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Research context and motivation

Although the three-phase machine is the natural choice for industrial and traction eDrives, it ~ Two research contracts are ongoing:

has some disadvantages: * Development of a machine control architecture and of a torque control solution for

* high power levels lead to high phase currents if the available voltage is limited automotive application with Polestar — Volvo Cars company

* fault events cause the inoperability of the machine * Development of a torque control solution with Punch Torino company

The multiphase machine may replace the three phase solution in particular applications: A C 5" b,

¢ the current,per Pha.s.e can be reduced to manage high power loads Wl |24 . INNIIE Do 2, \o L polestar
* the system’s reliability increases thanks to the redundant structure phase L “,

The multi three phase machines have recently gained more interest thanks to: vdcji = - :E‘vdc

 the use of independent three-phase inverters to exploit the three phase solutions B D A | .
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Concerning the multiphase synchronous machine, a lack in the literature is still present Elntons vl 36 v 4 no. 37179726, porl s0at oo e N IEEE Transactons on Fower

both in the modeling approach and in the definition of an effective torque control strategy

Addressed research questions/problems

Adopted methodologies

The main topic addressed in the research are: | e i e 2
» Development and testing of a torque control for traction three-phase AC drive using a new ) | < § ID references
approach entitied Flux Polar Control (FPC) [1] (patent pending) 8. | ¥ = 2 LI Fa
» Design of an experimental identification procedure of the electric parameters of the| | 2 o | & S % M-G-M operation
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* The inner regulators are decoupled (model equation 2 Vigres n
in stator flux-oriented reference frame) %0 100 200 300 400
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* The tuning of the regulators does not depend on the  Tuled) B
Of the maChine type and the Operating pOint, it iS i | giﬂ%ﬂ;ﬁgowqu‘e_ ) m
only related to the selected switching frequency F M

+ No additional regulator is required to perform the =l The Ph.D. activities will concern the modeling and the development of torque control
MTPV operation with flux weakening | strategies for multi three-phase synchronous motors. The machine under study is a twelve
» FPC is a plug-and-play torque control strategy I phase PMSM using a configuration with four three-phase winding sets.
R TR The main topics that will be investigated are:
Experimental Flux Mapping of Induction Machine for Traction » Development of multi three-phase SM models: multiphase synchronous machine
- New procedure to map the steady-state dq flux maps of the induction machine models will be devised to check the effectiveness of the torque control teghniques
» Al the equivalent circuit parameters can be obtained exploiting the main control loci * FPC in multi-phase configuration: both VSD and MS approaches will be adopted to
» A proper characterization of the current-frequency behavior of the electric circuit check the effectiveness of this torque control strategy for multi three-phase motors
parameters in the operative ranges is performed  Development of a decoupling algorithm for multi three-phase SM: each winding set

will have to be independent of the others to enable the decoupled control of the motor
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