€ ) B #H & B

Electric Power Automation Equipment

$£39% F4H
2019 F 4 A

Vol.39 No.4
Apr. 2019 @

LIt Bl P 1 IR 25 20 W B AT D BELJE 40031 g i

#w R E OB ERE E-FK KEZ, EmE E 9 piag
(1. s X% A58 IRFR, Wd KV 410082;
2. B & A AR RS EIRS T GHFEPS),3d KiF 410004;
3. AM TS R ARAAGEELZRE  Hd K 4100045

4. B d K b A RS S A 8] #d kY 410000)

P SR TR AR LAMMG R ERBT, 2 FHEERFTOBLERRA, ARSI E 5T IR G
WHRNEEZA I I LN ENFE IR, A RAERE SRRV ACEASFEE, BREToRXEHTALMRA
IS RAEE AT ik B ST RGN T S FHEER T R SRITE  FAH R IUR S IIEIZ H WA
B RBEA L BT TR B - TR T EABAH T RARX BRI EG Y R BT
AR LR R 7 ik i A R N ERIENTLRAZ 5 AR ISR TR R (LRC) #ir B P9 e 1R 3 &
G A8 8 M L T PSCAD/EMTDC “F & 3t AT #2547 Jr ik An ) R LA ) BE 4745 AL IIE

KR AP RS R AR XA T TAR

hESES.TM 727 SCERFRIRAS A

0 35§

ELU T A S R 5 4 o e o e
BRSO A R TR EEHRAN R,
SRR 2 1 I TE . SR, B — 2D B &R
GE T e 25 Al B LA Pk, 18 Pk 1R R HC A ) 5
WA e TS AN, R ) SR B X 3 I 7]
R ARy AT T RS IR T R E
B, Wl AN 1 2y A A7 (CPL) (9 B8 BHAT 451 2 5
B LU R SR 1 32 LA {H AT B A AR H A R
R, STy P s W 1 PR )L

BERT LU B S IR AR E R R, [ P Ah
ThRe T REWI, KRR 1] 450 T —Fp T B i
WO i BRI B AR e Mo BT D ik . SCRIR[ 2 ] 42 i
T T BT AY F AR A B A AR E
Wit n T — Tl 3 T X LA R 4 o A i A TR
e dI Tk . SCHR (3 )RR /IME S B R T &
GESHON TR MR B e L, 32 1 T T R UL R 4t
AORSE i A SR B R GEBEE o SCRR[ 4 ] dad 73
it 2R G 15 166 REUIT ST SRR M 22 BE 2R R G AT IR
PLER, JF 3R T —Fh iR B e fe i 7 i . SCHk([ 5-7 ]
AR BELATC DC FC o DU RIF 5 1 0 2R 96 v 1) o AR AR A
TR, I AR HL 7 A L DR B 23 W) DR 3R ) 52 i AL
T, SCHR[ 10 ] 4 45 ik R 1m) REUFE A O — YR ARk £
Yo H #:2018-05-19; £ [E] H #3:2019-01-25
ESTE H R QA E AL T A (51822702) ; 91 4
FEAL R B (2018GK2031) ; K ¥ 7 & i & 4 4] #1 R
B (KQ1707003)

Project supported by the National Natural Science Foundation of
China(51822702) ,the Key Research and Development Program

of Hunan Province (2018GK2031) and the Excellent Innovation
Youth Program of Changsha(KQ1707003)

DOI:10.16081/j.issn.1006-6047.2019.04.018

FOL 3 3 A AT AT RO I AR AE A R R A Fa
P, FEARYE AR W gR 1B A TR T 2 RS E ik
P SCHRAE H ik 5 BH BT 4SS RS IR ATL B 43 A1 A4 o)
RWEETH ., LA, HArigRmF R ik £ 284
FET FHPT AL 15 pRE AU 0 AT 1 I T/ IME A
AU BT 5 1% o RSB A3 A 0 s T e A 3R
T ST B A I Ak PR, TR R, R RE BRI
TR 2 A Y R A5 8 5 ) s 0 b7 v A e 4
PETE IS IRE S . SCER[ 14 ] FIRBES R 00T &R
GRS IRACR | TE MR T AL A iE 2 B S R
PRIPVEFEAE T B B, e SEAl b A SCHRE B
T D B TSRS A3 AT O v, ek R G (R 5 AR
s e i IR AR i 2= 5 7 1 R v 0 S L
AU RN

