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Influences of non-linear load to harmonic-based earth fault protection in non-solidly earthed network
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Abstract: Thorough analysis to the principle of harmonic-based earth fault protection (identification to the line with a single phase to
earth fault) in non-solidly earthed network is made to find that the main factor affecting the reliability of harmonics-based protections
is the amplitude of pre-fault harmonic voltage at the fault point. The characteristics of non-linear load as a harmonic source and the
distribution of harmonic voltage and current produced by non-linear load are analyzed. It is discovered that the reliability of
harmonic-based protection depends on the position of a fault point very much when the stability fault occurred in the network only
including non-linear load harmonic source. The closer to the non-linear load the fault is, the higher the reliability is. It is also found
that the protection has better reliability when fault is on the phase with larger harmonic current amplitude when the non-linear load
has significant imbalance. The analysis results are proved by digital simulation.
Key words: non-solidly earthed network; single phase to earth fault; earth fault protection; harmonic-based protection; reliability
analysis; non-linear load
RS TM77  SCERFRIRAG: A YHEHT: 1674-3415(2010)02-0044-06
PIEAL, I8 5 HE AT AR SR SR 5.

T L 1) R S 20 R LR L AR ) (e
ARLME S AR B, S N T

0 35l5
/IR 25 495 B K e A e 28 ) 4

S FURT O R bk e 5, sy
ST IR R AT, A0S R AT R AN

AR P e A (R L s L AR I B s £
B CRIFRIF L LD, RERE IR (22 I el
Pelt) RGI— MR R L 7R, (HAE
SRR I FAN AR o 6 Tl ade 2 A T SEVE i)
e WA A SRRIE, A1 TR T

T IR £ PR BRI B i AR 8 PP AR I L
HIE HL UL o AR A R AR 5 R i i AR ek

B AR OE L™ A2 D ot ORI PR
MR, A FER AR T AR e B
J A T HL P (18 1 B, RS R IR 2k (1 5
Wi 2 e B, ASCRORIE O G BR T iRtk
Gy I A (R il B FERT e 10 2 T SEVE ¥ 5%
M o

ARSI RS . I Tk 2 nl S0t
R TR S L DGR, DASARZR M ffiy ™ A
IR S AL B 1 AT, TSR



K, A

A LA 7 A X /) P G I PR OB 4 1) ) 3 -45 -

S M A7 A 0] WA I RO R FELRE ) s e, BT R R
W RUAFDNS TG A7 AT (67 8 DA B A 5 1
IREEPTAEVEZ AR OR AR o
RT3 TS AL T

1.1 SRk E KRR

R g e I e o e B 22 LA S I 23 R
fHE R ARG ) 5 {4 2R B AH I IR A, 2R T
5 UGB FT LR R ARk LR TR TT A
STV AT LA 5 ek ),

SCHR 3R 2 7 FE L T 49 1 () A LU EE AR
62 JEUH N FH B 7 OB I o s PR R £ 1

WASCERIR B ZRERI 5 IR 7 IREZ A
Sy RS,

R, IR R 2k 32 B R W AR 1) 2 e H IR
VR PRI P I 0 R A e B A A e T R TR
fH BRPE GRD 22 5efd s 2, H 3R Al
S TR IR R S
1.2 BRI EE S MERNE KX R ST

LEAMEAE TS, R 7 VR A5 T B
K, (EMELLEOC, R nFErEsiim. Ik, 8
16 206 (1) A P T T R AR TR T I LK
/N

MR 20 BT B i BT, e IS R Ge
PR AT AR AE RGIEH 12 AT I 13 ra i
7 B e PRI T PR B o R e P

Breh, g BRI T O R Ry, REEE
FF 43 A7 B Co AR A MR L PRI U

U, =>U,, )
n=2
) o © U
l,=>1 =) ——0h __ (2)
" ; nfh gjna’oco"‘Rf
Hrfr o, AT, U o 1 Jn gk
. HL.
MR R o A B0, Ll H P 5 s
T WA R R R R ELAE S5 . MR AR I
DRI, e M e M B IR e e 2 1 T Sk
AR T WA A R T PR U i R R R
RO, W = A R T PR AR, DU 2 T S
fre AHINH, WA B T IR U W T
L ) [ 0% Rl O i 5 1R i PR R 2 TR) DG R 8K
AR, WOBIRE 2 i nT S S R i 2 2 h )
BRI CHE R R

2 ARZME DA far M IRk £k T SR 1S RS2

2.1 AEZ 1k AT RIS IR IR AE

FETHUESZHRISAET ARtk S ™ A4 1
BB EROR T AT A S VR, SRSIES
Hoeok, WHEZIEPITA EIERIE. BIHEARLE R
A 76 A5 TONT I PR 24 1 S AT P8¢ LR R ) BB
B WA T PR XFEEEAS RS h oY
Jo

B 1 e SR R E X E

Fig.1 Equivalent harmonic source of non-linear load
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Fig.2 Calculation of harmonic distribution in a single phase

system
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Fig.3 Harmonic distribution when non-linear load is not at the
remote terminal of a circuit
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Fig.4 Simulation model
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Fig.5 Distribution of harmonic voltages for double

harmonic sources
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Tab.1 Harmonic voltages and currents of different fault position

for single harmonic source system

Wl BURELEHE LR/ vV WAL/ A

it /km 5K 7R 5K 7%
1 4 54.7 33.7 0.099 0.089
1 8 100.6 62.0 0.187 0.172
1 16 1922 1182 0.391 0.365
2 5 8.8 5.4 0.015 0.014
3 10 8.7 5.4 0.015 0.014
4 13 8.7 53 0.015 0.014

35 0 8.9 5.5 0.015 0.014
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Tab.2 Harmonic voltages and currents of different fault position

for double harmonic sources system

i BERE 2R B 2 R/ V W/ A

%@ /km 5% 7% 5% 7%
1 8 1004 5798  0.189 0.161
1 16 191.6 1153 0.388 0352
2 5 67.9 28.6 0.127 0.078
2 20 2496 1167 0.523 0.388
3 10 12.0 1.1 0.021 0.003
4 13 12.0 1.1 0.021 0.003

BELk 0 12.1 12 0.021 0.004
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Fig.6 The distribution of harmonic voltages for asymmetric

harmonic sources
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