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PABPABOTKA U UCCIEAOBAHUE THAPOAKYCTHUYECKUX
AHTEHH C 2JIEKTPOI'MAPABJINYECKUM YJIAPOM

Pa3paboTaHa sKCHIEpUMEHTAbHAS YCTAaHOBKA IeHEpaTOpa MOIIHBIX THAPOAKYCTHUCCKUX CUTHAJIOB HA OCHOBE 3(-
(ekTa ANEKTPOrHIPOAMHAMHUCCKOTO yapa. DKCICPUMEHTAIbHAS YCTAHOBKA pacCYMTaHA HA CO3JaHUC Pa3psioB
B JKHUAKOCTH C UMITYJIbCHOW MOIIHOCTBIO 6ojice 10 MBT u 4acToTOM ciemoBaHus pa3psaHbIX UMITYJI5COB 10 30 I'm.
[pemnoskeHsl Be KOHCTPYKIMH THIPOAKyCTHICCKUX aHTECHH C yIapHBIM BO30YXKICHHEM B (JOpME JABYX Mapajiieib-
HBIX IJIACTUH ¥ LuiMHOpa. [IpoBeaeHO MoAenupoBaHKE MPOLIECCOB PACHPOCTPAHEHUS! YAAPHBIX BOJH B 3TUX aH-
TeHHax. OOOCHOBaH BBHIOOP HMIMHAPUICCKON KOHCTPYKIMH THIPOAKyCTHYECKON aHTEHHBI C yIapHBIM BO30YXIe-
HueM. Ha ocHOBe SKCIepUMEHTANBHBIX AAHHBIX MMOCTPOEHA AUarpamMma HarpaBiIeHHOCTH LUUJIUHAPUYECKOW aHTEH-
HBI ¥ IIPEJJIOKEHA €€ MaTeMaThueckast MoJienb. HaliieHa 3aBUCUMOCTh MOILIHOCTH U3JIyYE€HHsI aHTEHHBI C yAapHbIM
BO30YXKJICHHEM OT paccTosHUs. Pa3paboTaHa MeTOMKa pacyera TaKuX aHTCHH. [loka3zaHa BO3MOXKHOCTh HUCIIONB30-
BaHUS THAPOAKYCTUYECKUX aHTEHH C DJIEKTPOTHIPABIMUECKUM yIapOM B CUCTEMAX JaIbHEN MOJIBOAHON CBSI3H.

Kn. ca.: anexTporunpaBIndecKuil yaap, 3ByKOBO€ AaBJICHHUE, IMarpaMMa HalpaBIeHHOCTH, KO3 QUINEHT

YCHIICHHS, JOOPOTHOCTH, YacTOTa KOJIeOaHmit

BBEAEHUE

SBnenne snexTporuapaBmudeckoro yaapa (OIY)
HIMPOKO HCIOJB3YeTCS B MPOMBIIUIEHHOCTH JJIS TeX-
HOJIOTUYECKHX IIeJIei: Uit ApoOIeHHs TOPHBIX TIOPO/]
[1, c. 63], mTAaMNOBKK MeTaia, B XMMHUYECKHUX IMPO-
1eccax u T.1. B MenuiuHe 3T0 sIBIEHUE MCTIONB3YEeTCs
JUTsL ApOOJICHUs] KaMHEH B IOYKaX, a B BOGHHBIX LIEJISX
JUTSL OTIYTHBaHMsI BOJI0JIa30B, T.K. OHO CIIOCOOHO CO3-
JlaBaTh Ha HEOOINBIINX PACCTOSHUSX CBEPXMOIIHOE
3BYKOBOE JaByieHue [2, c¢. 94]. M3BecTHbI paboThI, T
JTAHHOE SIBJICHUE HCIIOJIb3YEeTCs B LENSIX MPO(UIHpo-
BaHMs penbeda aHa [3, c. 167], nns yero GpopMupyror
SHEPTHI0 3JIEKTPOTHUAPABINIECKOT0 B3phiBa oT 500
mo 24000 k. Crmocobuocts OI'Y co3maBaTh 0O0JIb-
e 3HaYeHUs 3BYKOBBIX JAaBICHUN MOXeET OBITH HC-
MOJIb30BaHA JUIS CO3/IaHUSl MOIIHBIX THAPOAKYCTHUYE-
CKHX M3ITydaTesieil (aHTeHH) IS HyK]l CBS3H.

Lenpto maHHOW paboThl sBIsETCS pazpaboTka
W HCCIEJOBaHHE THAPOAKYCTHUECKOTO H3ITy4aTess
C 3JEKTPOTHUAPABINYECKAM YIapOM HaIpaBICHHOTO
JIEUCTBUSL.

