E365FH
2016 £ 9 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.36 No.9
Sept. 2016 @

B BRI TR AL I Ze il e R

QU I o PO
(LHEIRE BAFR SAERCRRRRELERE & M 510640)

FE., 4b 10kV PERMGEHK TS AMBERZH FRERTEEE RGILK ZT T — % BHE
REHFEG P ERREMENFAER A THhik SRR THESETHESEBMEETRFAME, X B
WAL R EEIEBE BITAKFFTENEF AT EREY R ROER, T T 2RSSR AHE
HAITHREIRAFHRZ  FHAE AN C HMEFCMREL EFNRZTERGBMARTRE BEIL—FF OB
K, ATHERENLER ZHT—2FERMABEZMERAARN FTAER ZER 5 348 F F4 b Mk
FeAR R BOREE A PO KA PO R AT R BT T B BRI R RMBEATATE, L P AR R K
BECGEBE L E PO AE PO AR A R RN A FA RS E PO ERE AEX

Aphd b 0 E IR R A B R T AR R M A R S

K@, PERM, %i—ﬁ-/%, EEIE m AR
FESES. TM 744.1 XEEFRISAD . A

0 518§

L0 I WL H REAE AL Fad AR T BV AR | B R L
D) P4 AR B A5 BRI W) 28 R B T S AR B 2
— 0 5 H A A AR R (10 kV ) FEL K P
BAK BN A WD s B b B
X, P B T AR B R B AN
HLI 2 F] 2010 4FE 53 R G811 10k V e FL i
H 59.3x10° kW -h, 7 £ B i B 1Y 35.43 %, W4k
1A o L i R R R AR, S LI R T 0.4 kV
R FEEC M & 110 kV K Rh b A i =8 B0 kR 28 %
10 kV R C it 2k (LAT MR BR <t 4k ) e 0t e I
JEgriE o

HATX R e R 15 EZA Mk SR
FBH L PR S H R R L AR R
A b i vk RN AR R BHYA R 2 T W R
TR G B (0 AR TR E R Be= 538 0 1
AR BT 5 BCHE AR (R M LA o A A A R)
] s, P 5 2 fL BEL S e A (L o 1 e R Jiir LA
5 S BOH T ACELS DL R R S S0 i kA 2R
TR rhoME DAAE ) SR o P AR R BEL R AT e A R
VR RS AR R R AT TR R E Y BT
TRER LRI

HFr X2 AT WM IF 80>, SCHR[9 4%
TR WAL 455 (1 H R H% RBF AL R4
R A 2% HLHH HAAR R ZR A 2R 0 T AT SR R
Bk X BOZ I AN TE TR TR S IR b R L A

Wim B H3.2016-01-29; 2= B #:2016-04-20

BEEUH AR A KHFEEF 7 A (51377060)
Project supported by the National Natural Science Foundation
of China(51377060)

DOI: 10.16081/5.1ssn.1006-6047.2016.09.005

J7 o SCHR (10178 %] 5t 2k ik A7 RIS, 6l FiT ) 2R K 45
PR IGLA R A AR E 22 LA R AR
B AL RV I RO REAE T 22 W T S 2k
A5G LA AR DCHE AR | BCHE b A R A8 4 HLAUX 5%
LRPHATIRVT R W BB GRS

A ST R N B SE X R, 053 7% 18 B 4
P i P AN 2 TS B4 (PR 2
[t Y B AT SRR D AT AR I 22 S IR BEIE
— R IR R RS I R R SRR HH (1
TEAE % A5 FE B B T AR AR Rl b BT R
LA R, T £ B AT B2k 5 ST 0T
FRAS R R AURARATAE . BB BT — BRI R
HAE bR IR R T AT 002 IR0 B — 284 5
RV 5 RO [ VN e S v S N i DA R e
T B G B A B AR AR AT M R I BT AR R
SO B X A O B R AT LA R AR A B
Bt iR b 5 0 ik BEAS 5 B LR bR 5 358
VAP AL B AL 92 R TR R X i 5
HEAT PR B B ST A2 RSB B T A
AR FE B JIAR AR, R R AR B RS A0 AL 22 S AL
K,

1 REMEMBLRERERIZT

I T AR FE i ol 0 3 2k M AR R N 8 5
3 IR RO B = | BAOHE R U 2 AN R A
PR G A7 Ak S EORCH A e R RT3 B B
Z AGWEERITURER 5 ZR L . ARG
FRUENR, RS IUE B S S B R E DN L
UL AR b, 22 07 5 S R FRARA R

