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Axial Flux Permanent Magnet Brushless Motors
Topologies and Geometries

Basic topologies of AFPM machines: (a) single-sided slotted machine, (b) 
double-sided slotless machine with internal stator and twin PM rotor, (c) 
double-sided machine with slotted stator and internal PM rotor, (d) double-
sided coreless motor with internal stator. 1 – stator core, 2 – stator winding, 3 –
rotor, 4 – PM, 5 – frame, 6 – bearing, 7 –shaft.

(a) Single sided AFPM machines

with slotted stator

with slotless stator

with salient-pole stator

(b) Double sided AFPM machines

with internal stator

with slotted stator 

with slotless stator

with iron core stator

with coreless stator

without any cores

with salient pole stator

with internal rotor
with slotted stator

with slotless stator

with salient pole stator



Axial Flux Permanent Magnet Brushless Motors
Topologies and Geometries

Double-sided AFPM brushless machine with internal salient-pole 
stator and twin external rotor: (a) construction, (b) stator, (c)  
rotor. 1- PM, 2 – rotor backing steel disc, 3 – stator pole, 4 –
stator coil/

Double-sided AFPM brushless machine with three-phase, 9 
–coil external salient-pole stator and 6-pole internal rotor. 1 
– PM, 2 – stator backing ferromagnetic disc, 3 – stator pole, 
4 – stator coil.

Coreless multidisk AFPM machine with three coreless 
stators and four PM rotor units: 1 – stator winding, 2 –
rotor unit, 3 – frame, 4 – bearing, 5 – shaft.

Mii Technologies, LLC



Slotted versus slotless

SLOTTED    SLOTLESS

HIGHER TORQUE DENSITY                                           ?                      ?

HIGHER EFFICIENCY IN THE LOWER SPEED RANGE        X

HIGHER EFFICIENCY IN THE HIGHER SPEED RANGE                     X

LOWER INPUT CURRENT                                             X

LESS PM MATERIAL                                                X

LOWER WINDING COST ?                      ?

LOWER THRUST RIPPLE                                             X

LOWER ACOUSTIC NOISE                                            X
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Axial Flux Permanent Magnet Brushless Motors
Why multidisk motors?

There is a limit on the increase of the motor torque that can be achieved by 
enlarging the motor diameter. Factors limiting the single disk design are:
(a) force taken by bearings, 
(b) integrity of mechanical joint between the disk and shaft, 
(c) disk stiffness.
A reasonable solution for larger torques are double or tripple disk motors.

100-kW, 60,000-rpm multi-disk PM brushless 
generator. Photo courtesy of Turbo GenSet, London, 
U.K.
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Disk Type Coreless PM Brushless Motor

1 - coreless stator (armature) winding, 

2 - permanent magnets,

3 - twin rotor, 4 - shaft, 5 bearing, 6 - frame

Segmental construction: (a) single module (segment),

(b) three-module assembly
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Coreless stator coils
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Disk Type Coreless PM Brushless Motor
Axial Flux Permanent Magnet Brushless Motors



Axial Flux Permanent Magnet Brushless Motors
Disk Type Coreless PM Brushless Motor
(a) Halbach array 

PM rotor
(b) Stator    
winding

(c) Stator 
winding and ½
rotor

(d) Stator 
winding and  
twin rotor
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Polarity of Permanent Magnet Halbach Array
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Axial Flux Permanent Magnet Brushless Motors
Polarity of Permanent Magnet Halbach Array
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Peak value of 
normal component 
of magnetic flux 
density Bm≥ = 0.6 T 
at Br = 1.23 T,  Hc = 
979 kA/m,

magnet-to-magnet 
air gap = 10 mm 
and magnet 
thickness = 6 mm

Axial Flux Permanent Magnet Brushless Motors
Halbach Configuration of PMs Provides High Air Gap 
Magnetic Flux Density without any Ferromagnetic Core



•there is no cogging (detent) torque

•the are no forces between the stator and 
rotor at zero current state

•no core losses, no flux pulsation losses 
due to toothed armature cores, high 
efficiency 

•slotless armature (stator) system provides 
more space for conductors and winding 
losses can be reduced due to higher 
conductor cross section  

•losses due to skin effect in the armature 
conductors can be reduced by using 
stranded Litz wires.