PACYET U MOJEJIMPOBAHHUE
I'MJAPOAKYCTUYECKOU AHTEHHBI
C YAAPHBIM BO3BYXJIEHUEM

Ha puc. 1 nmpuBenena QpyHKIMOHATIBHAS CXeMa ycC-
TaHOBKH.

Hasiienue Ha (hpoHTE yAapHOU chepUyecKon BOJI-
HBl B MOPCKO# cpene ompenensercst o Gopmyne [4,
c. 6]
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rae: P — paBnenue, popmupyeMoe yaapHOU BOJI-
voii, Ila; C — emkocTh koHAeHCaTOpa, ®; U — Ha-
psDKeHNEe Ha KOoHAeHcatope, B; n# — ko3 duimeHt
npeoOpa3oBaHMsl AJIEKTPUUYECKON SHEpruy paspsaa
B MEXaHMYECKYI0 DJHEprui0  yIapHOH  BOJHBI
(0 <# <0.35); »r — paccTosiHME OT CTEHKHU M3JIydaTe-
JIS1 10 3MUIEHTPA B3pHIBA, M.

Tak kax Ha M3MyYarenab JNEHCTBYET BBHICOKOE JaB-
JIeHWe, MaTepuaj W3Iydaress JOJDKeH OBITh JocTa-
TOYHO MPOYHBEIM W YIPYyruM. TakuMu XapakTepHCTH-
KaMu 00JIafiaeT TBEepAbIi monuaTwieH (5, c. 731]. 1u-
JUHAPUYECKast KECTKOCTh CTEHOK M3IydaTels U3 Io-
JU3TUIICHA HAXOIUTCS TI0 clieyronei hopmye:

Puc. 1. ®yHKuoHanbHas cXeMa yCTaHOBKH
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ER Tabu. 1. McxoaHble JaHHBIE IS pacdyeTa H3IydaTens
D=———
2 b
12(1_V ) [TapameTp, €11 U3M. 3HaueHme
rae: D — ImuIMHIpUYecKas KECTKOCTh CTEHOK; /I — C, Mk® 0.4
TOJIIIMHA CTEHOK M3iydarens, M; £ — moxyns FOHra U, kB 7
U1 monudTIIieHa, [1a; v — xoaddunment [lyaccona 03
JUTSI TOJIUATHUIICHA. T '
Bespasmepublii KO9QOUIMEHT «, XapaKTepU3yio- r,M 0.025
¥ TIPOTHO TUTACTHH é)HpI/IIIO)KeHI/Ie, puc. I11) nzmy- hm 0.003
qartessi, HaXoAuTcs 1o hopmyiie:
8 i E,Tla 2.6:10°
2
o= P-h-L v 0.5
2 b
n°-D L'm 0.1
rae: L — nnvHa U3IyYaTens, M. Dromior, KI/M 0.93-10°

Yacrora KomebaHW{ TJIACTHH W3IydaTelst MpH
HOpPMaJILHOM aTMoc(epHOM JiaBieHuu [6, c. 601] pac-
CUMTHIBAETCS 1O (hopMmyJie:

4_4
Q = n'n' D [MTapameTp, en. U3M. 3HaueHHe
1 4
pnonmth P, aT™M 151
T Puomor — TUIOTHOCTb NOITMOTHIICHa, KI/M; g — P, Mlla 15.3
IPaBUTAIIMOHHOE YCKOopeHue, 9.8 M/c™; n — HOMep E, Tx 9.8
TapMOHHKH (B 1aHHOM cCly4ae OTPaHUYHMCS TOJBKO D 0.8
TIEPBOH).
. o 59.7
Yactora KoneOaHW TMJIACTHH H3IIydaTelsl TOA
JNeficTBeM  W30BITOYHOTO  JaBIIEHUS  HAXOIHUTCS Q,, k' 0.52
o opmyre: w1, KI'1 4.0

a)lelw/E.

Hcxoanble paHHBbIC [T pacdera U3aydarens Npu-
BeleHsl B Tad. 1.

Pesynbrarel pacueTa mapaMeTpoB  U3IydaTels
oTOOpakeHHI B Ta0I. 2.

