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Fig.1 Schematic diagram of charging control system



20) ® 0 8 & iR B

F34%

i B3] S B B B H 20 94 T 20 I R A I B
153 TOU,, , 48 T A Fy 70 HL R B 52 B 50 L 2%l 4 /N )
FUbR s A7 17 36 AR RS H 20930 2% 50 WL I (] R AT 22 41
LAy U R H TR E S T SO FE T R
FH A A% 36k 30 P e 07 AR BB 5 D P o 1 2
BB I3 P WE 2 AT R 9 1) B B3] 70 B B A5t 45
f BEFH R 0L 5 DA 9 T R i R s B3 F
I RRES IV U e B i 2| LN DR 1SS DR TR
B AHEAERIBCER BT —AFFRE R 5,

2 FHEISEBEMNFEXS

2.1 ¥MITRDFTEEBES BN E
2.1.1 BEMREX SR

) AR 5 2 T v, A e Sl 1E FL I H A7 Ay i
2 53 X HL Bl VR T 0 B R AT B B ) A
WIRE A RT

a. iiE

BE X=1{n1, %0, %0, 0,2, | 22 Jy AL HEL P H 67 g
M4 my B EE i S &, AR SCH =96, FH A R 2 Ak
INBLERETE R 2 A X« HEATRRAE R IR P B nox 2
HRRIEAERE A TFRE TR (1),

ay =N
Kopex = X ()
an= Xi = Xmin
Koperx — K
Hir oy =max{x,20, -, %] 3% =min {x, %0, L%, o

b. BEbrifEf
R F — o o 22 72 e 5K (2) M A% -4 22 72 e
A (3) KRR A #8483 X [0, 1] L,

ap==% =12 - n;k=1,2 (2)
Sk
aj—min {aj |
= lsisn . f=1,2 (3)
max %alﬁ—mln %aik}
Isisn Isisn
_ 1 n
akZ*_zaik, Sk=

n i=1
. 7 AR LA
% 3SR P 4 B R A R B,
BRI BUEFE R, R Z r, FR X% x, 5 x 1AL
B FROMAIL RS, AR,
1 i=j
(4)

Tij

- l—cé} ‘aik_ajk‘ L7]
Hrbe>0 BHEEre[0,1],

d. IR AOR A A R

AR SOR: A% 18 DA 60 35 5K IBURSMA 45 1 40 | 3 18
WA R BT T (RY=R'oR'[=1,2,+ 2/, -+,
“o MFIRBEIMIHFE & RIE ) 2 B RY =R I, 1%

16 AL ¢(R) =R, B R AR S50 JE B R 5 BIGE 24
B Ae[0,1], a0 (5)K A #UE 4 R, (8 0] 15 2 3h 25

R/\= ()\r)\,,)nxn (5)
1 r)"/BA
/\r)\,=
' 0 rAU</\

Hirp ST (RS i ATH jHIMITE

AR SC b T SR sk R ) fer AT SRS
YT ARG S A8 3 ST R R I BRI 4 M |
- AN B RO R S M B BRI TOU,.
2.1.2 W& PR AR X 4

H, O 45 2 A7 A (8 L AN [R] 25 08 1A [ 1) £
or 1T £ 90 sh e o R0 ) ek I e P 74 i £ A B0k B
A AT DL H SR A Fe R AR T 2 1 T A 4k
N NS R I WY N )RRV = 5 A1 &
WA ERGE . AR AT B 8 G Shas s, sy 26 H 7E
PR BRI 3 o o) 67 7 i 2 00 Bl R s A T
BN 147 M4 m 2 AW AB AT 430 ) P (o =2 i)
F14) st B R T 0 L /MO0 g st B3 7 R 3

h FE 43 F) FH WG 06 22 A B IE B 4T BAE R T
LI L BIVRZE SR K TOU,, T PIIGAE 2 22 (8] 1 e Bt
A E M RDRE 0 CF ) BB IR (8 ) BB,
W HR O 2 it B, WG i,

Shy 3R B B B0 9 4 A Ry U FL TR 0 Ak S L 3
Jei 385 T R D 0 T 0 KE TOU,, W sk BE i 19 0 1 45
(4 R A 3 5 K T 45 I 08 A 171 47 95 9 1 B fif FR 22
Shy v U A fup | IR IS BE SR R 40 R v i

283t bR AR S 2 B BRI 4 TOU,,, , 5 T4 ) i
B, SCHE B A 025 ) B, 359 Sk BN A T o B
22 BAPmNAZEFEBESFRBHEEEME
22.1 HER P oaEE

