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Abstract— This Paper investigates the impact of power system
harmonics on the performance of over-current relays. Simulation
is performed on the IEEE 30-Bus system with heavy penetration
of non-linear loads using ETAP software. Simulation results
show that with significant harmonic contents in the power
network, a relay malfunction will occur and they will trip in a
wrong sequence when there is a fault in the system.
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I. INTRODUCTION
Most of the litratures reveal that the performance of relays in
presence of harmonics is not significantly affected when the
total harmonic distortion (THD) is less than 20% [1]. As there
has been a termendous increase in harmonic sources in the last
few decades, harmonic levels of 20 % or even higher can be
expected. Overcurrent relays have to operate with current
transformers (CT) which may saturate and distort the current
waveform causing a malfunction to the over current relays.
Current transformer saturation usually affects the operation of
protective relays. Saturation of CT can happen due to the
presence of harmonics and in many cases saturated CT will fail
to devliver a true reproduction of the primary during high fault
conditions and thus may cause undesirable operations. When
harmonic current exceeds the peak or rms thresholds, it may
cause the relays to trip under conditions which would normally
incur smooth running of the system without interruption [2].
Another type of relay that is effected by harmonics is the
negative-sequence overcurrent relay which is designed to
specifically function with negative sequence currents and it
cannot perform upto its standard when waveform distortion
starts to appear significantly in the circuit [3].
Electromechanical relays time delay characteristics are altered
in the presence of harmonics even though they are not widely
used nowadays, they are still used in some places. Digital and
numerical relays usually have filters in them to filter out
harmonics and thus are less prone to disoperation [4].
Harmonics can distort or degrade the operating characteristics
of protective relays depending on the design features and
principles of operation. Most relays monitor and measure the
current (or voltage) amplitude, the distorted waveform can
affect the relay’s operation and result in power system
reliability reducing and system damage; some of the relays can
be affected by the harmonic frequency such as induction relays
[5]. Traditionally, passive filters have been used to improve the
power factor of the system and suppress the harmonics[6].
However, passive filters have some problems that discourage

its implementation. Problems such as the unknown source
impedance can influence the filtering characteristic as the
system configuration varies and at specific frequency, anti
resonance can occur between the source impedance and the
filter, which may lead to harmonics amplification [7]. Active
power filters are more flexible and viable and have become
popular nowadays. These active power filters are able to
compensate harmonics continuously, regardless of any change
in the system loading conditions. However, active power filters
configurations are more complex and require appropriate
control devices to operate [8]. This paper investigates the effect
of harmonics on the performance of over current relay.
Simulation is performed on the IEEE 30-bus system with
significant THD. A three phase short circuit fault is simulated
on the system and relays tripping sequence is observed. Results
show over current relays will have a wrong tripping sequence
when there is a significant THD in the system. As a
consequence, it will not isolate the faulty zone.

Il.  SYSTEM UNDER STUDY AND SIMULATION
RESULTS
The IEEE 30-bus system (shown in Fig. 1) is simulated using
ETAP Software. All data of the system can be found in [6].
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Figure 1: IEEE 30-BUS System
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Linear loads were connected to the system at different buses
and the THD was measured as almost 0% as there were no
harmonic sources included. The negligible harmonic contents
can be examined through the voltage waveform at bus 10
(shown in Fig. 2) which is almost purely sinusoidal. When a
three phase short circuit fault is applied on bus 10 under such
negligible harmonic contents, the over current relays will trip
in a desired sequence shown in Fig. 3 to isolate the faulty bus.

150 )

100 | e

h
k.

=

e
"- 0.7 0.8 0.9 1.0 1.1

Veltage( va)

]
R

1507 i
Time (Cyele)

Figure 2: Voltage Waveform at Bus 10 with linear Loads
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Figure 3: Tripping Sequence during 3 Phase Fault on bus 10 (THD is
negligible)

Non-linear loads were then connected to the system at
different buses such that the THD is reaching 20%. Fig. 4
shows the distorted voltage waveform on bus 10 due to such
significant harmonic sources in the system and Fig. 5 shows
the harmonic spectrum analysis of this voltage.

