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Abstract 

 

Compactness and lightness make high-speed axial-flux machines eligible for distributed generation application with 

microturbine. In a high-speed generator driven by micro-turbines, the rotor speed is normally above 30,000 rpm and 

may even exceed 100,000 rpm. The frequency for flux variation is more than 1 kHz. Therefore, designing such a high-

speed generator is quite different, in mechanical and electromagnetic respects, from designing conventional generators 

with low speed and low frequency. Important considerations in designing high-speed axial-flux generators (HSAFG) for 

microturbine are discussed in this paper. Results of the efficiency sensitivity versus air gap of the machine are also 

presented. 

 

Keywords: Microturbine, High-speed generator, Axial-flux permanent magnet, Coreless stator, 

Design. 

 
 

1 Introduction 

 

Today, microturbines are becoming well known as 

energy management solutions. Microturbines are being 

installed in many distributed generation applications 

allowing end users to better manage their energy costs. 

They play an important role as strategic power sources 

in remote and disastrous areas where grid power is 

unavailable. The security and economy of the grid 

power would be enhanced with the connection of a 

multiple of these generators in distributed generation. 

  Original features such as compactness and lightness 

make high-speed axial flux machines eligible for 

application at distributed generation (with microturbine)  

[1]. 

Due to the high rotor speed and high frequency of the 

stator winding current, the design of a high-speed 

generator is more difficult than and quite different from 

designing a low-speed conventional generator.  

In this paper, the axial flux permanent magnet 

synchronous alternators with coreless structure are 

considered to design in high speed. 

 

2 Microturbine 

 

Microturbine, as its name implies, is a small-size gas 

turbine. Generally, anything below 500 kW can be 

considered a microturbine. Some are used for modeling 

jet fighters, some are being developed for use in very 

small spy drones, and others are used to produce 

electricity. [2] 

 
Fig.1 View of a Capstone microturbine [3] 
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Microturbines have been used in many different 

applications since the mid to late 1960's. Microturbines 

have powered cars and functioned as APU's (auxiliary 

power units) in aircraft and missiles. The telephone 

industry used turbines to create power for remote 

locations in the late 60's and early 70's. [4] 

These highly efficient cogeneration systems are a 

reliable source of high quality heat and power at the 

point of energy consumption. They are all fully 

integrated, light weight, and virtually vibration free. 

Typical use could be in offices, stores, hotels, hospitals, 

residential homes, industrial kilns, small industries, 

schools, supermarkets, food processing, leisure centers 

and swimming pools, apartment blocks, and small-scale 

district heating schemes. 

This Cogeneration System consists of a microturbine 

generator integrated with a waste heat recovery unit. 

 

 
Fig. 2 Cogeneration System (CHP) 

 

Compared to a central power station, a microturbine 

powered CHP system offers the following benefits: 

 little or no electrical transmission and 

distribution (T&D) loss 

 avoidance or deferral of increased T&D costs 

 use of the engine heat output for high-

efficiency cogeneration and trigeneration 

 local variation of the heat/power ratio. This 

optimizes system operation and extends the 

annual operating hours. 

 greater consumer control 

 remote control and monitoring of local power 

quality and power features 

 suitability for providing power to rural and 

developing regions 

 allowing incremental increase in capacity at 

small levels of incremental cost 

 avoidance of substantial approval process 

problems for new plants and associated T&D 

 significant reduction of environmental impacts 

 minimal civil and installation costs. 

 

3 Rotor Design 

 

Due to high speed of microturbine, the design of its 

generator is quite different from designing a 

conventional generator. Fig. 3 is a schematic view of 

intended machines with three rotors and two stators. 

