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Abstract—In this paper the harmonics measurement for
computer loads is analyzed and passive filters are designed for
mitigating those harmonics. The filters are designed to meet the
IEEE standard 519-1992 which is recommended for harmonic
current limits. Personal computers are non-linear loads that
generate harmonics due to non-sinusoidal current present at
entrance of power supply. In this work the personal computers in
laboratory are taken as domestic load and harmonics generated
by them cannot be ignored which are simulated using
MATLAB/Simulink. The purpose is developing analytical
method for the design of the passive harmonic filter that absorbs
current harmonics caused by computer loads. The findings of
this study would be supportive to make the source current free
from harmonics thereby reducing the THD. Simulation results of
proposed design method of passive filters shows attractive results
for harmonic reduction with profit of upgrade of power factor.
Design of passive harmonic filters by using non active power can
be simple cost effective solution for systems.

Keywords—Power Quality (PQ); personal computers; Total
Harmonic Distortion (THD); passive filter; MATLAB/Simulink

I.  INTRODUCTION

In AC power supply systems, current waveform is
distorted and harmonics are created due to usage of non-linear
loads that reduces the quality of power [1], [2]. That causes
enormous fault occurrence and monetary losses toward power
supply system. Harmonics effect in AC power system is
increasing day by day [3], [4]. Harmonics due to personal
computers loads has particular attention to power quality (PQ)
because personal computers are frequently concentrated in a
massive group and produces harmonics [5], [6].

A. Personal Computers(PC'’s)

Personal computers are non-linear loads to AC system.
Switch Mode Power Supply (SMPS) used in computers
generate harmonics. For nonlinear load, non-linear flow of
current is created because of dc-link capacitor in power supply
[7]. Fig. 1 shows personal computer equivalent SMPS circuit
model.

B. Relation between Active Power, Reactive Power, Apparent
Power

We use the following terms to describe power flow into a
system, active power P [Watt], reactive power Q [Volt
Ampere reactive] and apparent power S=|S|[VA]. For
sinusoidal waveform P, Q and S can be written

as S2=,/PZ + Q2. Apparent power S is the product of rms
values of current | and applied voltage V [8].

It is significant as it represents the total power that must be
available to provide power to the load, though just a part of
this is of useful power S=VI. For harmonic supply S =P + jQ
=V 1 (cose + j sin @), In this active power P = V | cose and
the reactive power Q = V | sin ¢. The cosine of the phase
angle ¢ between the applied voltage and the current is called
the power factor. Pf =cos@ = P/S. In case of non-sinusoidal
signals the influence of so called distortion power H or D is
included this consists of unequal harmonics of current and
voltage [9]-[12].
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Fig. 1. Equivalent SMPS circuit model of PC.

The powers active, reactive and distortion are connected

by a relation S?=,/P2 + Q2 + H2.Geometric sum of reactive
and distortion powers is equal to non-active power
N =,/Q? + H? = ,/s2 —p2 . Distortion power has raised
increasing interest with the expansion of non-linear loads [13].

The function representation of mentioned powers is shown in
Fig. 2 and 3.
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Fig. 2. Power vector configuration (linear loads).
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Fig. 3. Power vector configuration (non-linear loads).

The paper is organized as follows: Section | presents the
introduction of non-linear load and harmonic distortion,
Section |1l presents the methodology of research work,
Section 1l presents the result of measurement of harmonic
distortion for computer laboratory, Section IV present the
simulation of system for proposed filter design and discussion
about obtained results and Section V concludes the paper.

Il. METHODOLOGY

Harmonic distortion depends upon electronic elements
used in appliance’s circuitry. Numbers of nonlinear residential
loads are increasing day by day; therefore harmonics caused
by these loads cannot be neglected. There are many techniques
to reduce harmonics but economic and maintenance points of
view there have necessity to select best compensation method.
The design attempts to comply with the IEEE Standard 519-
1992 recommended harmonic limits applied to the current
harmonic limits [14]-[17].

In this section, measurement of harmonics values and
power quantities obtained from power quality analyzer (PQA)
device for computer laboratory. In this work total 24 PC’s are
joined to the AC supply system are shown in Fig. 4 and 5 and
all obtained measurements are written in Tables I and II.

