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Short-circuit Fault Identification Method of DC Distribution Network Based on Wavelet Approximate

Entropy and BP Neural Network
ZHANG He, CAO Tianbi, LI Xianyun

(School of Electric Power Engineering , Nanjing Institute of Engineering,
Nanjing 211167, Jiangsu , China)

Abstract: In view of the complex transient characteristics of short-circuit faults in DC power network and the

difficulty of fault identification, the short-circuit faults in DC power network can be identified by detecting the change

of capacitance voltage through the analysis of the VSC topology and switch characteristics. A short-circuit fault

identification method based on DC-side capacitive voltage wavelet approximate entropy was presented, which is used

to train BP neural network. The simulation results show that the characteristics of time-frequency localization and

approximate entropy of wavelet variation are combined with the characteristics of approximate entropy of wavelet to

describe the transient signal. The fault features can be extracted accurately and the short-circuit faults of DC power

network can be identified accurately and quickly.
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Fig.1 Topology diagram of VSC DC distribution system

BV, VRSN = AR A 6, i, 1,
SR A M = A L RAE 5 Z, o0 A AN B AT 2 A
F= A E A2 Uik v BELBE A A5 AR HL BT AR BT i,
VSCEL i it 48 % 11 F VAL 5 4, Sy L i v
L VAA 5 e, 0 EL U 0N HL 25 P A5 V, L V, R B
E AR B 5 R, L 43 ) R A8 Tk i P 442 ¢ H L
(EFHIERE . VI ~VT TP T, iz
Wik v s 15 3 (pulse width modulation, PWM) 1]
J5 2k A2 i 0 i E A B IR B A S S A
TBCH RGIE R TAE,
AR VSC BT R EE, L4 a,b,c £
B B SR BUE LS, (w=a,b,c ) :
= 1 EAVE S, AR G (D)
0 EHRRECH, R SaE
FH 2 (L) AT RAAS H VSC A2 T 45 AH F AL 117 3%
k=

V=5V, +(1=5)V, (2)
I BE R R i R S A a, b, ¢ ALK
RLC [0 5 [ml e 7 e, A5 AR SRR

di,
V, = Lg +Ri, +S,V +(1-S,)V, (3)

¥

di, )
V, = LE +Ri, +S,V,+(1-S8)V, (4)

di, ‘
V. = LE +Ri, +SV, +(1-8,)V, (5)

di, )
L“ditl-'—RLd =u, (6)

s R by BT 2 % R BH DA R 5 R et 3 e A
SR s L, SRy B FR 2 B PR
FH 5 7R B R AL I A1) A S L R
HLE TR, AT AR DU R 34 R K
i, i, = C% (7)
o dt
i,=S,i, +S,i, +5S.i, (8)
85



WA AR 20235F 534 F 4l

A, 5 R TN R B BP AY 2 R 09 A P 42 583 R A O ok

i, +i,+i,=0 (9)
BEAN, b B4R 0 L O R S F A
JEMEFR AT LIAS
V.-V, =u, (10)
0 (2)~ Q) n A, R — I E A,
iV Vi, iy, u8 A8 A7 3K (2) ~20(8) T LA
i A LN H 25 R DG R RIA LI T

e Xt e, s, Yepg iy g Qi)
de? de Cde T de T de
(z %+i %ﬂ' %)]+
“de U de C de

R(S,i, + S, +S.i) (11)

L) AT AME W f(u,) =g (i, 4y 0) FITE X

f (1o)X LD AT, 6,0, V,, V, AR #R2

| LA P 2 PR e, P AR A o PRI L B R

A2 AN A A BB e A5 F YA R FL R i A A

0 AT L g 4 R U 0 H 2 R e, 0 R
AT LT

2 A TN IRARARG SE AR AR AR B

I U (approximate entropy, ApEn ) 2&— i F
R FRAEAF 5 AR B DL S Gt i A ny R0 3 ik
— DI AT 2 1 58 Bk SR AR I 1] ) 1) 114 78
AR, i [] 3 91 22 A ) 5, ApEn BUBRKR o
INBGEAUR 25 G T /NI 4 B R AR B
(7] B B 1 /0N IR 7 8 R A3 iy 350 AR R LA B 3 A
W RAFE A5 5 2 22 Rt . A S /)
P ARMB AR DGR, $2 ) —Fh il T B e )
L PR RIS U
2.1 HEESRERRFE

