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AHHOTanuA

Onucanbl QusMyeckue NPUHLUNBI U TpeGOBaHUS K
cucTeMe BO30YX/IeHUs U U3MepPEHUs] MapaMeTPOB KoJie-
O0aHMi BuUOpompeo6Gpa3oBaTess IJIOTHOMEpPA BSI3KHX
xujkocteit. [lpeacTaBieHbl KpUTepUM BbIGOpa ONTH-
MaJlbHbIX Ib€30MaTEPUAJIOB /IS IPUMeHeHUsl B BUGDO-
npeo6Gpa3oBaTeJsiX MJIOTHOCTU BSI3KUX cpef. [Ipencras-
JIEHBI 3KCIIEPUMEHTaJIbHble IaHHbIe, IOATBEPXKAAOIILEe

Abstract

Described were physical principles and requirements for
a system of excitation and measurement of fluctuation
parameters of a vibration transducer of a viscous liquids
density meter. Criteria of determination for the optimal
piezomaterials utilized in vibrations transducers of
viscous environments were presented. Experimental
evidence confirming optimality of choosing piezomaterials

ONTHUMAJbHOCTh BbIOOPA be30MaTEePHAJIOB. was introduced.

Keywords: vibration transducer, density  meter,
piezoceramic materials, actuator, piezoelectric sensor of
mechanic  quantities,  piezomodulus,  piezoelectric
coefficients

Katoueswle caoea: subponpeobpasogamess, NJI0MHOMeD,
nbe3oKepaMuveckue Mamepuabl, aKmoamopbl, nNbe3oa-
Jlekmpuyeckue 0amyuKu MeXaHU4ecKux 8e/uyuH, nbe3o-
MOQY./1b, Nbe3031eKmpuyeckue kosg@duyueHmoi

BBeagenue

B BUOpallMOHHBIX IJIOTHOMEpPAX IJIOTHOCTb KUAKOCTH UJIU Ta3a olpefiesisieTcs 10 YacToTe KoJlebaHU MexaHU-
4YeCKOro pe3oHaTopa, B3aMMO/IeHCTBYIOLIEr0 C U3MepsieMoy cpefioil. Pe3oHaTopkI, MM BUOpaLlMOHHBIE Tpeobpaso-
Baresiu ioTHoctH (BIIIT), paszesiSioT 1o crocoby B3aMMOeHCTBHS CO CPeIoH Ha IPOTOYHbIE ¥ IIOTPyXHbIe. B mpo-
TouyHbIX BIIII :KUKOCTB UJIM ra3 NPOTEKAOT BHYTPU pe30HATOPA U yYacTBYIOT B K0JIeOaHHUAX KaK MHEPTHasl Macca.
B norpy»xHbix BIIIl peaoHaTOp NoMellaloT B KOHTPOIUPYEMYIO CpeAly, ieliCTBHe KOTOPOU NoA06HO 1eHCTBHIO HEKO-
TOPOM «HPUCOEIMHEHHON MacChl», CBSI3aHHOW C Pe30HATOPOM U YBJIEKaeMOi UM B KoJieGaTeibHoe JBxKeHue [1].
BesimurHa nprcoeJMHEHHOW MacChl 3aBUCHT OT IJIOTHOCTH BellleCTBa, I03TOMY JileBUaLMs 4acTOThbl pe30HaHCHBIX
KoJle6aHUH ABJIAETCS NapaMeTpPOoM, 10 KOTOPOMY OIpefiess1eTcs JI0THOCTb. CyllleCTBeHHBIM TapaMeTPOoM KUJKO-
CTH, BIUSIOIUM Ha pa6oTy BIIII, aBnsieTcs Bsi3kocThb. [loTepu aHepruu kose6anuit BIIIT B BA3KOMH KUJKOCTH TPH-
BOJAT K CyIleCTBEHHOH siepopManu AYX ¥ 3HaUMTEebHOMY YMEHbILIEHHIO (110 JBYX MOPS/KOB) OTHOLIEHHSI CHT-
HaJs1/1yM. llesibto JaHHOM paboThI AB/ISETCA MaKCUMaJibHOe noBbllleHre 3¢ dekTrBHOCTH BIIII B cpefiax ¢ BbICOKOH
BSI3KOCTBIO 32 CYET Y/IydLIeHUs] CHCTeMbI BO30YX/I€HHUS U U3MepeHs NapaMeTPOB KoJleGaHUH.

