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Abstract

Six-step modulation offers notable advantages over the conventional Space Vector Pulse
Width Modulation (SVPWM) in the flux-weakening region. It enhances the torque capa-
bility of the machine and guarantees maximum power performance by maximizing battery
voltage utilization, a critical component of electric cars due to its high cost. Moreover, the
system’s efficiency is enhanced by reducing the phase current required for flux weakening
and minimizing switching losses. Conversely, under identical operational requirements,
it becomes feasible to downsize the battery capacity and/or machine/inverter ratings,
leading to cost, weight, and space savings.

This thesis introduces an enhanced Deadbeat Flux Vector Controller (DBFC) as a one
single control law capable of operating interior permanent magnet synchronous machines
(IPMSMs) across the entire torque-speed range. Stable operation in the full voltage mod-
ulation range, including SVPWM, overmodulation (I and II), and six-step, is achieved
through precise tracking of various flux trajectories. DBFC enables a continuous and
seamless transition between the different operating regions, with the modulation index
varying linearly with speed in the constant torque region. With this proposed strategy,
undesirable torque dynamics, stability problems, and increased computational efforts, as-
sociated with using multiple control laws are completely avoided.

A comprehensive analysis of DBFC’s transient performance at the maximum voltage limit
(six-step) is conducted. A time-optimal torque control algorithm is developed to achieve
the fastest possible torque response, significantly reducing the settling time, particularly
when operating at the voltage limit (six-step). The torque can be controlled with high
accuracy and high robustness to machine parameter variations. DBFC allows for the
control of the instantaneous flux vector, encompassing both steady-state and transient
flux trajectories, without requiring trade-offs between steady-state six-step behavior and
excellent transient performance. The proposed controller offers significant advantages over
conventional Field-Oriented Control (FOC) and it is simpler to implement.

If operation in overmodulation, including six-step, is not desirable based on the application
and requirements, another variant of the classical Direct Torque Controller (DTC) can be
employed. The operation of the Deadbeat-Direct Torque and Flux Controller (DB-DTFC)
is extended to the second flux weakening region by the Square-Root Condition (SRC),
ensuring robust and reliable maximum-torque-per-flux (MTPF) operation with a circular
flux trajectory. A robust Gopinath flux linkage observer is implemented and evaluated
since the flux is a controlled variable for both DBFC and DB-DTFC.

i



Simulation and experimental results are provided to validate the proposed control strate-
gies, which have been implemented on an automotive microcontroller with a high-power,
high-performance automotive traction machine.
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