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Comprehensive evaluation strategy of medium and high voltage distribution network
based on power supply division
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Abstract: For traditional distribution network planning comprehensive evaluation lacks consideration of characteristics of
different distribution network areas, this paper establishes a comprehensive evaluation index system based on the power
supply division and the characteristics of the medium and high voltage distribution network planning. In the aspect of
index optimization, based on the traditional grey correlation method, core indices are proposed to simplify the calculation
procedure of grey correlation degree. Analytic Hierarchy Process (AHP) and grey correlation analysis method are applied
to screen indices and eliminate redundant indices, because only using grey correlation theory is not conducive to the
independence of indices. The weight calculation method of entropy weight is modified by AHP to make the weight more
reasonable. In addition, the objective function is designed by the minimum distance and the Lagrange function is used to

get the optimal weight from the weight calculated by k(k >2) methods. A comprehensive evaluation is made by the

historical data of distribution network planning in 2015 and 2016 in a city of Henan Province, illustrating that the
evaluation system and method can evaluate the whole development level of the distribution network reasonably and find
out the short slabs, which provides references for distribution network planning and construction.
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Table 2 Partial data of evaluation indices
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Table 3 Grey correlation degree data of power
supply reliability indices
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Table 4 Indices weight of power supply reliability
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power supply indices
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Fig. 1 Analysis and calculation flowchart
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Table 7 Weight of first grade indices

[ 73 ) Ah'f’t IU\' E N
/‘E‘ /\EE iy G R 17 A B He ﬂ
f Al ORI BRI kAR KRR BRI

Bt N ) .
R R W IR B v
=R

FEWaHrik 0203 0176 017 015 0.3 011  0.06
WL 0244 0218 0161 0.126 0.104 0.067 0.08
HEHEALL 0203 0203 0178 0.139  0.115  0.074  0.088
BALEHR 0203 0190 0.174  0.145 0122 0.092 0.074

4.3 EIRESD

MHASCRER 6 HZERVP R R A (9)—X
(11) (a,b BUE A 0 F1 100)KIESr 2 2 TH S0 1 48 JE
TG HL R RLRITE 2015 4EF1 2016 43 10] 1) 7343 155 100
W% 8 FIEL 9 P

% 8 2015 FAEERME RN EE TN R
Table 8 Comprehensive score table of distribution network

planning in a city of Henan in 2015
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Table 9 Comprehensive score table of distribution network

planning in a city of Henan in 2016

B % Ck D 2% 5%y

(e 97.13 94.27 87.95 89.43
b BT 96.93 89.61 85.46 89.89
LA 95.07 91.34 89.62 85.67
LA B 89.12 85.95 83.25 85.91
PrkAZ ) 93.61 90.71 83.18 89.98
B R AT 86.69 82.56 80.29 85.54
IR 20 93.65 90.83 88.16 91.29
5N 93.925 89.902 86.424 90.64

4.4 ZEIEM

M 8 A1 9 WI 4N, %7 HC Ha W F) A4 /K S
7 2015—2016 A7 P iy, SR T LRI R0H 1 A A e
R AT RAZ T B R AN . IEAh,
STIBUDA SRR )€/ T o Tt N P TR S 0



- 158 -

® LRGP B R

ST DTERZE T LUK I, C 2850 D R IX L B 5t
X TR R WAL TF R T B 5, (5 C 28 D 2Rk X
(1L R A KPR A bt iy, e 3 A 2
80 MM R FaFr K 10 Prox.

%10 BHRE 80 WI-RIEH

Table 10 Secondary indices with score less than 80

Eiztap 4y

110 kV N-1 iiid % 74.9

C. DK 10 kV L4 st ik 76.4
10 KV 2275 e 4 % 73.3

C. D K ERAC HL T35 B g 69.2
D 2% 10 kV fLia 242078 R 78.7
10 kV $ g P4l 70.6

D 2 10 kV Ze ¥k 74.5

AR R L 79.6

D A AT 64.1

10 kv S far $000 i 22 673

10 kV A8 Hiuh RRIVE 75.8

fic /. [ Bk 2% 65.2

WAL 10 PR AR, R dahs st
12 TG P P F T D 2R R B A MR BN 5, D
A DAL F 5B 1 T B SR AT AR ANt . R
P o By 5 0 S 40 P N D 28 R A /KPR UK
U, X WA C HL P BB AR SRR R
s ELAREL N5 2w B AR R, A ORRSUHERE BT
PR BRI HL P9 0 98 Rkt

10 KW],  EARECHE R AR BT T
(G L R T BN L I W G, B
LB AN & HL R EARATAE, AT ZARE T AR AT
IIEERR R SRS ST B IE. 2R 10 R U
W], FRERRE S 1) BNSGE 10 kv B
W SRR BT BN o 2) B10F D B AEX AT
PR ARIRZeBR kT A AR = AR A P74 0K
HL A — 2 T, RS D SR IE Y B #5 1A E
i o FEGEBALITE DL Rk B SRA C AL AE
HURTSEVEAME A SR BN . 3) IREC KR
FEACRT A B B, R T O sk

