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' Modeling and Analysis of a Micro Variable Capacitance Electromechanical Energy Converter
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specifications of motor tested

airgap, g 1.0 na
outer diameter of rotor, de 25.0 nm
inner diameter of rotor, d, 230 m
bl’mh d I'OtOf. Ir 50.0 |
weight of rotor, m 10,0 g
surface area of rotor, § 98,2 x 10° na®
diameter of stator, d, 27.0 ma
width of stator electrode, w 7.0 mm
interelectrode spacing between stator electrode, t 8.0 nm
number of pole, p 3

pole pitch, p, 2

applied voltage to the motor tested, V 0 - 5100 V
applied frequency to the motor tested, | 0 - 300 Hz
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Position . Position B
fF SUY SUY SD) SDY fF SU» SUY SD) SDY
Stator_Up_\ q07),Y -AY, VYR -4yav,y SAY, VY Stator_Up_\ AYaA, ¢ AN -4vYv),A -AV,0\Y
Stator_Up_\‘ -AY,YYR q1ov,¢ -AY, YA -9¢4y,¢ Stator_Up_Y Y LEE N -A,A0Y -4y,
Stator_Down_) -4yav,y -AY, Y4 407y, -AY,0N4 Stator_Down_) -4YY)y,4 -AT,A0Y ayrayv,y SAGENVA
Stator_Down_Y | -A),.YY | -9€4Y,¢ -AY, 004 4oV Stator_Down_Y -AY, 0N Y EREY -AAENA a¢e-,0
Position \E Positiol r.
fF SU) SUY SD) SDY fF SU) SUY SD) SDY
Stator_Up_\ 4.9V -4v,vay -AdY,0 -47,14¢ Stator_Up_\ AATLY -V e4,A4 -AOAV,Y -9,
Stator_Up_\‘ -4v,vay 149A,0 -90,A014 NG ELA Stator_Up_Y =Y e4,A4 AATY T -V VAT -AVY,A
Stator_Down_) -Ad.Y,0 -90,A014 9.497,) -av,ver Stator_Down_) SAGAY,Y SV eVLAT AA-0Y V)Y
Stator_Down_Y -41,14¢ A ELA -4v,veén 4.44,y7 Stator_Down_Y e -ATYY,4 V)Y AAYY,N
Position £ Positiol 8.
fF SUY SUY SD) SDY fF SUY SUY SD) SDY
Stator_Up_) AEYE,Y Yo, Nd SAYY E T _VYo,0) Stator_Up_) AYATLY SV EELAY -Va.V,A BEEN
Stator_Up_\‘ VYo, N4 AEAY,Y VYYD e -AYYe Stator_Up_Y SV EELAY INARA SVEY,AY -VaYA,0
Stator_Down_\ SAYYE M YV e AEVY,Y _\Yoe,ty Stator_Down_ﬁ Ya.V,A SVEYLAY AVAV,V -\éT, - ¢
Stator_Down_Y R EN-A _AYYo -\Yo,tv AEAE,Q Stator_Down_\‘ NEEN -VaYA,o -VéT, . ¢ AYAA
Position 1. Positiol K
fF SUY SUY SD) SDY fF SUY SUY SD) SDY
Stator_Up_) vaye,q VY voug,Y Vot Stator_Up_) VAYE,) _YYe,T) SVAAY,Q -YYo, 1\
Stator_Up_Y RYAK: Vary,Y VYL _YoAY,Y Stator_Up_Y _YYo, 1) VoV, ¢ -YYY,Yo VYA
Stator_Down_\ _voug,y VYN € Yayy,y VYo, Stator_Down_ﬁ -YYAR,4 _YYY,Yo VIry, ) -YY0,9A
Stator_Down_Y -Yve,¢ YoAV,Y VYo, YaYaA,Y Stator_Down_Y -YYo, ) VYA -YY0,9A van.,y
Position A Positiol 4.