•the mass of the motor is significantly 
reduced

•the armature (stator) winding 
inductance is low

•large axial forces between two halves 
of the twin rotor

•much higher volume of permanent 
magnet material in comparison with 
standard motor

ADVANTAGES of coreless machines DRAWBACKS of coreless machines
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Disk Type Coreless PM Brushless Motor



Axial Flux Permanent Magnet Brushless Motors
Excitation Flux
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Excitation Flux



Axial Flux Permanent Magnet Brushless Motors
Electromagnetic Torque
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Electromagnetic Torque



Axial Flux Permanent Magnet Brushless Motors
Electromagnetic Torque



Axial Flux Permanent Magnet Brushless Motors
EMF



Axial Flux Permanent Magnet Brushless Motors
Sizing Equations
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Sizing Equations



Axial Flux Permanent Magnet Brushless Motors
Sizing Equations

Outer diameter Dout as a function of the output power Pout and parameter kD for ε = 0.9, 
kw1η cos φ = 0.84, ns = 1000 rpm = 16.67 rev/s and BmgAm = 26,000 TA/m.
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Sizing Equations



Axial Flux Permanent Magnet Brushless Motors
Phasor diagram for overexcited motor
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Axial Flux Permanent Magnet Brushless Motors
Armature Reaction Equations for Cylindrical and Disc-Type Motors
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Armature Reaction Equations for Cylindrical and Disc-Type Motors



Axial Flux Permanent Magnet Brushless Motors
Commercial Axial Flux PM Motor with inner rotor

Photo Courtesy of Mavilor Motors, S.A., Barcelona, Spain



Longitudinal section of the double-sided AFPM brushless servo motor. Courtesy of Mavilor
Motors, S.A., Barcelona, Spain.

Axial Flux Permanent Magnet Brushless Motors
Commercial Axial Flux PM Motor with inner rotor



Axial Flux Permanent Magnet Brushless Motors
Commercial e-TorqueTM Motor with Coreless Stator. 

Photo courtesy of Bodine-Electric Company, Chicago, IL, U.S.A.



Axial Flux Permanent Magnet Brushless Motors
Commercial e-TorqueTM Motor with Coreless Stator – Exploded View

Photo courtesy of Bodine-Electric Company, Chicago, IL, U.S.A



Axial Flux Permanent Magnet Brushless Motors
Commercial Miniature Coreless Motor with Film Coil Stator Winding

Photo Courtesy of Embest, Seoul, South Korea



Axial Flux Permanent Magnet Brushless Motors
Applications: Axial Flux PMBMs in Hybrid Electric Vehicles

Hybrid-electric gasoline car: 1 – gasoline combustion engine, 2 – integrated 
motor-generator, 3 – cranking clutch, 4 – gearbox, 5 – inverter, 6 – battery.

Torque-speed characteristic of an electric motor and gasoline engine. The 
electric motor assists the gasoline engine at low speeds.

HEV with flywheel energy storage: 1 – gasoline 
combustion engine, 2 – brushless generator, 3 – integrated 
flywheel motor generator, 4 – solid state converter, 5 – d.c. 
bus, 6 – electrical motorized wheel.



In-wheel motor

Stator winding

Rotor permanent magnets

Aurora solar powered electric vehicle with 
ironless PMBM (solar car race, Australia)

Motor for Aurora car:

mass of frameless motor 7.7 kg

rated torque 16.2 Nm

rated speed 1060 rpm

efficiency 98.2%

Axial Flux Permanent Magnet Brushless Motors
Applications: Solar Powered Electric Vehicles

Australia



Applications: “Kone” MonoSpace Elevator with EcoDisk Motor

(a) sheave (b) Kone disk type 
PM brushless motor
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Applications: “Kone” MonoSpace Elevator with EcoDisk Motor
Axial Flux Permanent Magnet Brushless Motors



GM in-wheel axial flux motor 

GM = General Motors
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Conversion of bicycle

Axial Flux Permanent Magnet Brushless Motors

conversion kit



Axial Flux Permanent Magnet Brushless Motors
Homemade axial flux generator

Volvo disk brake converted into 800-W PM axial flux generator



Axial Flux Permanent Magnet Brushless Motors
Applications: Flywheel Power Module

Photo Courtesy of Optimal Energy Systems



Conclusions
1. There is abundance of topologies and geometries of axial flux PM

brushless motors

2. Axial flux machines have much larger diameter to length ratio than radial 
flux (cylindrical) machines

3. Axial flux machines can be more compact than radial flux (cylindrical) 
machines

4. Electromagnetic design of axial flux PM brushless motors is similar to their 
radial counterparts with cylindrical rotors; however the mechanical design 
and thermal analysis are more complex

5. Axial flux PM motors are more difficult to manufacture than cylindrical 
motors

6. Axial flux motors can be easy integrated with mechanical components of 
the drive systems, e.g. electrical vehicles, pumps, flywheels, etc.

7. Modular (multidisk) axial flux PM machine can be easily designed

8. The air gap of axial flux machines can be adjustable

Axial Flux Permanent Magnet Brushless Motors
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