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LIST OF SYMBOLS AND ABBREVIATIONS  

a                            acceleration (m/s²) 
A                           magnetic vector potential (Wb/m) 
AA         average acceleration 
AC                alternate current   
AISI                            american iron and steel institute 
AV                              average value 
B                           magnetic flux density (T, tesla) 
CAD                            computer aided design 
BLE                            bluetooth low energy 
d                            diameter (m) 
DAQ                           data acquisition 
DC                              direct current 
EMF                            electromotive Force 
f                             frequency (Hz) 
FEM                            finite element method 
FEP                             fluorinated ethylene propylene 
FFF                        fused filament fabrication (3D printing technique) 
F                            force (N, newton) 
H                            magnetic field intensity (A/m) 
IoT                         Internet of things 
Kinetron MSG32   commercial micro generator (baseline reference) 
KEH                            kinetic energy harvester 
KEH´s                         kinetic energy harvesters 
m                           mass (kg) 
MPPT                         maximum power point tracking 
N                           number of turns (dimensionless) 
NB                              narrow band 
PLA                        polylactic acid (thermoplastic polymer used in 3D printing) 
RF                              radio frequency 
RMM                          rotating machinery magnetic 
RMS                           root mean square 
rpm                        revolutions per minute 
SLA                       stereolithography (3D printing technique) 
USB                           universal serial bus 
V                           voltage (V, volt) 
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Figure 13: Sprung eccentric rotor design KEH [21]. 
 

Another design shown in Figure 14 of a KEH features a rotating mass type pendulum equipped 
with 12 permanent magnets, arranged in two groups of six magnets each. These groups are 
positioned to face the rolling proof mass, with the magnets configured in alternating polarities to 
maximize magnetic flux variation. To capture the induced voltage, a pair of coils is strategically 
placed on either side of the cavity, positioned above its center for optimal electromagnetic cou-
pling [22]. 

 

 
 

 
Figure 14: Rotating mass type pendulum magnets KEH [22]. 

 
 

Another type of KEH for wearable applications, found in various research studies, involves a sim-
ple yet effective design using a magnet enclosed within a tube. At both ends of the tube, fixed 
magnets are placed with polarities opposite that of the freely moving central magnet, which is 
oriented vertically inside the enclosure. When the device is subjected to low frequency vibrations 
typically in the range of 1 to 2 Hz, such as those generated by human walking or body sway the 
central magnet oscillates within the tube. As it moves, it passes through a stationary coil wrapped 
externally around the tube, thereby inducing voltage via changes in magnetic flux [23]. Similarly, 
this can be found in other studies as shown in Figure 15.  
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Figure 15: KEH based on sliding magnet inside tube KEH [24]. 

 
 

Low frequency vibrations typically in the range of 1 to 2 Hz refer to mechanical oscillations that 
occur at relatively slow rates, often associated with everyday human or animal movements rather 
than high speed machinery. These vibrations are particularly relevant for wearable and body 
mounted KEHs, as they reflect the natural frequencies of motion in such contexts. This principle 
has been explored in several studies[23],[24],[25] demonstrating the feasibility of compact, linear 
KEH designs for powering small scale wearable electronics. 

 
An innovative approach to wearable KEH is next. As described by the authors, the system fea-
tures a disk shaped rotor suspended by a string driven mechanism, which converts linear motion 
into rotational energy. Specifically, as illustrated in Figure 16, the rotor is suspended from a lid 
using a top string that loops through a sequence of small holes [25].  
 

                                                        
 
 

Figure 16: Schematic illustration of the string driven rotor structure [25]. 
 
