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Abstract: In order to increase the utilization rate of charging facilities and expand the ability of charging
facilities to provide auxiliary services to the grid, the demand for DC charging facilities to support the application of
V2G, V2B, V2H and other technologies has become increasingly obvious. However, because its detection
technology has not yet been systematically studied, if the existing detection technology is applied, not only the
shortcomings of the current technology are followed, but the advantages of the bi-direction power control topology
itself are abandoned. In response to these problems, a test method and control strategy for multiple bi-directional
power DC charging facilities was proposed as the source and load of each other. Taking two bi-directional power DC
charging facilities as an example, a back-to-back mutual test circuit topology was proposed and its working mode
was analyzed. The fuzzy adaptive PI control was introduced to improve the dynamic response ability; the Matlab
simulation model and the experimental platform based on the NI real-time simulator were built for verification. The
results show that the proposed test method and control strategy can effectively realize the test of bi-directional
charging facilities, which provide a certain reference for the corresponding industry.
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Fig.3 Mutual test equivalent circuit
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Fig.4 Control block diagram of tested pile rectifier
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Tab.l Fuzzy rule table of K,

€.

NB NM NS Z0 PS PM  PB

NB PB PB PM  PM PS Z0 Z0
NM PB PB PM  PM PS Z0 NS
NS PM - PM  PM PS Z0 NS NS
Z0 PM  PM PS Z0 NS NM  NM
PS PS PS Z0 NS NM NM  NM
PM PS Z0 NS NM NM NM NB
PB Z0 Z0 NM NM NM  NB NB
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Tab.2  Fuzzy rule table of K,

e,

e

NB  NM NS Z0 PS PM PB

NB NB NB  NM  NM NS Z0 Z0
NM NB NB  NM NS PS Z0 Z0
NS PM  NM NS PS Z0 PS PS
Z0 NM  NM NS Z0 PS PM  PM
PS NM NS Z0 PS PS PM PB
PM Z0 Z0 PS PS PM PB PB
PB Z0 Z0 PS PM  PM PB PB

B e, e 58 SONBMIAE LRGBS (-3, 3], BLH]
67



WA AR 20224F H 524 H 3

ERF F . NEHERD LRLCHELN G kBRI

TFHERINB (LK), NM(Fih) ,NS(f/N) L, Z0
(%), PS(IE/N) ,PMIEH) ,PB(IER)}. WKl 6
JioR, Lhe B, BRASOMI T4 NB, PB 435 R H Z
W SIS R AL, AR 1A 1 R = M sk
& PR

NB]‘\/M NS Z0 Ps PM
0.8t
fﬁo.()»
0.4}
0.2
0
3 2 - 0 1 2 3

K6 eRsim rR%L
Fig.6 Degree membership of e

AR5 25 W 42 1) SR (B 3R A 45 S 4
BRI 42 Y | 1 FHBOR & i B T PL S
BOWIAE B 3%, &AM IE S BRA T L7,
RIA] ST PISEAE L H A IE
K, (k+1)= K, (k) +{e(k).e, (k)]

G

i

K(k+ 1)= K (k) + {e(k).e, (k)]

2.1.2  Buck-Boost #1 %%

Z M HE 5 i Buck—Boost H1 I 8 T AE T B &
By A=, R R A FH R IGBT FAL i, A 45 A5 411
BMS 2 SCHRGE AL 147 B 4% i B i, 424 WL
K7 s

i

7 52 I R T i e 7
Fig.7 Buck chopper control of tested pile

H &7 AT, 45 5 HL I S S B L U 1 O 25 28
i PU T 2%, HAE 5 = M P47 bedse, A = AR
PW M 45 il 9 4 1 5 308 0 S B
22 LAEHERER

T AL 1 faf B 5 v Buck—Boost i #s i - F
PR IGBT 43 A1 81, s i PW M 36 75 25 56 1 152 41
(%) FEL b FEL S s o1 306 AR e L TR LR R R A
(78 Do) 2R 5 2 58 i L M, FE RS TR LT, He
T2 EAH i1<0, i7=0, HA ) 5 0 0 2 I AE—F
W s fis

3 AR

3.1 FESHIEE
RS R , 2280 PWM 22 i g 52 i O HL B
68

HAS M R A KR M 8 FioR o Horpr, E A2
HL I FL B3R B, U R PWM 8 28 58 i I R R 2
S SR R UGN NS =g BBl R RIS
o MK, K U AT R L M
R

B8 AR B R
Fig.8 AC side vector relation of converter
BEAR T A AC LN Dy 3 R EUAA M 6, BT X IET 8
1 =K 0,0M , ] 6=90°-8 , ti 4% 5% & B ] 15
(Ul =|E]" +| U] - 21 E[| U, cost
=Bl +|v,| - 21E]|U,[ sins  (2)

