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Design of orderly AC charging pile control system based on STM32F407
DOU Yali, NIE Xiuyun, WANG Lulu, LI Zhuo

(Key Laboratory of Intelligent Charging Technology of Henan Province Xuji Power Supply Co., Ltd., Xuchang
461000, China)

Abstract: In order to coordinate with the intelligent charging network optimization scheduling of electric vehicles
in residential areas or office areas, a single-phase AC charging pile control system based on STM32F407 chip was
developed from the point of view of charging piles to dynamically and orderly adjust the power output. It mainly
includes improved control guidance circuit, vehicle wake up detection circuit and 4G communication network
circuit. The RT - Thread real-time operating system software program control system, gives the detailed design
process and charging control method, through the prototype experiment waveform data validation and practical
engineering application, the design of single-phase ac control system has the response orderly charging pile orderly
operation platform issued by charging strategy, to real-time adjust the PWM duty cycle of the CP line, To control
the size of the vehicle charging current, dynamically adjust the output power, can guide the orderly charging of
electric vehicles, balance the power consumption order of the power grid in the region.
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Fig. 1 Pulse width modulation principle
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www.eage.com.cn

2022468 - | 83



BEiFt |

Engineering Design

VD7 — N en <
RC-1N4148

o~ o

)
HFD4/5

CP_BusAwak ’ VT,

1 kQ MMBT4401

=
CC BUS

Ry
5.1kQ

B3 ZE4mMREETH AR R B
Fig. 3 Vehicle wake-up function circuit

STM32F407VGE#E G EEPCLIEH
IF i —# CP_BusAwak (s 5, i if 5 il = M %
MMBTA440 Ly W >k [5] I 2 il 4% i 2% HF DAY
SIS N6 L4, K F X CCRICPHYIF 3¢
il

KL T BE A& 2 it 425 il &% AR I 2 4 4 4 4
3 minZNA BRI, JEzhTC I B AT
R, PERROLI AT AR AE FE L . AR R A6 AR
Ja3 minph R FE R, W TE A0 70 R

AL EER, THIFKS4, S5,
VAR — LA, T RIEIELS s/a
EERE
2.2 HWNIES S5 BEFLEREIA

Ve U B AP 28 It 78 HUBE SR T 228 {220V ELAH
R R, HAUE B A32 A, MRIEEI 27 %0,
WFER FC R A3 E T C, EEMPTH
OSBRI N &AW IER 2, B
FIFFRSLAL T+12 VAR, B A LRI R (E
12V, HEEEN SHEE N 5w ke,
FEIIE OC I SLEM R BIPWM B AL, 70 L bk 4%
il & GE 7 A Bk SEAE " Z FIPWMAE S, E 4GB/
T 184871 E: H2SELE10% ~ 85% Vi Bl N &2
It 7C L AE T At 1Y 70 R LR S v P e R S S b
BLERPELL B &, bR B KA 0.6 AL 2L E 4
s AR Tk I %A B R A e Bh I A Y
Tyt oh

84 | C 20202415 EeH

WA 28 Ot 76 HL 478 1hill 22 G 75 22 AN W7 SR S 4G T
AL, AL CPH e {E R 0y 72
ML O 5 VR A E SR A, i I 42 il
Sl FEsE otk &, Ml CPRbmEAL2 V.,
9 VHI6 V=FfiRE ., CPRMHR LS i it A
P LM2904FREE 2% , %t CP_ADIK 45 45 il &%
STM32F407{JAIDRFESS , @it PCOS| sk kL
ML (E, HAm g EanE 4R, ik d R (E SR
FIWE IR E, PDAS|E{EHIILCP_CONHY
W, fEFFIESIYIHFPWME Hi ,

