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ABTOMATU30BAHU IHTEPOEPOMETPUUYHUI CTEH]]
JJISA BUBHAYEHHA AMIUVIITY JHO-YACTOTHUX XAPAKTEPUCTHK
AKYCTHYHUX BUITPOMIHIOBAYIB

O.T. Kyus, JI. I. Mypascokuii, I'. I. 'acbkeBu4
®iznko-mexaniynuii iHcTuTyT im. I'. B. Kapnienka HAH Yxkpainn, JInBiB
E-mail: muravskyleon@gmail.com

CrBopeHO aBTOMaTH30BaHHMil iHTephepoMerpuynnii creHn (AIC) i BU3HAUCHHS aMIUTITYIHO-
YaCTOTHHX XapakTepucTHK (AUX) akyCTHYHUX BHIPOMiHIOBadiB y miama3oHi 0,5 + 200 k1. An-
TOPUTM KEpYBaHHS CTEH/IOM 3IHCHEHO 32 JIOIIOMOTOI0 PO3POOIICHOTO MPOrPaMHOro 3abe3neyeH-
Hi. Pesynpratn BumiproBaHHS AUX cepiifHO BUTOTOBICHUX IIMPOKOCMYTOBHX BUIIPOMIHIOBadiB
aKyCTUYHHUX XBUIIb 3a gornoMoroio AIC 3a10BuTbHO 30iraroTees i3 macmopTHUMH AaHuMHE. [100y-
noBaHO AUX eKCIepUMEHTAIBHOTO 3pa3Ka I’ €30€IEeKTPHYHOTO BUIIPOMIHIOBaYa, BUTOTOBICHOTO
JUTSL BUSIBJICHHS Ta iAeHTU(IKaLil BHYTPIMIHIX Ie(eKTiB y MIapyBaTHX KOMIIO3UTHHX CTPYKTypax
Ta KJIEHOBUX 3’ €HAHHAX “KOMIIO3UT—0ETOH”.

KiouoBi cioBa: inmepghepomempuunuii cmeno, aKycmuuHulli 6UnpoMiHio8ay, amniimyoHo-
YACTNOMHA XAPAKMEPUCTNUKA, BHYMPIWHIl Oeghexm.

AUTOMATED INTERFEROMETRIC STAND FOR DETERMINATION
OF AMPLITUDE-FREQUENCY CHARACTERISTICS
OF ACOUSTIC EMITTERS

O. G. Kuts, L. I. Muravsky, G. I. Gaskevych
H. V. Karpenko Physico-Mechanical Institute of the NAS of Ukraine, Lviv

An automated interferometric stand (AlIS) was created to determine the amplitude-frequency
characteristics of acoustic emitters in the range from 0.5 to 200 kHz. The created AIS contains
a unit for generating acoustic sinusoidal excitation pulse packets and a recording unit. The unit
for generating acoustic pulse packets includes a generator of sinusoidal signals, a microprocessor
unit for pulse packets generation and the AIS synchronization, a power amplifier of a sinusoidal
signal to create a sufficient power of the acoustic emitter excitation signal. The recording unit
includes a Michelson interferometer with a sound-conducting rod in one of the arms. One of the
ends of the rod has a mirror surface. The other end is connected to the acoustic emitter through
an acoustic contact. The length of the sound-conducting rod is 50 cm, which is enough to ensure
measurements at the lower limit of the frequency range of the acoustic emitter radiation. The
propagation time of the acoustic wave in the rod is of the order of 75 ps. As the end of the rod
vibrates due to acoustic excitation, the initial path difference of the optical beams in the inter-
ferometer will change, causing a change in the intensity of the illumination produced by the
interfering beams. These changes are recorded by photodiode in the other arm of the interfero-
meter. After the photodiode signal is amplified in the amplifier, it is fed to the analog-to-digital
converter, the output of which is transferred to the buffer memory, where the discretized values
of the response signal amplitude during the time of the measuring pulse are accumulated. The
control algorithm of the AIS is carried out with the help of developed software. The results of
measuring the amplitude-frequency characteristics of mass-produced broadband acoustic emitters
using AIS proved the satisfactory convergence of the obtained frequency responses with the
passport data of these serial devices frequency responses. The amplitude-frequency characte-
ristic of experimental sample of a piezoelectric acoustic emitter, made for research on the
detection and identification of internal defects in laminated composite structures and “compo-
site—concrete” adhesive joints, was obtained.