Onpeaenel-me 3aJa4u

Jl/1s1 MpaKTU4eCKOTro onpe/ie/ieHusl BAUSHUS BI3KOCTH Ha MOTPELIHOCTh JIOTHOMepa POBeieHbl UCIIbITAHUS
BIIII, paspa6oTantoro 8 HKTB «Ilbesonpu6op» r. Poctos-Ha-/lony, OKP «MaTpockonus» (puc. 1).

B npezcTaB/ieHHON KOHCTPYKLMU IaKeT Nbe3onpeobpa3oBaTesieil BIII cocTouT U3 nbe3oakTioaTopa 5, cocTaB-
JIEHHOTO U3 YeThIPEX Ibe303JIEMEHTOB U Ibe30JaTUMKa 4 U3 ABYX N1be303J1eMeHTOB. [Ibe303/1eMeHThI OT/ie/IeHbl
U30J/IITOpaMHu 7 pyT OT ipyra U oT Kopmyca 2. [Ibe303/1eMeHThI € U30/1ITOPaMU 3aKaThl MeX Ay aiiboi 3, onupa-
I01llelicsl HA MeMOpPaHy 2, U MeTa/lJIM4eCKOl HakJaZKol 8 npu nomouiu raiku [2]. [lepefjada 3jieKTpUYECKUX CUT-
HaJIOB OCYLIECTBJISIETCS 110 TPOBOAAM 6.

VcnblTaHYs NPOBOAUINCDH B 3KUKOCTSX C HOMMHA/IbHBIMU 3HAaYeHUSIMU BA3KOCTH, PABHOMEPHO pacnpe/ie/iéH-
HbIMM B fuana3oHe oT 1 no 1000 clI3. [yig BeljesieHUs BA3KOCTH, KaK eIMHCTBEHHOTO BJIMSIOLIEr0 MapaMeTpa,
HU3MepeHus NPoBoAMINCh Tpu TeMnepatype 20 + 0.02 °C ¢ ucrob30BaHUEM KHUAKOCTeN GJIU3KHUX 110 3HAYEHHUIO
IJIOTHOCTHU. U3Mepsiinch $a304acTOTHBIE XapaKTePUCTHKY, aMIUIMTYJa U Nepuoj KoJjebaHWU Ha pe30HaHCe,
a Takxe JJOOpOTHOCTb BUGpONpeoOpa3oBaTeJisl, Kak apaMeTp, IPUMeHseMbIi J/1s1 onpesiesieHUs B3KOCTH XKUJ-
KocTell. Ha puc. 2 npeacraBieHbl $a304yacTOTHbIE XapaKTEPUCTUKU KaMepTOHHOTO Ipeo6pa3oBaTesis B cpejax
C pa3/IMYHOM BA3KOCTBIO.
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Puc. 1. Cxema kamepmoHHO20 8U6ponpeobpazosames NAOMHOCMU cpedbl.
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Puc. 2. azouacmommoble xapakmepucmuku BIII1.

BuziHo, 4TO A aJleKBaTHOro Npeo6pa3oBaHUs 4acTOThl KoJiebaHUM KaMepTOHa B 3HaueHUe U3MepsieMoi
IVIOTHOCTH HEO6X0JUMO 06€eCreduTh BO30YK/IeHHeE TP MOCTOSTHHOM cziBure a3 ¢ paBHOM 90°. TosbKo B 3TOM
CJlydae 4yacTOTa OJJHO3HAYHO 3aBUCUT TOJIbKO OT IPUCOEJUHEHHON MacChl U He 3aBUCUT OT A0OPOTHOCTHU KoJieba-
TeJIbHOW CUCTEMBIL.