Another view of the previously mentioned KEH is shown in Figure 17. When the pendant experi-
ences z directional excitation, that is, linear reciprocating motion or vibration, it transmits this mo-
tion to the rotor via the string loop, initiating and sustaining torsional oscillation. According to the 
authors, "starting the rotation of the rotor requires a small amount of potential energy initially 
stored in the system," which helps overcome the initial mechanical resistance and sets the system 
in motion [25]. 
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In the context of simulating the Kinetron claw pole generator in COMSOL Multiphysics®, using 
an assembly approach for the rotor stator configuration offers several advantages. First, the cou-
pling between the rotor and stator domains is handled automatically by COMSOL Multiphysics®, 
allowing each part to be meshed independently. This also makes it possible to control disconti-
nuities in the scalar magnetic potential at the interface between the two geometries, which is 
important for accurately representing the moving air gap, this can be seen in Figure 39 with the 
rotating domain selected in COMSOL Multiphysics® in our case this will be the stator. 

 
 

 
 

Figure 39: Stator in the rotating domain. 
 
 
The rotor problem is solved in a rotating coordinate system (rotor frame) where the rotor remains 
fixed, while the stator problem is solved in a stationary coordinate system (stator frame). In COM-
SOL Multiphysics® terminology, both are solved in their respective material frames. An identity 
pair is defined at the interface between the rotating rotor frame and the stationary stator frame. 
This identity pair enforces continuity of the scalar magnetic potential in the global fixed coordinate 
system (the stator frame), relative to which the rotor rotates. This can be seen in Figure 40. 

 
 

 
 
 

Figure 40: Identity boundary pair. 
 
 

However, because the rotor and stator rotate relative to one another, the meshes on either side 
of the interface generally cannot be made identical (except in the special case of no rotation). As 
a result, interpolation between nonconforming meshes is required. In this application, interpolation 
errors have little numerical impact as long as the identity boundary pair only involves the scalar 
magnetic potential [50]. 

 
This boundary can be seen in the mesh of the rotor and the stator in Figure 41. 
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Figure 41: Mesh of sector of simplified Kinetron model. 
 

Special care must be taken when setting up the Kinetron geometry in COMSOL Multiphysics® to 
ensure that the assembly method preserves the correct electromagnetic boundary conditions 
while avoiding unstable coupling across the rotating interface. The electromagnetic boundary 
conditions include enforcing continuity of magnetic flux and field components across material in-
terfaces, applying appropriate symmetry or periodic conditions for repeated pole geometries, and 
defining open boundaries to represent the surrounding air. In rotating interfaces, special care is 
required to ensure continuity between the stationary stator and rotating rotor domains, while 
avoiding artificial flux leakage or numerical instability. 
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The winding coil case and coil cage vary according to the specific air gap configuration and the 
ring magnet size for which they are intended. This modular approach allows rapid reconfiguration 
by simply replacing the coil winding assemblies while retaining the existing frame support. The 
choice of air gap values (2 mm and 3 mm) was based on empirical observations rather than a 
formal design of experiments or numerical modeling. When the air gap was reduced to 1 mm, the 
strong magnetic attraction caused the pendulum to become immobilized, as tolerances in the 
design allowed occasional contact between the magnets and the claw like features of the cage, 
which also exhibited magnetic properties. To avoid this issue and ensure mechanical robustness 
without damaging the cage claws, larger gaps of 2 mm and 3 mm were selected. 
 
The smaller ring magnet, like its 60 mm counterpart, is divided into 16 individual, radially magnet-
ized neodymium magnets arranged in alternating polarities. Both the 60 mm and 40 mm ring 
magnets are fabricated from Grade N52 neodymium iron boron (NdFeB), known for its high mag-
netic energy product. The complete assembly is shown in Figure 44. 
 
 

a)      b)    
 
 

Figure 44: a) 40mm ring with 16 magnet segments b) D40 complete concept. 
 
To test the individual disc magnets (10 mm diameter, 1.2 mm thickness), a custom magnet holder 
was fabricated from durable resin using SLA 3D printing. This holder was designed to secure and 
position 16 individual magnets with their magnetization direction oriented radially. The purpose of 
this configuration was to evaluate the performance of an array of discrete disc magnets as an 
alternative to radially magnetized ring magnets. This approach was considered because disc 
magnets are generally less expensive and more readily available in the market compared to cus-
tom manufactured radial magnet rings, this can be seen in Figure 45. 
 
