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Abstract— Harmonics are found to have deleterious effects 

on power system equipments including transformers, 

capacitor banks, rotating machines, switchgears and 

protective relays. Transformers, motors and switchgears 

may experience increased losses and excessive heating. 

Shunt filters are effective in minimizing voltage distortions. 

This paper describes the voltage distortions generated by 

non-linear loads. The harmonic specifications such as 

harmonic factor, characteristic harmonic and non-

characteristic harmonic are considered while explaining the 

paper. With the implementation of a passive filter at the bus 

with non-linear load, the harmonics are greatly reduced. For 

the specified power system, at all the buses the total 

harmonic distortion has been evaluated. 
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I. INTRODUCTION 

In electrical power system the impact of non-linear loads has 

been increasing during the last decades. Presently, power 

system and power quality have been concerned about 

harmonic pollution generated by modern electronic devices 

such as adjustable speed drivers, controlled rectifier etc. In 

ideal situation, the electric power in a network is supplied at 

a constant system frequency, and at specified voltage 

magnitudes known as the fundamental frequency, however, 

in practice under different circumstances the frequency and 

voltages are deviated from their designated values. The 

deviation of a wave form from its perfect sinusoid is 

generally expressed in terms of harmonics.  

Harmonics in power systems is nothing but the 

existence of signals, superimposed on the fundamental 

signal, whose frequencies are integer numbers of the 

fundamental frequency. The presence of harmonics in the 

voltage or current waveform leads  to a distorted signal for 

voltage or current, and the signal becomes non-sinusoidal 

signal which causes malfunctions or damage on load. 

Harmonic measurement is one of the well-known aspects of 

power quality monitoring and control. 

Harmonic measurement and analysis in power 

systems is thus a major concern of power system 

administrators as well as engineers. 

The paper is organized as follows: Section II 

describes the Effect of Harmonics on power system. In 

Section III A brief summary of Importance and need for 

identification of harmonic contents in power system signals 

for system performance , safety and power quality 

monitoring in power system is presented. Section IV 

presents IEEE-519 Recommended harmonic limits. Section 

V case study. Section VI Mitigation techniques. Section VII 

concludes the paper. 

II. EFFECTS OF HARMONCS 

Due to the dramatic increase in the usage of nonlinear loads 

in industrial applications (mainly regarding Variable 

Frequency Drives or VFDs), the power system harmonics 

problems has increased its significance. This brings a big 

obstacle against the wide application of VFDs. The presence 

of harmonics on power system causes voltage and current 

distortion which leads to aging of Electrical appliances and 

damages to electrical apparatus.  

The effects of Harmonics are listed below. 

 Overheating of Electrical Equipment 

 Communication Interference 

 Resonance 

 Other (Installation of Capacitor Bank) 

A. Overheating of Electrical Equipment: 

It is common to refer to heating as I
2
R losses. Electrical 

equipment can be overheated by distorted load current that 

cause higher eddy current losses inside the equipment. Skin 

effect causes harmonic current to flow uniformly across 

entire cross-sectional area of the winding conductor of 

transformer. Other results of heating are: 

 Overheating of generators, motors, transformers, and 

power cables that lead to early equipment failures. 

 Excessive losses 

 Overheating of neutral conductors. 

 Capacitor failures, tripping of circuit breakers and 

loss of synchronization on timing circuits. 

B. Communication Interference: 

Magnetic (or electrostatic) coupling [between electrical 

power circuits and communication circuits can cause 

communication interference. Current flowing in the power 

circuit produces a magnetic (or electrostatic field that will 

induce a current (or voltage) in the nearby conductors of the 

communication circuit. The amount of interference will 

depend upon the magnitude of the induced current (or 

voltage), frequency, and the efficiency of the magnetic 

(electrostatic) coupling. 

Other types of communication interference are 

 Reduction of equipment operating reliability and 

service life. 

 Induced line noise 

 Interference to communication systems, and 

sensitive electronic devices. 

 Nuisance tripping to protection Relays and plant 

C. Resonance: 

Resonance occurs when a harmonic frequency produced by 

a non-linear load closely coincides with a power system 

natural frequency. There are two forms of resonance which 

can occur: parallel resonance and series resonance. Parallel 

resonance occurs when the natural frequency of the parallel 

combination of capacitor banks and the system inductance 

falls at or near a harmonic frequency. This can cause 

substantial amplification of the harmonic current that flows 

between the capacitors and the system inductance and lead 

to capacitor fuse blowing or failure or transformer 

overheating. Series resonance is a result of a series 
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combination of inductance and capacitance and presents a 

low impedance path for harmonic currents at the natural 

frequency. The effect of a series resonance can be a high 

voltage distortion level between the inductance and 

capacitance. The interaction between capacitive and 

inductive devices at some harmonic frequency causes 

unexpectedly large circulating current in some parts of the 

circuit. Over voltage and excessive current leads to failure 

of capacitor banks and oil filled cables. Power factor 

correction capacitors with cable or apparatus inductance 

may set up current amplifying resonance. 

