e 0 6 & ¢ & B

Electric Power Automation Equipment

$£39% F£4H

Vol.39 No.4
® 200548

Apr. 2019

35T EMD H1 PNN 119l s B o)k 2 48 & 3 2 W 5 1

(RBMKF A IR AFHNFR REAHERL ST R EELRT 2 480 350116)

BE.RELIRETTHELWELRA LR EY MR FIETRREME At —# A T2BE LS
fE(EMD) Fottf A9 22 W 24 (PNN) 693 2K $ T2 A B SB7ik, AR ZBEES S Mo AT IR E
RBATE A MR ST BIE T A R B S IR R4S 5 Bl o, i@ i AT MR AE4E 5 69 LB R 35
AF,BR SR EH AR EE, Abal b oMk T RAYZ W& 68 B IR T AR AL 38T 5 AT IR IR AT B

ke BAR BEIT WL BRI AR R E S AR A R SRR TR
ERRET R TS HERELS PRI TRRAE XX ELF P, A5 ELT 0%,
KR B I TR 2 AN M RN ZNE BN, S T2 H B 2R

FESZES . T™ 501.2 XERFRIRAS: A

0 35l

TEAE AL T, 470 J9E i v LA B 37 2l 2k
AL o 2 1 W 2R AR DRI AT RE 1 AR
o AN A SR A T B R
IHERT TFSE , 45 S B i I R AU 5
Bt RAALE R OC, H AT Rl BERLE
FUAHRE L, PR, Ao o 250 ) e Pl 9 —
J2 AL U AT 58 O B

FURIT, B FH A g e el SO 7 V6 R 22 02 2 T ril
FINIDEZ/BEIENE 31 1 SR & O IDEE KA O N R e 1
SR r IV AR A DN 7 A — SE R 19 3 5 15 5
TEZ R, NI AR R HL I, SR T A2 il B L UK
PEAEE ARTRAS R IRT BE | PREE TP AF BR W, %07 ik
HELUE 2w RO R AR, DR, 2 T e e Fe
UL AR R S8 AR, AR AR P AR A I F SRR AT 2 5
Je Al o FRL SRS 00 e T B9 05 1% o Sk [ 3-7] 73
1) DA o L SIS a0 | P A Bl 3 T, WS
THUIICH J RS B AR IR 8 /NI 0 A A il e
C 0 ol TR E A e = 3 AN E VR 2
T R i R 5 L I A T TR S A 9
R g — B0 1, SCaR[ 8 1 8= T —FoRe /N o1
Mrg i W28 Sk AR A & 9 05 1, M st s i 92
WAL, SCRIRL 9 ) LA G 2 BORI SCHR 2 Kom it e B R
AL PR RPAIE 1o 5, 552 B0 T A R 2 7 DIl e
AIIERA X 73

P T IE Fi 2R 08 v A A e FRL AR AR 4

4% B #3:2018-02-09; f& [B] B #3:2019-03-18

E&TH: B R 8 AXA4FALFR A (51707039) ;4844
FHIT = F A4 B (2016H6008)

Project supported by the National Natural Science Foundation of
China( 51707039 ) and the Production-Study-Research Coopera-
tion Project of Science and Technology Department of Fujian Pro-

vince (2016H6008 )

DOI:10.16081/j.issn.1006-6047.2019.04.016

T, AT TR 52 PRI T Vs PR o O T S
o L AR FL SR A 045 5 il e i, BICAS: 0
FRORE ST, [RIAS , i Bt fRL B A O 3R S 2 H A A
AT, 52 SR R Y ARG R g | B A
FIA R TARPREE S 5, SR AR 2 i i s FLIR BOE
FEEATAEATERE AR ASER BEAL P 5 () L, B
AR TR AR B (012 W L 97 B ) B B
(E BN IE RS SRR S B2 L H A R A,
LIRS = 22 E R THE S

DR T ARA T A L BTG S8 AR S B il e
AL fipp DR e v IR A 40 Tk r B R LA
B 7 9 TR AT, AR SO — o i ik o el I 22 72
Y BIIWrIT ik, 18 S B BRI e i AR 5 i A3 o0
B B BEA L, F AR R DICHTT = (9 5 AR 15 5 ML R o 42
W25 (PNN) B B A2 BT R [ 5] AL £
F1%9 08 44 45 s e A 1) ek £ A1 DAy ke e vl 9 22 728 o A
i, B 2 SR AN [R) B 48T b e 9 A8 A RGRA] , O
SE (S4B S