In this arrangement, the magnetic flux distribution differs from that of a continuous radial ring 
magnet, as each disc produces a localized field with distinct boundaries between poles. This can 
influence the overall flux linkage with the coils, potentially affecting the induced voltage and effi-
ciency of the energy harvester. 
 
 

 
 
 

Figure 45: Support with individual disk magnets. 
 

To test the ring magnets in a bench top setup, dedicated holders were fabricated from durable 
resin using 3D printing for each ring magnet diameter configuration. These holders were designed 
to securely position the magnets and allow them to be coupled directly to the shaft of a DC motor 
for controlled testing. 
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The frame was then clamped in place to function as the stator, while the rotor consisted of the 
coupling component connected to the magnet ring and the DC motor. Figure 49 shows the 3D 
model of the testing setup like that described in Section 2.4. 

 
 

      
 

 
Figure 49: D60 model testing setup.  

 
 

The induced voltage for each configuration was measured over a 0.5 second sampling period 
using the described test setup. The RMS voltage values were computed from the acquired data 
for comparison. 

 
 

D60ag2mm : 
Configuration with a 60 mm outer diameter ring magnet, 2 mm air gap, and 2,500 winding turns. 
The computed RMS voltage was 0.0114 V, shown in Figure 50. 

 

 
 
 

Figure 50: D60 ring magnet with 2 mm Airgap with N = 2500.  
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D60ag3mm : 
Configuration with a 60 mm outer diameter ring magnet, 3 mm air gap, and 2,400 winding turns. 
The computed RMS voltage was 0.0072 V, shown in Figure 51. 

 

 
 

Figure 51: D60 ring magnet with 3 mm Airgap N = 2400. 
 
 

D40ag2mm : 
Configuration with a 40 mm outer diameter ring magnet, 2 mm air gap, and 2,000 winding turns. 
The computed RMS voltage was 0.0044 V, shown in Figure 52. 
 

 
 

Figure 52: D40 ring magnet with 2 mm Airgap N = 2000. 
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The next set of results are from the testing set up using the D40 model as shown in Figure 53. 
 

 

  
 
 

Figure 53: D40 model testing setup.  
 

 
D40ag3mm : 
Configuration with a 40 mm outer diameter ring magnet, 3 mm air gap, and 600 winding turns. 
The computed RMS voltage was 0.0012 V, shown in Figure 54. 
 

 
 
 

Figure 54: D40 ring magnet with 3 mm Airgap N = 600. 
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Figure 59: Magnetic flux density of prototype. 
 

 
We begin with the D60ag2mm configuration, using a coil case with 2,500 turns. Figure 59 illus-
trates the distribution of magnetic flux density across the complete geometry. The simulation 
shows how the radial magnets, arranged in alternating polarities, drive the magnetic flux through 
the claw pole teeth of the stator. The flux alternates from one claw to the next, following the radial 
magnetization pattern of the ring magnets. This is evident from the color map: regions in red and 
dark blue correspond to areas of maximum flux density but with opposite polarity, indicating the 
alternating magnetic poles. The flux paths concentrate around the claws, highlighting how the 
magnetic field is guided into the stator structure. The RMS voltage obtained over a simulated 
period of 0.5 seconds was 0.0127 V. The same simulation methodology described in Appendix A 
was applied to all subsequent models. 
 

  
The D60ag3mm configuration, with a coil winding case of 2,400 turns, produced an RMS voltage 
of 0.01085 V. Figure 60 shows the one eighth sector model for the 3 mm air gap and the corre-
sponding magnetic flux density norm. 
 

                                          

a)                   b)    
 
 
Figure 60: Sector model for D60ag3mm configuration, b) Magnetic flux density norm. 

 
    

For the D40ag2mm configuration, using 2,000 turns in the winding, the RMS voltage was 0.011 
V. Figures 61 show the simulation sector and the resulting magnetic flux density norm. 
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a)                  b)    
 

 
Figure 61: a) Sector model for D40ag3mm configuration, b) Magnetic flux density norm. 

