental 

frequency of 50 Hz. 

Frequency (f) Value ofn Type 

f= 50n 0 DC Component 
; 

f= 50n 1 Fundamental 

f= 50n n>O Harmonics 

fie 50 n n < 0 Sub harmonics 

/4 50 n n>O Inter harmonics 

f= 50n n > 0; n is odd Odd Harmonics 

f= 50n 
I 

n > 0; n is even Even Harmonics 

Table 2.1 Spectrum of harmonics 

2.2.4 Harmonic phase Sequence 

Traditionally, symmetrical components are used to describe three phase power system 

behavior. Under that concept, three phase system is transformed into three single 

phase systems that are much simpler to analyze. Similarly, this method can be 

employed for analysis ofthe response of power systems to harmonic currents, also. 

In a balanced three-phase electrical system, the voltage and currents have a positional 

relationship. The three voltages are 120° apart and so are the three currents. The 

normal phase rotation or sequence is a a-b-c, which is counterclockwise and 

designated as the positive-phase sequence. For harmonic analyses, this relationship is 

still applicable, but the fundamental components of voltages and currents are used as 

reference. The fundamental frequencies have a positive-phase sequence. 

The positive sequence set contains three sinusoids displaced 120° from each other 

with normal a-b-c phase rotation. Sinusoids of the negative-sequence set are also 
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displaced 120° but have opposite phase rotation. The sinusoids of the zero sequence 

are in phase with each other. 

For the fundamental frequency current components in a three-phase power system: 

ial = Ial sin wt 

ib1 = h1 sin (wt-120) 

icl = lei sin (wt-240) 
; 

The harmonic phase sequence can be determined by multiplying the harmonic number 

h with the normal positive sequence phase rotation [ 1]. When we apply this to third 

harmonics, 

ia3 = Ia3 sin3 wt 

ib3 = Ib3 sin3 ( wt-120) = I b3 sin (3wt-360) = I bJ sin 3wt 

ic3 = Ic3 sin3 ( wt-240) = I c3 sin (3wt-720) = I c3 sin 3wt 

The expression for the third harmonics shows that they are in phase and have zero 

displacement angles between the third harmonic currents. and therefore. are zero 

sequence. 

The expression for the fifth harmonic current are 

ias = las sin 5 wl 

ibs = lbs sin 5(wt-120') =I bs sin (Swt-600°) =I bs sin (5wt-240°) 

ics = lcs sin 5(wt-240°) =I cs sin (Swt-1200°) =I c5 sin (5wt-120°) 

The expression indicates that, for the fifth harmonic the phase sequence is clockwise 

and opposite to that of the fundamental. Hence the fifth harmonics are negative 

sequence. 

Similar expression could be derived for the seventh harmonics and it would reveal 

that the seventh harmonics have same phase sequence as the fundamental, hence arc 

called positive sequence harmonics. 

Harmonic sequences for different harmonic orders are illustrated in Figure 2.2. 
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Figure 2.2 Phase sequences of (a) Fundamental, (b) Third harmonics, (c) 

Fifth harmonics and (d) Seventh harmonics 

Phase sequence rotations of harmonics are summarized in Table 2.2 

I Harmonic Fund 2110 3rd 4th 5th 6tn I ill gtll I Etc. I 

I 

I Sequence + - 0 + - 0 + -
I 

... 

Table 2.2 Harmonic sequencing values. 
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2.2.5 Triplen harmonics 

Trip len harmonics are the odd multiples of the third harmonics (h=3, 9, 15, 21. .... ) 

[3]. They deserve special consideration because system response for triplen harmonics 

are different from others. In three phase wye circuits, triplen harmonics are 

accumulate in the neutral. Therefore, in grounded wye systems, triplen becomes an 

important issue. 

.. 
2.2.6 Crest factor 

The crest factor of any waveform is the ratio of the peak value to the RMS value. 

Peak value 
Crest factor = RMS value 

Crest factor of pure sinusoidal waveform is equal to -!2. Therefore, the crest factor 

can be used to determine the existence of distorted waveforms. The high crest factor 

of current waveforms in a power system is a sign of a harmonic distortion [ 5]. 

