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Y cmammi naeedeno pesynomamu euxopucmanHs 3acodi6 KOMHIOMEPHO20 MOOEN08AHHA Ol  OOCHIONCEHHS
Xapaxkmepucmuk EMHICHUX ceHcopie bumms 3a0s ixuboi onmumizayii. Y npoyeci 00cnioxiceHHs, ke nPpoeoounocs 0is
KOHYEHMPUUHO20 EMHICHO20 CEHCOPA 3 BUCOKONOMEHYIANbHUM Md 3A3eMACHUM eleKmpoodamu, 6yn0 NOKA3aHO
OOYIiNbHICMb BUKOPUCIIAHHA 3AC00I8 KOMN'TOMEPHO20 MOOeN08AHH MEemoOaMU KiHYeB0-eleMeHMHO20 AHANI3Y O
PO32150y MEempONO2INHUX XAPAKMepucmuk cencopie. Ilokasano, wo 3acmocyants MOOemo6aHts 0ac MOICIUBICIG
SMEHWUMY 4aACO8i BUMPATU HA OOCTIONCEHHA (YHKYIT nepemeopents ma MemponociuHux xapakmepucmux. Hasedeno
KapmuHy po3noodiny eKeinomenyiaibHux JNiHill eNeKmpuyHo20 noas 6 pobouomy 3a3zopi ceucopa. Pesynvmamu
MOOENOBAHHsL 0AloMb 3MO02Y CMEOPIOEAMU KAPMUHY eKEINOMEHYIANbHUX NIHIU 3a 3MIHU GI0CMAHI MIXC 3a2a/lIbHOI0
nogepxHeIo eneKmpooie CeHcopa ma 3a3eMieHoI0 NosepxHelo, wjo imimye nosepxuio eéana. Hasedeno mabauuni ma
epaghiuni pezynomamu usHavenus Qyukyii nepemeopenns. bion. 23, puc. 5, tabum.

Kuro4oBgi ciioBa: reneparop, GyHKIIOHAJIBHHAHN cTaH, BiOpalist, ceHCOp, 0€3KOHTaKTHUI, KOMI'IOTEPHE MOJICITIOBAHHSI.

IMocTanoBKa nmpodiieMu. Y TOTYXHHX TigpoarperaTax JJisi IepEeTBOPSHHS €HEeprii BOIU B
€JIGKTPUYHY E€HEpril0 BUKOPHCTOBYETbCS TI'€HEpATOp Ta BOAsSHA TypOiHa, AKi 3’€JHYIOTHCS MIX
coboro BajoMm [1]. BigxuieHHs mapameTpiB 00epTOBOTO pyXy Bajia Tifjpoarperara Bif 3aJaHUX
HOpM € nedeKkToM, SKUiA HEeoOXiHO KOHTPOJIOBATH MJIs 3armo0iraHHs BUHUKHEHHIO aBapiiiHUX
curyarii [2-4]. Y upomy pasi HaiOuUThII iHGOPMATHBHMM € KOHTPOJIb SK BIJIHOCHOTO, TaK 1
abCOJIIOTHOTO KOJMBHOTO PYyXy MOBEpxHi Bana [5]. 3a3Buyail Takuil KOHTpPOJIb 3A1MCHIOETHCS 3
BUKOPHUCTaHHAM O€3KOHTaKTHHX CeHCOpiB. Ha OCHOBI TOpIBHSJIBHOTO aHai3y CHCTEM
JIarHOCTYBAaHHS TEXHIYHOTO CTaHy TiapoarperaTiB OyJO BCTaHOBJCHO, IO JUIS BHUMIpPIOBAHHSA
napaMeTpiB OWTTS BajliB HAWOUIBII TEPCIEKTUBHUMU € €MHicHI ceHcopu [5—11]. OcHoBHOIO
MepeBarol0 TakKuX CEHCOPIB € Te, IO Ha 1XHI TeXHIYHI XapaKTEPUCTUKHU HE BIUIMBAIOTH XIMIYHHIA
CKJIaJl, HAaMarHi4eHIiCTh Ta TeMIepaTypa TNOBEPXHI Bajla, aje BIUIMBAIOTH iXHI KOHCTPYKTHBHI
napamerpu. ToMy BHHHMKa€ HEOOXIIHICTh CTBOPEHHS KOMITI'IOTEpPHOI Mojeni sl BUOOpPY
ONTUMAIIFHUX KOHCTPYKTHBHHX TIApaMETpiB CEHCOpa 3 ypaxyBaHHSIM YMOB eKCIUTyaTamii i
0COOJIMBOCTEM 30HM KOHTPOJIIO Ta JAOCHIDKEHHS iXHBbOI (PyHKIIT mepeTBopeHHs. BukopucTtanHs
3ac001B KOMIT IOTEPHOTO MOJICTIOBAHHS TaKOK 00YMOBIICHO THM, I110:

