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The teaching method of energy storage control experiment
based on Simulink and low-code controller
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Abstract: Aiming at the problems in the experimental teaching of energy storage, this paper
uses hardware-in-the-loop simulation technology to incorporate specific actual engineering
projects into the experimental teaching. The authors use Simulink to model the energy storage
controlled object, use the designed low-code controller for control, and propose an experimental
teaching method for energy storage control based on Simulink and low-code controller. The
specific process of the method is as follows: in the preparation phase of the experiment, the
teacher assigns the students the task of understanding the background of the experiment in
advance. During the experiment, it is divided into four parts: control strategy design, controlled
object model construction, control strategy realization and result analysis. After the
experiment, students are encouraged to deep thinking and extend to other control strategies.
Then authors introduce the low-code controller and explain the configuration files in detail.
Students only need to fill in the corresponding EXCEL configuration file to realize the control
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strategy, which reduces the requirements for programming ability and helps them understand
the control strategy more thoroughly. Finally, taking the optimization control of energy storage

power allocation as an example, it is carried out from four aspects: overall cognition, key
enhancement, difficulty analysis and in-depth enlightenment. It completes the real-time
simulation of energy storage battery pack charging and discharging, realizes the control goal
of energy storage power distribution, verifies the accuracy of hardware-in-the-loop simulation
technology and the validity of the proposed energy storage control experiment teaching

method.
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Table 1 Comparison of controllers
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Fig. 2 Correspondence between control strategy flow chart and AOE network
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Fig. 4 Low-code controller sample

22 RAHESIZEHER

A P i A L 5 g RBEATIELS, 1351
BAER R A5 S, DUAE SN, PATHEH R
W - L A% M S AR B, AT e R i
FEo FEREAIERE A R s 15 2 AT 5 10 42 1 SROmes
Pl S5 b i EXCEL BC & SCPF 77 AU AT I &
Fe & A N =07 M RiBcE . AOE Jic & AN
EFEERCE, T EaR = E AT A

e

http://www.cnki.net



2390 5 me F

5 ¥ AR 2022 55 11 %

221 I E S

N R P T G A ) e e N AN 1 S RO
SR, PRI O B SO ) G R R — I
Prif SR R Hok, AIEIA N ARE S, A
T.OE AL REEEL SRS BIME
AT
2.2.2 AOE fic &3

AOE Jiit & /& & 37 AOE W 2% Sk S HLAIT 5 1) 42
AR FIThRE, FIF AOE M 4% i & SC {452 L AOE W
EHEAE R AR, FHMEnE, s
() AOE I 2% ML i i 42 il 5k . AOE It & 7] LA 73
N AOE M %% & L. AOE & & 5 X« AOE F 14 &
X\ AOE Nk & VYA EE 7 o & TC B SO 4 it
K2HR.

*2 AOCEECENHHAEMK

Table 2 The composition of the AOE configuration file

AOE fit & H
AOE ID. =& a . %K.

AOE [ % . . ) ,
bR 5% BRSNS AR RBAIIGE S
ACEZ & AOE ID. #F & L4
AOE ID. /41D, 1 S 47H.
AOE Fff N N N N ﬁﬁ .
TR, RIS ) FERIA A
- AOE ID. HRT M. ZIEAFR.
AOE #j{E

KB, SRR, SfES 85

2.2.3 B EHCE

TEAE RO E SO T A Fa ) 28 5 it G s
B3 FRARHE I SC B SO I s R,
TRA7 I S5 A ) 2 A7 a5 B A M . SR fE A B0
F 3@ 15 77 AN B A 5 A A7 A L B Ay, SCHE
Modbus. IEC104. MQTT. & HfE A#EE 7.
LI W LN R 0 s B 2 SO koL % VAN (€1
(AN T VAP D T = o e Ep e P
B E R, BEFS. FARKE. KiGt
BEv HERAY. B RARE. Bl S

3 HFRHIFLIA

3.1 ERIA

TEFE LI BT A SEEG W& A 2l |, DA
SEBR TREITH SR, Rz da i 7 v N 21 Se bR 2
= LA N @ T IR W Rk et 1 DAE S & ]
BT VAN A, H A2 X 32 2 DL K LT
AT, T A e LT A AGC AR R A 4 T K B L

