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:ةالخلاص  
تْاجَ ػالوٌا في الوستقثل القزية. ّلذل ُذٍ الوشكلَ فكاى ػليٌا اى  هي الْاضخ اى هشكلح الطاقَ تؼذ هي اكثز الوشاكل التي

ًجذ هصادر جذيذٍ للطاقَ اّ ًزفغ هي كفاءج الوصادر الذاليح. ّتؼذ طاقح الزياح هي هصادر الطاقَ الجذيذٍ الْاػذٍ . فوي 

السزػَ للوْلذ الكِزتي. ديث ّجذ اى الوؼزّف اى طادًَْ الزياح تستخذم الٌْاقل الويكاًيكيح لكي تٌقل الؼزم الويكاًيكي ّ

جويغ اًْاع الٌْاقل الذاليح لِا ػذيذ هي الؼيْب هثل الفقذ الكثيز في الطاقَ ّالضْضاء الؼاليَ ّالذاجَ الوستوزٍ الي الصياًَ 

لافي هؼظن ّدجوِا الكثيز. ففي ُذا الثذث ًقذم تصوين جذيذ لٌاقل هغٌاطيسي تذلا هي الٌاقل الويكاًيكي لطادًَْ الزياح لت

 .الؼيْب الساتقَ. ديث اى الٌاقل الوقتزح تلا ادتكاك ّلا ضْضاء ّدجوَ صغيز ّكفاءتَ ػاليَ ّيوكي الاػتواد ػليَ
 

ABSTRACT: 
It is clear that the problem of energy is the biggest problem faces our world in the near future. To solve this 

problem the world has to develop new energy sources or increase the efficiency of the existing ones. The wind energy 

is considered as one of the most promising renewable energy resources. The wind turbine uses mechanical gears to 

transfer the mechanical torque and speed to the generator unit. The existing types of gear have many disadvantages 

such as higher energy loss and higher acoustic noise, need frequently maintenance, need higher volume. This paper 

presents a new design of a magnetic gear for the wind turbine that replaces the existed mechanical gear and avoids 

most of the above problems. The proposed magnetic gear has free friction, no acoustic noise, and minimum volume. 

It is reliable and more efficient. 

 
Index Terms—Wind Turbine, Mechanical Gear and Magnetic Gear. 

 

I. INTRODUCTION 

ENERGY is considered as one of the important 

thing in our life. Always scientific researchers 

work to find new renewable resources of 

energy, to save their life in this plant, or to 

improve the efficiency of the existing 

resources. Wind turbines are considered one of 

these resources. In this paper the author 

presents a new design of wind turbine to 

improve the efficiency of this unit.  

It is known that the wind turbines use 

mechanical gears to transmit the speed and 

torque from the wind blade to the electrical 

generator [1]-[3]. The mechanical gear boxes 

have many problems such as contact friction, 

noise, and heat. Magnetic gears boxes may be 

the best solutions for these problems. The 

construction and theory of operations for 

different magnetic gears were described in [4]-

[9]. Gouda et al [8] introduced comparative 

study between mechanical and magnetic 

planetary gears and they proved that the 

magnetic gears have better performances and 

smaller volumes than the mechanicals ones. 

Also the magnetic gears are used in the hybrid 

vehicle systems to improve their efficiency 

[10]. 
 

The above researches prove the ability of 

magnetic gear to solve most of the mechanical 

problems and save energy at the same time. In 

this paper, the author proposes a new efficient 

design of magnetic gear with the wind turbine. 

This gear will be integrated with the electrical 

generator. The system configurations are given 

in section II. The design of the integrated gear 

and its simulation by 2D finite element 

software are given in section III. The 



 

E: 2                    E. GOUDA 

performance of the proposed gear system and 

discussion of the output results are given in 

section IV.   

II. SYSTEM 

CONFIGURATIONS  

Figure 1.a shows the conventional basic 

configuration of wind turbine blade with a 

mechanical gear and electrical generator. The 

function of gear box mainly is to connect the 

low speed wind blade with the high speed 

generator. The electrical output of the 

generator is modified by series of rectifier and 

converter to make the frequency of the output 

voltage is identical with the frequency of the 

electrical grid [11].  
 

   

                              (a)     

 
                                    ( b) 

Fig. 1. Wind power generation systems. (a) Conventional. (b) 

Proposed 

The proposed system where the gear and 

generator are integrated in one unit and shown 

in Figure1.b. The proposed system has small 

volume and higher efficiency. The proposed 

system contains a magnetic gear instead of 

mechanical one which is located in the 

generator.   

 

 

Fig. 2. The magnetic gear 

A. The magnetic gear 

The Representation of the magnetic gear is 

shown in Figure 2. It contains three rotors. The 

middle one is always fixed and carries nS 

ferromagnetic pole-pieces. The inner and outer 

rotors carry p2 and p3 pole-pairs of permanent 

magnet respectively [4]. The highest torque 

transmission capability of the gear is obtained 

with the combination [4]. 

23 pnp S                                             (1) 

The gear ratio Gr when the middle rotor is 

fixed can be calculated by (2). 
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Where Ω2 and Ω3 are the angular velocities 

of inner and outer rotors respectively, T2 and T3 

are also the torques of inner and outer rotors 

respectively. 
 