 
 

The next results for the model D40ag3mm with 600 turns in the winding. We can see that in this 
case the RMS value comes to be 0.0015 V. which is considerably lower than the corresponding 
D60ag3mm with 2400 turns. Figure 62 shows the sector for the 3 mm air gap and the magnetic 
flux density norm with the complete sectors.                                

 

a)                 b)    
 

 
Figure 62: Sector model for D40ag3mm configuration, b) Magnetic flux density norm. 

 
 

Figure 63 shows a section view of D60_16_s_ag3mm configuration, and a view of the effective 
claw pole geometry used in the simulations. In this model, the magnet holder is omitted because 
its effect is negligible, as it is made of diamagnetic material similarly as in previous simulations. 
Similarly, the full thickness of the cage is removed, leaving only the width of the coil winding for 
consideration. 

 

a)                  b)    
 
 

                 Figure 63: a) Section view for D60_16_s_ag 3mm, b) effective section for simulation. 
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The final simulation, D60_16_s_ag3mm, used a coil winding case with 2,400 turns. We can see 
that a computed RMS value for the data collected on a period of 0.5 seconds seems to be 0.00295 
V. Figure 64 shows the sector for the 3mm air gap and the magnetic flux density norm with the 
complete sectors. 
 
 

 

a)                    b)    
 
 

Figure 64: Sector model for D60_16_s_ag3mm, b) Magnetic flux density norm. 
 
 

Although the D60_16_s_ag3mm configuration used the same number of coil turns as the 
D60ag3mm case, the individual magnets in this design produced significantly weaker magnetic 
flux. Consequently, the induced voltage was roughly four times lower than that of the radially 
magnetized ring magnet configuration.  
 
Table 4 summarizes the two main parameters air gap and coil turns used in the simulations for 
the three prototypes described in section 1.4, Table 1, along with the corresponding RMS voltage 
results. 
 
 
Table 4: Simulation results for different configurations: 

 
Configuration Air Gap(mm) Coil Turns Simulated RMS  

Voltage (V) 
D60ag2mm 2 2500 0.0127 
D60ag3mm 3 2400 0.01085 
D40ag2mm 2 2000 0.011 
D40ag3mm 3 600 0.0015 

D60_16_s_ag3mm 3 2400 0.00295 
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a)   b)  
 
 

Figure 68: D40ag3mm a) Experimental results, b) COMSOL Multiphysics® results. 
 

 

a)   b)  
 
 

Figure 69: D60_16_s_ag3mm a) Experimental results, b) COMSOL Multiphysics® results. 
 

 
From the above results, we can derive the following comparative table. 

 
Table 5: Comparative table experimental vs. simulation results. 

 
 

KEH model RMS Experimental 
(Volts) 

RMS COMSOL    
Multiphysics® (Volts) 

Difference % 

    D60ag2mm 0.0114 0.0127 10.23% 
 D60ag3mm 0.0072 0.01085 33.6% 
 D40ag2mm 0.0044 0.011 60% 
 D40ag3mm 0.0012 0.0015 20% 

D60_16_s_ag3mm 0.0016 0.00295 45.7% 
 
 

The experimentally measured voltage waveform showed strong agreement in both amplitude and 
shape with the results predicted by the COMSOL Multiphysics®. 
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                                                                         (1.22) 

 
Equation 1.23 shows that the total energy corresponds to the integral of power with respect to 
time t [52]. 

                                                       
0

t

Q Pdt                                                                    (1.23) 

 
The efficiency  is then defined as the ratio of output energy to input energy [53]. In this case, the 
output energy Q  is the electrical energy previously calculated, while the input energy is defined 
as the potential energy of the pendulum when it is released from an initial angular displacement 
of 90 degrees. The potential energy is determined from the mass of the magnet support combined 
with the tungsten weight barrels (used to provide eccentric mass) and by locating the center of 
mass, as shown. 
 