— TIOTNPH BEJIHMKY KUIBKICTh IMyOJTiKaIlli, MPUCBIUYCHUX €MHICHUM ceHcopaM [12-20], y Hux
HEIOCTATHIO YBary NpUALICHO JOCIIPKEHHIM TXHIX METPOJIOTIUHUX XapaKTePUCTHK;

— ICHYIOUl aHaJITUYHI MOJENl €MHICHHUX CEHCOpiB, MOOYI0BaHI 3 BUKOPUCTAHHS METOJIIB
KOH(OPMHUX TEPETBOPEHb O€3M0CEpPEeTHBOI0 PO3PAXYHKY HAIMPYKEHOCTI EJIEKTPUYHOTO TOJI,
3a3BHYail 0a3yIOTHCS Ha CIIPOIICHUX KOHQITYpaIlifax Ta ieadi30BaHuX MPUITYIICHHIX, 10 0OMEXY€E
TOYHICTb PO3PaxXyHKY JJIsl peasibHUX KOHCTPYKLii [21-23];

— pe3yJbTaT AOCHIKEHHS KapTUHH PO3MOAUTY HAIpPy>KEHOCTI €JEeKTPOCTaTUYHOIO IMOJIs
CEHCOpa HAJAIOTh YSBIECHHS MPO MOXIIUBICTH HOT0 BUKOPUCTAHHS HAa KOHTPOJIHOBAHOMY 00'€KTi
3211 BU3HAYEHHS ONTUMaIbHOI KOH(ITYypallii ceHcopa Ta MICIls HOTO pOo3TallyBaHHs Ha 00'€KTI.

Hinao ui€i crarTi € CTBOPEHHS MOJENI €MHICHOTO CEHCOpa pajialbHOro OWTTS Bajia
riiporeHeparopa 3 KOHLEHTPUYHUM BHCOKOMNOTEHLIAIbHUM €JEKTPOJOM Ta 3a3eMJICHUM
OXOPOHHHUM KUTBIEM ISl pO3PaXyHKyY (DYHKIIT MepeTBOPEHHs 3aJ€KHO BiJ 3HAUYCHHS MOBITPSHOTO
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3a30pa MDK IUIOIIMHOIO CEHCOopa Ta 3a3eMJICHOI0 MOBEPXHEI Bajla 3aco0aMu KOMII'IOTEPHOTO
MO/ICTIIOBAHHSI.

Ha croroani mist MoaentoBaHHa 00'€eMHHX 00’ €KTIB 37€01IIIIOI0 BUKOPUCTOBYIOTH METO/T
ckinueHHux enemeHntiB (FEM — Finite element method). 3a cBo€ro cyTHicTIO — 1€ BapiamiiHUAN
METOJ] 13 KyCKOBO-TIOJIHOMIaJTbHUMH Oa3ucHUMH (PyHKIissMH. MeTon mae 3MOry JTOCHUTh TOYHO
ONMCYBATU CKJIAJHI KPUBOIIHIMHI IpaHUIl 00JacTi BU3HAUEHHS PIIIEHHS Ta 3aJaHHS I'PaHMYHHUX
YMOB NIPOBEICHHS MOJIETIOBaHHS.

