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Abstract: The use of a suitable modeling technique for the optimized design of a magnetic gear
is essential to simulate its electromagnetic behavior and to predict its satisfactory performance.
This paper presents the design optimization of an axial flux magnetic gear (AFMG) using a two-
dimensional (2D) magnetic equivalent circuit model (MEC) and a Multi-objective Genetic Algorithm
(MOGA). The proposed MEC model is configured as a meshed reluctance network (RN) with
permanent magnet magnetomotive force sources. The non-linearity in the ferromagnetic materials
is accounted for by the MEC. The MEC model based on reluctance networks (RN) is considered to
be a good compromise between accuracy and computational effort. This new model will allow a
faster analysis and design for the AFMG. A multi-objective optimization is carried out to achieve an
optimal volume-focused design of the AFMG for future practical applications. The performance of
the optimized model is then verified by establishing flux density comparisons with finite element
simulations. This study shows that with the combination of an MEC-RN model and a GA for its
optimization, a satisfactory accuracy can be achieved compared to that of the finite element analysis
(FEA), but with only a fraction of the computational time.

Keywords: axial flux magnetic gear; magnetic equivalent circuit; reluctance network; finite element
analysis; multi-objective optimization; genetic algorithm

1. Introduction

Magnetic gears (MG) are increasingly studied as potentially useful tools for an ef-
ficient mechanical power transmission without the issues associated with conventional
mechanical gears. MGs hold important advantages over their mechanical counterparts.
They can realize speed change and torque transmission between the input and output
shafts by a contactless mechanism with quiet operation and overload protection. The most
studied MGs technology is focused on radial flux topology [1–5]. However, the axial flux
magnetic gears (AFMGs) are thought to be more practical for contactless mechanical power
transmission applications due to their simpler mechanical structure and compact design [6].
Mezani et al. [7] investigated one of the early AFMG topologies. Lubin et al. [8] developed
a 2D model to predict the magnetic field distribution in AFMGs, encouraging the analytical
study of this MG topology. The analysis of the magnetic field distribution in the air gap
is of utmost importance for predicting and optimizing the performance of MGs, hence,
the modeling method is very important in their design process. The magnetostatic finite
element analysis (FEA) and the analytical methods are mainly used to carry out massive
calculations to evaluate the magnetic field distribution in the air gap. However, although
these methods have high-level accuracy and can yield excellent results, their attractive use
is reduced due to its high computational cost [9]. The magnetic equivalent circuit based on
reluctance networks (MEC-RN) offers an alternative modeling method. This method is a
mesh-based circuit representation. With this configuration, more details can be taken into
consideration, and a satisfactory accuracy can be achieved compared to that of FEA, but
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with only a fraction of the computational time. The MEC method can support steady-state
and dynamic simulations. Steady-state characteristics can reveal the main transmitting
capability of the MGs; they have been proposed as the basis for design optimization [10].
MEC modeling has been used moderately for the design and analysis of MGs [11–20].
However, these works mainly consider the radial flux topology.

To obtain a competitive design of the AFMG for future practical applications, the MG
must be optimized. In [21], a summary is given of the state of the art on the latest research
carried out on various electrical machine topologies, including MGs, and the optimization
methods used in the design process.

The design optimization of MGs can be considered as a state-of-the-art design method-
ology whose target is to define the best set of parameters to satisfy certain specifications
and design constraints. This process is usually multi-objective in nature. Depending on
the application for which an MG is designed, the objective functions can be to maximize
the torque density, generated torque, and efficiency, or minimize the volume, cost, magnet
quantity, and cogging torque. Additionally, a combination of them can be considered.
Optimization parameters involve the topology, materials, geometrical dimensions, and the
number of magnetic poles in the rotors of the MG. Hence, some experience in electrical
engineering is required to properly address MG design optimization problems and select a
suitable optimization procedure.

Regarding the original architecture and the optimization of its standard design, the
study of the AFMG is still under development, mainly to minimize the volume and improve
the transmitted torque density [20]. It can be verified in the literature that there are not
enough publications on the optimization of AFMGs to have exhausted their study on
this topic. Some optimization works have been carried out on the AFMG topology in a
magnetically geared machine (MGM) configuration. However, it has only been individually
optimized using the particle swarm optimization (PSO) method [22], but not yet with
the GA.