2.2.7. True power factor and displacement power factor 

When harmonic currents present, the total power factor or "the true power factor", 

PF1 is given by the following expression. 

p p 

p Fr = Vlrmslrms 
Vlrms X llrms /1 + (%THD1

) 
~ 100 

Where, p Real power 

V 1 rms = RMS value of the fundamental voltage 

I 1 rms = RMs value of the fundamental current component 

lrms = RMS vale of current 

This can be given as 

PFr = 

Where, PFo 

PFv 

1 + %THD1 
100 

displacement power factor 
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These expressions bring out the fact that the presence of harmonics reduces the 

system power factor which in tum increases the power system losses. 

2.3 Harmonic indices 

Two most commonly used indices for measuring the harmonic content of a waveform 

are the Total Harmonic Distortion (THD) and the Total Demand Distortion (TDD). 

Both are measures of the effective value of a waveform and may be applied to either 

voltage or current. 

2.3.1 Total harmonic distortion 

The total harmonic distortion is used to define the effect of harmonics on the power 

system [2]. It is used in low-voltage, medium-voltage, and high-voltage systems. It is 

expressed as a percent of the fundamental and is defined as 

THD 
sumo fall squares of amplitudeo fall harmonic voltages 1 OOo/o 

square of the amplrtude of the fundamental voltage 

~ 
~L..h=2vh 

= * 100% vl 
Where, Vh is the single frequency RMS voltage at harmonic h, 50 is the maximum 

harmonic order to be considered and V1 is the fundamental line to neutral RMS 

voltage. 

THDr JV
2 +Vl+Vf ........... 100% 

2 0 

v1 

Total current harmonics distortion is given by 

THD _ ~ii + i~ + i
2 

+ I - . 4 ••••••••• 

il 

Where. i 11 is the RMS current of harmonic hand i1 is the RMS value of fundamental 

current. 
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2.3.2 Total demand distortion 

Current distortion levels can also be characterized by a THO value but it can be 

misleading when the fundamental load current is low [2],[3]. A high THO value for 

input current may not be of significant concern if the load is light, since the magnitude 

of the harmonic current is low, even though its relative distortion to the fundamental 

frequency is high. To avoid such ambiguity a total demand distortion (TOO) factor is 

used instead [3]. TDO is defined as: 
" 

TOO 

TDD = ~i~ + i} + i
2 

+ .j ••••••••• 

if 

h is the peak, or maximum, demand load current at the fundamental frequency 

component measured at the point of common coupling (PCC). This factor is similar to 

THO except that the distortion is expressed as a percentage of some rated or 

maximum load current magnitude, rather than as a percentage of the fundamental 

current. Since electrical power supply systems are designed to withstand the rated or 

maximum load current, the impact of current distortion on the system will be more 

realistic if the assessment is based on the designed values, rather than on a reference 

that fluctuates with the load levels. 

2.4 How harmonics generate in power systems? 

The objective of the electric utility is to deliver sinusoidal voltage at fairly constant 

magnitude throughout their system. This objective is complicated by the fact that 

there are loads on the system that produce harmonic currents. These currents result in 

distorted voltages and currents that can adversely impact the system performance in 

different ways. 

As the number of harmonic producing loads has increased over the years, it has 

become increasingly necessary to address their inf1uence when making any additions 

or changes to an Installation. 
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To fully appreciate the impact of these phenomena, there are two important concepts 

to be considered with regard to power system harmonics. The first is the nature of 

harmonic-current producing loads (non-linear loads) and the second is the way m 

which harmonic currents f1ow and how the resulting harmonic voltages develop. 