R G AR, A A A R
K2 R ARG, I Y FL 2 H s ) S B 1R
Ko PR R B P E I AT I, B i M H 2 H e
WAFTE—E WS, Ry 1 B 1k AR R R 2 W
AN SCH 3 SRR I R R AT R A Y
FIE . FE AT AR
lx(i+n)—x()l

nT
o (itn ) oo () 23 501 B0 F 25 P TS ) 265 i
A RAEAE ;s TR 5 RAEF Y s D, hBUE B
LAETEER
AL 1 (L 11 BB R H, 1) 3 A I 0 e,
F s I8 Bl i DL RCRAE SR TAROG , It D, R /MR
P RPN BEE , A, D, JE S 1000,
20 R A B EL O H A e TR AR i R X (12)
86

D, = > D, (12)

BF I B A I, 1 sk 1 ) K/ NI OIS
Fli—H , i+H| N B VR Al s B U = i
TR R I, Horh OB G, R
22 HIEESHERR
X AR P i B A A /N AR 4, 43l i
SRR 22 53 itk 2R B0 /N A AR DA R AR o]
TN A, TR S T B R BN [R)2 R A
H Al S2 B35 N o dbN 7N ELAT R4 1 T D
Bl 2 BN B3GR AT = M5 JR) A6 RE ) 1
SR, IS S AR IS o o 1 R BN AR o3 B 3
TAR S (R 415 R B, s T dbs AR oI ik Sk ik
TNl BB AR 5 i R EC 5. W5 2R
N A A ZR B AT A R TR A S N R
BE N 2 fros o BEHLS 2 AT 2 = 30AS 7]
fif 2 E AR T I B AIE
B ) 2R O AE S AU S T KR
SE|S T | S e =) SN g o= RS ) K =R S b i
LU, LU IE AR 5 o AU TR R
BR R RN R EE w (1), u(2), -,
w(N), F NS g, T 45 0 BN AR m=2 FIAH L
FFRr=0.15STD(STD 4 A% w(i) BIBRIEZS)
BN () WRITFZH AL m 45 B
X@)=[u@)u(@+ 1), ~ul@+m+1)] (13)
Horp i=12,-N-m-1
W2 X —METHR R ' XGD) 5 HRK
X () Z BB E, =
dIX(i).X(j)]=, max lu(i+k)=u(j+Fk)l
(14)
HR3.AEWME r(r>0), 5—MESKIT
diX (@), X <rEH, JIEHS 8RR
BN-m+1 W LUAE id e (r), iR =X
' (r)={d[ X@),X(J)]<r¥BE } /(N -m - 1)
(15)
AUR 4 e (r) O B, P R
WfES" (r), i F X
1 Nemet
d’"’(r):m Y, Ine'(r)  (16)

SRS AR m N 1, S m + 1, H L
1~ 208 4,45 ¢ (1), ™' () o BLP B R 3T AL
ApEnﬂHﬂFiﬁ*ﬁ%‘

ApEn(m,r)=¢"(r) - ¢""'(r) (17)

