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AHHOTaUsl. DJEKTPOMEXaHWYECKHEe MpeoOpa3oBaTeNd MOTYT HMMETh pPa3IMYHBIHA
XapaKTep PEaKkTUBHOCTU B 3aBHUCHUMOCTH OT BUJAa UX MeXaHW4YecKoW Harpy3ku. Llenbio paOoTsl
ABJIIETCS YCTAHOBJIGHHWE XapakTepa IEepexXOoJHOro Ipolecca MpU MOAKIIOUYEHUU IbE30-
AIIEKTPUYECKOro MpeolOpa3oBaTenss € yOPYrod Harpy3koili K HCTOYHUKY IIOCTOSTHHOTO
HanpspkeHus. PaccMoTpeHsl psiMoit U 00paTHBIN The303deKThI, Ha KOTOPBIX OCHOBaHA paboTa
npeoOpaszoBarens. [Ipy NOAKIIOUEHUH THE302JIEKTPHUUECKOro Mpeodpa3oBareist C YyOpyrou
HArpy3Koil K UCTOYHHKY TOCTOSIHHOTO HaMpsDKEHUs MPOUCXOIUT TMEPEeXOHBIA Mpolecc,
HEOTJIUYMMBIN OT Tpolecca 3apsiiku KoHaeHcaropa. [losydeHHble pe3yiabTaTbl MOTYT OBIThH
MCIIOJIb30BaHbI IIPHU pa3pabOTKe aBTOMATU3UPOBAHHBIX CHCTEM.
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BBEJEHUE
DNeKTpOMEXaHHUeCKUe TMpeodpa3oBaTeii MOTYT WUMETh Pa3IUYHBIN XapakTep peak-
TUBHOCTH B 3aBHCHMOCTH OT BHJIa UX MEXaHHUECKOW Harpy3ku [1-5].
[lenpto paboOTHI SBISETCS YCTAaHOBICHUE XapakKTepa IEePEeXOJHOro Ipolecca Ipu
MOJIKIIIOUEHUH THE303JEKTPHUECKOT0 MpeoOpazoBaTeNs ¢ YNpPyroil Harpy3koi K HCTOYHUKY
MOCTOSTHHOTO HarpsbkeHus (puc. 1).
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A

Puc. 1. IIse303nexTprdeckuii mpeoOpa3zoBaTesb C YIIPyroi Harpy3Kou
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MATEPHUAJIBI U METO/IbI
PabGoTa mpeoOpa3oBaTens OCHOBaHA Ha MPSIMOM M oOpaTHOM mbe3odddexrax. [Ipsmon
be309()(HeKT MpOsIBIIETCS B TOM, YTO Ha OOKJIAIKaxX MbE303JEMEHTa MpH €ro aegopmanuu X
HOSIBJISIETCS DJISKTPUYECKuii 3apsiy ( [6-8]:

q = diX,

rae d; — mbe3omomynb. OOparHbIi 1Mbe303(dEKT 3aKitoYaeTcs B TOM, YTO NPHU IOJAYe Ha
00KJIaIKK HAMPsKEHUs U Ibe303eMenT nedopmupyercs u passusact ycuaue F [9, 10]:

F= dzU.

[Tycte aktuBHOe comnporuBieHre R #0 u koddduument tpenus b #0, HavambHBIC
ycrosust X(0) = Xo.
VYpaBHEHHE MEXaHUYECKOTO PaBHOBECHS 3alIMIIETCS B BULIE

dx
dou, =kx+b—. 1
PAS dt ()

bananc HanpshkeHHI B COOTBETCTBUU CO BTOPbIM 3akoHOM Kupxroda c yuerom (1) umeer
BU/I:

. K x+£%+ RdI%,
d, d, dt dt

dx k ud,

— 4 X = ,

dt b+Rd,d, b+ Rd,d,

)

PE3YJIbBTATBI UCCJIEJOBAHUSA
Pemenue nuddepennmanbHoro ypaBHeHus (2) UIeTcs B BUJE

X = X1 + Xo,

Trac

Xl — Cle b+Rz ,

Xo = Co.
[Tpu mocTaHOBKE X2 B BhIpaKeHHE (2) MOITy4nM:

K o _ Udy

+ _
b+Rz 2

0 = ,
b+ Rz
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3nech (GPUKIMOHHOE COMPOTUBIEHUE Ry M MOCTOSIHHAST BpEMEHU AIIEKTPUYECKON Eenu T
OTIPENIETISIOTCS 110 (hopMyIaM:

sz

b
z

r:Ck(Rb+R)=b+kRZ.

XapakTep MpOTeKaHUs TOKa MJEHTHYEH IMpOIecCy 3apsAIKHd KOHJAEHcaTopa IMpH BKIIIO-
YEeHUH MCTOYHMKA ITOCTOSIHHOTO HampspkeHus. Pemenuto (3) cOOTBETCTBYET JIEKTpUYECKas CXe-
Ma MbE303JIEKTPUYECKOT0 Mpeodpa3oBaTes ¢ yIpyroi Harpy3Kkoi, npeicraBieHHast Ha puc. 2.

z/k b/z R
e

Puc. 2. Dnexrpuueckas cxema
IbE303JIEKTPUUECKOT0 Mpeodpa3oBatelis ¢ yupyroil Harpy3Kou
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IMIpu U =0 pexxuM aHAIOTHYEH MPOLECCy pa3psaa KOHIACHCATOpa.

3AK/IIOYEHUE
Taxum 06pa3zom, Npu MOAKIIOUEHUH MbE303IEKTPUUYECKOro Mpeodpa3zoBaTelis ¢ yIpyrou
Harpy3Koil K HCTOYHHUKY IOCTOSHHOI'O HaNpsDKEHHUs MPOMCXOAUT IEPEXOIHBIN Ipolecc,
AQHAJIOTMYHBIN MTPOLIECCY 3apsAIKHU KOHAEHCATOpPA.
[Tonmy4yeHHble pe3yabTaThl MOTYT MCIIONB30BAThCs MpPHU pa3padOTKe aBTOMATH3UPOBAH-
HBIX CHCTEM.
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COMPARISON OF TRANSIENT PROCESS
IN PIEZOELECTRIC CONVERTER CIRCUIT WITH ELASTIC LOAD
WITH CAPACITOR CHARGING PROCESS

I.P. Popov
Kurgan State University (Kurgan)

Abstract. Electromechanical converters can have different types of reactance depending
on the type of their mechanical load. The purpose of this work is to determine the nature of the
transient process when a piezoelectric converter with an elastic load is connected to a constant
voltage source. The direct and reverse piezoelectric effects, which are the basis for the converter's
operation, are considered. When a piezoelectric converter with an elastic load is connected to a
constant voltage source, a transient process occurs that is indistinguishable from the charging
process of a capacitor. The results obtained can be used in the development of automated
systems.

Keywords: electromechanical converters can have different reactivity depending on the
type of their mechanical load. piezoelectric transducer, transient, elastic load, DC voltage.
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