Figure 72 shows the distance h  = 16.16 mm from the rotating center to the center of mass.  
 
 
 

 
 

Figure 72: Distance to the center of mass for D60ag3mm configuration. 
 
 
When the center of mass is rotated by 90 degrees, the potential energy is determined by its new 

position relative to the resting position, taking into account the gravitational force g = 9.81 
2

m
s

 

and the total mass of the system m= 0.306 kg Using these parameters, we can then calculate 
the efficiency as: 
 

                                                       100 0.012%
Q

mgh
                                            (1.24) 

 
 
The next test focuses on calculating the efficiency of the KEH D40ag3mm prototype equipped 
with a 600 turn coil winding. Figure 73 illustrates the experimental setup used with the KEH 
D40ag3mm configuration. 
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Figure 73: KEH D60ag3mm prototype attached to the support structure. 
  
Figure 74 shows the distance h = 17.17 mm from the rotating center to the center of mass.  
 
 
 

 
 

Figure 74: Distance to the center of mass for D40ag3mm configuration. 
 
 
From Figure 75 we can conclude that since the induced voltage is very low, the noise in the signal 
tends to dominate over the motion induced voltage. Therefore, this setup does not provide a 
reliable measurement. For this case, the coil winding has a resistance of 85 Ohms, and with the 
given values of mass m= 0.259 kg and other parameters, the accuracy of the results is signifi-
cantly limited. 

 

 
 

Figure 75: D40ag3mm configuration N=600, motion for efficiency test. 
 

 
Calculating as in equation (1.24) the efficiency = 0.003% was measured.  
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After preparing the simplified sector model, it is necessary to create the air volume boundary 
models for both the rotor and stator, saving them individually. A split between the rotor air volume 
and stator air volume must also be created, as previously explained in the section on magnetic 
scalar potential, Figure 83 shows the air rotor volume, and air stator volume for the sector. 
 

 

 
 
 

Figure 83: Air rotor volume (Blue), air stator volume (pink). 
 
 
Once the models are prepared, they should be exported in STEP format for import into COMSOL 
Multiphysics®. The correct layout and understanding of the model are critical to obtaining accu-
rate results. While many of the steps follow the general COMSOL Multiphysics® tutorial, several 
modifications are required since the rotor and stator of the Kinetron have an opposite configura-
tion compared to the one explained in standard tutorials. 
 
The following pages describe the necessary steps to run simulations using the following configu-
ration shown in Figure 84: the rotor consists of the magnets and magnet holder, while the stator 
includes the coil, core, and teeth. 
 

a)      b)     c)      d)   
 

 
Figure 84: a) Air rotor volume, b) Air stator volume, c) Simplified rotor sector, d) Simplified stator 
sector. 
 
Modeling steps in COMSOL Multiphysics® 
 

From the file menu, choose New. 
then click icon model wizard.  -> Click the 3D model icon  
In the select physics, choose AC/DC>Electromagnetics and Mechanics> Rotating Machin-
ery, Magnetic (rmm)  and click Add. 
 
Next click study, under the tree select General Studies>Stationary  and to start the model 
click Done . 
 

 
Under the main left window, under Global Definitions, select the Parameters to define the follow-
ing: 
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Make sure to leave the check marked in the square for Keep interior boundaries. The result is the 
corresponding volume of air within the rotor sector, as illustrated in the following Figure 85. 
  
 

 
 
 

Figure 85: Air within the rotor sector 
 
 

Repeat the step to import the stator sector. Rename the label as stator sector and click Build 
selected. The imported geometry will then appear in the right side window, as shown below in 
Figure 86. 
 
 

 
 
 

Figure 86: stator sector 
 

 
Under the Geometry toolbar, select Booleans and Partitions, then choose Union for the recently 
imported domains and click Build Selected. This operation will merge the stator domains into a 
single body, which is necessary for the subsequent steps. 
 
