& AL AL

2017 47 H

Electric Power Engineering Technology

$F36hE F4 131

FIC R R = A AN - 18 Xk 2 458 498 0 236 K rL T A % 114 52 T

B S
(EMILARE BT~ F BMRA TR IR # 5 266000)

 EMAERNAEER AL ARG S AR THALEEHm T & WL BT, R T B
WAL AR T AL R, LPEF =4 TR D XA BALIE M F g £ 2 AKX RALE J& = A48 ¥, 3% Ko R A
R, LS EFE RS T ZA AL RS HRAT 0, 2@ T R-FAE - R R FE b Emts = ey %
ALRETEATRFHERATT OO RGBS ERES R, RELEEGXHEDR AR IRZEG AR L EFNXA
th ik Bl W AR -F X R BE R R B R RABAA —Ya, AL AKX R T Bwk, T ABEE R RIBAITR

RRBSF SR ML R ERGEAREAER,

KR : AR P KRG s RBE 0 B LT &

FE 4K S . TM744 XEKFRETS : A

0 3l

AV TC FBL 99l P, 2 g R0 29 K R g AT P 7
YU, Hode etk — 2 )z Y E AR IG)
16,GB 50054, BG/T 15543 %5 HL & —AH 3z 17 i 75 Of
WE =AY R BT 0, SR M 7E A%
JERCHL R PSR4 Sy SR £ 28 4 7 A [l % |
B, P S AN AR Ak, 5 350 = A0 T 3O A, R
SEBRACHL R b, = B e A A AL TR EIRAS 1K
PG AT BE O far AR B A 3o B 17 | FLBILAG 1 e A
AR ] B = AH S P-4 F 3 23 T B0 42 LA
T R BR AR I 0, 3 A I E R T = AR
At 2R A, = A 57 AS X B K R i
T5C HL A8 Fe i T ™ o A B P A H R
WIS | 2 T 5 0 L SR A  TE R s AT TE M oA
[Fi] 871 g #5184 TAE 4 A SUVF 80 L 98 LY, T
I b, S i 2 o A O 1) AR hR Rz —

TE 2 R T = A B2 N S BR XT EE X R A g
H,OAARD LR EFEXZ ST T %58, SCik
[10-12 )5 N TR 2 0 2% 15 L AR R | Al id
HL R G FE , (HI% 5 ¥ A8 52 s 0 v JF A U
SCHR[ 13 ] Ehgh T TCHE I 30 0] 28 i DG B0 B
T TC HL P R AR A R SR AR AL SR [ 14 ]
ST —Fh A B ik ke A I AR T
HAZ 5 ) H Al 5 2K T Bewr 20, H AT A &=
DR A AR &, HROCR I A EAR . SCHR[ 5 ]
HAAL 3T T =R B A DR /N AS S R 2 A3 1) 5
(i) ] 368 3 TLAS 48471 0 B 1 T AN X o iy A B4 52 i

T

WAS B 27.2017-02-22; 45w B #7.2017-03-15
AL R . BRARAMFHFFALTHA A (61602251)

X E 475 :2096-3203(2017)04-0131-06

EIFRAH R R . SCRR[ 9 ] il ad 304 =
FH ST A ZEAR R S A v T D A% 19— > 2 B2 A
TEIFARBEAT H ORI IE . Al 5 T E L ) = AH]
ANKIFR -5 L s A B 1 SCHR I AN 22 DL TR e AF 53X
HZHA SRR BARRM LR X,

BT _LIA ADET, AR SCH S 7 il S = AR G
RANASA | A F AR 2 AN X AR 5 2 B AR
FRAYRER , E M T TE 5 R0 =R A P18 I AR 5 A 0o
LA RE I s HOCHE T B A #Y =R i AN - B A
HL RS (95 2R, IR S8 A1 A B2 — 0 2803 — L e i 7%
X =F Z AR, 4 A =R e 300 AN - 52 X
WL Al R 0 A P00 1) 7 125 B, DA S i 3t DX O
N PRI TE R G2, 456 I Bt dE AT R
FL S0 UE = AN P 8 e A 49 < A< R Al 7% 52 1)
A EEIE T W2t 2R T FSUHR Hha A 1 i B2 X ri s Al s T3
LRy RGNS TS, A T L 1 e A S A B
DN g | B E B TR AN A