2.4.1 Linear and non-linear loads 

A linear element in a power system is a component in which the current is 
.If 

proportional to the voltage. In general, this means that the current wave shape will be 

the same as the voltage as shown in Figure 2.3. Typical examples of linear loads 

include motors. heaters and incandescent lamps. 
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Figure 2.3 Voltage and current waveforms for linear loads 

Harmonic distortion is caused by non-linear devices in the power system. A nonlinear 

device is one in which the current is not proportional to the applied voltage. Typical 

examples of non-linear loads include power supplies with rectifiers, UPS units, 

discharge lighting, adjustable speed motor drives, ferromagnetic devices. de motor 

drives and arcing equipment. Figure 2.4 illustrates this concept by the case of a 

sinusoidal voltage applied to a simple nonlinear resistor in which the voltage and 

current vary according to the curve shown. While the applied voltage is perfectly 

sinusoidaL the resulting current is distorted. Increasing the voltage by a few percent 

may cause the current to double and take on a different wave shape. 
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Figure 2.4 Current distortion caused by nonlinear resistance. 

So in case of nonlinear loads current and wave form shapes are not same as shown in 

Figure 2.5. 
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Figure 2.5 - Voltage and current waveforms for non-linear loads 

This phenomenon is the source of most harmonic distortion in a power system. The 

sinusoidal components are integer multiples of the fundamental where the 

Fundamental is 50 Hz. The only way to measure a voltage or current that contains 

harmonics is to use a true-RMS reading meter. If an averaging meter is used, which is 

the most common type, the error can be Significant. 
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2.4.2 Harmonic current flow 

When a non-linear load draws current, it passes through all of the impedance that is 

between the load and the system source as shown in Figure 2.6 As a result of the 

current t1ow, harmonic voltages are produced by impedance in the system for each 

harmonic. 

.. 
Distorted Voltage 

C9 I +, 

Pure 
Sinusoid 

(Voltage Drop) 

(XI'\!\\,-- u lJ \.1·~------1 

::~::~ 
Current j Load \ 

"' * 
Figure 2.6 Harmonic currents flowing through the system impedance result 

in harmonic voltages at the load 

Addition of these voltages to the nominal voltage produces voltage distortions. The 

magnitude of the voltage distortion depends on the source impedance and the 

harmonic voltages produced. If the source impedance is low then the voltage 

distortion will be low. If a significant portion of the load becomes non-linear 

(harmonic currents increase) and/or when a resonant condition prevails (system 

impedance increases), the voltage can increase dramatically [ 1]. 

2.5 

I - 1 -.). 

Harmonic sources 

Fluorescent lamps 

Lighting typically accounts for 40 to 60 percent of a commercial building load. As 

f1uorescent lights are a popular choice for energy savings, t1uorescent lighting is used 

more than seventy five percent of commercial t1oor spaces. 
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Fluorescent lights are discharge lamps; thus they require ballast to provide a high 

initial voltage to initiate the discharge for the electric current to flow between two 

electrodes in the fluorescent tube. Once the discharge is established, the voltage 

decreases as the arc current increases. There are two types of ballasts, magnetic and 

electronic. Magnetic ballast is simply made up of an iron-core transformer with a 

capacitor encased in an insulating material. Electronic ballast employs a switch

mode-type power supply to convert the incoming fundamental frequency voltage to a 

much higher frequency voltage. " 

The current THD of standard magnetic ballasts is about 15 percent [ 6]. As a 

companson, electronic ballasts, which employ switch-mode power supplies, can 

produce double or triple the standard magnetic ballast harmonic output. But most 

electronic ballasts are equipped with passive filtering to reduce the input current 

harmonic distortion to less than 20 percent. 

2.5.2 Adjustable speed drives 

Common applications of adjustable-speed drives (ASDs) in commercial buildings are 

in elevator motors and in pumps and fans in ac systems. An ASD consists of an 

electronic power converter that converts ac voltage and frequency into variable 

voltage and frequency. The variable voltage and frequency allows the ASD to control 

motor speed. This involves generation of harmonics [3]. 

2.5.3 Switch mode power supplies 

Switch-mode power supplies are now almost universally employed in Personal 

computers, printers, copiers, and in most other single-phase electronic equipment. The 

key advantages are the light weight, compact size, efficient operation, and lack of 

need for a bulky transformer. 