To the authors’ knowledge, no literature on the MEC modeling with the GA-based
optimization of AFMGs has been published yet. The present paper presents an optimal
design for an AFMG using a steady-state 2D MEC-RN modeling based on a mesh flux
formulation. The optimization process is performed by employing MOGA to minimizing
the volume and is subject to the constraints of the rated electromagnetic torques. The
optimization is applied to critical parameters related to their influence on the volume and
transmitted torque of the MG.

The emphasis in the development of this work aims to investigate the right balance
between the computational effort and the modeling accuracy. The configuration of the
considered AFMG is based on the architecture studied by Lubin et al. [8]. Its operating
principles are described, and the MEC formulation is systematically explained. The solu-
tion of the overall system of equations is obtained using the Newton–Raphson method.
From the reluctance network describing the MEC, an MATLAB-based modular program
was developed to simulate different scenarios and analyze their results. To compare the
performance and validate the results of the optimized MEC model, a 3D-FEM model was
created in the ANSYS Maxwell finite element simulation software package. The results in
Section 5 show that the rotor magnetic flux density distribution with the MEC-RN is small
and follows the one obtained using the Maxwell 3D-FEA.

2. MEC-RN Model of the AFMG
2.1. Operation Principle and Configuration

Magnetic gears are mechanisms that are suitable for several applications. They can be
utilized in wind power generation, increasing the speed of the wind energy to match the
specification of the electric generator. Based on this application, AFMG was selected to be
studied. Figure 1 shows the basic structure of the AFMG. This structure mainly consists
of two rotors, each with a different number of axially oriented permanent magnets (PMs)
mounted on their surfaces. Between both of the rotors and separated from each one of
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them by a small air gap, there is an arrangement of ns stationary ferromagnetic pole pieces
that form a modulator. The low-speed rotor (prime mover) includes a back iron disk and pl
PMs pole pairs; the high-speed rotor consists of a back iron disk and ph PMs pole pairs.
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According to the working principle of a typical magnetic gear [23], the ferromagnetic
pole pieces modulate the magnetic fields produced by both rotors and create space harmon-
ics in the air gaps. The magnetic field produced by the pl magnetic pole pairs is modulated
by ns ferromagnetic pole pieces. This modulated field interacts with the magnetic field
that is produced by the ph magnetic pole pairs to transmit the torque to the load. For the
chosen configuration in this paper, the low-speed rotor has pl = 7 PMs pole pairs, and
the high-speed rotor has ph = 2 PMs pole pairs. To attain the highest torque density, the
magnetic pole pair numbers on the low-speed rotor and the high-speed rotor and the
number of ferromagnetic pole pieces should satisfy the following equation:

ns = pl + ph (1)

Hence, the number of the pole pieces of the modulator is given by the sum of the
magnetic pole pairs of the rotors, i.e., ns = 9. When (1) is satisfied, the magnetic gearing
effect occurs, and the corresponding gear ratio (Gr) is calculated by

Gr =
pl
ph

(2)

To verify if pl, ph, and ns values are a good combination, we can evaluate the severity
of the ripple torque, which results in the rotors’ cogging torque. The cogging torque is due
to the interaction of the PMs on the rotors with the stationary ferromagnetic pole pieces.
The rotor with fewer PM pole pairs usually has a higher cogging torque (high-speed rotor
in this configuration). The combination pl, ph, and ns should be one with the minimum
cogging torque. An indication of the severity of the cogging torque is given by a parameter
called the cogging torque factor (Cf), which is defined as

C f =
2pns
NC

(3)
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where p represents the number of magnetic pole pairs on one of the PMs rotors and NC is the
smallest common multiple between the magnetic pole number, 2p, and the ferromagnetic
pole pieces, ns, [24]. For a minimum cogging torque, a unity cogging torque factor is
preferred, and for the configuration presented in this paper, this condition is satisfied, i.e.,
Cf = 1.

2.2. Layer Division and Categorization of Reluctances

Although the MEC method received great interest in the late 1980s due to the analysis
of electrical machines, it remains a useful alternative for new developments requiring a
magnetostatic analysis. The MEC method has been considered as a compromise between
the FEM and lumped parameter models, representing the device as a lumped parameter
magnetic circuit (reluctance network as passive elements) with magnetomotive force (MMF)
sources (as active elements) [25].