1 ZHAFEEXSHENX

1.1 ZHERATEEE

TERCH RS, AR AP B 1 Rt
BIEARZ, SR [ 15, 16 ] e =R i i A F- A
JEERE SCR A5 A HL AL I 25 - B L 22 (6 5 1
MZ o SCHRL 17 )R = A AN A B2 SR f
K LB mmEE S Fmmzit, -
IR SCHRARR T =R 2 L A R A R AN T A
P EEA R Z — (H7E—E TR L ZW% T H g i K
IMEXEA P 52, SCH 2R A 5 i A L
S RS/ N HL UL TG A S A7 JBE 1 5 i D SC = A H
DA 2



132 ® ) xEHE AR

y = zd[ 7XX100% (1)

zd

KDL, 1,1 5350 =M 1, =max(1,,
I, 1.) s 1, =min(1,, I, 1) 5y 3 =AHALFATH
B HyelO0,1],
1.2 ZHEAREENAEHER

i T2 (1) P = A AN A B Y SO R ik
T AR Y i K /IME, AR I TR AT
e = AHHL R/

ul, +U]I +U.I

a= S x 100% (2)
K(2)h.v,, U,, U, 5358 =B E;S, BEE
TEERR,

2 ZHEATEXEBRIEK R0
SIS ATIN A BREAE e HL R 1, A A
BHE R R WZ 40
AP, =3I "R (3)
AR R, A K2 A,
X T A UL ] L i, 1 1 A R L, 2 A
AV AL SRR N 25 AR B B FE Z 1
AP = PR, + PR, + I’R_ + IXR, (4)
—MBIEOLT, Ry 2 BH, i TR 2R
AT — A2 A PR B AR A —F T AL B, C = AR%I R
AR, WL R BT R=R, =R, =R, =R,/
2, MR (1) B ARA R KR/ NI Z I ER,
AR A L, = (1=y) Ly, BE = AH 3 A9 ) A
L =BL, , B € [1 -y, 1] ,MzL(4) TR
AP=[1+8"+ (1 -y)’]ER+ LR (5)
K (5) ik A M B RME, B AN
HTE{E, C AHHL I R /ML
AN % a HERAE NS E 50, 0.
A351A b A e AHELTRAR T T a AH LI AY AR B, 7S
BRAG L b ARAT ¢ AH FL SRR X s 1) £ B U8 Bl 4%

S5t 0y w™ S5

N s ¢, € [—?, —?],% = [?,?}, I, =
Bl Lo, 1. =(1-y)I Lo, ,FAIHPEL FAEH
WM

Iy=1,+1, +1. =1 +Bl,. Lo, + (1 -y)l, Lo, =
I, + Bl (cosp, + jsing, +
(1 =y)I,(cosp, + jsing )=
[1+Bcosg,, + (1 —y)cosp ]I, +
i [Bsing, + (1 =vy)sing ]I, (6)
Shy it WY = A R A S A7 R X 2 i 9 5 g, S
FIALPUE KRS

_ AP
T AP,
i a6 (3—7) , ALt .

2
=X { L1487+ (1=9)? +Beosdy, + (1 =)

A (7)

cost, +B(1 = y)cos(dy, - d)] x (2+B -7) 7|

(8)
MA(8) TR R AR A 58 =M RA
AR y ARG A S, XA (8) oy SRl

@ﬂﬁﬁ%ﬁ%ﬁﬁ@ﬁmﬁﬁjiamw%ﬁ
B 2 2 MR R T 0 FE (B SRR 2% B
S A e/ NGBS, 15 A B y B AT
AR I, A 5 4 SR SO y
AT A 5 0, 0. B9 RHLHE NP 1 2 BT