 

 
 
Next, import the Air stator volume in the same way and rename the label as Air stator sector. After 
selecting Build Selected, the corresponding geometry will appear in the right hand window as 
seen in Figure 87. 
 
 
 



 
65 

 

 

 
 
 

Figure 87: resulting geometry with rotor and stator sector domains. 
 

  
The next step is to generate the air gaps inside the stator sector. This is done by using the Differ-
ence operation under the Geometry toolbar. To perform this, go to Booleans and Partitions and 
select Difference. 

 
 
Make sure to leave the box for Keep interior boundaries checked. After clicking Build Selected, 
the result will correspond to the air gaps for both the rotor and stator, as shown in Figure 86. 

 
 

 
 
 

Figure 88: Resulting geometry of the air gaps for both the rotor and stator. 
 
Once this step has been completed in the COMSOL Multiphysics® model, it is necessary to import 
the stator and rotor models as previously described. Begin with the rotor sector, as shown in 
Figure 89. 
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Figure 89: Resulting geometry of rotor sector and the air gaps for both the rotor and stator. 
 

Next Figure 90 shows the import the stator sector with the rest of the previously imported geom-
etry. 
 
 

 
 
 

Figure 90: Resulting geometry with the stator sector, rotor sector and the air gaps for both the 
rotor and stator. 

 
 
The next step is to create a union of all the domains corresponding to the rotor. To do this, go to 
the Geometry  toolbar, select Booleans and Partitions , and choose Union . 
 

 
 
Similarly, create a union of all the domains corresponding to the stator. 
 

 
 
The final step under the Geometry  node is to form an Assembly . 
Ensure that the action selected is Form Assembly, that the checkbox is marked as active, and 
that all options are enabled, as shown in the following figure. 
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This operation will generate an identity pair under the Component  node. 
 

 
 
Toggle the wireframe icon in the right window to change the view as shown in Figure 91. 
 
 

 
 

Figure 91: Shows identity boundary Pair being selected. 
 
Next, it is important to define a cylindrical axis system that corresponds to the rotation orientation 
of the model. This can be done by selecting Coordinate Systems  and choosing Cylindrical 
System  under the Definitions toolbar. The cylindrical coordinate system will later be used when 
assigning the magnetization orientation to the magnets and when plotting the radial flux density 
during postprocessing. 
The axis system must be aligned appropriately. In this case, the model rotates around the X-axis ; 
therefore, the longitudinal axis should be set to the X-axis, indicated by assigning it a value of 1. 
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Within the Definitions  node, there is a sub node for Selections . Here, explicit definitions can be 
created to select geometric parts that will be used in later steps of the model building process. 
This avoids the need to repeatedly select the same parts directly from the geometry window. 
Explicit selections can include domains, boundaries, lines, points, and more. Using them helps 
streamline the process of building models, especially when working with similar geometries, since 
only the predefined selections need to be updated rather than starting from scratch. 
 
The following steps illustrate this approach in the current example, serving as a guide on how 
explicit selections can be applied during initial model construction and later reused. Several ex-
plicit definitions will be needed for this process. 
 
In the main toolbar, under Definitions  and the Selections  section, choose the Explicit  icon. 
 
 

 
 
Change the label description to Magnets , set the entity level to Domain , and then select the 
magnet geometry from the right side window, as shown below. 
 

  
 
Then, create an explicit selection for the rotating domain  by selecting all the geometries in the 
model that are considered rotating parts, including the air gap that belongs to the rotor volume, 
as shown in the next figure. 
 

 
 
Next, we will use the Complement  selection, also found under Definitions. Rename it as Station-
ary Domain  to represent the stationary part. By choosing the option to invert the previously cre-
ated explicit selection (Rotating Domain ), COMSOL Multiphysics® will automatically include all 
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the parts that complement the sector without the rotating domain. This step also serves to confirm 
that the previous step was completed correctly. 
 

 
 
For the next steps, we will select boundaries  for the explicit selections instead of domains . Under 
Geometric Entity Level, choose Boundary , and then select the external surfaces of the rotating 
domain, as shown in the figure below. 
 

