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improved security region of distribution network
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Abstract: The potential market share of electric vehicles in China is huge and growing rapidly, and the
demand for large-scale charging load has been noticeable in a few developed cities. To evaluate the impact
of large-scale electric vehicles integrated to distribution network, an improved model of security region of
distribution network is proposed. Under the distribution network-transportation network coupling architecture,
a “hybrid method” power flow feasible region boundary model considering the space-time characteristics
of electric vehicles is proposed to simulate the charging process of large-scale electric vehicles. On the basis
of the traditional definition of security region of distribution network,an improved security region model of
distribution network considering the integration of electric vehicles is proposed. In this model,the definition
of electric vehicle travel potential index is illustrated, which is used to analyze the impact of large-scale
electric vehicles integrated to distribution network. Numerical results show that the proposed method can
accurately measure the operating range of distribution network at different time and different nodes. At the
same time, the electric vehicle travel potential index can provide guidance to the travel of electric vehicle
users, which further contributes to the scheduling management and other applications of large-scale electric
vehicles.

Key words: large-scale electric vehicles; charging load; distribution network-transportation network ; security

region of distribution network ;travel potential
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Table B1 Corresponding node numbers between
distribution network and transportation system

i P 1Y AT 1Y R (RS AT 1Y R
1 1 18 18
2 2 19 4
3 3 20 9
4 6 21 11
5 24 22 25
6 19 23 26
7 20 24 10
8 21 25 8
9 22 26 7
10 17 27 -
11 12 28 -
12 13 29 -
13 14 30 -
14 15 31 -
15 16 32 -
16 5 33 -
17 23

Bl F {5 X 455 3% W ]
Fig.B1 Road network in example area
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Table B2 Parameter of road saturation

I B OB I B OB
00:00-07:00 0.2 14:00-17:00 0.4
07:00-09:00 0.6 17:00-19:00 0.6
09:00-12:00 0.4 19:00-23:00 0.3
12:00-14:00 0.5 23:00-24:00 0.2
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Table B3 Date of road length

B T8 %K Tkm % Bt T B E/km 232 T H K E/km
{12} 10.1 {911} 10.2 {19,203 95
{14} 10.3 {10,11} 8.9 {19,243 10.1
{23} 10.2 {10,21} 10.2 {20,213 10.3
{25} 10.4 {11,22} 105 {20,25} 8.7
{26} 10.6 {12,13} 103 {21,22} 9.2
{34} 10.3 {12,16} 10.6 {21,26} 10.6
{37} 10.7 {1217} 10.7 {23,24} 8.8
{48} 10.8 {13,14} 104 {24,25} 10.2
{49} 9.9 {13,15} 10.6 {25,26} 10.4
{56} 105 {14,15} 9.4 - -
{523} 10.3 {14,18} 9.8 - -
{67} 9.8 {15,16} 8.4 - -
{6,243} 9.4 {15,19} 8.7 - -
{7.8} 10.7 {16,17} 10.6 - -
{7.25} 95 {16,20} 8.8 - -
{8,10} 10.1 {17,22} 1.1 - -
{8.26} 96 {18,19} 8.8 - -
{9,10} 958 {18,23} 104 -
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Table B4 Performance parameters of EV

RFAHFEHE/(KW - h - km™?)  HIBER/(KW - h)
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Table B5 Proportion of EV travel chain
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Fig.C4 EV-DNSR security region(Direction 1)
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Fig.C5 EV-DNSR security region(Direction 2)
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Fig.C6 EV-DNSR security region section trend
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Fig.C7 Two-dimensional security region section of EV-DSSR before and after
electric vehicles integrated to network
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Fig.C8 Two-dimensional security region section of EV-DSSR under
different travel chain parameters
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Table C1 EV-TP index

W%  EV-TP | W% EV-TP | W% EV-TP | %] EV-TP
01:00 0.4324 | 07:00 0.2703 | 13:00 0.2649 | 19:00 0.1027
02:00 0.4054 | 08:00 0.2432 | 14:00 0.2379 | 20:00 0.1459
03:00 0.3784 | 09:00 0.2162 | 15:00 0.2108 | 21:00 0.1784
04:00 0.3514 | 10:00 0.2541 | 16:00 0.1838 | 22:00 0.2054
05:00 0.3243 | 11:00 0.2811 | 17:00 0.1568 | 23:00 0.2378
06:00 0.2973 | 12:00 0.3027 | 18:00 0.1297 | 24:00  0.4595
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