[Tponiec monemoBanns MetogoM FEM ckiiazaeThesi 3 TAKUX KPOKIB:

1. CrBopennsi ¢izuunoi moaemi. Ha mepmomy eram mns moOyIoBH  MoJemi
KOHIICHTPUYHOTO CEHCOpa BHKOPHCTOBYETHCS JTBOBHMIPHHI oOcecHMeTpuuHuil mpoctip 2D
Axisymetric.

Y upoMmy paszi g peamizaiii MoJedi BHKOPHCTOBYEThCS By3on (Geometry, a CEHCOp
CKJIAJIa€ThCS 13 TNIOCKUX TEOMETPUUHHUX (PIryp: BUCOKOMOTEHIIaTbHOTO eJeKTpoa 1 pamiycom
r = 8 MM, 3a3eMJICHOTO KUIbLS 3aBIIUPIIKH Wgyp = 1,9 MM Ta [ieneKTpuyHOi MiIKIagKd 3
3aBBumiku H diel = 1 mm. Emexktpogu 1 1 2 BiJOKpemsIeHI OJWH BiJl OJHOTO TOHKHMH
JeNeKTPUYHUMHU MTPOMDKKaMH IUpUHOI0 A= 0,1 MM, siKa 3aJ€KUTh BiJl TEXHOJIOTii BUTOTOBIICHHS.
MeraneBa 3a3emiieHa 4acTHHa Baja 4 po3TamoByeThes Ha Biactani d = 0,3+2,3 mMm. [lobymoBa
imMiTaniiHOI MO/l YaCTUHU Bajly 3AilcHIOBanacsa 0e3 ypaxyBaHHs IIHCHUX rabapUTHUX PO3MIpiB.

KoHcTpykTHBHA cxeMa ceHCOopa HaBeJIeHa Ha puc. 1.
I

Puc. 1

2. BusHavyeHHs1 TpaHUYHUX YMOB Mojei. /s koHKpeTHOT Moieni Oysiu BUKOPUCTaHI TaKi
MaTepianu: moBITPs (Ui AUISHOK MK €JIeKTPOAaMH Ta 3a3€MJICHOIO TMOBEPXHEI0 Baily), Milb 5K
ocHOBHHH Matepian enektpoiB 1 1 2 ta FR4 sk mienexktpuk 3. BiacTuBocTi MarepiaiiB aist BCiX
(b13MUHUX TIISTHOK MOJIENi 3a1al0Thes B Moyt Materials.

EnexTpuuHi BIaCTHBOCTI CTBOPEHUX E€JIEMEHTIB MOl 3aaroThes y By3Ji Electrostatics
yepe3 BUOIp 3HAUEHb [TOYATKOBUX MOTEHITIaNIIB HA €IEKTPOAAX.

3. Juckperusauis ¢izmuHoi Mojaesi yepe3 po30MTTA CiTKo Ha Komipku. [loOGynoBa

CKIHYEHHO-E€JIEMEHTHOI CITKU 31MCHIOETHCS B
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5. Orpumanns pesyabTatiB. [licns BukoHaHHs oOuuciaeHb Mojeni y By3m Results
CTBOPIOIOTHCS TPYTH THUITY:

- Electric Potential — 2D Plot Group — Surfacel, mo mokasye rpadik po3moaury
€JIGKTPUYHOT0 TIOTEHIIIaTly CEHCOPa, SIKUi HaBEJCHO Ha puUC. 3;

- Electric Potential, Revolved Geometry (es) — 3D Plot Group — Streamline 1, 1o
MoKa3y€e KOHTYpHUH rpadik MOTEHIIaTbHUX JIiHINA B po3pi3i, HaBEIEHO Ha puc. 4.