B. Permanent magnet synchronous generator  

In this paper the electrical generator used 

(Fig. 3) with the wind turbine is called 

permanent magnet synchronous generator 

PMSG. It contains two parts stator and rotor. 

The stator carries 3 phase windings distributed 

in number of slots. The rotor carries number of 

p1 permanent magnet pole-pairs. When the 
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rotor is driven at speed Ω1 by mechanical 

source, an induced voltage will be generated in 

the stator winding with f frequency calculated 

by (3).   

  
60

1
1

p
f                                              (3)     

The main goal of the designers is to make the 

frequency of the output voltage of the 

generator equals to the frequency of the 

electrical grid (50 Hertz). It is known that the 

speed of the wind is very slow (about 150 

rpm). By using the conventional generators 

(p1=2) one can calculate the output frequency 

from (3). It is about 5 Hertz which is very 

small.  Gear box with gear ratio 10 should be 

used to increase the speed ten times to obtain 

the required 50 Hertz for the grid.  
 

C. Integrated magnetic gear with the 

generator 

The objective of this paper not only to replace 

the mechanical gear by a magnetic one but also 

to make the two systems magnetic gear and 

generator (Fig. 2 and 3) in one machine 

(Fig.4). This unit will be smaller and cheaper 

than two separated systems.  

In the new system, the magnetic gear is outside 

whereas the generator is inside (Fig.4). The 

low speed wind turbine blade will be 

connected with the outer rotor of the magnetic 

gear.  The inner rotor of the magnetic gear and 

the outer rotor of the generator are combined in 

one frame rotor which has the same speed. 

Then Ω1 equals Ω2. The stator of generator is 

connected directly to the electrical grid without 

changing the frequency if magnetic gear ratio 

is about 10 as mentioned before. 
 

III. MACHINE DESIGN AND FINITE 

ELEMENT SIMULATION 

From (1) and (2) one can obtain the required 

gear ratio Gr (about 10). There are many 

combinations of p3, p2 and ns. The best one that 

introduces minimum torque ripple is p3=20, 

p2=2 and ns=22 [12]. 

The parameters of the studied integrated 

machine are shown in Table I. A 2-

dimensionnal magnetostatic finite element 

analysis [13] has been carried out in order to 

simulate the integrated machine. For the given 

design parameters (Table I) the magnetic field 

distributions are carried out by the simulation 

and given by (Fig.5). 
 

 
Fig. 3. Proposed Permanent magnet synchronous 

generator 

 

 

 

Fig. 4. Proposed integrated magnetic gear with 

the generator 
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IV.  PERFORMANCES OF THE 

PROPOSED MACHINE 

The instantaneous torque for each rotor is 

shown in Fig. 6. From the results, it is clear 

that all average torques are nonzero values 

which mean that there is a successful energy 

conversion from the wind blade to the 

magnetic gear and the generator. One notes 

that the ratio of the average input torque to the 

output torque of the magnetic gear (228/24) 

equals 9.5 which is nearly equals the designed 

magnetic gear ratio(Gr=10). The difference 

between the output average torque of the gear 

(24Nm) and the input average torque of the 

generator (29Nm) is due to the high values of 

the cogging and ripple torque for the PMSG. 

The cogging torque is considered the main 

disadvantages of PMSG. It is expressed as the 

change of the torque on rotor in interaction of 

magnet flux and stator teeth. It cases noise and 

vibrations for the machine. There are many 

ways to reduce its value: by using fractional 

number of slot per pole per phase, using 

skewing for stator and rotor or by changing 

opening slot [14]-[15]. 
 

The output phase currents are shown in Fig7. 

The rms value of output current is about 15 

Amp, and it’s frequency about 50 Hertz. The 

machine can be connected directly to the grid 

without needing the converter unit. It is clear 

that the proposed system is more compact and 

can save energy and money. 
 

 

 

 
Fig.5 The distribution of magnetic flux in 

machine cross-section 
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(a) 

TABLE I 

PARAMETERS OF THE STUDIED INTEGRATED MAGNETIC GEAR 

Description Value 

Number of stator slot 24 

Number of conductors per slot 46 

External radius of stator (Generator)(mm) 60 

External radius of rotor (Generator)(mm) 85 

PM thickness(Generator)  (mm) 1 

External radius of back-iron in the inner rotor(Gear)  

(mm) 

109 

Inner radius of outer rotor(Gear)  (mm) 126 

External radius of outer rotor(Gear)  (mm) 151 

Shaft radius (mm) 20 

Inner rotor PM thickness(Gear)  (mm) 3 

Air-gap (mm) 2 

Outer rotor PM thickness(Gear)  (mm) 3 

Axial length (mm) 100 

Permanent magnet remanence (T) 1.25 

 

Tav=-228Nm 
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(b) 
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(c) 

Fig.6 Torques in different rotors of the Gear 

with rotor angle. 
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Phase A

Phase B

Phase C

 
    Fig.7 phases currents of the generator 

 

V.  CONCLUSION 

The main objective of this work is to reduce 

the energy loss and cost of wind turbine gear 

box. The author proposed not only using 

magnetic gear instead of the mechanical one 

but also to integrate the gear and generator in 

one unit. The proposed system becomes 

smaller and cheaper. The design and 

simulation results were given. The proposed 

magnetic gear has free friction, no acoustic 

noise, and minimum volume. It is reliable and 

more efficient. It leads to save the energy loss 

and money.   
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