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Abstract 
 

This paper presents design and analysis of flux density, torque and gear ratio 
in perpendicular magnetic gear. Permanenet magneic gear is a new type of non 
contact mechanical power transmission and high gear ratio system. This has 
unique advantages to be applied in the wind turbine and Industrial group drive 
applications etc. This type of gears offers both high speed and high torque 
required for drive applications. The flux density, torque and gear ratio of the 
perpendicular magnetic gear has been simulated using MagNet software 
(version 7.1.3). This novel gear arrangement will lead to many drive 
applications in industries, replacing the conventional mechanical gear.  

 
 
Introduction 
Permanent magnets have fascinated and inspired many people through the ages, 
because a permanent magnet produces a flux and magnetic force [1].  
 Recently, the concept of magnetic gears has been proposed. Because of physical 
isolation between the input and output shafts, it offers some distinct advantages 
namely minimum acoustic noise, free from lubrication and extremely low vibration 
and noise-levels, free from maintenance, improved reliability, high efficiency and 
inherent overload protection. They can operate through a separation wall (i.e) transmit 
torque without any physical contact. Therefore, it is quite suitable for using in any 
type of environments [2-7] 
 This novel feature of perpendicular magnetic gear confiuration has not been 
implemented so far in drive applications. In this paper, a detailed mathemetical 
modeling and simulation of the perpendicular magnetic gear has been implemented. 
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Table 1: Dimensions of gear 
 

Description Perpendicular Magnetic Gear 
No of low speed rotor poles 32 pair 
No of high speed rotor poles 4 pair 
Outer radius of low speed rotor  240mm 
Inner radius of low speed rotor 61mm 
Outer radius of high speed rotor 240mm 
Inner radius of high speed rotor 61mm 
Length of rotor poles 100mm 
Airgap length  0.5mm 
Permanent magnet material NdFeB 
Permieability of air region µ0 7104 −xπ  Tm/A 
Relative permieability of magnets µr = µ/ µ0 1.0523 

 
 
 For better gear ratio to commutate the magnetic field from high speed side with 
few permanent magnetic poles into the low speed side with many poles. 
 
 
Finite Element Analysis 
The magnetic gear shown in Fig.1 is used for finite element analysis. The parameters 
of the gears are listed in Table.1. The flux density is shown in fig.2, where the high 
and low speed rotors are placed in a position realisation to each other. Where, 
maximum torque is achieved. In Fig 3 the calculated torque versus time is shown. The 
curve is obtained by evaluating THIGH (11) Equations mentioned in torque 
equation.The Max torque obtained is 30 Nm. The above torque is calculated using the 
finite element analysis [8-12].  
 
Equation of Magnetic Field in Air Gap 
The radial component of flux density in the airgap at high speed rotor side is  
 ))(cos()(),( 0

...5,3,1

τωττ hhh
m

rmr mptmprbrB +−= ∑
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  (1)  

 
 Where, 
 r – radial distance 
 τ - Angle of high spped rotor 
 hω - Rotational speed of high speed rotor 
 0τ - the initial angle of the high speed rotor 
 )(rbrm - Fourier co efficient for the radial component of the flux density. 
 
 When the ferro pole pieces exist the magnetic lines of flux will only distribute 
along the pole pieces because there are no other magnetic medium around. 
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 The Fourier form of the permiability modulations is given by 
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 Where sn - the numberof Ferro pole pieces. 
 Through the modulation of the pole pieces, the flux density in the air gap 
adjustment to the low speed rotor then will be  
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 It should be noted that rω reperesent the average angular velocity of the low speed 
rotor, since the individual mangnets rotate at different instantaneous speed as a result 
of their different relative radial position around the sinusoidally shaped outer surface 
of the low speed rotor. 
 
 
Torque Equation 
According to the principle of transformation of magnetic energy to mechanical energy 
the following equation can be obtained 

 )(
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θ
θθ

∂
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  (5) 

 
 Where, 
 W(θ) – Magnetic energy. 
 Assuming that the magnetic energy is stored only in the air gap, W(θ) is expressed 
as, 
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 Where, 

 0μ  - Permeability in vacuum. 
 V – Volume of the air gap. 
 B – Magnetic flux density in the air gap.  
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 The initial rotor angle of the high speed rotor is assumed as °= 0θ . Then, a rotor 
angle δ  is given to the high speed rotor. Then, the equation (6) is transformed to (8) 
with volume difference of airgap vΔ shown in (7) 
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 Where, 
 LS – Axial length of the air gap. 
 lg – Air gap length between Low & High speed rotor 
 rg – Average air gap radius. 
 
 Pull out torque on high speed side (load side) 
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 Where, 
 )(θoutT  - Pull out torque on high speed rotor. 

 gr  - Average air gap radius 

 gl  - Air gap length between the high speed rotor and Ferro pole pieces 
 
 The instantaneous torque on low speed & high speed side, 
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 Where, 
 p1– pole pair on high speed rotor. 
 p2– pole pair on low speed rotor. 
 β0- Initial phase angle of the stator ring. 
 α0- Initial phase angle of the high speed rotor. 
 0γ  -Initial phase angle of the low speed rotor. 
 Numbe of Pole pairs Ns = p1 + p2 
 
 
Determination of Gear Ratio 
The gearing ratio is derived in [5] covers all types of magnetic gear operations. By 
defining p1 and the pole pair number of outer and inner rotors respectively and Ns as 
the number of pole pairs in rotor. A large difference between pole pair p1 and p2 
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results in a higher gear ratio 
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 Where, 
 1ω  - Rotational speed of High speed rotor. 
 2ω  - Rotational speed of Low speed rotor. 
 
 The minus sign indicates that the two rotors rotate in opposite direction.Torque 
decreases rapidly with the increase of airgap length. Considering the complexity in 
manufacturing and installation process, the suggested airgap length is between 0.5mm 
to 0.7mm.Torque ripple are caused by the interaction of the rotor permanent magnets 
with ferromagnetic pole pieces (i.e) cogging torque Fig.3 shows the variation of the 
transmitted torque and the high speed rotor. 
 
 
Simulation Results and Discussion 
Transmission torque of perpendicular magnetic gear and different magnetic materials 
are measured under different air gap with the same load. After comparison the torque 
of magnetic gear increases with decreasing the distance between the two rotors, 
magnetic materials and amount of useful flux involved between the two magnets.  

 

  
 

 
 

Figure 2: Flux density distibution in Perpendicular magnetic gear 
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configurations might also be used in wind turbine, automobile or Industrial group 
drive applications. 
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