PC’s data: Power supply of ATX type 220V P-4 cpu-3.00
GHz, Monitor (CRT)-17 Inch, 256 MB of RAM, Power range-
140w-200w.

Fig. 4. View of computer laboratory in electrical department QUEST
Nawabshah.

Fig. 5. Experimental setup of PQA with main supply.

The features of PQA are as shown in Fig. 6 to 8.
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Fig. 6. Features of PQA.
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Fig. 7. Recorded data in PQA.

Fig. 8. Experimental data collected using PQA.
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I1l. MEASUREMENT RESULTS OF PQA

A. Experimental Results of Current and Voltage Waveforms
(Fig. 9)
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Fig. 9. (a): For One PC, (b):For Twenty four PC.

B. Experimental Results of Active Power, Reactive Power,
Apparent Power, Power Factor and Displacement Power
Factor Values (Fig. 10)
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Fig. 10. (a): For One PC, (b): For Twenty four PC.
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C. Experimental Results of Individual Harmonics, when (24)

PCs are Tied to AC Supply (Fig. 11)
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D. Experimental Results of Average, Maximum and Minimum
of THD; (Fig. 12)
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Fig. 11. (a): 1st harmonic, (b): 3rd harmonic, (c): 5th harmonic, (d): 7th
harmonic, (e): 9" harmonic, (f): 11th harmonic, (g): 13th harmonic, (h): 15th

harmonic.
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Fig. 12. (a): For 1, (b): For 24.

E. Experimental Results of Voltage Distortion (Fig. 13)
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Fig. 13. (a): For 1 PC, (b): For 24 PC.
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TABLE I. PQA MEASURED RESULTS
No. of PC’s Supply Current Power | Displacement (VA)Active | (Watt)Reactive Power Crest factor | Crest factor
Voltage A Factor | Power factor (Var)Apparent | for current | for voltage
(volts) (Ampere) Power Power power
(Watt) (Var)
1 209.5 0.870 -0.77 -1.00 183 -140 118 2.2 14
24 1904 22.22 -0.80 -0.99 4.24k -3.41k 2.52k 2.0 13
TABLE I1. PQA MEASURED EESULTS OF IHDI , THDI,THDV1
No. of 0 31 % 5 % 7" % 9" % 11" % 13" % 15"
. . . . . . % THD; | % THD,
PC’s harmonic harmonic Harmonic harmonic harmonic harmonic harmonic
1 57.2 28.3 8.6 11.3 8.6 15 5.4 66.3 1.6
24 51.3 10.6 9.0 58 25 3.7 0.4 55.9 43
IV. SIMULATION OF EQUIVALENT SMPS oF PC TABLE I1l.  CIRCUIT PARAMETERS USED FOR SIMULATION OF
) ) ] EQUIVALENT COMPUTER POWER SUPPLY
The parameters used for this system are given in Table IlI v 530 c TO0UE
and equivalent SMPS of PC is simulated using MATLAB ISS o 6‘5’ X = > Q”
software by Simulink library as shown in Fig. 14. f 0hz Vi 08V
Ras 1Q H 375" 79"
Lsys 1mH
powergui
Scope
e AT o5 Ja s
Rsys Lsys m a
Tﬂ c :ﬁ R
b ,vm" n
']
Universal Bridge
Fig. 14. Simulation of equivalent SM.
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Fig. 15. Input supply current without passive filter.
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— Signal to analyze — Available signals
@ Display selected signal Display FFT window Structure :
Selected signal: 10 cycles. FFT window (in Vred): 1rcycles ScopeDataRC -
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Number of cycles: 1
= = o
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g 0.05 Harmonic order -
Max Frequency (Hz):
(o] 1 2 3 4 5 8 7 8 9 10 11 12 13 700
Harmonic order ; ;
[Toispiay ] [ close |
Fig. 16. Input supply voltage without passive filter.
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Fig. 17. Simulation of proposed model for passive filter design.

