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Abstract - In this paper, the geometrical design of axial windings are applied to the two-phase turntable coreless motor. The 

design of axial windings can be to improve the utilization rate of the permeant magnets so that the back-EMF and the number 
of windings are increased. Therefore, the performance of turntable motor with the axial windings such as rising time and 
stall torque can be improved without changing the rotor structure of the turntable motor. A two-phase turntable motor design 
procedure based on the simulation with practical verification is given. A 8 poles and 12 overlapping windings design is 
proposed. Both of finite element analysis and equivalent magnetic circuit are used respectively to calculate the flux density 
and the Back-EMF and magnetic torque. Finally, the motor output performances resulting from the finite element simulation 
are compared to the measurement. 
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I. INTRODUCTION 

 

In recent years, due to the promotion of energy 

conservation and carbon reduction issues and the 

prevention of continuous deterioration of 

environmental pollution, researchers have invested 

heavily in the development of high-performance DC 

brushless motors. Coupled with the advancement of 

materials science, the advancement of power 
electronic components, and the rapid development of 

integrated circuits, there has been a considerable 

breakthrough in the development and production of 

DC brushless motors. 

 

DC brushless motors in Direct-Drive disc player 

according to magnetic flux flow direction in air gap 

and coil winding direction combination. There are 

three common types, as follows: radial flux- radial 

winding, radial flux-axial winding, axial flux-axial 

winding, the above are classified as a Radial- 
Winding BLDC Motor and Axial-Winding BLDC 

Motor. Commercially available turntables can be 

classified into radial winding DC brushless motors 

and axial winding DC brushless motors. The motor is 

composed of an outer rotor, an inner stator, a position 

sensing component, a driving circuit board and a 

speed controller. The radial winding DC brushless 

motor has a certain thickness on the structure. When 

the turntable stops rotating, the permanent magnet of 

the rotor generates a reluctance torque with the stator 

steel sheet, so that the two are in the aligned position, 

and the motor will generate a non-the expected noise 
is therefore difficult to apply to high-end models and 

meets the high standards of users. As shown in Figure 

1. 

 

Another one is in this paper is the axial winding DC 

brushless motor, in Figure 2. This motor is a three-

phase permanent magnet brushless motor. The rotor 

consists of four permanent magnets of magnetic pole 

pairs and uses a surface permanent magnetic method 

to adhere the magnet to the rotor yoke and parallel to 

the coil windings. The stator is a concentrated 

winding circular coil with six poles placed in an axial 

plane. The detecting magnetic pole position sensor is 

three Hall sensor, each of which is placed at a 

mechanical angle of 60 degrees (120 degrees is an 

electrical angle) [2]. The driver part uses various 
electronic components to design a three-phase drive 

circuit to operate the motor. Finally, the speed 

controller is used to stabilize the motor speed. The 

axial winding motor stator can be designed with or 

without cogging. Figure 2 shows the without cogging 

design. This type of design has no silicon steel sheets 

core. Therefore, the problem of cogging caused by 

the rotor and the silicon steel sheet being in the 

aligned position is solved, and there is no unexpected 

noise generation. Moreover, the manufacturing cost is 

relatively low, and the shape of the motor can be 
relatively flat [3], which is more in line with the 

space configuration and thinning trend of the disc 

motor. 

 

 
Fig. 1 Radial-Winding BLDC Motor 

 

https://dictionary.cambridge.org/zht/%E8%A9%9E%E5%85%B8/%E8%8B%B1%E8%AA%9E-%E6%BC%A2%E8%AA%9E-%E7%B9%81%E9%AB%94/combination
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Fig. 2 Axial-Winding BLDC Motor 

 

II. DESIGN AND ANALYSIS 

 

A. Magnetic circuit design 

Magnetic circuit analysis is necessary in motor 

design. Electromagnetic analysis can be obtained by 

Maxwell Equations, but complex electromagnetic 

problems are not easily obtained from analytical 

solutions. Therefore, common electromagnetic 

analysis methods include Equivalent Magnetic Circuit 

Method (EMCM), Laplace Method and Finite 
Element Method (FEM), and Boundary Element 

Method (BEM), etc. The equivalent magnetic circuit 

method has simple understanding and convenient 

estimation of motor parameters in motor design and 

application. The path through which the main 

magnetic flux flows is presented in a circuit manner. 