R R G IR RS E M I IR A B
o ) o5 — A BB IE N 2, A IR BH T #5 il RAS
S RAIMY D) R BRE T Z B E AL, EEE LG A
FEBL L il A 2 98 A 5 B A R, SCik[ 9]
A 3 L 2 A A 0 2 1 i AR T B R AT BB
PRI PEAP R ; SCER[ 10 | R4 I 2R rh 5] AL 3h
A (AT E S P I IR 5 A0 AEth . MR i SCik
[5-97 HiBHRAILER A0 Z AT 245 S8, AR SO H — A A JERE
JeFE il , 3 7E B N ERTE A BLE A5 5 BRI 2R %
P AR AR (LRC) By b BH AT A998 PR e (B, TH BR 5
CPL iy A BH 4T 22 B 04 KU 30 61 185 P . I 5 1) H
PSCAD/EMTDC 5145 BRI 434 435 S Al ir $2 4 ) Oy
BAEATRAIE,

1 wESHHEL

L1 #EESTENETS
TERS AT N T2 R RS, IFIK



® & 0 8 % w it %

%39%

R PR AR5 A3 S AVE RS Y P& TR R /IME
AN AR R P R S BT, T AR E
N f B RGN RN RN

V=Yl (1)
Horft, Y, W T RS S S VT S
SR AR T AR G Y LR R T A
MR,

FEIMTHEAN T B BR I B, R 1, R 1
AEAR HAMOCR R 0, 4 Y BIETar s,y
B K E (FE Y TR BN S — AR IE T
0) , RGEHLETY i HLU R & 7= A KA, 5 1Ak ™ FE A
FRIEI R AT R R AEAR S5 BT (CHAS B
FERRARE A ) TTLABTSE Y, B2 S

BT S AR Y, o AR RIS

Y,=LAT (2)

Hor A X AR IR A = diag (A, ,4,, -+, A,

<) s LT 39000 76 A e ik 1 a4 B L D ot
(1) AT

TV, =A"'TI, (3)

ESLU=TV(V,=LU,) W% [ F RGBSR
JEl e, J, =TI, AWR T REBERR R, T
FRE T LAHIRAE S H 5 i B T RE e 2 R AR Rl
AR 2SI IR BRI, S e TR A L BT LA
FHR R RGeS Fi NS S B oL 1 Tk, 2 ke vy
WLPERE 5L

A (3) BTG (4) FI(5) R A () Ko
5 BEAT— 30, WO SCRFAE FL B850 00 5 B Ry 2 e A
SMYUER Z,

U=A""J, (4)
U, Afll 0 - 0 J,
U 0 AL - 0 ||J
I E I =20, (5)
U, 0 0 - ,\f‘nl J;,

Hdr n MRGHEYTT L

MY (5) , A L e RSS2 H I e B A sl
SRS, 24 A, =0 B AR /INEE, AR /N A
2 m AW, A5 SRS m BIE U, | T
AR S i P AR Z B0, BRIV S A Ja i X
FEAFRE B, P AR I R AR A8 A R /N Hh i R
“OEETUST AN, nl R [l S A A B
YRR
1.2 S5RFF(HRgURERER)

RV R A AR 1 BB AL R B3 1
AR AT 7, Ji K T H A B RSB Z,
(m##1) B0 Z, ~0(m=1) 2015/, HHER(4)F
(5)AIga(6) , HAHE S ¥ a] tksabs T F1r]

WPEREER L 255 0 BUR R, NG B3 82 5
¥Af.l’l<'i[15] o EX for; =Ly, T, , o i RS S  m
Pl TS

A0 0
V=L, ) O ) T, 1=
0 0 -~ 0
L,T, L,T, - L,T,1[I,
A LT, LZI.T12 LZI.TM 1,:.2 s,
L,T, L.T, -+ L,T,||I,

(6)

ZHNT fon RAE T RGBT RO UG

RIS S5, RN R IZEIRTE T AL BB

Sy JETR AR, IR A, 2 5 T

AR LR e TR BES L FR BB, A kS 5
R ROREDSNIRYE: 3P ava £/ D el

2 EHiRtAMBEH SmEE

LWL B SR P R, L, 5]
2k B (0 LR R € R VRS 2, R GETT
PEZ RO M 3t b 3 AL B RG0S RO % b 2
N2, LRC S FH R[] 1307 Je B o 434 2k o
e TR ST, 244 1 PR B A2
FERAGE . SRR Buck F B ] i LAt RS
A5 BEL TR Ak AR B PR, BB CPL,

oo Rl

B1 BERMNEE

Fig.1 Structure of DC microgrid
LRC R HL U FL e SR P 1 A V=1 R T
HyEHIRER il 2 s, B, 6, (s) (G, . (s) 735
R WA, B G, (s) =k, +k /53Ry AT

