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PEFVICTPATOP-CUMHANTM3ATOP BUBEPALINIA SNEKTPUYECKUX
MALUVH

B cTaTbe pacCMOTpeEHbI ABa BapnaHTa AaT4YMKOB, npeo6pa3y+ou.l,mx MeXaHu4yeckne KonebaHus B curHan ne-
PEMEHHOIO Hanpa>KeHuna C ,qal'leEI\/'ILIJVIM YCUIMEM U OE€TEKTUPOBAHNEM. |_|le YBE/IMYEHNN aMNINTYAbl BI/I6paLI,I/IVI
Bbille YCTaHOBNEHHOIO 3apaHee ypOBHA cpa6aTb|BaeT KOMnapaTop, KOTOprVI BKNKOYaeT aBapMVIHyIO CUrHansa-
LN NN OTKNOYAET 3/IEKTPUYECKYHO MalUNHY OT UCTOYHMKA IHEPTUN.

KntoueBble CMOBa: MexaHMueckue BUGpaLun, Macca poTopa, MarHNTO3eKTPUYECKUIA U NMbe303NIEK T PUUECKNIA
AaTUMKM, aMNIMTYAa U YacToTa BMGpaLMiA, ONepaLnoHHbIi yCUANTENb, AeTEKTOpP, KOMNapaTop.

BBegeHne

BbICTPO BpalLatoLLMECs POTOPbI 3NEKTPUUECKUX
[BUraTeneil 1 reHepaTopoB BbI3blBAKOT MeXaHUYecKue
BMOpaLMM KaK caMmX MalluMH TaK U (hyHAaMEeHTOB Ha
KOTOPbIX OHW YCTaHOB/EHbI. DNEKTPUYECKMNE MaLUUHBI
M3roTaB/IMBAOTCA FOPU3OHTANIbHBIM W BEPTUKA/bHbLIM
pacnonoxeHnem potopa. AMNAUTYAa WU YacToTa Bubpa-
LIMIA 3aBMCUT OT CKOPOCTM BPALLEHNS pOTOpa, HarpysKu,
HEpaBHOMEPHOCTW pacnpefieNieHns maccbl poTopa no
ero 06beMy ¥ CTeMeHU M3HOCA OMOPHbLIX MOALLIMMHMNKOB.
[Ba nocnefHUii aktopa OMpPeAensoTcs BPEMEHEM
paboTbl MalWHbl. MaluWHbl C FOPU30OHTabHLIM POTO-
POM TeHepUPYIOT MNPEUMYLLECTBEHHO BEPTUKaIbHYHO
COCTaBAAOLLYI0 BMOpaLMiA, a C BEPTMKa/IbHbIM POTO-
POM — FOPW30HTaNIbHYH. Brbpaummn 60/bLioin amnan-
Tyfbl BbI3bIBAOT aBapUm.

AHaIM3 NocnegHNX ncciefoBaHnin n ny6-
NINKaLUN.
[NocTaHOBKa 3a4aHuA U Lenb CTaTbu

AHanU3Npys MaTepuanbl U3NOXeHHble B Hay4HO-
TEXHUYeCKOoW nmTepatype [1-7], KOTOpble MOCBALLEHbI
BONpocam npeobpasoBaHUA HE3NEKTPUYECKMX BENUYUH
B anekTpuueckne gpupmammn CLUA, MepmaHum n Ano-
HMK, ObINO YCTAHOB/IEHO, YTO OHU 3aHMMAKOTCS NMPeod-
pa3oBaHUAMM: B/IXXHOCTU, 3BYKOBbIX W MarHUTHbIX
nonel, aHaNM30M rasos, TEMMEepPaTypbl, NepeMeLLeHus,
fasneHus, IK-usnyyeHms n gp., HO NpeobpasoBaHUSAMM
MEXaHWNYEeCKMX BUOPaLIMiA B 3IEKTPUYECKIE CUTHANbI HE
3aHMMaloTCA. Ha 3TOM 0CHOBaHMU aBTOpbI paspaboTanu
[iBe PasHOBUAHOCTU TaKMX AATYUKOB.

M3n0>KeHne 0OCHOBHOIo MmaTepuana

[ns opraHusaumy  3QMEKTUBHONO KOHTPONA W
3alMTbl HEOBX0AMM [aTuMK-Npeo6pas3oBaTelb MexaHU-
YECKMX KONebaHWil B 3KBUBANEHTHbI 3NEKTPUYECKMIA

curHan. Takol JaT4MK MOXHO M3rOTOBWTb MCMOSb3YS
ABMIEHWE 3N1EKTPOMArHUTHON MHAYKLMW UK Nbe303/EK-
TpuYecKkuii ahexT.