5 it

AT T — B 23 DX R
CREVHMEARIA R, IFHAESRR UL RbRVP AN
RV T IR S 0 5 08 T AR 23 X ) 22 57
Vo FEFRARCACTTTHT, A SCAEAL G RIS I A
fifi 4R T A O bR R A A 8 QIR (1751
LR, RN RS B A K (ORI S AR T
TR A B, DI SR bR IR R ok =
RIWEE ORI TIEM S 5, SEHL T Fabnil

WEZITCRIAE H K. ESRFBCETTTH, A=

RIIHTER R BGE B Sk 1ok,

PR INE . oAb, ASCEUR /N BRI, H bR

o, BT R E T ERRL, A

VEREAT TG . SEIEM], ARSI SRR A

RECRE VPO, e g4 i i e i R

X R T e A PR SR L X P L A PR s

X5 i BATIR 35 3

Sk

[1] LI Weixing, WANG Peng, LI Zhimin, et al. Reliability
evaluation of complex radial distribution systems
considering  restoration  sequence and  network
constrains[J]. IEEE Transactions on Power Delivery,
2004, 19(2): 753-758.

(2] Wb, FEEE, FHAG. KPR e He I HL IR R] HE 4 A

[]. RSG50, 2017, 45(3): 131-138.
PAN Chong, YUAN Xia, TANG Lun. Reliability analysis
for high voltage distribution network in big cities[J].
Power System Protection and Control, 2017, 45(3):
131-138.

(3] Eful, £3&—, BEbx, & P ER AR

K FrrERar SEE AT ], B R A ZL, 2002,
26(24): 34-39.
WANG Chengshan, WANG Saiyi, GE Shaoyun, et al.
Economy and reliability analysis of different connection
modes in MV distribution systems[J]. Automation of
Electric Power Systems, 2002, 26(24): 34-39.

(4] I, S8R5, HC Al M 2 PSR PR BT[], I
HLTRE2A3R, 2003, 23(8): 85-90.

LIU Wei, GUO Zhizhong. Research on security indices
of distribution networks[J]. Proceedings of the CSEE,
2003, 23(8): 85-90.

(6] RELARE, P2V, TiERE, 55 JE T AHP RIff%

AT L RE SR 2R VPN (D], B R GRS,
2009, 37(13): 48-52, 71.
XIONG Yiwang, CHENG Haozhong, WANG Haiqun, et al.
Synthetic evaluation of power quality based on improved
AHP and probability statistics[J]. Power System Protection
and Control, 2009, 37(13): 48-52, 71.

[6] T, BIFY, M, 45 TR M
GV, B B %, 2007, 27(12): 44-47.
DING Li, JIA Xiufang, ZHAO Chengyong, et al. Synthetic
evaluation of power quality based on extenics[J]. Electric
Power Automation Equipment, 2007, 27(12): 44-47.

(7] 4554, BEAK, BRoRT, &%, i Moo i i A2 i
JUHHURE R PEBESU[0]. ) R AL OR Y S 4 A
2012, 40(15): 150-155.



MRS, &

ST FL O3 DT o v s R P P 2556 PP A SR

- 159 -

(8]

(9]

[10]

[11]

[12]

[13]

[14]

LIU Shuming, LI Qionglin, CHEN Dongxin, et al. Study
of power quality characteristics of nonlinear electric user
in medium-high voltage distribution[J]. Power System
Protection and Control, 2012, 40(15): 150-155.

JeTH, AFHE, REREA. T H ORI PR AN FR AR 4K
RY AV BT B RGRY SR, 2013,
41(21): 52-57.

QIANG Dingjian, SHOU Ting, ZHU Tieming. An
evaluation index system and comprehensive evaluation
model on high-voltage distribution network planning[J].
Power System Protection and Control, 2013, 41(21):
52-57.

Mg, BRE, ERl, 55 R RRRIZE G PEA PR R
et NI B ECR, 2005, 29(2): 9-13.
XIAO Jun, LUO Fengzhang, WANG Chengshan, et al.
Design and application of a multi-attribute decision-
making system for power system planning[J]. Power
System Technology, 2005, 29(2): 9-13.

Mg, TR, R BRI AR AT R gk T
PRI £ 5 DA PSR [T]. B HLPL DR 2 AR, 2004,
24(4): 50-57.

XIAO Jun, WANG Chengshan, ZHOU Min. An IAHP-

based MADM method in urban power system planning[J].

Proceedings of the CSEE, 2004, 24(4): 50-57.