1 y=0.1

Z AR KA R
(=]
~

-.15
300 '
’ 25 " ) :ﬁ‘é%
Yty .. > -3 R
B2 y=03
Fig2 y=0.3

H T 1P 2 R R ALAH A 2 A0 R A A R

./, N 74 ™ ™ L= N e y3
AR, 2oy ==, @, = I 2R IR

IR RAEL, MG R AR 1 f/MELAT B y AYZE
e A AN



TR T FL P9 =S P8 X A 5 % i s i A ) 2 133

3 ZHATEMEBERBEH I

PR T AR 5 A i % 5 e f B L 0 A B
JH ) HL R A R 175 0, DR I S P 5 i L s i A 11 Fe
KRAwASA . Sy PRk L T i i, kv Hi i T 0 i 22 4
XHE A A 1 10% , #5620 (2) 53 F 43 BE A
A BR ABUE LR Uy

ul, Ul Ul
+ +
UN UN UN
a= x 100% (9)
S,/ Uy

HT U/Uye[0.9, 1.17,¢ Jgati b #l c

8,00

I +1, +1

iy ks 100% (10)

BERsF 1, A

I,=1x](1-0.5[ 1y, 1]-0.5(1-y) )+
0.75([1-y, 11-(1-y))*}T (11

TR 1, A y A58 o 2w, 15 =1
AP R - R BR - FL R WA = AR OC R, e KR
HHH R RS A

AU% = (I, + 1)L x Rcos¢ + Xsing _

10U,

I x Rcos¢ + Xsing y asS,/Uy y { 1+
10Uy (2-y) +[1-vy,1]

(1-0.5[1-y,1] -0.5(1 —y)> +
0.75([1 -y, 1] - (1-y)} 7} (12)
K (12) H: R WL X MBS L
Yol IE b R R KRR 1, IR

as alS, i
[UV(3 ~ ) UG - 27)} HEdy Jy 1-0. 5y RER

H/ME L TE 188 1- y I BURR(E.,

H P Al B 1 U LR
Rcos¢p + Xsind as,
AU% e [LX 100, XUN(3—’}’)

(1 ++/0.75x%%),
Rcos¢p + Xsind o s,
10U, Uy(3 - 2y)

L x (1+y)]

(13)

HRAEZ(13) AJ 45 HL R O #% — — A AN P-4 52 - 17
AR, A 3 FiR,

B A3 BT Al 5 H A A% 52 — A FRL IS S

A AT I, 76 [F] — R T, W I 3% il A 7

LR DNITE: NS R S N A (TR AU

YA Y IR IR B AR, A — s A HRE Y R I

HEMFEAU / %

04 o6

0.30
g 0.10 0.15 0.20 0.25
\Fﬁf/f{/;’

IR o
B3 BERERRE
Fig.3 Voltage offset scatter plot
3 R FRIBUE G & HME, th X AN IBUE S, vT L
HRIE 5 R L TR A% 1 20 LG Y B AL, 75 2 AN - 22
TR A

4 LB

DL 5 Ml DR 40 /N X P R g X 4 % A
X ASHL TR 2 45 800 kV - A fHEHAR T M BOE T,
JE2H 3x380/220 'V, %748 H T #E BT A A X AR 8 g
500 m, JCHL A HMEREE R YILV-4x185, H, 1 e,
BiEMHOE E TR AR, LR YILV22 -
3x185 £k, B L BH R PTH IREAR R A . g/
AR 500 m, FHZZ 2 H ] — 44 5, W) L =
500 m HEHE AR S A HLFH S 0.067 Q, SR HBTH
0.045 Q. WIRFEECHN cosd =0.9, brFRMAHE U
B 230 V, LB AR R AR 200 kV - A Z BTG 1R
# LAY RS AN 4 RN

%Z%)rﬁi%t:wiﬁﬁ%

10 kV/400 Vi [THLFE X185 AU, —|
[_:'_NM— ]
"t RI8S X185 P .
PRISs X185 ficey [ i
R185 X185 = N
L ——JF— " ——— mem e
R1S5 |
AU, 4| — AU, —
TR

