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Abstract—This paper describes an investigation of direct constant sample-time, the desired voltage vector is computed
torque control for multi-phase permanent magnet synchronous according to torque and amplitude references.
motor drives. First, using the Multi-machine Multi-converter Finally, the reference voltage vector of the real machine
System concept, a multi-phase drive is divided into a set of . . e
fictitious one or two-phase drives. Each reference voltage vector IS COmputed according to each fictitious voltage vector. The
of a fictitious drive is then computed with a simple direct torque closest voltage vector according to the reference one is com-
control (DTC) algorithm. Finally, the voltage vector of the real puted by a vectorial algorithm and applied to the machine.
machine is computed according to reference voltage vector of The gverall control of the drive is then based on instantaneous
each f|<_:t|t|ous drive. Experimental resqlts are presented for a quantities and offers a quick-response control. However, and
750W five-phase permanent magnet drive prototype. . . . .
particulary due to the leakage inductance, high harmonics
currents are generated.
Algorithms for estimation of the stator flux of each fictitious
Multi-phase machines possess several advantages over ¢oachine is discussed according to [11] and [12].
ventional three-phase ones as electrical power shared on moreinally, simulation and experimental results are presented
switches, higher frequencies and lower amplitude of torqdier a 750W surface-mounted permanent-magnet prototype ma-
time-harmonics, fault-conditions capabilities ... [1], [2]. chine supplied by a five-legs insulated gate bipolar transistor
If multi-phase machines are known since a long time, veYGBT) inverter.
few papers discuss DTC for multi-phase motors [7], [8].

I. INTRODUCTION

Classical DTC schemes contain generally three parts [3], |I. MULTI-MACHINE MULTI-CONVERTERSYSTEM

[4]: CONCEPT
« atorque hysteresis controller In an orthonormal baseB, composed of the vectors
« a stator flux amplitude hysteresis controller {z%,z5,...,z"} it can be defined the voltage, current and

« a look-up table which provides switches combinationgator flux linkage vectors:
according to torque and flux amplitude references.

— — —

Classical DTC implies a large voltage time-harmonic spectrum Vo= vl oy + vy, 1)

when using hysteresis controllers. Moreover, applied to multi- - i@y A igxhy 4 il )
hase machine, it leads to a large look-up table difficult to - —= —= —=

P 9 P ¢s = ¢slx? + ¢32$3 + ...+ ¢s3mz (3)

achieve [7]. We propose then a DTC with no look-up table
and a constant switching frequency. where g, (¢ = v,i,¢,) is the quantity associated to the
First, using the Multi-machine Multi-converter System COMNphase numbek (k = 1,2,...).
cept [5], the real drive is transformed into a set of simpler thase vectors are linked by:
fictitious drives. Based on the extended Concordia transforma-
tion, it leads to the equivalence between the n-phase machine = do. —  dbs. d@’
and a set of one or two-phase fictitious machines. Fictitious v=Ri+ dar Ri dt dt (4)
machines are totally magnetically independent and posses R . .
quantities directly composed of harmonic sets of the reahere ¢, depends oni: and ¢,; depends on the rotor
machine. magnets.
Each reference voltage of a fictitious two-phase drive isIn a great majority of cases, there are magnetic couplings
calculated with a simple direct torque control (DTC). On eadbetween the phases of a multi-phase system and the relation
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Fig. 12. Current in the real machine (simula-  Fig. 13. Currents in the main machine (simu-  Fig. 14. Currents in the secondary machine
tion with inductances 10 times greater) lation with inductances 10 times greater) (simulation with inductances 10 times greater)
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