0.97

Puc. 3

Puc. 4

Pesynbrati po3paxyHKy (QyHKIIi TEepeTBOPEHHS CEHCOpa 3aJeXHO BiX BiJICTaHi 0
3a3eMJICHOI TIOBEPXHI MpeICcTaBiIeHo B Tabmui 1. s mpoBeieHHS po3paxyHKiB OyJI0 BAKOPUCTAHO
po3aiin Results — Derived Values— Global Evaluation.

Taoauus 1
Ne m/m 1 2 3 4 5 6 7 8 9 10
d, mm 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 1,1 1,2
Cw, 107 @l 8.46 7.00 6.13 5.56 5.15 4.85 4.61 443 4.23 4.15

IIponoB:keHns Tadaumi 1

Ne n/m 11 12 13 14 15 16 17 18 19 20 21

d, um 1,3 14 | 15 16 | 1,7 ] 18] 19 2 21 | 22 | 23

Cw 10”7 ®| 405] 396 | 389 | 382 | 376 371 367 | 363 ] 359 | 356 3.53

Ha puc. 5 HaBeneHo rpadiku 3aleXHOCTI 3HAYCHHS €MHOCTI BiJl BiJICTaHI J0 3a3eMJICHOI
MOBEPXHi, po3paxoBaHi aHaniTuyHO Cc Ta 3acobamu KoMil 1oTepHOro monentoBanHs Cy PizHuig
3YMOBJICHA HEXTYyBaHHSIM IIUPHUHA OXOPOHHOTO €JIEKTPOJA Mij Yac PO3paxyHKYy 3HAYCHHS €MHOCTI
aHAITHYHUM criocoOoM. Ilig dac po3paxyHKIB HIMPUHA EJIEKTPOAY NpUAMaiacsi HECKIHYEHHO
BEJIMKOIO.
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Puc. 5

BucHoBkH. BukopucTaHHs MeTOAy CKIHYCHHHX €JIEMEHTIB Ta CTBOPEHOi CKiHYEHHO-
€JIEMEHTHOT MOJeJII KOHCTPYKIli €MHICHOTO CEHcOopa OWTTS N1ajo 3MOTY PO3paxyBaTH (PYHKIIIIO
MIEPETBOPEHHS 3AJIEKHO BiJl 3HAYCHHS MOBITPSHOTO 3a30pa MK IUIOLIMHOIO €JIEKTPOJIiB CeHCopa Ta
3a3eMJICHOI0 METAJIEBOI0 MOBEPXHEI0 Baja 3aco0amMM KOMITIOTEPHOTO MojentoBaHHA. OTpuMaHi
pe3yJbTaTh CBIiTYaTh MPO TE, IO PO3pOoOJICHa MOAETh MOXKE OyTH BUKOPUCTAHA JUIs BU3HAYCHHS
(yHKIT TIepEeTBOPEHHSI CEHCOPIB Ta JOCTIHKCHHS METPOJIOTIYHHUX XapaKTEPHUCTHK, HAIPUKIIA],
MOXUOKH, 3yMOBJICHOT BILTABOM Napa3UTHUX €EMHOCTEH.

Dinancyemoca 3a 0eprcobiodxicemuoio memoro « Cmeopents EMHICHUX 8UMIPIO8AYIE 3YCUNL Y CHIAMCHUX NPU3MAX 0CepOst
cmamopa nomyxcrno2o mypboozenepamopay (wugp «Konmponv-My), wo euxonyemocs 3a Illocmanosoro bropo BOTIIE
07.07.2015, npomoxon Ne 11. Jleparcasnuti peccmpayitinuti Ne 0115U004416. KIIKBK 6541030.
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DEFINITION OF THE SHAFTS RADIAL BEATING CAPACITIVE SENSOR RESPONSE
FUNCTION BY COMPUTER MODELING

