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Abstract

This paper is based on the PSASP simulation system, using New England 10-machine 39-node
network as the simulation network, analyzes the impact of the electric vehicle (EV) access mode
on the system operating characteristics, and calculates the load, voltage offset, initial/limit point
participation factor and line margin change under three access points, such as the three access
points alone, two or two, and three buses in the power grid. The study found that when multiple
buses are connected to an electric vehicle at the same time, the peak-to-valley load difference of
the power grid can be reduced by 8.3%, the voltage offset rate can increase to 1.2205%, and the
voltage initial point participation factor increases, while the limit point participation factor in-
creases. With the reduction, the line stability margin can be reduced by a maximum of 3.33%. The
above results show that the reasonable access of the electric vehicle has a deterrent effect on the
daily load curve of the power system, and the weak bus of the power grid will change with the load
change.
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BB R R R AL AR RGN . SCHER[S12E T 15 kv BCHLKY, IR 1 Bl EA R A R AN R B0
TR IR, HHESNIETERN, A MNERFE ETh . LB 5 SRR ) 3R & . STk
(611 7T 1 2 F e AR 2 A [FT LB ) BV 5 N B IR () L P AR E A P o SRR 714 HE T — Rl KR B3R
NG BRI AT Hems,  FFx F By e e st N R F) 3 A A g PEREAT W 7T SCHR[81R M) TEEE-34 4 &
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FE AT ey UEE IR, B ANIC HL R 7048, 38209 o Pl B AR R TR B A PR 1 0, %ok v R 2 43 sl - SCRIR[16]
BT FRMm S, A EV 7EH 7 78 I BERS AL RG> RGTHIIERY 72, SCHR[17]88 1 1 —
F LA LI BV R D9l E 1 a6 (008 BE 5K 7 SR O BEA% 86l SR s SCRIR18T (19104 18k EV IR 3 B0 22
Jeas DA i G DL, 2 HHAR ) 75 SR 000 B SREMGS s SCRR[201R A BV AES 5 F I ELAN I, Bl 5 R 2
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Figure 1. Schematic of electric vehicles accessing to power grid
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Figure 2. Network flow of New England system
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Table 1. Line parameters of New England system
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LT MhuRBEZR RERBEZR R(pu)  X(pu) B(pu) BT MBI RIRBEZE R(w)  X(pw)  B(pw)
1 1 2 0.0035 0.0411 0.6987 2 1 39 0001 0025  0.75
3 2 3 0.0013 00151 02572 4 2 25 0.007 0.0086 0.146
5 3 4 0.0013 00213 02214 6 3 18 0.0011 0.0133 02138
7 4 5 0.0008 0.0128 0.1342 8 4 14 0.0008 0.0129 0.1382
9 5 6 0.0002 0.0026 0.0434 10 5 8 0.0008 0.0112 0.1476
11 6 7 0.0006 0.0092 0.1130 12 6 11 0.0007 0.0082 0.1389
13 7 8 0.0004 0.0046 0.078 14 8 9 0.0023 0.0363 0.3804
15 9 39 0001 0025 12 16 10 11 0.0004 0.0043 0.0729
17 10 13 0.0004 0.0043 0.0729 18 13 14 0.0009 0.0101 0.1723
19 14 15 0.0018 0.0217 0.0366 20 15 16 0.0009 0.0094 0.171
21 16 17 0.0007 0.0089 0.1342 22 16 19 0.0016 0.0195 0.304
23 16 21 0.0008 0.0135 0.2548 24 16 24 0.0003 0.0059  0.068
25 17 18 0.0007 0.0082 0.1319 26 17 27 0.0013 00173 03216
27 21 22 0.0008 0.014 02565 28 22 23 0.0006 0.0096 0.1846
29 23 24 0.0022 0.035 03610 30 25 26 0.0032 0.0323 05130
31 26 27 0.0014 0.0147 0.2396 32 26 28 0.0043  0.0474 0.7802
33 26 29 0.0057 0.0625 1.0290 34 28 29 0.0014 0.0151 0.2490
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Figure 3. Probability of a vehicle to be parked
[ 3. BaREFERHER

40 /‘\\ S
A4 =. 5%
| VAN
351 / \‘
/
s | - \
s .
E30 / \
& v
E \‘/‘
& / \.
25
- —m— 1(J54H)
= 5 —e— 2(HBHEN)
Ny NS,
200 1 N 1 N 1 ‘*V* A.‘(: ‘3?&)\)
0 5 10 H‘fz']/h 15 20 25

Figure 4. The impact of electric vehicle access on power grid load
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A 7 78 EAMY BB T A FH A, TEARSKRIAE S, EV AT PL7e 4% F st

4.2.2. EEREANMXT SR ERFAT
X LT RGN s LU S SR S AT I (A2 AR i B, e EOR:

AUC%}:U_UWEdOWQ (12)

U,

b, UTBHESEREUE, U, NRGEMGE .
B 5 N =2 BRER LN . PSR REERIRINT B N, BRRBFRIE NS NG, BEER 3 MR RS2

RN EZE

Bl 2k 1 o UBEE 3 BEANHENIA G, Hm KR MFE &9 0.7893%; HHZE 2. 3 73 IR BEEL
15, 21 BRI AN, i KHEERZE 238 0.2616%- 0.1174%; MiZk 4 FonBEZE 3. 16 LA
B, HAE KM RN 1.0661%, HLREZE 3 FIRELE 16 S A =) o (i 5 5 2 AT 1.0509% K5
M2k 5 FoRBEZE 3 MIBEZR 21 SERMEAB, HE KB EmMEEN 0.9218%, LLEFZL 3 F1 21 FFE AL
IR R 2 0.9067%EK; MiZk 6 RRBELL 16 MIERELL 21 JLFE N BAAE, Hoaok i
iy 0.4009%, LLEEZE 16 FIBELL 21 Bl N HEDIRAEI HL R AZ A1 0.379% K M2k 7 RoRBEZk 3.
BELR 16 FIBEZE 21 LR N Bl 4R S K HL R RS B 1.2205%,  Lh 2 26 BEZR RN AR 1 B i