4 BEREPMRZEEEISHE

Fig.4 Line impedance distribution of Huangdao
41 ZHRPTFEXNLIRENRI

IR LA 2 F A 151 P i 500, 2 ) 2 i 3
R =MATPHRECR, A 5 PR,

W& 5 T LA Y, S A bt Bl AN 1 £ B2 1) 48
T I, AE 2 AH O 5 AR A e/ MELZ [R) 3 5
42 HBERB-FAEEHEE-REHEXR

1 2 I b DX ) S B A AR (12) Rt (13)
o RO B EA T il TP, 1A 6 Firs

FL, s s A% 52 = A F, A 1 1887 T £ AR S



134 ) xBEELR

I A
— SRR IIE IR
— A/ MY AL

i
T T T T T T T 1

0 0.2 0.4 0.6 0.8 1.0
AN R
E5 LMEERFEEXR
Fig.5 The relationship between
line loss rate and unbalance

HLEARASAU / %
N

6 BERBBSINGHE
Fig.6 Fit chart of voltage offset scatter
TE[F]— AR, H s i B B A ~F- 47 J32 1 498 i 3
R, BB, T i F% BE AN - 16 B2 5 fn ) i
JEHOR
4.3 BERBBMESN
FUE FH P AL B AN RRAR T 8UE [E 1Y 10% , iR 48

A A I AR AT 0 A A PR D A i K fE P
T ARIPCT- 1, B o R AR A2 109% , BT AR B0 B
AN R R AR A B (L 26, B 52 8 2 RID DA AH
TR V- B B ER Y R anf&l 7 B

20
1.8
1.6
1.4
s 1.2
1.0
(0.8 P/
&06;7/// HL MRS 10948

W

Z
02

0

0 0.2 0.4 0.6 0.8 1.0
AVHRE B
7 SEEMALEEMRER
Fig.7 The load factor and the unbalance are limited
L RS 10% I, 805 5 - B2 5C Z
1R,
H1 1 AT, HRCHL I L R (A% 10% I, 7R3

*1 BERE10%

Table 1 Voltage offset 10%
k&S VAR
0.2 0.900
EE=9 0.3 0.856 2
0.4 0.542 0
0.5 0.426 8
g 0.6 0.296 5
0.7 0.208 3
0.8 0.124 0
A 0.9 0.032 4
0.95 A ek B

PR | AN B Fe /(R 2 Y RN T
209, ANPA B2 AT AR (E L R AR AN BB . 7E T 2
B A N 24 [ R A N € T - < B
959 Bt AT AR AT Al B #0 2 ff Fi A PR, A L R
TR AR S O AN ORI | 2 AR B A A T O

6 %k

ARSCHE T8 0 HE 3t X ) SE BRSO, /& A 1
AE S TC FEL 1) = R AN 1 A ) 22 40 8 o R % FL I i 7%
RN, LA By S/ X R TR A ], 25 bk fE
AR AT ESIE, il Bl i R Geas A7 oo g At
275 X EC e RO R i AR e A R A

(1) LB N B AT y (93
PRAL, Y4 B KA MBI A SSTE/NE R NS, (H A
Bt v MRS RATESE A,

(2) FLWUAH A 7S A X0 e A0 M AR AT — i S

U, == T e, = o I ABUHK R,
T A5 K 0 i /A KB 25 o 00725l T
AL

(3) HL A R A 2 52 = R HL AN - 1687 A 671 28
FEFONA T ) — S8R F s i % Bt A - £ 8
SEORTHE R, HL G AR LT i B B AN - i
S W R
SE Ak
(1] BRWoME, & 3¢, 3% 3, %5 SR TR A1 B B e i )
ﬁﬁ%&%&‘ﬁ?ﬁ'ﬁ%ﬂm. LR ITHOR, 2014, 415(5)
17-21.
GENG Xinhui, LU Wen, ZHANG Pan, et al. Optimization and
implementation of distribution grid load rate improvement based
on global optimal scheduling [ J]. North China Electric Power
Technology, 2014, 415(5) :17-21.
[2] PhEW. AL PISETH A AR B sl R A [ )] TLoR L AR,
2011, 30(4) :58-60.