A resonance condition can cause a current 

waveform to have zero crossings occur more than once 

every half-cycle the presence of harmonics because it is 

sensing a peak value that does not directly correspond to the 

RMS value of the wave shape. Other consequences are:  

 Misoperation of electronic equipment.  

 Inaccurate meter readings and errors in measuring 

equipment.  

 Misoperation of protective relays.  

 Interference with motor controllers and telephone 

circuits. 

D. Other (Installation of Capacitor Bank): 

The application of capacitors on a power system in the 

presence of harmonic generating equipment produces a 

harmonic resonance condition. Capacitive reactance 

decreases directly with frequency and inductive reactance 

increases directly with frequency. At the resonant frequency 

of any inductive-capacitive (LC) circuit, the inductive 

reactance will equal the capacitive reactance. In actual 

electrical systems utilizing power factor correction 

capacitors, both series and parallel resonance or a 

combination of the two may occur. Occurrence of resonance 

may cause such problems as 

 Capacitor bank and insulated cable failures. 

 Excessive capacitor fuse operation, and  

 Dielectric breakdown or reactive power overload. 

III. NEED OF FAST AND ACCURATE IDENTIFICATION OF 

FUNDAMENTAL AND HARMONIC QUANTITIES 

In industrial and commercial power system fast and accurate 

identification of the signal is required for evaluation of 

initial and future system performance. It is also essential to 

study system reliability and finding its ability to grow with 

production for operating requirements. It is also required to 

ensure whether the system will operate safely, economically, 

and efficiently over the expected life of the system or not 

depending on following: 

1) Power Quantities: In a power system, different 

measures of power quantities such as power 

frequency 60/50 Hz or fundamental of  active, 

reactive, , and apparent powers are defined these 

three basic quantities are the quintessence of power 

flow in electrical networks and should be calculated 

based on the information embedded in voltage and 

current signals. 

2) Detection of Fundamental Frequency: A power signal 

when distorted is consists of fundamental and one or 

more harmonics. Fundamental voltage and current 

components should be properly detected to get 

fundamental power, harmonic and unbalanced 

quantities in many applications.   

3) Analysis and power Quality Monitoring: A distorted 

wave consists of 5th and 7th harmonic and several 

other higher harmonics. In certain complex condition 

it consists of inter harmonics and sub harmonics in 

such cases the energy of the signal at each 

constituting component is required for analysis and 

quality monitoring of the system.  

A. Importance of Harmonic Measurement: 

Harmonic measurements are an important part of the overall 

investigation for a number of reasons. Most importantly, the 

measurements must be used to characterize the level of 

harmonic generation for the existing nonlinear loads as it 

provide a means for verifying the harmonic model. The 

specific objectives of the measurements include: 

1) Determine the harmonic generation characteristics of 

the variable - frequency drives. Which can be done by 

performing the current measurements a variety of 

locations within the plant. Three-phase measurements 

can make so that characteristic and non - 

characteristic harmonic components can be 

determined. 

2) Determine system response characteristics for 

particular conditions and voltage measurements are 

used in conjunction with the current measurements, 

both to characterize the system response for specific 

system conditions. These conditions are then be the 

basis for verifying the analytical models. 

3) Determine the background harmonic voltage and 

current levels. 

IV. IEEE-519 EVALUATION OF HARMONIC DISTORTION AND 

RECOMMENDED HARMONIC LIMIT 

To minimize the impact of facility harmonic distortion on 

utility power system and neighboring facilities, IEEE 

standard was developed in 1982 and updated in 1992.[22] 

IEEE 519 standard propose limits of current harmonic 

injection from end user /customer to supply grid so that 

voltage harmonic levels on overall power system remains 

within acceptable limit.[26] The practices are used for 

guidance in the design of power systems with non- 

A. Current Distortion limits: 

Table 1: Current Distortion limits. 

linear loads, such as adjustable speed drives and 

uninterruptible power supplies. The standard also discusses 

power system response characteristics, the effects of 

harmonics, methods for harmonic control, and provides 
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recommended limits for harmonic current and voltage 

distortions. The following chart indicates the limits for 

harmonic current distortion imposed by this standard.  The 

limits are based up on ratio of available short circuits current 

(Isc) at PCC to maximum demand load current (IL) The 

analysis is generally performed at the point of where facility 

power is connected to utility power system. This point 

generally called as PCC. 

B. Voltage Distortion limits: 

 
Table 2: Voltage Distortion limit 

V. CASESTUDY: ESTA 2 

Measurements were carried out at manufacturing company. 

2 transformers of 22KV, 150/5A each which receives power 

through MSEDCL. Further supply is given to a transformer 

of 22/6.6KV, 2MVA, from here voltage is step downed to 

6.6/0.4KV,2MVA by another transformer & supply is given 

to ESTA 2. 