B Tabs1. 1 npuBefeHbl U3MepeHHbIe 3HaYeHUS [JIOTHOCTH XKUJKOCTeH, a TakXke JOOGPOTHOCTH U aMILIUTYAbI
koJie6anuit BIII B u3MepsieMbIx cpejiax ¢ BA3KocTbio oT 1 10 1000 clls.

Y3 npuBeEHHBIX JaHHBIX, BUAHO, UTO HaubOJIbIlee BO3JelICTBHE BA3KOCTh OKa3blBaeT HA aMIJIMTYy Kosleba-
Huit BIIIl u ero go6poTHOCTB. loGpOTHOCTD yMeHbInaeTcsd B 140 pas, a ammautyga nodtd B 30. YMeHbIIeHUE
Jo6poTtHocTH BIIIl npUBOAUT K yKeCTOUeHHUI0 TpebOBaHUM K TOUHOCTH NOALeP:KMBAaeMOM pa3HOCTH pas, a yMeHb-
IeHUe AMIUIUTYAbI 10J1e€3HOT0 CUTHAJIA YBEJUYUBAET OTPELTHOCT ONpefeseHus: $pa3oBOro CIBUra MEX/Y CHUT-
HaJIOM BO30Y/leHHUs1 U 06paTHOM cBA3U. OJHUM U3 CI0CO6OB pa3pelleHus 3TOro0 NPOTUBOPeYUs ABASETCS YBEU-
yeHUe 3PPEKTUBHOCTH CUCTEMBI BO3OYXK/JEeHUSI KoJleOaHUN W M3MepeHUs MX IMapaMeTpoB. B mpezacraBieHHON
BbIILIE KOHCTPYKLMHU KoJlebaTe/ibHas CUCTeMa BbINOJIHEHA HAa OCHOBE Nbe303JIEKTPUUeCKUX 3/1eMEHTOB, UTO SIBJIS-
eTcsl HauboJtee 11e1ecoo0pa3HbIM peleHreM st BIII morpy)kHoro Tuma v JaéT JOTMOJTHUTEbHbIE BO3MOXHOCTH
110 TIOBBILIEHUI0 3GEKTUBHOCTH 3a CYET MPUMEHEHHsI Ibe30KepaMuyecKux Matepuanos ([IKM) co crenuaabHO
0J00paHHBIMU TApaMeTpPaMHu.
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Ta6auya 1. [lapamempst koaebaHull BIII u 3HaveHust usmepeHHOU naomHocmu

HaumeHoBa- |y, cll3 p., Kr/mM3 Q vV ,MB p, Kr/M3 A, kr/m3
HUe

Bozayx 0.02 1.12 2517.0 2530 1.10 0.0
Boja 1.00 998.2 488.5 1818 998.2 0.0
[IMC-5 498 917.0 241.7 927 916.9 0.1
[IMC-20 19.31 951.9 1319 514 951.9 0.0
[IMC-50 52.69 963.2 79.7 323 963.3 0.1
Macso U-20 | 62.23 832.5 73.2 298 832.6 0.1
[IMC-100 98.261 967.6 58.1 243 967.7 0.1
[IMC-150 152.25 969.6 46.7 203 969.7 0.1
[IMC-200 202.39 970.6 40.5 180 970.8 0.2
[IMC-500 508.35 973.1 25.5 115 973.8 0.7
[IMC-1000 1012.53 975.2 18.1 87 978.0 2.8