Ta6u. 2. Pe3ynpTaTsl pacdera mapaMeTpoB H3ITydaTels

PA3PABOTKA DKCIIEPUMEHTAJIbHOM

YCTAHOBKHA

OKclleprMeHTalbHAs yCTaHOBKA TIPEICTaBlieHA

Ha puc. 2 [7, c. 187].
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Puc. 2. Cxema dKCIIepUMEHTAIBHON YCTaHOBKH
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CTpyKkTypHasg cxema THApPOaKyCTHUECKOH ycra-
HOBKH C YapHBIM BO30YKICHUEM:

1 — mnoBemmaromuii peoOpa3oBaTeb HaIpsiKe-
HUS,
2 — HaKOIMTENbHBINA KOHIECHCATOD;

3 — BBICOKOBOJIbTHBIE Pa3psAAHHUKH;

4 — TUAPOaKyCTUYECKUIl N3ITydaTellb;

5 — cucTeMa yInpaBJeHus;

6 — Bluetooth-mosyiin;

7 — nepenaTyuK yHpaBJIIOLIMX CUTHAJIOB.

[IpeoOpazoBaTens HanpshkeHHs | THUTAaeTCs OT ak-
KyMyJIaTopHOH Oarapen 24 B. MakcumanbHoe Ha-
IPsOKEHUE HA BBIXOJE IIpeoOpa3oBaTeisl MOXKET JOC-
turath 30 kB. Cucrema ynpasneHust 5 Ha 6aze MUK-
POKOHTpOJIIEpa MO3BOJISIET PErYIUPOBATh aMILIUTYRY
3apsifia HaKomuTeNnbHoro konaeHcaropa C 2 1 yacToTy
pa3psaHBIX MMITyJIbCOB f, [8, c. 98]. B paspsaanom
KOHTYp€ IPUMEHEHHI J1Ba pa3psaHuka 3. Bropoil pasz-
PAAHUK HEOOXOAMM JUIS YBEIMYCHHUS] KPYTHU3HBI pas-
PSITHBIX HMMITYJIbCOB, YTOOBI yHapHbBIH 3G QeKT ObL1
MaKCUMalbHBIM [9, ¢. 261]. ['unpoakycTuueckud us3-
Jydareiab C YIOApHBIM BO30yXIeHHeM 4 COCTOWT
13 BBICOKOBOJIBTHOTO pa3psiiHMKAa M aHTEHHBI. B ka-
YeCTBE aHTEHHBI MCIOJIB30BAIMCH JBa THIA H3ITyda-
Tesieil: B (hopMe IBYX IMapajjiesbHbIX IUIACTHH U LU-
JUHJpA.

VYcraHOBKa ymnpaBisieTcsl AMCTAaHLMOHHO C IOMO-
upio Bluetooth-monyns 6. B kauectBe mepenaruuka
YIPaBJISIIONINX CUTHAIOB 7 UCIIOJIB3YETCSl MOOUIIBHBIH
tenedoHn. Ilporpamma ynpaBiieHHs YCTaHOBKOH IIO-

DE0X12045, CND3047593: Th Apr 01 1218725 2021
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3BOJISIET OCYILECTBIATH UMITYJIbCHO-KOJJOBOE MOAYJIH-
pOBaHHE CUTHAA.

BHemHuii BHUI 3KCHEPUMEHTAIBHOM YCTaHOBKHU
npuseneH B [Ipunoxenun Ha puc. [12, rne crnesa (a)
n300paXKeH u3IydaTelb LWIMHAPUYECKOrO THIIA,
a copasa (0) — reHeparop JIEKTPOTHAPOIHMHAMHUYE-
CKHX yIapoB 0e3 KoKyXa.

UccnenoBanus mpoBonwimcy B OacceiiHe riryOu-
Hoit 1.5 M m gmameTrpom 3 M. B kauecTBe maTumka
THIPOAaKyCTHYECKUX CHIHAJIOB HCIIOJIB30BAJICS THUJ-
pPOdOH C TBE30KEPAMUUYECCKHUM TIEPBUYHBIM H3MEpPH-
TENBHBIM TIpeo0pa3oBaTelieM C YyBCTBHTEIBHOCTHIO
140 mxB/I1a u nquana3oHom pabounx vactot 1o 20 [,
Jliis HaOmroieHNs IPUHUMAEMBIX THIPOAKYCTHYECKUX
CUTHAJIOB HUCTONB30BaJIcs UU(poBOH ocruuiorpad
¢dupmbr Keysight mogenu DSOX 1204A/G ¢ 3amyc-
KOM I10 (DPOHTY MCCIIEAYEMOI0 CUTHAA.

l'uapoakycrudyecknit u3nmydatenb W TUAPODOH
pacrnoyiaraJiuch Ha paccTossHUU 2.45 M JOpyr oT Apyra.
Uznyuarens u ruapodoH pa3MeIlaluch Tak, YTOOBI
yCIEeTh MPUHSTh UCCIEIYEMBbI CUTHAJI paHbIIE IpU-
X0a OTpaKEHHbIX CUrHanoB. [yOuHa morpyskeHus
cocraBisia 1 M. M3imyuarens Kpenuics: Ha MOBOPOT-
HOM YCTPOWCTBE.

