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Estimation method of security region boundary of 10 kV line head end load
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(1.School of Electrical & Information Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2.Zhuzhou Power Supply Company, State Grid Hunan Electric Power Co., Ltd., Zhuzhou 412000, China)

Abstract: Due to bus bar function of single-ended injection for 10 kV main line, the end-terminal is prone to suffering low
voltage problems. Transforming the main line voltage drop constraint into the outlet load constraint can provide great
convenience for the safe operation and planning of power grid. Therefore, an estimation method of the first-end load
security region boundary is proposed in this paper. Aiming at the numerous station loads along the line, a torque method for
rapid estimation of the voltage drop across the main line basing on segmented voltage drop characteristics is proposed. Then
the actual station load distribution is equivalent to the characteristic form of balanced distribution along the line with
several heavy load points, which is more consistent with the actual situation. Based on the moment method, the
relationship between the load at the head end of the line and the voltage drop is obtained, and finally the linearized
equation of the safety zone boundary of the head load is obtained. The results of the calculation examples show that the
voltage drop analysis and safety zone boundary analysis of the moment method satisfy the engineering accuracy
requirements. Based on the boundary of the first-end load safety zone, the load margin of the 10 kV line can be
obtained, which is convenient for load controlling and rolling distribution network planning, and has good engineering
application value.

Key words: 10 kV line load distribution; main line voltage drop; moment method; head end load security region;

linearized boundary equation

s B H#3:2021-03-11 ;& [ H 1] :2021-05-19
EETE B ERBHE4(52077009) ;919 4 20E T 5 A0 H (20A013) 3 39195 485 R 17 At 2 7 B2 550 H (SGHNZZ00Y YJS1901552)
BIRAEE 2 H(1968—) I3 ML, B2, B8N ) RGRE 20 B 5 76 5K 5 E-mail : 738660686 @qq.com



538 55 1 1)

B A 10 KV R T 5RO A B ik 115

F, P A5 AT 1) £ B, — M) N o FE AR
M) RS I, 10 KV 2R S L B D i — ik B 3°
AN, B, 10 kV R B FS R RS IEE
LR EE e, XWEREELEXEES
B KT I DGR ] R I, 2R I 2 A A AR B
JE 28U LU B, R AR PR R 1Y R RN 2R
P R B 10 KV 3 4 OR N HL R 9 R i
R A B DX A 4 BV IR AR OE
W3 PR P, T2 4R A ity B A R 0 7 28 A TR P O
SCHRL7 )38 3t P-Q-U JUAT A5 ¥ 43, 45 1 1 % v 2%
T A St 1) AT 2 A, UL g R 3 1) £ A
A A BT T DA R K i A R &b T 42K
T [ B AR BE S 10 KV T2 4R 19 R R 4 R
bR £ B 1 i 9 P LQ 2 B B AT LA A5 B g £ o
ST, TEB AT AT LA B0 4R 0 Y R R
JE , DAASE R AT 7 A 42 1 5 A8 R R ), ) DLk 4 B 7K
A AT B AR AL, 3k R VR Bh HL R I R AN PR
YL e Fe Ty e B A, ELAT B A 1 S PR A

10 kV 28 [ 15 3t 971 4of %2 4 i S T 4R 1Y
LR R R IE . AR, 10 KV R ER RO FR A A 20 L
A AlE B RRAE L R B RER AR HE A
THELEBELAILTEE LEMEXAE, i,
BIX AR BEHLE R, S & o A T R E e, &
B3 A Uy H T KO Al RIE O AR R B
T 0 A FREAR Ty T, SCHR[ 14-15 132 I UF 10 kV 4k
A5 AE AR B3 5 %, L5701 S R o A1 15 0 HE 3
T8 10052 2% 5 SCHR [ 16-17 ] 43 S04 2 A sty rl S 179 =l 2k
il S A RN BP A28 I 46 A5 R | R 22 A RE R AT
[0 U 3 A7 S I 25 SR gt | RS AR A= g B ke A BR A A
1 B nr o3 A B 2K o AR Bk O T A R R O
R, R T 10kVE M & XA S50t E X, 10
10 kV LB AT R 5 A R F A Y . 4
Xt & X A BE BLE R B 10 KV 2R K% L TR K S 34
IE M 52 B2 B W A AT, AR A G = LA
H o L, 52 B 80 AR 0 IR €05 RS i 0 O T 5
XF & FE DAl AR P 0 ME TR A K, I, 10 kV EE
2 H T KT T4 500 (R B2 7 55 970 A7 3 AT S R
JEVCEL . o, TR E— R ke e
BT AR A & X i 2y 5 DU L ik 5 SE PR
TS o B, A SCHFYE 10 kV 32 26K i HL R 19

PR A3 S A T B AT 3 A AR S A A A A
B A AR S e A PR Al B30 0 B il L, 4F 5 S £ £
7 SUR L T N R

110 kV 3= 2k He R3PS Ak 380 1% 0 7k

1.1 HBRXREENERER

V43 B s i 28 L (AR G P 1 AR T T
SRR AL R B A S L TR 4 S UL U R
R 268 0, K EEHBL N Zo =R, + X, LI
o W T

FH R 58 T 0 43 B B 11 PR R Ay
su, =218, |21,

U, U,

Hor, S, S, R FE B AU X8 R o 2y 2 R 9K
(1 Jee /NI AE 2 3, BV IZ2 (B8 IR 8 D e /N, D 2
Bl 7 o

(1)

S=P;+j0; §,=P,+j0,
¢—>~———ﬂ k—****’*ﬁj
U; 20, ZL=Ri+jX, U; 26,
B1 SBALKBEHLFHAER

Figure 1 Simplified equivalent model of sectional AC line
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