 

 
Fig. 3 Side view of high-speed axial-flux generators 

 

Both electromagnetic and mechanical considerations 

play significant roles in designing the rotor of a high-

speed machine compared to low-speed structures. A 

Permanent Magnet (PM) rotor is preferred (over 

induction machine, wound-field synchronous machine, 

BLDC machine, etc.) thanks to advantages such as 

simple structure, high power density, high efficiency, 

and no excitation power loss [5] 

 

3.1  Choice of Permanent Magnet Material 

PM machines are becoming more popular because of 

their advantageous features, including high efficiency, 

high power, etc. [6, 7]. The PM material properties have 

the significant meaning for a high-speed axial-flux 

generator. The following factors are considered in 

choosing PM material: 

 good magnetic properties (Br, Hc, BH max) 

 invulnerability to high operation temperature: 

SmCo is better than Nd-Fe-B. 

 price of the PM material: SmCo is more 

expensive than  Nd-Fe-B. 

Once all the factors are taken into account, , the 

sintered Nd-Fe-B material would be best candidate [8]. 

Properties of some sintered Nd-Fe-B materials are 

shown in Table 1. 

 
Table 1: Properties of some sintered Nd-Fe-B materials 
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Fig. 4 Curves of N35H used in this machine 

3.2  Dimension Determination 

To reduce the centrifugal force, the rotor diameter 

should be as small as possible since the centrifugal force 

is proportionate to the square of rotor speed. The rotor 

diameter, however, should not be too small because the 

rotor should have enough space for housing the PM. 

In its cylindrical type, the PM is not able to withstand 

large centrifugal forces and must be encapsulated in 

some high-strength material such as cylinder enclosure 

made of non-magnetic stainless steel  and carbon fiber 

bandage [9].However, this type does not need retention , 

which is an advantage. 

 

3.3  Choice of Pole Number 

The choice of pole number will affect the machine 

structure and performance. The common choices are 4, 

6, 8, and 10. 

 Low-numbered poles have both advantages and 

disadvantages as described below: 

 The frequency of the magnetic flux in the stator 

core and the frequency of the stator current are 

much lower, resulting in the reduction of the 

losses of stator core (if not coreless) and copper. 

 A large PM is more difficult to manufacture than a 

small one. 

Considering these advantages, we chose the 6-pole. 

 
Fig. 5 View of a rotor of HSAFG 

 

4 Stator Design 

 

In designing the stator, the main problem is the 

high frequency of stator current and flux. 

4.1  Stator Core Design 

If the stator core materials and flux densities are the 

same for 3,000-and 60,000-rpm machines, the ratio of 

core loss per kilogram for the two machines will be 

about 50. This means there are two ways of reducing 

stator core loss: 

 ● reducing the flux density (B) in the stator teeth 

and yoke, and reducing the loss coefficient (K0) 

using thinner, high-quality cold-rolled silicon 

steel sheets (less than 0.3 mm) [10] 

 ● using coreless stator [11] 

In this machine, coreless structure is chosen. 

4.2  Winding 

The view of stator winding of this machine is given 

in Fig. 6. 

 
Fig. 6: Represenation of a winding of stator of HSAFG 

The stator winding is exposed to high-frequency 

current and high-frequency magnetic field. The skin 

effect should be considered. To reduce the skin effect, 

the wires of stator winding are divided into several 

individually insulated strands. On  the other hand,  Litz 

wire (the wire was divided into individually insulted 

strands with small size) is used. 

 

5 Bearing Design 

 

The common mechanical bearing cannot be used for 

a high-speed axial-flux generator (HSAFG) because the 

friction will shorten the running life of the bearing. With 

the development of new technology, two kinds of 

contactless bearing, air bearing and magnetic bearing, 

are available for the high-speed axial-flux generators. 

Air bearing uses a thin film of pressurized air to 

support a load. This type of bearing is called a “fluid-

film” bearing. The fluid can transfer forces because as 

the fluid is pushed through the bearing gap, it generates 

a pressure profile across the bearing area. Fluid-film 

bearing offers a number of advantages over mechanical 
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bearing: resistance to wear or heat generated by friction, 

zero static and running friction, high stiffness and self-

centering, etc. it is necessary to accurately design and 

manufacture air bearings with extremely tight 

tolerances. A hybrid structure of air bearing is both 

radial and axial bearing. 