In addition to the advantages that MEC can have over FEM, such as moderate com-
putational complexity and accuracy, the MEC method allows easy and quick access to
the structure of the model to parameterize it in a way that is more in accordance with the
design requirements. These attributes of the MEC can be used to study magnetic gears. In
order to model the AFMG, a 2D model is proposed in this paper using the MEC method.
According to [8], the AFMG is unrolling at the mean radius of the magnets. The resulting
2D model is shown in Figure 2.
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Figure 2. Two-dimensional model of the AFMG.

For the chosen configuration, i.e., pl = 7, ph = 2, and ns = 9, the AFMG is divided
into seven layers in the axial direction (z) to take into account the different materials. The
minimum repetitive unit in that direction, i.e., the ferromagnetic pole pieces, determines
the number of divisions in the circumferential (θ) direction [26]. Each ferromagnetic pole
piece and each slot between them is divided into an integer number of reluctance blocks.
Hence, the accuracy of the results is proportional to the number of pole piece divisions.
Figure 3 shows the RN representing the MEC of the AFMG. The model is based on flux
mesh equations rather than nodal equations. Under non-linear operating conditions, the
computational performance of the mesh-based MEC formulation is superior to that of the
nodal-based formulation [27].
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The mesh-based RN is the basis for the MEC formulation. The base geometry form
for each reluctance element is a sector layer, where for 2D modeling, only the axial (z) and
circumferential (θ) components are considered, as shown in Figure 4.
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The 2D model formulation considers both the linear and non-linear behaviors in
the reluctance elements to describe their magnetic nature according to the material they
represent.

Linear reluctance elements are defined only by their geometries. They represent the
permanent magnets, the air gaps, and the slots between the pole pieces in the modulator.

From the geometrical parameters in Figure 4, the values of which are shown in Table 1,
the axial reluctances (Rz) and the circumferential reluctances (Rθ), respectively, are given by

Rz =
2L

µ0µrα
(
r2

0 − r2
i
) (4)

and
Rθ =

α

µ0µrLln
(

ro
ri

) (5)
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Table 1. Parameters of the AFMG *.

Symbol Quantity Value

pl Pole pair numbers of low-speed rotor 7
ph Pole pair numbers of high-speed rotor 2
ns Number of ferromagnetic pole pieces 9
Gr Gear ratio 3.5
trl Low-speed rotor yoke thickness 7 mm
tml Low-speed rotor permanent magnet thickness 7 mm
tal Air gap near the low-speed rotor 2 mm
tpp Length of the ferromagnetic pole pieces 10 mm
tah Air gap length near the high-speed rotor 2 mm
tmh High-speed rotor permanent magnet thickness 7 mm
trh High-speed rotor yoke thickness 7 mm
ri Inner radius 30 mm
ro Outer radius 70 mm
al Pole-arc-to-pole-pitch ratio of low-speed PMs 1
ah Pole-arc-t- pole-pitch ratio of high-speed PMs 1

αml Width of the low-speed rotor permanent magnet 0.4488 rad
αmh Width of the high-speed rotor permanent magnet 1.5708 rad
αs Slot opening 0.3491 rad
αp Width of the ferromagnetic pole piece 0.3491 rad
Br Remanence of the magnets 1.25 T
Hc Coercive force −995 kA/m

* Based on [8].

2.3. Considering Non-Linearity in Ferromagnetic Materials

Non-linear reluctance elements depend on both the geometry and the magnetic non-
linearity of the BH curve, corresponding to the magnetic material. This dependency allows
us to take into account the saturation of the magnetic material. These non-linear reluctances
(Rm) represent the rotors’ yokes and the ferromagnetic pole pieces. They are expressed
in terms of the magnetic flux (φ) and the parameters describing the relation between the
magnetic field intensity (H) and the magnetic flux density (B) [14]:

Rm(φ) =
a1l
A

+
anl
An φn−1 (6)

where l and A are, respectively, the length of the magnetic path and the cross-sectional area
of the element.

The parameters a1, an, and n, are the approximation coefficients of a polynomial
function of order n, which has proved to be effective at representing the magnetic non-
linear relation between H and B,

H(B) = a1B + anBn (7)

In (7), the first term represents the lineal condition (in fact, a1 is a reluctivity parameter),
and the second term reflects the saturation effect (an is the non-linear parameter). The order
n depends on the degree of saturation of the material and is determined by the material’s
non-linearity [13]. For the material considered in this paper, a1 = 1.08 A·T−1·m−1, an = 0.02
A·T−13·m−1, and n = 13.

