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Abstract---In this paper electrical distribution system use of 

nonlinear loads is much more and therefore problem of 

Harmonics distortion is available. For mitigation this 

distortion we interest in APF topology to produce specific 

current components that cancel the harmonics current 

components caused by the nonlinear load. Particular shunt 

Active power filter is most of used as mitigation purpose in 

distribution system. It has advantages compensate the load 

current harmonic & as well as contribute to reactive power 

compensation. For compensation current in shunt active 

filter using instantaneous active-reactive power theory used 

which is most convenient than other time domain theories. 
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I. INTRODUCTION 

In power system categories are generation, transmission, 

distribution & utilization. At all levels power quality is main 

issue. Any power problem manifested in voltage, current, or 

frequency deviations that result in failure, disoperation or 

even damage of customer equipment is considered as a 

power quality problem. Many big industries, commercial 

and industrial electrical loads include power transformers, 

welding machines, arc furnaces, induction motor driven 

equipment such as elevators, pumps, and printing machines 

etc., which are mostly inductive in nature. These loads 

create serious power quality problems. Poor PF & 

harmonics are two most important & serious power quality 

problems nowadays 

 
Fig. 1: Block diagram of harmonics mitigation system in 

distribution line 

Particular shunt Active power filter is most of used 

as mitigation purpose in distribution system. It has 

advantages compensate the load current harmonic & as well 

as contribute to reactive power compensation. For 

compensation current in shunt active filter using 

instantaneous active-reactive power theory used which is 

most convenient than other time domain theories 

 In this diagram we have seen that 3-phase source & 

3-phase load (nonlinear) are connecting with each other via 

distribution line. So, harmonics will be created by this non-

linear load and for mitigation we have to use mitigation 

system joint at PCC via coupling inductor. The passive filter 

has been used to solve harmonic currents problems, but they 

have some disadvantages: they only filter the frequencies 

they were previously tuned for; its operation cannot be 

limited to a certain load or group of loads; resonance can 

occur due to this filter & other load. To cope with 

disadvantages, we concentrated on active filter. In this paper 

the development of shunt active filter is proposed, with 

control system is based on the p-q theory. By using this 

filter compensate the harmonics current & reactive power 

and also make the supply current in sinusoidal mode as well 

as harmonics should be limit as per IEEE STD 519-1992 

II. SHUNT ACTIVE FILTER 

 
Fig. 2: Shunt Active Filter 

It is most widely used and dominant form of APFs. There 

are many characteristics by using this like as compensate 

load harmonic current and as well as reactive power also. It 

is connected in parallel in distribution system at PCC and 

injects harmonic current which is equal to magnitude of load 

harmonic current. So, by using this it will create 180º phase 

shift to cancel out the load harmonics and the source current 

becomes sinusoidal. For an increased range of power 

ratings, several shunt active filters can be combined together 

to withstand higher currents Here in shunt active filter joint 

to PCC with coupling inductor & in SAF consider voltage 

source inverter with DC link capacitor  

Here, 

Is + If = IL,                                            (2.1) 

Is =IL-If                                                                           (2.2) 

For non-linear load; 

IL= IL, f  + IL, h                                                              (2.3) 

Now, by applying SAF it provides If = IL, h  

So, we get source current Is = IL, f  

As per upper discussion we tell that source current 
is free from harmonics i.e. sinusoidal source current. 
 Now, for controlling this shunt active filter; there 
are two categories like as frequency domain analysis &  
time domain analysis. The time domain analysis is superior 
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over the frequency domain and of great interest in recent 
years. 
 In time domain analysis particularly p-q power 
theory is most useful another important characteristic of this 
theory is the simplicity of the calculations, which involves 
only algebraic calculation. In p-q theory use Clarke 
transformation for transform voltage & current from the abc 
to αβ0 coordinates after this transformation we get the 
instantaneous power on these coordinates. By using this 
controller the shunt active filter compensate dynamically 
harmonics current.     

III. HARMONIC ANALYSIS FOR 400KV DISTRIBUTION 

SYSTEM 
Harmonics is sinusoidal component of a periodic wave 
having a frequency that is an integral multiple of the 
fundamental frequency. If the fundamental frequency is 50 
Hz then second harmonics is 100Hz, third harmonics is 
150Hz and so on. Harmonic number (h) refers to the 
individual frequency elements that comprise a composite 
waveform. . Dealing with harmonic numbers and not with 
harmonic frequencies is done for two reasons. The 
fundamental frequency varies among individual countries 
and applications odd harmonics have odd numbers (e.g., 3, 
5, 7, 9, 11), and even harmonics have even numbers (e.g., 2, 
4, 6, 8, 10). Harmonic number 1 is assigned to the 
fundamental frequency component of the periodic wave. 
Harmonic number 0 represents the constant or DC 
component. Harmonics in terms of odd number is produced 
by nonlinear load. Certain conditions need to exist for 
production of even harmonics. Uneven current draw 
between the positive and negative halves of one cycle of 
operation can generate even harmonics. 
 The voltage waveform, even at the point of 

generation, contains a small amount of distortion due to 

non-uniformity in the excitation magnetic field and discrete 

spatial distribution of coils around the generator stator 

slots.  At the point of generation distortion level is very low 

like as less than1.0%. As harmonic currents travel to the 

power source, the current distortion results in additional 

voltage distortion due to impedance voltages associated with 

the various power distribution equipment. As nonlinear 

loads are propagated into the power system, voltage 

distortions are introduced which become greater moving 

from the source to the load because of the circuit 

impedances. Current distortions for the most part are caused 

by loads. Even loads that are linear will generate nonlinear 

currents if the supply voltage waveform is significantly 

distorted. When several power users share a common power 

line, the voltage distortion produced by harmonic current 

injection of one user can affect the other users. This is why 

standards are being issued that will limit the amount of 

harmonic currents that individual power users can feed into 

the source. The major causes of current distortion are 

nonlinear loads due to adjustable speed drives, fluorescent 

lighting, rectifier banks, computer and data-processing 

loads, arc furnaces, and so on. 
Harmonics are measured in terms of IHD 

(individual harmonic distortion) & THD (total harmonics 
distortion). 