That is, the motor model is simplified into a circuit-

like magnetic circuit model, which includes magnetic 

flux flowing in the magnetic circuit, magnetic motive 

force that generates magnetic force, and magnetic 

resistance that consumes magnetic energy. Figure 3 

shows the relationship between circuit and magnetic 
circuit. The voltage source in the circuit is the 

magnetic motive force in the magnetic circuit, and the 

current in the circuit is equal to the magnetic flux in 

the magnetic circuit, and the resistance is the same as 

the magnetic resistance. Table 1 shows the 

correspondence between the equivalent circuit and 

the equivalent magnetic circuit. The calculation of the 

equivalent magnetic circuit is similar to the circuit. 

 
Figure 3 circuit and magnetic circuit 

 

There are two main functions of the equivalent 

magnetic circuit calculation. One is the magnetic flux 

required to establish the electromagnetic component 

and the device, and the other is the relationship 

between the main magnetic flux and the magnetic 

motive force in the magnetic circuit. Because the air 
gap permeability is closely related to the back 

electromotive force (EMF) and the inductance, it can 

be judged based on the air gap permeance. The air gap 

permeance [4] indicated in (1). Air magnetic 
reluctance is the inverse of air gap permeance in (2). 

 

 
 

where the parameters of the air gap permeance and air 
magnetic reluctance are listed in Table 2. 

 

 
Table 1 Correspondence between the equivalent circuit and the 

equivalent magnetic circuit 

 

 
Table 2. Defined parameters of the air gap permeance and air 

magnetic reluctance 

 

According to the relationship of the magnetic circuit 

equivalent to the circuit, plus Ohm's law, it can be 

known that the relative relationship between the 

magnetic reluctance and the magnetomotive force and 

the magnetic flux in (3). 

 
It can be concluded from (3) that the magnetic 

reluctance is inversely proportional to the magnetic 

flux. When the magnetic reluctance is small, the 

magnetic flux is large or the magnetic reluctance is 
large, and the magnetic flux is small. When designing 

the motor, to get a relatively large magnetic flux, then 

choose the minimum magnetic reluctance as the path. 

Therefore, when designing the coil winding, it is 

necessary to select the magnetic path distance which 

is the shortest distribution with the main magnetic 

flux, that is, the magnetic field line is the shortest. 

When designing the coil winding, this paper first 

finds the position of the main magnetic flux 

distribution, and then sets the coil winding. Since the 

main magnetic flux of the permanent magnet of the 

http://terms.naer.edu.tw/detail/2798163/?index=1
http://terms.naer.edu.tw/detail/2798163/?index=1
https://en.wikipedia.org/wiki/Permeance
http://terms.naer.edu.tw/detail/1249040/?index=8
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motor rotor is distributed around the single magnetic 

pole of the magnet, the shape of the coil conforms to 
the shape of the single magnetic pole. Because the 

magnet has edge effect, as shown in Figure 4.   

Therefore,   when   the   position   of   the   magnetic   

flux distribution is known and the shape of the coil is 

selected, the relative position of the coil and the 

magnet is further adjusted, that is, the coil position 

can be optimized. This study performs this step in a 

bisection method, which further enhances the motor 

magnetomotive force. 

 
Figure 4 Edge effect 

 

The selection and optimization of both shape and 

position can achieve an improve the characteristics of 
the motor, but the placement angle of the coil 

winding in space is also the key to the motor 

characteristics. The angle between the coils effects 

the magnetomotive force of the motor, which further 

improves the magnetomotive force and results in a 

more efficient motor. 

