F32k FEs Y
2008 4 3 H 10 H

O &

% H 3 4

Automation of Electric Power Systems

Vol. 32 No. 5
Mar. 10, 2008

257 B IR A B BB M &R 2 4 & IRk

s, LXA, EAA
(U H T RS0 LR S WO T S5 B 3. KT 300072)

WE: PAMRYMEES T EFCRRBHELRERSARXNALEZAGTER, A, LF4a48a5
AR BORELRNEAESWTREFARL, FFERAIAXERET EXN5H PQ T 5 .PI Y & PVY A
Fo PQOV) W EJUAP AR FFRBEE T EEXRGFE  RETEXE S P OALR T &, HRELSS
AL RGZA R FHBAREE MG, EMIEDELE T FORABE RET -5 AXNER
MBed M AR E e Bk, A ERAERA TREAE ML LA THHRNL, LA 137
B AR 3E P G R AT T MK, B 45 SR AR A T % L ok 09 T AT Ao A AU

;Q%lﬁj ﬁ\jﬁﬁi‘%, ﬁﬁa\%fﬂ]; #(F%Lﬁ\#ﬁ'; 2 ik

hESZES: TM711; TM727. 2

0 3l&

A3 A1 2 HL R B T LA AR R R R R BE A AE
FTRE ) W] P A R U8 45 0 AL AE 4 BRI [ PN of bR
Z R ERL

TR gE e L ) i B 1 A0 3E SR 6 RR 4 i
e AHAY B DL RO FR Ay i S A A A A A O
MC L R G0 1 A R I S BOR KRR A=A £ e A
iy () R0 258 5 I L D) e S 8 I 4 AT R SR R AL 43
VA, SCHR[8 I Wi e 15 A% T Ak R R A PR I R
Hi R IR RIS 2 S AR BT — A [ o A R A
AV B e M A R . ER X Ay
RWARBNXT PV W S AL B, [, 7 & A ik
B, 2 B MY S A T 0 TR LR T
AN R RS . SCER (9 J7E SCHR[8 TRy B A |,
1) G A [ 4 B 9 R 2 i 11 R 4 3, [ T
ST T SR PV YT AR OO SEEE T R H AR
A7 55 A N R G R T, ER L X R TR
2 3] Xof A 2 A0 o A 2 R YT S AR B, SCER(10]
ANTE 5 HL T 1 2 B 4 B L T L e ) R S I BHL AT
T LTS A BT 2 BRI A 7 T fR Do 1 R I i e o

5T N G35 3 A1 =X Y5 X T H, D) 5 THT ) 5%
M), G B R/ TG D P Ak 4 ) L R A2 T B R BB T
Erl R A i B 1 A (1K G s o7 FE= W
PR T L X 55 o B %) A DG SRk A 2D, AR S X 5 43

WAS B B, 2007-10-09; 4= B 8. 2008-01-03,
BRAARFFFEEFHRRD (50777047) ; K FHAZHEE
KA E (306004); X FHI L FALT LB EHA
A,

A 2K VR A T HEL TR B VL R T O IR TR T IO 4R
T g0 A 2 R R = RS 10 T R PR T A Y
S A ] A AR

1 #ETERNIHRXRERR T EMLE

A AR R Lt | ol 7R R e AL A LR B AR A3 A
2 H P55 H ) B A 4 T X R A A A R
KL AT BT BB PQ W5 A PV A5 S P AY
B PQ VYT A, B . an o3 A X YR 48 aE 4T
FERT E T00 B3, W RDRE LA 8 PQ 5 A s X F A IR
A H AL A H ) A A X T 2 S D i 4 O X
Sk oy 3R R B S D0 T A PQ T S i RE R A T
PAE M PT A s FH IR 25 B ML B A H R, Y L i
s oty 2R L A B AT A PV L B BB AE
Hefe o R AR S EM PV
RN E B IR 528 KU & LA, BT LLE R
PQ(V) 5 i,
1.1 3t PQ TRy AbiE

XFF AR PQ 15 s 1 4 A =X H I, B A 25 [
T ) A AR R I ) A TR ACBEER )
PQ WM HENE N . S=—P£jQ. &l
V5[] B o) E X i 2% A B A G )L A5 K Q mTE f
S5 v o0 A 2XE U [ e O i 26 A 2, i DA REL DO I AL G
I, gy R & s AL, W) Q RTEUIE S,