1 BRI 4T

RHEARIE GB/T 31143—2014 H IR B {54 v
AN —FBEEER ) oF o I A 2 AR TR B —
B b R 5 0BT R G, K R G b R AR
BORIUR SR A F i 3 Ml Ik AR s
(N CTRTFR K A8 ) |, o0 il FH SRR 46 Zk e £k
235, HL S A B B R L I, N B S I AL
o IR ARPOR R 3R 25 5 AN [F) £ 3838
R B4l i i, T8 0 000 22, FH %o g s e IS )
IR RO FAT
1.1 AREEE=EHEBRR

MR A2 R 2.2 kW B ZR T 3 FlikA:
e B R IR ) FL S HR, 38 A SR R

AR A2(a) A UL, A & A i r BIICHS) 28 8% FL 3
FIERE Y, R R R LRSS, I A2



£ 48

Frih A T EMD B PNN FSRE 25 e U S W )y i 07

(b)—(d) AT UL, 3 Fo e A 2 7™ A 1 WL SRR R 4 A
TEZPRI , 3 A Jm f IR I b TR B TR R
FEL UL EL WM R4 /N T IE 5 LA 5 P O R T 22
LSS Y HAT AR MR AT IS 0 | fHL 52 4 it
R ke IS AT ALY SEI | 3 bk A 2 7 A A
R IR URA P SCAT BT DX

a. YR LI B A E 5, — HL S R,
WS FR BT ™ A EL AR IO R AR, FL AR
VERNEERT TR @I B Sk S R TANE IEERTIN: 13 i

b. HLIR A g RO RADIUB R A 2 S AR b4y
P, 2 HE AR AT 9T J3E 170 8 2 S I 5K, 48K
G A BAT B A B B, B0 dn B, H B R IF AN
HAAE. , R ICRE T 3 30 ) 508, A FL o 2 I ], #
VPR AL K IF AR , Iy R SIRE /) 5 B HL A 2
SEHR, AN R AT B W 8 o, e SR L a2 T 14 K
PSR 3 1 I 0 Y R 4, FL e (W AT 1F
WL RLE, IR A W] ARSI AR I ARSI AR 0

c. VI A 4 B AR ISR R D0 R S )m U
2 MR R SRR BLADURH ) R 5 | e R B L I, R
I AR, T 2 B I it AR, DA e R A R i
HOINAE 2%, W AR I RO R B e s A
HL
1.2 REHEH THEERIT

i B R BICA A 48 X S8 T FE AR S8 P ) R 38
A7 A 1 R R IR T Y, G BE Si vh i R] A3
FioR.

BeR At A B B 28k, ORI i B0 L AR IR S
N iR ) B B RN i R UL S T S
AR AL A S 27 e e L SR B v
AL, B AR, T 25 SR R I A I FL IR
55 LB 0 3 — R 5 B EOE | AT e AR IR I A
SRR ; FL SR AL [ A 52 BF IR R | 70 B /N R
IR, 5 3 B 15 AR DL, Bl A R I A R
B, IS K AR AR EL BEATLIR S

XFFM s SOEAT T, i Taa T T AU
TAE BB AN ], TE R A 2 0% F 22 A () £
Fifk, Ho IERCRAET WA e s i R 3, A
R R O 2 PR S T gl 5 sy 5 T R ARl TR Y AR
AR I = AR, T2 EAT G B A BEAL A 19 £
TR B O BRI DL IE 52k, (EUR i O 5 i
TR o IR HLBIUR A I TR fi B B, 2 B P i 10
FEAERT R b I B W R Ak, 75 o SRS 2 R 9K
A G S LA RN 188 i oL P BT A A WA, I
FOR TR DOCAT 04, B 1 e A 7 A
PN SIERESmIDNSIS e S8

XEFHRHLA R, 32 AT SC 80 1F i
LRI, IE R T AR AR 0 bk i, 2448
Sttt LI R BICRRT 5 e bt B0 2 25 JRLDI I, A 25

RIME

2R LTk, a2 R H BB AL R | £ 2 2 | B
MRS R, (AR SR S el 3o 49 v B —
SRR A b L SO I P A0 H | B R T DL S B e
R EJR 25 B B AR A, 2 A 0 4 /) S
B RIRHT G B A5 5 AR5 5 X 40 BE /N, M LA
RN AL,