All variable frequency drives cause harmonics because of the nature of the front end 

rectifier design [ 6]. It feeds a capacitor that supplies the voltage to the electronic 

circuitry. Since the load is a capacitor as seen from the power system, the current to 

the power supply is discontinuous. That is, current flows for only part of the half

cycle. Figure 2.7 shows the current wave form of such a power supply. 
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Figure 2.7 Current Wave of Switch Mode Power Supply 

A distinctive characteristic of switch-mode power supplies is a very high third

harmonic content in the current. The increasing application of switch-mode power 

supplies causes concern for overloading of neutral conductors. This leads to neutral 

and transformer overheating problems. 

2.5.4. Pulse Width Modulated (PWM) Drive. 

This de link drive has a diode rectifier that gives it a high displacement power factor. 

It has a large capacitor on the de link to regulate the voltage. Therefore, at light loads, 

the current only flows if the voltage output of the diode rectifier is above that of the 

capacitor. So, at light loads, the current in the ac circuit is discontinuous. It is similar 

to the switch mode power supply except that it is a three-phase circuit high in fifth 

harmonic current. As the load on the drive increases, the current becomes continuous. 

2.6 Effects of Harmonics 

Harmonics can cause a variety of problems to any user of electric power. For large 

users. the problems can be intense. The degree to which harmonic can be tolerated is 

determined by the susceptibility of the load to them [2]. Even in the case of the least 

susceptible equipment harmonics can be harmful. In the case of an oven. for 
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example, they can cause dielectric thermal or voltage stress, which causes premature 

aging of electrical insulation. 

Unlike most other types of supply problems, harmonics can go unnoticed for many 

years unless equipment temperature or the voltage waveform is routinely monitored. 

The danger is the not knowing the effect of harmonics until failure occurs. The 

detailed study on how harmonics can interact within a power system and how they 

can affect power system components is important for preventing failures. As the .. 
affects of harmonics and appropriate solutions vary depending on the power supply, 

the installation and the components, they need to be addressed separately. The effects 

of harmonics on some common power supply components are discussed in the 

following. 

2.6.1 Motors 

Motors are typically considered to be linear loads; however, when the source voltage 

supply is rich in harmonics, the motor will draw harmonic current [2]. The typical 

result is a higher than normal operating temperature and shortened service life. A 

major effect of harmonic voltages and currents in motor is the heating due to iron and 

copper losses at the harmonic frequencies. The harmonic components thus affect the 

machine efficiency, and can also affect the torque developed. Harmonic currents in a 

motor can give rise to a higher audible noise emission as compared with sinusoidal 

excitation. 

The harmonics also produce a resultant flux distribution in the air gap. which can 

cause or enhance phenomena called cogging (refusal to start smoothly) or crawling 

(very high slip) in induction motors [1]. 

Harmonic pairs, such as the fifth and seventh harmonics, have the potential for 

creating mechanical oscillations in a motor-load system. The resulting mechanical 

oscillations can cause shaft fatigue and accelerated aging of the shaft and connected 

mechanical parts. Different frequency harmonic currents can cause additional rotating 

fields in the motor. Depending on the frequency. the motor will rotate in the opposite 

direction (counter-torque). The fifth harmonic, which is very prevalent, is a negative 
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sequence harmonic causing the motor to have a backward rotation, shortening the 

service life. 

Harmonics currents can induce additional heating in the stator windings, thus adding 

to the temperature rise. The resultant effect of the harmonics is reduction in 

efficiency and life of the machinery. 

2.6.2 Transformers " 

The effect of harmonics on transformers is twofold. Current harmonics cause an 

increase in copper losses and stray flux losses. And voltage harmonics cause an 

increase in iron losses [2]. The overall effect is an increase in the transformer heating. 

Of the transformer, the upper limit of the current distortion factor is 5% at rated 

current [7]. The recommended practice suggests that the maximum withstand voltage 

in the steady state: 5% at rated load and 10% at no load. The harmonic currents in the 

applied voltage must not result in a total RMS voltage exceeding these ratings. 

It should be noted that the transformer losses caused by both harmonic voltages and 

harmonic currents are frequency dependent. The losses increase with increasing 

frequency and, therefore. higher frequency harmonic components can be more 

important than lower frequency components in causing transformer heating. 

