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üBackground

Low efficiency

Low stability

Slow dynamic response

é

Conventional Rotary-to-linear Motion System

Rotary Machine + Ball screw

Linear Machine

Direct Drive

High efficiency

High stability

Fastdynamic response

é
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üBackground

Advantagesof the linear machine compared to

the conventional rotary -to-linear motion system:

ü High efficiency

ü Simplestructure

ü Easymaintenance

ü Goodheat-dissipating condition

ü Fastdynamic response

ü Low noiselevel

üé

Advantages of the flux-reversal permanent

magnetmachine:

ü High efficiency

ü Simplestructure

ü Robust rotor

ü High torque density

ü Producelarge torque at low speed

üé

Flux-Reversal Linear Permanent Magnet Machine
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üBackground

How to further improve the

machinethrust density?

ü Enhancethe magneticfield.

ü Improve the electrical loading, i.e. improve the current .

ü Improve the flux modulation effectof the stator teeth.

Usemore PMs, but the iron core is easyto be saturated.

More mover slot area is needed.

Adopting the HTS bulks and thus

the flux leakagecanbe reduced.

ã

ã
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Existing Flux-Reversal Linear Permanent Magnet Machine:
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üConfigurations

Proposed HTS LSO-FRLPM

ü By removing half of the teeth of the regular FRLPM, the

proposedLSO-FRLPM can beobtained.

ü The HTS bulks are inserted in the stator slots of the LSO-

FRLPM, which is the proposedHTS LSO-FRLPM .

ü The regular FRLPM and LSO-FRLPM share the same

stator configuration.

ü The HTS LSO-FRLPM haslarger air-gap length due to the

adoption of the thermal insulation cover.

Regular Flux Reversal Linear PM Machine (FRLPM)

Proposed Large Mover Slot Opening FRLPM (LSO-FRLPM)
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üConfigurations

3-D Sketch of the Proposed LSO-FRLPM (Effective Part)

ü The concentrated windings are adopted in the HTS LSO-FRLPM.

ü The PMs mounted on the adjacent mover tooth have the samearrangement, while the PM arrangement of the

adjacentmover teeth is oppositein the regular FRLPM .

ü The mover slot openingis much larger than the regular FRLPM due to the removing of half of the mover teeth.

Partial View of the Mover Slot
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üOperation Principles
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ü The air-gap permeance function can be

expressedas:

)sin()( 10 xZx sLLL +º

ü The Fourier Seriesof the Magnetic Motive Force (MMF)

contains both odd and even harmonics, while only odd

harmonicsexist in the MMF of the regular FRLPM .
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üOperation Principles
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ü Pole-pair 

number of the 

air-gap 

magnetic field.
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ü Pole-pair 

number of the 

back-EMF.



ü All MMF harmonics (╕ ,╕ ,╕é) contribute to the back-EMF and the frequency of the back-EMF is determinedby

the stator slotsnumber╩▼.

üOperation Principles

Important massagesfrom the equations:

ü The armature windings pole-pair ╟╪is choseto be assmall aspossiblein order to havea larger back-EMF, and thus

the relationship betweenthe mover teeth number ╩□, the stator teeth number ╩▼, and the armature winding pole-

pair ╟╪canbe obtainedas:
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üOperation Principles

ü The flux distribution variation with different mover position of the proposedLSO-FRLPM :

ü The flux linkage of phaseA reach its positive and negative

peakvalueat the mover position● and● ⱲȾ .

ü In the mover position ● ⱲȾ and ● ⱲȾ , the flux

linkage of phaseA equalszero.

ü The main flux linkage of phaseA is depictedin the figures.

14


