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Fig. 1 Forward mechanistic modeling based on multi-loop feedback
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Table 3 Main parameters of the hybrid power system model
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Fig. 14 Verification of diesel engine governor model
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Table 4 Comparison of main engine's SFC under different rotational speeds

SRR FER (SFC)/(g kWb ')

s b (romin- 1) 30 % i 50 Yot 7 70 % F1 i 100 % 7if

Pik Sl izt Pl LS S izt S
400 264.2 265.1 241.6 242 2282 2285 223.7 223.6
500 2387 237.1 2164 214 209.7 207.7 2122 2115
600 2303 227.7 207.6 203.6 203.1 200 204.5 203.4
700 221.8 217.46 205 200.7 202.8 200 205.7 205.2
800 2276 2236 207.3 202.8 203.7 200.8 206.9 206.6
900 2384 2354 214.7 211.2 2113 209.4 210 209.8




IS A 45 B 22 R S A5 Y 1R 5 3 1 AR S8 AE 15 0 35 S 1

PREFNGOL . 1B 15Ca) 45 HULRESE 531 o, Fll o A
oy iR, WEAE S AR UL RDE o B 15(b) hEL ALY
S B S ] 4% 158 R 7 320 r/min 38 B B), #E
T it RS I s R AR R 0], A7 AE /DT 0.5 s IR
A [], 3 2R B DTC X flis o AL %% 3 R e 1) 42 o)

BRI
2
el
z
ﬁ
?l§
e
72 1 1 1 1 1
215 -10 -05 0 05 10 15
0, HEEE/ Wb
() REEATEFS ISR
1500 —— gt
- WERTE
_'Q 1000
g
=
§ 500 |
® |
1200 — _—
0 50 55 60 65
0 20 20 60 80 100
Aif1a)/s
(b) il A R

15 Hha AL DTC #H 8UR
Fig. 15 DTC control effect of shaft generator

3) H 7 LR

U H AR R O 32 °C I, S e AR R TR
(SOC M\ 100%~0) iy ik 56 5 f5 45 R &l 16(a)
iz, B 16(b) Ry [F] 45 254 SOC A 0~100 % Y
TH T 28 50 IR S5 2R, SR D) R R 161 kW
Fi—161 kW, BIOR+F B R AR T 00 o AR 4 45
AT, R TR A o R AR — o R, AR AL
R EE <10 %, £76 A AR L ) R Ge 48 m AR E™; Ht
Fo R A AR 0 R e O L S SE e T —
B, R EEHIAEES VI, BB IZ R B RS B AT DA
T 2 SEM S5 F T U B SRR PR BRI R

4)LNG J)F 551

B LNG & LAY 5% PID S 40% B M K, =18,
K=25, 4§ AC-DC-AC Z: %15 % Jy 50 Hz/220 V I,
PLA S % 1 H O 2K 80 % iy (24 180 kW),
P B RN 17 Fros o & HUHLALE I 99 3l 6 1) 5
A FHFPRES, FEAE/NT 0.5 s 14 Jof B[R] A 73K

/
600 | s Y
-
550 |
=
5
585 P
500 1 55 60 65 70 75
= = JFH L RS
— Kt R B
— = H RS A
450 . : .
0 20 80 100

40 60
50C1%
(a) HLIT L

600 | e

550 |
2
S
golb—r
500 55 60 65 70 75
= = JF AL R S
— i R LA
— = R S
450 s s s .
0 20 40 60 80 100
S0CI%
(b) HL M FE

K16 b sEsrE e S 0 H A R

Fig. 16 Battery charge-discharge test and simulation results
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Table 5 The matching situation between propulsion mode and

propeller load
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Forward simulation and strategy application of hybrid power
system based on multi-loop feedback

QOIU Hao', FAN Ailong™*, GUAN Cong'

1 School of Naval Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology,
Wuhan 430063, China
2 State Key Laboratory of Maritime Technology and Safety (Wuhan University of Technology), Wuhan
430063, China
3 Hubei East Lake Laboratory, Wuhan 430063, China
4 School of Transportation and Logistics Engineering, Wuhan University of Technology, Wuhan 430063, China

Abstract: [ Objectives ] To address the growing complexity of ship hybrid power systems, this study pro-
poses a forward modeling approach based on multi-loop feedback to enhance modeling accuracy and perform-
ance, with a focus on the coupling characteristics of mechanical and electrical systems. [ Methods ] Firstly, a
7 500-ton inland bulk carrier operating on the Yangtze River is selected as the case study. The topological
structure and operational modes of its power system are analyzed. A diesel-gas—electric hybrid power system
model is constructed in Simulink, which includes a rule-based energy management strategy and a power con-
troller. Then, based on measured data, the model's applicability is evaluated in terms of fuel consumption,
speed control response, charging and discharging characteristics, power generation behavior and ship—
engine—propeller matching. Finally, the effectiveness of the Simulink model in energy management strategy
development is assessed by comparison with existing power flow model and AMESIM
model. [ Results ] Simulation results indicate that the model exhibits excellent responses in terms of speed
and power, accurately replicating the dynamic behavior of the target vessel with a margin of error less than
4%. The ship—engine—propeller matching characteristics under four operating modes are consistent with those
of the actual vessel, effectively capturing the influence of intermediate losses, control dynamics, mode trans-
itions, and converter disturbances on the energy management process. Moreover, the model supports real-time
simulation on dSPACE with a time step of 0.001 s, demonstrating strong real-time performance. [ Conclu-
sions | The research outcomes can serve as a reference for long-term testing across full operating conditions in
the energy management of multi-energy hybrid power systems.

Key words: ship hybrid power; system modeling; energy management; real-time simulation
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