Fig. 1: Single Line diagram of electrical distribution 

Reading at PCC 

Parameters 
With Capacitor 

ON 

With Capacitor 

OFF 

Voltage. (V) 231.30 230 

Current. (I) 370.06 145 

Active Power (KW) 

Max. 
187 82 

Reactive Power 

(KVAR)Max 
161.50 32 

THD i  % 35 13.60 

THD v % 4.7 1.9 

5
th

  % 29 10 

7
th

  % 13 7.5 

Table 3: Reading at PCC 

VI. MITIGATION TECHNIQUES 

A. System Filtering Methods: 

As a method, system filters, whether active or passive, have 

the advantage of being retro-fit but the disadvantage of 

being possibly only a temporary solution. If the power 

system changes, for example, if more non-linear load is 

added, the design assumptions will also change. 

1) Passive Filters: 

Passive filters can be designed to reduce harmonic voltages 

and notch effects at particular points in the power system. 

Each installation is different and the size and placement of 

the filters varies accordingly. Usually, the passive filters 

include different types of parallel paths that present 
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relatively low impedance to the various harmonics. 

Harmonic currents flow into this reduced impedance such 

that the harmonic voltage at that point is reduced. In some 

cases, there will be sufficient source impedance at the 

location at which harmonics must be reduced that a single 

filter at that location can absorb harmonics from the multiple 

harmonic sources. This point might be the point of common 

connection, but in any event, the filter must be designed so 

as not to be overloaded by harmonic currents from other 

parts of the power system.   These filters are much more 

difficult to use in conjunction with auxiliary generators for 

two reasons. Firstly, the generators cannot normally support 

more than about 20% leading KVAR because armature 

reaction may cause over-excitation and voltage regulator 

instability. Secondly, frequency variations expected with an 

auxiliary generator are much greater than those of the utility; 

therefore, the filter design is complicated. Passive filters are 

widely used in conjunction with utility-type static VAR 

compensators and electric arc furnaces with megawatt 

ratings. In this type of application, the major source of 

harmonic disturbance is well known, and the probability of 

system changes affecting the filter performance is small. 

2) Add-On Active Filters: 

In this method, an additional power electronic convertor is 

used to supply the power source line with the harmonic 

currents required by the non-linear load. In essence, the 

filter is a power amplifier and must have adequate 

bandwidth to compensate for the harmonic currents required 

by the electronic equipment, at least up to the 25
th

 harmonic. 

Technically, this method is undoubtedly very effective. The 

main drawback lies in its cost, which, with development, is 

expected to be comparable to an inverter of similar rating. In 

contrast with typical motor drive inverters, which operate 

from a stable dc link voltage, the active filter is exposed to 

voltage stresses caused by normal and fault conditions in the 

power system. This puts additional demands upon the 

semiconductor switching devices; hybrid arrangements of 

active and passive components are also feasible. The supply 

voltage imbalance from the load terminal voltage is 

eliminated by a series-active filter which also forces an 

existing shunt-passive filter to absorb all the current 

harmonics produced by a non-linear load. 

B. Six Pulse: 

 
Fig. 2: Six Pulse Arrangement 

C. Twelve Pulse: 

This is similar to a 12-pulse converter, on a macro-scale. If 

two AFDs of equal HP and load are phase shifted by feeding 

one AFD from a delta/wye-transformer, and feeding the 

second through a delta/delta transformer or a line reactor of 

equivalent impedance, performance similar to 12-pulse may 

be achieved. The cancellation will degrade as the loads vary 

from AFD to AFD, although as the load on single AFD 

decreases, the individual distortion contribution percentage 

decreases, resulting in less of a need for cancellation. It is 

possible for a facility with a large number of AFDs to feed 

two halves of the distribution from phase-shifted 

transformers, yielding a large reduction in harmonic levels 

for minimal cost, and allowing a higher percentage of AFD 

loads under IEEE Std. 519-1992 guidelines.  Multiple 

transformers can be used to develop different phase shifts 

between sources of harmonic currents.  For example, two 

transformers with a 50Hz phase shift of 30 degrees between 

them will resulting cancellation of the 5th, 7th, 17th, and 19, 

etc. harmonics and will resemble 12 pulse drive system. 

Four transformers shifted by 15 degrees with respect to each 

other will result in a 24-pulse distribution and will 

significantly minimize the resulting harmonics upstream of 

the common bus. 

 
Fig. 3: Twelve pulse transformer solution 

VII. CONCLUSION 

This paper presented Harmonic measurement and analysis 

as one of the well-known aspects of power quality 

monitoring and control. Analyzing harmonics, at Vishay 

Components it was observed that Present harmonic levels at 

PCC were exceeding recommended levels. And 5
th

 and 7th 

order harmonic are amplified due to use of PF improvement 

capacitors. 

To limit harmonic level, several multi pulse based 

phase Autotransformers topologies to meet standard IEEE 

519.Compared with other solutions, autotransformers 

possess such advantages as being simple, reliable, no 

resonance problem and relatively cost effective, as well as 

small physical size.  
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