2.3 AGWLKEEERBEIZIT

2L T HUAE AR 24— 4> B 37 9 58 HL B 5T R A
L, THERih BT RAERIE TS5, R
BT & T RS R GlEA, BB s
Wk EES TS, AT EAREME S H
syEk. B )REEE R, R CE
WAE TR Al . SR A e 38 15 4 HY A IR B A
4G LTEL M fE b, 5 HEC200T-CN, {f
AR E S R, B BCRY 6 2 25 = ER A/,
xR A RGBT,

4GPt fix A B It 78 HLBE 2 e il L,
RS 2324 14y BIE R FISTM32F 40745 i
B UARTS5/JRXD (PD2) #1TXD (PC12)
SIE L, SEBLR TSGR RE S EFE R
LK AR L. HTRS 232 F AW UL B #4851
MCU, #f#i FHADM3202ADRU it 47 H oF
Eeffe, PFTTLH 52320 F B AH &, &5
iR,

3 SIS R A R

AR ST e T B RE O B, TR R R Y R
A 28 It 7C ML 458 1l 2 SE R R AR #R T, R HRT-
Thread Studio— 3y FF &k T H, ok 21 {1 5%
JEFN = AR R UL B B 05 [ R AL B B &R
G5, (EAIE I T & AR A 2R 1] B

BAFHEES AFTREHME . TR
B, BWE B BT REE Y B, 3 T 7E HeL AR il
AGA 77 IR A E 6 BT R,



KT STMB2FA07 A7 158 ini s HUpEPE i F s ik ik

Engineering Design

| FRiR

433V
4 —Bl—T
BAV9ILTI
TP2
VD R U3B
CP'> S 54 7 CP_AD
300 kQ 6 ..
RC-1N4148 R, >>CP_AD
100 kQ LM2904 c.
Ei¥S
+12V
(=}
mbims I
R i
#“_]
0.1 uF
MMBT2907AWT1G
33V Q JRAbR /N =A%, PCBIER
S +12V C
15 ng
2k
[] R,
100k
CP_PWM > 34 R,
R, 2 2k R
8 29
10k R, IM
100k Q2
2N7002F
-2V &| I HEHEIA
10 uF
R C
- 5.~U4B —lorE
7 e 12V
10k 6 -nv
10k LM2903D
— R34
= 1k
+5V
o
D8 L ROA[ |y <)
RC-1N4148ZS| [ |
i -
0 |t~ \O)| el
| =01 fitows
ZN
JLCP_CON a P
Ik R, MMBT4401
8
5.1k
B4 =555 0N E 8
Fig. 4 Control guidance detection circuit
Ll‘) R
1 e 2 133
Y — >»232 TXDO
Ul7 FBMA-11-160808-601A10 120
E_TXDI HIriN - troo-+2
Erxp2S——10 BN B8 —Toun .
E RXDI 12 RIOUT RIIN 13 1 ~~—~~2 —= 232 RXDO0
E:RXD2§§:[ R2OUT R2INFE—FZINT FBMA-11-10808-601A10 120 K
C 0.1 uF 1 +3.
e clr 33V e, Co E%SMBJ—ISCAE SMBI-15CA
Cor veelLe T 330 pF [ 330pF D33 D32
o C
V+ 15 103
B V- GND 0.1 uF
s —L_C,  ADM3202ARU =
0.1 uF] 0.1°uF J:— GND
GN
GND
B 5 MFEHkEE
Fig. 5 Level conversion circuit
www.eage.com.cn 2022%6H8 - | 85



BEiFt |

Engineering Design

UM HL B RE A T2

JaahFE LI K
(fL4EHI R, FHLAPP)

FHL B s FAHLAPPIA)
ARG B E -5 i R

i
FHOLEETEEY |

o PR TR s R B

7Y

| Eabiw (EATCRIE) |
!

IR e

T AT
Vet (AR P TR
AU R) 2

ARV FR?

