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U Background

Conventional Rotary-to-linear Motion System Linear Machine

Rotary Machine + Ball screw Direct Drive

Low efficiency High efficiency

Low stability High stability
Slow dynamic response Fastdynamic response
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U Background

Advantagesof the linear machine compared to

the conventionalrotary -to-linear motion system

U High efficiency

U Simple structure

U Easymaintenance

U Good heatdissipating condition
U Fastdynamic response

U Low noiselevel
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Advantages of the flux-reversal permanent

magnetmachine

U High efficiency

U Simplestructure

U Robustrotor

U High torque density

U Producelarge torque at low speed
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Flux-Reversal Linear Permanent Magnet Machine




U Background

Existing Flux-Reversal Linear Permanent Magnet Machine:

Mo\ver Armatu}‘e winding
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How to further improve the

machinethrust density?

>

U Enhancethe magneticfield.

mmm) Usemore PMs, but the iron coreis easyto be saturated.

U Improve the electrical loading, i.e. improve the current. =) More mover slot areais needed a

U Improve the flux modulation effect of the stator teeth.
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Adopting the HTS bulks and thus ~

the flux leakagecanbereduced
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U Configurations

Mo\ver Armatu;‘e winding

Al A2 B3 B4 ' Ci1 C2 A3 A4/ B1 B2 C3 C4 Mover Armature Wlnding
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Regular Flux Reversal Linear PM Machine (FRLPM)

Proposed Large Mover Slot Opening FRLPM (LSOGFRLPM)

U By removing half of the teeth of the reqular FRLPM, the v

proposedLSO-FRLPM can be obtained.

U The HTS bulks are inserted in the stator slots of the LSO- Movyer Armature winding
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FRLPM, which is the proposedHTS LSO-FRLPM. ngi o |x||x||o||o||x||x||o||o||[x|[x||®
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U The regular FRLPM and LSO-FRLPM share the same U U UL
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stator configuration. 7 7 2
. Stator  Tpermal insulation cover ooling svstem—1/
U The HTS LSO-FRLPM haslarger air-gap length due to the o nsulafion cove Cooling system /]
Proposed HTS LSOFRLPM

SRS

adoption of the thermal insulation cover.



U Configurations

Mover core

Slot Opening

P 2v'imni'e

TS bulk B oco | B ot

3-D Sketch of the Proposed LS&-RLPM (Effective Part) Partial View of the Mover Slot

Stator core

U The concentrated windingsare adopted in the HTS LSOFRLPM.
U The PMs mounted on the adjacent mover tooth have the samearrangement, while the PM arrangement of the
adjacentmover teethis oppositein the regular FRLPM.

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

Mover tooth in the regular FRLPM P T
(Removed in the proposed LSO-FRLPM) _C_I ] ]
/ » Fom(X1) = @ FpmiSINiiZ,(x- vi)]
N N | E 1=1,2,3...
F(x Lo
Yt 1 ARz, PV ro27
N I o N Zm i The Fourier Seriesof the Magnetic Motive Force (MMF)
I I I
/\IN A 7 Al - Al v contains both odd and even harmonics, while only odd
’ I I ) M I : I I * harmonics existin the MMF of the regular FRLPM .
I I I
L 1] / Ll L _J
Fy(x)=F,,,sin(2Z,,x) F;(x)=F,,;sin(3Z,,x) Ax),
Ay (x) = A, sin(Z,x)
| . A, 4
U The air-gap permeance function can be
expressedas « Y %
L(X)° Lo+ LySIN(ZX) .




U Operation Principles

Fon(Xt)= Qq F,mSinfiZ,(x- vt)] . 2
pm i=92,3...pml m / on(t) = Let FJBg (%, 1) TN (X, )dx
L(X)° Ly+ LySIN(Z:X)
n 2N )
NS NG = & ™K, COS[iP, (X~ V1)
v u Polepair j=13,5... 1P
number of the U Pole-pair
air-gap . ~ d/ ph(t) number of the
Bg (x,t) = Fpm(x=t) TL(X) magnetic field. ph (t) =- dt back-EMF.
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U Operation Principles

Important massage$rom the equations

u All MMF harmonics(5 ,5 ,5 € ) contribute to the back-EMF and the frequency of the back-EMF is determined by
the stator slotsnumber =&,

U The armature windings pole-pair ||—4= Is choseto be assmall aspossiblein order to havea larger back-EMF, and thus

the relationship betweenthe mover teeth number 2, | the stator teeth number 4, and the armature winding pole-
pair |}L canbe obtained as

L . Z
TP =iz, Z, | - =
P, = min;j GCD(Z,,,P,)

ti=123...; k=123...
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U Operation Principles

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

< U The flux linkage of phaseA reachits positive and negative
peakvalue at the mover position e ande W .
Y ﬂ U In the mover position ¢ W and e W , the flux

S linkage of phaseA equalszero.

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