Ha puc. 3 npuBenena ocuusuiorpaMma MpUHITOTO
curHasia. CUrHans! ObUIH MOJYYEHBI I CIEIYIOLIETO
pexuMa paboThl YCTAaHOBKH: HANpsbKEHHE Ha HAKOIIHU-
TEIBHOM KOHJEHcaTtope 7 KB, dacrora cienoBaHHA
2 't 1 yrosl HOBOpOTa M3JIydaTens 45 OTHOCUTEIHHO
ruapodoHa.

[ KEYSIGHT |
TECH S

10.0:1

Puc. 3. OcmuiorpaMMa IprUHATOTO CHTHATA

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 3
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Tabu. 3. Pacuetsl muarpaMMbl HalpaBIEHHOCTH U3TTy4aTess
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Ne /it Yron moBopoTa u3- | OKcrepuMeHTaIbHOE () (heKTHBHOE PacuerHoe apdexTrBHOE
JTy4aTesst OTHOCH- 3BYKOBO€ JABICHUE Poyen 3BYKOBOE ITABICHHUE Ppycy
TCIBHO l'[];I/IeMHI/IKa, - oe. ITa oe.
1 0° 252 2.9 234 2.7
45° 177 2.1 175 2.0
3 90° 85.8 1 86.1 1
20 v o P(p)
= Puc. 4. JluarpamMmma HampaBiI€HHOCTU
3 ' LWIHHIPUYECKON aHTEHHBI
®

HUCCIEJOBAHUE 3JIEKTPOI'MJIPABJIUYECKHUX
N3JIYYATEJEUN C YIAPHBIM BO3BYKAEHUEM

IKcNepuMeHTATbHBIE Pe3yJbTAThI

C 1oMOmpI0 JKCIEPUMEHTANBHON  YCTaHOBKHU
(ITpunoxxenne, puc. 112) mpoBeAcHBI HCCICTOBAHMS
MPOLIECCOB  PACTIPOCTPAHEHUSI TUIPOAKYCTUUCCKUX
BOJIH JUTS DJICKTPOTHIPABINYECCKOTO W3ITydaress (aH-
TEHHBI) IMIMHAPUIECKON (opMbl. PesynbraTel nu3me-
peHwuii npuBeneHsl B Ta0n. 3, a Ha puc. 4 TpuBeaeHa
JuarpaMMa HalpaBJIC€HHOCTH, NMOCTPOEHHAs A OA-
HOT'O U3 HaNpaBJI€HUN OCHU LWJIMHAPUYECKON aHTEH-
Hbl. OCHOBHasg TrapMOHHKa OJUHOYHOTO CHUTHaja
B pE3yJbTaTe€ €ro CIEKTPaJbHOTO aHalu3a MOJIYy4Hu-
nack paBHoi 4.3 k.

MopennpoBanue NPoIEccOB PACIPOCTPAHEHHS
CHT'HAJIOB B AHTEHHAX € JJIEKTPOTrHAPABINYECKHM
yaapom

MopenupoBanie — mporecca — pacHpOCTpaHCHHs
YAapHOW BOJHBI OCYHIECTBISIIOCH B MPOrPAMMHOM