A3 A 3 TR E AT S TR AR RN

k & *

A Vi HH k UGERBI Y PQ 4347 2 v T
AT S HL T At 2 78 A3 A 2R YR 8 AHT R AR



cFERMR . EFMLF

T g3 A 3 T A TC H O e R 2 A 2 Ak

HEAMELHIERX,
1.2 3 PV AR

PV EMA YR P fEe  BIRRME V EE,
TETHE A L WR PV T A0 R R R S5 T i Y
MR MEAE, TR 208 PV WA M T o, R A
W PV SEA—ERTW L. PV 5 S H
M AELIR B WSS 5 BB Vi o B PV TSRS
JE R B 35 2% 8. /£ PV O S0 B3y T8 o o) R

AQhy VA% 6 3 5y ZE R 1 55800 AL AT,
G35

“rk k
AQg,=:ljﬁi3%éXii (2)
. _ 'AQ” *
AI:\nLPV = (M> =
Vi
;%Avﬁwéz<9o°+—a;» (3)

KA AV = [V | = Vs X R PV A5 5 S 5
B 7 BT 22
A, PV 7 S EAHRRN

I?nL v — Igl pv T AlfnL PV 4
KLY o WA R WA BN PV 5 A

HEAH,
T PV &0 8 T o Uy A7 R, Br DL A5 225
W AE A B IR A RGO PV T S0 TG D O 2
R, 2 PV SR YR R K PV Y
MR PQ W A, PV T AR B IR QL 1Y
THEAX N
Q. = Im(Viy (I, ) ) + @ (5)
K .QL N PV HALEE b W 2 A4S 21 1) £
faf LI,
1.3 X PI T AB4b I8
P15 S5 B9 A D) A0 g o 18 18 2 L 5 51 ok
Py ML, o %280 sSOR R ) T 2 B 2 T iy 2k AR A5 2]
(A HE L S 1 R R (L B A DD TR A
Qi :M/<I;>2\ Vi 12— (Py)? (6)
PI 5 S WEABRT N .
Tk _P:’I_jQi’l )
fin = (P %)

7

1.4 3 PQ(V)T AR 4bIE
XFEEIENOR I ZRid. hFRP kR

BLFE S AT 2y Dy 2 1% [] B 3 2 M\ R G2 RO — %2 /9 T

o2 R T N R 2R s WEHHBEEV A

oK TE KT & H ML A 4 255 1) I 10K W 25 4 A1 f +R 1) TG
I 50 S R IR A G, XXy ST LUR A
PQ(V) HE A AT Ab R

FE TS R0 A B R BT R L SR R UG AR Y
PQ (V)T S A A AE T A T AL 40 1A

Sf)QV =— Phov ij(Qf’QV o Qﬁ"l’) (&
. Shov \ *
I e = ( .i’Q\ ) (9
Vv

X Quoy 1 QL 70 B R 55k U IE A 23 A7 2 R
MR AT 49 G ) ) 3 5 v 2 e L AMEE I JE Zh R

2 EnHhXBEENEEMERYEEITE

2.1 ERYEEITENERTRE

24 2R G A A S O N L T AN A 558 B I R 1Y
RGATAE 2 P a] i . — b C FL 0 45 DS AR i L R
Z N FR A [l g 5 75— bRl TEC H P 4 0l T o
AL e L S 8 e 5 2R T A X TR A
T 20 B8 Y [l % R 22 Ay e e [ i

X AT AT AN X Rt e, 8 T DA 7 I i 11 A A A
X B FEL B IR T P 25 rp g L P T R A
3 A 2% r o R G R B ) S R

WA 2

Zfa

1 HEMEEETE

Fig. 1 Short circuit compensation circuit
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Table 1 Calculation results of weakly meshed distribution

system with multiple types of distributed generations
under three-phase short circuit