BpI6Op Nbe30MaTEpPUAIOB

PaccMoTpyM oCHOBHbIE TapaMeTphbl Ibe30KepaMUYeCKUX MaTepHuaJioB, B HaUOObllIel CTelleH! oNpe/iensio-
I{Me XapaKTepUCTHUKU N1be30Npeobpa3oBaTeiei:
® be30MOJyJHM d; HEeMOCPeJCTBEHHO BJIMSAIME HA 3HaYEHHWe aMIIUTY/(bl IEPEeMEILEHUs Nbe30aKTIaTopa
¥ K03dPuLMeHTa Npeobpa3oBaHus 10 3apASYy Nbe30JaTYNKa;
® OTHOCUTeJIbHAs JM3JIEKTPUYECKas NMPOHULAEMOCTb &;, a OTHOLIEHHWE d; /&; HEeNOCPEJCTBEHHO BJIHUSET
Ha 3HayeHHe reHepUpyeMoro HalpsKeHUs;
® Ibe303/IeKTpUYecKre KoaQPuUuenTol g; =d; / ;5,, TAe & = 8.84:10" @M — quaneKTpudecKas NPOHU-
11aeMOCTb BaKyyMa, KOTopasl onpefeseTcss KaKk HaNpsDKEHHOCTb 3JIEKTPUYECKOro MOoJI MeX/y 3JIeKTPo-
JlaMH1 NIbe303JIEKTPUIeCKOro 371eMeHTa IPY pa30OMKHYTOM LleNH, Bbl3BaHHAs BO3/eHCTBYIOLEeH CUIOl;
e TemmnepaTypa $pazoBoro nepexoza (Touka Kiopu, T.), OT 3Ha4€HHUsI KOTOPOU 3aBUCUT MPEAENbHO [0MyCTUMAs
pabouas TemnepaTypa [IKM;
® mnokasaresb 3QpPeKTUBHOCTH G, = g;T. , KOTOPBIA YYUTHIBAET POJib 3HAYEHUH Ibe30MOAYJIA d; U JAUIJIEK-
TPUYECKOU NPOHUIAEMOCTH €;€, B GOPMUPOBAHUY BBIXOJHOTO CHI'HAJIa NpeobpasoBaTesis, a TaKkxke mpe-
JleJIbHY10 pabouyto Temnepatypy [3,4].

llenecoo6pasHo npoBoguTh nogo6op [IKM, pa3geuB TeMnepaTypHbli Auana3oH Ha N0AAUaNa30Hbl, OpUeH-
TUPYsICb Ha TpeboBaHUS U3MepsieMOH cpefbl. C poCTOM TeMIlepaTypbl BA3KOCTb GOJIBLIMHCTBA U3BECTHBIX
®KUAKOCTEN CTPeMHUTENbHO YMEHbIIAeTCsl, TI03TOMY IIPe/CTaBAseTCsl BO3MOXHBIM YCTAHOBUTb BEPXHIOIO I'Pa-
HHULy paboyux TeMOepaTyp [Jisl BA3KUX cpel Ha ypoBHe 85°C. ITo Xopoulo corjacyeTcs ¢ Tpe60BaHUSMU MPO-
MBILIJIEHHOTO Mana3oHa TeMIepaTyp ¢ y4ETOM ceBepHbIX Tepputopuit Poccuu (-70 <+ 85°C), B KOTOpOM npe/-
CTaBJIEH LUMPOKUH ceKTp HedTell U HeQTEeNPOAYKTOB, MUILEBBIX IPOAYKTOB, Pa3JIMYHBIX XKUJKOCTEN B XUMU-
YeCKUX POU3BOJCTBAX U T.II.

Kak BUJHO 13 TabJ1. 1, 11 U3TOTOBJIEHUS AKTIOATOPOB U Nbe30JaTYUKOB B 3TOM TEMIEPATYPHOM NoAAuUana-
30HEe MOXKHO NpUMeHATh Jito6ble [IKM. B aToM ciyyae, 0CHOBHBIM OpUEHTHPOM [i/1s1 BbIGOpA MaTepuasa aKTia-
TOpAa ABJIAETCS Ibe30MO/y/Ib, B HAllleM C/1y4ae 3TO dy;

Al= Nd,,El, (1)
rae Al — yanuHeHve, M; N — KOJIMYECTBO aKTUBHBIX CJI0EB B aKTaTope; E — HaNpsKEHHOCTDb 3JIEKTpUYe-
cKoro noJisi; | — AJIMHA Ibe30aKTIAaTopa.

