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Abstract— Power quality is a measure of ideal power supply 

system. There are many voltage related power quality issues 

in the industries like impulse, voltage sag and swell, over 

and under voltage, flickers, harmonics, voltage interruption 

etc. but the harmonics is a very commonly and most affected 

issue in industry , So we focus on the harmonics and brief 

discussion about other issue. There are many nonlinear 

devices which are using in industries like air compressors, 

blowers, VFD operated motors and various air handling 

units which inject harmonics in to the line, which create 

power quality problem. Filter is used for reduce harmonics. 

Many types of filters are available in market like active 

filter, passive filter, low pass filter, high pass filter, single 

tuned filter, hybrid filter etc. We use hybrid filter for reduce 

the harmonics because it reduce the harmonics nearer to 

zero which is advance than any other filter. Matlab use for 

hybrid filter simulation and results shows how this filter 

reduces the harmonics. 
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I. INTRODUCTION 

There are many power quality issues in power system like 

voltage sag, voltage swell, flicker, noise, harmonics, 

transients etc. They affect the power quality and this is 

harmful for various electronics equipment. Mainly 

harmonics is major issues in the power quality problem.  

For reducing the harmonics various filter is using 

in the system. Passive filter is one of them which is less 

costly but it not reduce all harmonics. So reducing all types 

of harmonics and THD level nearer to zero than we use 

hybrid filter which is combination of active and passive 

filter. 

This filter has both filter quality so it work 

accurately and reduce all harmonics. So we see the how 

hybrid filter work and see the waveform of current and 

analyze the how hybrid filter is reduce the THD level of the 

current. 

A. What is Power Quality? 

Power quality means any power problem manifested in 

voltage, current, or frequency deviations that results in 

failure of customer equipment
6
. 

There is no single accepted definition of quality 

power. There are standards for voltage and other technical 

criteria that may be measured, but the ultimate measure of 

power quality is determined by the performance and 

productivity of end-user equipment. If the electric power is 

inadequate for those needs, then the ―quality‖ is lacking
6 

B. Why we are Concerned about Power Quality? 

The ultimate reason that we are interested in power quality 

is economic value. There are economic impacts on utilities, 

their customers, and suppliers of load equipment. The 

quality of power can have a direct economic impact on 

many industrial consumers. There has recently been a great 

emphasis on revitalizing industry with more automation and 

more modern equipment
8
. 

This usually means electronically controlled, 

energy-efficient equipment that is often much more sensitive 

to deviations in the supply voltage than were its 

electromechanical predecessors. Thus, like the blinking 

clock in residences, industrial customers are now more 

acutely aware of minor disturbances in the power system. 

There is big money associated with these disturbances
8
. 

The reasons for the increased interest in power 

quality can be summarized as follows: 

1) Metering: Poor power quality can affect the 

accuracy of utility metering. 

2) Protective relays: Poor power quality can cause 

protective relays to malfunction. 

3) Downtime: Poor power quality can result in 

equipment downtime and/or damage, resulting in a 

loss of productivity. 

4) Cost: Poor power quality can result in increased 

costs due to the preceding effects. 

5) Electromagnetic compatibility: Poor power quality 

can result in problems with electromagnetic 

compatibility and noise. 

C. Brief discussion about power quality issues
13

: 

1) Voltage sag (or dip): 

Voltage sag is an event where the line rms voltage decreases 

from the nominal line-voltage for a short period of time. 

2) Transients and spikes: 

Transients are high over-voltage disturbances (up to 20 kV) 

that last for a very short time (milliseconds or 

nanoseconds).Hence the term "spikes" can also be used. 

They are potentially destructive and can cause electronic 

systems to fail. In about 80% of cases transients can be 

attributed to on-site activities. 

3) Voltage Swells: 

A voltage swell is an increase in the RMS voltage above the 

nominal voltage or a sliding reference voltage. The increase 

lasts from half a cycle to several seconds. 

4) Voltage Unbalance: 

Voltage unbalance is defined as the largest difference 

between the average RMS voltage and the RMS value of 

any single voltage phase divided by the average RMS 

voltage, usually expressed as a percentage. 

5) Voltage fluctuation: 

Oscillation of voltage value, amplitude modulated by a 

signal with frequency of 0 to 30 Hz. 

6) Harmonic distortion: 

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. 

7) Noise: 

Superimposing of high frequency signals on the waveform 

of the power-system frequency. 
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II. HARMONICS 

 

A. Generation of Harmonics: 

Harmonics are a distortion of the normal electrical current 

waveform, generally transmitted by nonlinear loads. Switch-

mode power supplies (SMPS), variable speed motors and 

drives, photocopiers, personal computers, laser printers, fax 

machines, battery chargers and UPSs are examples of 

nonlinear loads. Single-phase non-linear loads are prevalent 

in modern office buildings, while three-phase, non-linear 

loads are widespread in factories and industrial plants
9
. 

A large portion of the non-linear electrical load on 

most electrical distribution systems comes from SMPS 

equipment. For example, all computer systems use SMPS 

that convert utility AC voltage to regulated low-voltage DC 

for internal electronics. These non-linear power supplies 

draw current in high-amplitude short pulses that create 

significant distortion in the electrical current and voltage 

wave shape—harmonic distortion, measured as total 

harmonic distortion (THD). The distortion travels back into 

the power source and can affect other equipment connected 

to the same source
9
 

B. Effect of Higher Frequency Harmonic Currents in 

Power System:  

Higher frequency harmonic current cause communication 

errors, overheating and hardware damage, such as 

Overheating of electrical distribution equipment, cables, 

transformers, stand by generators, etc. 

