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Abstract: [ Objective ] The air-gap magnetic field of
permanent magnet generators is non-adjustable, resulting in a
limited output voltage regulation range. To achieve an
adjustable air-gap magnetic field, this paper studies a hybrid
excitation DC generator with a tangential flux-concentrating
parallel structure. [Methods] A Maxwell 2D and Simplorer
field-circuit coupling model was built. The no-load
characteristics and no-load air-gap flux density were simulated
by finite element method. The parameter selection of related
components in the filter circuit was discussed. The external
characteristics were calculated, and the air-gap flux density
and adjustment characteristics under armature reaction were
analyzed. [Results] The simulation results showed that,
under a constant external characteristic load, when the
excitation current increased from —12 A to 0 A, the terminal
voltage rose by 3.02 V. Further increasing the excitation
current from 0 A to 12 A resulted in a terminal voltage
increase of 24.66 V. Under armature reaction conditions, the
amplitudes of the fundamental wave, 5P and 7P harmonics
components of the air-gap flux density decreased by 0.05 T,
0.02 T, and 0.01 T, respectively, while the amplitudes of the
3P and 9P harmonics increased by 0.09 T and 0.03 T,
respectively. The air-gap flux density curve exhibited a trend
where one half was strengthened while the other half was
weakened. [Conclusion] The no-load characteristics indicate
that applying positive excitation to the generator is more
effective than negative excitation, making it suitable for low-

speed and high-torque applications. The output voltage

increases with higher rotational speeds. The external
characteristic curve shows that, under negative excitation
current, the variation in the generator ‘s phase voltage root
mean square value is relatively small, whereas under positive
excitation current, the variation is significantly larger. In the
adjustment characteristics, to maintain a constant generator
terminal voltage, the excitation current must be increased as
the load current increases.

Key words: no-load characteristics; external characteristics;

regulation characteristics; air-gap flux density
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Fig.3 Schematic diagram of field-circuit coupling
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Firstly, the finite element analysis model of
hybrid
excitation generator ( TMPS-HEG ) was built using

tangential magnetizing parallel structure
Ansys Maxwell 2D. The performance and structural
parameters of the TMPS-HEG were listed, and its
magnetic adjustment principle was analyzed. The
magnetic flux of TMPS-HEG can be altered by
adjusting the magnitude and direction of excitation
current.

Then, the field-circuit coupling system diagram
was constructed with Maxwell 2D and Simplorer
modules to analyze the no-load air-gap flux density
curve and harmonic orders. The analysis showed that
the generator had strong magnetic field regulation
capabilities, with effective positive excitation and
flux enhancement. It is suitable for low-speed and
high-torque applications. Under the influence of
positive excitation current, the fundamental wave
amplitude was significant, and the amplitudes of the
11P and 13P harmonics were also substantial. Since
the no-load air-gap flux density waveform of the
TMPS-HEG was non-sinusoidal, a rectifier and filter
circuit was added after the TMPS-HEG motor to form
the tangential magnetizing parallel structure hybrid
excitation DC generator ( TMPS-HEDCG ) system,
and the influence of different capacitance and
inductance values on the output DC voltage was
studied.

Finally, the no-load characteristics, external

characteristics, and regulation characteristics of the
TMPS-HEDCG, as well as the air-gap flux density
curve and harmonic frequencies after armature
reaction, were analyzed. The results showed that in
the no-load characteristics, the effective value of the

no-load back

increasing speed. In the external characteristics, the

electromotive force increased with

terminal voltage changed little under negative
excitation current, while it changed significantly
under positive excitation current. As the excitation
current increased from —12 A to 0 A, the terminal
voltage increased by 3. 02 V, and as the excitation
current increased from 0 A to 12 A, the terminal
voltage increased by 24.66 V.

After armature reaction with a resistive load, the
air gap flux density curve showed a trend where one
half of the magnetic flux density was enhanced while
the other half was weakened. When the excitation
current was 0 A, the fundamental wave amplitude
and the 5 P and 7 P harmonic amplitudes decreased
by 0. 05 T, 0. 02 T, and 0. 01 T, respectively,
while the amplitudes of the 3 P and 9 P harmonics
increased by 0.09 T and 0. 03 T. The amplitude of
the 11 P and 13 P harmonics showed no significant
change. In the regulation characteristics, to maintain
a constant terminal voltage of the generator, the
excitation current must be increased as the load

current increased.
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