W3 cootHowmenus (1) ciefyeT, YTO MaKCUMAJbHOE YAJIMHEHHE Mbe30aKTIATOPa MaKeTHOrO THIA 3aBUCHT
OT MbE30MO/YJIS1 U HAPSKEHHOCTU 10151 [Ipy UMeIoLNXCcsl CXeMOTEXHUYECKUX OTPAaHUYEHUSX HAlTPS)KEHUST CUT-
HaJia BO30YK/ieHUs K0JIe6aHUH, YBENUUUTD JeHCTBYIOILYI0 HAPSXKEHHOCTb 3JIEKTPUUECKOTO T10JIs1 MOXKHO TOJIBKO
YMEHBILIUB TOJIIMHY Ib€303JIEMEHTOB B NakeTe. Ucxo/ist U3 6/IM30CTU TEXHOJNOIMYECKUX BO3MOXKHOCTEN ITPU U3ro0-
TOBJIEHWH [1b€303JIEMEHTOB U3 cyliecTByUMX [IKM, 0CHOBHOM BBIMIPBILI MOXKHO MOJYYATh BHIGOPOM MaTepHasa
C MaKCUMaJIbHBIM [Tb€30MOAYJIEM d;, . [l TeMnepaTypHoro AvanasoHa Jjo 85 oC MOXHO peKOMeH/J0BaTh TaKHe
maTepuasbl, Kak LITC-49/80 u LITC-LITHH®. 3Tu maTepuasbl TaKKe UMEIOT MAaKCUMaJIbHOE 3HAYEHHUE MTOKa3aTe s

K, ds* [ €5, (2)
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MI03TOMY OHHU NOAXOAAT U /LISl 4yBCTBUTE/NbHBIX 3JIEMEHTOB JJaTUMKOB 0OPAaTHOH CBS3M NPU PErUCTPALUU 3JIEK-
TPHUYeCcKOoro 3apsA/ia Ha BbixoZe. [Ipy peructpanuu 31eKTpUYeCcKOro Hanps>KeHUs Hauy4LlMM BapUaHTOM MOXHO
cyutatb [IKM LTC-1911 u LTC-36; oHM Takxe UMEIOT BbICOKHUMU MOKa3aTeJb K, , HO IPU MaKCUMaJIbHbIX 3HaYe-
HUSIX Tbe30K03pPULIUEHTA g, .

Ta6auya 2. PexomeHdyemvie [TKM 0151 ucno16308aHUS 8 pA3AUYHLIX MEMNEPAMYPHbIX YCA08USIX Ikcnayamayuu [5]

TemnepaTypHble Tun 3sleKTpUYeCKOro cUrHaja Ha Boixozge I[1/IMB
YC/IOBHSA SKCIUIYaTalMH | 3554, HanpsikeHue
IAMB R
KM Thax, °C Ks /K; 19 KM TmaX’ C K, /K1
f:b‘;r;;;‘;’;; LITC-LIHH® | 100 2.5
10 70...100 °C [IKP-7M 70 2.4 LlTC-19H 150 2.2
OTC-19M1 | 180 1.2
CpenHue TeMmepaTyphl: 11J1C-49/80 | 120 2.3 I[TC-19M 150 12
50 110...160 °C [1IKP-7 110 1.8 1[TC-19 160 1.0
[TC-19M 150 1.4
[OTC-19 160 1.0
[loBblilIeHHbIE TEMIIEPA- IITC-45 250 1.1 ITC-36 260 1.9
Typsl: 10 200...280 °C [TC-36 260 1.0 [OTC-21 280 11
[IKP-1 200 1.0 [TC-26 250 11
[TC-83T 280 0.9 OTC-b 280 1.0
Bbicokue TeMnepaTyphl: HTB-2 400 0.09
710 400...800 °C THB-2 600 0.05 .
[IKP-61 800 0.03
THB-1 700 0.03
JKcnepuMeHT