2 HWERIESEEFIRICHTIE

ZARR LW R 2 S M L RE SRR
B L IR A WIS AT S R IE S B TSR B R,
DA figg e AR s 45 o PR B 5 PR 2R T30 S B0 RRAE
SRR, ASCUEE B R G R KRR
ICABFFERT G, B X Rk A AR 2% < R AT HLAY
DEVCKT TFEAL 6 S8 A H HL 2% A0 B i gk
TTH5E
2.1 ETRUESSTBHOMEHFEESEN

KT AREFRAE BB A N, SR 2R I A S
31 (EMD ) 360 JE AR 15 55 AT B840 B, DA A9
55, EMD m] LU A BRAEZE % B A ) Bt [a]
FEHIME S0 AR FR SRR 91 22 56 1 2 135 0 ik i vh
ARG B sR B, TR A 5 20 i B — R 5 4%
FE 3 = I A B A PR AR LA AN [R) R RUBE A AR IR
WA R (IMF) |, B

x(t)=ihi+Rn (1)

Horbr x(0) IFE R0 R GG B S 55 b, REE P A
IMF 7355 R, AT o1t 5n o240

HAR M IMF 4310 A m] DL I B H 9 RR AE A5
B HJE T EMD 73k iR R 3 TR AR 5 2
IIHRAS R IMF 4350 3 FAEAS IMF 4312 A0 50 B
FRAE R 0, AU AT 5 1 AN ELAS IMF 43
TR R A K, T RE S B0 W R X 43
JIN L WA AR AR

SCHR[ 11-127 46 H R o i 25 S e A7 76 T
LS 5 A At v, DRI, AR SC 220 03 AR 1Y
IMF 20, 38 2 43 Hr 3600 DL B IMF 238 5 I8 (5
5 SRR AR B S AR B 4R S IR R B
SHSENEN SRR AT T S R IMF 4
HATHHE S5 A, SRH S R BUE & IMF 43,
FRUEIEH 5 5 LR R WA 5 2 8] (19 AR B RE
RIS SR X, ) IMF 434 5 X Z 8 B 4H % £
Bonl g SLH -

;_Ll(xk—xxh,;k—h,-)

Pximt = = . (2)
J; (xk_)?)2l§, (hik_};l)




liog ® D 8 %

22 ZTEHFENHIE

2 8 B R SICSZ R R DR e o R T
{90 S AN 3 R 2R () 5 e LA S TR B30 SR 4 1o 7 o R
PRI PR AT 6E Hh BLAIE B AN 58 B A B 55 1)
I FH S B FEUIURRIE AR 5 19 TG e AN T8 i S AR i 12
PP ST

T REAE b A KA LG 2 A SRR Ly
{0150, S5 AR (07 AR . 0 P
{8 | v | RRAE x,, JEEE BTG ~, 55 ) AR Y
S, TCi AR AR AN 32 M (B 3R A i 5 e, UG HE
BB B PRI AR AS A BURR , AT LR AEAR 5 1 Wy A2
TEOL, LI SRR A2 W, B Y JC & 4948 AR A 4
BOCAEHS £ BKITHEFR £, WEAEFEAR £ HBETRAR £,
W EEFE bR 0 R (3) BT,

x X ax ,B

S xmax xmﬂx
f;: ’fi: ’fcziafCin’ Vg = (3)
xrn‘S xrnlS

FRANE
3 AN W AR

3.1 PNN

PNN BE 15 B A B3040 3 3e =l 2 M e 5 200k 25
ZE () rp Mg ELA 35 N AR T A 4% SR U
g2 S pb w2 45 AR [R) A J2: , PNN 2
— PP 3T DL B A )N DRSS T D) P A ] S 5 X 245
HIOTE B EAUE A2 ] i B, YR PR ROR
[l i EL AT 5 R i AR ek 4 2R St

X — AR X =[x, 0,0, ,x, ], 1B
VORI Y=y, 5., 5,y ) WA
SIS | I 0 ARE 25 028 4% 1 MU 0 3 o 2 T
ISR P(y,) P(y, | X) P(X|y,) Fm, T
RN 43R SC B B S, A%
% 5 SRACT (5 B Parzen pRECHEAT A B 0 1 4 545

B J5 5O
& X -« |°
R
P(X|y,)=" . (4)
N.(2m) 20"
P(y,|X)=P(X|y,)P(y,)/P(X) (5)

P, 7EA 5 JEARE A B TR I e 9 25 71 1, Bayes

FIRAENI AT 7E SO
Vj#i=1,2,3,,m,if P(y,|X)>P(y,|X) , X ey,
(6)

