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Hybrid DC Power and Propulsion

Legend:

(1) Diesel generators
(2) AC-DC converter
(3) Battery ESS

(4) DC-DC Converter
(5) Electrical distribution
(6) DC-AC inverter

(7) Direct mechanical drive

(8) Gearbox

(9) Controllable pitch propeller
(10) Auxiliary gear and propulsion
G Generator

M Motors

MG Motor / generator
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Block diagram of engine model
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Measurement Grid
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Validation of engine speed
MAPE of 1.89 and PPMCC of 0.86 at dynamic segments
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Reference AC Loadstep

At max speed
Stabilizing time of 21s
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VSG Without ESS

At optimum speed
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VSG Long Ramp

0 s delay, 75 RPM/s and 10 kW/s
Stabilizing time of 25s
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VSG Long Delay

20 s delay, 75 RPM/s and 100 kW/s
Stabilizing time of 43s
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VSG Best Option
6 s delay, 75 RPM/s and 100 kW/s
Stabilizing time of 18s
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Conclusions

« Engine dynamics crucial for variable speed
control strategy

« Improvement on dynamic behaviour of VSG
with ESS

 Better engine response on ramps than steps

« Only shown in limited number of scenarios

Beside:
« Working model with limited calibration data
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Recommendations

« Increase speed before load
« Test full operating profile and dynamics in FAT

e More research

* Diesel
 More scenarios and generalised control
strategy

- Control stability evaluation
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Fouten bij validatie profiel
Bij 1300 RPM

Variable
P_B [kW]
n_eng [rpm]
Thr_pos [%]
n_TC [rpm]
p_ac [kPa]
p_ir [kPa]
p_er [kPa]
eta_eng [%]
dm_in [kg/s]
m_f [kg/s]
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MAPE_ss PPMCC_ss MAE_dyn MAPE_dyn PPMCC_dyn

0.84
0.86
0.95
0.93
4.74 0.89
0.92
0.94
0.51
0.72
0.92

01 December 2025




v";f:%,{v Netherlands Defense Academy

——

BSFC plot
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