6 b W AT 5 v 10 B B LR R



Q ® 0 8 & iR B

£ 36%E

o RSO BT 5 TR B 2 IR £ AR b S AT
BT O EE | S di T R EE RN FE A A TG &R PR Tl E
KGR
1.1 &ITEE
2 451 o1 ik RIS A5 bR X £k 4 2 AR R ) Y AR
B X AT BB R LR LTI,
a. LA PR XA RS K
b. %R T R B A B P
c. ZAEPR R NIs T SEINAA , BE 75 S L5 28
1Y IR
d. IZFER T BB RO S BZ 5 4R A KA
e. IZFE bR A AR A A A,
Ak IR AT WA A TR R B R SR SR AR
2 T T P5 I B FE bR X R SR A L X 2R R R T
LN
1.2 EREEXRDH
TR FE bR Z 8] 9 AH OC Z 40, (1A ¢ R B 1Y
6 b5 A AE S EOC R W F8 A A R Bs s 078 RS F5
&R A AR TR S B B BT B
MRRBHHEALWT .,
_ B —E@)-E()
VD(x) -VD(y)
Hr E(w) E(y)5 E(xy) il Fmfatn ey X x5
y AR E D (x) D (y) 50 5 RRFEFR w0y T
2.p HAETS v 5y MAHOC R AL, M nT 5P 4
i 22 T] 9 R O 2 58, 4 i A 46 A ) 09 4 ¢ R ER0HE
SEREIE R TR A O R B AT SR, AR oK,
MK FRE p | >0.7 B AR P8 b5 2 8] H A = A
K PED2 WS AR AN [ B H BE A RE AR bRk & rh

2 AXEEHLESE

AR SO BT % B8 15 4 3R S P 119 o T e ) £
A AT 1] 73 Oy JEIEAR AR R MR
I o B SO 25 S A R BAR AT 4

(1) REFEIIER

AR th RS B W e R R AR AR R R
REIH =L,

IR 1 AR

VR0 Al H AT E A A Aol BT AR R Y
LS Y SNNRIE V& A G L S A o T N 1
AR R R ARV R R R AR R
KA AR AR ARG TTARE R Rt 7 10
BRSO T

PR 2 M R ARARIA AR

MRIEES 11 P ak A AR BT R B 45 B A
B T5 TN TR R 2t AT 0 M 4 P T 3 B
SR TSR A MR R T RIGHE

(1)

HPR 3 REIHA

G, Xie-Beni J 284 801k sR B, 06 1 4k
ARG ) Z 5 R ¢ YE (FCM) R 2K H
B RCR BRI A R WA AT R I
TE RS P B AR I RSP I — SRR R xR
O 2,

(2) &HFIE,

TR S R A A5 {H H BEL VR 58 0 ot 2 2 it
2 F 8 bR RO LR AR O B L B R i
FE B AR ATE =R,

A1 R AR R B TR O IR R R
A H B PR A RS B A TR AR A fef i H X
S N ES R -

PR 2. K48 bR R BOR B L TR AE L B AL
PR bR RECH R R S R TR
e B AT S PRI

IR 30 A R AR AT, X £ R 24t
BRPATE — S BT, B0 8 LB R AR AT,

3 SEHMETERR

AR SO 2 B 0 i AR 2R R R AT A X
TP e il R A5 R BH R A0ORS i 5
LRI TR AR T B AR bR R B0 Kk
PR L2 e
3.1 HEHBEE

S5 H B VR 2 T o B S R A 2 TR A 2 I L
HL 2R i ol ) 20 )2 2 P B S, B X S RO 25
BT B T f SRR 1 vk 3 I
WL TR TR AR T .

> SR,
— i=1
Rdz—iszw (2)
272
5%_5:%)(100% (3)

Horb Sy WS ¢ BURTER b B AR R SR UE A
fER KV A Sy MIZBRER b B Y L F AR R 2% 4 25
i KV A8, N TRE ML PR F ok B
R, AU R, SR Q1 AL HE
T RAE BN Ay MR AT ] 4% — 4Rt
B, 8760 h; Q, MHEHLE B kKW -h,

NSk (R RN

F=L/ I, (4)

Horp L R TR,
3.2 IEMRBREARE

T br ZR B L B e LA A S o B AR
8 AR S | 5 31 R B R 8 A R B0 TR
AR R IR BRI R B A0S i i
LRI fR



5% 9 1

BRI AR | 56 . 25 B A5 2 TR SRR 1Y vl S T 1) 5 A0 5 ) A R A @

(1) P50 I R B
K= Xi—Xse (5)