Horb N, 5§ SRR BB d R ) SRR
N i B AR A REA KU ;o Ol Parzen PRELE GE
JE RIS S8

Ay i G FERE A DRSS AR B R B XU, 25
FEA R BRIN  FIAEE RS v, 0283y, AU 5
B, PR ZRAF RIS R AL R O

w & & F£39%
R(y,|X) =X A;P(y;| X) (7)
BEES 1B 1E Bayes fie/)NJRUSS B 5 HE D)
ifR(}’i‘X)>R(yj‘X),XEJ’i (8)

PR, A< SC 2L Bayes e /)N XU e 5 o DU AR Ay i
RIS WAL A AT 15T 2% | 38 5 1508 5 BT i 24K
X REARRAE ] 2 48 E AT I S, At B30 45 2 e s 11 B
BT | AT S SRR R R AL 2

LT PNN Y 12 Wl 2 el i A2 802
SKAZE it JZ R R, anps sk rh iy B A3 s, Hirpr,
i N\ 2R B AR 1) 3R LUIMA ZR 8 W, 45 B bR
iAW R NS =S el R Y E T a3
RPAE ) i A 2 505 1502 R IS B B g, 1R B0
PRBCNGRREAS I Parzen BRBCR fift B~ 1 22 9T 1)
R 8 5 SRAZE W52 v [) 2 A 1o o ) ol 22
TR B2 AT ALY 35, 75 3 45 28 ey A 1] 5 1Y
FhTTRE SR BE s i 11 2 O B2 T Bayes TR SR I T (%) 1)
PR T8 AR IS 9 A 3R d R 2 B S REAS 11 5
BRAFHGER
3.2 HRERINEEEHARSEMERE L

Z AR P RS W R S BL TR INT

a. R L RIIE I HET TR

b. FIH] EMD 43 #k%t H i AT 3537

. MRIEET Z AR CHE 3R, 73 B B4 IMF A
HEIEH S5 R AR LS 5 2 (AL AE e | 4R B
FALL b5 T AR O R/ B R A L AR
SAHCHESRRIY IMF 43 JE A7 F AL, TS 2 RE 0%
FAE Y B FL A RRAE (S 5

d. SKAFFHESR 5 B JC W8 s, U UL T o
PR HL I RS TR 0 S AE B T= (£,
Senrvclo

e. A5 Tl 67 2R T (R ARRAE i 2 PR A A AR
£ A PNN th AT I 25 38 2o T 5 38 - i 2
He, My RS WA A F SRR I R A A A R
FEFE N
S S Sew Saw x|
Jor foo S Sfau vk

(9)

Ja S S Saa vka

_fslzk Sow Jow Jou Uki2k | 12mxs
Horp S~ S Sea~ S \UKikﬁ/DﬂJj":’% [ REB TARIR
BTER kAR 1Y JC i 4R AE [ 5 i B 1—6 4
R BEK AR WA g R AT AL PTG R
PLix 6 2 1 EH TARIRAS 0 Il 7—12 Rk
TN RT I 71 Rk fif i A R L IR 1 O 5 e SR AN [
P 2 T VB B SR AR, VI R A B Al 12 1B



£ 48 FRdian, 55 T EMD FI PNN (5B i 5 2228 5 2 I 12 &

BRI AR RIS W SOCRAB LE - 2 8, SOt e
W

£, AP IE 5 A 2 Wi 10, 3o I a0 AR
Frig s W , o s I CAE A AR 2 2

4 KESR

I FE R 2E O ] 1% il e e SRS I 5 40 B R B
(npff s B AL R ) AT . ERAEMR
100 kHz (4 R F IR T 550808 e v, B AL e B A% 25
6 B R AE IE 0 T AR AN & A v IO e s A9 Pl | RO
BIEEAE A 200 21, XFAS SCHE H 18 7 i A TG IE
4.1 HERLIE SRS SRR

PR 1 AP RR SR S 50 i T ity P R 288 % P 9
IMF Z3 5, B, w Sh FEUR P o HEL R 0B 5 0 AR
I 2R s L IR U TE e, R I & AR 22, T O
AETET LB R 2 EMD J&, i i R (S
BEIERRSY IMF 43 b, R ] LA R 4 IMF
3 HRE O o i I AT S 15

X PR G 3, L Bk g R ], H EMD 45
WK 1(a) fias, i EW L, IMF,—IMF, 5 &8 2 &
T B F B A A S B R E AR EL, 0.2~ 0.4 s BF BN BRI
BRI AR B BE , IE IS F SR R AS B &, B 5 R OISR B
FENGE , 25 S O A