SUN Zhiming. Power grid statistical line loss rate fluctuations



TR T FL P9 =S P8 X A 5 % i s i A ) 2 135

analysis [ J]. Jiangsu Electrical Engineering, 2011, 30(4) ; 58
-60.
[3] % 7, &X&1E, HEEPK. #aemEnE &R %),
VLR HL TR, 2003, 22(1) :16-18.
JIANG Ping, ZHAO Jianfeng, TANG Guoqing. Power quality
problems and their governance methods [ J]. Jiangsu Electrical
Engineering, 2003, 22(1) . 16-18.
BAH, BUIEE, £ O3, A5 RO AR R A
DA T ASEL )] B THARER, 2015, 30(9) :61-69.
ZENG Xiangjun, HUANG Mingwei, WANG Wen, et al. Study

[4

[}

on active suppression of three-phase unbalanced overvoltage in
distribution network [ J ]. Journal of Electrical Technology,
2015, 30(9) :61-69.
[5] DKEZL. BECHL I = ARG AS SRR e R e s ma [ )], K
AR, 2004(12) :30-31.
BU Yonghong. Influence on technical loss by three-phase load
unbalanced in distribution networks [ J]. Popular Utilization of
Electricity, 2004(12) :30-31.
[6] BRREE. A THL BB [ )], 1254, 2001,
16(2) ; 91-93.
GAO Jungin. The circuit loss rate analysis of three-phase unbal-
anced circuit[ J]. Journal of Electric Power, 2001, 16(2):91
-93.
[7] EMHE. =M VB2 B LB [J]. LA Bk,
1994(2) :29-30.
WANG Shutian. The circuit loss rate analysis of three-phase un-
balanced circuit[ J]. Rural Electrifiction, 1994(2) :29-30.
TR, REE, XA B R =R A AR o
i), BoRRES THE, 2007(1) : 16-18, 36.
ZHANG Wuyi, ZHANG Yanbin, LIU Huawei. The circuit loss

—
o0
—

rate analysis of asymmetric three—phase load in distribution net-

works[ J]. Electric Power Science and Engineering, 2007.

VR R, R T Al A% I PR 0 A S A DR R [0 ] SN AR L,

2013, 38(1) :54-57.

CHEN Qilin. Analysis of voltage offset and its solution [ J].

Guizhou Chemical Industry, 2013, 38 (1) . 54-57.

[10] M, 0 k. HIRAL Tk M Bl BT I N M 22 R 45
AR ML T]. BMEAR,1998,22(12) ; 17-19.
YUAN Huimei, GUO Xiqing. Calculation of line losses in dis-

—
=)
[}

tribution systems using artificial neural network aided by
genetic algorithm [ J ]. Power System Technology, 1998, 22
(12): 17-19.

Werde Xl g A R NRZ R4S Y HL ) 2%
BEFETTREL )], AL R G S A Bk, 2001, 10( 5)
23-49.

YAO Xianghua, LIU Ming,ZHAO Lei,et al. The calculation of

[11

[

energy losses in electric power system based on an artificial
neural network [ J]. Proceeding of the CSU-EPSA, 2001, 10
(5): 23-49.

[12] B3, THT B o, 45 STl b (0 TR TR R 190 45 A0

PR ITELT]. MR ,2014,38(9) :2598-2604.
YANG Wenfeng, WANG Binyu, CHENG Zhuo et al. Optimized
decision approach of loss reduction plan for medium-and low-
voltage urban distribution networks [ J]. Power System Tech-
nology ,2014,38(9) :2598-2604.

[13] SRA . 6T P75 W 28 s i) BC oL P R+ [0 ] rl
AR ,2001,25(5) : 38-40.

ZHU Faguo. Loss calculation method for distribution network
with information from field terminal units[ J]. Power System
Technology ,2001,25( 5) : 38-40.