HAVYYHOE [NIPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 3

komrutekce StartFlow [10, c. 21]. B xauectBe uccie-
JyeMOro wu3iydaTensl OblIM BBIOpaHBl H3ITydaTelH
B BUJIe WIMHApA W mnapaimnenenunena. Ha puc. 5
MIPHUBEJIEHB PE3YJIbTaThl MOJEIHPOBAHUS IJIsI aHTEH-
Hel B (opMme mwmHApa (a) u mapauienenunena (0)
B TOPH30HTAIBHON U BEPTUKAILHON MIIOCKOCTSX.
CpaBHeHHE AMarpamMM HampaBJICHHOCTH aHTEHH
MUTAHAPUIECKONH (GOPMBI M B BHJIE MapaliesienuIea
MOKa3bIBaET, YTO B TOPU3OHTAIBHOW IUIOCKOCTH HX
JuarpaMMbl HaIlpaBJICHHOCTHU COBIIAAAroT. B BEPTHU-
KaJbHOW HE COBIAJAIOT. 3a CYET pACCEsIHHS SHEPTruu
B BCpTHKaJIbHOﬁ IIJIOCKOCTH JIA U3JIydaTeiid B BUJC
rapasuresenuIieia MaKCHMalbHOE U3ITydeHe CHUTHalla
Oynmer MeHBIE, YeM B IIWIMHIPUYECCKOW aHTCHHE
MO OCH M3IYYCHHUS. DTOT pPe3yNbTaT MOJTBEPIKIAIOT
9KCTIIEPUMEHTAJIbHbIE HCCIeAOBaHUA (QOpMBI  JTHa-
T'paMMBbI HAIIpaBJICHHOCTHU HI/IHI/IHIIPH‘ICCKOﬁ AHTCHHBI.
Hunmuanprudeckas aHTEHHa OOECIIeYMBAET YCHIICHUE
CHTHAJIa TI0 OCH W3JIyYeHHs 10 CPaBHEHUIO C HEHa-
MpaBIIEeHHBIM U3TyYSHHEM TopsiiKa 2.7 pasa.
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. P(r)

1-10*

1107

110

1407

14072

14073

130+
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Puc. 5. PesynabraTtel MojenupoBa-
HUS U aHTCHHBI B ()OpME IIHIIHH/I-
pa (a) m mapamrenenunena (0)
B aByX miockoctsx B [1K StartFlow

Puc. 6. 3aBUCHMOCTH 3BYKOBOTO JaBiie-
HUSI, CO3/1aBaEMOr0 IMINHIPUYIECKON aH-
TEHHOM, OT PACCTOSIHUS

1 1:10 1107 1.10* 1-10°

MaTtemaTnueckasi Mojaejb
JIEKTPOTrMAPABIMYECKOI0 U3J1ydaTeJisi
¢ yIapHBIM B030Y:KIeHHeM

B PE3YJbTATC aHalin3a AAHHBIX, IMOJYUYCHHBIX 3KC-
INECPUMCHTAJIBHBIM ITIYTEM, NPEIJIOKEHA MaTEeMaTHYC-
CKas MOJ€Jib, OIMUCBIBAIOIIAad AUarpaMmy HalpaBJICH-
HOCTH M3JTyHdaTelid MUINHAPUICCKOTI'O THUIIA:

1.10°

1.13
3[4, . 2
Py =1216:| VLEUT | et

HWIMHAD b

7

r7€: Py — 3BYKOBOE JIaBJICHHE, CO3/1aBAEMOE 11H-
JIMHApPHUYECKON aHTeHHOH, klla; ¢ — yros moBoporta
anTeHHbl; C — eMKocThb KoHneHcaTopa, @; U — Ha-
MpsDKEHUE Ha KOHjeHcaTtope, B; 7 — koadduiment

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 3
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npeoOpa3oBaHMsl BIJIEKTPUYECKOM SHEpruu paspsaa
B MEXaHMYECKYI0 3HEpruio yaapHou BomHbI (0 < 7 <
< 0.35); r — paccrosiHHe MKy U3IydareiaeM U THJI-
podoHOM, M.

Ha puc. 6 mpuBemeHa 3aBHCHMOCTH 3BYKOBOTO
JTaBJIEHHUS, CO3/IaBAEMOI0 IWINHAPUIECKON aHTEHHOM,
OT PacCTOSTHHSL.

OBCYXJEHHUE PE3YJBTATOB

Hunueapuyeckass KOHCTPYKIMS AHTEHHBI T03BO-
nsgeT obecrneduTh Ooiee Y3Kyl0 Iuarpammy Harpas-
JICHHOCTH TI0 CPaBHEHHUIO C aHTCHHOM, BBIITOJIHEHHON
B BHUjE mapaienenunena. [loatomy mist yBenndeHUs
paccTosiHUsI TIOJIBOJHOM CBSI3M IejecooOpa3Hee ¥C-
MOJIB30BATh [IIMHIPHIECKYIO aHTCHHY .

B pesynprate 3IeKTPOTHAPABINYECKOTO B3PHIBA
B KOHCTPYKIIMM aHTEHHBI BO3HHMKAIOT COOCTBCHHBIC
MexaHu4eckue konebanusi ¢ mobporHocTeio O < 10.
Yacrora 3TUX KOJeOaHUN MPAKTUYECKU HE BIMSICT
Ha DHEPreTHUYECKUE MOKA3aTeIn aHTEHHBI, T.K. dHEP-
THsl B3pbIBa IepeIaeTcs nepeHnM (GPOHTOM BOJHBL.