The same three phase short circuit fault is applied on bus 10.
As can be seen in Fig. 6, under such significant THD, the

relays will have undesired tripping sequence and they will not
isolate the faulty bus.
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Figure 4: Voltage Waveform at Bus 10 with non- linear loads
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Figure 5: Spectrum Analysis of the voltage at bus 10 (no-filters)

Genl

Bus1 360 MW | Gl
132 kY —j—,,—-— + AOMTW
b b} ‘L_H_ o
Buasl {_‘—'_ 1l_‘—'_ 1~ {I _—
ey § 3 E ) 5
£ T —'—"—” T 132 kV
e iR n' utak |
sfa ¥ 1—| Y
&m ]t
0 & e
- SR - Bust T
1326V 7 i 132EV 0§ ] T g
% S o E +0 = $
| ]
F.o A
Bus7 ok (E"'
132KV 3 . Bust2 : F_ _ B Bus3
v R g iJ— I3 o -_‘.{ 11KV
v | | Lisyz
Lad, i o B assanry
25 Tk Busl6 '\i__ | -
< 132 kY EEETT 1 4 7 Busi4
e T~ 3
2 I
; { o2
e £
HE b
o |
X@
g o
| v 01
e 33KV ‘ I
= g g | TL=80MVA
Bus27__¢ A ALV
3;1\-_._1_,'__;‘_ B2z Buszl 7 | Busi? TIANVA
T be asnv f Ak Lo aaky TeEAIVA
7 } e2= v 1 TEONVA
B o || Lo 1 M =
3RV L 00043 kvar s
T | Bums2e_ g 0 3 kva
i i BEV 9 (7
= | = O3 I
b g, v | L= Fault Cur
|' @x f@ o 1= Fault Current
Bl g s ‘ - g Relay Sequence Tripping and
S s to 7. BmI3  Fault Clearing Time(milisecond)
L = ] I 33KV
v pusze L0 v @ Relay(2) on Bus 25 (346ms)
33KV _'.g'__ @ Relay(3) on Bus 25 (347ms)
v @ Relay(8) on Bus 10 (434ms)

Figure 6: Tripping Sequence during 3 Phase Fault on bus 10 (THD = 20%)

To promote a correct sequence of relays tripping operation in
the existence of significant THD, traditional methods such as
single tuned harmonic filters can be used. In this paper 19
shunt passive filters. Each filter is tuned to suppress 16 odd
harmonic orders are used and connected to different buses to



reduce the THD to about 3.1%. The relay pickup values  The same 3 phase short circuit fault was applied on bus 10
become much sensible to the relay operation after the  while the passive harmonic filters are installed in the network
installation of harmonic filters. Fig. 7 shows the effect of  as shown in Fig. 9 which shows a right sequence of relays
installing filters in the system on reducing the harmonic  tripping operation that is similar to case 1 when the THD was

contents in the voltage waveform at bus 10. negligible.
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Figure 7: Spectrum Analysis of the voltage at bus 10 (with filter)
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Figure 11: Spectrum Analysis of the voltage at bus 10 (THD=10%)

Figure 8: Voltage Waveform at Bus 10 with non- linear loads (with filters)
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It can be concluded that when the THD is 20% or more, the

Figure 9: Tripping Sequence during 3 Phase Fault on bus 10 (THD = 3.1%) pgrformance of over qurent relay.s will be af_feCted and th_ey
will have a malfunction operation. Installing 19 passive



harmonic filters tuned to suppress a significant number of
harmonic orders is not a cost effective solution to the problem.
As the performance of the relays are mainly depending on the
THD level. The number of filters can be reduced as far the
THD level will be reduced to a level lower than 20%. The
harmonic filters were modified to suppress only two harmonic
orders and the number of filters was reduced to 15. This
reduces the THD level in the system to 10%. Fig. 10 shows
some distortion in the voltage waveform at bus 10 and its
harmonic spectrum is shown in Fig. 11.Fig. 12 shows the
response of over current relays when a three phase short
circuit fault is applied on bus 10 with 15 passive filters tuned
at two harmonic orders installed at the system. The tripping
sequence in this case is identical to the ideal case shown in
Fig. 3.