V.O. Bereznychenko

Institute of Electrodynamics of the National Academy of Sciences of Ukraine,
pr. Peremohy, 56, Kyiv, 03057, Ukraine

e-mail: vika.bereznichenko@ji.ua

The paper presents the results study the characteristics of capacitive beating sensors to optimize them by computer
simulation tools using. A concentric capacitive sensor with high-potential and grounded electrodes was studied. In the
course of the research, the expediency of using computer modeling tools by finite element analysis methods to study the
metrological characteristics of sensors was shown. It is shown that the application of modeling makes it possible to
reduce the time spent on studies of the transformation function and metrological characteristics. The picture of the
distribution of equipotential lines of an electric field in a working backlash of the sensor has resulted. The simulation
results make it possible to create a picture of equipotential lines by changing the distance between the total surface of
the sensor electrodes and the grounded surface, simulating the surface of the shafi. The results of the definition of the
response function are given. References 23, figures 5, table.

Keywords: generator, functional state, radial beating, sensor, contactless, computer simulation.

1. Alekseev B.A. Determining the status (diagnostics) of large hydro generators. ENAS, 2002. 144 p. (Rus)

2. ISO 20816-5:2018. Mechanical vibration. Measurement and evaluation of machine vibration. Part 5: Machine
sets in hydraulic power generating and pump-storage plants. Released: 2018-12-01. ISO/TC 108/SC 2
Measurement and evaluation of mechanical vibration and shock as applied to machines, vehicles and structures,
2018. 60 p.

3. ISO 20816-1:2016. Mechanical vibration . Measurement and evaluation of machine vibration. Part 1: General
guidelines ISO79. Released: 2016-11-30. ISO/TC 108/SC 2 Measurement and evaluation of mechanical
vibration and shock as applied to machines, vehicles and structures, 2016. 46 p.



112 ISSN 1727-9895. Ilpayi IE/] HAH Yxpainu. 2021. Bun. 58

4. ISO 7919-5:2005. Mechanical vibration. Evaluation of machine vibration by measurements on rotating shafts.
Part 5: Machine sets in hydraulic power generating and pumping plants. Released:2005-04. ISO/TC 108/SC 2
Measurement and evaluation of mechanical vibration and shock as applied to machines, vehicles and structures,
2005. 16 p.

5. Levytskyi A.S., Zaitsev 1.0., Bereznychenko V.O. Relative and absolute radial vibration of the shaft of the
vertical unit. Hidroenerhetyka Ukrainy. 2019. No 3—4. Pp. 36-39. (Ukr)

6. Levitsky A.S., Zaitsev 1.0., Bereznychenko V.O. Features measuring radial run-out hydraulic unit shaft
cylindrical surfaces. Hidroenerhetyka Ukrainy. 2019. No 1-2. Pp. 39-44. (Ukr)

7. Zaitsev Ie.O., Levytskyi A.S., Kromplyas B.A. Capacitive distance sensor with coplanar electrodes for large
turbogenerator core clamping system. Proceedings of the 2019 IEEE 39th International Conference on
Electronics and Nanotechnology (ELNANO), April 16-18, 2019, Kiev, Ukraine. Pp. 644-647. DOI:
https://doi.org/10.1109/ELNANO.2019.8783916

8. Zaitsev 1.0., Levytskyi A.S., Kromplyas B.A. Hybrid capacitive sensor for hydro- and turbo generator
monitoring system. Proceedings of the International conference on modern electrical and energy system (MEES-
17) November 15-17, 2017 Kremenchuk, Ukraine. 2017. Pp. 288-291.
DOI: https://doi.org/10.1109/MEES.2017.8248913

9. Zaitsev 1.0., Levytskyi A.S. Determination of response characteristic of capacitive coplanar air gap sensor.
Proceedings of the 2017 IEEE Microwaves, Radar and Remote Sensing Symposium (MRRS-2017) August 29 —
June 30, 2017 Kyiv, Ukraine. 2017. Pp. 85-88. DOI: https://doi.org/10.1109/MRRS.2017.8075034

