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    2 MAGNETIC GEARBOXES


    Magnetic Gearboxes (MG) have been the focus of studies and publications since 1940, with the development over the years described in [1]. The first coaxial planetary magnetic gearbox was first proposed in 2001 [2]. Since the 2000s, the incorporation of MG in motors has been proposed to reduce the overall size of the drive system [3]. The number of publications about MGs has increased as higher energy product magnets become more available and cheaper. One of the applications that have been generating several articles about MG is their use on wind generators [4-6].


    One of the most important features of MG is the protection from overload. If an excessive torque is applied, the MG will lose synchronism and start slipping poles, instead of breaking as it occurs with mechanical gearboxes. Once the excessive torque is removed, the MG will automatically recover the synchronism. MGs also require less maintenance as they do not require lubrication and operate without contact between its parts. They also generate less noise [7-13].


    The magnetic flux modulation principle can be explained as shown in [14]. In order to explain the magnetic flux modulation, an outer rotor with a given number of poles, all radially magnetized with alternating polarities, can be considered as the primary source of magnetic field. A set of modulation pieces made of ferromagnetic material, concentric with the outer rotor, can be used to modulate the magnetic flux. An inner rotor with a different number of poles, also with radial magnetization and alternating polarities and concentric with the outer rotor, can be used to be coupled to modulated magnetic flux. Considering these three main parts, the magnetic flux modulation can be explained as follows.


    Fig. 2, 3 and 4 shows the flux modulation where the inner rotor sees only a north pole produced by the outer rotor, the flux modulation where the inner rotor sees a transition from north pole to south pole and the flux modulation where the inner rotor sees only a south pole produced by the outer rotor.


    Figure 2 - Flux modulation north
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    Source: [14]


    In Fig. 2, it can be seen that the modulation ring pieces are aligned with the north poles of the outer rotor, and, consequently, the modulated magnetic flux seen by the inner rotor is a north pole.


    Figure 3 - Flux modulation transition
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    Source: [14]


    In the case of Fig. 3, the modulation ring pieces are not perfectly aligned with either pole. Therefore, the resulting modulated magnetic flux is a mixture of both north poles and south poles.


    Figure 4 - Flux modulation south
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    Source: [14]


    Finally, in Fig. 4 the modulation ring pieces align with the south poles and the resulting modulated magnetic flux results in a south pole. This transition between poles generates a modulated magnetic flux with different magnetic pole transitions than the one produced by the outer rotor and allows for rotors with different number of poles to couple.


    At any given time, since the magnets are never removed nor demagnetized, the outer rotor produces an alternating magnetic flux along its inner circumference. Even though all poles are always present, the distance and elevated magnetic reluctance prevents the majority of the magnetic flux to reach the inner rotor. As the magnetic reluctance of the modulator pieces is much smaller when compared to that of the material that surrounds the device, air or vacuum for example, the magnetic flux that goes through the modulation ring pieces can reach the inner rotor. Because of this, at any given time the modulation ring filters which parts of the magnetic flux distribution of the outer rotor reach the inner rotor. By this effect, the inner rotor interacts not with the original flux distribution of the outer rotor alternating poles, but with the resulting magnetic flux that comes from the outer rotor but was filtered, or modulated, by the modulation ring pieces. As a result, even if the outer rotor has a different number of poles than the inner rotor, both rotors can still be coupled and produce torque. The inner rotor will be coupled to the modulated flux of the outer rotor and not the original magnetic flux produced by the magnets of the outer rotor. Considering that the inner rotor also has magnets, the same considerations can be made for the magnetic path from the inner rotor to the outer rotor. The outer rotor also couples to the modulated magnetic flux of the inner rotor, and not by the original magnetic flux produced by the magnets of the inner rotor.


    Considering two concentric rotors, with evenly distributed magnets, with radial magnetization and
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    APPENDIX A: PROTOTYPE PARTS MECHANICAL DRAWINGS


    Front plate – 1020 Steel - lathe and milling cutter
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    Back plate – 1020 Steel - lathe and milling cutter
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    L frames – 1020 Steel - Milling cutter
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     Aluminium disk – Aluminium - Lathe and milling cutter
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    Aluminum modulation ring structure – aluminum - Lathe and milling cutter
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    Inner rotor shaft – 1020 Steel - Lathe
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    Modulation ring pieces – E230 0.5mm electrical steel - EDM machine
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    Magnets – NdFeB N35 - EDM machine
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    Outer rotor – 1020 steel - EDM machine and lathe
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    Inner rotor – E230 0.5mm electrical steel - EDM machine
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