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Linear motors have been applied in a wide range of
fields in the recent years. A linear motor differs from a
rotation motor, which has a simple structure and is
easy to miniaturize. For office and factory automation,
however, the small size and high thrust of linear motor
are required. This paper discusses the maximum thrust
density of a proposed Interior Permanent Magnet
Linear Synchronous Motor (IP-LSM). To estimate the
maximum thrust density of the IP-LSM, we studied the
expression of the thrust density. The law of
conservation of energy was used to clarify the
relationship between motor size and the expression for
thrust density. The estimated maximum thrust density
1s 1.2X 108 N/m3. The thrust density of the proposed
IP-LSM is 30% less than the estimated maximum value.
The thrust constant density of the proposed IP-LSM,
however, is 3.6 times larger than that of the MG-LSMVY,
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Fig. 1 Basic structure of IP-LSM.
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Phase Phase Phase

Fig. 2 Time chart of input current of IP-LSM(2-phase).
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Fig. 3 IP-LSM parameters.
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Fig.4 Influence of height of stator yoke 4 y on the
thrust density coefficient kg (Tp=3 mm, B4=13T, B
=18T).
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Fig. 5 Influence of height of permanent magnet Apm on
the thrust density coefficient kg (Tp=3 mm, Ba= 1.3
T, Bs=18T)
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Fig. 6 Influence of magnetic density in permanent
magnet B4 on the thrust density coefficient k¢ (T =
3mm, Bs=18T, Ay=19 mm)
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Table 1 Specifications for prototype IP-LSM.

Item [Unit] Symbol Value
Motor length [mm] L motor 56
Motor height [mm] A motor 50
Motor width [mm] £ motor 50
Half of one pitch [mm] - Tp 3
Stator yoke Height [mm] hy 19
Magnet height [mm] hpm 2
Gap length [mm] ) 0.2
Magnetic density in magnet [T] By 1.0
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Table 2 Comparison of characteristics of IP-LLSM, HD-LSM, and MG-LSM

Item [Unit] Symbol | IP-LSM HD-LSM?® | MG-LSMVY
Motor volume [mm3] Va 140 264 320
Input power [W] P 20 75 249
Maximum thrust [N] F 119 114 330
Thrust constant [N/A] K 300 60 55
Motor constant [N/W] Kn 26.6 13.2 20.9
Thrust constant density [N2/W - m3] | 5x 106 5.1 0.66 1.4
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