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Fig.1 Risk calculation flowchart of

distribution network system
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Influence factor tracing of operation risk for distribution network with
distributed generations
HAO Lili', WANG Hui*, WANG Guodong', HUANG Mei’,XU Xiaoyi’,LIU Haitao*
(1. College of Electrical Engineering and Control Science,Nanjing Tech University, Nanjing 211816, China;
2. NARI Group Corporation(State Grid Electric Power Research Institute),Nanjing 211106, China;
3. State Grid Nantong Electric Power Co.,Ltd.,Nantong 226006, China;
4. School of Electric Power Engineering,Nanjing Institute of Technology,Nanjing 211167, China)

Abstract: With a large number of distributed generations integrated,the power supply structure and operating
mode of traditional distribution network have changed. Researching the influence factors of operation risk
for distribution network with distributed generations is helpful to improve the safety and reliability of power
grid. The probabilistic models of distributed generation intermittent output and load demand are established.
Monte Carlo method is used to simulate random operation scenarios,Cholesky decomposition ordering is used
to make wind speed, light intensity, load and other random variables meet the spatio-temporal correlation,
represent scenarios and their probability are determined by scenario clustering, and the operation risk of
distribution network is calculated. In addition, the influence factor tracing of distribution network operation
risk is carried out in terms of the configuration of distributed generations and important loads,the connection
position of tie lines,and the proportion of automatic control switches.

Key words: distributed power generation; distribution network ; randomness; operation risk; topological struc-

ture ; influence factors
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PLC channel modeling of medium voltage distribution Internet of
Things overhead line-cable hybrid line
WANG Yan,WANG Yang,ZHAO Hongshan,CHEN Hao,CHEN Zixuan
(School of Electrical and Electronic Engineering,North China Electric Power University, Baoding 071003, China)

Abstract: Aiming at the hybrid connection of overhead lines and cables in MV(Medium Voltage) distribution
network , a PLC (Power Line Communication) channel modeling method of hybrid MV D-IoT ( Distribution
Internet of Things) based on input impedance matrix is proposed. Firstly,the structural parameters of over-
head lines and cable lines in MV distribution network are analyzed, the phase-mode transformation matrix
of two types of lines is derived based on the theory of multi-conductor transmission line, and the chain-
parameter equation of the transmission line is written. Secondly, the impedance matrix relationship at the
connection point of various types of distribution lines is emphatically analyzed. According to the actual
topology of distribution network, the distribution network is divided into different types of network branch,
the calculation method of input impedance matrix of various branches is given,and the input impedance of
each node and source node in the network is obtained in sequence. Finally,according to the input impedance
and boundary conditions of the source node combined with the chain parameter matrix of each transmis-
sion line and the input impedance matrix of each node,the voltage vector of any node in the network is
obtained, thereby realizing the channel modeling of PLC for hybrid D-IoT. Theoretical analysis and simula-
tion verification show the correctness and effectiveness of the proposed modeling method.
Key words:distribution Internet of Things;power line communication;hybrid lines;multi-conductor transmission

lines ;input impedance ; channel modeling
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Table Al Load data of IEEE 3-feeder system

- L LXVNCL PN
gt ZAEIMW 0735 - Mw)

T A 01 g 2.00 2.0

¥ 5 02 FA T 4.00 2.0

W R 03 A gy 1.00 2.0

¥ 5 04 T 2.00 2.0

i A 05 g 3.00 2.0

i A 06 g 1.50 2.0

¥ & 07 AT 5.00 0.6

i A 08 g 450 7.0

¥ M 09 AT 0.60 2.0

F7 A 10 g 1.00 2.0

11 A 1.00 2.0

A 12 g 1.00 2.0

A1 55 13 T 2.10 2.0
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Fig.Al Real sunshine and wind speed curves of observation day
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Table A2 Normal distribution parameters of load at 10 a.m.

