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Improvement of Torque Characteristics

of a Rotatory Two-phase Transverse Flux Machine Optimizing
the Shape of Rotor Pole
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ABSTRACT

Transverse flux machine(TFM) has been developed to drive a machine of large input power at
low-speed. However, it has complicated structure and large torque ripple due to its inherent structure. In
this paper the characteristics of torque of a rotatory two-phase TFM are analyzed by using the
3-dimensional finite element method and optimal design. This research shows that one of the effective
design variables is the skew angle of permanent magnet. The skew angles of permanent magnet are
optimized by using a genetic algorithm. It also shows that the proposed optimal skew magnet not only
increases average torque but also decreases torque ripple of a rotatory two-phase TFM.
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Table 1 major design variables

Design parameters Value
Rotor outer radius(mm) 88.5
Stator outer radius(mm) 72.5
Stator inner radius(mm) 41.4

Axial length(mm) 47

Air-gap length(mm) 0.5
Tooth pitch, 2 r(degree) 11.25
Number of pole pairs 32

Residual flux density of magnet(T) 0.4
MMF(AT) 1250
Rated speed(rpm) 300

Table 2 Energizing sequence of a TFM

Position Phase A Phase B
07-057 + -
057-107 + +
1.0z-15¢ - +
157207 - -
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Table 3 Average torque
o bl o 235 | 391 | 623 | 7.77
2.53125 66.26 71.66 73.88 73.55 71.25
2.671875 | 66.76 71.68 73.08 71.69 68.81
2.8125 69.41 71.62 72.26 69.80 66.09
2.953125 | 67.45 70.93 70.88 67.26 62.41
3.09375 66.95 69.81 68.89 64.02 58.41
Table 4 Torque ripple
I, " 0 2.35 391 6.23 7.77
2.53125 37.93 36.08 35.24 34.57 34.56
2.671875 | 36.36 35.84 34.27 33.74 34.77
2.8125 35.01 31.25 29.59 30.52 30.71
2.953125 | 26.49 24.86 24.53 26.12 26.93
3.09375 22.67 22.57 22.54 23.16 24.25
[Torque ripple =Tm‘“T_T‘“i“><100J
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Fig. 12 (a) Average torque and (b) Torque ripple
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Table 5 Average torque
(QL) On)n 0 2.35 3.91 6.23 7.77
0 69.41 69.82 71.12 71.94 72.20
2.35 69.79 71.62 72.18 72.24 71.93
3.91 71.13 72.19 72.26 71.50 70.59
6.23 71.33 72.27 71.52 69.80 68.15
7.77 72.24 71.96 70.74 68.15 66.09
Table 6 Torque ripple
(9L) ©n)n 0 2.35 3.91 6.23 7.77
n
0 35.01 31.59 31.38 30.18 30.08
2.35 31.51 31.25 30.05 29.94 29.92
3.91 31.00 29.75 29.59 29.67 29.72
6.23 31.00 29.10 29.13 30.52 30.61
7.77 29.12 29.04 30.28 30.57 30.71
T =T
(T orque ripple =“"“"m‘“><100]
Tmax
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Table 7 Formulation of the GA
» Object function :

O=0f +to,f,
Ji=1(T,.);

ZT

(Tav@)i =
S :(Tr[p)i

(T,), = KT"‘T_T““J +max[(T,,), ]} «100

» Design variables :

(o), ]

P Constraints condition :

Maximum current of each phase: I=1250[AT]

Table 8 Parameter of genetic algorithm

Number of population 50
Chromosome length 87
Crossover probability 0.5
Mutation probability 0.02
Generation 900
STUSSEE =2 ZH/A19¢ A 103, 2009¢/1009
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