The sources are represented by the PMs, which are modeled by magnetomotive force
(MMF) sources of a rectangle function. The MMF source of each PM (F) is defined by

F(θ) = −Hclz
2
π

tan−1(bsin pθ) (8)

where Hc is the coercive force of the magnet material, which is supposed to be the same
for all of the PMs; lz is the magnetic path length in the axial direction, b is coefficient of the
FMM function of the PM, and p is the number of pole pairs in the corresponding rotor.
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3. System Solution

Once the reluctances have been classified and assigned to the different layers of
the modeled structure, they are connected in a network to build the MEC. Nodal- and
mesh-based ones are two alternative formulations to construct a matrix system of non-
linear algebraic equations that mathematically model the MEC. Nodal- and mesh-based
formulations have different numerical properties. Some works have shown that mesh-
based ones have better convergence when a Newton–Raphson algorithm is used to solve
the algebraic system [27].

3.1. Matrix System Assembly Using a Mesh-Based Formulation

The MEC-RN is represented by a non-linear algebraic equations system. For a mesh-
based formulation, a system of mesh equations is established using the analog Kirchhoff’s
voltage law (KVL) for the magnetic circuits. In this formulation, the magnetic reluctance
relates the MMF to the magnetic flux flowing through the reluctance element according to
Hopkinson’s law.

For some studies, the MEC model is a practical tool used to explore steady-state
behavior in electromagnetic systems; the model is configured as a system of mesh equations,
where the MMFs are inputs, and the mesh fluxes are outputs. On this basis, the overall
system is defined in the following form:

Rϕ = F(θ) (9)

where R is a symmetric matrix composed of the different reluctance elements, ϕ is the
vector of mesh fluxes, and F is the vector of MMF sources which are functions of the rotor
position, θ.

3.2. Solution of the Mesh-Based MEC Model

The non-linear algebraic equations of the MEC with lumped parameters are numeri-
cally solved using a Newton–Raphson algorithm. For such purposes, an iterative solution
was implemented in an MATLAB program. The target is to calculate an updated vector of
mesh fluxes. The flowchart describing the different steps of the steady-state model of the
MEC-RN is shown in Figure 5.

To solve the system in (9), the overall solution procedure starts by establishing a set of
initial conditions for the given positions of the rotors.

In the iterative solver, the first calculation is performed for the flux in each branch,
computing the difference between the adjacent mesh fluxes,

Φbri = ϕm_curri −ϕm_adji (10)

where ϕm_curri is the mesh flux in current mesh, and ϕm_adji is the mesh flux in the adjacent
mesh.

The next calculation is the flux density in each branch, both in the axial and circumfer-
ential directions,

Bbr =
Φbr
Abr

(11)

where Bbr is the is the flux density the branch, Φbr is the flux through the branch, and Abr
is the average cross-sectional area of the reluctance element, which is normal to the flux
direction.

After that, the reluctances matrix, (R), is updated, considering the linear and non-linear
elements according to Equations (4)–(6). Similarly, the Jacobian matrix, (J), is updated being
formed by the set of linear reluctances and the partial derivatives of non-linear reluctances
that are dependent on the flux, according to the Newton–Raphson formulation,

J = R +
∂[R(ϕmi, Φ)]

∂ϕmi
(12)
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Then, the vector of the mesh fluxes is computed with the Newton–Raphson formula.

ϕmi+1 = ϕmi − [J(ϕmi)]
−1(Rϕmi − F(θ)) (13)

The solution of this model required relatively few iterations, with no need for a
relaxation factor.

The MMFs distribution of both rotors is given by (8). Finally, the electromagnetic
torque for each rotor is computed using the next formula [13]:

τ =
nθ

2π

nθ

∑
k=1

(ΦbrPM)(∆FPM) (14)

where nθ is the number of rotor division in the circumferential direction, ΦbrPM is the flux
at each branch of PMs, and FPM is the difference of MMFs in PMs according to (8).
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4. Optimization and Validation of the MEC-RN Model

The optimization of electrical machines and electromagnetic devices, including mag-
netic gears, often comprises multiple objectives that must be considered simultaneously.
From this, it follows that in a multi-objective optimization problem, there may not ex-
ist a best solution with respect to the set of defined objectives. Since there is no unique
solution that is better than another one, any proposed solution can be considered as accept-
able. Hence, it is convenient to have a precise knowledge of the nature of the problem to
choose the most appropriate solution. Some studies establish an intelligent way to solve
multi-objective problems [28,29]; they propose a transformation of the original problem
into a single-objective one by weighting the objectives with a weight factor. Hence, for
a multi-objective optimization problem, any single-objective optimization algorithm can
be used, but with a solution dependent on the weight factor that is used in the weighting
process. Although the optimization problem that has been developed in the investigation
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of this paper is of multi-objective nature, only the results related to the torque density
maximization of the magnetic gear studied are reported. The purpose is to highlight the
benefit of analyzing an AFMG with the combination of MEC-RN modeling and GA for an
optimized design.

