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Abstract— PMG have been used for wind turbines for many 

years. Many small wind turbine manufacturers use direct-

drive permanent-magnet generators. For wind turbine 

generators, the design idea must cover the following 

characteristics: low cost; light weight; low speed; high 

torque; and variable speed generation. A modular permanent-

magnet generator with axial flux direction was chosen. The 

permanent magnet used is NdFeB or ferrite magnet with flux 

guide to focus flux density in the air gap. Replacing the rotor 

with permanent magnet rotor. The Simulations were used to 

calculate both electromagnetic and mechanical properties of 

the design. The result was a design of a permanent magnet 

rotor to be used with the old stator with some small changes 

to the generator support structure. The new generator has the 

same output power. It was concluded that it is possible to use 

the same stator with either an old rotor or a permanent 

magnet rotor. 

Key words: PMG, Permanent Magnet Generator 

I. INTRODUCTION 

Generally, the design of a PMG must consider both of the 

stator and rotor structures in order to obtain a high 

performance Generator. However this research focuses only 

on the design of the permanent magnet rotor and uses the 

stator structure from an existing induction motor small 

changing the windings. That is, the squirrel cage rotor is 

replaced by a newly designed permanent magnet rotor. 

In the design of the permanent magnet rotor, it is 

important to determine the Optimum value of “magnet 

span” because it effects the harmonics. The design is based 

on the finite element analysis using the software called 

Finite Element Magnetic Method or FEMM. The rotor is 

constructed using the optimum magnet span obtained from 

the computation by FEMM. The experimental results are 

compared with the results from the calculation. 

The scope of the project includes the design and 

construction of a permanent magnet rotor based on the stator 

frame of a single-phase induction motor. Each pole of the 

rotor is fixed with several magnet blocks. The optimum 

magnet span is chosen to minimize the THD of the 

generator. A finite element method is used in the design 

calculation. 

II. DESIGN OF PMG 

A. Stator Design 

For the design of the Permanent Magnet Generator (PMG), 

we construct the permanent magnet rotor based on the stator 

frame of a single phase induction motor without changing 

the geometry of stator and the winding. The specification 

and geometry are shown in table 1. 

Designation Unit Value 

Speed Rpm 1500 

Frequency Hz 50 

Number of pole - 04 

Stack length Mm 40 

Internal Diameter Mm 60 

External Diameter Mm 100 

Air-gap Mm 02 

Number of slot  24 

Slot/pole  06 

Table 1: Stator design 

 
Fig. 1: Stator winding design 

Pole = 4, Power = 200 Watt, Speed N =
1500 rpm, Voltage = 110 Volts, 
Assume, … … 

Bav = 0.8 Wb/m2  

ac = 8000 AT/m2 

Bav =
P∅

ΩDL
 

∅ = 1.4576 mWb 

Taking Lap Winding.., 

𝐸 =
∅𝑍𝑁𝑃

60 𝐴
 

𝑍 =
110 ∗ 60

1500 ∗ 1.4576 ∗ 10−3
 

 𝑍 = 3018.66 ≅ 3018  

𝑍𝑠 =
3018

24
= 125.75 ≅ 126  

𝑍 = 126 ∗ 24 = 3024  

𝐼 =
200

110
= 1.8118 𝐴𝑚𝑝  

Iz =
1.8181

4
= 0.4545 𝐴𝑚𝑝 

 
Fig. 2: Stator Core and Stator Winding 
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Fig. 3: Stator core and Winding 

B. Magnetic Span Design  

In order to design the thickness of magnet, we compute the 

magnetic air-gap and use the specification from geometry of 

the motor and then we choose: the magnetic air-gap = 2 

mm.= e 

We choose Be = 0.8 T  

Magnets: Br = 1 T (Material of NdFeB) = 

𝐵𝑒 = 𝐵𝑟  

𝑎

𝑎 + 𝑒
 

𝑎 =  𝑒∗
𝐵𝑒 𝐵𝑟⁄

1 − 𝐵𝑒 𝐵𝑟⁄
 

𝑎 = 2𝑚𝑚 ∗
0.8

1 − 0.8
 

𝑎 = 8 𝑚𝑚 

𝑎 = Height of Magnet 

 
Fig. 4: Magnet span of the rotor 

Mechanical teeth pitch is 
360

24
= 15° 

36 are the number of slot. 

Electrical teeth pitch is P time mechanical pitch so, 

Td electrical = P* mechanical teeth pitch 

 = 4* 15 

 = 60° 

P = Number of Pole. 

 
Fig. 5: HD for different value of magnet pole span ∝= 72° 

C. Rotor Design 

When a rotor is placed in the opening of a stator, supported 

by bearings, and the appropriate alternating currents are 

supplied to the windings, the rotor will turn like an AC 

motor. See the structure of such a motor in Figure 1.6, 1.7 

and 1.8. 

1) AutoCAD Design 

 
Fig. 6: Rotor without Magnet using AutoCAD 

 
Fig. 7: Rotor with Permanent Magnet using AutoCAD 

 
Fig. 8: Hardware Design of a rotor with 3 pole. 

III. CALCULATION AND EXPERIMENTAL RESULT 

The software called Finite Element Magnetic Method 

(FEMM) is used in the design calculation of the PM 

machine. The main objective is to find the optimum magnet 

span of the rotor.   

The calculation results Analytical design of the 

motor by the finite element to compute the exactly 

performances is shown as the form of flux line, flux density 

and meshes in Figure 1.9, 1.10, 1.11, 1.12 and 1.13 

A. FEMM Simulation 

 
Fig. 9: Flux line in PMG Using FEMM 
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Fig. 10: Flux density in PMG Using FEMM 

 
Fig. 11: Flux density in PMG Using FEMM 

 
Fig. 12: Mesh at no load in PMG Using FEMM 

 
Fig. 13: Flux Distribution in the Air Gap 

IV. HARDWARE OUTPUT 

 
Fig. 14: Hardware result 

 
Fig. 15: Hardware result 

 
Fig. 16: Output Wave Form 

 
Fig. 17: Harmonic Analysis 

V. CONCLUSION 

This paper presented the full design and development of 

permanent Magnet Generator. The PMG present in this 

paper operate by Prime mover, when prime mover rotate the 

force will be applied on the PMG rotor and the rotate will 

rotate and produce EMF. The EMF is vary when prime 

mover speed will very. But there is always some scope of 
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improvement, here we can increase the permanent magnet 

property so the output of the PMG will increase. 
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