2.6.3 Power Cables 

Because harmonic frequencies are always higher than the 50Hz fundamental 

frequency. "skin effect" also becomes a factor. Skin effect is a phenomenon where the 

higher frequency causes the electrons to flow toward the outer sides of the conductor. 

effectively reducing the cross-sectional diameter of the conductor and thereby 

reducing the ampacity rating of the cable. This effect increases as the frequency and 

the amplitude increase. As a result, higher harmonic frequencies cause a greater 

degree of heating in conductors [2]. 
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2. 6.4 Neutral Conductors 

On balanced three-phase systems with no harmonic content, the line currents are I 20 

degrees out-of-phase, canceling each other and resulting in very little neutral current. 

However, when there is distortion in any one of the phase currents, the harmonic 

currents increase and the cancellation effect is lessened. The result is typically a 

neutral current that is significantly higher than planned. The trip len harmonics (odd 

multiples of three) are additive in the neutral and ca9 quickly cause dangerous 

overheating. In theory, the maximum current that the neutral will carry is 1. 73 times 

the phase current[3]. If not sized correctly, overheating will result. Currents higher 

than the normal neutral current will cause voltage drops between neutral and ground 

which are well above normal. 

2.6.5 Switchgear and Relaying 

False tripping of circuit breakers is also a problem encountered with the higher 

frequencies that harmonics produce [2]. Peak sensing circuit breakers often will trip 

even though the amperage value has not been exceeded. Harmonic current peak 

values can be many times higher than sinusoidal waveforms. 

As with other types of equipment, harmonic currents can increase heating and losses 

in switchgear, thereby reducing steady-state current carrying capability and shortening 

the life of some insulating components. Fuses suffer a derating because of the heat 

generated by harmonics during "normal" operation. 

2.6.6 Capacitors 

Power factor correction capacitor failure in many cases can be directly attributed to 

harmonic content. The reactance of a capacitor bank decreases with frequency. Hence 

at high frequencies, capacitors appear as extremely low impedance values and are 

more susceptible to harmonics. This effect increases the heating and dielectric 

stresses. 

Inductive reactance varies directly with frequency (XL = 2nfL). Parallel resonance 

between the capacitor bank and the source impedance can cause system resonance 
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resulting in higher than normal currents and voltages. High harmonic currents have 

been known to overheat correction capacitors, causing premature failure and 

sometimes resulting in explosion. 

Most harmonic problems result when the resonant frequency is close to the fifth or 

seventh harmonic [2]. These happen to be the largest harmonic amplitude numbers 

that adjustable speed drives create. When this situation arises, capacitor banks should 

be resized to shift the resonant point to another frequency 
J 

2.6.7 Electronic Equipment 

Power electronic equipment is susceptible to disoperation caused by harmonic 

distortion. This equipment is often dependent upon accurate determination of voltage 

zero crossings or other aspects of the voltage wave shape. For electronic equipment 

that relies on the zero crossing of the sinusoidal waveform. such as clock timing 

devices, heavy harmonic content can cause a zero crossing point offset. 

Other types of electronic equipment can be affected by transmission of ac supply 

harmonics through the equipment power supply or by magnetic coupling of 

harmonics into equipment components. Computers and allied equipment such as 

programmable controllers frequently require ac sources that have no more than a 5% 

harmonic voltage distortion factor, with the largest single harmonic being no more 

than 3% of the fundamental voltage [2]. Higher levels of harmonics result in 

malfunctions of the equipment that can, in some cases, have serious consequences. 

With high level of harmonics, instruments can give erroneous data or otherwise may 

perform unpredictably. Perhaps the most serious of these are malfunctions in medical 

instruments. 

2.6.8 Communication equipment 

Noise can be picked up in communication equipment and telephone systems when 

harmonics at audio or radio frequencies are inductively or capacitively coupled into 

communication or data lines. The presence of harmonic currents or voltages in 

circuitry associated with power conversion apparatus can produce magnetic and 
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electric fields that will impair the satisfactory performance of communication 

systems. 