BRRA, HEH, W R, S WO RS PP A
A[1]. HMEAR, 2012, 36(8): 95-99.

HAN Zhentao, HUANG Zhiwei, GE Shaoyun, et al. A
comprehensive evaluation system of urban distribution
network[J]. Power System Technology, 2012, 36(8):
95-99.

P v R BE T BOR IULS]. bt Sk A ],
2016.

X, o, RAE, & RORGEIR LN
M]. dbnt: Bl HRRAL, 2014: 63-108.

R, RE/MR, SRIE. BRI R0 ORI 22 A B AR i v
i FE ) B RS B HEmg (D). W) RGOS R,
2009, 37(18): 74-78.

YANG Liangjun, XIONG Xiaofu, ZHANG Yuan. Research
on condition-based maintenance policy of electric power

equipment based on grey correlation degree and TOPSIS[J].

[15]

[16]

[17]

[18]

[19]

[20]

Power System Protection and Control, 2009, 37(18):
74-78.

Jga e, W, BRI BT RO AR (0 ORI L I
Wi v W 3z AT 5 AR BCE PPAG 7 (0], O RG R S
7, 2017, 45(13): 130-137.

ZHOU Mingyu, XIE Ning, WANG Chengmin. Variable
weight evaluation method of distribution network
operation mode based on sensitivity and grey correlation[J].
Power System Protection and Control, 2017, 45(13):
130-137.

BRIETE, Mgk, J2 o Mk JL A obR B A B [,
FE T FRELR 5 STER, 2004, 24(9): 51-60.

LUO Zhengqing, YANG Shanlin. Comparative study on
several scales in AHP[J]. Systems Engineering-Theory &
Practice, 2004, 24(9): 51-60.

oo, A, TP R R - B AR R I £ DX A
FERSVEAN[I]. B RG Ry S0, 2017, 45(6):
87-93.

MA Ji, LIU Xizhe. Evaluation of health status of
distribution network based on order
relation-entropy weight method[J].
Protection and Control, 2017, 45(6): 87-93.

Sk T PR I B AT RSP AL L RE S PEAL S U Q/GDW
565—2010[S]. dbxt: EZxR M AT, 2010.

[ IR 2 ) b T PRI (B AR S ) i 3
JLIR]. dbxt: EZEHEK 2], 2010.

TR 4 HL g 2 w9 P G HS TG H PR 3 ST B
KM 2 7], 2016,

low-voltage

Power System

Y5 HER: 2017-10-17;

{&EIHH7: 2017-12-04

EZEIT:

WA (1982—), §, Mid, HAIARF, HRFEH

B @, WAL HAK; E-mail: tianchunzheng@ha.sgcc.com.cn

BEE(1994—), F, MEARRLE, AT e AHELE A

MR A; E-mail: 1136869083@qq.com

XA A987—), F, ML, TR, LG E ARG

W ALK AR, E-mail: guanchaojie@ha.sgee.com.cn

(%% )