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

4, SIAMXDERERE RS, A S g A
BEUEAS I i) o A2 A5 I AR 4 o B i 3245
RET KEWMIES, WRIE 8/ Mifi A k¥ SOC.
FRBCR S RS, d AR T R 4R
A, P \AMERERTH 7, AT I 21 i fie il B 1 A
FIH M. R RBRMAEN: BHEIEHEMmGE
SOC 4 4ii FEMI I it B Dy 28 8k A8 7% 111 48 br (19 H A5 bR
B, HIRAEGHEAEELI R, SOCLAW., B4
T PR 2 R LA AR AL s AR 5 P A A5 1Y 4
1, B A IR G BB MR 0 R s DL
P OK )2 45 78 57 AOE 4%, 44 I8 42 1] SRS 1T 5 I
B, T RBS R A, AT LR A RZ R —
ARG
3.1.1 fEBEDIFR BB ST

BB DL SOC $5 17 B AN T 5648 B 18 11 A
NN B BRSNS B bRk g, R T Z AR R
P, R R R IR AE IR E AR, BLSOC A
TS 25 L P Al 222 P 248 %8 A A0 g 2 A6 1~ S5 4L B4 v
ZEUHEAE 9 H ARk 3L

min wli| SOC; - SOC,,.| |SOC? - SOC,..,|+

(1)

X, w, TR SOC B IS E; w, TR
D23 gy RN L E ;. SOC,.., & 78 SOC #
{E; SOC?HEmMuT b SOCH; P,ExX4HTH
M TN RAE s P ean 278 24 B FLI Th 26 (17 °F 5048
SOC, F/RTEINR A it B H TR TET,
T ZI i R SOCE, Bkt T .

P.At
sOC, = s0C! - £ @)

T, B RN ISR A S AMRRK
TR T 78 AL BURCR I A] .

WP =u - v, HiuRRBeRTER, viERR
FEHLIE, AR 30 (L) BT 1 & 4 B R TR & B B0
Rl e e iy DA o 28 1 A 5 U AR D AN 4 RHEL Y
TRE B R R L, BAR T VAR A X R 23
BB R a, M B, AL :

U; \
Q; = SOCi0 - —dt+ —dt - SOC, ... 3)
Qr R
Ui Vi
a; > -SOC? + —dt - —dt + SOC,,... (4)
Qr R
l n
Bi>ui7viiﬁz(uj7vj) (5)
i=1

http://www.cnki.net



ERUEEECE

FLT Simulink AR AR 72 i #5% ) il B 2] S 06 0 07 1%

2391

(6)

Qp 7 HELIB I 78 FL &, n 37 1 L I T)
Ao HARBREAL D

8

min w
a,B.u,v 1i=zll

LR KA
izs;(ui - Vi) =Py

u™<u <u

:Bi E +%z(uj 7Vj)
=1

soc’ - soC,..,

8
SOC; SOCmean\
a, +w,>e B (7)
i=1

Imax’ vlmin < V| < Vlmax (I = 1, 2 8)
S0C,, < SOC,(t) + (u, - v,)- & < soc, .,
Qr
(8)

X, IRIRGEREHRIBIT 5 Py RO fifAe FIt
P Th A A um U KR BRI R R
FRATEFR; SOC,,. SOC,. &7~ fifi fig HLith SOC {E
(1N PR L BR

fifi BE FELI SR PQ 428 il HEM 0 AR I I, e
SER NI 5 T . 2 R 3 T R A L R R
¥ i A 5 A o i SR ) R - Y R 2N

F3 fEEEEMERERTTHNIEHIS
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Fig. 5 Circuit structure of energy storage battery connected to grid using PQ control strategy
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4 HOLDING 7 TwoBytelntUnsigned FALSE 2000 1004
5 HOLDING 8 TwoBytelntUnsigned FALSE 2000 1005
6 HOLDING 9 TwoBytelntUnsigned FALSE 2000 1006
7 HOLDING 10 TwoBytelntUnsigned FALSE 2000 1007
8 HOLDING 11 TwoBytelntUnsigned FALSE 2000 1008
9 HOLDING 12 TwoBYytelntUnsigned FALSE 2000 1009
11 HOLDING 13 TwoBytelntUnsigned FALSE 2000 1010
12 HOLDING 17 EightByteFloat FALSE 2000 1011

3.3 MRS
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Fig. 11 The actual output power of each energy storage battery pack
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Fig. 12 (a) The SOC change of each energy storage pack, (b) The curve of SOC standard deviation
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