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Abstract: To solve the problem of DC bus voltage fluctuations caused by sudden load changes in the ship’s DC mi-
crogrid, this paper first introduces a hybrid energy storage system into the microgrid and builds a mathematical model
of the ship’s DC microgrid, and then uses a first-order low-pass filtering strategy to allocate the differential power. Be-
sides, a terminal sliding mode backstepping control strategy based on prescribed performance (PFTSMC) is designed. The
prescribed performance function is introduced into the controller to ensure the tracking error of the DC bus can quickly
converge according to the prescribed curve. Next, the terminal sliding mode surface of the tracking error is defined and the
controller is solved by backstepping. Finally, the stability of the entire closed-loop control system is proved. Through MAT-
LAB/Simulink simulation, and by comparing with PI and backstepping control (BC) strategy, the designed control strategy
can stabilize DC bus, reduce adjustment time, and accelerate the speed of load response more effectively and efficiently.
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Table 1 Marine DC microgrid system parameters

S B S il
MR  5mQ WEHER HAAD 40cm
L 30mH K= p 1018 kg/m>

MR, 20mQ MEEEFEEER (N 0.01

&L, SmH RHENLAR. HE 1MW, 380V
EEBE_RQ 20 m§2 Eaij(ﬂ@ingjJ%Pc,g 240kW/min
HUKLy, SmH || @BHHBAERE. BE  500F 500V
HAEC 25mF || ZHMAFE. BHE  800Ah, 500V

FLIR, TEHEE AR 7, 5 REARANIIA T o] e
IR S SR IR () 5L, 7R B R e T W3R
TN MR e B AR 28, 75t = 2 minl), S
MR IE B, 2B HINE F)n = 90 r/min, /£t = 5 minf,
B T G PRE R B B 2R, B B T aR N B,
HAEL="7.5 mini} J13% F|n = 100 r/min, B )5 12 e
FRURVRE FF 3 N IE#:, 76t > 10 minffr B 4k En =
73 v/min. N1 AT LIRS R P, HEdt s ih 2 an
Kl4Fs.

T T
100 - .
o050
g
=
B
S 50
-100
1 1
0 5 10 15
t / min
Kl 3 iR fedom B e th 2k
Fig. 3 Propeller speed setting curve
600 ' 150 ———————
s00F — P 100} 1 oA
—P, 501 i) oo
400F ___p 100 I I -
B s 50 1 | 1 1
= 300F 1.8 122 126
W L
X 200
JE[0 P E NI 1 S N
ol
,100 1 1
0 5 10 15
t / min

Kl 4 sk M2k

Fig. 4 Various load demand curves

R4 B %k P AF ¢ = 1 min BHEANRRLR, FHZ 8T
B K 3 e K D #1110 kW ik b B $7 30 P fEE =
11 minff 8 NBEZR, BRI B K T 471407 160 KW, BECRF
SEINTE3 s Zet s Wi DhE M e a4 .

B, HIRER 371 T A D) AR 70 BO SRS, R ELRL B
ERRE A BRI L, B i s b,
HARGURFER AT, = 10 s, — P RIBHED S 175

Br =1 s, HBCEE R ESHIR.

800
600
500
400

% [ kW

0
-200

-400

t / min

K5 HRERITISHE IR ML

Fig. 5 Reference power curve of each energy unit

e, BT P S AR B R G, 5
BPWMZ il Dy A AR a5 2N 1, 42 1l 45 1) 2 A S 4

K2R
&2 EHENEK
Table 2 Controller parameters
ZH B || 3% HBE | 3% HlE
éo 850 p1 800 1 5
Do 4 P2 32000 D2 5
¥ 6 ps 4500 || ps3 7
k1 800 P4 1800 2 5
ko 0.2 €1 0.12 q 3
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