OKCIepUMEHTaIbHAS YCTAHOBKA TIPU HATPSHKECHUH
U=7kB uemroctu C = 0.4 Mx® co3zaer Ha BLIXO-
JIe TUAPABIMYECKOTO H3IydaTellss YyIapHYI BOJHY
C JaBJIEHUEM 7-10° xIla. Ha paccrostaun 100 kM

103

oT u3nyuatens napienue ynanet ¢ 230 nb no 94 nb,
a Ha paccrosauu 1000 kM 10 75 nb.

YacToTa yaapHbIX BOJIH OTPaHHYEHA BPEMEHEM 3a-
psiAa HAKOMUTEIBFHOTO KOHJEHCATOpa U MOKET JIOCTH-
raTh HECKOJBKHX JIECATKOB Tepll. Takue HU3KHE 4vac-
TOTHI HE MO3BOJISIOT 3P(PEKTHUBHO NEpeaaBaTh aHajlo-
roByio HH(MOPMAIUIO B OOIBIINX 00BEMax M C OOIIb-
ot ckopocthio. OAHAKO TaKue yAapHbBIE BOJIHBI MO-
TYyT MpPEICTaBIATh HHTEPEC B KauyecTBE LUPPOBBIX
CHUTHAJIOB ISl UIMITYJIbCHO-KOZOBOH MOAYJISALIUH.

[MonoOHBIE 3IEKTPOTHAPABINYECKAE TEHEPATOPEI
C yAapHbIM BO30Yy>XIEHHEM MOIYT HCIOJIb30BaThCA
B CHCTEMax JajbHel MMOABOAHOMN CBS3H, TAe HEe TpeOy-
ercsi OOJNBIINX CKOPOCTeH M 00BEMOB TepeaBaeMoit
MHQOPMAIHH.

BBIBO/IbI

PazpaboTtan TeHEepaTOp THAPOAKYCTUUECKUX CHT-
HAJIOB C yJapHBIM BO30YXICHUEM U IIMINHAPUICCKON
aHTeHHoU. [IpoBeneHbl 3KCIEpUMEHTANIbHBIE HCCIIe-
JIOBaHUSA, TOATBEPIKIAIONINE IeIeCO00pa3HOCTh HC-
MOJIb30BaHUsl BJEKTPOTUAPABIMYECKUX H3IIydyaTenaen
C yHapHBIM BO30YXIEHHEM B CHCTEMax Iepeaadu
CHUTHAJIOB Ha CBEPXJAJIbHUE PACCTOSHHUS.

MNPUJIOKEHUE

A: Static Structural

Equivalent Stress

Equivalent (von-Mises) Stress

Nl-— e

Puc. IT1. [Iporu6 ruracTuH n3mydaTens.

HAVYYHOE [NIPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 3
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Puc. I12. BHemHuii BUj SKCIEPUMEHTAIBHOM yCTaHOBKH.
a — IWIMHAPUYECKUH H3TydaTelb, 0 — ycTpoicTBO 0€3 KoxXyXa
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DEVELOPMENT AND INVESTIGATION OF HYDROACOUSTIC
ANTENNAS WITH ELECTROHYDRAULIC IMPACT

E. A. Krasiukov, T. G. Demyanov, V. V. Petrosyants

The Far Easter Federal University, city of Viadivostok, Russkiy island, Ajax village, Russian Federation

An experimental installation for a high-power hydroacoustic signal generator has been developed. The expe-
rimental installation is purposed to generate electric discharges with an impulse power of more than 10 MW and
a discharge pulse repetition rate of up to 30 Hz in aquatic medium. Two designs of hydroacoustic antennas with
impact excitation are suggested: double plates and cylindrical. The choice of a cylindrical shaped antenna has
been substantiated. Based on experimental data, a directional diagram is drawn, and a mathematical model of
a cylinder-shaped antenna is suggested. The power of sound propagation is found to be a function of distance.
The calculation method for such antennas has been developed. The suitability of electrohydraulic antennas for
high-distance underwater sound propagation was shown.

Keywords: electrohydraulic impact, sound pressure, directional diagram, magnification coefficient, quality factor,
frequency of fluctuations
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INTRODUCTION

The phenomenon of electrohydraulic shock (EHS)
is widely used in industry for technological purposes:
crushing rocks [1, p. 63], metal stamping, chemical
processes, etc. In medicine, this phenomenon is used
to crush kidney stones, and for military purposes to
scare off divers, since it is capable of creating super-
powerful sound pressure at short distances [2, p. 94].
There are works where this phenomenon is used for
the purpose of profiling the bottom relief [3, p. 167],
for which the energy of an electrohydraulic explosion
from 500 to 24000 J is formed. The ability of the
EGU to create high values of sound pressure can be
used to create powerful hydroacoustic emitters (an-
tennas) for communication needs.