Table 2. Load fluctuation rate

2. AEDRENER

HLBNR NI Bar BN (%)
RN 0.243532
BN 57 IN 0.237659
L4522 PN 0.231851
=B RN 0.22611
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Figure 5. Voltage excursion of different access conditions of
electric vehicles
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Table 3. Results of bus participating factor for New England system
=3 BEE5RTFIHES

B WEHEN ZRHEA
B4 WA A B B4 WA = B B4 HI4R . R A5

B 6 0.0570 0.1466 B 6 0.0571 0.1449 B 6 0.0572 0.1485
RE2E 7 0.0662 0.1367 Bk 7 0.0663 0.1359 ek 7 0.0664 0.1374
ek 5 0.0615 0.1354 ek 5 0.0616 0.1343 ek 5 0.0617 0.1366
ek 8 0.0641 0.1268 ek 8 0.0642 0.1261 ek 8 0.0643 0.1272
[ 11 0.0599 0.0778 [ 11 0.0599 0.0778 [ 11 0.0600 0.0778
ek 4 0.0635 0.0712 ek 4 0.0635 0.0714 R4k 4 0.0635 0.0710
B2 12 0.1036 0.0643 R’ 12 0.1036 0.0654 R 12 0.1037 0.0633
B 13 0.0624 0.0547 B 13 0.0624 0.0551 B 13 0.0624 0.0543
2% 10 0.0524 0.0528 25 10 0.0524 0.0531 2% 10 0.0524 0.0525
25 14 0.0648 0.0519 2k 14 0.0648 0.0524 2k 14 0.0648 0.0515
B2k 9 0.0148 0.0182 B2 9 0.0148 0.0183 B 9 0.0149 0.0181
[ 15 0.0434 0.0145 [ 15 0.0433 0.0148 [ 15 0.0433 0.0142
B} 3 0.0345 0.0140 B2 3 0.0345 0.0142 1§32 0.0345 0.0137
B 18 0.0396 0.0085 R 18 0.0395 0.0087 B4k 18 0.0394 0.0082
R4 17 0.0359 0.0057 B4k 17 0.0359 0.0059 Bk 17 0.0358 0.0055
Bk 16 0.0271 0.0047 4 16 0.0271 0.0048 2k 16 0.0270 0.0045
B[Rk 27 0.0339 0.0033 B}k 27 0.0339 0.0034 LRk 27 0.0338 0.0031
LRk 24 0.0234 0.0031 LR 24 0.0234 0.0032 LR 24 0.0234 0.0030
B2 21 0.0180 0.0024 B2 21 0.0180 0.0025 B2 21 0.0179 0.0023
B4 2 0.0091 0.0022 B4k 2 0.0091 0.0023 B4 2 0.0091 0.0022
2k 26 0.0222 0.0015 B4 26 0.0222 0.0016 RE2E 26 0.0221 0.0014
Bk 25 0.0077 0.0010 K2k 25 0.0079 0.0011 K2k 25 0.0078 0.0010
R} 23 0.0064 0.0007 R} 23 0.0064 0.0007 R} 23 0.0064 0.0006
RR2E 22 0.0059 0.0006 B[R 22 0.0059 0.0007 RE2E 22 0.0059 0.0006
B2 19 0.0040 0.0006 B2 19 0.0040 0.0006 B2 19 0.0040 0.0006
TR 28 0.0104 0.0004 BE2% 28 0.0103 0.0004 BE2% 28 0.0103 0.0003
BEZR 1 0.0019 0.0003 BEZR 1 0.0019 0.0003 BEZR 1 0.0019 0.0003
2k 20 0.0015 0.0002 2k 20 0.0015 0.0002 2 20 0.0015 0.0002
B2 29 0.0048 0.0002 B2 29 0.0048 0.0002 B2 29 0.0048 0.0002
BEZ% 30~39 0.0000 0.0000 B 30-39 0.0000 0.0000 B} 30~39 0.0000 0.0000
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Table 4. Calculation results of line margin (%)

4. HEMENTEER%)

Br 4 546 EANZIN PISHEIN ENSZTIN
B4 15 26.019096 25.734860 25.466419 25.180815
B2k 16 26.019088 25.734863 25.466408 25.180828
L 20 26.019088 25.734868 25.466412 25.180824
B4R 21 26.019088 25.734891 25.466423 25.180812
R4 23 26.019071 25.734869 25.466424 25.180808
R4 24 26.019086 25.734867 25.466429 25.180817
Bk 25 26.019063 25.734866 25.466429 25.180804
RE2 26 26.019065 25.734892 25.466403 25.180791
Bk 27 26.019075 25.734875 25.466406 25.180819
RE2% 28 26.019078 25.734854 25.466408 25.180825
BEE 29 26.019083 25.734885 25.466420 25.180811
Rk 3 26.019099 25.734883 25.466422 25.180815
Rk 4 26.019080 25.734880 25.466420 25.180820
RR£L 7 26.019076 25.734859 25.466424 25.180838
RHZE 8 26.019080 25.734866 25.466418 25.180824
k, =20 (13)
5

FT PSASP #fF, ASCHHHE T RESTEAR RGO T M EAE, Wk 4. 18 6 NBELE 3 TEATH
BTG P-V i 2k, B 7 =5 BRI R AN F AR REZR I P-V 2R

T4 BARRY], BEE BN BHR BRI, SRR MBS AR R IX B, Bl SR 3,
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