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Abstract. With the characteristic which the control of the multiphase machine is more complex
compared with three-phase ac machine, a novel control method is proposed in this paper, namely
six-phase motor trapezoidal wave phase current control. By using the trapezoidal phase current
waveform, the stator winding is separated into the field winding and the torque winding. The function
which is about the field and torque control in directed and separated mode can be realized without the
complex Park transformation. The paper carries on the theoretical analysis, the computation of the air
gap magnetomotive force (MMF),the electromagnetism torque and MMF decoupling parameter k.
And these results are validated by the experiment. It is shown from the theoretical analysis
computation and experiment result that it is possible for the control strategy proposed in this paper
and it is also of some advantages not only in the control method but also for motor control
performance.

I ntroduction

Ac machine drives have progressed quickly, because of the inherent defects of dc machine. It has
been shown that high phase order (HPO) induction machine drives possess many advantages in some
special applications. These advantages include the reduction of the amplitude and increase of the
frequency of the torque pulsation, the reduction of rotor harmonic currents, the reduction of the
current per phase without increasing the voltage per phase and the provision of a higher
reliability[1,2].

The character and development of six-phase induction machine control is introduced and
summarized, and a novel control method is proposed in this paper, namely six-phase motor
trapezoidal wave phase current control. By using the trapezoidal phase current waveform, the stator
winding is separated into the field winding and the torque winding. The function which is about the
field and torque control in directed and separated mode can be realized without the complex Park
transformation[3-7].

Six-phase current waveform configuration

The stator phase current waveforms can be configured, as shown in Fig.1.The current waveforms
produce a rectangular flux density in the air gap. The field and torque current components, /r and It
can be controlled separately like in a dc machine. The control system is simple to implement, because
unlike in vector control, there are not any transformations.
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Fig.1 Six-phase current waveform configuration
The phase current waveforms are assumed to be supplied by six full-bridge converters. With these
current waveforms two separate rotating stator MMFs are generated, namely a field rotating MMF
and a torque rotating MMF.
Fy1s the field MMF due to the three-phase field currents, i,, i. and ig. F; 1s the torque MMF due to
the three-p hase torque currents, i, i, and iz F, is the rotor MMF due to the rotor phase induced
currents i7,ig,...,i13.

Theair gap field intensity calculation and analysis

In Fig.2 the waveforms of the three phase currents used to generate the field MMF are redrawn for
time ¢ = 0—1¢,.The instantaneous values of the three phase currents can be expressed as,

Fy

machine at ¢ = #1»

. _ 1
I, =—"t 1
= (1)
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i,=-1I, 3)
From this the resultant amplitude of the field MMF, F, for time interval 0—¢, can be calculated as,
F,=N,,—NJi, —N,,=2NJI, 4

For the stator torque currents during time ¢ = 0—¢;,as shown in Fig.1,the amplitude of the torque
MMF, F; can be expressed as,
F;:Nbib_Neie_NfifzstlT (5)
With seven (of the fourteen) rotor phases active for this machine, the amplitude of the rotor MMF,
F,, can be expressed as,

13
F; :eriiri :7Nr1r (6)
i=7
For balanced MMF condition, F; = F, and a=0 in Fig.3 which means that
2N 1,=7N.I, (7)
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From equation (4 ) thus

TN 1,
1, N (8)
Table 1 Design data of six-phase induction machine Table
Number of phases 6
Number of poles 2
Number of stator slots 36
Number of slots per pole per phase 3
Number of turns in series per stator phase 249
Stator phase resistance(Q2) 9.6
Stack outer diameter (mm) 165
Stack length (mm) 128
Air gap radius (mm) 49
Number of rotor slots 28
Number of rotor phase 14
Number of turns in series per rotor phase 28
Rotor phase resistance(£2) 0.43
The important relationship between /; and wy; is obtained namely,
& — L Rr —_ NS‘ Rr (9)
I, 1, 2N.BLr, 7N!BLr,

The design data of the machine are given in Table 1 a typical value of k =7rad/(4-s) must be used
in the drive control system to have decouple control.

From Fig.3 it follows that:

F2:Fg2_F;2:Ff+F;2_F;2 (10)
By ignoring the stator and rotor core reluctances, the air flux density can be expressed as,
B = lu i
" 21,
Y
J@N, 1> +(2N,1,)* =(IN, 1)’
=H,
21,
Table 2 Calculated result s of flux density
r(a) B(T) Fur (A1)
0.22 0.05 46.5
0.45 0.1 93
0.88 0.2 186
1.32 0.3 279
1.86 0.4 372
4.14 0.5 465

Finite e ement calculated result

For the FE analysis, the mesh generation is completed as shown in Fig.4. The different values of
the amplitude of the flux density in the air gap can be obtained by changing /. The result of the air
gap flux density calculation at /r =3.54 is shown in Fig.5. The flux density waveform obtained from
FE analysis is filtered by a low pass filter in Matlab software.
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Fig.4 Mesh used in the FE analysis Fig.5 Flux density distribution in the air gap

Experimental results

The flux density can be estimated by modifying Egs. (11) as
__£ (12)
2N lw,r
With E and wy measured, the results of flux density versus field current are shown in Fig.6.Also
shown in Fig.6 are the theoretical and FE calculated results which show fairly good agreement.
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Fig.6 Comparison of results of air gap flux density versus field current IF

Conclusions

1) This novel current control strategy benefits the developed torque of the motor as well as
simplifying the control algorithm by removing the complex transformations used in flux orientated
control.

2) The resultant field intensity due to the field MMF in the air gap is approximately trapezoidal,
which is similar to the air gap field intensity in a dc motor. The simulation of DC motor control is
realized really.

3) In general good agreement is found between calculated and measured results of the proposed
six-phase machine drive with its novel phase current control.
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