4.1. Genetic Algorithms

GAs have turned out to be adaptive intelligent algorithms for solving practical prob-
lems in engineering and science. Inspired by Darwin’s theory, they work as a stochastic
search means, emulating biological evolutionary theories to solve optimization problems.
These algorithms exhibit speed and robustness without the need to rigorously mathe-
matically model the physical system. A prominent property defining GAs is that these
algorithms work based on a population of points in a space known as the Pareto optimal
front; this is extremely important since some objectives are often contradictory. The parallel
search from a population of points avoids being stuck in a limited optimal solution. Figure 6
illustrates a general flowchart that explains the operation of GAs optimization.
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According to [30], and as shown in Figure 6, the GA starts with a population that can
be considered as all of the possible solutions for a given problem. Then, using an analogy
with the human population, solutions from one population (known as a parent) are taken
and used to form a new population (known as children or offspring). This is represented by
a fitness function that takes a desired solution as the input, providing the suitability of this
solution as an output. In some cases, it is the same as the objective function, while in others,
it could be different. This action is carried out by three fundamental genetic operations:
selection, crossover, and mutation. These operations actually alter the genetic composition
of the new solutions related to the fitness function. In this scheme, solutions which are used
to generate new solutions (children or offspring) are selected in terms of their fitness, which
means that the more suitable they are, the more opportunities they have to reproduce in
the evolutionary process [30,31].
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4.2. Multi-Objective Function

In order to obtain an optimized model of the magnetic gear, a multi-objective cost function
f (x) is defined based on the current design strategy using the MEC-RN and the advantages of
the MOGA process. The multi-objective cost function is given by Equations (15)–(19).

minf(x) = { f1(x), f2(x), f3(x)} (15)

s.t.
f1(x) = πr2

0laxial (16)

where
laxial = trl + tml + trh + tmh + tpp + 2ta (17)

f2(x) = |τls − τlsrated| (18)

f3(x) = |τhs − τhsrated| (19)

xl ≤ x ≤ xu (20)

where laxial is the active axial length of the MG defined as a function of the thickness of
its main components whose parameters are shown in Table 2. The three cost functions f 1,
f 2, and f 3 are related to the magnetic gear volume, low-speed magnetic gear torque, and
high-speed magnetic gear torque, respectively. They are represented as normalized values
in the optimization solution process. In the above equations, x is the design variable vector,
whereas the subscripts l and u indicate the lower and upper bounds, respectively. τrated
represents the rated magnetic gear torque.

Table 2. Optimum design variables.

Design Variable Lower Bound
(mm)

Upper Bound
(mm)

Optimum Value
(mm)

ro Gear outer radius (x1) 50 71 59.49
ri Gear inner radius (x2) 20 31 27.56
trl Low-speed rotor yoke thickness (x3) 6 12 6.62
tml Low-speed PM thickness (x4) 6 12 8.55
tpp Ferromagnetic pole pieces thickness (x5) 9 15 11.2
tmh High-speed PM thickness (x6) 6 12 7.51
trh High-speed rotor yoke thickness (x7) 6 12 6.97
ta Air gaps length (x8) 1 4 1.85

4.3. Optimization Results

The AFMG parameters for the MEC configuration are shown in Table 1; these are the
current values used by Lubin et al. in their original design [8]. To minimize the volume
of the MG, which is equivalent to a torque density maximization, eight design variables
were chosen. These variables are shown in Table 2, where the bound constraints imposed
on each variable and the optimized values after applying the GA can be observed. The
multi-objective optimization was executed using the following parameters: 800 generations,
a population of 200, a tournament size of 2, a crossover fraction of 0.8, a crossover ratio of
1.0, a migration fraction of 0.2, and a Pareto front fraction of 0.35.