Individual harmonic distortion (IHD): It is the ratio 
between the root mean square (RMS) value of the individual 
harmonic and the RMS value of the fundamental. 

     
  
  
⁄               (3.1) 

Total harmonic distortion (THD): It is a term used 
to describe the net deviation of a nonlinear waveform from 
ideal sine waveform characteristics & it is the ratio between 
the RMS value of the harmonics and the RMS value of the 
fundamental. 

   (
  
  
⁄ )                       (3.2) 

Where, 
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There are various following lighting load or 
appliances’ data of harmonic number Vs individual 
harmonic distortion. 

Harmonic 

Number 

[h(n)] 

Individual Harmonic Distortion [IHD %] 

For a 

fluorescent 

Lighting 

For an Adjustable 

Speed Drive 

Input Current 

with 50 Hz 

For a 

Personal 

Computer 

0 - 0.15 12.8 

1 100 100 100 

3 13.9 0.78 87.2 

5 9 35.01 64.1 

7 3.3 2.62 41.1 

9 3.2 0.06 17.9 

11 2.2 9.99 10.3 

Total 

Harmonic 

distortion 

101.48% 106.45% 154.89% 

Table. 1: Ihd & Thd Value of Different Non Linear Load 

With Different Harmonics Number. 

As per IEEE 519-1992 STD harmonic voltage distortion on 
power systems 69 KV or less than this value ,Total 
harmonics distortion (THD) value is 5% or less than this and 
same as Individual harmonics distortion (IHD) value is less 
than or equal to 3%.  The current harmonic limits vary based 
on the short circuit strength of the system they are being 
injected into. Essentially, the more the system is able to 
handle harmonic currents, the more the customer is allowed 
to inject. As per following details would be given by IEEE 
519-1992 standards, 

Bus Voltage 

at PCC 

Individual Voltage 

Distortion (%) 

Total Voltage 

Distortion THD 

(%) 

69 kV and 

below 
3.0 5.0 

69.001 kV to 

161 kV 
1.5 2.5 

161.001 kV 

and above 
1.0 1.5 

NOTE: High-voltage systems can have up to 2.0% THD 

where the cause is an HVDC terminal that will attenuate 

by the time it is tapped for a user. 

Table. 2: IEEE Std 519-1992 Harmonic Voltage Limits 
Same as, current distortion limits for general 

distribution systems (120 V to 69 KV) 

Maximum Harmonic Current Distortion in Percent of IL 

Individual Harmonic Order (Odd Harmonics) 

ISC/IL <11 11≤h<17 17≤h<23 23≤h<35 35≤h TDD 

<20* 4.0 2.0 1.5 0.6 0.3 5.0 

20<50 7.0 3.5 2.5 1.0 0.5 8.0 

50<100 10.0 4.5 4.0 1.5 0.7 12.0 

100<1000 12.0 5.5 5.0 2.0 1.0 15.0 
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>1000 15.0 7.0 6.0 2.5 1.4 20.0 

Table. 3: IEEE Std 519-1992 Harmonic Current Limits 

Where, 

Isc = maximum s.c current at PCC 

IL = Maximum demand load current (at fundamental 

frequency 50 Hz) at PCC 

TDD = Total demand distortion, harmonic current in % of 

maximum demand load current  

PCC = point of common coupling 

 The harmonic current limits specify the maximum 

amount of harmonic current that the customer can inject into 

the utility system. The utility is responsible for providing a 

clean (low distortion) voltage to the customer. The utility 

can only be fairly judged, however, when the customer 

meets the harmonic current limits. Otherwise, the customer 

may be guilty of causing the voltage distortion himself. 

IV. SHUNT ACTIVE FILTER SIMULATION RESULT FOR 

DISTRIBUTION SYSTEM 

By using MATLAB-Simulator R2010a, 32 bit, simulation 

has been done for 400V distribution system with shunt 

active filter. Here following simulation circuit and their 

waveforms represented and also mention the result of THD 

and IHD value with & without shunt active filter. 

 
Fig. 3: Simulation circuit of 400V distribution system with 

Shunt active filter 

 
Fig. 4: Source current Is  for 400V distribution system 

 
Fig. 5: Load current IL for 400V distribution system 

 
Fig. 6: Compensate current IC  for 400V distribution system 

Harmonic 

Number 

With 

SAF 

IHD 

(%) 

Without 

SAF 

IHD 

(%) 

1 100 100 

3 0.60 0.00 

5 0.77 22.63 

7 0.41 11.30 

11 0.80 9.03 

THD 4.12 30.32 

Table. 4: IHD & THD Value Of ,42.09 A  Source Current 

V. CONCLUSION   

From this paper shunt active filter is used for compensate 

harmonics current and improve power quality, In 400V 

distribution line without shunt active filter THD value is 

very high i.e. 30.32% but when applying SAF THD value is 

below 5%  as per IEEE 519-1992 standards here it is 4.12% 
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