B 1(b) R R AT BEIE , iR o ok & AR st (o>
ty.) s IMF,—IMF, " & A5 X 70 s B g & A 1 s 1Y)
155 BRDINE IMF,—IMF, 3 3ha ok, o Ho2 Rk,
SR 38, , i (I 8 A K FLA AT e AT 7

00 2 |
> ' =)
Pl EX T

-50 ! -2

0F ! 10 F

' 2oy
—1(2) ! —%8 —

) ; .
S 0 bttt} £ ol

S B 1 —
o — o
T

S 1o
e RN N
S0t £ 0 e

2 W
B : i __w/\mm
= O = ¢

—% L —1(1) —_—

B ' ©
S o0 ‘;::':'I: g o \N—/\/\/\A

2 [ A

2 F 05 F
= | & 2
E 0 1 E 0 \_A/\/\/\

B, J) N - DT sl

0 02 04 06 0 02 04 06

tls tls
(a) kekaefi#

Bl 1(e) (d) . (e) alhM b s FHA 9O
KT3X 3 MR B MY |, 32 s 17 T.O0 M T AR R
(145 i), 550 o L AT A 1T S FRL S D T R 45 AN A ]
ERAERT LA IMF i, BP0 2 248 738 0 IMF,—
IMF, | T H 45 11 2% (1 IMF,—IMF, . %¢ )6 4T 1 %
IMF,—IMF, "8 & A BRINAT G B4 205 8 .

B0 AL R AT e B2 515
S B BLAE IMF,—IMF, H

25 TR EMD 75 RE 4R A 8 67 2 S AR R
INHT S B AT S5 8 B R AE DL g — e e 1 A
LA IMF A i s il ik ds . R, T
T M AR I X 58 2 (W R AE A5 5 AR PR A5 5 A e
JRHR RO [E]) IMF 43 5 1E % B i s 5
A /N (H R 5 5 GR H 3 B 3845 5 A OGP R
IMF s A RRAEAE S, WAl 2 iR,

P 2 AT O, R R & A i Ay (s BTE R
TEE S FAR 3 T B iy R B el oI R 2 I AR A
S SRR E SRR TIERE, BRER/NEIT
B B, AFAE AR AR A5 5 A8 I e B (b 19 (X 29 J3E 3 A5 B
A TR 38 o R SR RIS S T 2 AR R
TR PR AR
4.2 HEHTEDEENHE

BEAILE B4 2 1 2 4% 100 4R850 Bk , F)H Ai
W7 RS 2R A 1 e KA AU/ IMEAE AT T
PEPRAS T BRUAEL VI T, DT 4 Bk e vl 9 4 A i
TEfE SR C R e bR e, 45 SR bk 5% ¢ i3 C1
Fis .

500 e

o

o
IMF;

2

I
e

|
W
(=1
NS
|
(=R}

i)

|
oo

ilA

Sl

IMF, IMF,
|
I=¥=)
IMF,,

(=Y

IMF,

IMF;
|
oo
[

|
L © Lk O =N O DN O D © Lt © D © Lk © W
1

IMF,

|

|
(=]

IMF;

IMF;

IMF,,

S

Sl
(=) n— O —tn S L O b O© Likn O wmbo (=)

IMF¢

0.25 0.50 0.25 0.50
tls tls

(b) HERJTHE

I
5
W
I
f=1

=]
[=]



