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Analysis of Protective Relay Malfunction Symptoms
in Distribution System Interconnected with
Distributed Generations

Jin—Cheol Hong

Department of Electrical Engineering
Graduate School of Industry
Jeju National University

Supervised by professor Se-ho Kim

Summary

A systemic investigation conducted through the experiment
for the causes of malfunctions failure on over current ground
relay of distribution system which 1s connected to distributed
generation (wind turbines). Consequently, it was comprehended
that the zero—sequence current flowing in the neutral wire

induces this behavior.

Distributed generation to the distribution system that uses

linked to the wiring to the transformer primary side winding

_iv_
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Y-Y KEPCO and neutral and ground because it uses the
earthing, the zero-sequence current can be increased by an
unbalance load current, harmonic current and imbalance of

distribution system.

As the solutions of these problems, the setting parameters
change of protective relay, installation of zero—harmonics
suppressor and directional over current ground relay were

suggested.
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%2 AHED B9 A
SPECIFICATIONS
Four voltage inputs, A, B, C, neutral to
Voltage ground voltage
Four current inputs, phase A, B, C, and
Current neutral current
Input Circuit Single phase split phase, 3-phase wye,
Type 3-phase delta
Impedance 5 Megaohm
- 8 selectable inputs and 8 outputs through
Digital external I/O (optional)
Voltage 5-750 VAC and 0-800 VDC
0-10,000 Amps through external current
Current clamps (0-3 VAC input)
%gg&@fg Frequency DC, 45 to 65 Hz, and 400 Hz
capability Sample 256 samples per cycle, (nominal 15.3 kHz @
Rat% 60 Hz, 12.8 kHz @ 50 Hz), 400 Hz mode;
32 samples per cycle (nominal 12.8 kHz)
Deficz?:l‘gor Sampling at 4 MHz
Voal;%ge True RMS (minimum, maximum, and average),
Current peak (high, low, abs), waveform, instantaneous
Watt, VAR, VA, power factor, phase angle,
Power unbalance
Energy Watthours, varhours (supplied, delivered,
Measuremen /Demand and total), thermal demand
t capability | Ttansient 250 nanosecond / 4 MHz peak detect
. To 60™ voltage, current and power, THD,
Harmonics meets [EC61000-4-7
. Ps, Pr, instantaneous, meets IEC61000-4-15,
Flicker EC 868
Voltage, +0.05% of full scale 0.1% of full scale
Measuremen| Current (VA, VAR, Watt, PF)
t accuracy Energy 0.1% of full scale

@ jeju




(F 2 A%)

Recording and

Siﬁi%ﬁ?iﬁ Adjustable from one cycle up to one week,

by exception multiple rates per measurement type
recording rate

10 GB Hard Drive, 1.44 MB 3.5 inch
Data Storage Floppy, 64 MB RAM
All measured or calculated values;
triEVg?itn internal and external
voltgage aﬁd Up to 32 triggers on any measurement,
curgrent pre—trigger_ up to one _Second,
post trigger unlimited
Ethernet TCP/IP, 10BaseT
Communication| Modem 56 kBps, V.90 (internal)
S Serial RS232
Parallel Centronics for local printer
Disola 12.1 inch Active color Hibrite SVGA display
User interface play with fully sealed Touchscreen
Keyboard 84 key QWERTY, sealed, backlit
. 1 sec/day at 77°F(25C), 4 seconds per day
Reélllo(‘glﬁne Internal over temperature,
keeps time on loss of power.
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g B Asdel B4R Wk gAs: s Mo AF HP2 24
st e,

09 2t FHwd Asgel gHow o W W 1y 194 FHUds
VCB 1 <kell 9= PTolA SA4% 374 by Ak sekel 108 H 283
= Yehfa ok o] Ao 98-S B Ho Adte 229 kV, HAAY
2 2247 kVE YER L a1, o] At 3 A 229kvVeln. webA H
g 33 AgHsES oF 22% JEoloA] A GAN FEEHe Y 2
A7 e Aow B 4 r}
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a8 32 19 29 2L $AERAS A AF AT WalE JEhga 9
oo FgeA B RA, SA, T 91 L1, L2, L3+ AA Jefd of oF 3 A
ANA FE °F 37 A 7bA Wststar vk 1Yy A L4 525 ARFe
°F 6.6 AolA Hd 109 A7MA] HEtU L lo] A= AR EEva =

2ol tehigith o) Al A wE RS AR o 26 A U u) 2
7A AR FEF GPAFH 520 Uk £, NgO B mge nw

ddurt Qo] e o] B2 izt diEs o 7 Ath

18 ms
50 A ; b
INIANN AN VA W AN WY/ AN VA
VARV EE! VAR
3
18 ms L 3
20 A s
1O Ok A Ak R A LR
L I T IR T Y
0 ns
i]:; E ggg At 16.648 ms 15, 60.068 Kz 808 KS/8
328mv DC N 1 DCB.B8A
4 2 VU @ O STOPPED
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A4 [kV] RMS A5 [A] RMS

