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Abstract: Aiming at the problems of low traveling wave
detection accuracy, mode mixing, weak anti-noise ability,
and poor real-time fault location in the use of collective
empirical mode decomposition ( EEMD) for traveling wave
faults localization in doubly-fed wind farm transmission lines,
a traveling wave fault localization method based on the
combination of fast ensemble empirical modal decomposition
(FEEMD) and the improved Teager energy operator (NTEO)
is proposed. This method uses FEEMD to decompose the fault
current traveling wave signal into stationary intrinsic mode
components and residual components, eliminating the noise
components and preserving the signal integrity. Then the
NTEO algorithm is used to denoise the decomposed high-
frequency signal again to enhance the faulty traveling wave
mutation characteristics and and accurately calibrate the
traveling wave head. Simulation results show that the
proposed method can accurately and quickly calibrate the fault
traveling wave head precisely with good denoising effect,
which improves the accuracy and speed of fault location
compared with FEEMD-TEO and EEMD-NTEO traveling wave
detection methods.

Key words: wind farm; transmission line; fault location;
fast ensemble empirical mode decomposition and novel Teager

energy operator (FEEMD-NTEO)
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Fig.2 Simulation model of wind farm outgoing
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50.60.80.,90 km Zhi% & A AHE HBE , o 3 FLRH
50 Q, FEATRIE, HAERWE 2 s, h&E?2
A%, % FEEMD-NTEO % 35§l EEMD-NTEO 44
AR B R W SRS FE A2 R R S P S I A N
{H FEEMD-NTEO & 5= #Em} 45 , SEmfPE s 4T

x2 FAEMEEBTHEMER
Tab.2 Positioning results under different fault distances
e FEEMD-NTEO EEMD-NTEO
E%/lm ARG i FER/ EfEE BE FERY
H/km  6/% s B/km /% s

3 3.05 -1.67 0.50 2.75 8.33 1.25
10 9.65 3.50 0.54 9.95 0.50 1.27
20 19.85 0.75 0.42 20.15  -0.75 1.26
30 29.75 0.83 0.42 30.05 -0.17 1.09
40 39.95 0.13 0.42 39.95 0.13 1.16
50 49.85 0.30 0.43 49.85 0.30 1.03
60 60.05 -0.83 0.42 60.05 -0.83 1.01
80 80.15 -0.18 0.42 80.30 -0.38 1.07
90 90.05 -0.06 0.40 90.05 -0.06 1.03

3.4.2 FREEEE M H R

T Y F BELBR A, A I8 s {1 e ikt e bR, 4708
S8 Z G000 1 RCE 7 000 1) 38 Sk R B2 AT T BRI
AT AR 2 X PR A R B R o3 U AE 5 N
96 km Abi5 E BALAH 42 b R, X5 2k V8 L BH 23 ) R
10,40 .,80,100,200,300 Q A4 1F B EF 717 B ERAIE,
BB M EE R ANER 3 R, HER 3 R, IR
Py A 25 IR — 3, ANz b i L R Ay s, i

£3 FENTERETHEMSER

Tab.3 Positioning results under different transition

resistances

e FEEMD-NTEO EEMD-NTEO
o T T
s Hkm 8% s H/km 8% s
10 515 -30 044 515 -30 113
40 515 -30 043 515 -3.0 1.06
80 515 -3.0 047 515 -3.0 L.I12
3 100 5.15 -30 046 515 -3.0 1.23
200 515 -3.0 044 515 -3.0 1.09
300 515 -3.0 044 515 -3.0 111
10 9.5 -05 043 965 -0.52 1.00
40 962 -02 044 962 021 1.04
80 962 -02 041 962 -0.21 1.00
%6 100 962  -021 0.44 962  -0.21 0.9
200 96200 -0.21 0.45 96.05 -0.05 1.17
300 96350 -0.36 0.45 96.05 -0.05 1.03
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P LB R A AR AR, AR T (O AR X R ZE FEAR ANE
{BAE i B o7 58 I B R SO R B T
EEMD-NTEO $5 3 RN B, i e s (o7 18 B2 B PR
3.4.3 RREMKBEERG W

R R UEAN [7) 5 B 2 R A 52 0, AR SCHERE 18 3%
il 15,65 km 4b, 735 i B ABC =AM A
AR s BC A [ L s BC P A 422 3t 2 6
AN R S AN M BE S5 SR N3k 4 iR, HiEk 4
R, R 5 vk B s L & R B AR R A2 O [
KA , {2 EEMD-NTEO 53E7E 65 km ALY
BC 4 AH 12 3t 2 3 ) R R 0 1 S8 2 R 3. B
BRSNS P RN 7 I TS AR W] LA AR GIEAR R B
IR 2, HASSCRT $2 9303 [ EEMD-NTEO 5.9k
FEI R

R4 TEBEXRBTHEMER
Tab.4 Positioning results under different fault types

FEEMD-NTEO EEMD-NTEO
SENLSS  PR2E FEM/ GEfIES R2E R/
B/km  6/% s B/km  6/% s
AG  14.75 1.67 0.48 1490 0.67 1.10
BC 1490 0.67 0.52 1490 0.67 1.18