@ & 0 8 % w it % %39 3%

50 Lo 1 500 - e 1

el i 50 | e

i e o o i
S ook £ o MIIOIRHE £ o ol £ o il

T W e

-1 ! -

|
S\
(=g
|
{91 \9)
|

IMF;
o
IMF},
o
IMF;
=
IMF,,

|
—
|
[\*)
S
|
— N

IMF,
S
IMF,,
IMF,
o
IMF,,

|
[\S)
|
— —
o wvwo o ©
|
|

IMF,
o
+
-+
IMF,,
—N O NN O NN O NN O NN O N O

u-: | a “ E ]
S I . S S -1 i T
1r 1r 1F ' 2 r
2° ! = < 1 =
s OMMHWW & o/\/\/\/\AM S 0t 0
-1 I I S S S | -1 I - 2 —_
0 02 04 06 0 02 04 06 0 0.25 0.50 0 0.25 0.50
tls tls tls tls
(c) Wb as (d) FHEfE
400 - tue 2 500 e 1
1 [_‘: ! [J:
S A Kl ca B ... I R ovaio s
~400 ' o 500 bt )
4t ! 1+ 10 ! 1F
< 0 MWNWWWHTH £ o WWM < o0 M%H—‘W S W—N—H—H—f—
P R S B I e — S S —— -1
2 ! 1t 2F i 1k
S oo ———wim S o W\t 5 —-ﬂH'W'H*H*F s 0 *‘“*H“‘H—FHH
= i o S 2 -1
2+ ! 0.5 2+ _or
£ | £ 0 E ok Ll | o OW"'}HH'H_*H_
= ‘ = 2 ! T 2
) ! o050 v -2 ; -l
2 F : 2+ 21 i Lr
S o £ o W S ot & 0 ol
o T L~ B
1f ! 2y LE 1t
R S ) A N ) ) AN S ) i,
2r | 2F L 2r
o ! = o y LE
S 0 H}H&MFH: g 0 /\/\/VW-/V S 0 W*HH&\-: +~H-+|—I— = 0 *ﬂm—o—n—-
2 R -1 ! 22—
1t ! 0.5 ool L2
E 0 «—'—MWHQ E: 0 /\\/W E 0 m‘ H-'H-*(‘ "‘E: 0 W
-1 I - 3 S S — -1 : - -2
0 0.2 0.4 0 0.2 04 0 02 04 06 08 0 02 04 06 08
tls tls tls tls
(e) ZOLITHE (f) TN

E 1 AEGAZHTHEE BREERE EMD £38
Fig.1 Waveforms of voltages and currents and results of EMD under different loads
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s HETH 5/ %

ToBokar Webd RN TRAF OB L
EH 100 100 100 100 100 100
T 98 100 93 95 99 99

5 ik

a. BT AR e Y R SIG2 IR 1 P R
TR IRIME , 5y 32 SR L D BRI 00 | 07 30 o 2 32
Wi FF) DT, 7 1 — R B e I 2 AR i i W U5k



@ & 0 8 % w it %

%39%

b. J7 1 LA % F U I e TR ) R i e
FEE AL B bR, R EMD B4 4K B A4 B T
f9 IMF g3, R 496 055 40 OC I 34 BRE % R AIE
FL I B & AE AT FS Y IMF 3 s 4 AR AR B |

C. RS IR A R % 1) MR E o, A A T T
FHEAR 5 2278 5 P ) J B2 A R 2 R A S0
FREBIE B 5 FhIC i S HRIE 12 8 00 45 00 g A5
kT F B XS JEAT N 5, IR a0 € T et o1
280

d. %51 e i 1L T AL G 1 D7 ¥R ARG I H IR
SIS G I AR TR A 5 el 1) 1) 251, R 6%
X0 ity /I F I ) i P b, IR A G 0 [ B %o 4
T AR GE, A8 SCT7 ¥ AT AR 4R 2 H 4 o 28 S B0
AL S VRS 2 A6

e. LIRS L 28 ¢ A9l e rig I3 5 Ay BF 5 %
BN T LR S BT AT | S R K A | B R
$T R g HUBE SOGKT LA 7 0 R ek
A HERRAS I, I2 W HERA R (518 90% .,

P Sk LA B 4518 (hitp ; / www.epae.cn) ,

SE

[ 1] HOFFMANN D J,SWONDER E M,BURR M T. Arc faulting in hou-
sehold appliances subjected to a fire test [ J ]. Fire Technology,
2016,52(6) :1659-1666.

[ 2 ] MULLER P,TENBOHLEN S,MAIER R,et al. Characteristics of se-
ries and parallel low current arc faults in the time and frequency do-
main[ C] //The 56th IEEE Holm Conference on Electrical Contact.
Charleston,SC, USA ; IEEE,2010.1-7.

[ 3] SRR, PG, BT JRIH AT 125 1 P I B W e A S W B R [T ]
LA AR ,2016(2) :46-48.

ZHU Sen, SUN Peng. The series fault arc detection method based
on cycle analysis[ J]. Electrical Engineering,2016(2) :46-43.

[ 4] XUBEHA, ARkt e 45, 6T H A5 e A o 2 S8 1Y g B
RERL )], TR 23] ,2015,30(13) :125-133.

LIU Xiaoming,XU Yefei, LIU Ting,et al. The arc fault detection ba-
sed on the current signal short time zero crossing rate[ J]. Transac-
tions of China Electrotechnical Society,2015,30(13) ;125-133.