=1 Xipase
Horh X, ARG S § TR R S X e RS
LD S | IR S B0 WIETR SRS,
(2) HRAREB R LR,
O =01 X (1 +K) (6)
HoP 8 N HE B AR 16, WL L PO 5
IR K i R A,
3.3 IRAFHEBE S E
2 AB AR A DX 1) T AR B 2 1) R4 R U
HR N Ry BTz e S U5 4 £ A R R KT 1Y
FELAE , AT AE by 40 T 122 28 15t 2 e PR 2 75 572 M v 1Y)
PR, A SO TS HORE FE RN A5 8005 2k U I 43 o A
JE A R LA R A AR FTH
(1) BSEUREEERRATE,
it A OCHLIE WoR | S MH S A 3 B I AL IE
A0 AT PR T AR 23 A R VA IR IE 25 53
Aty U RE DA v (BR A R B AR AR IO £ R A5 R
P A0 S REA AR R HEAT JB IS A A 0, X 44
B e I IE 253 A5 89 2 531t T 249 140 Sy 1222 5t
LA R ARFT AR ; X T 20 R 808 A I I IE 38 43 A
A2, A T A D 2R I R R A R AR AT
(2) SFRBEARFTE,
W B 2R IR 5 2 A8 — SRR W) A AL BT 4k
LA ] KR N

lossi

6]1)55(1}(: 17=}v X 100% (7)
Z Qgi
anssi = Qgi X Sl_nssi ( 8 )

Ho 8y F ARG AR R IR ATAH ; Q0 IR
B0 A B R B KW h; Qe WIZRER
ZR TR S AR A BT 0 O B £ AR L AL kW h NV
LIS AR I AL B i R B

4 BHISH

AR SC A B R AU L 4l T R 974 A BRZRTE N
FEAS AR SCIE 3 T A 2 45 25 0 G50 A 1 A7 0
T REA B R BN R4 21 4 0 RE AR i ELAARE
P, BEA AR ol ) e B 7 A DL AR Sk JE A F
AT, BUAR SCRT TR B 4 40 R A 1) Ry I A B e P o
4.1 BRIBIRER

5511 W HE 1.2 IR STk E K A8 Ar AR
K R W O A8 bR S BT 0, AT K A 725
A BB R IR R

WEE 2 Ak | A SRRt H AR (X)) 44k
F(X,) RIS SV B R BRI 2 (X5) AP R (X)) .

A d TR (X)) B AT (Xe) FE 2 & (X))
7 TR B AR bR A R S Rk AT L vk
AT AR BR AR e R AT

(1) Lok 44T,

a. A A48 S Wi 2 %) A T | o £ b R i)
KR,

b. -5 L f A s WA R ) B e 5 O

c. LREK VP I KRB i AP S KLU AF d s £
HOR G R 22 1T S E A AN RE & L R
BREEI B A

d. FE AT R MR A 248 A8 25 5 1 8
T AH 4548 s 67 30OR R A 0Tk B st 26 11 £
far T

e. XT T HLAGILAR 3 W2k v B 45 A Rl = | A
D) 5 £ v R A AL R AR AR IR bR A AR T A, 0
R SC T A P 1 R A 78 3 i R R A ol B8 SR | it
Ak T i 2 b L BRAL R R T 90 % MR 5 L
A 61.16 %, WMORTEARATE HAE A RIHEH5

(2) FEFRHH.JE R4,

FIHE (D), % X, X X X X X X, 36 7 Tid8
PRt A AR OC R 5 S Rk 1 iR,

x| BERASERZEANELRY

Table 1 Correlation coefficient between indexes
of sample feeders
P

X, X, X; X, Xs Xs X5
X, 100 -050 0.04 0.19 0.19 029 034
X, -050 1.00 -0.12 -0.19 -0.16 0.11 -0.31
X; 004 -0.12 1.00 0.10 -0.20 0.06 0.04
X, 019 -0.19 0.10 1.00 092 0.50 0.75
Xs 019 -0.16 -0.20 0.92 1.00 047 0.72
X¢ 029 0.11 006 050 047 1.00 044
X; 034 -031 0.04 0.75 072 044 1.00
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Table 2 Results of comprehensive analysis of
index parameters
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Table 3 Results of feeder clustering