SREBCY 3 P LB R=0 Q I}, S (s 544 % R
B /I AU A, 25 SR & 3 R ER 1 TR



R, % K TNk LR & BP AY 2 W 2564 LA B W 42583 R R 77 ik W AAEF) 20234 £ 53K F4M
T L
e S
600F L T y T T T T
500 V §§§ —/\J\f“ N
400k : . . . o . . . .
100f M ' ' d 200f Iﬂ” ' ' T
108 i ,.U!lul\ W /IVAV A 208
200f ' i ' '
E 208 —”WIM‘m"FWJWMWNWM' i & L\Iﬂé igg WM“M |’| |\I - |\l i wwwm;l\w). VWWWMWWM WN/MWVMWMMWMVWW
Z ool ' ) . E - .
200F i ¥ 3 200 Td,
_208 %WMb"III1|’|1|’|1|I"I’|\|"| I— d N 8 :—1M“fkHﬂVlVﬁVﬂ'ﬁVﬁ'hWW‘W“”W‘\'ﬁ\'ﬁ'ﬁ‘«'ﬂ""W’”““"‘WNW‘
s ' ' ', 108i 3
or 3o
2 L d,
4 i /
500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
PRIV PREI=E
(a) AR (b) W AR %7 %
F y " T " 1500 y . .
! 288 ‘\ s 1 000f | ‘
0 W A .v_mwnwwwwmm b 200 JH ; " o
- ! |
208 j " 4 ﬁB i ! j j a
-200 | -308E
F ' j o 200 j
E 12% ~—va M \IIIlIIIWIW'W'”W II\'II\"I\@A m'mw«m o vw.w.wnvammww it F;% 0 —J\‘ﬂn\.ﬂﬂ ﬁﬁ!}.wm. l]. - /rW*""Wv'mll\'ﬁllr\A‘»w\W/IMVI\WAVMWWM‘M'/WHW”WWMWMM
=L = -200 :
20 "4 T 200F I t
i M | =~
_20§ /M”mu.nw . . —208 _ | ﬁmn\l. lnm wv T —
108 r i j T /d1 108 n o
-100 t . -100 \ . L
ik g | iy - ;
0 v 0 /
-100 t . . . . . . k| -100t 1 . . . . .
500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
(C)MIA % ()=
600 T T T T T
4001 | 400
208- [T s 200 HM.“HM i i e dal ‘S‘
W o=
200 . # 200 \& B
100 | ' ' d 100f ' ' d
~100 —]()8 C
100 F T T 3 @ SOF T P
£ o F o
108 r C : — : . 2§ C k . —— T
—100k__|, —?O ;
50F ' P
—58 t ~d, 0
, -50¢&
%B 4 " g% Pz
1 X ' / . j . 4 -4 ! A : ; g i
500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
(et IR (DI Z

B2 Mos(E /Nl R A A

Fig.2 Wavelet coefficient diagrams of fault signal
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Fig.4 Variation trend of wavelet approximate entropy

of signal after changing fault condition
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Piecewise Varying Impulse Integral Control for Casting Mould Quantitative Pouring Device
LAI Yongbo'?, LU Jun"?, LI Huarong’

(1.School of Intelligent Engineering ,Jiangsu College of Information Technology , Wuxi 214153,
Jiangsu , China ;2. Wuxi Presize Intelligent Mould Limited Company , Wuxi 214153,
Jiangsu , China;3.Rongsheng Technical Internet of Things Limited
Company , Wuxi 214059 , Jiangsu , China)

Abstract: To deal with the mould quantitative casting over-pouring and spillage, based on the analysis of the
technological process and the control characteristics for a kind of auto molten bucket casting mechanism, under the
condition without depending on system concrete models, a three stages casting was proposed to real-time control
servo motor push-pull molten bucket casting production by the programmable logic controller (PLC) high-speed
pulse output function. The control solves the spillage in the fast pouring stage,designs the uniform decreasing variable
pulse to infinitely approximate the integral control process to solve the over-pouring and reach the quantitative casting
pouring in the precise pouring stage. Simulation and experiment show that the control method effectively attenuate
the disturbance and the pouring mechanism vibration phenomenon. Compared with the traditional control application
of the molten bucket pouring, the designed control system have few adjusting parameters less over-pouring and
spillage,and more convenient to be realized by the PLC.

Key words: pouring device;automatic quantitative pouring;piecewise variable impulse;integral control
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