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ANALYSIS OF MAGNETIC FIELDS IN UNCONVENTIONAL 
DRIVING SYSTEMS WITH PERMANENT MAGNETS 

Summary. The article presents analysis of magnetic fields in unconventional driving 
systems with permanent magnets. Muammer Yildiz patent (No. WO 2009/019001 A2 [1] 
) and Claus Turtur publications [2] constitute the basis for the designs. The analysis is 
based on FEM static simulations, which do not take into account either interaction 
dynamics between the objects or propagation speed of interacting fields. The analysis 
focuses on the changes of  torque turning driving system rotor as a function of rotor angle 
and excitation current. 
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ANALIZA PÓL MAGNETYCZNYCH W NIEKONWENCJONALNYCH 
UKŁADACH NAPĘDOWYCH Z MAGNESAMI TRWAŁYMI 

Streszczenie. Artykuł przedstawia analizę pól magnetycznych w nie konwencjo-
nalnych układach napędowych z magnesami trwałymi, zaprojektowanych na podstawie 
patentu Muammera Yildiza Nr WO 2009/019001 A2 [1] oraz na podstawie artykułów 
Clausa Turtura [2]. Analiza oparta jest na polowych symulacjach statycznych elementów 
skończonych (FEM), nie uwzględniających dynamiki interakcji pomiędzy obiektami oraz 
nie uwzględniających szybkości propagacji pól oddziaływania. Obiektem analizy są 
zmiany momentu skręcającego rotor układu napędowego w funkcji kąta obrotu rotora 
oraz w funkcji natężenia prądu pobudzającego. 

Słowa kluczowe: pole magnetyczne, magnesy trwałe 

1. SIMULATIONS IN FEMM 4.2 PROGRAMME 

Unconventional drive systems are defined by the author as systems which are not until 

now universally  used  in industry as well as those with very complex principle of operation 

or those belonging to the class of so-called "scientific puzzles" - where lack of proper 

description leads to unpredictability of the system.  
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Muammer Yildiz's patent  No. WO 2009/019001 A2 [1] was used to develop three motor 

designs. Analysis of rotational torques of these motors is presented in following sections. For 

simulation purposes objects used were characterized by following material parameters:  

 Neodymium magnets NdFeB 40MOe; linear magnetization curve B(H) of these 

magnets is shown in Fig. 1. (isotropic magnetic permeability 1.049r  ). 

 
Fig. 1. B(H) curve for neodymium magnets  

 

 Cores made of soft magnetic ferrite (Fe-Ni-Zn-V) with magnetization curve B(H) 

shown in Fig .2. 

 
Fig. 2. B(H) curve for ferrite used  

 

 Aluminium fillings (Aluminium 1100) with isotropic magnetic permeability 

1r  and electrical conductivity 34.45  MS/m. Since simulations are static, 

eddy currents do not occur.  

 Copper coil wire 20 AWG with isotropic magnetic permeability 1r  and 

electrical conductivity 58 MS/m. 
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2.1. Design of motor No.1 

Motor No.1 has been designed in accordance with recommendations of Muammer Yildiz 

[1]. It consists of two stators (external and internal) and rotor placed between the stators. The 

magnets of both stators are located in the same way relative to both stators, while rotor 

magnets are located opposite to stators' magnets. In addition, these magnets are rotated 

relative to their own axes by a given angle (in this design the angle is equal to 30°); according 

to Yildiz this shift should ensure the generation of drive torque. This design makes it possible 

to minimize braking torque due to friction, this results from by magnetic suspension. 

Distribution of magnetic field for this design in shown in Fig. 3; Fig. 4 presents distribution of 

braking torque vs. rotational angle of the rotor in relation to immovable stators.  

 
Fig. 3. Distribution of the field in motor No.1  

 

 
Fig. 4. Distribution of braking torque vs. rotation angle – F 

 

We may conclude (Fig. 4) that braking torque oscillates close to zero. This is justified by 

laws of Newtonian mechanics, since resultant torque of non-supplied system should be equal 

to zero. Number of extrema of cogging torque is in this particular system equal to 

2 (18, 16, 10) 1440NWD  . Attention must be drawn to the fact, that only a short fragment of 
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one full turn is presented in Fig. 4 (this interval is equal to 22.5 degrees - this is a single cycle 

which is repeated 16 times during one full turn of the rotor)  

2.2. Design of motor No.2 

Design of motor No.2 is significantly simplified in relation to motor No.1. It is aimed at 

providing possibility of observing some subtle effects taking place in the regions between 

rotor magnets and stators. Configuration of the motor and distribution of  magnetic field is 

shown in Fig. 5.  

