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Electric vehicle charging station planning strategy based on probabilistic power flow calculation
of distribution network
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Abstract: The access of a large number of electric vehicle loads will change the distribution of power flow in the
distribution network and threaten the stability of the power grid. Based on the semi-invariant and Gram-Charlier series,
this paper calculates the dynamic probability flow of the distribution network considering the charging load of electric
vehicles. On this basis, a comprehensive index evaluating the influence of the charging station on the power flow of the
power distribution system is defined based on the risk indicator of branch overload and bus voltage violation, and a
method for determining the optimal electrical access point of the charging stations is proposed. The simulation results of
IEEE33 node power distribution system show that using this method to select the electrical access point of the charging
stations can reduce the risk of branch overload and bus voltage violation. It can be used to guide the charging behavior of
electric vehicles through an optimized layout of the charging facility.

This work is supported by National Key Research and Development Program of China (No. 2018 YFB0904604), The
Technical Standards of Shanghai Science and Technology Commission (No. 18DZ2205700) and Shanghai Minhang
District Industry University Research Cooperation Project (No. 2017MH271).

Key words: operational risks of distribution power grid; electric vehicles; charging station; probabilistic load flow;

cumulant method

0 3l

HIZNIA L REREIR . AOREEFF T, ITER%
U5 E UG AL S HIRIE . AEAASRBUR D)

HEWMB: BRELHLITRAE F8h (2018YFB0904604) ;
BT AAEHAAREE T (18D22205700); LiET RATR =
S RRAAE %] (2017MH271)

N, B RAT ERE AR LTSS B )
VOB g n, v R0 78 S e R SRAT S i, 3K
N HLRE BT R —E . BEAh, I
T FAT BRI I 2 AR, DRI 8n T
AL H o) 22 A AT A E R i Hshii g 7S
FL B A TG FL R PRSI, 6 FL B34 e LS AN
BEAT LRI, AT LB 42 I 7 HBAT AT 51 %
A BT PR 7S H AT 3 N 5 RS AR R R R 38 A7 XU




-10- @A &R B R

ANF T R, MR O
F& TRV S L RE R B AR R A, TS
ST AL 9 A AL R 0 A, 2B mT LA A £
fof B BEALIE NS FRL IS A AR I R 52 m, A PRAS
W AT KU ARl A 8 kS 3R A 2 2 (AR

H A O A S50 Fshy 4 78 AU R AT
F, O 0 9 0 A1 B FEL S T S A (I, IR BRI A
AN A BERT T H Bl 4 70 H A fer IR, i)
SE T BT ZE 78 A R AU 2R 0 T FRL Y s
ATHEOLHEAT 1 38 STHR[6-91E S T FLBhV AR T %
TR, 2% RS FL BN Y4 7o F S s BEATL P (1) Al
U T R R A R A R, e T AR
7 A X FEL DR S 0 (R DPA SR s SCHR[10-12]1 % 18 T
L BNV A8 L AT TR 25 2 AP . TG HE R A E X
AR ZOR A B A S RN, I e L
(I SEBRIs AT G DU T VAL s SCIR[13-1718 0 T &
A FRAR eI A H RN BBV G-V ) R G R A
B, W5 T I RS 5 AR

PbAk, AT K C HL M 2 A RRE 1B AT H sl 7
7t FEL SRR R A7 A 18 B TR AR AT — S80S . WETUMN
S, RGeS HRE R, Wb a4
e BT IR S 5 S0 71k SCHR[18-191LAHI
WEIHAS I 24T 2 H bR 5T FEL 8l 4 70 Fa g A
AR JE T3 SCHR[2012E 1715 s FE RN 28 1% A5 Th 2D
AR B BT VP 78 FRL T H R T R R F
b, B HURE 78 FL e F AN R TV SOk
1FEH T — M5 [E 3R 42 78 OB T A 2 M
o3 A X YR AN e PR R A A BT