PaccMOTpUM YCTPOWCTBO MarHUTOENEKTPUYECKOTO
[laTumKa Bubpauuii, KoTopblii NokasaH Ha puc. 1.

BHYTpU UMANHAPUYECKONA KaTyLIKK 4, BbINOMHEH-
HOW U3 [AWANEKTPUYECKOTO MaTepuana, MoMewarT
MOCTOSIHHBIA MarHWT 1 Maccoii M 1 NOABELUMBAIOT €ro
Ha NpyXuHax 3 ecTkocTbio K Tak, 4To nepemeLlasich
nofA AelricTBrem BMOpaLMiA He kacancs CTeHOK. Onpeae-
M NIMHEAHYK CKOPOCTb U MepPeMELLEHNsI MarHuTa,
MCNO/b3YA 3aKOH COXPaHeHNs MeXaHUYECKOIN aHepruu:

e _k X2 _m -u?
M ! K !

2 2
roe X, — amMnauTyga subpauwii;

Eyv, Ex — MexaHuyeckas u KuHematuuec-
Kas aHepruu.
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Puc. 1. MarHUTO3MeKTPUYECKIWIA AaTUMK BUOPaLWIA:
1 — marHuT; 2 — 06MOTKa KaTyLUKW;
3 — gemndupytoLve NPY>XUHBbI; 4 — KaTyLLKa

k-X2 m-u?
Tak Kak T”‘z

,TO NHeliHas CKOpPOCTb

paBHa
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MMOCTOAHHbIA MarHWUT CO3A4aeT BHYTPW KaTyLUK
MarHuTHoe none ¢ wHAykuumeir B, cospatowmin mar-
HWUTHIA NOTOK

u=X

m

® =BScosa ,
rge S-— nnowazb Nornepe4yHoro Ce4yeHna Katyll-
KW,
a — Yyron mexxay HopMasibto M/1I0CKOCTU BUT-
Ka KaTywKn U NIMHUAMU BEKTOPa Mar-
HWUTHOM MHAYKLMW.

I_IO,EI, [faBleHNEM BVI6paLI,I/II/I MarHUT Ha4yunHaeT
nepemMeLlaTeCA BA0/Ib BUTKOB w KaTyLUKKN 2, HaBOAA B
HMX 3.4.C. COrMacHO 3aKOHY 3/1IEKTPOMarHUTHON UHAYK-
uunn

e=-W dﬁ
dt

Korga marHuTt HaxoguTca B BEPXHEM TMOM0XKEHUN
B KaTyLUKe BO3HNKaeT MarHUTHBIA NOTOK

®, =BScosa,,

a B HIDKHEM ®, =BScosa,

A®, =®, —®, = BS(cosa, —cosa, ),
I
At = — — Bpems NepeMeLLeHNs MarHnTa 13 Bepx-
u

HEro nonoXXeHna B HUXHEE,

roe | — nyTb, KOTOPbIV NPOXOAUT MAarHUT BHYTPU
KaTyLLKW.
CnepfosarefibHO

uBS (cosa, —cosa, )

I

Bornee MpocToil B M3roTOB/EHWMM AATYMK MOXHO
BbIMO/HUTbL, TMPYMEHUB LUMPOKO PaCnpOCTPaHEHHbIE
Mbe30aKyCcTUYeckne wusnyyatenu Ttuna 31, OCHOBOIA
KOTOpbIX SIBSIETCA AWUCK C Nbe30KepamuKku, 06n1agato-
LKMA  CMOCOBHOCTbIO Mpeobpa3oBaTh MexaHW4ecKue
KonebaHWin B anekTpuyeckre. [Mbe3oKepaMUyecKuii
JNCK C [ABYX CTOPOH MOKPbIT CepebpeHHbIM TOKOMPOBO-
JAWMM cnoem. JuameTp v TONWMHa AMCKa ONpeaenstoT
YacTOTy 3/IEKTPUYECKUX KONebGaHWi, BO3HMKAHOLLMX
MpY HaXXaTum Ha Hero. KOHCTPYKUKMS faTuvka MokasaHa
Ha puc. 2.

e=-W

15 36

Puc. 2. lJaTumK Ha OCHOBE Mbe303/IEKTPUYECKOTO U3NY-
yaTens

o
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M3nyyatens 1 HENOABWMXXHO KpenaAT K nnare 2
M3rOTOBNEHHOW U3 (hONbIMPOBAHHOIO CTEKNOTEKCTONN-
Ta TO/LMHOW 2 MM, a 3aTEM K OTKPbITOMY CepebpeHHO-
My CNOH MpunanBatoT — 0bpasHyto onopy 3 u3-
rOTOB/IEHHYIO U3 CTasbHOro nposoga & 1 mm. BTopoli
KOHeL, OMopbl HEMOABWKHO COeAUHAT C [M-06pasHoli
KOHCO/IbH0, KOPOTKWIA KOHeL, KOTOpOi NpunanBaroT K
nnate, a Ha BTOPOM, 60/1ee A/IMHHOM, 3aKpPennsoT rpy3
maccom 5 T.