 
Fig. 7 Magnetic bearing 

 

In magnetic bearings, the force for rotor suspension 

is generated by the electromagnetic field.  Based on 

their structure and application, magnetic bearings can be 

classified into different types  such as passive, active, 

and hybrid . The operation principle of a typical active 

magnetic bearing is illustrated in Fig. 7. The controller 

receives rotor-offset information from the sensor and 

then controls the rotor in the proper position by 

dynamically adjusting the winding current of the 

electric magnet. 

 

6 Simulation 

 

By collecting all parts of the electromagnetic model 

(reluctance) of the machine together, the simple model 

of HSAFG is obtained [12]. The performance analysis is 

based on the design study of a 30,000-rpm, 30-KW, and 

400-V generator. The generator has been designed 

according to this model. For checking over the design, 

the FEM is used. The 2-D FE modeling of this machine 

can be carried out by introducing a radial cutting plane 

at the average radius, which is then developed into a 2-

D flat model. The Neumann boundary condition is 

assigned to the top and bottom boundary. By modeling 

and solving the machine on ANSYS, the following 

result will be obtained (The flux density is 0.46 for 

FEM and 0.49 for the model). 

 
Fig. 8 Result of FEM 

Air gap is very important in designing electrical 

machines. Figs. 6-10 show plots some output 

parameters due to the air gap increasing from 1mm to 

8mm. 

In this analysis, the speed of machine is constant 

(30,000 rpm) because of using the specified driver 

(microturbine). The output of the generator is connected 

to power electronic devices, and its value (400V) is not 

very important. The output power is defined as 30KW. 

Thus, with output voltage reduction more output current 

is needed. 

the following parameters are given constant values: 

Do: outer diameter, Di: inner diameter, Ls: length of 

stator, Lpm: length of PM, Lbi: length of back iron, 

Dstarnd: diameter of each wire of conductor, and Br: 

residual flux density of PM. 

Fig. 9 shows that output voltage is inversely related 

to air gap (at any number of poles). this relationship  is 

because of air gap flux density (Fig. 10) and is different 

from conventional machines. In HSAFG, there is a 

strong relation. On the other hand, by each increase of 

1mm in air gap, the voltage falls down intensely. At a 

high value of air gap, the PMs cannot produce enough 

flux density (Fig. 10), so the low air gap (defined by 

mechanical restriction) is recommend. 

The second important parameter in an electrical 

machine is efficiency. Fig. 11 shows that in a high-

speed axial flux generator, efficiency smoothly 

decreased , but air gap increased. However,  this 

reduction is more significant in conventional machines 

because  of rotation losses term in them. According to 

the formula of rotation losses in disk type machines, it is 

independent of air gap and pole numbers. Therefore, it 

is constant and equal to 3286W. Air friction at high 

speed is high. 

 

Fig. 9. Output voltage (no-load) (V) vs. air gap (m) 
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Fig. 10. Air gap flux density (Bg) (tesla) vs. air gap (m) 

 

Fig. 11. Efficiency (%) vs. air gap (m) 

7 Conclusion 

The change of the structure of energy use and the 

potential market for distributed generation resources 

make it promising to use high-speed axial-flux 

generators. The main point about designing PM rotor is 

considering strength and stiffness for high-speed 

operation. For  stator design, the main problem is the 

high frequency of the current and flux of the stator. 

 A design methodology for a modular high-speed 

axial-flux PM generator from first principles was 

proposed. Then, air gap analysis was performed. 

Variations of the main output parameter such as output 

voltage and efficiency were discussed. In this machine, 

an increase in air gap causes strength reduction in 

output voltage. But it has unmentioned influence on 

efficiency, it is because of high rotation losses in the 

disk type machine with high speed. 
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