2.6.9 Meters 

Metering and instrumentation are affected by harmonic components, particularly if 

resonant conditions exist. Averaging type current meter give incorrect reading when 

harmonics present. Induction disk devices, such as watt-hour meters, normally see 
J 

only fundamental current. However, phase imbalance caused by harmonic distortion 

can cause erroneous operation 

2. 7 Harmonics standards 

There are two distinct sets of standards that can be applied to limit the amount of 

harmonics in power systems. The first has been introduced by the International 

Electro technical Commission (IEC). That is a series of limits appropriated for 

application at the terminals of any particular nonlinear load. The philosophy of the 

IEC limits specified by IEC/EN 61000-3-2 is based on the presumption that limiting 

harmonic production from every piece of equipment will effectively limit any 

combined effects. 

The second is favored by the IEEE and the basis for IEEE 519-1992 is a series of 

limits that is appropriate for application at a single more central point of supply to 

multiple nonlinear loads [2]. IEEE limits are somewhat more restrictive consider the 

use of both voltage and current harmonic limits. IEEE 519 attempts to propose steady 

state harmonics limits that are considered reasonable by both the electrical utilities 

and customers. It divides the responsibility for limiting harmonics between both end 

users and utility. 

The underline philosophy is that 

o Customers should limit harmonic currents 

o Utilities should limit harmonic voltages 

These limits for voltage and current harmonics are dependent on several variables and 

concepts defined as follows: 
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PCC: Point of common coupling. 

The harmonic current and voltage limits are applied at the PCC. This point is defined 

as the point in the utility service to a particular customer where another customer 

could be connected. It is defined as the electrical connecting point or interface 

between the utility distribution system and the customer's electrical distribution 

system. 
J 

lsc: Available short circuit current. 

Isc is the available short circuit current at the point of common coupling. The lsc is 

determined by the size, impedance, and voltage of the service feeding the PC C. 

h.: Maximum load current 

11 is the maximum demand load current (fundamental frequency component) 

measured at the PCC. It is suggested that existing facilities measure this over a period 

of time and average it. IEEE recommendation is to calculate the average current of the 

maximum demand for preceding 12 months. 

2. 7.1 Harmonic limits for consumers 

This section describes the current distortion limits that apply to individual consumers 

of electrical energy. Table 2.3 lists the harmonic current limits based on the size of 

the load and size of the power system to which the load is connected. The ratio lscflt 

is the ratio of the short-circuit current available at the point of common coupling 

(PCC), to the maximum fundamental load current. 

As the size of the user load decreases with respect to the size of the system. the 

percentage of harmonic current that the user is allowed to inject into the utility system 

increases. This protects other users on the same feeder as well as the utility, which is 

required to furnish a certain quality of voltage to its customers. 
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I sell L <11 ll<=H<17 17<=H<23 23<=H<35 35<=H 

<20 4.0 2.0 1.5 0.6 0.3 

20<50 7.0 3.5 2.5 1.0 0.5 

50<100 10.0 4.5 4.0 1.5 0.7 

100<1000 12.0 5.5 5.0 2.0 1.0 

J 

>1000 15.0 7.0 6.0 2.5 1.4 

Even harmonics are limited to 25% of the Odd hannonic limits above 

Where lsc =Maximum short circuit current at PCC 

IL = Maximum demand load current( Fundamental frequency component) 
- -

Table 2.3 

- - - - - - -

Current Distortion Limits for General Distribution Systems 

(120V through 69000 V) [2] 

2. 7.2 Harmonic limits for utility 

TDD I 

5.0 

8.0 

12.0 

15.0 

20 

This standard [2] specifies the quality of electrical power that the producer should 

furnish to the consumer. The distortion limits recommended in this section establish 

the maximum voltage distortion at the point of common coupling (PCC) with each 

consumer. The limits are given in Table 2.4. Electric utilities are responsible to 

maintain voltage harmonics and THD of voltage within the prescribed limits. 

Individual Harmonic 
PCC Voltage 

Magnitude (%) 
THDv (%) 

<69kV 3.0 5.0 

69-161 kV 1.5 2.5 

>161 kV 1.0 1.5 

Table 2.4 Voltage distortion limits [2] 
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