Keywords: interferometric stand, acoustic emitter, amplitude-frequency characteristic, internal
defect.
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Beryn. AxyctuuHi BunpoMiHioBadi (AB) y 3BYKOBOMY Ta yIbTPa3ByKOBOMY
CHEKTPaIbHUX ialla30HaX BUKOPUCTOBYIOTh B ONTHKO-aKyCTHYHHUX CHCTEMaX JiarHoc-
TyBaHHS BHPOOIB Ta €JIEMEHTIB KOHCTPYKIIIi, BUTOTOBJICHUX 31 IIApyBaTUX KOMIIO3H-
TiB, Ta KJICHOBUX 3 €IHAHD ‘‘KOMIO3UT—OETOH”, MI00 BUSIBHUTH BHYTPIIIHI NePEKTH 1
posmapysanus [1, 2]. BoHn garoTh 3Mory 30y/KyBaTH pE30HAHCHI YacTOTH, IO IHIITIO-
I0Th BiOpaIlii mapiB KOMIO3UTHUX eleMeHTIB. Tomy BHyTpimHI nedektn MoxHa (ik-
CyBaTH 3a pe3yJibTaTaMu OOpOOJIEeHHS cleKI-iHTepdeporpaM, mMUporpaM Ta AUHaMId-
HHX CIIEKI-300pakeHb, 3apeeCTPOBAHUX Y 3a/laHi MOMeHTH dacy [3-9]. dns edexrus-
HOTO (PYHKITIOHYBaHHSI TAKHX CHCTEM HeoOXiTHO BUMIpATH AUX BHITPOMiHIOBAYiB, IO
€ OKpeMHM 3aBHaHHsM. J[ns iX Bu3HadeHHs y miamaszoHi 0,5+200 k[’ cTBOpeHO aBTO-
MaTtu3oBaHui iHTephepomerpuunuii crena (AIC) (puc. 1).
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Puc. 1. brok-cxeMa aBTOMaTU30BaHOTO iHTEpPepoMeTpryYHOTo cTeHaa: 1 — dotomion; 2 — nasep;
3 — CBITJIOTIOTUTEHUK; 4 — OMIOPHE I3€PKajio; 5 — 3ByKONPOBITHUNA CTPIDKEHD; 6 — aKyCTHYHHN
BUTIPOMIHIOBaY; 7 — MiICHIIIOBaY CUTHATY poTomiona; 8 — ananoro-nudpoBuii nepeTBOproBay;
9 — 6ok OydepHoi onepatuBHoi mam’sti (O3I1); 10 — MikponporecopHuii By3011 (hopMyBaHHS
BUMIPIOBAIFHUX IMITYJIbCIB Ta CHHXpOHI3awil; 11 — By3ox inTepdeticy USB; 12 — xomm’rotep;
13 — perictp anpecyBaHHs ONIepaTHBHOI nam’siTi; 14 — mporpaMoBaHuii CHHTE3aTOp CHHYCOiaIbHOTO
curHany; 15 — koMyTyBanbHUIA KM04; 16 — miJicnmoBay MOTY)KHOCTI CHHYCOIaJIbHOTO CUTHAITY.