HEH AR/ km A/ (kW h)
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B FEC RoME BRI BME I KA
A 97 0.1 5.85 8x10* 6.19 x10°
B 102 0.29 4.78 595%x10°  1.204 x 107
C 109 0.67 6.07  1.499%x10" 2.139x10’
D 113 0.85 6.45 9.96x10°  1.489 x10’
E 67 1.04 7.65  2.099%x10" 2.845x10’
F 100 4.1 11.06 1x10° 9.71x10°
G 50 1.21 1034 2.792x10"  3.926 x 10’
H 82 561 10.81 1.521x107 2.108x10*
I 76 6.37 1141  6.71x10° 1.569%107
J 58 714  11.09 1.884x107 2.832x10’
K 44 1136  16.81 1.684x10" 2.801x10’
L 23 10.57 23.01 2.722x10" 3.944x10’
M 32 11.19 2647  225x10°  1.632x10’
N 21 17.6 2629 1.595x10" 3.467x10’
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Fig.1 Envelope diagram of feeder clustering results
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Fig.2 Comparison of two indicator-means among types
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Table 4 Name and parameters of central
feeder for different types

K5 PR FE HERAEAR km CEE /(KW h)

A CG-F9 2.48 3.75%x10°
B XG-F21 2.90 8.39 x10°
C XG-F16 4.55 1.771 x 107
D PT-F3 4.50 1.263 x 107
E DP-F30 5.42 243 x10’
F RB-F20 5.83 6.44 x10°
G ZC-F12 6.28 3.13x107
H JT-F8 7.60 1.847 x 107
I YT-F30 8.06 1.21 x 107
J SH-F2 8.88 2.314 x10’
K YS-F7 13.55 2.24 x 10’
L YH-FI 14.71 3.27 x107
M SYG-F2 14.46 1.178 x 107
N SJ-F2 22.33 2.392 x 10’
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Table 5 Calculation parameters and
calculative result of XG-F16

fetr s 8 ZHH
F{H 0.40
AR HLHT/A 236.21
TR/ % 75.52
e R/ (kW -h) 1.85x10°

AEAE R/ (KW h) 1.78828x 10’
LB/ % 0.93
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Table 6 Line-loss rates of 14 central feeders

ey PO SR [ OB AR

wER I /% wER I /%
A CG-F9 2.34 H JT-F8 3.67
B XG-F21 0.63 1 YT-F30 1.05
C  XG-F16 0.93 J SH-F2 3.86
D PT-F3 2.44 K YS-F7 0.64
E  DP-F30 1.91 L YH-F1 1.94
F RB-F20 1.63 M SYG-F2 0098
G ZC-F12 2.79 N SI-F2 2.44
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Table 7 Complete index parameters of central feeder

CG-F9 and non-central feeder JC-F8

HehR B el

CG-19 JC-F8

HEAL AR/ km 248 1.26
TR/ (KW -h) 3.75 x10° 4.72 x10°

B /9% 100 100
R /A 66 98.03
AP R % 15.80 21.78

L AV /A 417.76 450
KAt/ (kV-A) 6920 4110
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Table 8 Line-loss rate benchmarks of 14 feeder types
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B 0.58 0.58 I 1.31 1.34
C 1.05 1.05 J 495 4.97
D 238 2.40 K 0.64 0.64
E 1.71 1.71 L 1.66 1.67
F 1.36 1.44 M 0.85 0.92
G 2.82 2.83 N 2.35 237
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Line-loss rate calculation model considering feeder clustering features for
medium-voltage distribution network
OUYANG Sen,FENG Tianrui, AN Xiaohua
(Key Laboratory of Clean Energy Technology of Guangdong Province,School of Electric Power,
South China University of Technology,Guangzhou 510640, China)
Abstract: Aiming at the line-loss management difficulty of 10kV distribution network due to its nume-
rous feeders and deficient basic data,a line-loss rate calculation model considering the clustering features is
proposed to quickly and rationally classify the feeders and calculate the line-loss benchmark for each feeder
type. A simple and scientific clustering index system is proposed,which considers the difference of line
property ,operating parameters and so on among feeders and selects the indexes with greater influence on
the line-loss rate. A huge number of feeders are sorted by the FCM (Fuzzy C-Means) clustering algorithm
and a central feeder is selected for each feeder type,based on which,a line-loss benchmark calculation
model is designed for the medium-voltage distribution network. It adopts the equivalent resistance method
and the index coefficient adjusting method to calculate the line-loss rate for the central feeder and non-
central feeders respectively to obtain the benchmark of each feeder type. The index coefficient adjusting
method calculates the adjustment coefficient of non-central feeder over central feeder to quickly and easily
obtain the line-loss rates of numerous non-central feeders. The case study for an actual large-scale power-
supply enterprise proves the effectiveness and applicability of the proposed model.

Key words: medium-voltage distribution network; clustering algorithms; line loss rate; calculation model



