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During the execution of a student scientific competition project, a comparison
of the design of promising types of electric motors for the powertrain of an electric
vehicle was conducted. In particular, switched reluctance machines (SRM), Flux
Switching PM Machines (FSPMM), Flux Switching Winding Excitation Machines
(FSWFM), and Flux Switching Hybrid Excitation Machines (FSHEM) [1-3] were
considered. Based on the analysis, a conclusion was made regarding the structural
similarity of the magnetic systems of these motor types. This suggests the possibility
of unifying the manufacturing process for mass production of electric motors that
essentially belong to different types (Figure 1).

The application of winding excitation or hybrid excitation significantly expands
the control capabilities of SRM. In the case of an FSWFM, it becomes possible to
regulate the magnetic flux by adjusting the excitation current. In the case of an
FSHEM, the magnetic flux of the permanent magnets (PM) can be strengthened or
weakened by varying the magnitude and direction of the excitation current. Increasing
the magnetic flux allows for a higher torque output when acceleration is needed, while
reducing the flux at cruising speeds improves motor efficiency [4-11].
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Figure 1 — Transformation SRM to FSWFM, FSPMM
and FSHEM

However, generating the excitation current requires an additional DC power
source. This source must be capable of controlling both the magnitude and direction
of the current. As a result, the motor control system becomes more complex due to
the inclusion of an additional DC/DC converter (Figure 2, a).

In Figure 2, b, the simplest and most common converter circuit based on a
typical H-bridge converter is presented. A key aspect of this converter’s operation
within a hybrid excitation system is that the magnetic flux generated by the
excitation winding must be comparable in magnitude to both the working magnetic
flux of the motor and that of the permanent magnets (PM). This means that the
excitation winding current is comparable to the working current of the motor.

To ensure smooth regulation of the excitation current, the power transistors of
the DC/DC converter must operate over a wide range of states, from fully off to fully
on. Consequently, this results in significant power dissipation in the switches,
leading to substantial energy losses.
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Figure 2 — Coniguration of doubly-fed FSWFM (a),
power circuit for DC field winding (b) [2]

The use of pulse-width modulation (PWM) in the operation of the H-bridge
converter leads to additional magnetic flux ripple in the FSHEM, which is one of its
main drawbacks. Therefore, additional measures are required to reduce magnetic flux
ripple and minimize energy losses in the switching elements.

Conclusion

An electrical circuit and an operating algorithm for the power switch driver of
the DC/DC converter in the FSHEM hybrid excitation system have been proposed.
This solution minimizes energy losses in the excitation circuit by utilizing PWM and
smoothing the current ripple of the H-bridge converter.
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