Figure 7 shows the Pareto front fraction of the objective functions considered in the
optimization process. On this basis, the AFMG volume determined from the optimization
process for the MEC-RN in this paper is 4.9632× 10−4 m3, which is equivalent to a decrease
that is close to 23.3% with respect to the model of Lubin et al. [8], which indicates an
increase in the torque density of the same value.
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5. MEC-RN Evaluation and Performance Analysis of the Optimized AFMG

In order to verify the performance of the optimized MEC-RN model, the results
in MATLAB were compared to a 3D-FEA magnetostatic model created in the ANSYS
Maxwell® version 17.0 finite element simulation software package. Both the models were
based on the dimensions presented in Table 1, which were updated with the values of the
design parameters determined during the optimization process using MOGA. With an
MG configurated as a magnetic speed multiplier, the analysis focuses on the high-speed
rotor, since the most pronounced effects occur on the load side, which is mainly due to
cogging torque. The air gap flux density and the values of the torques generated in both of
the rotors are investigated during the analyses. Related graphs and simulation results are
shown below.

The 3D-FEA simulation is used to predict the best results in terms of the mesh balanc-
ing reliability. Figure 8 shows the mesh plot of the 3D-FEA magnetostatic model used for
the comparison. The reasonableness of the grid division applied to the AFMG structure is
based on using an acceptable level of the FE mesh discretization of the model, which can
give good numerical results. To achieve a reasonably accurate solution, usually, thousands
of FE nodes are needed. Hence, considerable computational effort is required to solve the
FE equations that describe the system. The 3D finite element mesh of the studied MG has
206,397 elements. The mesh quality has enough elements to represent the MG regions
to guarantee the accuracy of the numerical computation. In MEC, the nodes creating a
mesh over the studied regions are connected to each other by reluctances. The reluctances
represent the flux paths over the cross-section areas in the MG. In the MEC model, the
mesh density is defined by setting the number of divisions in the circumferential direction.
The basis of this division is the smallest circumferential repetitive unit represented by each
pole piece of the modulator. Thereby, the pole pieces are divided equally into an integral
number to increase the mesh density. However, too coarse meshes can lead to unreasonable
results. For the proposed optimized MEC-RN model, acceptable results were obtained
with 54 divisions in the circumferential direction, considering that each pole piece and the
slots between them are divided equally into three parts. Therefore, the AFMG model was
divided into 432 mesh elements.
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The flux density distribution vectors and their directions are shown in Figure 9.
Figure 9a illustrates the results from a 3D model, while Figure 9b is the representation of
the flux density vectors in different regions of optimal AFMG from a 2D model. As seen in
the figure, the flux direction indicates that opposite PMs are facing different poles.
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Figure 10 shows the paths of flux density lines in a 2D model of the optimized AFMG.
It is clear that the flux density is higher in close proximity to the MMF sources represented
by the PMs. Figure 11 shows the calculated variation of the axial component of magnetic
flux density in the middle height and radius of high-speed rotor air gap for the pl = 7 and
ph = 2 configuration. In the plot, it can be found that the modulation of the ferromagnetic
pole pieces on the magnetic field distribution in the air gap determined in the MEC-RN
exhibits a close tendency to that which is presented by the 3D-FEM model. From these
results, it can be considered that the complicated distribution of the magnetic flux density
in the air gap can be predicted with acceptable accuracy by using an MEC-RN model.

To entirely satisfy the proposed objective function, the torques generated in both of the
rotors were calculated. The results of the optimization of the MEC-RN model showed that
for the high-speed rotor, the torque is 13.5962 Nm, while for the low-speed rotor, the torque
is 47.3711 Nm. From these values, the Gr calculated by the MEC-RN optimized model is
3.484, which is quite consistent, as expected according to Equation (2).
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6. Conclusions

In this paper, an optimal design method using MEC-RN modeling with an MOGA
process has been presented to optimize and analyze the performance of an AFMG. The
MEC modeling allows us to easily parameterize a reluctance network to represent different
topologies of magnetic gears. Magnetic flux density has been calculated and compared to a
3D-FEA model. The results show a close agreement. This demonstrates that an MEC-RN
model can predict the complicated distribution of the magnetic field density in the air gap
when the parameterization of this model is compatible with the FEA model. The applied
MOGA over MEC-RN resulted in an optimized geometry, with 23% decrease in volume
and the same percentage of increase in torque in relation to the original geometry of Lubin
et al. [8]. This work has allowed us to show that with the combination of an MEC-RN model
and an MOGA for its optimization, a satisfactory accuracy can be achieved compared to
that of FEA.
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