R S T R S T N

13.06 13.07 13.15 40.94 45.02 46.36 8.61

13.03 12.99 13.14 2.35 1.76 2.40 0

13.01 13.04 13.15 3.799 3.026 2.916 9.438

13.22 13.16 13.29 31.11 37.12 38.58 13.35

13.14 13.15 13.26 8.259 13.46 14.36 11.75

13.04 12.99 13.16 4.492 3.711 3.875 11.92

13.11 13.03 13.18 4.101 3.710 3.446 11.13

13.13 13.07 13.25 4.408 3.693 3.580 11.55

13.03 13.00 13.14 4.135 3.565 3.959 11.13

13.03 12.99 13.17 4.338 3.682 3.628 11.69

13.02 13.05 13.24 6.725 9.644 12.18 9.5992

13.00 12.95 13.10 3.395 2.983 2.684 8.869

13.18 13.19 13.25 33.35 37.42 38.32 8.556
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A (Vo), A7V, 93V, A
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Nl

Vi=5(V,+aV+d'V,)
= %(7.34 12.5°4(1£120°)(0.4 £ —100°) + (1 £ 240° ) (4.4 £ 154°))
=3.97£20.5° [V] @)
V,= é(Va-Fanb-FaVC)
= %(7.34 12.5°4(1£240°)(0.4 £ —100°) + (1 £120°)(4.4 £ 154°))
=252/ —19.7°[V] 3)

Measurement [ LowerPeak]| Higher Peak | RAMS Value |
Time 0 msec, 16,665 msec, ( 60,0H2)

@ [ Current Waveform L1 Inst, -6,0144pk 5.5934pk 3.3%4

® [ Current Waveform L2 Inst, -5,2564pk 4 628Apk 29834

© BB Current Waveform L3 Inst, 5. 172Apk 4, 704pk 26844

@ Current Waveform L4 Inst, =14, T6Apk 14,984pk 86694
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_ Minimum|  Maximum |
November 20. 2007 14:47:3.000 November 21. 2007 12:47:38 2

Tirme:
@ !vnm.mmnnic- AMS 18t L1 Maimum 13,185V 13,51k
@ I Voltage Harmonics %Fundaments! 3d L1 Maximum o 1.414%
® | Vohage Harmonics THD AMS L1 Maximum 268, 3V 650.2v
i Volage Harmonics THD %Fundamental L1 Maximum 2216% S
79 9 R Ao nxs 4R 9y
X 4R, S T A% 1x3 A =4
& = RMS [V] THD [V] THD [%] | ° parmonic
3 = [%]
T MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
R 13.16 | 1351 | 2833 | 650.2 | 0.812 | 1.414 | 2.216 5112
S 13.10 | 1343 | 2829 | 4687 | 0896 | 2.412 | 2.161 3.674
T 1324 | 1358 | 2816 | 556.6 | 0979 | 1422 | 2.133 4.348
Aotel nxAAdE =4 9w BEAZAy [EEE 7|5 1% 38 (Total Harmonic

Distortion : THD) 33 kV ©]

3.32 AFEH

Age 24 2 %
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M| ___Mdmm|
heropsmbae 55 X006 BE 1500 00 Hitropebar W N0F D305 00 04
0 [ e Harrewi . THD SF orelareartsl L] deoteage LK nHx
i, Histeric 4 THD SForsdattaranl L2 doo g L4y T
wrrir Hirtrormc & THD S ufsd aftaivnid L3 Aokt i 5 ki
) Fmaeommenetesimerreoy Pl s b
T B e Hasmwesniac 8 SForadamarasl 3 LT dvtriege kT 7 TS
2% 10. R, S, T, N AFe nzxy A& 93
¥ 5 R S T, N AFeo nxy =4
RMS [A] THD [A] THD [%] 3"*harmonic
3 = [%]
T B
MIN | MAX | MIN | MAX @ MIN | MAX | MIN | MAX
R4 4302 | 6219 | 1.653 | 7.963 | 2959 | 7390 | 28.08 | 69.24
SAk 3455 | 6665 | 1.661 | 7.883 | 1896 | 2312 | 20.23 | 259.0
TA 3591 | 67.85 | 1.681 | 6915 | 1395 | 1064 | 16.13 | 120.8
N4 8968 | 12.80 | 4.921 | 7471 | 4563 | 91.69 | 49.72 | 96.70
— 17 —
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Measurement | _ M-Hrmml Maximum |
Tirne November 20, 2007 14:47:34.000 Novermnber 21, 2007 12:47:34, 002

@ [l Current Harmonlcs AMS 18t L4 Masimum £.9604, 12,604
(B W Current Harmonics %Fundamental 3rd L4 Maximuem 45,63% 91,69%
€ CurentHarmonics THD RMS L4 Maximum 4.921A TATIA
i@ B Current Harmanics THD %Fundamental L4 Masimum 49, 72% 96, T

a9 1L N die azxd 42 42 94

I 10914 B dAFe] AA 3x23E&[THD] 50% ooz ety
ATk o= el Ao mFuprF wol HEa 0SS Uk glor
A Alzdo] AAA o 7 JFEE IS wle oF 20% ojUolA SHE I S & 5 9
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2 o} =7 tehtm Qlon, oz EW Fewds] AEn guslel 3%
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334 A 3 AEI(FEE)S TAHAL A7 #A

balanced fundamental currents sum to 0,
but balanced third-harmonic currents coincide

;“%@V@JAM

L

neutral current contains no
fundamental, but third harmonic is
300% of phase current

— 0
MaAgete A 3 nEnt 2440 52W 244 ARE 989 2
Ly~ Iy Iy I

= [, sin3wt+1I sin3(wt—120")+1, sin3(wt—240")
= 3X I sin3dwt )
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