I11. Conclusion

Simulation results show that, when the THD is more than
20%, the over current relay’s performance will be significantly
affected and a malfunction will be caused. When a fault occurs
in the system, the over current relay will not be able to isolate
the faulty location as they will trip in an undesired way.
Reducing THD to a level below 20% will mitigate this
problem and a proper relay’s operation can be retained.
Passive harmonic filters are not a cost effective solution to the
problem. One of the proposed solutions to the problem is the
use of active filter approaches which can effectively eliminate
all harmonic orders. However active filters have very complex
configuration and require a complex control technique.

References

[1] S. Arrillaga, Watson & Wood Power system
harmonics. England: John Wiley & Sons Ltd, 1997.

[2] L. Eric, Practical Transformer Design Handbook.
USA: TAP BOOKS Inc., 1989.

[3] W. H. E. Corporation, electrical Transmission and
Distribution ~ Reference  Book.  Pennsylvania:
Westinghouse Electrical Corporation, 1964.

[4] C. Bayliss, Transmission and Distribution Electrical
Engineering. UK: Hartnolls Limited, 1988.

[5] G. Stevenson, Electrical and Computer Engineering

Series. New York: McGraw-Hill Inc, 1994.

[6] H. Saadat, Power System Analysis. New York:
McGraw-Hills Inc., 2002.

[7] A. Watson, Power system harmonics. England: John
Wiley & Sons Ltd, 2003.

[8] F. M. A. S. M. Elwald F, Power Quality in Power
Systems and Electrical Machines. Amsterdam and
Boston: Academic Press/Elsvier, 2008.

IV. Bibliographies

Hillary Tin (SM90942700) was born
in Rangoon, Burma on January 14,
1969. He graduated from Rangoon
Arts and Science University in 1992
with Mathematics. Again, he
graduated from Curtin University
of Technology in Bachelor of

: g : Engineering (Electronics and
= Communications). Then, he
finished master of engineering
science (Power).

He worked at Western Power Corporation in reliability group,
Perth WA. His interest is in power electronics and the special
interest is elimination of harmonics in power system and
harmonics impact on protection relays and their
performance. He is now doing master of philosophy in power
electronics in the field of hybrid filter designs at Curtin
University, Perth, WA.

A.Abu-siada (M’07) received the
B.Sc and M.Sc. degrees from Ain
Shams University Egypt, and the
Ph.D degree from Curtin
University, Australia, all in
electrical engineering. Currently,
he is a lecturer in the Department
of  Electrical and Computer
engineering at Curtin University.

His research interest include power electronics, power
quality, energy technology, and system simulation. He is a
regular reviewer for the IEEE Transactyion on Power
electronics, IEEE Transaction on Dielectrics and Electrical
Insulations, and the Qatar National Research Fund (QNRF).

Mohammad A.S. Masoum
(5'88-M’91-SM’05) received BSc,
MSc, Ph.D degrees in Electrical
Engineering from the university of

Colorado, USA. His research
Interests  Include optimization,
power quality and stability of

power systems, electric machines
and distributed generation.

Dr. Masoum is the co-author of “Power Quality in Power
Systems and Electrical Machines”(Elsevier, 2008) and “Power
Conversion of Renewable Energy Systems” (Springer, 2011).
Currently, he is an Associate Professor and the discipline
leader for electrical power engineering at the Electrical and
Computer Engineering Department, Curtin University, Perth,
WA, Australia and a senior member of IEEE.