The purpose of this work is to develop and study
a hydroacoustic emitter with a directional electrohy-
draulic impact.

CALCULATION AND MODELING
OF A HYDROACOUSTIC ANTENNA
WITH IMPACT EXCITATION

Fig. 1 shows the functional layout of the setup.

Fig. 1. The functional layout of the setup

The pressure at the front of a spherical shock wave
in a marine environment is determined by the formula

[4,p. 6]
i/72 1.13
APz121.6-[MJ ,

r

where: AP is the pressure formed by the shock wave,
Pa; C is the capacitance of the capacitor, F; U is the
capacitor voltage, V; n — coefficient of conversion of
electrical energy of discharge into mechanical energy
of shock wave (0 <# < 0.35); » — distance from emit-
ter wall to epicenter of explosion, m.

Since high pressure acts on the emitter, the emitter
material must be sufficiently strong and elastic. Hard
polyethylene has such characteristics [5, p. 731]. The
cylindrical rigidity of emitter walls made of polyethy-
lene is determined by the following formula:

3
D= LZ’
12(1-v?)
where D is the cylindrical rigidity of the walls; 4 is the
thickness of the emitter walls, m; £ is Young's mod-

ulus for polyethylene, Pa; v is Poisson's ratio for po-
lyethylene.

The dimensionless coefficient a, characterizing the
deflection of the plates (Appendix, Fig. I11) of the
radiator, is determined by the formula:

AP-h-I’
o0=—"F—""
n°-D

where L is the length of the radiator, m.

The frequency of oscillations of the emitter plates
at normal atmospheric pressure [6, p. 601] is calcu-
lated by the formula:

n‘n*D
A s
pl'[OJ'II/IBT

where proms: is the density of polyethylene, kg/m’; g is
the gravitational acceleration, 9.8 m/s’; n is the har-
monic number (in this case, we will limit ourselves to
the first).

The frequency of oscillations of the emitter plates
under the action of excess pressure is determined by
the formula:

2

wlel-x/a.

The initial data for calculating the radiator is given
in Tab. 1.

Tab. 1. Initial data for calculating the emitter parame-
ters

The results of calculating the emitter parameters
are shown in Tab. 2.

Tab. 2. Results of the calculation of emitter parame-
ters

DEVELOPMENT
OF THE EXPERIMENTAL SETUP

The experimental setup is shown in Fig. 2 [7,
p. 187].

Fig. 2. Schematic diagram of the experimental setup

The structural diagram of the hydroacoustic setup
with impact excitation includes:

1 — step-up voltage converter;

2 — storage capacitor;

3 — high-voltage dischargers;



4 — hydroacoustic emitter;

5 — control system;

6 — Bluetooth module;

7 — control signal transmitter.

Voltage converter 1 is powered by a 24 V battery.
The maximum voltage at the converter output can
reach 30 kV. Microcontroller-based control system 5
allows regulating the charging amplitude of the sto-
rage capacitor C 2 and the frequency of discharge
pulses f, [8, p. 98]. Two spark gaps 3 are used in the
discharge circuit. The second discharger is necessary
to increase the steepness of the discharge pulses so
that the shock effect is maximum [9, p. 261]. A hydro-
acoustic emitter with shock excitation 4 consists of
a high-voltage spark gap and an antenna. Two types of
emitters were used as antennas: in the form of two
parallel plates and a cylinder.

The setup is controlled remotely using a Bluetooth
module 6. A mobile phone is used as a transmitter of
control signals 7. The setup control program allows
pulse-code modulation of the signal.

The appearance of the experimental setup is shown
in the Appendix in Fig. I12, where a cylindrical emit-
ter is shown on the left (a), and an electrohydrody-
namic shock generator without a casing is shown on
the right (0).

The studies were conducted in a pool 1.5 m deep
and 3 m in diameter. A hydrophone with a piezoce-
ramic primary measuring transducer with a sensitivity
of 140 uV/Pa and an operating frequency range of up
to 20 kHz was used as a hydroacoustic signal sensor.
A Keysight digital oscilloscope DSOX 1204A/G with
triggering at the front of the signal being studied was
used to observe the received hydroacoustic signals.

The hydroacoustic emitter and the hydrophone
were located at a distance of 2.45 m from each other.
The emitter and hydrophone were positioned so as to
receive the signal under study before the reflected sig-
nals arrived. The immersion depth was 1 m. The emit-
ter was mounted on a rotating device.