The 3, 5" 7" 9"and 11" harmonic component are high
in magnitudes. So these harmonic components are to be
mitigating during this research work. Fig. 15 and 16 show the
supply current and supply voltage prior to installation of
passive filter, the current and voltage harmonic distortion
(THD; and THD,) are found to be 35.79 % and 0.38 %
respectively. So IEEE limits for THD; distortion limits are
violated while THD, is found under standard limit.

A. Design of Single-Tuned Passive Filter
Quantities required for the filter design:

1) Non active power N in VAr
2) Supply frquency f in Hz

www.ijacsa.t

3) Supply voltage (rms) Vs in volts
4) Harmonic order h Number
5) Quality Factor QL Number

Steps to calculate values of C, L and R for single tuned
filter.
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4, L—2—1Tf
=X
5 R_QL

Here to avoid from using a trial-and-error approach for
single tune filter design, non-active power is considered as
design parameter and proposed MATLAB/Simulink model for
doing this calculation is as shown in Fig. 17 and various
power obtained from this proposed model is written as shown
in Table IV.

TABLE IV.  VARIOUS POWERS OBTAINED WITH PROPOSED MODEL

S(VA) P(W) Q(VAI)
2344 2047w -851Var

Now we can use below equation to computes the non-
active power needs in Var as follows:

N=1141.98 Var

component filter as follows.
For 3" Harmonic filter

Vol. 8, No. 12, 2017

_VE h? _ (22002 (3)

L Xc = N ‘hi-1 114198  (3)2-1 47.68 Q
2. C=——= ! = 66.79uF
2nfXc  2%3.14%50%47.68

_ Xc _ (47.68) _
3 X =e= 8P -5290
4, L=2t=_52 - 168mH

2mf  2%3.14%50

=X =32 - 01058 Q
QL 50

Similarly follows the same steps ,in this paper four single
tuned passive filter has been designed such as 3",5" 7" and 9"
and the values of all passive tuned filter can be shown in
Table V.

TABLE V. DESIGNED 3RD, 5TH, 7TH AND 9TH PASSIVE FILTER
rd th th th
N: 2+H2 — SZ_ 2 = 2344 2 2047 2 For 3 ) For 5 ) For 7 ) For 9 )
\/Q \/ p \/( ) ( ) Harmonic Harmonic Harmonic Harmonic
R Q| 01058 | RQ [ 00352 | RQ | 001778 | RQ | 0.01058
. . : C leero | [7210 |C |736 |C |72
Now we can calculate values of required passive harmonic uF uF uF uF
L L L L
mH 16.8 Mh 5.61 mH 2.808 mH 1.68
powergui
Scope
T S L .
Rsys Lsys im
. i oz 2 2 ¢ T "
Z’i a1 % sih % 7 % aih %
@w T T T 7 .
Universal Bridge
Fig. 18. Simulation model of equivalent computer power supply using 3" 5" 7" and 9" harmonic filter.
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Fig. 19. Input supply voltage with passive filter.
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Fig. 20. Input supply current with passive filter.

Fig. 18 show simulation model of equivalent computer
power supply using designed filters. Fig. 19 and 20 show the
source voltage and source current after passive filter
installation. THD, was reduced to 0.07% from 0.38% after
passive filter installation, whereas THD; was reduced to
4.41% from 35.79 % after passive filters installation according
to IEEE limit.

It can be noticed that before compensation, the input
supply current is not sinusoidal (distorted) with r.m.s. (root
mean square) value of 14.26 ampere. The input source current
after compensation by passive filter becomes nearly sinusoidal
from the distorted wave. After compensation the source
current becomes sinusoidal with r.m.s value of 37.45 and in-
phase with the supply voltage.

V. CONCLUSION

It is concluded that the harmonic distortion depends upon
electronic elements used in appliances circuitry. Numbers of
nonlinear residential loads are increasing day by day; therefore
harmonics caused by these loads cannot be neglected.
Produced harmonics due to residential loads should be
minimized. There are many techniques to reduce harmonics
but economic and maintenance points of view there have
necessity to select best compensation method. Design of
passive harmonic filters by using non active power can be the
better and simple solution and cost effective systems. By
means of the simulation of proposed design method of passive
filters showed good results for harmonic reduction with profit
of upgrade of power factor too.
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