: S PP RH, A
BRI TR GRit i L7
ISk P WM 7
it
ﬁ+ ) | T H 75 |
B S, IS
5375 e v e N
——— Tt £ i THL
HGE

Yiilab/ees i N &

TEBLH] P12 e 8

PR P e TE R
oL, andkETEH, T ikie

JRIH L JFPERE kA

1]
R A RIS (S HR
AAE) PR PR

(Rl WA RSB

Hdima?

kA A, %

{

DT AR R AT
etk thiid?

ST AR

Il e ks

E6 RRRREHRGAFRELREE

Fig. 6 Orderly charging flow chart of AC charging control system

86 | - 20225 41 B HA



KT STMB2FA07 A7 158 ini s HUpEPE i F s ik ik

3.1 FEEEHMKHE

LM P ERER, RETREERNCPR
Felt, AR AEFE R R VF R RSN, S oR P ik
BB, tanRthie, R TE, Lk
LEEE, MPdd APPSR, k55755
AT BT,

28I 70 WL IR A B THLAPPAE 72 i ik 2 4%
B, TR TR ikg % E LR LERsE
Fa, Gl b %R 7E IR & IR AT g
T, AR IRETEX S, RIEEXAEER
A8 s s SR B A UL LA B Ao IO s 2, R
A VR FE R R A BE AT 7 R B 1 PR A 2
JFEMELSR L E-ra, RARTERS
iz 5T B AT Al A SRR 8] 28 T T HL R A I T

8

Mikd, RS AR ERE, ARSIV
FEHRFNPR DR FEH,
3.2 FHEME

FEHIR %5 1B E &R B A R A R VF TS
W, SEARERR RN, RIS TR S EE
FEEEMHRI, Fibashed, BRI
PSR EREE, G0, Fahm, #%IE
W AR AR .

I BRI Zh 2 R B T, R S X B il Y
ThaR 5 L 7C L IR A B /i HE Bh R EAT bR
an R BRI 2 AN T oM, BT
e PR R SR AT msh e, S MIAE kA Eh
FEHL.

FEFE R B, 2 7C WL iR A . Sk R s 15
TGV R, &ORHEZhR, WRA L
W, R BIEE TR, A SRR,
Wi LB, AR Tk 1k T A AR SRR T BRI 2 R
FE PR IREE N PR AT EARSE ER, anR
W, WM, TRREMRFRESEAN
A5, RIRETERLH BB BhRE, HIRRH P S,

ANPR A T 2 FE L, R A PR A Y ) 25 2k A7 i
LA TR R, K e K Y R IR P WM =2 EL B
A, RS R TSR A E], JREASCE Bk
BRI ARBRAEIZh R, AR K bR TR R P R AT

www.eage.com.cn

e

Engineering Design |

.
33 BEMK

7 L e A B SRR W N B R R R,
RARWE, MR P AREE55 e, BT R
AN BBREN B,

FE AR A BT 4R 2 A, 70 L B0 B HIWT 7T
HUE RS AR I, An SRl Y BLCP L R R
FEIER FERIEE N, BEHTEATERIFAGET B,
R R T R E.

3.4 FEHERKHE

WRAEH T HEAREFE P ITR, M
B TR RA R, $RonH P Em RS .

4 FEERMEENNL

i I bR A 2 I T LA 2 I AR g 1 A
LB AN S BL R R R By, WA T A R
T FCHAERIFENL, JERFICAET Nt AT 7 R tH
SKPWM 5 22 EE PR ATMNR,  R 45 2R e i % 4n [
7~ E10frR,

Bl 74 31 3E CP 4t FUPWME T, adlad 2 A
MR- & AR 128 1 3 T K ] Aok AT A 2
WA DR . B E9FIEI10aT LG H
PWM 5 22 b H 53% 10 15 2 27% 57 33% ., Hitk n]
W, A2 IR FE U H A i 2 BT A T TE
HUHENE , AR R 4ok SR CP LRYPWM G

