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Study and consideration on Thrust and Harmonic distortion of small Cylinder Linear Synchronous Motor

����(��)*1, ����*2 (��), ����*2(��)

Koichi Nakaiwa(Mem.), Hiroyuki Wakiwaka (Mem.), Kunihisa Tashiro (Mem.)

In recent years, the miniaturization of a linear motor has progressed by the chip mounter the miniaturization of a 
conveying machine, or the loading demand to a special use. There is a case where a smooth drive is required in it. It is
important to take into account the influence of the Total Harmonic Distortion (THD) in the design of a linear motor. 
the THD of three magnet array were checked. At Halbach array which pursued high thrust density, the fundamental 
cause and effect relationship between the THD from fluctuating a Halbach array aspect ratio and the induction voltage 
was checked. At Cylinder Linear Synchronous Motor (CLSM) of small size (�10) and high thrust density, I showed 
means to reduce the THD.
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(a) Over view of CLSM

(b) Basic structure of CLSM

Fig.1 A configuration of CLSM.
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Type

Item

8 16 24

Radial
magnet

Radial
&Thrust
magnet +

magnetic ring

Radial
&Thrust
magnet

magnetic

Radial array Halbach arrayMagnetic ring
array

Number of phase

External dimensions 12mm

Number of pole & slot 8pole-18slot

stroke 30mm

Voltage 24V

non-magnetic

3

shaft material

Structure of magnet

Number of magnet

� 1 ��������� 2 �����������

����10 ��1 ����������� 38 ���

�������� 18 �������� 30mm ����

3 ������������������������� � � � �

��������������������������

���������������������

� 1 ���������

�
(a) Radial array   

(b) Magnetic ring array 

(c) Halbach array 
� Fig.2  Sectional structure of CLSM. 

Table �� Detailed specification. 
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3.1 ����

��������������� 3 ��������

������������������ 11 �����

��(35H300)� B-H ��� 29 ����������

��170000 ���[4]�

� � � � � � � � � �       Stator 

Mover                     

� � � � Fig.3� Analysis model. 
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Symbol Unit

Width of teeth w [mm]

Thickness of back yoke t y [mm]

Thickness of tip 1 t ha [mm]

Thickness of tip 2 t hb [mm]

Width of tip l m [mm]

Width of opening l o [mm]

Air gap g p [mm]

Pole pitch P p [mm]

Radial orientation magnet R [mm]

Thrust orientation magnet T [mm]

Stator

Mover

Item

�10

�5.8lo
tha

w

ty

thb

lm

�10

�5.8lo
tha

w

ty

thb

lm

‘

‘
‘‘

‘ ‘

�10

�5.8lo
tha

w

ty

thb

lm

�10

�5.8lo
tha

w

ty

thb

lm

‘

‘
‘‘

‘ ‘

3.2 ����

� 2 ���������������������

�������� 4 ���� 5 ������������

���������������������������

�, ��������������5.2 ���������

�3 �������������������������

���������������������������

����������������������������

���������������������������

����������������������������

��������� 3 �����������������

Table 2  Parameter of design dimensions.
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        (a) 1/18 slot of stator (b) 1/18 slot of stator (sectional fig.)
                      Fig.4 Structure of stator.

               Fig.5 Structure of mover.

3.3 ����

�����������������������

��������������������(V2�Vn)
������������V1�����������

���[5]�
����������

)sin()( n
n

no tnVVtv �� ��� � (1)

���������|V|�,

��
T

dttv
T

V
0

2 )(1|| (2)

�������� 2
3

2
2

2
1

2
0 |||||||| VVVVV (3)

����

��������,

2
1

2
3

2
2

|

||||

V

VV
D

�

�������
� (4)

����

Thickness

of back yoke

Width of teeth

Thickness of tip       

‘Mo‘Mi

‘ R ‘T ‘Pp

‘Mo‘Mi

‘ R ‘T ‘Pp

� 5.2� 3 ‘Mo‘Mi

‘ R ‘T ‘Pp

‘Mo‘Mi

‘ R ‘T ‘Pp

� 5.2� 3



日本 AEM 学会誌　Vol. 22, No.2 (2014)

241(167)

0.002378 0.002076 0.002670

6.39 10.85 9.11

at1.5A 3.95
(3.98)

3.71
(3.76)

4.70
(4.75)

0.098 0.092 0.115

Type

EMF[V]

THD[%]

Thrust [N]

Thrust constant density
[N2/W�m3�106]

Item [Unit]

Radial
array

Magnetic
ring array

Halbach
array

-0.003
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0
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(a )Radial array 

(b) Magnetic ring array 

(c)  Halbach array 

Fig.6 Calculated value of the EMF wave and the 
Distortion. 

�3�3.2������������������

�������������� EMF �������

������������������������

������������ EMF ���������

�������������������

Table 3 Series of results. 
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Fig.7  Schematic diagram of aspect ratio. 
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Type

Item
[Unit]

0.002670 0.002618 0.002511 0.001813 0.002639

9.11 8.68 9.05 9.91 6.38

Case �

EMF[V]

THD[%]

Case I
(Bass) Case � Case � Case �

���,

CASE �(Base)���    R 2 � 1 T
CASE ������� R 1 � 1 T
CASE ������� R 5 � 1 T
CASE ������� R 1 � 5 T
CASE ������� R 1 � 2 T
����

����0.1mm�������(��)�������

��������������������� 5 ��

���������

������ 4 ���� �����������

���THD ��� 10%�����CaseV ������

��,���������������������

����������������

Table 4 Calculated results of aspect change.
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