 
Fig. 5. Distribution of magnetic flux density in motor No.2  

 

This system is characterized by a much smaller number of cogging torque extrema 

( 2 (8, 6, 4) 24NWD  ), but it also exhibits a significant asymmetry of forces acting upon the 

rotor in Cartesian co-ordinate system. The integrated cogging torque in the angular range of 

60 degrees is shown in Fig. 6.  

 
Fig. 6. Integrated cogging torque  

 

It may be observed that over each complete cycle the integral of cogging torque is equal 

to zero. This again proves the correctness of Newtonian mechanics' predictions. However, one 
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effect must be noted: in the areas between rotor magnets and stators there are some points, 

where field rates accelerate rapidly. It must also be pointed out that changes of magnetic field 

induce potential difference, i.e. voltage. When field rate accelerates, voltage increases. This 

may cause some phenomena of non-linear character, such as re-connection of magnetic field. 

One such particular point is presented in Fig. 7.   

 
Fig. 7. Area of rapid changes in magnetic field  

 

The presented points, where field changes are rapid, occur in the areas of aluminium 

fillings of the rotor. It may be presumed that in these places eddy currents will be induced. 

Moreover, since aluminium is metallic, its interior contains a cloud of electrons, where 

additional effect of "freezing" magnetic field lines may take place. This in turn may provoke  

effect of magnetic reconnection.  

2.2. Design of motor No.3 – combination of M. Yildiz and C. Turtur conceptions 

Design of No.3 motor combines the alleged properties of M. Yildiz and C.Turtur [2] 

motors. Claus Turtur's EMDR motor is a system with rotating permanent magnet and LC 

circuit; coil L is an electromagnet with core. This motor is supposed to operate due to 

relativistic effects resulting from finite speed of propagation of interacting fields (in this case 

magnetic field between coil and magnet and electrical field inside capacitor). Configuration of 

modified motor and distribution of magnetic field is presented in Fig. 8.  

 
Fig. 8. Distribution of magnetic flux density in motor No.3   
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Pairs of ferrite cores of coupled coils are shown in appropriate colours in Fig. 8. This 

system presents some characteristic features. Firstly, the points which may be subject to 

reconnection are present in non-conducting regions of ferrite cores; this excludes eddy 

currents, which might cause power losses in the circuit. Next, the region of mutual interacting 

is present in those cores, which are characterized by high magnetic permeability, which in 

turn decreases remanence of the circuit. Then, geometric size of the cores and air-gap width 

have been selected in such a way, that cogging torque (caused by rotor and external stator 

magnets) should be at a minimum when the coil is not supplied with current. Hence forces 

occurring in this system are mostly due to coil currents. Small cogging torque is principally 

caused by interaction between rotor and internal stator. This may be eliminated by application 

of identical method to cores in the inner stator. Curve of cogging torque vs. rotor’s rotational 

angle is shown in Fig. 9 (coils' supply sequence is given below the waveform chart).  

 
Fig. 9. Distribution of cogging torque when control windings are supplied F. 

 

The control windings are supplied with current in such a way, that phase angles of 

currents in neighbouring coils are shifted by ±40° . During the simulations these currents did 

not change; in real circuit the current may oscillate sinusoidally due to presence of LC 

circuits. Then rotor should follow the magnetic field due to very high rotational torque. 

2. CONCLUSIONS 

Using static simulations offered by FEMM 4.2 software, it is not possible to detect any 

irregularities related to cogging torque. However, it may be predicted which zones of the 

system may exhibit some non-typical effects such as magnetic reconnection or "freezing" of 

magnetic field lines.   

One of the additional drawbacks of this simulation is oversimplified description of ferrite 

magnetization curves and demagnetization curves of neodymium magnets (in the presented 

simulation demagnetization curve was linearized, which completely disagrees with reality).  
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