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Abstract---Renewable energy sources, especially wind 

turbine generators, are considered as important generation 

alternatives in electric power systems because they have no 

exhausted nature and not harmful environmental effects. 

Permanent magnet generator has a good prospect in small 

scale wind turbine application. Many types of generator 

concepts have been proposed and used, but most of the low 

speed application consist Permanent magnet generator. As 

compare to conventional electrically excited generators, 

PMG have many advantages, so it attracted towards interest 

of research. The purpose of this paper is to review 

Permanent magnet generator configuration, design 

methodology, design optimization, and analysis of 

permanent magnet generator. Different Machine 

configurations proposed in literature are also discussed for 

suitability to small scale wind turbine application. 
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I. INTRODUCTION 

Much of the electrical energy utilized worldwide comes 

from conventional sources such as fossil fuels. The growing 

demand for electrical energy for industrial and domestic use, 

coupled with the limited amount of available fossil fuel 

reserves and it has negative effects on the environment, so it 

is necessary to seek alternative and renewable energy 

sources. As a result, renewable energy sources such as wind, 

solar, and ocean energy are becoming increasingly 

integrated to traditional electric power systems. Small wind 

generator useful for providing energy for on-grid and off-

grid applications such as application in the built 

environment, battery charging. Permanent magnet generator 

is efficient for the low speed application. It consist 

permanent magnet instead of excitation winding. There is no 

excitation winding, so copper loss of winding is reduce, and 

efficiency of generator improve [1]. Large sites and good 

wind conditions necessary for large-scale wind power 

generation, it also require a large amount of capital 

investment. And also chance to loss place where it newly set 

up. With compare to large scale, small-scale wind power 

generation is attractive and effective, as stand-alone power 

generator supplies for isolated islands, remote cabins, and 

street lights. It also doesn’t require much more space for 

install and also not much more capital investment [2]. 

Generator system can be classified based on 

construction, direct-drive and geared system. Based on type 

of generator used, generator system can classified into the 

electrically excited machine, in which field excitation is 

provided by external supply to field winding, another is 

permanent magnet machine, in which permanent magnet is 

used for field excitation. The permanent magnet materials 

are widely used in small scale machines and also 

increasingly use in large scale permanent magnet machines. 

Permanent magnet generators of a few kilowatts to several 

megawatts are widely applied in direct driven wind-power 

generation applications. Materials selection and physical 

dimension selections are first step of design of permanent 

magnet generator. Analysis of permanent magnet generator 

is carried out with finite element analysis, which is 

important to describe the module geometries, boundary 

conditions and material properties as accurately as possible 

[3]. 

II. PERMANENT MAGNET GENERATOR IN WIND POWER 

APPLICATION 

 Generator System A.

There are many types of generator concept have been 

proposed and used. Most of the low speed wind turbine 

application consist PMG. There is a great demand for small 

to medium rating wind generators for stand-alone generation 

system in remote areas. The type of generator for this kind 

of application is required to be compact and light so that the 

generators can be conveniently installed at the top of the 

towers, rooftop  and directly coupled to the wind turbine. 

Direct coupled generators has so many advantages 

compared to gearbox coupled wind turbine, such as 

reduction in size of overall system, quick response to the 

wind fluctuation and load variation, etc. a directly coupled 

generator needs to have a very low-speed operation to match 

the wind turbine speed and, at the same time, to produce 

electricity in a normal frequency range. 

 
Fig.1: Typical structures of gearbox generator and direct 

drive generator of a wind power application. 
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Permanent magnet generators are one of the best solutions 

for small scale wind power application.  It is maintenance 

free. Traditionally large scale wind turbine system consist of 

gear box generator, hence it has high speed of 1000 to 1500 

rpm. Wind turbine rotate at speed of nearly 15 to 100 rpm. 

Hybrid technologies such as wind-photovoltaic it is possible 

to combine wind generator. In gearbox generator system 

there are number of disadvantages, such as it require regular 

maintenance, it produce noise, increase power loss, also 

increase weight of plant. Such kind of problem may be 

overcome by use of direct drive generator system. Direct 

drive generator system is suitable low speed permanent 

magnet generators for wind power application. It is 

maintenance-free and reliable [4]. 

 Permanent Magnet Generator Topology B.

The permanent magnet generator types based on flux 

direction are mainly Radial flux generator and axial flux 

generator.[5] Radial flux generator, if normal vector is 

perpendicular to axis, it called radial flux generator, in 

which flux penetrated in radial., the production cost lower 

compared with the axial one due to the manufacturing 

technology is well established. Furthermore, as the higher 

power ratings of the machine are achieved by increasing the 

length of the machine, thus they are very flexible for 

scaling; they are used wind energy systems. 