[ 5] GRASSETTI R,OTTOBONI R,ROSSI M. A novel algorithm for the

parallel arc fault identification in DC aircraft power plants[ C] //In-

ternational Instrumentation and Measurement Technology Conference
Proceedings. Graz,Austria;IEEE,2012:852-855.

[ 6] AHN J,OH Y T. Series arcing fault detection method using harmo-
nics analysis of supply current[ J]. Journal of the Korean Institute of
Tlluminating and Electrical Installation Engineers, 2014,28 (12) .
30-37.

[ 7] W, VFaar. IHs R B s I 38 A2 W ik it o [0
T S AR, 2014,28(9) :991-997.

ZHENG Xin, XU Zhihong. Research on universal diagnostic method
for low-voltage series arc fault[ J]. Journal of Electronic Measurement
and Instrumentation,2014,28(9) :991-997.

[ 8] sk:3C, 5k, £708, 4%, —FhEE T/NE it 50 & %
55 BRI AL SRR IR T 2 (0], B T HOR S, 2014, 29
(6) :290-295,302.

ZHANG Shiwen,ZHANG Feng, WANG Zijun,et al. Series arc fault
identification method based on energy produced by wavelet transfor-
mation and neural network[ J ]. Transactions of China Electrotechni-
cal Society,2014,29(6) :290-295,302.

WL, AR, AL, S T4 ORI SR ] e ALY R IR
HLORB I W 7k [ T] . B THAR 242, 2016,31(2) :70-77.
YANG Kai, ZHANG Rencheng, YANG Jianhong, et al. Series arc

—
=)
[

fault diagnostic method based on fractal dimension and support
vector machine[ J]. Transactions of China Electrotechnical Society,
2016,31(2) :70-77.

[10] Jalig, Fok2%, BB 4F. 6T EMD-AR J7 8 A9 M 25 R I5C i e
RUIRREERTSE (1] a5 RO B R, 2016(11) < 1-6,18.
ZHOU Yue, WANG Yongxing,ZOU Jiyan,et al. Investigation on the
characters of aviation series fault arc based on EMD-AR method
[J]. Electrical & Energy Management Technology, 2016 (11) ;1-
6,18.

[11] RHEE, 39 R, T 55, 45, 315 B0 1 A B 280 e 5 e 330

FERMEDTSE[ ], R BOR 24 ,2015,30( 12) :488-495.
LIU Yanli,GUO Fengyi, WANG Zhiyong, et al. Research on the spec-
tral characteristics of series arc fault based on information entropy
[J]. Transactions of China Electrotechnical Society,2015,30(12) :
488-495.

[12] E8, Fmom , BHaR, 55, H T HLU IR UL i 45050 &k 19 A3 1R 52 L
RIS R R DN i [0 ). B B Bhfk B &, 2017,37 (7).
191-197.

WANG Yao, WEI Qianggiang, GE Leijiao, et al. Series AC arc fault
detection based on high-frequency components of arc current[ J].
Electric Power Automation Equipment,2017,37(7) ;:191-197.

[13] HKWI, e, Sl , 45, B T A% Rt i 0 ok 445 R 21T

VAR MR R T[], A S R g4l 2017, 37
(4) :175-179.
XU Yonggang, MA Weifeng, MA Chaoyong,et al. Application of di-
mensionless parameters based on genetic programming to fault diag-
nosis of planetary gearboxes [ J]. Noise and Vibration Control,
2017,37(4) :175-179.

[14] PORWIK P,DOROZ R,ORCZYK T. Signatures verification based
on PNN classifier optimised by PSO algorithm[ J ]. Pattern Recogni-
tion,2016,60:998-1014.

[15] BEHYS, Wi R . BT J2 0000 43 B FIVRE 32 o 8 0 2% 1) 718 I i e
AR )] By A ks, 2013,33(6) :27-31.
YUAN Jinsha, SHANG Haikun. Pattern recognition based on princi-
pal component analysis and probabilistic neural networks for partial
discharge of power transformer [ J ]. Electric Power Automation
Equipment,2013,33(6) :27-31.

[16] PERERA N, RAJAPAKSE A D. Recognition of fault transients
using a probabilistic neural network classifier[ J]. IEEE Transac-
tions on Power Delivery,2016,26( 1) :410-419.