 
 
For the next explicit selection, choose the boundaries of the stator part  within the symmetric 
sector by selecting the external surfaces, as shown below. 
 

 
 
The next explicit selection will include all domains except the airgap domains , as shown be-
low. 
 

 
 
By completing the previous step, it becomes easier to isolate the airgap by using the Comple-
ment selection  under Definitions and inverting the earlier explicit selection labeled NonAirgap. 
 

 
 
Create the next explicit definition, which will later be used as an input for assigning materials. 
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Similarly, an explicit selection is created for the coil geometry. 
 

 
 
This explicit selection corresponds to the magnet support, which serves as the structure to 
which the magnets are attached in the rotor section. 
 

 
 
Next, we will create an individual explicit selection for the magnets, beginning with the south mag-
netization. 
 

 
 
Next, create an individual explicit selection for the magnets with north magnetization. 
 

 
 
The next explicit selection is to choose the edge of the coil that will be used to define the current 
direction. Set the geometric entity level to Edge , and then select the appropriate edge from the 
right hand window, as shown below. 
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The specific domains must be defined in the Rotating Domain  settings. From the domain selec-
tion, choose the Rotating Domain  that was previously created. 
 
 

 
 
In the Rotation Type  settings, select Specified Rotational Velocity . 
Set the Rotational Velocity Expression  to Constant revolutions per time. 
For Revolutions per time , enter f, and assign the previously saved parameter as rpm . 
Finally, specify the rotational axis; in this example, it is the X-axis , which should be set to a value 
of 1, as shown in the figure below. 
 
 

 
 
 
We now proceed to set up the physics conditions  for the model. There are five default physics 
interface parameters  automatically generated based on the previous model construction. 
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From the Physics  toolbar, select Pairs , and then choose Sector Symmetry . 
 
 

 
 
 
Then, under Pair Selection , select the identity pair that was automatically created by COMSOL 
Multiphysics®. 
 
 

 
 
 
Defining the periodicity is important and depends on the model. In our case, the sectors need to 
be set to Antiperiodicity . Additionally, the number of sectors  must be specified; here, we use 
the previously defined parameter sector. Finally, the rotation axis  must be defined. In this exam-
ple, the rotation occurs around the X-axis , which is set with the value 1. 
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Set the coil current  to 0 A. Define the number of turns  using the parameter variable N that was 
created earlier. For the coil cross  sectional area , use the parameter variable Dia_wire. 
 
 

 

 

When the coil type  is set to Circular, a sub  node called Coil Geometry  automatically appears, 
allowing you to define the detailed properties of the coil. 
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For the circular coil type , it is necessary to specify an edge  that represents the coil in the sector 
geometry. This was already defined earlier under the explicit definition Coil_edge, which should 
now be selected for the edge. 

 

 

Select the reverse direction of the current  as needed. The Coil Length Multiplication Factor  
accounts for the effect of the sector computation. In this case, the factor corresponds to the num-
ber of sectors and is defined by the parameter variable sector. Since the model will be mirrored, 
the coil cross  section  will effectively be doubled. Therefore, a multiplication factor of 2 must be 
applied to account for this. 

 

To complete the Physics interface setup, it is necessary to define a Zero Magnetic Scalar Po-
tential  point in the model by selecting it as shown. 

 

This is done by selecting a point in the model where a Zero Magnetic Scalar Potential  is ex-
pected. 
 

 
 
The next step is to create a mesh for the model. 
In the model builder window, click on the Component  node to activate the Mesh  toolbar, then 
select the Add Mesh  icon. 
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Under Sequence Type , keep the option Physics  controlled mesh  and set the Element size  to 
Normal . 
Finally, click Build All . 
 

  
 
Next, add the additional studies required for the model. To do this, activate the Study  node with 
a single click. The Study toolbar  will appear, where you can select Coil Geometry Analysis . 
 

 

 

 


