 
Fig. 2: Radial flux permanent magnet generator [5]. 

Axial flux generator, if normal vector is parallel 

with axis, it called axial flux generator, in which flux 

penetrated axially. Generally, length of axial flux machines 

is much smaller compared with radial flux machines. The 

main advantage of axial flux machine is high torque density, 

that’s why it recommended using in applications with size 

constraints especially in axial direction. One of the demerits 

with the axial flux machines is that, in single rotor single 

stator edition they are not balanced. 

 
Fig. 3: Axial flux permanent magnet generator [5]. 

There are different rotor structures for radial flux 

permanent magnet generator depending on permanent 

magnet configuration. Five types of rotor structures are 

SPM, an inset PM, a tangentially-magnetized IPM, a 

radially magnetized IPM, and a V-shaped IPM, evaluated to 

achieve high power performance in [2]. Except SPM rotor 

structure, all rotor structure is salient pole type. The SPM 

rotor structure is non-salient pole type.  

 
Fig.4: Rotor structures [2]. 

 PMG have a number of technical and economic advantages 

compared to electrically excited machines, as follows, 

 No need of additional power supply for magnet field 

excitation. 

 Reliability increase due to absence of mechanical 

components such as slip rings. 

 Thermal characteristic of PMG improve due to the 

absence of the field losses. 

 Lighter and that’s why high power to weight ratio. 

However, there are some disadvantages of PMG, as 

follow, 

 Cost of permanent magnet material is high. 

 There are difficulties to handle in manufacture. 

 For application of larger MW range, this technology is 

new. 

 At high temperature demagnetization occur of 

permanent magnet. 

On other hand, in last few years, the utilization of 

permanent magnet is more attractive than before, due to 

improving performance of permanent magnet. 
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 Major two problems are noticed regarding the 

PMG used in wind power.one is inherent cogging torque, 

due to magnet materials naturally attractive force. This 

torque is bad for the operation and specially stopping wind 

turbine starting and making noise, vibration in regular 

operation. Another is the risk of demagnetization due to 

fault happening and overheating of magnets [6]. 

III. OPTIMAL DESIGN METHODOLOGY 

 Pmg Design Methodology A.

Designing of electrical machines is much time-consuming 

process and to some extent empirical. PMG are designed 

through some steps like as all other machines. First step 

consist determine the application of the generator. Main 

rated values should be mentioned for a specific purpose. 

Next, some initial parameters of design are defined and 

dimensions of machine and other necessary parameters are 

calculated by design equations. 

In first step, there are some fundamental 

parameters which should be defined in this step. Including 

all the parameters, some of them parameter are more 

important such as output power (kW), terminal voltage (V), 

frequency (Hz) and rated speed (rpm). Other parameters are 

such as phase number, rotation direction, duty cycle, cooling 

class etc. Rated voltage is depend and limited with 

insulation. Speed of generator is related to the number of 

poles and frequency the output power is concerned with the 

load and its type. Some of the most important parameters are 

Specific magnetic loading Bav (T), Specific electric loading 

ac (AT/m), Stator and rotor yoke flux density Bys, Byr (T), 

Stator tooth flux density Bt (T), Residual flux density Br 

(T), Axial length to pole pitch ratio L/τp, Efficiency,  Power 

factor. These variable parameters are selected based on 

generator's fundamental parameters. Specific electric 

loading (ac) depends upon many variables such as power 

rating, voltage rating, frequency, and speed. A smaller value 

of ac should be used for machines which have a smaller 

number of poles, a large pole pitch, or a small diameter. 

Similarly, for high-voltage machines, which requiring larger 

slots insulation, value of ac must be selected small. Proper 

value of ac is in the range of 8000 to 30000 A/m. The 

specific magnetic loading is limited by saturation and core 

loss. The proper value of Bav for PMG is between 0.45 to 

0.8 T. Other parameters like as rotor yoke flux density and 

stator yoke flux density are between 1.3 to 1.8 T and 

normally 1.5 T can be selected depending on material used 

for rotor and stator core. Residual flux density is depending 

on magnet type. L/τp ratio is a very important parameter 

which is concerned with the shape of the magnet. Range of 

axial length to pole pitch ratio is 0.6< L/τp <0.7 for non-

salient pole and 1< L/τp <3 for salient pole machines. 

Finally dimensions and parameter are calculated by 

necessary equation needed for design of a PMG [1]. 

 Design Optimization B.