Bin mictuth 010K (OpMyBaHHS MAuOK aKyCTHYHMX CHHYCOIAJIbHUX IMITYJIbCIiB
30ymKeHHsT Ta 070K peectparii. [lepmmii ocHalIeHUH TeHepaTopoM CHHYCOITaTbHUX
curHaiiB 11, MIKpONpOIIECOPHUM BY3JIOM (OPMYBaHHS IMITYJIbCIB Ta CHHXPOHI3AIli
10, mixcmmioBayeM HOTY)KHOCTI CHHYCOiJabHOTO CHTHATY 9 11 30yKEeHHS aKyCTHY-
HOT'0 BUIPOMIHIOBA4a, a JAPYyruil — iHTeppepomeTpoM MaiiKkeabcoHa 31 3BYKOIPOBi-
HUM CTPIDKHEM 5 B OJHOMY 3 Iviedei. OIUH i3 TOPIIB CTPHKHSI Ma€ I3epPKalbHY I10-
BepxHIO. [HIIMI Yepe3 akyCTUIHUI KOHTAKT 3’enHaHo 3 AB 6. JloBxrHa 3ByKOIIPOBif-
HOro cTpkHS 50 cM, IO TOCTaTHBO IS 3a0e3TeueHHs] BUMIPIOBaHb HA HWXKHIN Tpa-
HUIII YaCTOTHOTO Jiana3oHy BunpoMiHioBanHs AB. Uac mommpeHHs akyCTHIHOT XBUITI
B CTPIDKHI (11 BHOpaHOTO Matepiaiy) — HopsaKy 75 Mxc. IlogaTtkoBa pisHHIS X0y
ONITHMYHUX MPOMeHIB y iHTepdepomerpi Al = (A/4)(2n + 1), ne A — 1OBXKKHA XBUII BH-
MPOMIHIOBAHHS jia3epa. 3a KOJIMBaHb TOPIS CTPWIKHS, BUKIHKAHUX aKyCTHYHUM 30Y-
JOKCHHSIM, 1151 PI3HUIS X0y 3MIHIOBATUMEThCS, BUKITUKAIOYH 3MiHY IHTEHCUBHOCTI OC-
BITJICHHS Bij iHTepdepoBanux mpomeHiB. Lli 3MiHu peectpye dotomion 1 B iHIIOMY
wiedi inTepdepomerpa. [lin yac 3MInIeHHS I3€pKaJIbHOTO TOPIS HA BiINAIb HOPSIKY
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A/20 KOCHHYCOITaIbHUIA 3aKOH 3MIHH iIHTCHCHBHOCTI MOKHA allPOKCHUMYBATH MPSIMOIO
nigiero 3 moxuokorw 10 1%. Tomy iHTEphepoMeTp MOKHA PO3TILLAATH SIK aHAJTOTOBHUIMA
€JIEKTPOHHO-OIITHYHHHN JIHIHHHIIA TepEeTBOPIOBAY MEXaHIYHUX 3MilieHb Al B exekTpud-
Hy Hanpyry AU. [licns migcmieHHs curHan GpoTonioZa MOAATh Ha aHAJIOTo-IH(po-
BUI 1epeTBoproBay 8, BUXITHUHN pe3ynbTaT HepeTBOPEHHS SKOT0 IepenatoTs y Oydep-
HYy TIaM’sITh 9, Jie HAKOIMWYIYIOThCS JUCKPETU30BaHI 3HAYCHHS aMIUTITyId CUTHAIY Bij-
TyKy 3a 4yac BUMIipIoBaJIbHOTO iMITyIbCy. Kepye anpecarriero 0ydhepHoi mam’sti perictp
13. 3aranbHuil anropuT™M KepyBaHHS CTEHIOM 3IIHCHIOETHCS KOoMII'toTepoM 12 3a o-
MIOMOTOI0 CIEIialIbHO PO3POOJIEHOTO MPOrpaMHOro 3a0e3leueHHs. YTIpaBise 300poM
Ta Tepenadeio JaHNX, a TaKOXK BHKOHYE KOMAaHIN 3 KOMII'IOTepa MiKpPOIPOLIECOPHUIT
By30J1 ()OPMYBaHHS BUMipIOBAILHUX IMITYJIbCIB Ta CHHXpOHi3auii 10 uepes iHTepdetic-
Hy cxemy USB 11. AUX AB BH3Ha4arOTh 3a aMIDTITyIaMH{ BIATYKIB B YChOMY Jliamna3o-
Hi JacToT. ['eHepye BHMIpIOBAIBHUN CHTHAJ MPOrpaMOBaHUN IU(GPOBUN CHHTE3aTOP
CHHYCOIIaIbHOTO CUTHAJTY, YaCTOTY I'eHepallii SKOro 3aJat0Th 3 KoMl totepa. KomyTy-
BaJbHUN K104 15 3a curHanom 3 Mikpornpoiecopa GpopMye BUMIpIOBaIbHY NAYKy CH-
HYCOIaJIbHOTO CHUTHANY, SIKHH depe3 miacwmoBad 16 30ymKye akyCTHYHHA CUTHA Y
nepeTBoproBadi 6. Ha puc. 2 naBenenuii 3aransuuii Burissg AIC.

