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Abstract— Single phase Axial Flux Permanent Magnet 

Alternators (AFPMA) is a choice for small-scale off-grid 

wind turbine applications. Made up of alternators of this 

type often require stators to also be built from scratch. The 

winding of stators for an axial flux alternator is tedious and 

complicated. Recently, printed circuit board stators have 

used in the market place. The performance of these radical 

new stators has, until now, been unknown. With rapid 

development of technology the Wind energy is recently the 

more cost-effective energy source to produce electricity 

among various renewable energy sources with significant 

growth of power capacity installed worldwide, various wind 

turbine concepts with different generator systems have been 

developed and made up of to maximize the energy meeting, 

to minimize costs, to improve power quality. There for It 

was the purpose of this research paper to made up of and 

test an single phase AFPMA using these new Printed Circuit 

Board (PCB) stators. 
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I. INTRODUCTION 

An alternator is an electrical generator that converts 

mechanical energy to electrical energy in the form 

of alternating current for lot of application. For reasons of 

cost and simplicity, most alternators use a rotating magnetic 

field with a stationary armature.one the application is small-

scale off-grid wind turbine .Wind power has become the 

fastest growing source of renewable energy. Compared to 

other types of magnetic machines, PM machines have 

several benefits for micro scale applications. In PM devices, 

rare-earth magnets (e.g. SmCo, NdFeB) are typically 

employed because they possess high energy products for 

maximum electromechanical energy conversion. There are 

no of publications and research paper available to off-grid 

and home-built wind turbines. Most of these small scale 

application include axial flux permanent magnet alternators. 

However, there is a critical problem with these hand-made 

alternators. This is a very tedious process and prone to error. 

Out of necessity, the printed circuit board stators were born. 

At only 1/16 inches thin, these wafers have coils printed 

directly onto their layers. The use of the printed stators 

cleans up the design and takes much of the guess work out 

of building an alternator from scratch. Nonetheless, these 

are relatively new to the market and have not been 

sufficiently tested. It is the purpose of this paper to explore 

the design and assembly of an alternator using the AFPMAS 

stators, devise experiments to test the characteristics of this 

type of alternator, and compare the results to similar sized 

alternators using traditional wound stators. 

II. LITERATURE SURVEY 

A. Radial-flux PM machine   

Most of the radial flux (RF) machines have a conventional 

inner rotor design but some outer rotor designs have also 

been presented in literature. The permanent magnets (PMs) 

of RF machines are radially oriented. The design of RF 

machines is simple and widely used. The structural stability 

of RF machines is easy to make sufficient. Most of the low-

speed megawatts wind generators are RF machines and 

these RF machines seem to be the most interesting machine 

type for the large scale direct-drive wind turbines. When 

using permanent magnets (PM) for the direct-drive 

generators, the generators can operate with good and reliable 

performance over a wide range of speeds. In manufacture, 

the simple way of constructing the machine with high 

number of poles is gluing PMs on the rotor surface. In 

RFPM machines, the length of the stator and the air-gap 

diameter can be chosen independently. If necessary, the 

radial-flux machine can be made with a small diameter by 

using a long stator. The RFPM machines can be classified to 

the slotted surface mounted PM machine and the slotted flux 

concentrating PM machine. In this section, RFPM machines 

discussed in references are surveyed to review the 

possibility and potential of RFPM machines for large scale 

direct-drive wind turbines. 

 
Fig. 1: Radial flux PM machine  

B. Axial-Flux PM Machine 

The axial-flux permanent magnet (AFPM) machine is a 

machine producing magnetic flux in the axial direction with 

permanent magnets. AFPM machine can be classified into 

slotted machines and slot less machines. Many references 

have discussed about AFPM machines because of the 

advantages compared to RFPM machines as follows: 

 Simple winding 

 Low cogging torque and noise (in slot less machine) 

 Short axial length of the machine 

 Higher torque/volume ratio 

However, the disadvantages of AFPM machines have been 

also discussed compared to RFPM machines as  follows 

 lower torque/mass ratio 

 Larger outer diameter, large amount of PM, and 

structural instability.         

 Difficulty to maintain air-gap in large diameter (in 

slotted machine) 

 Difficult production of stator core (in slotted machine) 

https://en.wikipedia.org/wiki/Generator_(device)
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Armature_(electrical_engineering)
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AFPM machines discussed in references are 

surveyed to review their possibility and potential for large 

scale direct-drive wind turbines in this section. A slot less, 

toroidal-stator, permanent-magnet generator was discussed 

with several advantages as the lightness, the compactness, 

the short axial length, the suitable integration with the 

engine and others by Spooner and Wu et al. This machine’s 

short axial length tends to give it a high power to weight. 