10. Zaitsev 1.0., Levytskyi A.S., Kromplyas B.A. Characteristic of capacitive sensor for the air gap control system
in the hydrogenerator. Proceedings of the 2017 IEEE First Ukraine Conference On Electrical And Computer
Engineering (UKRCON) May 29 — June 2, 2017 Kyiv, Ukraine. 2017. Pp. 390-394. DOI:
https://doi.org/0.1109/UKRCON.2017.8100516

11. Levitsky AS, Zaitsev 1.0., Kromplyas BA Errors of the capacitive gauge in the hydrogenerator. Pratsi Institutu
Elektrodynamiki NAN Ukrainy. 2016. Vol. 44. Pp. 50-55.

12.Mamishev A. V. Interdigital dielectrometry sensor design and parameter estimation algorithms for non-
destructive materials evaluation. Ph.D. dissertation. Massachusetts Institute of Technology. Cambridge, USA,
1999. 709 p.

13.Huang Y., Zhan Z., Bowler N. Optimization of the coplanar interdigital capacitive sensor. AIP Conference
Proceedings. 2017. Vol. 36. Pp. 110017-8. DOI: https://doi.org/10.1063/1.4974695

14. Mamishev A. V., Sundara-Rajan K., Yang F., Du Y., and Zahn M. Interdigital Sensors and Transducers.
Proceedings of the IEEE. 2004. Vol. 92. No 5. Pp. 808—845. DOI: https://doi.org/10.1109/JPROC.2004.826603

15.Nassr A. A., Ahmed W.H., El-Dakhakhni W. W. Coplanar capacitive sensors for detecting water intrusion in
composite structures. Measurement Science and Technology. 2008. Vol. 19. No 7. Pp. 075702—-075709. DOI:
https://doi.org/10.1088/0957-0233/19/7/075702

16.Yin X., Hutchins D.A., Chen G., Li W., Xu Z. Studies of the factors influencing the imaging performance of the
capacitive imaging technique. NDT & E International. 2013. Vol. 60. Pp. 1-10. DOIL
https://doi.org/10.1016/j.ndteint.2013.07.001

17.Rolando N. A. C., Kerkvliet H. M. M. and Gerard C. M. M. Design and empirical investigation of capacitive
humandetectors with opened electrodes. Measurement Science and Technology. 2009. Vol. 21, No 1. Pp. 1-8.
DOI: https://doi.org/10.1088/0957-0233/21/1/015802

18.Zhu F., Spronck J.W., Heerens W.C. A simple capacitive displacement sensor. Sensors and Actuators A:
Physical. 1991. Vol. 26. No 1-3. Pp. 265-269. DOLI: https://doi.org/10.1016/0924-4247(91)87003-L

19.Hu X. and Yang W. Planar capacitive sensors — designs and applications. Sensor Review. 2010. Vol. 30. No 1.
Pp. 24-39. DOI: https://doi.org/10.1108/02602281011010772

20. Zaitsev 1.O., Levytskyi A.S., Novik A.L, Bereznychenko V.O. Research of a capacitive distance sensor to
grounded surface. Telecommunications and Radio Engineering. 2019. Vol. 2. No. 78. Pp. 173-180. DOI:

https://doi.org/10.1615/TelecomRadEng.v78.i2.80 .
21.Tossel” Yu. Ya., Kochanov E.S., Strunskii M.G. Calculation of Electric Capacitance. Leningrad: Energoizdat,

1981. 288 p. (Rus)

22.Heerens W.C. Multi-terminal capacitor sensors. Journal of Physics E Scientific Instruments. Vol.15. 1982. Pp.
137-141. DOI: DOI: https://doi.org/10.1088/0022-3735/15/1/027

23. Levytskyi A.S, Fedorenko G.M. Gruboj O.P. Monitoring of the status of powerful hydro and turbo generators
using capacitive meter for the parameters of mechanical defects. [IED NANU Publ., 2011. 242 p. (Ukr)

Hamiiinoma: 01.03.2021
Received: 01.03.2021