B COOTBETCTBUM C U3/10}KEHHBIMH BbIllle KPUTEPUSAMU NTapaMeTPOB BUOPALMOHHBIX JI0THOMepoB U [IKM f1a
W3TOTOBJIEHUS MbE30aKTHATOPA 3KCIEPUMEHTANBbHOTO 06pasia 661 BeiGpaH [IKM I[TC-P, paspabotku HKTB
«[1be3onpubop». [ n3rorosaeHus jaTyvka Bubpanuu Bei6pan [IKM LTC-1911, kak MaTepras ¢ HaU6O/bIIUM
3HayeHueM Ko3pounuenta K, .

HcnbITyeMble Nbe30nakeTbl COOGUpaNUCh U ycTaHaBAMBauCh B BIIIl B cOOTBeTCTBHU €O cXeMOM, MpHUBeAEHHON
Ha puc. 1. Ycunve 3axaTys akeTa KOHTPOJMPOBaJI0Ch IPY NOMOILM AUHAMOMETPUYECKOT0 KJto4a. B ponecce ucmnel-
TaHUM Ha BXOJZ aKTIATOpa NOJABajoCh CUHYCOMAAIbHOE HanpsbkeHHe oT reHeparopa ['3-112 ammautypoi 3 B.
KOoHTpOJIb BXOIHOTO U BBIXOJJHOI'0 CUI'HAJIOB OCYIeCTBJsAICS 1o ociiusuiorpady RIGOLDS1074.

OueHka 3¢p$eKTUBHOCTH NPUMEHSIEMBIX Ibe30MaTePHAJIOB J/1S apbl aKTHATOP/JaTYUK IPOBOAUIACH CPAB-
HEHHEM BbIXO/JHbIX CUTHaJ/IOB MCIIbITYyeMbIX BIIII ¢ BbIXOJHBIM CMI'Ha/oM 6a30Boro BapuanTa (K / K., ), uamepes-
HbIx Ipu Temnepatype 20°C. B kayectBe 6a3oBoro BapuanTa BIIII npuHsATO UcnoHeHue, B koTopoM [IKM L[TC-19
NpPUMeHSJICA U LI aKTI0ATOopa, U AJ1s AaT4UKa. Pe3y/ibTaThl UCTIBITAHUH e/ CTaBJIeHb] Ha PUC. 3.

10000
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—8—1[TC-P/ LT C-1911

—
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1 10 100 1000

BAtKoCTh KHIKOCTH, cIT3

Puc. 3. 3asucumocms ebixodHo20 cuzHaia BIIII om es3kocmu sxcudkocmu.
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Kak 1 y 3KkcnepuMeHTa/lbHOTO, TaK U y 6a3oBoro ucnoHeHus BIII Hab/r0jaeTcss NponopLyUOHalbHOE YMeHb-
lIeHHe BbIXOJHOTO CUI'HaJ/Ia C yBeJIMYeHHeM BA3KOCTH cpeZbl. [Ipy 3TOM Bo BCéM Auana3oHe U3MeHeHUs BA3KOCTH
BBIXOJHOU CUTHaJ 3KCIIepUMeHTaIbHOr0 06pasiia 0CTaéTcs B YeThbIpe pasa Bhlllle, 4eM y 6a30Boro BapuaHTa. Hau-
GoJiblllee OTKJIOHEHWE OT ITOr0 3HaueHMs He mpeBblilaeT 5% M Ha6/I0AAETCA MPU U3MEPEHUAX B XKUAKOCTAX
¢ BsA3kocThbio Bhie 200 cll3. [[pyurHOM 3TOTO AB/SETCS HU3KUK BBIXOJAHOW cMrHas 6a3oBoro ucnosHenus BIIIL