FR A FH 7 i 07 P AR e v G T Y HL SR E FE
et fh =X 6) B F P e R BE

}L [Fo(1) = F(2) dt
77= =1 - (6)

| R

Hodr FRLE,, 4700 o 24T se 4 B AN T S R Bl
VAR B far IO S (] pRER > O 7R BT 19 78 HL 40 B EL AR
SR P 1 L o R R i O R <0
VNS 1 i o 0 N S D ) VA E R SR 2 N
TR A 17 BE /N g = 0 7R BT 1Y 78 HL 43 B LA R g
U P AT R
222 WML

i 2 HER I S B B B 43 TOU,, 5 FAL I I
A5y I HL A I B R 23 TOU,,, #EAT LUAE, J& PR AN [R] 1Y)
Bk B el FH P e L R o 45 o BT B o L B VR R R




o pid

S 4 T 1) L LI o, 9 4 7 R R (21)

I IR TOU., o ARk FH ™ i 1oz 2 4 7 B Jas P 14 it
W0 S 3 B Jay JoR I Pl O i o k)N R TR g 0 £ i
TUH 7R R B T SR T R R AR S e
1, Hoi p v 3R R R g BRI A 7S
HLAMIR LY TOU,, B9 SF A BURYE ; (p) L () L (v)
3 5 2 R 1 P I R RE g /0N BE A T8 H 23 B R fE
TOU,, YU F 4+ if B 1
x 1 HERBMHERRERR

Tab.1 Decision-making of period attributes

Tou,, TOU,, TOU, Tou,, TOU,,  TOU,
4 p I p
CU I N r
= P & f(v)
W p i p
I F p(f) & F f(v)
o p(v) S v

23 FTHEISFBMNRERSRE

P 2 Sl oy 5 v o3 I R A I BE B AR A AR A
Ry S TC P, 8 i AL 070 A A0 2 AR g S L 1R D o
B RSN T A5 20 A B R B A B Ay LA SR B A

1 1Ry J2R i i, 94
RS A B

v
JE Il TOU4,

v
AR BT i £ e
4% 2 TOU,,

Ja A TR 4 e B
ph T ™ o 7 A

FCHL 73 I LA
i Bk 3 TOU.,

2 TRASFBHNMEISRER
Fig.2 Flowchart of TOU period dividing
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Fig.3 Flowchart of coordinated charging
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Charging load calculation considering TOU for electric vehicles
ZHANG Zhenfu,HUANG Xiaoqing,CAO Yijia,XIAO Bo,YANG Hang

(College of Electrical and Information Engineering, Hunan University,Changsha 410082, China)
Abstract: A method of EV (Electric Vehicle) charging load calculation considering TOU (Time Of Use) is
proposed to coordinate the charging of EVs,which divides the battery charging process into five phases,
calculates,with the consideration of TOU,the probability of each battery charging phase in each period for
an EV according to the probability distribution of trip terminating time and daily travel distance,calculates
the expectation of charging load of an EV for different periods according to the battery charging power of
different phases,and calculates the charging load distribution of total EVs by the central limit theory.
Simulative results show that,the charging loads are concentrated in valley period because of TOU,which
reduces the adverse affect on grid. Compared with Monte Carlo simulation method,the proposed method has
higher efficiency and same results.
Key words: eleciric vehicles; charging load calculation; electric batteries; TOU
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Charging control system of electric vehicles orientating
to local distribution network

SU Su',SUN Xiaoming', LUO Min?, WANG Wei',JIANG Jiuchun', HUANG Mei'
(1. National Active Distribution Network Technology Research Center,Beijing Jiaotong University,Beijing 100044 ,China;
2. Electric Power Research Institute of Guangdong Power Grid Corporation, Guangzhou 510080, China)

Abstract: A charging control system model is developed based on the characteristics of local distribution
network to meet the demands of both power grid and EV (Electric Vehicle) user,which includes three
modules ; TOU (Time-Of-Use) charging period division module,coordinated charging module and user response
evaluation module. Combined with the results of user response evaluation module,the period division module
applies the methods of fuzzy cluster and curve feature identification to divide the periods of TOU charging
price,based on which,the coordinated charging module manages EV charging with three control objectives:
minimum customer charging fee,minimum load curve variance and earliest charging service. Simulative
results indicate that,compared with the uncoordinated charging management,users’ charging demand is met
with the minimum charging fee and the EV charging load is reasonably shifted from daily load peak period
to valley period.

Key words: electric vehicles; time-of-use price; period division; coordinated charging; response evaluation;

electric power distribution
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