	DOI: 10.7667/PSPC171537 
	基于供电分区的中高压配电网综合评价策略 
	based on power supply division 
	1.1 指标体系 
	1.2 基于灰色关联理论的指标体系优化 
	2.1 层次分析法 
	2.2 改进熵权法 
	2.3 混合权重 
	4.1 指标优化 
	4.2 权重计算 
	4.3 指标评分 
	4.4 综合评价 
	[1]  LI Weixing, WANG Peng, LI Zhimin, et al. Reliability evaluation of complex radial distribution systems considering restoration sequence and network constrains[J]. IEEE Transactions on Power Delivery, 2004, 19(2): 753-758. 
	[2]  潘翀, 袁霞, 唐伦. 大型城市高压配电网可靠性分析[J]. 电力系统保护与控制, 2017, 45(3): 131-138. 
	PAN Chong, YUAN Xia, TANG Lun. Reliability analysis for high voltage distribution network in big cities[J]. Power System Protection and Control, 2017, 45(3): 131-138. 
	[3]  王成山, 王赛一, 葛少云, 等. 中压配电网不同接线模式经济性和可靠性分析[J]. 电力系统自动化, 2002, 26(24): 34-39. 
	WANG Chengshan, WANG Saiyi, GE Shaoyun, et al. Economy and reliability analysis of different connection modes in MV distribution systems[J]. Automation of Electric Power Systems, 2002, 26(24): 34-39.  
	[4]  刘伟, 郭志忠. 配电网安全性指标的研究[J]. 中国电机工程学报, 2003, 23(8): 85-90. 
	LIU Wei, GUO Zhizhong. Research on security indices of distribution networks[J]. Proceedings of the CSEE, 2003, 23(8): 85-90. 
	[5]  熊以旺, 程浩忠, 王海群, 等. 基于改进AHP和概率统计的电能质量综合评估[J]. 电力系统保护与控制, 2009, 37(13): 48-52, 71. 
	XIONG Yiwang, CHENG Haozhong, WANG Haiqun, et al. Synthetic evaluation of power quality based on improved AHP and probability statistics[J]. Power System Protection and Control, 2009, 37(13): 48-52, 71. 
	[6]  丁立, 贾秀芳, 赵成勇, 等. 基于可拓学的电能质量综合评价[J]. 电力自动化设备, 2007, 27(12): 44-47.  
	DING Li, JIA Xiufang, ZHAO Chengyong, et al. Synthetic evaluation of power quality based on extenics[J]. Electric Power Automation Equipment, 2007, 27(12): 44-47. 
	[7]  刘书铭, 李琼林, 陈栋新, 等. 中高压配电网非线性用户的电能质量特性研究[J]. 电力系统保护与控制, 2012, 40(15): 150-155.  
	LIU Shuming, LI Qionglin, CHEN Dongxin, et al. Study of power quality characteristics of nonlinear electric user in medium-high voltage distribution[J]. Power System Protection and Control, 2012, 40(15): 150-155. 
	[8]  羌丁建, 寿挺, 朱铁铭. 高压配电网规划评价指标体系与综合评价模型[J]. 电力系统保护与控制, 2013, 41(21): 52-57. 
	QIANG Dingjian, SHOU Ting, ZHU Tieming. An evaluation index system and comprehensive evaluation model on high-voltage distribution network planning[J]. Power System Protection and Control, 2013, 41(21): 52-57. 
	[9]  肖峻, 罗凤章, 王成山, 等. 电网规划综合评判决策系统的设计与应用[J]. 电网技术, 2005, 29(2): 9-13. 
	XIAO Jun, LUO Fengzhang, WANG Chengshan, et al. Design and application of a multi-attribute decision- making system for power system planning[J]. Power System Technology, 2005, 29(2): 9-13. 
	[10] 肖峻, 王成山, 周敏. 基于区间层次分析法的城市电网规划综合评判决策[J]. 中国电机工程学报, 2004, 24(4): 50-57. 
	XIAO Jun, WANG Chengshan, ZHOU Min. An IAHP- based MADM method in urban power system planning[J]. Proceedings of the CSEE, 2004, 24(4): 50-57. 
	[11] 韩震焘, 黄志伟, 葛少云, 等. 城市配电网综合评价体系[J]. 电网技术, 2012, 36(8): 95-99. 
	HAN Zhentao, HUANG Zhiwei, GE Shaoyun, et al. A comprehensive evaluation system of urban distribution network[J]. Power System Technology, 2012, 36(8): 95-99. 
	[12] 配电网规划设计技术导则[S]. 北京: 国家电网公司, 2016. 
	[13] 刘思峰, 杨英杰, 吴利丰, 等．灰色系统理论及其应用[M]. 北京: 科学出版社, 2014: 63-108. 
	[14] 杨良军, 熊小伏, 张媛. 基于灰色关联度和理想解法的电力设备状态维修策略[J]. 电力系统保护与控制, 2009, 37(18): 74-78. 
	YANG Liangjun, XIONG Xiaofu, ZHANG Yuan. Research on condition-based maintenance policy of electric power equipment based on grey correlation degree and TOPSIS[J].  Power System Protection and Control, 2009, 37(18): 74-78. 
	[15] 周名煜, 谢宁, 王承民. 基于灵敏度和灰色关联度的配电网运行方式变权重评估方法[J]. 电力系统保护与控制, 2017, 45(13): 130-137. 
	ZHOU Mingyu, XIE Ning, WANG Chengmin. Variable weight evaluation method of distribution network operation mode based on sensitivity and grey correlation[J]. Power System Protection and Control, 2017, 45(13): 130-137. 
	[16] 骆正清, 杨善林. 层次分析法中几种标度的比较[J]. 系统工程理论与实践, 2004, 24(9): 51-60. 
	LUO Zhengqing, YANG Shanlin. Comparative study on several scales in AHP[J]. Systems Engineering-Theory & Practice, 2004, 24(9): 51-60. 
	[17] 马纪, 刘希喆. 基于序关系-熵权法的低压配网台区健康状态评估[J]. 电力系统保护与控制, 2017, 45(6): 87-93. 
	MA Ji, LIU Xizhe. Evaluation of health status of low-voltage distribution network based on order relation-entropy weight method[J]. Power System Protection and Control, 2017, 45(6): 87-93. 
	[18] 城市配电网运行水平和供电能力评估导则: Q/GDW 565—2010[S]. 北京: 国家电网公司, 2010. 
	[19] 国家电网公司“十二五”配电网规划(技术原则)指导意见[R]. 北京: 国家电网公司, 2010. 
	[20] 河南省电力公司城市中低压配电网技术导则[S]. 郑州:国家电网公司, 2016. 