B2 LRCEHIIEE
Fig.2 Control block diagram of LRC



£ 48

BRI BB R A ST B A TR RELJE 003 ik ®

RN T LRC A% BHT, R fES
RO — AN BEAR A LR VR, R, SR AR AR A
LRC ] LAAE RO — A AT 45 (0 L R, an &l 3 (a) Jir
No B L, R, Sr9 h 2 B e R LB, LN
P il f ol A — B SR ER Y G, = 1/ (1+sT,)
R E RGP ARRE S B R R AR T, B E R
1.5 F5 00 R GEFF L JE I, AR SCH IR AR 10 kHz,

PRI R

G, (S) Ghoost (S)

B3 LRC %3
Fig.3 Simplified equivalent circuit of LRC

MRIEIE 3 (a) ATLIG B/ IME S22 H,, ()
H,(s) M H(s) BN B 05 i Al B 5
Fe Au,,  IEREERLT Ad,, S0 R Au,, Z 18]
i pR%L

Au Rload
M= 1)
s Ioad
H Au’oul Gu( S ) Ghuusl( S ) 8
X N T Y
Au’nut _(Rrroo u( ) Gmo;t( ) +1 )
H,(s)= = — l (9)

Aiout Gu( ) Ghonsl( S) +SCS

Hrp R, N, HOR,,, =45 Q;3(9) s
FEn K IR A B2 S L R R, Al
(9) AIHN, LRC % s BHAT AT 3o

1 Aumn 1
Zs(‘,q(‘s)ziz_ =an// =_H13 (1())
seq out

Y Ai sC. ‘

LMK LRC 353508 s BN B A 1
P SR FL B T A A o T A A v % R A e AR
B, 53 anE 3(bh) FE 3(c) s,

[FJEE AT 15 CPL (1) &5 3% fa] £k H %, an &l 4 i,
B, G, (5) G (s) 5331 A HiL S R4 il 45 710 EE 1 A5
T 5wy, g o1y F70 A Buck HELESHT LR S H
JEFAE R A FL R

A 4(a) T45 AR A, SEAHBE Au,
ZIAN s pR A, X (1) FR; 25 R Ay,
AR Au,, Z B R g, = (12) R,

Ly icp. Ry
. Ui
Uge in— 3

S
Glu(s) Gbuck (S)
(a) CPL Rz HINER (b) CPL %%

B4 CPL 30k i Bk
Fig.4 Simplified equivalent circuit of CPL

6.(s) Au,, —-s*(1+Ts)’ (1)
nT Az, _S3CCPL<1+Ti5)2_Rd(~(klpS+k]i)2
Au,, s(1+T.s) (kys+ky)
G,(s)= s (12)
Au](l( _ref S CLP[ ( 1+TS) (l(‘( klp's-l-kli)

Horr R, A Buck HL A O RE LAk, AR 4R A 4
1 G,(s),CPL I AN ST FRR R .

.
Y, (s)=—"
u

in

3 HitMIERES S

3.1 EiRHMigTRES S R B S5RE e

MR DL B e 7 an s 5 s AR %, &R
AL S AN S HAY S SR v, an=X(14) R
Y, =

(13)

=5Ceppt

G](S)

- s -
LS SR S N B
Z. 52, Zyy 213 21 2151
1 1
- +Y 0 0 0
Z]Zl Z].Zl
1 1
- 0 Y0 0 0
ZL31 ZL31
1 1
- 0 0 —+Y, 0
2y Zw ™
1 1
- 0 0 0 +Y.
L Zys Zys |
(14)
Zyy =shig Ry, i=2,3,--5 (15)
Z,= 1/(sCeq)
B 5 BERMMNERBR
Fig.5 Equivalent circuit of DC microgrid
AR N7 B 5 T G A PR R G AT RS Ay

Bro 18 6(a) IBEZSEHBTIIZL, 7] WL R GEA71E 2 Vil




122) & 0 8 % w it %

%39%

PRAT, 43904 10.3 Hz 1 13.3 Hz, R IR T4
RAIERAE, ST AR PR H, (s) H,(s) JHi(s) |
G,(s) \Gy(s) WM I, AnEl 6(b) iz, AIULRSE
FFEAE 2 ANMBETRIUR 435118 65.2 rad /s 1 84.3 rad /s;
G, (s) FETEIEIRAT , IR S RIE IR AU . 5S4y
P& R —30, Sk 7RSIk i e A v

o 8000 :
= 6000 5
= 4000 P
%‘j ] h
w20 A . .
10 20 30 40
S /Hz
SR, - B2, o A3
B4, - S S
(a) BB HrEER
100
n SOf Hg(s)
= 0 /\
g _5F
o _100 | H, (s) HJ_N
~150 . \ \ L )

10 1072 10° 102 10* 10°
B/ (rad-s™)