Fig. 3 shows the oscillogram of the received signal.
The signals were obtained for the following operating
mode of the setup: storage capacitor voltage of 7 kV,
repetition rate of 2 Hz, and emitter rotation angle of
45° relative to the hydrophone.

Fig. 3. Oscillogram of the received signal

STUDY OF ELECTROHYDRAULIC EMITTER
WITH IMPACT EXCITATION

Experimental results

Using the experimental setup (Appendix, Fig. [12),
studies of the propagation processes of hydroacoustic

waves for an electrohydraulic emitter (antenna) of
cylindrical shape were carried out. The measurement
results are given in Tab. 3.

Tab. 3. Calculations of the emitter directivity pattern

Fig. 4 shows the radiation pattern constructed for
one of the directions of the cylindrical antenna axis.
The fundamental harmonic of a single signal as a re-
sult of its spectral analysis was equal to 4.3 kHz.

Fig. 4. Radiation pattern of a cylindrical antenna

Modeling of signal propagation processes
in antennas with electrohydraulic shock

Modeling of the shock wave propagation process
was carried out in the StartFlow software package [10,
p. 21]. The radiators, in the form of a cylinder and
a parallelepiped, were chosen as the study. Fig. 5
shows the modeling results for an antenna in the form
of a parallelepiped (a) and a cylinder (b) in two
planes.

Fig. 5. Simulation results for a parallelepiped-shaped
(a) and cylinder-shaped (6) antennas using the
StartFlow

A comparison of the radiation patterns of cylin-
drical and parallelepiped antennas shows that their
radiation patterns coincide in the horizontal plane.
They do not coincide in the vertical plane. Due to
energy dissipation in the vertical plane, the maximum
signal emission for a parallelepiped-shaped emitter
will be less than in a cylindrical antenna along the
emission axis. This result is confirmed by experimen-
tal studies of the radiation pattern shape of a cylin-
drical antenna. A cylindrical antenna provides signal
amplification along the radiation axis in comparison
with non-directional radiation by about 2.7 times.

A mathematical model of an electrohydraulic
emitter with impact excitation

As a result of analyzing the data obtained experi-
mentally, a mathematical model was proposed that
describes the radiation pattern of a cylindrical emitter:

1.13
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where: Pummzp 1S the sound pressure generated by
a cylindrical antenna, kPa; ¢ is the antenna rotation
angle; C is the capacitance of the capacitor, F; U is the
capacitor voltage, V; 7 is the coefficient of conversion
of the electrical energy of the discharge into the me-
chanical energy of the shock wave (0 < < < 0.35);
r is the distance between the emitter and the hydro-
phone, m.

Fig. 6 shows the dependence of the sound pressure
generated by a cylindrical antenna on the distance.

Fig. 6. Dependence of sound pressure generated by
a cylindrical antenna on distance

DISCUSSION OF RESULTS. CONCLUSIONS

The cylindrical antenna design allows for a nar-
rower radiation pattern compared to a parallelepiped
antenna. Therefore, to increase the underwater com-
munication distance, it is more appropriate to use
a cylindrical antenna.

As a result of an electrohydraulic explosion, the
antenna design produces its own mechanical oscilla-
tions with a quality factor of O < 10. The frequency of
these oscillations has virtually no effect on the anten-
na's energy performance, since the explosion energy is
transmitted by the leading edge of the wave.

The experimental setup, with a voltage of U = 7 kV
and a capacitance of C = 0.4 uF, creates a shock wave
with a pressure of 7 10° kPa at the output of the hy-
draulic emitter. At a distance of 100 km from the
emitter, the pressure drops from 230 dB to 94 dB, and
at a distance of 1000 km — to 75 dB.

The frequency of shock waves is limited by the
charging time of the storage capacitor and can reach
several tens of hertz. Such low frequencies do not al-
low effective transmission of analog information in
large volumes and at high speed. However, such
shock waves may be of interest as digital signals for
pulse-code modulation.

Similar electrohydraulic generators with shock ex-
citation can be used in long-range underwater com-
munication systems where high speeds and volumes
of transmitted information are not required.

A hydroacoustic signal generator with shock exci-
tation and a cylindrical antenna has been developed.
Experimental studies have been conducted confirming
the feasibility of using electrohydraulic emitters with
impulse excitation in ultra-long-range signal transmis-
sion systems.

APPENDIX

Fig. I1. Sag of the emitter plates

Fig. I12. External view of the experimental setup.
a — cylindrical emitter, 6 — device without casing