GENA AR H, Y I

a i b # c a b A c

1. 000 00 1.000 00 1. 000 00 22.74 20.42 19.22
0.979 70  0.984 39 0.984 59 22.74 20.42 19.22
.894 73 0.881 01 0.897 35 64. 38 65.37 57.48
0.727 76 0.726 41 0.735 24 49. 99 53.58 47.79
0.863 02 0.863 94 0.871 67 20,78 17.16  15.34
0.727 24 0.723 25 0.732 42 0. 90 1.01 2.48
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0.572 85 0.574 52  0.581 25 46.29  52.13 45.48
0.71176 0.714 62  0.723 34 44,67  49.65 44.40
0.999 26 0.999 26  0.999 26 43.19  45.32  42.04
10 0.73112 0.728 06 0.735 95 1.02 1.68 1.24
11 0.287 12 0.286 88 0.290 50 85.08 97.28 85.74
12 0.71176 0.714 62  0.723 34 41.46  46.95 42.12
13 0.000 00 0.000 00  0.000 00 85.29  97.33 85.69
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A Superposition Method of Fault Analysis for Distribution Systems Containing Distributed Generations

WANG Shouxiang, JIANG Xingyue, WANG Chengshan
(Key Laboratory of Power System Simulation and Control of Ministry of Education,
Tianjin University, Tianjin 300072, China)

Abstract: Traditional fault analysis of distribution networks cannot meet the requirement of distributed generation system
(DGs) . In order to solve this problem, different distributed generators are classified into four types: PQ node, PI node, PV
node and PQ(V) node. According to the properties of four types of nodes, different methods are proposed to handle different
types of nodes in fault calculation. Considering the asymmetric property of three-phase distribution networks with DGs, based
on the forward and backward method, superposition principle with fault compensation circuit is used in fault analysis under an
unified formula and similar iteration process as load flow calculation. The proposed approach can deal with both radial structure
networks and weakly coupled circle networks. Test results of 13-node test system verified the feasibility and effectiveness of the
proposed method.
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Fig. A1 13-node test system
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Table A1 Calculation results of radial distribution
system with PV node under a-phase short circuit

o

FL RS R (E
a b c i atl  bAMl  cAH

1 | 1.00000 1.00000 1.00000 [ 9.00 697 13.30

2 1 0.99090 0.99819 0.99171 | 9.00 697 1330

3 1092791 0.98199 0.98812 | 4292 1843 26.71

4 1 0.76807 0.99825 0.99505 | 36.05 11.24 19.83

5 | 090563 096301 097457 | 7.04 746  7.57

6 | 0.88013 0.99249 0.99190 | 2419 576  9.30

7 | 0.50969 1.02945 1.01372 [ 51.59 922 1256

8 | 0.89764 0.95352 097176 | 233 330 252

9 | 0.90554 0.95645 0.96903 [ 0.78 1.66  2.52

10 | 099926 0.99926 0.99926 | 2541 6.87 9.52

11 | 0.25653 1.08878 1.04844 | 48.69 3.90  5.56

12 | 050786 1.02289 1.00787 | 132 1.77  2.62

13 | 0.00000 1.16454 1.09199 | 48.51 2.02 2.84

® A2 HEPQ (V) KA A F IR RS IR
P B R R B SR, PQ (V) SRI LR
FETT 9, HAAHA IR 150kW, HUE F R
{EA 2.4kV GRS 1.9kV) 5 Hfs & A AE 15 11 13,
IR IR AN g = AHRE T B . R A R W,
RS O N dRekiztT, Sk AL L)
HPEA 0.98,

RA2 F PQV)TI R AYIRSTINEC f ) = 4R 1R 5 %

HEER

Table A2 Calculation results of radial distribution
system with PQ(V) node under three-phase short circuit

it N NEIED IV EEEN
=t a #fl b A c tH atl  bAl  c#f

1 | 1.00000 1.00000 1.00000 | 26.46 2521 23.37

2 1097592 097999 0.97955 | 2646 2521 2337

3 | 0.85629 0.84355 0.85999 [ 74.05 79.74 71.21

4 1 0.62434 0.62417 0.63105 | 69.05 7530 67.24

5 | 0.83833 0.82896 0.84949 | 5.02 4.68 4.60

6 | 0.61590 0.61560 0.62171 [ 3.19  3.19 430

7 | 041042 0.41285 0.41605 | 63.70 71.99 63.24

8 [ 0.83088 0.82100 0.84699 | 2.16 2.84 220

9 | 0.84106 0.82432 0.84583 [ 2.06 1.69 1.25

10 | 0.61116 0.61382 0.61789 | 1.59 1.06 1.61

11 | 0.20518 0.20572 0.20744 | 61.16 7037 61.42

12 | 0.40727 0.41163 041351 | 1.06  0.71 1.07

13 | 0.00000 0.00000 0.00000 | 61.01 70.10 61.09