50
g o0
i’% ~50 G, (s)
=
_100 1 1 1 1
102 10° 10% 10* 10¢

SR/ (rad+s™)
(b) 1&ib sREIT ISR
6 HRASSHT R0 ST e R 45 R XT LE

Fig.6 Comparison between modal analysis and
frequency-domain response results
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Fig.13 Fourier analysis results
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Fault diagnosis of power dispatching based on alarm signal text mining
WANG Cuiyang' ,JIANG Quanyuan', TANG Yajie' ,ZHU Bingquan®, XIANG Zhongming”, TANG Jian’
(1. College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China;
2. State Grid Zhejiang Electric Power Company , Hangzhou 310007, China ;
3. State Grid Hangzhou Electric Power Company , Hangzhou 310009, China)
Abstract ; The power dispatching system receives massive alarm signals during the failure process of power system,
and the failure range may expand if the dispatcher cannot make a decision in a short time,so a fault diagnosis me-
thod of power dispatching based on alarm signal text mining is proposed, which includes two stages of alarm signal
text preprocessing and fault diagnosis. In the first stage,an ontology dictionary is constructed by segmenting the text
of alarm signals based on HMM ( Hidden Markov Model) and removing the stop words,and VSM( Vector Space Mo-
del) is adopted for text vectorization. In the second stage , the sliding time window is used to read the real-time alarm
signals,and a two-layer algorithm is proposed. In the first layer, SVM ( Support Vector Machine) is adopted to
classify the alarm signals in the sliding window ,if the classification result justified to be a fault,the k-means cluste-
ring method in the second layer is used to exiract faults with higher possibility to dispatcher for reference. A practical
alarm signal in a power dispatching system is taken as an example to verify the feasibility of the proposed method.
Key words : power dispatching;text mining ; vector space model ;support vector machine ;k-means clustering
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Resonance modal analysis and active damping suppression method for DC microgrid
LIN Gang',LI Yong' ,WANG Ziya',CAO Yijia',LIU Jiayan',
WANG Pengcheng' , FAN Rui*’, YANG Qianya®
(1. School of Electrical and Information Engineering, Hunan University , Changsha 410082, China;
2. State Grid Hunan Electric Power Co.,Ltd. Power Supply Service Center( Metrology Center) ,Changsha 410004, China;
3. Hunan Province Key Laboratory of Intelligent Electrical Measurement and Application Technology , Changsha 410004, China;

4. State Grid Hunan Electric Power Maintenance Company , Changsha 410000, China)
Abstract ; Resonance could cause harmonic instability in DC microgrid, and represents a potential cause of voltage
collapse. To determine the resonance frequency of DC microgrid, the traditional frequency domain analysis requires
the establishment of complicated high-order transfer function and cannot provide the information such as influence
range of resonance. A resonance modal analysis method of DC microgrid under distributed control is proposed, and
the resonance frequency of the system is obtained by analyzing its node admittance matrix. The effectiveness of the
method is verified using the frequency domain analysis. The influence range of the resonance can be determined ac-
cording to the participation factors. Besides,the influence of line parameters on system mode and resonance frequen-
cy is analyzed. Furthermore,an active damping controller is proposed, which reduces the resonance peak value of
LRC(Line Regulating Converter) output impedance by injecting damping signal into the inner current loop,and im-
proves the stability of system. Finally,the proposed method and the active damping control are verified by simulative

results on PSCAD/EMTDC.

Key words : DC microgrid ; modal analysis ; resonance ; active damping;line regulating converter
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F Al ERHMMRZSH
Table Al System parameters of DC microgrid

TRS SHAFR il
HAHLE ug 100V
LRC JEV FUK R, Lsi 0.1 Q/5 mH
gy Cy 1000 uF
I 1 23X Rroopi 0.01/0.03
FLEL R Ugei 100V
4 kW
HELZ P (Ri) 4W
cPL TN HLES Copli 1000 uF
TV HUK L 5mH
i B2 Cu 1000 uF
BB HUE Uge pus 300 V
JER/TRER57 2B BRBT Ruin/LLi 0.1Q/8 mH
BB HIAY Coq 2000 uF

F A2 EIRMMIESI S
Table A2 Control parameters of DC microgrid

A EES () o 2 5()
LRC HLILAIE Gii(s) 5 0.01
LRC MRS Gy i(s) 0.002 1.4
CPL HLIR NP GLi(s) 100 0.001
CPL HIEAMA Gy(s) 1.4 1.8

& A3 AR RR
Table A3 Excitability index

_— RFAE T T
3 0 0.1495 0.6893 0.6659 0.2430
4 0 0.1278 0.2267 0.6296 0.7320
5 0 0.0190 0.7993 0.5528 0.2348

£ AL AR
Table A4 Observables index

_— RFAE I B L
3 0.3523  0.8563  0.2445  0.2189  0.3987
4 0.3523 0.1278 0.2267 0.62; 96 0.7320

0.3523 0.0190 0.7993 0.5528 0.2348
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