1 fif o/MW i 7
1 2.0 0.23
2 4.0 1.90
3 1.0 0.44
4 2.0 1.68
5 3.0 0.92
6 15 0.74
7 5.0 0.85
8 45 0.32
9 0.6 0.43
10 1.0 0.38
11 1.0 0.92
12 1.0 0.24

13 2.1 0.67
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Table A3 Original sample matrix from Monte Carlo simulation

DG, DG, PL, PL, PL3 PL, PLs PLg PL; PLg PLg PL1o PL1; PL1, PL13
3.19 170 199 389 115 201 301 151 497 448 052 1.01 0.91 1.00 2.08
3.13 1.79 198 395 1.01 170 313 151 494 444 049 100 1.12 0.98 211
3.21 167 200 422 100 213 300 154 486 451 046 1.01 4.06 0.98 2.10
3.14 177 199 399 094 183 309 150 498 454 054 1.01 1.02 0.98 1.96
R A4 EEBERMEEERNHERER
Table A4 Modified sample matrix
DG, DG, PL, PL, PL3 PL, PLs PLg PL; PLg PLg PL1o PLy; PL4, PL4s
3.27 159 1.98 404 100 220 3.09 143 511 445 054 1.03 0.91 0.99 2.06
3.25 156  1.99 359 099 181 287 141 490 442 059 0.98 0.76 0.98 1.97
3.23 1.65 1.98 401 1.04 155 301 147 504 443 065 1.00 1.08 1.01 2.09
3.15 175 2.06 473 106 225 322 148 506 448 073 1078 125 1.10 2.17
&= A5 REFESH
Table A5 Parameters of represent scene
o mBEME m mhE 3 LI xR 3 I i mE e TR
SRy B IMW OB Ry 50 MW S Ry B MW g MW
1 3.155 1 3.232 1 3.255 1 3.214
2 1.747 2 1.658 2 1.562 2 1.656
3 2.069 3 1.984 3 1.996 3 2.017
4 4733 4 4016 4  3.593 4 4.114
5 1.063 5 1.041 5 0.995  pj 5 1.033
6  2.255 6 1.551 6 1816 4 6 1.874
] 7 3221 I 7 3018 I 7 2871 7 3.037
B 46% 8 1486 & 21% 8 1476 5 33% 8 1411 8 1.458
1 9 5060 2 9 5.044 3 9 4900 9 5.001
10 4.485 10 4.430 10 4.428 o 10 4.448
11 0.730 11 0.651 11 0591 11 0.657
12 1.078 12 1.000 12 0.980 12 1.019
13 1.257 13 1.087 13 0.764 13 1.036
14 1.015 14 1.016 14 0.989 14 1.006
15 2172 15 2.096 15 1.977 15 2.082

s %5 2 4 DGy 4y 3—15 M 4ifiy PLi—PLys.
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Table A6 Load data of IEEE 3-feeder system

TSR ZAEIMW N L NP
¥ 55 01 fa g 0.60 1.00
A 502 g 1.00 1.09
¥ 1 03 47 fa 2.10 0.10
W4 15 04 f g 1.00 0.09
A5 55 05 A g 450 6.00
4 1 06 17 fa 2.00 6.00
4 15 07 f g 2.00 0.10
A /508 gy 5.00 4.00
4 5 09 47 fa 4.00 4.00
510 fA g 3.00 1.00
11 A 1.00 10.00
i 12 g 1.00 0.01
Ak 13 fA 1.50 1.00
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Table A7 Loss caused by equipment failure under different automatic switch configuration

Fig.A2 IEEE 3-feeder power distribution system with tie lines close to substation.

§ifir: Ji7eh

" _ ke=50% ~

Gl k=0 EA b5 B B C k=100%
S01 1.069 0.015 1.069 0.069 0.000
S02 0.290 0.290 0.290 0.290 0.290
S03 1.090 1.090 1.090 1.090 1.090
S04 0.200 0.200 0.200 0.200 0.200
S05 2.361 0.245 2.361 0.220 0.220
S06 3.000 3.000 3.000 3.000 3.000
S07 12.810 12.810 12.810 12.810 12.810
S08 0.210 0.210 0.210 0.210 0.210
S09 0.600 0.600 0.600 0.600 0.600
S10 1.376 0.076 1.376 0.576 0.000
S11 10.000 10.000 10.000 10.000 10.000
S12 1.510 1.510 1.510 1.510 1.510
S13 1.500 1.500 1.500 1.500 1.500

e ks ABIIT RS .