WCRREE

B/km AL

15 BCG 14.9 0.67 043 1490 0.67 1.07
ABC 1490 0.67 0.65 1490 0.67 1.56
AG  65.15 -0.23 046 65.15 -0.23 1.29
BC 65.00 0 0.41 65.00 O 1.02

65 BCG 65.00 0 0.41 331.70-410.31 1.050
ABC 65.00 O 0.41 6500 O 1.02

3.4.4 REHIEAR A YA
2 18 B AN [R) A 5 B AH A7 1T i 2 %o T R 45 SR 1
(s, BT LAIE AR BE 2 R4 6,96 km &b 435
T 30°,60° 90° (AR M, IFE 25 SR ngk 5 fr
TNo FHFE S AIHN, W RR 7 I 0 AS 52 B A AR 1Y R
M) , FR LA A v 1Y 8 ARG B2, {H FEEMD-NTEO 5%
% b EEMD - NTEO 5. 3 22 v #E B 38 5 o 4 i

RS FAEMEERATHECLLESR

Tab.5 Positioning results under different fault phase

angles
FEEMD-NTEO EEMD-NTEO
DT T —— ——
TRk R KR R Bk R/
B/km (0

B/km  8/% s B/km  6/% s
30 5.90 1.67 045 5.90 1.67  0.87
6 60 5.90 1.67 044  5.90 1.67  0.90
90 5.90 1.67 043 575 417 0.93
30 96.05 -0.05 0.42 96.05 -0.05 0.85
96 60 96.05 -0.05 0.41 96.05 -0.05 0.83
90 96.05 -0.05 0.42 96.05 -0.05 0.83

FEEMD-NTEO 595 B35 JH 3K ) 26 % 09 ik i 7
{37, REAE PR S iz A7

4 4£5iE

EFX EEMD F F A5 U HL 336 H 26 6 A7 U
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H—Fh3E T FEEMD-NTEO f) XUt K A 3735 H 2k
PRAT IO E A . T ELRGE, A3 AR
2t
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bR TR Ko
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WA T4 1k A7 I o D RO L B 2R AR
AR 11 B RE A /N B 4 R AT W AR T K
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The traditional traveling wave detection method
has low accuracy and weak anti-noise ability, which
makes it impossible to accurately calibrate the
traveling wave head. The problems existing in the
traveling wave fault location method have been
unable to meet the requirements of fast fault removal
The doubly-fed wind farm is
directly or indirectly connected to the power grid by

in power system.

power electronic devices. lts short-circuit current has

the characteristics of frequency offset, limited
amplitude, and inconsistent positive and negative
sequence impedance, which makes the ranging
technology based on the power frequency phasor
method greatly challenged. Therefore, it is crucial to
accurately locate the fault location, speed up the
fault recovery operation of the power system and
improve the utilization rate of wind power.

In this paper, the ensemble empirical mode
decomposition is applied to the traveling wave fault
location of the doubly-fed wind farm transmission
line. And a traveling wave fault location method
based on fast ensemble empirical mode
decomposition and improved novel Teager energy
operator is proposed. This method uses FEEMD to
decompose the fault current traveling wave signal into
stationary intrinsic mode components and residual
eliminates noise components, and

Then, the
NTEO algorithm is used to denoise the decomposed

components,
preserves the integrity of the signal.
the fault

high-frequency signal again, enhance

traveling wave mutation characteristics, and
accurately calibrate the traveling wave head.
In order to ensure high fault location accuracy,

the time when the traveling wave head reaches both

ends of the line should be accurately calibrated.
Therefore, it is necessary to use high-precision
Beidou system to achieve accurate synchronization of
sampling data in engineering. In order to verify the
reliability and accuracy of the proposed method, the
doubly-fed wind farm

transmission system shown in Fig. 1 is used to verify

simulation model of the

the fault location.

- M &, /F ha ﬁl
O ““““““““ A niieinieieieine .

________________ ..{4._ el
Conventional "m hee

power Transmission line

Fig.1 Simulation model of wind farm outgoing system

The simulation analysis is carried out for
different fault conditions such as different fault
distance, fault phase angle and transition resistance.
The simulation results show that both the proposed
method and the EEMD-NTEO algorithm have high
positioning accuracy. However, in the case of a large
amount of noise in the fault signal, the FEEMD-
NTEO algorithm can eliminate some noise and retain
the mutation characteristics of the traveling wave, so
the positioning accuracy can meet the actual
engineering requirements. The proposed algorithm is
less affected by fault distance, transition resistance,
fault type and fault phase angle. The positioning
results have the advantages of high reliability, high
precision and good real-time performance, which can
be applied to the fault location of wind farm
transmission line. In the strong noise environment,
compared with the FEEMD-TEO and EEMD-NTEO
algorithms, the FEEMD-NTEO algorithm proposed in
this paper is reliable

more and practical in

localization results.
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