¥ U, [ = w1110 Hy iy WL A% A
B 314 rad/s) TR A (1), HEER| U <MU, (M H
PWM A I RT3 SR = 0 A SPWM
Pl M=1/2, U, W EFEIRLIR ) SR A1

1
E, sind + \/E,Zn sin’é + —U, - E?,
[ < 4 (3)

ol
A LA AN R L B, A FR XA H g e
{85 1, 28 T O 05 AH L it e
X B 2 C e B, I 7R PR IE R 48
it A0 P, i Bl AN e e BR A 1 0 T AT b b B
R fRER A E/N— 8. 7 TREE T, 8w
Blifg s~y e B S8 O DR T R A
wRN:
nly
- U,k
A S rMERE R R AL, SO 0.9 1 E A
HLAL 5 & R L0 P, s I8 3l 3R 8, SCrh B 0.05
Jii %ii Buck—Boost 7 U % 38 1 i 4 HE R S
SR R A SO BT AT A5
U.D

in™y

Ai, f
‘- 1D,
AU f
oA LR TR G U, R AL ;Do (258
Fb s A S HLBR R RS 5 oM T IR C TN 7%

C

X 10° (4)

(5)



ERF,F NG ER LRLCHE LN F EBFRETR

wAES 20225 %524 %34

L2 5 1 A B H LI s AU, R M R R0

7E Matlab f/f LIRS N (F KBS H L E R : =
A LY H R332 50 Hz, 28 Fi R A AU R 380V,
FH AR PR kW A RS LR AR
TAURT A < A H S U ) HL Rk 3.6 mHL, L 3 A A
P35 FLJEE 3.6 mHL, T3 FEFLAY 5 mEF, BV i
S R L ZE 10 mF
32 HEHMEERBIEBMEEEDC 500 V

T fT RS LL EE, TR A 500 VY He T, B0 A
BN E R 25 R (E U =500V, 35 A5 0 78 B A oy
L AERRTE 18 A

AL L L R A LA SR AN & 9 s

r U,
300 y M nlﬂ n
§1m-
Oﬂﬂﬁﬂﬂﬂﬁﬁﬂhﬂ NNNANANNAANN
MMMMMMMMMMMMMMMMMMMMMMM M M
>
S -1501
-300} U u U
1.0 T T2 3 T4 T's
t/s
(a)
- U I,
300 ” ﬂ
< 150 n
=
0 v"v*v Av"v*v‘vJvﬂv"w" \ *vﬂv*v"v"v v"v" v"v* f
> -150
T |
-300f

1.0 T T2 13 17 1.5
t/s
(b)

O A2HiHL R G
Fig.9 AC voltage current waveforms
P19 T 43 ) Sk 28 T L I FEL . U, FRLTRG 1, B
L0 A AR L A R L 1o T, DA L5 AT A
F IR L, L3 TIESEE 1,5 U, R AL,
o I 72 H AR i A s AT T ERAL YR KA 1, 5 U,
AR AH 22 180, ABE4UL 1 A A8 Ui s 1A T HL A2 1)
RRPIBGY AR K L BRI 457 45 i D)
Uity FL K R 500V DC HL b A 401 07 BC 245 S n %]
10 97 o Fo I 78 FL A o LR U, AR5 7E 500V,
FUHL LI L AERFTE 18 AL TR P, 9 kW, 5
P67 7o 75 AR IR P, -9 kW, T IRy
0, RIS T 75 W0 5 H B 1 i H 2 23 43 Il 45t
IR

600
2
> 500
400 -
3010 11 12 13 T4 s
L 20 P A A AN AR AAAAAAAAAAAAAAAANAAAAAAMAAAANA
:c
10f
0o T 1.2 13 1.4 s
t/s
(a)
107
5
Z Ok~ T T T
ai . . . . .
S0 ) I3 14 r's
En
R
‘%0 T1 12 13 T4 s
E3
= o
%o 11 12 13 14 s
t/s

(b)
10 Sk 2 500 V DC H it A 4005 L]
Fig.10  Simulation diagram of 500 V DC

battery with terminal voltage
OATIA S
4 sk 34\[ ISnE

0T AS SO A X 16] 2 3 B S LA
I J7 0k B8 # T A0 B 11 BT 0 S 36 0 iE R e )
IE[EIO

e RS ik 2

Vi
A /
C!i,,, i‘, ﬂ
Pm‘Qéi U j /+|Q
| QL L] JG

PWM%%E  PWMiZE

P SRl R GE R B

Fig.11 The schematic of testing verify system
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Tab.4  Efficiency of self-testing system for the charging facilities
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