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(A Study on the Harmonics Effect of Disc—Type Over Current Ground Relay for
Emergency Generator Protection)
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Abstract

When an emergency generator is running, it supplies the power for critical loads.
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protection requires the consideration of many abnormal conditions that may occur with generators
include overvoltages and ground faults. Modermn day power systems create harmonics within the
electrical network that can have an impact upon the associated protective system. This paper focuses
on the analysing of the cause and development of a solution for the malfunction of induction disc type
overcurrent ground relay by generation of harmonics during emergency generator operation.
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Fig. 1. Torque generation principle of induction
disc type relay
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Fig. 2. The Structure of induction disc type ground
over current relay
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Fig. 3. OCGR connection diagram
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Table 1. Measured data

T A% B% C% N7
e Vesm(V) | 2138 | 2135 | 2149 | 0314
Vrun(%) | 2428 | 2622 | 2.395 | 102.3
4 Lms(A) 2498 | 2878 | 3115 | 2426
Itan(%6) | 32.65 | 3590 | 3140 | 4765
9449 (VA) | 52,860 | 60,190 | 66,990 | 76,560
fFrad= (W) | 49,130 | 55,800 | 63,310 |-13,080
Fa2d=(VAR) | 8645 | 9,624 | 8048 | -6,581
4 E(%) 0.929 | 0927 | 0.945 | 0.171
K-Factor 2468 | 2392 | 2035 | 8911
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Fig. 4. Harmonic spectrum of the neutral line
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Fig. 5. Relay test equipment
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Table 2. The pickup current for 60Hz and 180Hz

Ehel: A
T 2 60Hz 180Hz
Pickup current 0.92 0.65
T A A3 o2 60HzeF 180Hz 27} 1, 2, bAE F
Yate] EfZEA] A9 AIRRS SAHT
E 3 MR EEAN EIE
Table 3. Trip by the current table input
Che| :sec
T 2 60Hz 180Hz
1A 42.08 7.47
2A 2.60 1.27
5A 0.48 0.26
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Fig. 6. Zero sequence current device scheme
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Table 4. Zero sequence current device algorithm

Phase An BA Car
Sequence
Zero A°-C° B°-A° C°-B°
Positive A+ +C+ B+ + A+ C++ B+
Negative A-+C- B-+A- C-+A-

P& A= dEskd

A3E(ZED, Zero
sequence harmonic currents Eliminating Device)<
HeN7, 495 ok ¥ 59 2
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Table 5. Current comparisons

ZED AA A A% |ZED A4 & A%

[A(Arms) 201.1 1733
A%

ITHD,A(%) 472 36.6

IB(Arms) 197.7 1842
B

ITHD,B(%) 5.8 36.5

IC(Arms) 2181 2078
(0%s

ITHD,C(%) 56.7 36.5

IN(Arms) 2643 741
N

ITHD,N(%) 18484 1212




AR AT A v 7 o] A {FAIK 7] 9
]'1: 1500 : 50]aL B2 1.02.% 300A2] A Foll A
HloJoF st el MA|A] gF= 242A00 4 EYY]
HPPEA 7] A9 gk Al o]t
Z9p7F AaE AAFAAT Ol FFol U= Al
ot S, dYEE S4%MI(BMI
)2 =8k dlo]E| gk Nre] A gk 242A 5 7]
Bal A7 1 (71A)F} A 31223 AF L4(231A)S Al
A7E|2~EAR](Doble  F6150 Power  System
Simulator) & AHE-3t] Al@star 1 Ax A2t

FARA)E B2 F EYso] AT ATaele

ﬁlm

ot
to K
ol

5

Y 30 2
. ¢
N

i
S
>
=,
é
_l_z
O{N
o
o
Y
J
flr
m>~
X
%
>

*EX]—? 74Ai Z}#fi}‘}ii, ArlgE
184820l =] - 121%
A ZA7F B T8 Fe

:ﬂ- T
AT Foho] FARS & & AAck

Hﬂ
2
e
i
=

0 =22 0i5EdE EoUfEm SEATAH|f
ofstof A=,

References

(1) IEEE Std  446-1995, IEEE  Recommended Practice for
Emergency and Stand by Power Systems for Industrial
and Commercial Applications.

(2) IEEE Std  242-2001, Protection and Coordination of
Industrial and Commercial Power System.

(3) IEEE  Std  241-1990, IEEE Recommended Practice for
Electric Power.

(4) I[EEE Std 101-2006, IEEE Guide for Generator Ground
Protection.

(624

(5) IEEE  Std  141-1993, IFEE Recommended Practice for
Electric Power Distribution for Industrial Plants.

(6) A. medina and M. Cardenas, ‘Analysis of the Harmonic
Distortion Impact on the Operation of Digital Protection
Systems’, 2005 IEEE, Power Engineering Society General
Meeting.

(7) A. Al-Zyoud, A. Khrawish and M. Shakarch, ‘Protective
Relay Performance in a Harmonic Environment’, 2006 IEEE,
Universities Power Engineering Conference.

(8) H. Tin, A. Abu-siada and M.S. Masoum, ‘lmpact of
Harmonics on the Performance of Overcurrent Relays,
2011 IEEE, Universities Power Engineering Conference.

(9) PM. Donohue and S. Islam, ‘The Effect of Nonsinusoidal
Current Waveform on Electromechanical and Solid-State
Overcurrent Relay Operation’, IEEE  Transactions on
Industry Applications, 2010.

(10) K. Nadipalli and et al, ‘Influence of Harmonic Injections
on the performance of Certain Analog and Digital
Protection and Regulation Equipment’, 2008 IEEE, Power
Symposium.

(11 Jin-Cheol Hong, ‘Analysis of Protective Relay Malfunction
Systems in  Distribution System Interconnected  with
Distributed Generations’, Master Thesis, Jeju National
University, 2011.

(12) Park Gwang Won, ‘The Preventive Measure and the
Cause Analysis for the Malfunction of Protective Relay by
Harmonics in Grid—connected PV Systems’, Master Thesis,
Sungkyunkwan University, 2010.

(13) Lee Young Chol, ‘Protective Relay System of Distribution
Power Utility’ Kidari Book Co., 2011.

O MR

LBEREYD)

1954 1€ 2094, 1977 E<jdidtu
A7) Eet F9. 1977~1982 =38t
A4 A79. 1982~1984d NMSU
A71Eskt EH (A, 1984~1988d
UTA Ad7j&gest E4(dHAh. 1988~
191 erdridg A AddTd
1919 ~ A Fqehsta d7]e skt ag

1 FE 8

1979 119 2¥¢ 4. 2015 Eolrjstu
A7) £¢. 20159 ~A A4
stal A 7]gstat AAL Ak

E

Journal of KIEE, Vol29, No.6, June 2015