EEE T

b (1986—) , %, dE R B AL
THRAE R T @AW LT R
A (E-mail :365193676@qq.com) ;

FEL(1963—) , %, b B ls A, 3
S ALY B BEMRAR, ML B R
L L R o P ( E-mail
’ 641936593@qq.com) ,




£ 48 FRdian, 55 T EMD FI PNN (5B i 5 2228 5 2 I 12 &

Diagnosis method of multi-variable criterion based on EMD and PNN for arc fault diagnosis
SU Jingjing, XU Zhihong
(Fujian Key Laboratory of New Energy Generation and Power Conversion,School of Electrical Engineering and
Automation , Fuzhou University , Fuzhou 350116, China)

Abstract ; Single-variable criterion methods of arc fault diagnosis are greatly influenced by uncertain factors and diffi-
cult to extract the characteristic quantities, aiming at which, a multi-variable criterion based on EMD ( Empirical
Mode Decomposition) and PNN ( Probabilistic Neural Network ) is proposed. Time-frequency decomposition of arc
current is carried out by EMD analysis method, and the fault characteristic signal is extracted by signal correlation
theory automatically. The set of multi-variable characteristic vectors is formed by analyzing the dimensionless index
of fault characteristic signals. On this basis,an arc fault diagnosis model based on PNN is established. The accuracy
of the proposed model is verified by analyzing current waveforms of kettles, vacuum cleaners, halogen lamps, drills,
fluorescent lamps and computers before and after arcing. Results show that the proposed method solves the problems
of difficult feature extraction and cross-repetition in single-variable criterion fault diagnosis, and its accurate rate is
over 90%.

Key words: electric arc; characteristic signal extraction; EMD ; PNN; dimensionless indicator ; multi-variable crite-
rion ;models
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Improved model-free predictive current control for three-level inverter
JIN Tao' ,SHEN Xueyu',SU Taixin' ,GUO Jingdong®
(1. College of Electrical Engineering and Automation, Fuzhou University , Fuzhou 350116, China;
2. State Grid Fujian Electric Power Research Institute , Fuzhou 350007, China)

Abstract ; Traditional predictive control models are highly dependent on the system model, and suffer from poor ro-
bustness. To address these issues, an improved model-free prediction current control method for three-phase three-
level NPC( Neutral Point Clamped) inverters is proposed. This method predicts the output current value of the next
time by using the load current detected at the present time and the current difference vector calculated in the pre-
vious time period ,without any system model parameters. The load current is effectively controlled by introducing a
counting factor that updates the current difference in time. At the same time , the selected inverter switching state that
minimizes the given cost function is applied in the next control period. The proposed method only needs to sample
the load current once in one sampling interval ,while it has a large amount of calculation and relatively high require-
ment for the system processor. The simulative and experimental results show that the proposed control strategy exhi-
bits satisfactory steady-state characteristics and dynamic response speed, and can eliminate the negative impact of
load parameters on the stability of the control system.

Key words : model-free predictive current control ;three-level NPC inverter; model parameters ; cost function
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Fig.A2 Arc fault voltages and currents with resistive load
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Fig.A3 Voltages and currents before and after arcing of different loads
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TableC1 Multivariate feature vector dataset of different working states

sk Wt tais ik e WA e FE e U R b

KA T Hh EH ol T ol T s 5 i
BeKiz  0.89~0.92 0.92~8.77 3.82~4.02 4.04~25.10 2.98~3.12 3.06~16.33 4.58~4.83 4.92~29.40 3.43~3.53 3.54~29.67
/b 9% 2.92~2.98 3.07~9.07 8.89~9.02 8.98~24.91 5.93~6.05 5.83~16.95 12.2~12.89 12.58~31.49 8.65—~8.75 8.80~30.90
x4 1.07~1.15 1.19~5.53 4.03~4.30 4.36~15.45 2.96~3.20 3.15~10.44 5.15~5.54 5.65~20.88 3.56~3.75 3.78~15.67

LBl 1.19~1.23 1.30~8.51 5.24~5.62 5.50~22.09 4.02~4.40 4.17~14.44 6.23~6.67 6.76~29.08 4.70~4.90 4,94~22.34
6T 1.12~1.30 1.30~9.03 4.96~5.79 5.45~26.21 3.79~452 4.10~17.18 5.94~6.91 6.6~30.83 4.29~4.70 4.58~31.20
AN 6.29~6.90 6.52~12.15 16.66~17.47 16.38~28.16 10.17~10.63 8.40~16.01 22.49~23.89 23.24~37.71 16.57~16.92 12.27~29.78
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Fig.D2 Results of arc fault diagnosis
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