KOpOTKMMU MOHTaXHbIMW MPOBOJAMM, NOMELLEH-
HbIMW B METa/IMYECKYIO OMNETKY, MOACOEANHSAIOT npe-
06pasoBaTens K 3/eKTPUYECKOl YacTu, KOoTopas MoKa-
3aHa Ha puc. 3.

Mbe303neKkTpuyecknii  npeobpasoBatesis  BM1
MOLK/NOYAETCA K HEMHBEHTUPYIOLWEMY BXoAy 3 ornepa-
LMOHHOro ycunutens DAL ¢ BbICOKOOMHbIM BXOA0M, a
YyacToTO3aBMCUMasA OTpuLaTeNbHas obpaTHas, 06pa3o-
BaHHasA Uenbio R4, R5, C2 K MHBEPTUPYIOLLEMY BXOAY
2. OTHoweHve R4/R5 onpeaenatoT KO3W(ULMEHT ycu-
neHna DAL, oH npumepHo paseH 100. denutenem Ha-
npsxeHns R1, R2 ycTaHaBNMBaeTCA Hava/lbHOe CMeLLie-
HVe Mo HeuHeeHTUpYyOWemy Bxody DAL. OnekTpuue-
CKuii curHan ¢ Boixoga 6 DAL yepe3 KoHgeHcaTtop C3
nogaeTcst Ha getektop VD2, VD3 paboTatowumii B pe-
XVIMe YBOEHWS HanpsXeHus.

BbINpAMNeHHbIA 1 OTOUNLTPOBaHHLIN curHan U,

yepe3 pesnuctop R9 MoCTynaeT Ha WHBEPTUPYHOLLMIA
BX04 4 ornepaunoHHoro komnaparopa DA2. Ha HenH-
BEPTMPYIOWMIA BXO[ Komnapatopa ¢ genutens R10,
R11, R12 nopgaeTcs curHan 3afaHus ypoBHSA cpabathbl-
BaHMA U, .

Ecrm  amnauTyfa curHana nporopuyoHasibHas
BeNNUMHE BMOpauuii ByaeT Takoi, yuTto GydeT BbIMOs-
HATbCA yenone U, <U,, T0 Ha Bbixoge 9 DA2 Gypet

BbICOKWIN NOTEHLMa, CNefoBaTe/ibHo, TpaHaucTop VT1
6yaeT 3akpbIT 1 pene K1 6yaeT HaxoanMTbCSA B BbIK/IO-
YEHHOM COCTOSIHMW. [lpu 3TOM CUrHaia TPeBOrn He
6yner.

YBenmuyeHne BUOpauuiAi MO paHee yKa3aHHbIM
NpUYNHaM NpuBeAeT K TOMY, YTO UCp <U,. 310 npu-

BeJEeT K YMEHbLUEHNIO HaNPsSXeHUs Ha BbIX0ge 9 KOM-
naparopa DA2, BktodeHuno VT1 u cpabatbiBaHuio K1.
3amMKHyTCA KOHTaKTbl K1.1 1 curHanu3atop BbINOSIHUT
BK/IHOUEHME 3aLL1ThI arperara.

Mpn Heobxo4MMOCTU [AeTaNbHOro MCCnefoBaHUs
mpouecca BO3HWMKHOBEHWS BMOpauuii Mpy pasfiNyHbIX
peXnmax paboTbl 3MEKTPMYECKO MallMHbI K rHe3gam
XS1 1 XS2 noacoeAuHAOT 3anoMUHatOLWMiA ocLmMIno-
rpag. Ha ocHoBaHWM aHanM3a NOJyYeHHbIX OCLMNN0-
rpam NpUHUMAKOT peLleHnst 0 AOMOSHUTENbHON 6anaH-
CMPOBKM pOTOPA UK 3aMeHE OMOPHbLIX NMOALUMMHUKOB.
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Puc. 3. dnekTpuyeckas yacTb gaTumka Bubpawuii
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PEIMCTPATOP-CUTTHANI3ATOP BlEPALI,lVl EJNTEKTPNYHNX MALLUNH
0.®. Binoycos?, 1.1O. ®ininos?, 1.0. Awkos®