Puc. 2. 3aransHnil BUTIIAA aBTOMaTH30BAaHOTO iHTEP()EPOMETPHIHOTO CTEH/A.

[I1o6 omiHMTH IOCTOBIPHICTH Pe3yNbTaTiB BU3HAUCHHS AUX I’€30€TEKTPHIHHUX
aKyCTHYHMX IepeTBoproBayiB 3a gonomororo AlC, nepepipsuiin AUX yapTpa3ByKOBHX
sunpominioBauis dipmu Acoustic Control Systems. Busiunu (puc. 3 i 4) 3a10BiibHY
30DKHICTh AUX, oTpuMaHux 3a gonomoror AIC, i3 macmopTHUMH JaHUMH JJIs1 HUX.
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Puc. 3. AUX ympTpazBykoBoro BunpominioBaga S1905, orpumani 3a gonomoroio AIC

(cyuinpHa KpUBa) i 32 MACHOPTHUMH TAaHUMH (LITPUXOBA).

3HaiineHo Takok AUX eKCepuMEeHTaNbHOro I €30eNekTpudHoro AB (puc. 4),
4acTOTy 30Y/KSHHsI SIKOTO 3MiHOBaH y jaianasoHi 0,5+120 xI'm. 3a3HaunMo, M0 CIeKT-
panpHuid mianazoH AUX excriepuMeHTaIbHOTO 3pa3ka AB mmpiuii, 30kpemMa HU3BKO-
YaCTOTHHIA, 1110 JIA€ MOKJIMBICTh BUSBIISATH BHYTPIIIHI Ae()EKTH BEIUKHUX PO3MIpIB.
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Puc. 4. AUX ynprpazBykoBoro BunpominioBada S1802, orpumani 3a gonomororo AIC
(cyninpHa KpHBa) i 32 MACHOPTHUMH JTaHUMH (IITPUXOBA).
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Puc. 5. AUX ekcriepuMeHTaIbHOTO aKyCTHYHOTO BUIIPOMiHIOBAYa.

Taxum unHOM, po3pobnennit AIC nae 3mory BuMmiproBatin AUX aKyCTHYHHX BH-

MPOMiHIOBa4iB, BUTOTOBJICHHX VISl CTBOPEHHS aKyCTO-ONTHYHUX CHCTEM BUSABICHHS Ta
imeHTHdikanii BHYTpIIHIX Je(eKTiB y MapyBaTUX KOMIIO3UTaX Ta 3’ €AHAHHIX “KOM-
no3uT—0eron”. Pe3zynpraty ampobanii AIC Ha yapTpa3ByKoBHX BUIIpoMiHIOBadax S1802
1 S1905 3acBimumiy 3a0BUTbHY 301KHICTE OTpuMaHUX AYX i3 MacrmopTHUMU JaHUMHU.
IToGynoBano AUX ekcreprMEHTaIbHOTO 3pa3ka I’ e€30eleKTpuuHoro AB, Burorosie-
HOT'O JUIsl BUSIBICHHS Ta ieHTU(IKaNii BHYTPIMIHIX Je(EKTiB y MapyBaTUX KOMIIO3UT-
HUX CTPYKTYpax Ta KJICHOBUX 3’€HAHHAX “KOMIO3UT—OETOH”.
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