Chalmers et al presented an axial flux PM 

generator named Torus for a direct-drive variable speed 

wind turbine application. They described the perceived 

advantage of the Torus configuration and discussed the 

design characteristics of a 5 kW at 200 rpm. The Torus 

machine is a slot less, toroid-stator, double-sided, axial, 

disc-type, permanent magnet, brushless machine.   

 
Fig. 2: Radial flux PM machine 

III. ALTERNATOR DESIGN  

A. Designing Around PCB Stators 

In designing this alternator, the decision was made early to 

use printed circuit board stators. The alternative would have 

been winding coils and setting the stators ourselves. This 

process would not have led to the desired precision or 

overall simplicity of the design. 

 
Fig. 3: AFPMA stator 

The AFPMAS-1 stators are single -phase Each 

stator has four coils per phase with 36 turns per coil printed 

on a four-layer circuit board. (See Fig. 1) Since these stators 

are only 1/16 inches thin, stacking several together increases 

the performance without sacrificing a small magnetic air 

gap. 

These stators were designed to be used with eight 

inch diameter rotors with 12 to 16 magnets per rotor. For 

this alternator, wedge shaped neodymium magnets were 

chosen. The wedge shaped magnets, which offer more 

surface area than standard rectangle magnets, produce more 

flux passing through the stators. With the dimensions of the 

stators and strength of the selected magnets in mind, the 

choice was made to use four stators stacked and wired 

together for the core of the alternator. 

B. Manufacture of Alternator 

The most challenging aspect of this project was the physical 

assembly of the alternator. Although there were similarly 

built machines available to view on hobbyists’ websites, no 

references were available from anyone who had built a 

permanent magnet axial flux alternator using the single 

phase AFPMA  using printed stators. First the magnets were 

placed on the iron disks to make the magnetic rotors. The 

wedge shaped magnets chosen had an outside diameter of 8 

inches. This allowed the placement of 12 magnets around 

the perimeter of the disk in alternating polarity. This 

alternating polarity was needed to cause the flux passing 

through the coils to constantly reverse directions. This 

changing magnetic flux is of course what produces the 

electrical current in the stators.   

 
Fig. 4: Magnet place on iron disc 

These reversals are referred to as magnetic poles; 

having 12 magnets, this alternator has 6 poles. To secure the 

magnets to the disks, Loctite® 243 was used. Firstly, the 

magnets needed to be locked in place since the rotors would 

be spinning at high RPM’s. Secondly, as the completed 

magnet rotors were eased into place, less than a half an inch 

apart, the force of attraction grew to be over 2,000 lbs. A 

magnet separating from the rotor at this critical step would 

have been disastrous to say the least. In order to place the 

completed magnetic rotors within 0.5 inches of each other, 

precision and care was needed. Every attempt was taken to 

remove the possibility of human error. The main shaft used 

for the alternator was a 5/8 inches steel shaft with a standard 

key. The rotors had a matching 5/8 inches bore and keyway. 

This ensured the rotors’ poles would be correctly aligned. 

The poly spacer was cut down to a specific width with 

precision to the thousandths of an inch. The designed, and 

achieved, magnet-to-rotor air gap was 0.1 inches. To 

facilitate easing the rotor together, four jack screws were 

used. These were slowly backed off until the two rotors 

rested solely on the poly spacer. With the stators 

sandwiched in between, there was not much room for error.  

IV. WORKING 

The working principle of alternator is very simple. It is just 

like basic principle of DC generator. It also depends upon 

Faraday's law of electromagnetic induction which says the 

current is induced in the conductor inside a magnetic field 

when there is a relative motion between that conductor and 

the magnetic field 

http://www.electrical4u.com/principle-of-dc-generator/
http://www.electrical4u.com/faraday-law-of-electromagnetic-induction/
http://www.electrical4u.com/electric-current-and-theory-of-electricity/
http://www.electrical4u.com/what-is-magnetic-field/
http://www.electrical4u.com/electrical-conductor/
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V. RESULT 

Using this alternator we get the substantial amount of 

power. Since small-scale wind applications are usually used 

in off-grid battery charging and also these alternators used in 

home application, vehicles. 

VI. CONCLUSION 

In this paper we are going to conduct the testing of single 

phase AFPMA, it is clear a PM alternator made up of using 

printed circuit stators can produce a power. In the single 

phase axial flux alternator the maximum output power was 

60 watts at 800 RPM..  The wide power range of these other 

alternators can be attributed to the increased complexity of 

winding stators from scratch. Although not the most 

powerful solution, the PCB stators did simplify the design 

and assembly process of building an axial flux permanent 

magnet alternator. Since small-scale wind applications are 

usually used in off-grid battery charging. Since small-scale 

wind applications are usually used in off-grid battery 

charging s, it can be concluded that this type of alternator 

could successfully be used to charge a battery bank.  
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