3ak/iroyeHue

loBbieHne adpdextuBHoctr BIIIl yBesnunBaeT WHPOPMATUBHOCTh CHUTHA/A, YTO IO3BOJISIET CHU3UTH
NOrPeIHOCTb U3MEPEHUM U PaCIIMPUTD JUaNa30H U3MePSEMBIX Cpejl XKUIKOCTAMU € 60JbLIEN BA3KOCTbIO. AHa-
JIU3 OCHOBHbIX TapaMEeTPOB [Tbe30KepaMUUECKUX MaTepHaJIOB, a TaKXKe MPUHIIMIOB QYHKIMOHUPOBAHHUSA U TPeGO-
BaHUH K cucTeMe BO30YXeHHS] U U3MepeHUs] MapaMeTpoB KoJiebaHUN BUOpomnpeobpa3oBaTesis MJIOTHOMepa
M03BOJIMJIM CO3/aTh KoMGUHaluK [IKM mapel akTioaTop/AaTyuK 415 3¢deKTHBHOM pa6oThl BIIII B UAKOCTIX
€ 6OJIBIIION BA3KOCTBIO.

[pumenenue [IKM ¢ BLICOKUM Mbe30MOAYIeM d,, s aKTIOATOPOB U BLICOKMM Mbe303JIEKTPUIECKUM KO3 DH-
OUEHTOM (33 AJId JATYUKOB obecrneymnBaeT ‘{eTpréXKpaTHoe yBeJIn4eHune 3(1)(1)6KTI/IBHOCTI/I B CpaBHEHHUH C 0aso-
BbIM HCIOJIHEHHEM BHUOpoIpeo6Gpa3oBaTesis. PaciiupeHye BepxXHel rpaHUIlbl BI3KOCTH MU3MepPSEMON JKUAKOCTH
JTAET BO3MOXKHOCTh Pa3paboTK BUGPAIMOHHOTO MJIOTHOMEPA Ha YPOBHE C JIYYIIUX 3apYOeKHBIX AaHAJIOTOB.
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A possibility of broadening the measurement diapason of a vibrating density transducer depending on the
viscosity parameters of measured liquid was researched in the article. mo mapameTpy BSI3KOCTH HU3MepsieMOH
KUJIKOCTH.

At the beginning of the article the justification behind the necessity of the undertaken research for submersible
vibration density meters is presented. The aim of the research is to maximize the effectiveness of vibrating density
transducers (VDT) utilized in high viscosity environments by improving the excitation and measurement system of
oscillation parameters.

Further on the effects of viscosity on a liquid’ density measurement error were determined by utilizing fork
vibration transducer developed in SCTB “Piezoprobor” (Rostov-on-Don). As evidenced by the obtained data, viscosity
has the most significant impact on the vibration amplitude and quality factor of the VDT. As an effect, Q factor
increases 140 times and amplitude increases nearly 30 times. Decrease of Q factor of the VDT leads to stricter
accuracy requirements in maintained phase difference whereas the decrease of useful signal amplitude leads to an
increase of measurement error of phase shift between excitation signal and the feedback. In order to eliminate this
inconsistency it was suggested to increase the effectiveness of vibration excitation system and its parameters
measurement by applying piezoceramic materials (PCM) with specifically selected parameters.

To accomplish that reviewed were main parameters of piezoceramic materials which to the highest extent
determine piezotransducers’ characteristics. The selection of PCM was suggested to be based on division of
temperature diapason into sub-diapasons, focusing on the requirements of a measured medium. The main reference
point for the selection of the actuator material was piesomodule, in this particular case being d,;. For sensitive
elements of the feedback sensors used for registration of the electric charge output section of the material with the
highest g,, coefficient was recommended.

After the initial selection of the piesomaterials outcomes of the conducted experiments are presented, on the
basis of which itis concluded that application of PCM with a high piesomodule d;, for actuators and high piezoelectric
coefficient g,, for sensors ensures 4 times higher effectiveness in comparison with the basic version of the vibration
transducer. Thus a significant improvement of VDT parameters and was attained and diapason of measured liquids
depending on the viscosity was broadened. Increased upper limit of the viscosity of the measured liquid provides
the opportunity of developing a vibration density meters at the competitive level of the foremost foreign equivalents.

YBaxaemble untatenu!
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