 

B. Electrical Design 

The amount of current and the number of turns in the 

coil windings have an effect on the performance of 

the motor. This research is mainly through the 

improved design of the coil winding method, which 
can increase the motor torque constant ( K ) and 

torque ( T ), and the magnitude of both effects is 

related to the magnitude of the magnetomotive force. 

Therefore, the magnetomotive force from (4), what 

are the parameters that affect the magnitude of the 

magnetomotive force, and then improve these 

parameters to achieve the design requirements. The 

magnetomotive force is indicated by (4). 

 

 
 

where  N  is the number of turns coil and  I  is the 

current. The magnitude of the current also affects the 

heat generated during motor operation, so the current 

should be set to account for the heat dissipation of the 
motor. In the design of the number of turns, this paper 

uses the cross-sectional area of the coil of the 

commercially available product to perform the 

number of operations. The number of turns coil is 

given as in (5). 

 

 

where Kcpf is the slot ratio, Awinding is the winding 

cross-sectional area, Acoil is the coil cross-sectional 

area and the N value is calculated. The values can be 

used in Maxwell software to simulate the coil 

winding design with the same number of turns and 
the same cross-sectional area, and the improved 

results are compared from the simulation. 

 

III. FINITE ELEMENT SIMULATION 

ANALYSIS 

 

In the following the analysis is based on improve 

motor characteristics, item in the order of precedence: 

a) The main magnetic flux distribution position 

of the magnet. 

b) Effect of coil shape. 
c) Effect of coil placement position. 

d) Effect of coil placement angle. 

e) Effect of number of turns coil. 

 

This paper is based on motor rotor structure in the 

original product is used as a limiting condition to 

calculate coil winding, through analysis and 

improvement, to improve torque can be achieved, 

increase the induced electromotive force, reduce back 

EMF harmonics, and shorten the transient response 

time, etc. There are several ways to analyze motor 
performance improvement in software. The mainly of 

this paper target is improve motor torque. Fig. 5 

shows a block-diagram representation of the dc-motor 

system. 

 

 

 
Figure. 5 Block diagram of a DC motor system. 

 
Assume that electric current is a fixed value, improve 

the motor's transfer constant by design the number of 

turns and the strength of the magnet. According to 

Faraday's law, when the magnetic flux in the coil 

changes, the induced electromotive force at both ends 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-10, Oct.-2019, http://iraj.in 

Design and Implementation of Axial Windings Turntable Motors 

 

43 

of the N turns coil is 

 
It is known from the above equation that the number 

of turns coil is related to the induced electromotive 

force. Where e
ind is the induced EMF the negative 

sign in Faraday's law comes from the fact that the 

EMF induced in the coil acts to oppose any change in 

the magnetic flux. To keep the motor running, the 

torque must remain greater than the induced 
electromotive force. Therefore, the simulation results 

are based on whether the induced electromotive force 

is improved as the basis for whether the motor torque 

is improved.  

 

Figure 6 shows the model and induced electromotive 

force of the original two-phase, eight-pole, eight-coil 

DC brushless motor with an average maximum of 

478 mV. 

 

 
Fig. 6 original two-phase, eight -pole, eight -coil DC brushless 

motor 

 

The following is simulated by effect of coil 

placement angle and the numbers of turns coil. 

 

A. Effect of coil placement angle. 

In the design of the magnetic circuit, it is mentioned 

that the placement angle of the coil winding affects the 

magnetomotive force of the motor. Therefore, this 

section discusses the effect of the coil placement 

angle on the induced electromotive force. 


  is the angular relationship  between the centerline  
and the vertical axis of the coil in Fig 7. In addition, 

the trapezoidal coil of Figure 8 is unreasonable in 
reality, and processing is more difficult to achieve 

this effect. Therefore, the coil in the simulation is 

chamfered and fine-tuned to adjust to a more realistic 

situation. The effect on the coil angle is shown in 

Figure 9 to Figure 11 below. The original product 

motor has an angle of about 33.5 degrees and an 

induced electromotive force of 478 mV. Therefore, the 

trapezoidal coil with an angle of 33.5 is used for 

comparison. The angle of the coil in Figure 11 is 

about 35 degrees, and its induced electromotive force 

is 547 mV more than 70 mV of the original product. 