fF SUY SUY SD) SDY fF SU» SUY SD) SDY
Stator_Up_\ yyo1 SYY4LA A AN-IN YY)y, N4 Stator_Up_\ YYVaY AR W-2g -1vag -00¢,4Y
Stator_Up_\‘ SYY4LA YYA4,¢ SYYTLAY _Vey,A Stator_Up_Y -oY1,eyv YYvVo,v -0.A00 -aves
Stator_Down_) | -1V)e, & | _TVT,AY Vyey -YY.,vA | Stator_Down_) S1Y4E,1 -0.A,00 VY'EY,V -0YA,0V
Stator_Down_Y RARE] -lvey,A “YY VA yyag,yv Stator_Down_Y -00¢,4Y F Y -0YA,0V VEYE,)
Position Yoo Positiol AN
fF SUY SUY SD) SDY fF SUY SUY SD) SDY
Stator_Up_" YYV.,Y -YYa,ey 2Ivya YY), VA Stator_Up_" vary,a SYYELVA RAVA -YYY, 01
Stator_Up_Y EXTENTY VEY LA Y1V,ov CTVAY,A Stator Up_Y YYE,VA VIt YYE, LV IR
Stator_Down_\ AR -Yyv,ey vyia SYYY,EY Stator_Down_W AL T SYYE,EY AN -YY1, 00
Stator_Down_Y SYYY,VA STYAYSA SYYY,eY YEYA Stator_Down_\‘ _YYY, e AR =YY, vil.,¢
Position ‘Y. Positiol A
fF SUY SUY SD) SDY fF SU» SUY SD) SDY
Stator_Up_) vay . VLY _VooA, ¢ _\vo,0% Stator_Up_) AV Nio,v -VAVY,V YR
Stator_Up_\‘ AVRNY vaya,e SYVY,AaY _VYov.,o Stator_Up_* -Yéo, v AYAQ SVEYL AN -va.q,4
Stator_Down_) | -VeoA,¢ SVVY,AY Va1, -\Ve,Yv | Stator Down ) SYAYTLY SVEYLAN Mo,V -1€0,\V
Stator_Down_Y -1ve,en -vev.,e -\Ve,Yv Vav),¢ Stator_Down_Y BEAR -v4.4,4 -\60,\V AVaq
Position Ve Positiol L
fF SUY SUY SD) SDY fF SUY SUY SD) SDY
Stator_Up_" A£V,A4 -\YYo,0¢ SAYYAY SYYENY Stator_Up_ ) AVY LY VoAl -AONY, & SVCAYY
Stator_Up_Y -\Yo,0¢ AOYY,VY AYe SAYYELY Stator_Up_Y N eAe AVAY, ¢ SV YY -Ao1v, o0
Stator_Down_) SAYAYALY AYe ALY,V _\Yo,o¥ Stator_Down_W -AoYY, ¢ SYaV,YY AVY .Y -).9,10
Stator_Down_Y Ve SAYYELD _\Yo,o¥ AoYY Stator_Down_Y SV ALYY _Ae1y,e -V.9,70 AVAO,¢
Position AR Positiol "W
fF SUY SUY SD) SDY fF SUY SUY SD) SDY
Stator_Up_) 2YY,Y EVHPY) SAAYY,Q KT Stator Up ) arvy, ¢ CAALA T EYER: AV, YA
Stator_Up_\‘ 24NV AR YY), ¢ -40,7A4% -AdYY,e Stator_Up_Y AN AT 4¢1Y,0 -AL VAV -4YY1,4
Stator_Down_) | -A4YY, 3 | -90,TA¢ ARR -y Stator_Down_) BARAR SAT VY YV, ¢ -AA,£00
Stator_Down_Y A RY-) -AdYY,e -av,Y ayYy,y Stator_Down_Y AV, YAR -4YY1,4 -AAE00 e,V
Position YA, Positiol 14
fF SU) SUY SD) SDY fF SUY SUY SD) SDY
Stator_Up_" a1Ye, ¢ SAY,AGE -4¢14,1 SAY, YT Stator_Up_" AYVvY,Y -AS,TYY -4)d0 -AV,0¢71
Stator_Up_Y SAY,AGE ARAAA SAGYTY -qe3Y,v Stator_Up_Y AT LA -AT,AVA -ayog,1
Stator Down ) -4¢14,1 SATY Yy, Y SAY,AAY Stator Down -4Vde SAT,AYA 4y14,A -AV,A0Y
Stator:Down:\‘ SAY, Y -q0\Y,V SAY,AAY VAV Stator:Down:Y _AY,0¢1 _qYo¢ 1 -AV,A0Y QY.