%tlﬁo

7T RRERESRGAFERREER
Fig. 7 Orderly charging flow chart of AC charging control

system

2022468 - | 87



BEiFt |

Engineering Design

B8 ZRREBEHRAAFEERIEE
Fig. 8 Orderly charging flow chart of AC charging control

system

B9 XRRBEHRAAFEERIEE
Fig. 9 Orderly charging flow chart of AC charging control

system

10 XRRBREHRGEFRRRIEE
Fig. 9 Orderly charging flow chart of AC charging control

system

5 HRIE

SCE B AU T STM32F407V G .8 HAH 28
A P T P T R S S A e sh {4 S IR T LR

88 | C 2002415

FERIRGAHILES, W T A RS
AU A B S RE AT RTER T, SR A DL AL RO 4%
HlF %, EHHITIEE & T RIA F IR
. A RS, et IR
B, PRSI R R, R )
R R R) 2 (] B v e (1 R, A Ji5 25
B A TE LAY SE R IR Bt E R S A
BT A B 2 IR T PR il R SN A T
HMAGHI ML, RERA, S, %
KTRANEEREY, aEX5%, HHBRER
. HATEZ A TRESEERT A F EEE TR
TR

Sk

[1] &%, w3, chate, %. WaiRETHRIRE
MR RLA S REN]. BDFHE SRR,
2019, 34(3): 56-70.

[2] T, wbeR, PRk, . hERHEeREE™
W S AR K JRBUIR B HE[9] . [ 24 B i
2018, 31(8). 1-19.

[3] BHRIE, #HE. ETWRKMNEHET 2R 7 R bE
ikt SHEFEI]. TP RER 4R (H AP
FR), 2020, 26(2). 82-84.

[4] RBRHT. )G 2S00 TC RUPE B RE 7 L2 o 3
WEHFZE[D]. FEa: FERER TR, 2019.

[5] EH#, Z=dfe, %. L TMCGSH 7 Rzl
SIThRER M RG], LI E S H],
2020, 28(4): 41-45.

[6] WA, Kok, 4. mahitd A mRIENT
H5RAD]. s ERILT RS, 2012, 32(4):
1-10, 25.

[7] CLEMENT-NYNS K, HAESEN E, DRIESEN J.
The impact of charging plug-in hybrid electric
vehicles on a residential distribution grid[J]. IEEE
Transactions on Power Systems, 2010, 25(1). 371-
380.

[8] FATTAHI BANDPEY M, GORGANI FIROUZJAH
K. Two-stage charging strategy of plug-in

electric vehicles based on fuzzy contrlo[J].



KT STMB2FA07 A7 158 ini s HUpEPE i F s ik ik

[9]

[10]

[11]

[12]

[13]

Computers&Operations Research, 2018, 96. 236-
243.

SORTOMME E, HINDI M M, MACPHERSON S
D J. Coordinated charginf of plug-in hybrid electric
vehicles to minimize distribution system losses[J].
IEEE Transactions on Smart Grid, 2011, 2(1):
198-205

kA, XE, . T BIERRSIREA
Fre R G []. B TR AR, 2021, 9(16):
137-143.

WA, bk, L Tl A B AR
R REA P AR AL ]. BHEA,
2018(8); 174-179.

M, e, . AR E A R RS
RN EFHRS, 2021(6): 22-26.

Wil . ZEHELL I — AL EhR A P EHL[D]. B

www.eage.com.cn

[14]

[15]

[16]

Engineering Design | HFxixit
5 PEREL TR, 2019.

TR, JATE, S HBhIAE SR T HL A
RG], MR RHE R 4R (B R FHER)
2016, 37(3): 47-52.

A, BB, . A FSTMI2 =M
Pl RG] Rl 51, 2020, 57(16).
125-129.

SR/ . DR A TR FE HUBE R 5 EE AR
MR 5IHD]. Fi: IWARPHL R, 2019.

fE&E®ET

S (1983—) , %, mid, TR, #F

FET7 1] A 7€ HL BT AR LA i RE A .

(WS H . 2021-01-14)

2022468 - | 89