Design optimization leads to increase the performance of 

permanent magnet generator. Based on preliminary design 

parameters, the geometric model, select materials for PMG 

and consequently the finite element model is set up. The 

generator operation characteristics are calculated according 

to model solving and post processing, then practical project 

problems are solved. The design optimization can be 

achieved by means of choosing proper number of poles and 

slots, setting the size of air gap, optimizing the pole shoe 

and winding structure. The flowchart of generator’s design 

optimization is shown in figure.5 in the optimization 

process, to choose optimal structure of pole shoe and 

selection of the best pole-slot number is very important. 

Different finite element calculation models’ characteristics 

are compared for different parameter such as the phase 

voltage amplitude, THD and leakage coefficient at no load 

operation.  Flux leakage can be reduced by optimized pole 

shoe and the back emf also improves [7]. 

 
Fig. 5: Flowchart of design optimization [7]. 

There is another method to optimize design of 

generator, it is chaos optimization algorithm. It is a novel 

stochastic search algorithm. Electromagnetic design can be 

expressed by a simple function as: 

y = f (xi), i =1, 2, 3, 4, 5 

Where y is one of the output performance 

parameters and xi is the structural parameter or input 

parameter. Output efficiency of the permanent magnet is 

selected as the optimization objective. The main structural 

parameters are selected as the input independence 

parameters, such as the length of the rotor, the effective 

pole-arc coefficient, the diameter of the rotor, the length of 

the air-gap, the thickness of permanent magnet and the 

width of permanent magnet [8]. 

Some design considerations such as rotor size, 

magnet material, starting torque is helpful for design 

optimization. Low speed direct drive PMG consist many 

poles to determine high frequency. The number of poles is 

limited due to size of rotor; hence rotor diameter should be 

optimized. Once it optimized other parameter such as axial 

length, thickness and ratio of pole arc calculated by same 

method using finite element analysis. For magnet material a 

high remanent flux density material should be chosen for the 

desired air-gap flux density. The magnetic properties should 

be stable, reliable with in operation temperature range. 

Starting torque is combination of peak cogging torque, 



A Review of Design and Analysis of Small Scale Permanent Magnet Wind Generator 

 (IJSRD/Vol. 2/Issue 02/2014/163) 

 

 All rights reserved by www.ijsrd.com 620 

torque required to face bearing friction, and hysteresis 

torque. Cogging torque is generated from interaction of 

magnets with stator teeth. It give rise to torque ripple, results 

in mechanical vibration, acoustic noise, and problems in 

drives system. So in PMG design it is necessary to minimize 

the cogging torque to acceptable values. There are several 

method s have been proposed to reduce cogging torque 

including teeth pairing, magnet shaping and sizing, shifting 

magnets, and skewing [9], [10]. 

IV. ANALYSIS OF PERMANENT MAGNET GENERATOR 

Numerical methods, such as finite element analysis have 

been extensively used in study, design, and analyze the 

performance permanent magnet generator. By using FEA, 

many design data and curves, such as output voltage, no-

load leakage flux coefficient, and cogging torque, air gap 

flux density etc. can be obtained and used to design 

optimization of permanent magnet generator. 

The type of Permanent Magnet used in the design 

of PMSG affects the majority of performances; it was found 

that best performance is given by Neodymium–Iron–Boron 

magnet 

Among the permanent magnets [6]. NdFeB 

magnets are sensitive to changes in temperature. When the 

temperature rise, intrinsic coercive force drops notably. It 

means when calculating magnetic field distribution, working 

temperature for the magnets must be consider [3].  

In all different types of rotor structure, majority of 

iron loss in is stator hysteresis loss. V shaped IPM, radially 

magnetized IPM, and tangentially magnetized IPM 

structures have more rotor iron loss than SPM. Among these 

rotor structures SPM has highest efficiency [2]. 

The cogging torque leads to torque fluctuation of 

generator and also affect the efficiency of generator system. 

It can be reduce by optimize the pole arc coefficient and 

number of slots per pole per phase [7]. It can also nearly 

eliminated theoretically using combination of the methods 

of magnet shifting and optimizing the magnet arc, without 

compromising back EMF in machines with either an integer 

or fractional number of slots per pole [10]. The magnitude 

of cogging torque is affected by means of number of poles 

and also stator slots, but frequency of cogging torque 

affected by only number of stator slots [6]. 

V. CONCLUSION 

In this paper, direct drive and gearbox generator system is 

discussed to point out benefits and drawbacks. Permanent 

magnet generator topology is reviewed for small scale wind 

turbine application. Design methodology and different 

optimization methods of PMG design are reviewed. Base on 

literature it concludes that among the permanent magnets, 

NdFeB magnet is best choice. Cogging torque should be 

within acceptable value, due to drawbacks of torque ripple. 

Most suitable rotor structure of radial flux PMG for achieve 

highest efficiency is SPM structure. It is suitable for small 

scale wind turbine application.  
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