Position Yoo Positiol \AK
fF SUY SUY SD) SDY fF SUY SUY SD) SDY
Stator_Up_\ q.00,¢ -4V, SAAT T 2Av,vt Stator_Up_\ AYdo,0 NedAa -AOVV,\ -V.A 0
Stator Up Y Sav, T 41.7,1 _q0,0YY AT, € Stator Up Y EREWY AAYAY VV,VA ATYLV
Stator_Down_) | -MT. | -de,0vY 4.0¢ -4A,0+A | Stator_Down_) EAAAR SV VYA AVAg,0 -1.9,70
Stator_Down_Y -4V, vt SAQYVY,E SN A VALY Stator_Down_Y -V eATe SATY LY -)y.q,70 AAYQ
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Position Y. Position Y.
fF SU) SUY SD) SDY fF sU) SUY SD) SDY
Stator_Up_) A£4E,1 Y, VY AYEEY IR EI-A Stator_Up_) AVAY, ¢ _Véo,ve -VAQVY,) -Veg,01
Stator_Up_Y SVYo,vy Ao.o,0 VYY,e¢ _AYol,¥ Stator_Up_Y YEo,Ve AY¢.,0 EYV _Va0)
Stator_Down_) SAYEEY -\YY,0¢ ALAY,) -\Yo,Ya Stator_Down_)\ -VAQV,\ SVEY,v MATN -\eo,YY
Stator_Down_Y -\Yg,01 -AYo1,Y -\Yo,Y4 Ao.7)) Stator_Down_Y -1¢eg,01 -Vao\ -Veo,YY AYE.,Q
Position Ye. Position Yo.
fF SUY SUY SDY SDY fF SUY SUY SD) SDY
Stator_Up_)\ va..,A BLARE] -VogQ,\ -\Vo,0\ Stator_Up_)\ VALEN -YYE,YV -Viagy -YYo,01
Stator_Up_Y SV valy,q BN A% SVINY A Stator_Up_Y SYYE,YV vio-,1 SYYE, € SVYLY,Y
Stator_Down_) -Vogq,) -\VY, VA VAQA,Y -1V0,Aq Stator_Down_)\ RAKIAY -YYE, -8 vi1e,e SYYAN
Stator_Down_Y -\Vo,0) -Vay,a -\Vo,AQ vaag,y Stator_Down_Y -YYo,01 SVY.YLY SYYA NN viol
Position Y. Position YvV.
fF SUY SuY SD) SDY fF SuUY SuUY SD) SDY
Stator_Up_) VYV,A YY)\ -1vYo,o0 -YYY, N Stator_Up_)\ VYV.,4 -0Y),TA SAYAEA -00¢,YV
Stator_Up_Y YY)\ vYay,y -Y\o,VA -vov, Y Stator_Up_Y -0Y),TA VY'VY,4 -0.0,8V Sve. v
Stator_Down_) -1vYo,o -YVo,VA VY y,A -YY-, Y1 Stator_Down_)\ -1YAE,A -0.0,8V \ARER -ovq,1¢
Stator_Down_Y -YYY,Y -vov,Y -YY., Y1 VvYasg, Stator_Down_Y -00¢,YV Ave.,v -0Yq,1¢ VYL,V
Position YA- Position Ya.
fF SUY SUY SDY SDY fF SUY SUY SD) SDY
Stator_Up_) VEY.,o -¥yY,ya BVAAN! -YY1,-v Stator_Up_)\ VAARA -YYo,-A RARRINS SYYEAA
Stator_Up_Y -¥yy,ya Vee. N -v,ea ALY Stator_Up_Y -YYo,-A VIA.Y -YYY,AQ -VYYY,¢
Stator_Down_) B\AARN -Yi,e4 Ve.9q,0 -Yv),a Stator_Down_)\ -V, ¢ -YYY,AQ vaya,v -YY0,¢)
Stator_Down_Y -YY1,.v ALY -Yv),a VELAY Stator_Down_Y -YYE,AA -VYYY, ¢ -Yvo,¢) VAAY,V
Position Y.. Position Y.
