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Abstract—In this paper, a new permanent-magnet verrer
(PMV) machine has been proposed and the performansehave
been analyzed based on the comparison with its coempart,

namely, the magnetic-geared machine. An analyticapproach to
calculate the airgap flux distribution and the torque in proposed
PMV machine has been presented. Then the finite etent
method is used to analyze the harmonic order of thkey factors.
The analytical analysis results agree well with th&e obtained by
the finite element analysis and experimental resudt Finally, the
proposed machine has been prototyped for experimeation.

I. INTRODUCTION

Vernier machine as one member of harmonic machine

family has been known as a promising candidateldor

speed high-torque applications [1]-[3]. The highignlinear

relationship between the dimensions and magnetdd fi
makes the design cumbersome. At present,
fundamental component is considered for maximizihg
output torque [4], [5]. However, the harmonics esponding
to the winding pole-pair, flux-modulation pole-pand the
rotor pole-pair in the airgap flux density are nmglectable.
In this paper, we present an analytical approactatoulate
the airgap flux distribution, the magnetic motiwede and the

Il. THEORETICALANALYSIS

The knowledge of the field distribution in the apgof the
PMV is vitally important for predicting and optiniig its
performance [6]. A group of analytical equations@arning
the airgap flux density and the torque are evatlate
considering the harmonics to describe the behasfothe
proposed machine shown by (1) and (2), and thdtsesill
be given in the full paper because of the limitpdce. The
definitions of mechanical angles are shown in Eig.
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. SIMULATION RESULTSAND EXPERIMENTAL VERIFICATION

The flux distributions of both machines at 0° arit@de
shown in Fig. 2. It can be observed that the flimed per
stator tooth can pass through the FMPs separatelyce
verifying the desired flux modulation. It also da@ seen that
the flux line changes a lot when the rotor rotates fourth of

torque in proposed permanent-magnet vernier (PMV)the pole pitch. The airgap flux density and its nhamic

machine, as shown in Fig. 1 (a), called as Machiiethis
paper. And the other machine coined as magnetiedea
machine has be shown in Fig. 1 (b), called as Muehi in
this paper.
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Fig. 1. Machine Topologies. (a) Machine 1. (b) Mazhil.

spectra of Machine |, inner airgap of Machine Idavuter
airgap of Machine Il are given in Fig. 3, Fig. 4daRig. 5,
respectively. It has shown that, the airgap flurgity of the
outer airgap of Machine Il has the same numbemntpwith
Machine | while has smaller value owing to two ajpg
introduced by the ferromagnetic segments. Thentdhgue
transmission characteristic is obtained througbutating the
locked-rotor operation.

The corresponding no-load EMF and the output torque
waveforms obtained by the finite element method are
described in Fig. 6. The amplitudes of no-load EMF
Machine | and Machine Il are 98 V and 75.2 V, white
output torques are 69.1 Nm and 55.2 Nm. Namely, the
torque-handling capability is 30.3% and the no-l&adF is
25% of the proposed machine Machine | higher than t
Machine II. It also can be seen that the no-load FEM
waveform is almost perfectly sinusoidal, which issidable
for smooth torque production.

The measured waveforms of no-load EMF and no-load
EMF vs. versus speed are shown in Fig. 7. It ha lseen
that the torque of Machine Il has slight phasetsfofmpared
to Machine I. The analytical analysis results, nigie field
distribution, no-load EMF and the torque transnoissi
performance agree well with those obtained by tihéef
element method and experimental results. The deitail
simulation and experimental results will be giventhe full



150

100] A B 'Zé\ e ‘ < Machine |
501 g b
% §- Machine 11
§o o \
) .
> 50 E 7 6 8 10 12 14
-100{ <
Machine | Machine Il = O
-1504—. T ™ T T T T 5
0 2 4 6 8 10 12 1U4r -2
. -0 -0.3 0.0 0.3 0.6
Time (ms) Time (ms
(a) (b

Fig. 6. Simulated no-load EMF and torque. (a) Waxref (b) Harmonic
spectra.
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Fig. 7. Measured no-load EMF. (a) Waveform measate2D0 rpm. (b) No-
load EMF vs. speed.

Iv. CONCLUSION

(© (d) . . - .
Fig. 2. Flux distribution. (a) Machine | at 0°. (Machine | at 90°. (c) Vernier machme has been K”O‘f"“ as a promising di.im“
Machine Il at 0°. (d) Machine Il at 90°. for low-speed high-torque applications. A new PM¥ahine

has been proposed and the performances of hasababrzed

167 based on the comparison with so-called magneticegea
£ 12 _ machine. The key parameters, namely the airgap flux
2 0 < distribution, no-load EMF and the torque in progb&MV
5 00] 3 machine have been analyzed by an analytical appydiaite
%2: E element method and then verified by the experimé&he
Ea analytical analysis results agree well with thob¢éaimed by

B T o e T I o e A e the finite element method and experimental resliltsas also

Angle (deq) Pole-pai(rbr;umbers shows that the newly proposed machine has a large

Fig. 3. Airgap flux density of Machine I. (a) Wawef. (b) Harmonic improvement compared to its counterpart.
spectra.
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Fig. 5. Outer airgap flux density of Machine Il) {§aveform. (b) Harmonic
spectra.



