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Abstract: This study focused on the brushless phase-
compounding excitation synchronous generator for ships.
First, the working principle and excitation characteristics of
the generator were introduced, and the output current
calculation formula for compound excitation was derived.
Then, to address the issue of the generator’ s regulation
characteristics being unable to fully compensate for the
excitation system’ s output, an appropriate overcompensation
coefficient for the excitation current was designed. The system
stabilized the port voltage by coordinating with the unique
working mechanism of the shunt resistor. Next, the
calculation method for the main component parameters based
on this design was provided, and a simulation model was
established for verification under both steady-state and
dynamic load conditions. Finally, a 25 kVA experimental
prototype was manufactured based on the proposed design and
the parameters of the existing machine. The test results
showed that the designed controllable excitation system could
adjust the excitation current by switching the shunt resistor,
ensuring stable port voltage despite load fluctuations. A
comparison of the calculation, simulation, and experimental
results showed an error of less than 1%, confirming the
validity of the derived formulas. The simulation error was less

than 3. 5% , demonstrating that the model effectively reflected
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both the steady-state and dynamic characteristics of the
prototype, verifying the rationality of the overcompensation
design.
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Fig.1 Main circuit of synchronous generator with

phase-compounding excitation
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Fig.2 No-load characteristic curve and magnetic field

lines of synchronous generator
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excitation system
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Fig. 6 Single-phase current waveform on AC side
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Fig.7 Vector illustration of output voltage and
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Tab.1 Basic parameters of generator and exciter
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Fig. 12 Experimental results of output three-phase line
voltage under steady-state condition
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Brushless phase-compounding excitation

synchronous generator is widely used in ships,

islands, and independent power systems where
equipment  reliability is  crucial in  harsh
environments.  Existing literature lacks detailed

mathematical derivations of the output characteristics
of phase-compounding excitation systems, and there
is insufficient analysis and reliable design schemes
for key parameters such as phase-shifting reactance
and transformer ratio.

First, the basic components of the marine
brushless phase-compounding excitation synchronous

generator were introduced, as shown in Fig. 1. These

mainly included the main generator, phase-
compounding  excitation system, exciter, and
automatic voltage regulator. Then, the output

characteristic expression for the phase-compounding
system was derived. To address the issue where the
generator’ s regulation characteristics cannot fully

compensate for the excitation system’s output, an

appropriate overcompensation coefficient K =1. 25
was designed. Based on this design scheme, the
calculation methods for the main component
parameters were provided.

Finally, steady-state and dynamic load
conditions were simulated and verified on the
Matlab/Simulink  platform. An  experimental

prototype was built based on the basic parameters of
a 25 kVA synchronous generator and the excitation

system design scheme. Under steady-state conditions,

S1

the output three-phase voltage distortion rate was
3.33%, the port voltage dynamic adjustment rate
was no less than —12. 77% , and the full-load start-
stop dynamic adjustment rate was no higher than
23.05%.

A comparison of the calculation, simulation,
and experimental results was shown in Tab. 1. The
test results confirmed the validity of the derived
formulas and the rationality of the overcompensation

design scheme.

Fig.1 Main circuit of synchronous generator with

phase-compounding excitation

Tab.1 Comparison of calculation and simulation

results with experimental results

Load conditions No-load Full-load
Design values/A 0.288 2 1.059 6
Experimental results/ A 0.23 0.84
Calculation values/A 0.230 6 0.847 7
Calculation error/% 0.26 0.92
Simulation results/A 0.2372 0.849 9
Simulation error/% 3.13 1.18
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