fF SUY SUY SD) SDY fF SUY SUY SD) SDY
Stator_Up_) va. ) BAARS] -Voo¢, ¢ -\Vo,01 Stator_Up_) AVAV,N Ve, YY -VAQQ,Y B AA
Stator_Up_Y BVARS Vayy BVARZ -Vovy,Y Stator_Up_Y SV, YY AYYY -\ég,00 -Vavy),y
Stator_Down_\ | -V0o¢,¢ SV, EA Va.Y -\Vo,0V | Stator_Down_)\ -VAQ1,Y S\88,00 AMALY -1£0,aV
Stator_Down_Y -\Vo,01 -Vove, ¢ -\Vo,oVv vaye,o Stator_Down_Y VLV -VaYy),y -\¢o,aVv AYY),Q
Position YY. Position Yy.
fF SUY SUY SDY SDY fF SUY SUY SD) SDY
Stator_Up_) ALVA,Y -\Yo,\ Y -AYYQ,Y SVYE AL Stator_Up_)\ AVAY VLA VA -Aoq7,Y EARY VRN
Stator_Up_Y -\Yo, N Y Ao €A SVYY,Y -AYoV,¢ Stator_Up_Y -V-AVA AAO -V BRAR -AYELY
Stator_Down_) -AYYAQ,Y -VYYLY ALVA, L S\YEA Stator_Down_)\ -Aoq7, Y BRAR AVAY, A -\-9,A0
Stator_Down_Y SVYE AL -AYoV,¢ S\YEA A0 -V, Stator_Down_Y VAN -AYE,Y -V-9,A0 AdoY,)
Position Ye. Position Yo.
fF SUY SUY SD\ SDY fF SUY SUY SD) SDY
Stator_Up_) RARRN -qA,) oY -Aq -47,AVE Stator_Up_)\ aYAy,0 -AA VA -4Y.0 -AV,VYV
Stator_Up_Y -qA,) oY ARt -40,11 ALY, A Stator_Up_Y -AA VA ayag,y SALALY -AYAV
Stator_Down_) -AQ-1 -40,11 4.44 AL Stator_Down_)\ -aY.o -ALALY a¥A.,V “AAANQ
Stator_Down_Y -47,AVE -AAEY,A -qv,Ya A\71,4 Stator_Down_Y -AV,VYV -AYVAV -AA QN4 qyao,Y
Position .
fF SUY SUY SD) SDY
Stator_Up_)\ VLA -AY,Y¢0 Ky -A\,000
Stator_Up_Y -AY,Y¢0 avii,o AN TNY -900),4
Stator_Down_) SAEAL AN, YNY QUEA SAY, 1Y
Stator_Down_Y -A\,000 -900),4 -AY, 1Y NARS
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Abstract

In this dissertation, using an analytical method, a model for designing and constructing a
rotating electrostatic system as a sensor for the application of measuring the speed of electric
machines is presented. First, studies of electrostatic systems are performed, various
structures of rotating electrostatic systems are examined to achieve the result, and a model
is proposed. With the help of finite element software and capacitance matrix elements,
various variations are identified and accelerated using trial and error to design and build a
practical version of an electrostatic device. The efficiency of modeling is examined using
Simulink simulation in MATLAB software and a few steps later the theory and results
obtained from computational software are tested by building a laboratory. The sample is
made by answering the basic design questions of this device, the number of poles, the design
and the amount of drive voltage using printed circuit boards. Stator device tests are
performed with the help of alternating and direct voltage. The results obtained in practical
experiments show that by rotating the rotor of the speed measuring device and by applying
zinc motion from the stators, the voltage signal observed on the other stator was completely
affected by the rotation of the device rotor, which itself used couplings. It is specially
connected to the rotor of another electric motor that we need to read. This has been confirmed
with the help of software simulations. Electronic machines have very low current flow and
losses. Electronic currents in electronic machines are usually fast and have high efficiency.

Keywords: Sensor, sensor, electrostatic machine, finite element analysis, simulation,
electromagnetic machine, capacitance matrix
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