! XapKiBCbKi HaLioHaNbHWI YHiBEPCUTET MiCbKOro rocrogapcTsa imeHi O.M. BekeToBa, Ykpaita
2 XapKiBCbKWI HaLiOHa/IbHII YHIBEPCUTET pajioenekTPoHIKK, YKpaita

B cTaTTi po3rnsHyTi ABa BapiaHTa AaTuUKKIB, L0 NEPeTBOPOTb MEXaHiYHi KOMMBAHHS B CUTHA/ 3MIHHOI
Hanpyrv 3 NoganblUMM MiACUNEHHAM Ta AeTeKTyBaHHAM. [pun 36inbLIeHHi Bibpayiil 6ifbLue BCTAHOBNEHOTO PiBHS
BK/IOYAETHCA KOMNapaTop, AKWIA BKNKOYAE aBapiiiHy CUrHanisauito i BigKouae enekTpuUHy MalluvHy Bif f>Kepena
eHeprii.

KntouoBi cnoBa: mexaHiyHi Bibpauii, Maca poTopa, MarHiTOeNeKTPUYHUIA Ta N’€30eNeKTPUYHUIA NiACUItoBaY,
aMnniTyaa Ta yacToTa Bibpauiii, onepauiiiHnii nigcuntosay, Ae TEKTOP, KOMnapaTop.

REHYSTRATOR-ELECTRICAL MACHINERY VIBRATION ALARM
A.F. Belousov*, 1.0. Yashkov?, 1.Yu. Filippov?

! 0.M. Beketov National University of Urban Economy in Kharkiv, Ukraine
2 Kharkiv National University of Radio Electronics, Ukraine

Mechanical vibrations of electrical machines occur during operation and start-up. Their magnitude and fre-
quency are due to the uneven distribution of the rotor mass by volume, and when the machine is operated for a long
time, the wear of the bearing bearings continues. To prevent accidents of machines and bearing foundations, it is
necessary to control the amplitude and frequency of vibrations by means of sensors that convert mechanical vibra-
tions into electrical signals that can be registered and, if necessary, build on them a protection that, when vibrations
exceed a specified norm, disconnects from the energy source.

In the article two types of sensors are considered: magnetoelectric, working on the basis of the law of electro-
magnetic induction and direct piezoelectric effect. In the first sensor inside the hollow coil with a large number of
turns, a cylindrical permanent magnet is suspended on the damping springs, which under the action of vibrations
uBS(cosa, —cosa,)

|
the coil; u- linear velocity of magnet motion; B — is the magnitude of the magnetic induction; S is the cross-
sectional area of the coil; a, and a, — the angles between the normal of the plane of the coil winding and the lines

of the vector of magnetic induction.
The other sensor uses a piezoceramic plate rigidly fixed on the base of the plate. On the other hand, the plate

is connected to the console. At one end of the console is suspended a load of mass m. Mechanical vibrations force

the load to move up and down. The other end of the console is connected to the back of the piezoceramic plate. This

design allows you to act on the plate by squeezing and stretching, resulting in an electrical signal. The signal power

is very low, so an amplifier with a large input resistance is installed at its output.

d,F

moves along the turns, finding in them an e.d.s. to e=-W , where W — is the number of turns of

The voltage at the input of the amplifier will be equal to U, = , Where d,, — the proportionality coef-

ax+ 0
ficient, called the piezomodule; F — is the force acting on the plate; C, — is the capacitance between the faces of the
converter; Cy, — the capacity of the outgoing cable and the input capacitance of the amplifier.

The sensor inputs are connected to the DAL operational amplifier with a frequency-dependent negative feed-
back with a gain of 100. The amplified signal from the DA1 output through the capacitor C3 is applied to the detec-
tor VD2, VD3 operating in the voltage doubling mode. The rectified and filtered signal is fed to the comparator
input DA2 and compared with the reference signal taken from the divider R10, R11, R12.

If the amplitude of the signal proportional to the magnitude of the vibration is such that condition U, <U,, is

fulfilled, then the output of DA2 will have a high potential, therefore, the transistor VT1 will be closed and relay K1
will be off. There will be no alarm. Excessive vibration increase leads to the fact that U, <U,, which leads to the

unlocking of VT1, and consequently to the activation of protection.

Keywords: mechanical vibration, the mass of the rotor magneto and piezoelectric amplifier, the amplitude and
frequency of vibration, operational amplifier, detector, comparator.
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