* A8 BFFXEESRKREIXF
Table A8 Relationship between automatic switch configuration
and system risk

H 3hJT 2 H il kg% K RIJTIE
0 0.360
50% (35 A) 0.315
50% (35 B) 0.360
50% (35 C) 0.321
100% 0.314
14 [ 15 [ ) B3 16
WiBeaEA BBt iBgaEC
(S01) (S05) (510)
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01 02
IR = R
(s |
05 09
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@—"0‘3—- (s15)
s S 3 p

Fig.A3 IEEE 3-feeder power distribution system with tie lines away from substation.



Table A9 Loss caused by equipment failure under different automatic switch configuration

® A FRIEHFAXREE T REHET LR K

Hifz: Jiotlh

- _ ks=50% _

e k=0 AT i B C ks=100%
S01 1.069 1.069 0.055 1.069 0.000
S02 0.015 0.015 0.000 0.015 0.000
S03 1.090 1.090 1.090 1.090 1.090
S04 0.010 0.010 0.000 0.010 0.000
S05 2.361 0.245 1.720 0.220 0.220
S06 3.000 3.000 3.000 3.000 3.000
S07 0.641 0.641 0.000 0.000 0.000
S08 0.210 0.210 0.210 0.210 0.210
S09 0.030 0.030 0.000 0.000 0.000
S10 1.376 1.376 0.000 1.376 0.000
S11 10.000 10.000 10.000 10.000 10.000
S12 0.076 0.076 0.000 0.076 0.000
S13 0.075 0.075 0.000 0.075 0.000

F A0 BaFXEEEERKERXER

Table A10 Relationship between automatic switch configuration

and system risk

H 3T R k% KU RIJTIC
0 0.200
50 (% A) 0.178
50 (% B) 0.161
50 (% C) 0.171
100 0.145

R All 5% E TARE DG B & Tig &3 aiRk

Table A1l Loss caused by equipment failure with different DG configurations under Circumstance E

DG e  #Hikly KB R/ DG weRE Kk R R/ DG Wb BRI KR/
i w& )17t Jigt B WK J1JG J17G S W JITt JI7t
S01 0 S01 0 S01 0
S02 0 S02 0 S02 0
S03 0 S03 0 S03 0
S04 0 S04 0 S04 0
S05 3.2 S05 3.2 S05 3.2
S06 0 S06 0 S06 0
1 S07 0.2 0.349 2 S07 0.2 0.349 3 S07 0.2 0.162
S08 0 S08 0 S08 0
S09 315 S09 315 S09 12.81
S10 0 S10 0 S10 0
S11 0 S11 0 S11 0
S12 0 S12 0 S12 0
S13 0 S13 0 S13 0
FAL2 15 F TARF DG LB T & FH =3I #2R0R %
Table A12 Loss caused by equipment failure with different DG configurations under Circumstance F
DG b HUKN  KER/ DG #gkm  #Kkl/ KER R/ DGHr MR BHURL KRR/
HoE WK i Jio6 B W Jio6 Ji76 i W% Ji76 Ji76
S01 0 S01 0 S01 0
S02 0 S02 0 S02 0
S03 0 S03 0 S03 0
S04 0 S04 0 S04 0
S05 3.323 S05 3.323 S05 3.3230
S06 0 S06 0 S06 0
1 S07 0 0.104 2 S07 0 0.104 3 S07 0 0.033
S08 0 S08 0 S08 0
S09 7.055 S09 7.055 S09 0
S10 0 S10 0 S10 0
S11 0 S11 0 S11 0
S12 0 S12 0 S12 0
S13 0 S13 0 S13 0
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