Other affecting causes are: 

High voltages and circulating currents caused by 

harmonic resonance, Equipment malfunctions due to 

excessive voltage distortion, Increased internal energy losses 

in connected equipment, causing component failure and 

shortened life span, False tripping of branch circuit breakers, 

Metering errors, Fires in wiring and distribution systems, 

Generator failures, Crest factors and related problems, 

Lower system power factor, resulting in penalties on 

monthly utility bills
8
. 

C. Problems Caused by Harmonic Currents: 

1) Neutral conductor over-heating 

2) Effects on transformers 

3) Malfunctioning of circuit breakers 

4) Over-stressing of power factor correction 

capacitors 

5) Skin effect on conductors 

III. FILTERS INTRODUCTION 

The power system must be free from harmonics and which 

will lead to numbers of benefits. A clean network has less 

strain on appliances and their life spans are lengthened. 

Maintenance and replacement costs are lowered. So we go 

for filters. Filters can be classified into three types: Passive 

filter, Active filter, Hybrid filter. 

1) Passive filters
5
: 

Passive harmonic filters consisting of capacitors, inductors, 

and resistors can be classified into 

1) Tuned filters 

2) High pass filters 

 

2) Active filters
7
: 

Pure active filters can be classified into two types according 

to their circuit configuration 

1) Shunt (parallel) active filters 

2) Series active filters 

3) Hybrid filters: 

Combination of active and passive filter 

B. Comparison of Passive Filter and Active Filter
7
: 

 
PASSIVE 

FILTER 

ACTIVE 

FILTER 

Harmonic 

control by order 
Very difficult 

Possible via 

parameters 

Harmonic 

current control 

Requires 

filter for each 

frequency 

Simultaneously 

monitors many 

frequency 

Dimension Large Small 

Weight High Low 

Influences 

of a frequency 

variation 

Reduced 

effectiveness 
No effect 

Table-1: Passive Filter & Active Filter 

C. Limitation of Active Power Filter: 

1) It may be technically feasible to realize a large 

rating pwm converter with a current response fast 

enough to compensate for the harmonic component 

with high efficiency. 

2) The initial cost of the shunt active filter is high , 

compared with that of a shunt passive filter. 

D. Limitation of the Shunt Passive Filter: 

1) Its filtering characteristics depend on the source 

impedance, which may be not well defined or it 

may vary as the grid topology changes. 

2) The larger the source impedance at one given 

frequency, the batter its ability to attenuate the 

corresponding harmonic component. However the 

source impedance should be as small as possible at 

the fundamental frequency to keep negligible the 

fundamental voltage drop. 

To avoid the above mention problem regarding the 

application of passive filters , it would be interesting to 

combine the shunt passive with shunt active  filter to adjust 

the equivalent system impedance as a function of the 

frequency. 

IV. HYBRID FILTER  

A. Block Diagram of Three Phases, Three Wire Hybrid 

Filter
9
: 

 

Fig. 1: Three Phases, Three Wire Hybrid Filter 
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B. Block Diagram of Sinusoidal Current Control Strategy
9
: 

 

Fig. 2: Sinusoidal Current Control Strategy 

C. Active Filter Control Circuit: 

 
Fig. 3: Active Filter Control Circuit 

V. MATLAB SIMULATION WITH DIFFERENT FILTER 

COMBINATION 

A. Matlab Simulation without Any Filter: 

 
Fig. 4: Matlab Simulation without Any Filter 

 
Fig. 5: Current Wave form Without Connected any Filter 

Current waveform is not in sinusoidal manner. The 

waveform is distorted.  

B. Simulation with Only Passive Filter :( Design for 5th 

Harmonic): 

 
Fig. 6:  Simulation with Only Passive Filter 

Current wave form with passive filter: 

Fig. 7: Current Wave Form with Passive Filter 

 Current waveform is comes nearer to sinusoidal 

manner. We can see the distortion level reduced after 

connect the passive filter. 
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C. Simulation with Connected Hybrid Filter: 

 
Fig. 8: Simulation with Connected Hybrid Filter 

Current wave form with connected hybrid filter: 

 
Fig. 9: Current Wave Form with Connected Hybrid Filter 

 After connecting the hybrid filter the current 

waveform is perfect sinusoidal because the THD level is 

nearer to zero. Hybrid filter is reduced all type of harmonics. 

D. Comparison: 

Sr.No. 
Filter 

Combination 
THD% 

5th 

Harmonic 

7th 

Harmonic 

1 
Without 

Any filter 
28.73 19.84 14.05 

2 

With passive 

filter 

(design for 5th 

harmonics) 

6.63 0.04 4.03 

3 

With hybrid 

filter 

(connect active 

filter with 

passive) 

0.16 0.00 0.08 

Table-2: Comparison 

VI. CONCLUSION 

Hybrid filter is an advance filter than active and passive so 

we get batter result from it and the harmonics reduction by it 

is very nice than other filter. Hybrid is a combination of 

active and passive filter so it has both filter quality which is 

very advantageous. It is very accurate filter give THD level 

very low nearer to zero. 

  Matlab simulation gives the proper idea about the 

how filter work in real field. we implement actual data in the 

Matlab circuit and study about the how harmonics reduced 

in real field. 

The most commonly issue of this filter is cost. This 

filter is costly because of active filter which is very costly. 

Passive filter prize is very low than active filter , but 

limitation is it neglect only one harmonic like if passive 

filter is particularly design for 5th harmonic than it is 

neglect 5th harmonic only not more affect the other 

harmonics like 7th , 9th, 13th... etc. So active filter has a 

important role to neglect all types of harmonics like 3rd, 5th, 

7th, 9th... etc. 

Now we can say that using both types of filter 

hybrid filter has advance quality and both filters advantages, 

so it is very useful to reduce the harmonics nearer to zero. 

Hybrid filter is superior than other filter. 
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