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Fig.1 Circuit topology of charging machine
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Fig.2 Control structure of VSG

3
VaVa + V.V, +VV—ZV1 (7)

ga ' gb

2 EV HBhiE SR R Ak

EV Z: SR BR s S -r i A 5 EV =
Ti e oK, BIVE Tt A2 v DO 41 32 98 55 5 SR I T4 T
ERIETE IR SE LN (8] N4 EV FEHL R Sqo. , [F]
IR/ T FL Y A A A A B . PRI BR T 25 B T A
i 22 , AR SOC \ﬁﬁﬁﬁl‘ﬂﬂﬁﬁﬁﬁﬁ?ﬁﬁﬂ
ZH, R, ChE X SOC f B E S, 5 V26 B4
BRI o, SEBT WS4 EV 058/ CRR A . i T-S
BRI il 2 ARG S, Lo LA XI5 il i 22 15 5 (area
control area, ACE) ¢ 3 NSl Bk E EV 1Y
— WA P Py I 3 R, B3 A
k1 ACE U 5 Ssoc o N SOC (W01 45 18 ; Ty 5 FR i 45
Yol BV 1 S50/ 750 2 A BRI AE e K 78/ i v 2 %



& AH) ALK 90

Pcmax $n Pdmax :ﬁ}: E] W o

— YR
SSOCic a T-SHEH P
S50 0|1y s Feilgs |yt .
= s s P
T-SH

A o o T Y Rl MR
A
3 HBhASTE S AEE
Fig.3 Control block diagram of frequency regulation
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Fig.4 Schematic diagram for charging time of EV
a =t/t, (10)
(3) DXl fm 2= %"3 Ao AACEFﬁﬂ::ﬁ\i}%
WA, S e DX I8P L TR £ 0 3 Al 22 e 2, HEH 3 L X
(11) b B DX A 22 5, Af 4 HL AR
iz
A = BAS (11)
2.1.2 JAdm il RO
(1) STk, 1% S R S, BERIE & A8 &,
Hogsloe LAEA XA [ -1, 1] F, S Y SEprig sl
(=1, 0] e AR -1 1, REhie s BAa S ik
5 AR IUE {NB,NS,Z0,PS,PB } , 435K Sqo 4%
3T Ssoc_min BN AT Ssoc o R LI Ssoc o S,
43R B2 eR BT AR S Al &L S B o

5 SHREEERY
Fig.5 Membership function of S,

(2) a MERIfL. & o o WEHIE S A8 6,
Hoaghlue KAEMAIXAI[0,1] B, o BSEBRIEECA(0,
L] oA 7 BUE D 1 WIS B 5 i
HAARBMEA{Z,S,M,L, VL } , 73l 7R V26 4R
I I O A8/ (A BOR LA B 1 TR DL
(143 g 2 R AR T AR5 A &L 6 BT

6 aMIREERH
Fig.6 Membership function of o

(3) A\ HIRBERITE o 13 Al A BTRIE &



91 PR3P A5 25 B AP S LRI A H SRl B VRS T S

A, Fag s UM X R -0.5,0.5 ] b, A 19552
Prigsdio[ 10,10, BoE AL B 20, BEBEAIE R
A S AMEEERPE{Z,S,M,L, VL }, 725|3R
PR 9 DX el ] i 22 114 R/ R R B/ (VT
TER e A ISR L R X IR 5 20 A an [ 7
B

0 1 1
-0.50 -0.25 0 0.25 0.50
A/\CE

B7 AccHIRBERE
Fig.7 Membership function of A,

2.2 —RIAREE

SRS EERAR, EV 25— KB
TRUEFE L R, AR R A TR R P 5 4)
B Ak EV OB FE O, BE — YO AL X
[£,70.03, £,+0.03 ], Hirp £, i v R 4315 1L S, =
50 Hz, fESLIXALLL P #EAT FEHL, 0051 i) 4
DX, Dy 88 Al S 9 30T e 2R B0 AR A 22 2
BBV 25—y T T 8 BR,
H— YIRS A Pyl s (12) THRATE] , I BRI
TELP e s P JTEFEIN, 30 KK 20900 0 78 IR

Pa

E 8 EVZE5—RiAMM TESEHL
Fig.8 Droop characteristic curve of EV participating
in primary frequency regulation
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Table 1 Fuzzy control rules for droop
coefficient of discharging
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Fig.9 Control strategy of EV participating
in secondary frequency regulation
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Table 2 Fuzzy control rules for secondary
frequency regulation
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Table 3 Simulation parameters for the
model of EV charging machine
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Table 4 Working condition of primary frequency control

T Bt RGOS
1 0s—1s EVRIFM,/f,=50 Hz
2 1s—2s EVIfM,f, =50 Hz
3 2s5—4s f,=50.15 Hz
4 456 f,=49.85 Hz
5 6s—8s f,=50.02 Hz

®5 EVHTESH
Table 5 Simulation parameters of EV

EV  Ssoco/%  Ssoco/%  t/h Sy @
EVI 30 85 4 -0.846 0
EV2 30 85 10 -0.846  0.587
EV3 60 85 4 -0.385 0.531
EV4 60 85 10 -0.385 0.812
EVS 95 85 4 1 1
EV6 95 85 10 1 1
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Fig.10 Simulative results of EV participating
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Fig.11 Simulative results of EV participating
in secondary frequency regulation
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Table 6 Simulation parameters for the
model of single area power system
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Table 7 Simulation parameters of multiple EVs partici-
pating in frequency regulation for single area
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Fig.14 Simulation results of continuous disturbance
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Auxiliary frequency regulation control strategy for electric

vehicles considering users’ charging plans
PEI Zhenkun, WANG Xuemei, KANG Longyun
(School of Electric Power Engineering, South China University of Technology , Guangzhou 510640, China)

Abstract : Electric vehicles (EVs) can be used as energy storage devices to provide auxiliary frequency regulation service.

However,the lack of inertia and damping caused by vehicle-to-grid ( V2G) technology will affect the grid's stability. In

addition, the users’ charging plans are difficult to be completed on time by the current frequency regulation strategies.

Therefore, the technology of virtual synchronous generator is utilized to make EVs have similar inertial and damping

characteristics to synchronous generator. Then, based on the T-S fuzzy controller, an auxiliary frequency regulation control

algorithm for EVs considering user’s charging plans is proposed, and the V2G power is jointly determined by the charging states

of EVs and the grid frequency. Simulation results demonstrate that the proposed strategy can intelligently control the power flow

between the grid and EVs under the conditions of different charging plans, battery states and grid status. As a result, the

proposed strategy can effectively improve the frequency stability of the power grid and avoid the risk of overcharge and

overdischarge of the batteries while meeting the charging demand of users.

Keywords : electric vehicle (EV) ;charge and discharge control; auxiliary frequency regulation; charging plans; fuzzy control;

vehicle-to-grid (V2G)

(4iE  *ge#k)



