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Introduction Simulation and Experiments

This paperanalyzedthe flux characteristicof a singlephasetubular switched reluctancelinear motor (TSRLM) basedon magnetic The nonlinearmodel of the singlephaseTSRLM Is constructedwith simulatorin Matlak/'Simulink. The nonlinear
equivalentircuit (MEC) method Thesinglephasel SRLM is dividedinto five differentparts,which aretheteethof the stator,theyoke of the relationshippetweerflux linkage,current,andmoverpositionis shownin Fig. 4. The prototypeof TSRLM putforward
stator,air gap,the teethof therotor, andthe yoke of the rotor. The reluctanceof everypartis expressean analyticalformulasat five special | in this paperis shownin Fig. 5, whosegeographigarametersrelistedin Tablel.
mover positions The flux linkagesat five specialmover positionsare calculatedoy magnettube methodand GaussSeideliterationmethod = Theflux linkage of the singlephaseT SRLM in given positionandgiven currentis |
which takesthe saturationinto considerationA high order Fourier seriesis usedto map the nonlinearrelationshipbetweenflux linkage, calculatedwith MEC methodproposedn this paper The comparisonof magnetic "
currentand mover positionwith the flux linkage datacalculatedoy MEC method The calculatedflux linkageis consistentwith 3D finite curvesof the threeis shownin Fig. 6. It canbe seenfrom Fig. 6 is thatthe MEC 2™~
elementmethod (FEM) and experimentalresults The dynamic and static performanceof the simulation utilized with MEC methodare method proposedin this paperis consistentwith the 3D FEM results and ““”
consistenwith thosein experimentswhich verifiestheaccuracyf the MEC methodproposedn this paper experimentaresults whichtakesthe saturationnto consideration
: Lo The simulatedand testedcurrent and voltage waveformsof the singlephase "3 '

Structure and Operatmg PrlnC|pIe TSRLM in differentspeedsareshownin Fig. 7. The staticthrustcomparisorof the 00 % )
Structure Operating Principle MEC methodandthe experimentresultis shownin Fig. 8. Threespecificcurrents _
The singlephase TSRLM consistsof two When the bread type winding embeddedin the = arechoserto comparehegeneratedtaticthrust,whichare2A, 4A, and6A.

mainparts,which area statorandamover The statorslot is energized,t can produceflux linkage, e
breadtype winding iIs embeddedn the slot of . which canform a closedloop by passingthe mover 0.025
the stator, which can improve the coll factor teethrings, the rotor yoke sleeve,air gap, the stator
anddecreaséhe endeffect Threemoverteeth teeth and the stator yoke. When the magneticfield
rings are uniformly distributedon the mover linestwisted,it generatesnagneticforcesto drive the
yoke sleeve The statorsleeve the moverteeth mover reciprocatingin axial direction The stroke of
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" . . . <& MEC Method
rings and the moveryoke sleeveare madeup ) the motor proposedin this paperis from -5mm to 0005 - . IDFEM |
. -y o | x ‘ . Experiment
with silicon steel,50DW470, Fig. 1. Dmensionf singlephase TSRLM smm. oooss . . . —
Current (A)
Flux-linkage Calculation Fig. 6. Comparisomf flux linkage infive positions Fig.8 Static thrust comparison of MEC and experimeffiig. 5. prototypeof the experimental platform
. . . . 30
In order to calculate the flux characteristicsof the singlephase TSRLM, magnetic  Table | GEOGRAPHICPARAMETERS IN THE TSRLM 20- (it 0000
equivalentcircuit canbe constructeavith the help of the distributionof magnetidield linesin Parameters of the motor . ....m LA AL AL M’,__.
: - : : : : = -10-
Fig. 2. Themagnetidield lines passthroughthe moverteethrings, air gap,theteethof stator, The outer radius of the statog D 63.0mm S .20 [ — Experiment
: : : The inner radius of the stator, D 20.0mm 30— AEC Method | ' . '
the yoke of stator,respectivelyandfinally returnto the mover,which forms a closedloop. The outer radius of the roto d 19.6mm 000 ovs ol ol _om o35 ko
Themagneticequivalentcircuit is shownin Fig. 3. It consistf the statorteethreluctanceRSp, The inner radius of the rotog, d 3.6mm 3
: The thickness of the stator yokg h 4.0mm < \M n,,,JW’L\'“ltlmh | m.u1{,,,\-,,‘,[i-.”.r,,._ll*l,|-. ﬂ,@imﬂhwl,\
the statoryoke reluctanceR;,, the air gap rgluctanceRg, the moverteeth reIuctanc_eRrp, the The depth of the stator sio h 17 B - I
moveryoke reluctanceR,y andmagnetanotiveforce F. Theyareall connectedn series The width of the stator slotw 31.0mm 5 1]
i The flux characteristicsof the single The width of stator tooth w 4.0mm DL s e L e i
agnetic : The thick f ke h 4.0 : : : = ' ' '
i Ficd line i phase TSRLM at different mover = TIGENESS B MOVET Yo' s Time(s)
' ¢ ; " - The depth of mover sloh 4.0mm Fig. 7. The voltage and current waveforms in differspeeds. (a) 2Hz (b) 6Hz (c) 10Hz
: — Rsy positionscan be calculatedwith flux tube The width of mover slot w 12.5mm 9- (. J feces.
i method Five specialmover posmons.are The thickness of air gap g 0 9rmm Conclusions
110 1?‘;;: chosento analyzethe flux characteristics The lamination thickness of mover L 65.0mm ™MA MEC method 5 10 obtainthe lux lnk ¢ 2 sinalephaseTSRL M at f o - hich
: Wi Re Bs  of thesinglephaseTSRLM. The position The turns of winding\.,, 124 = metho |§ pu]c orwar |'OO aln.de U)f iInkageof a singlephase at five specialmoverpositionswhic
| d X, IS the centerlineof statorteethalignedwith the centerlineof moverteeth The position TMtah eﬁ esl_atlL(Jrathm materlaclint_ohco;:a eration | . | | s thus th -
R : : : : : -
i Rrp o p X, is the statorteethalignedwith the moverteethatw,/4, w, is thewidth of moverteeth T eh ud>.< mlzge IZ compareawith the 3D-FEM resultsand experimentalresults,thus the correctnesf the MEC
i Thepositionx,,, Is the statorteethalignedwith the moverteethat w,/2. The positionx,, methodss validate

™The MEC methodis consistentvith the 3D-FEM resultsandexperimentaresults

. S S . . IS the statorteethalignedwith the moverteethat 3w,/4. The positionx, Is the critical
Fig. 2. Distribution of magnetic Fig. 3. Magnetic equivalent N & ™The dynamicandstaticperformancef thesinglephasel SRLM verifiesthe validity of the MEC method

field linesatalignedposition circuit at aligned position ~ Misalignmenpositionof the statorteethandmoverteeth