AL DA B HL )7 4 7 H A7 A 2 N s SR T PR
WIEAT XS B AR, BIF9T T FRalyR4s 7o R N A
WX AECMERFS IS b, 5 T a4
Fe AT BENLE, JE T AR RE U S IS )
VRZEFE R AT (P TC P R 2R AL, i AR 1
SRR SZ B e PR L, ST L Y I AT AU
CRETEMFES, 25t T e 78 F sl e I R Y B A
H AN S92, LA IBEE33 1 Alc s RGN
B, Xt R IEREAT T U

1 I REFNRETE A 5 17 B9 B B M HEER 5
witE
1.1 BEREFRBNEHSHHIEE
(SRR PR PR S HVC U N NIV SRV SN
ANFE LI A LB 78 AR D R B 2 A,
B 18 7 Bl R IR R A TR 2.
HIZHIG- 78 T AR N 2L IR IEZS 7041, B

RETERETT
1 —(t-p,)
e (u —12)<t<24
o.N2n ’
f,@0) = . (1)
1 [—(t+24—;1l\) :
e 0<t<(u, —12)

oN2n
A IR A REIN Z; 4 =17.6; o,=3.4.
B RG2S AR AT A L,
WA TR PRI 517040, B 3.5~7 kW, i
E
1 xe[3.5,7]
f(PC)={ @

0 else
HLBVAAE AT LR d IR BOE A 73 A, WR
HE LR ECN
1= s (n "2;5“” I
X, pw,=32. 0,=0.88.
R4 s F I KOl
dVVIOO
I, = 100, “
A, W, AREINERE A AR, U
13~18 kW-h, AR 7340 .
B HL B VR4 H B AT BER B 5 A D R A
BEATLAZ A AN, D78 I RO 5 5 T R
(In 7, ~In (W0 /100)+1n p— 1 )*
ﬂm:ﬂW%;@; 7 ‘W )
A DL 0341, R SR RIS E AT 5,
13 BB RIS D) R B MR AT
AR oA B B, K FL B YR 2 1) Ak 7 v i
Py ARSI I AR I IEZAS 73 At ot I 20 70 L A7 A )
e g o i = 6)! e
1
Sl = \/ﬂﬁ“EVt/uEVt
e g, A AT U IR s A, h AT
H B AR S 2R
1.2 2BIEEMEBMNSHERRITE
HIBIY4 78 g B BEALYE, e
P R AL AR . B BE AL R ST B AR
B o S A LRI AR & ] s A (7).
W(1)=P(1)+ A1) (7)
Arhe W) A P() AIEREE: A h
BEHLB BN o
TiC FEL I A 2, ISFZ PR i R s PR3l RS B AX R

7(PEV —Hen )2
e HaHpi (6)



5"&7]‘(%7 %

T C R PR A T I R B 78 r s R B - 11 -

YEEEIR B AZ IR A B B R oG
R A4 A7 fr RN B 25 78 F G Ay (1 BEATL AR
SRAFHRS RSB AAR H  SR G AT v A
P32 e LU RS o, AR BUSAERE T, o PR =X (8)-
K O)THE X N ) AR S B SRR e
) Gram-Charlier 254+ N (IR o0 45 2>

AXP :Jo—l(k)Ay(k) (8)

Az(k) — Tz)_l(k)AY(k) (9)
AP AX N R AR T AZ N SO
At AY N RIEAT AT

2 BIRERBITBSEANSNL

2.1 B MIEIT R ITEM g FR

Be FE s AT KU FE AR an =X (10)

R(Y)=P()-S()) (10)

X RY) ABCH IS AT S TR R Y, R Bic fe )
ISR P(Y) MZRRER AR S(Y)
NAZIBAT RS s (7)™ =L . AR (Q/GDW
wm&ysﬁ&%&%ﬂ@ﬁﬁ@%»ﬁﬁﬁiﬁ
FRbR

(1) 7 55 R B ™ o

REZEH OB R n] B & S B uom sl fE, kA,
T BB P A ™ I L R, T RE S U A 5t
B PR OB PR M A 1 R HEh
VRZE 7S AT B N FL IR 5 1 a5 e e N PR 11
PAGE o PR B ™ B DA SR AR v S A S R .

i 1
i

1.5

0.5

0 > KL
085 095 1.05 1.15

1 BEBRTER

Fig. 1 Voltage overrun severity
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point planning algorithm flow
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probability distribution
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