 

 
Fig 7 Angular relationship diagram 

 
Fig 8 Trapezoidal coil (not chamfered) 

 

 
Fig 9 Data graph with an angle of 30 degrees 

 

 
Fig 10 Data graph with an angle of 33.5 degrees 

 

 
Fig 11 Data graph with an angle of 35 degrees 

 

B. Effect of number of turns coil 

Increasing the induced electromotive force by 

changing the number of turns coil is one of the 
common methods of enhancing torque in motor 

design. In this study, this improvement method was 

used as the final improvement scheme, and the 

original eight coil plus four coils were turned into 
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twelve coils. In the design of the trapezoidal coil, the 

placement position is considered, so that this method 
can be made without interference. The final improved 

twelve -coil can be used to increase the induced 

electromotive force with the coil placement angle and 

will be presented in the most common average 

distribution coil. As shown in Figure 12, the value of 

the induced electromotive force is 819 mV. 

 

 
Fig.12 Twelve coil average distribution motor 

 

IV. TRANSIENT RESPONSE SIMULATION 

MEASUREMENT 

 

This study will use Simulink in MATLAB to 

compare the transient response of the original two-

phase, eight-pole, eight- coil axial winding DC 

brushless motor in Figure 13 and the two-phase, 

eight-pole, twelve-coil axial winding DC brushless 

motor with improved rotor and stator is shown in 

Figure 14. 

 

 
Figure 13 Two-phase, eight-pole, eight-coil axial winding DC 

brushless motor 

 

 
Figure 14 Two-phase eight-pole twelve-coil axial winding DC 

brushless motor combined with rotor and stator 

 

The following steps are divided into three steps: 

 Step 1 

First, measure the relevant parameter dimensions in 

the motor block diagram, such as inductance, 

resistance, inertia, damping, etc. As shown in Table 3. 

the TL is load and the damping is assumed to be 

0.0224 N  s / m . 

 
Table 3 Motor coil implementation size parameters 

 

 Step 2 

Then construct the motor block diagram in Simulink 

and set the measured parameters in step 1. Since the 

control parameters are determined with the existing 
data and the adjustment of the rotational speed to the 

same as the reality can be compared. The motor block 

diagram is shown in Figure 15, where the upper half 

is twelve coils and the lower half is eight coils. 

 

 
Figure 15 Motor control block diagram 

 

 Step 3 

After the previous step is set, the motor transient 

response can be compared. The comparison diagram 
is shown in Figure 16. It can be seen that the original 

product has a maximum overshoot, and the transient 

response is longer than 3 seconds. And the designed 

motor can reach the steady state in only 2.5 seconds, 

so the motor performance is improved. 

 

 
Figure 16 Motor transient response 

 

V. CONCLUSION 

 

The purpose of this study was to design a high-torque 
two- phase axial winding turntable motor that was 

planned for use on a direct-drive disc player. Research 

has mainly improved the motor torque through the 

design of the coil windings and shortened the 

transient response of the motor. The design process is 

based on the magnetic flux distribution of the magnet 

http://terms.naer.edu.tw/detail/2852763/?index=9
http://terms.naer.edu.tw/detail/2852763/?index=9
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and combines the edge effect. And using the finite 

element analysis software, the optimal position of the 
coil winding is constructed. Through the design and 

analysis results, it can be concluded   that   increasing   

the   torque   of   the   motor and shortening   the   

start-up   time   can   achieve the   required 

performance. 
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