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DWT-PNN based fault detection method for flexible DC transmission system
JIN Tao"?,ZHANG Ke',CHEN Jian'
(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350116, China;

2. Fujian Key Laboratory of New Energy Generation and Power Conversion,Fuzhou 350108, China)
Abstract: The failure of the flexible DC transmission system greatly affects the stability of power system.
The existing transmission line fault detection methods have the problems of difficult threshold selection,
sensitivity to transition resistance changes and long detection time. A method of fault type detection and
position discrimination based on wavelet energy ratio using PNN (Probabilistic Neural Network) is proposed.
The frequency characteristics of the transient voltage are obtained by fast Fourier analysis of the measured
voltages of the bus and line under different fault types, and then DWT (Discrete Wavelet Transform) is
used to obtain the wavelet energy characteristics at different scales. The fault type and fault location can
be determined accurately according to the output results of PNN. The electromagnetic transient model of
the four-terminal flexible DC transmission network is built under PSCAD / EMTDC environment. The simu-
lative results show that the proposed method can detect the fault type and fault location of high resistance
grounding fault accurately,without being affected by the transition resistance.

Key words: flexible DC transmission system;fault detection;wavelet transform;wavelet energy ratio;probabi-

listic neural network
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Design of three-phase software phase locked loop based on prefilter
LIU Qide', WANG Haiyun', WANG Haocheng’,XU Yong'

(1. Research Center of Renewable Energy Generation and Grid-connected Control Engineering Technology,

Ministry of Education,College of Electrical Engineering, Xinjiang University, Urumqi 830047, China;

2. College of Electronic and Information Engineering, Yili Normal University, Yining 835000, China)
Abstract: In order to solve the problems of large phase-locked error and slow dynamic response of tradi-
tional SPLL (Software Phase Locked Loop) under unbalanced and distorted voltage,a prefilter SPLL based
on MAF (Moving Average Filter) is proposed, which is based on the principle of traditional SPLL. A fast
unbalanced component suppression and phase delay compensation method is applied to improve the perfor-
mance of MAF, which effectively improves the dynamic response speed and phase-locked accuracy of the
proposed SPLL. Through MATLAB / Simulink simulation platform and TMS320F28335 DSP (Digital Signal
Processor) chip, the control strategy of the proposed SPLL is verified under the condition of three-phase
voltage unbalance and voltage distortion. The results show that the SPLL has small phase-locked error, fast
dynamic response speed and high stability.

Key words: software phase locked loop; moving average filter; phase delay compensation;voltage distortion;

digital signal processor
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Table A1 Parameters of simulation model

Bepivh PR RIE/KY B EIE/KY PR LS/ mH TR R/ mF

MMC, 380 +200 29 10.0
MMC, 380 %200 19 15.0
MMC3 380 %200 116 2.5
MMC, 380 +00 29 10.0

F A2 HBEEFER 0.01 Q BT PNN i
Table A2 PNN output when fault resistance is 0.01 Q
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Fig.A13 Line and bus waveforms under different type of faults with different transition resistance
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Table A3 Characteristic of fault voltage and PNN output under different faults with different resistance

} PN Fif £ [0 2% i 4
HMEE LB pr ke P2 ke X - - X - - -
QBRI EREOOR M BRSO RO XA

001 114 03 883 0 1 0 0 0 0

\ N 118 026 884 0 1 0 0 0 0
AR B

127 0181294 0 1 0 0 0 0

200 12 0.0719.77 0 1 0 0 0 0

001 1523440153 0 0 1 0 0 0

‘ 10 152161194 0.28 0 1 0 0 0
LB WU b

50 145486 391 0 0 1 0 0 0

200 158071773 0 0 1 0 0 0

001 002 0 399 0 0 0 1 0 0

10 002 0 391 0 0 0 1 0 0
BRGSO R

50 002 0 374 0 0 0 1 0 0

200 002 0 374 0 0 0 1 0 0

001 0 0 1523440 0 0 0 1 0

10 001 0 1.40 303 0 0 0 1 0
BRI i

50 001 0 1.85064 0 0 0 1 0

200 2881 0 1.85 0.64 0 0 0 1 0

001 028 0 3353 0 0 0 0 0 1

. 10 026 0 3347 0 0 0 0 0 1
LA

50 025 0 3381 0 0 0 0 0 1

200 031 0 3294 0 0 0 0 0 1

001 017 0 3526 0 0 0 0 0 1

o 10 017 0 3437 0 0 0 0 0 1
LA AR R

50 016 0 3554 0 0 0 0 0 1

200 049 0 3624 0 0 0 0 0 1

A4 TEIEIPERE B 7L & HPE TIPS E4FEE A PNN 4R
Table A4 Characteristics of fault voltage and PNN output at different fault distances under different fault

types

PNN H1£5 [0 28 461 Hi

k
U R B R B R W RELR RN B [X S chie

MK HREESSAM b ko

50 1.09 1.34 3.490
2 B PR 100 048 0.5 7.150
150  0.26 0.77 6.910

50 0.25121.140.320
RERAUME RS 100 0.48 7.90 1.230
150  0.1911.190.710
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Table A5 Characteristic of fault voltage under AC side fault

(LG IDA MR p1 ke P2 k2 BREL ORI LR R
LV 751 0.10 0 26.01 0 TEE e
S1 PiAHER 0.11 0 2853 0 AEE TEhfE
ZAHER 0.10 0 26.01 0 AEHE B
Ly ks 0.06 0 10.41 0 TEE A
Sz PitH 0.15 0 27.01 0 Btk AEE
=AM 0.14 0 34.01 0 EHE AEIE
FAR 0.11 0 26.34 0 AEE REhfE
Ss PiAHER 0.10 0 27.46 0 AEE TEhfE
=AESEH 0.13 0 27.43 0 TEE AEE
Lk 501 0.04 0 26.05 0 ENliE AEE
S4 PitH 0.03 0 24.84 0 Btk AEE
ZAHEE 0.03 0 24.70 0 AN e

Table A6 Performance comparison between DWT-PNN and ROCOV fault detection

%= A6 DWT-PNN 5 ROCOV #IBE#:M 75 55 M gEXTEL

BRER DWT-PNN ROCOV
HAE =2 P
T F B Y R 0~200 Q 0~100 Q
[iest! 2 i
To R R P i

e =2 5
38 M b P =

T “R7 FoRIZTT A PR RIZBOR IR, “T7 FOR%IT FRABEH 2L BRER
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