[14] FImGG, EHEHE, 7 25 JF S Dy = AR T 2

RHRTRL 1], iU RGERILA S E A, 2011, 23(2)
24-30.
TONG Xianggian, WANG Haiyan, YIN Jun. Method for cal-
culating the three-phase unbalance degree based on load power
[J]. Journal of Electric Power Systems and Automation,
2011, 23(2): 24-30.

[15] Mhakihle, Bk &, 2R45E, 5. IRRRCH N = A AP I2 1T

BIRENR SOG BRE G [ 0], W Bke 5 BOR =4, 2009, 24
(3):63-67.
LIN Zhixiong, CHEN Yan, CAI Jinding, et al. The influence
of three-phase unbalanced operation on low-voltage distribution
network and its control measures [ J]. Journal of Electric
Power Science and Technology, 2009, 24(3) . 63-67.

[16] AEEH, AR — IR AL H I B R B0 3 ot 3
HELI]. ISR, 2012, 49(11) :6-10.

ZHU Zizhao, YE Faxin. An improved algorithm for calculating
the line loss of low voltage distribution network [ J]. Electrical
Measurement and Measurement, 2012, 49(11) ; 6-10.

[17] £ ¥, 8 W, il ok, & iF R =M PR

R HC L X R 23 [ 1] Ly B E SRR i

2013, 28(1) .81-85.

WANG Biao, ZHENG Tao, NI Bin, et al. Calculation of theo-

retical line loss of rural low—voltage distribution network with

three— phase load imbalance [ J]. Journal of Electric Power

Science and Technology, 2013, 28(1) : 81-85.

FAR. BCH R = AR R 3 BT SRS D] TR

WFH Tk R, 2007.

WANG Daidi. Distribution network three-phase imbalance

[18

[

problem analysis and research [ D]. Shenyang :Shenyang Uni-
versity of Technology, 2007.

EHR(1993—) , 5 HRME N, BT
FRI, A el ) 2R e B R A 18 38 AT A (-
mail ; 384177294@ qq.com) ,,



136 ® ) xEHE AR

Influence of Distribution Network Three-phase Unbalance

on Line Loss Increase Rate and Voltage Offset
WANG Ruocheng
(State Grid Shandong Electric Power Company Qingdao Power Supply Company, Qingdao 266000, China)

Abstract: With the increasing scale of the distribution network, the increasing load of electricity, the three-phase load
imbalance seriously affected the stable operation of the power grid. Not only distribution network loss increases, power quality
are also reduced. The relationship between the three-phase unbalance and the increase rate of the line loss is deduced, which
not only considers the asymmetry of the three-phase current, but also analyzes the influence of the phase. The relationship
between unbalanced-distribution load-voltage offset is analyzed comprehensively, and the method of warning of voltage offset
based on unbalance index is proposed. Results show that the three-phase imbalance has certain impact on the line loss increase
rate and voltage offset, and the correlation cannot be neglected, combined with the specific engineering example of Huangdao
area and above derivation formulas. It can provide reference for the operation decision of distribution system and have positive
effect on the improvement of power supply quality of distribution network.

Key words : three-phase unbalance; increase rate of line loss; load rate; voltage offset; warning method
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Design of Adaptive Switching Input Data Acquisition System in Power System

Secondary Equipment

DENG Qing,ZHOU Hualiang, XIA Yu,HU Guo,ZOU Zhiyang
(NARI Group Corporation, Nanjing 211106, China)
Abstract : The basic function and composition of adaptive switching input data acquisition system is introduced according to the
design process of new generation high-voltage relay protection. A system design and software identification method for the data
acquisition of the adaptive switching value of Power System Secondary Equipment is proposed. According to the optocoupler
acquisition loop and experimental verification on the design of adaptive switch data acquisition system, the hardware and
software implementation method of the data acquisition system is described. By software the system can adjust the threshold
value of the adaptive switching input voltage and monitor switching power supply voltage. This system has a very important role
in improving the success rate of hardware research and development, and improving the stability and reliability of the power
system secondary equipment.

Key words : power system secondary equipment; self-adaption; switching value; data acquisition
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