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KOHCTPYKIIMHUX MaTepiajiB 10 KaBiTaliiiHOI epo3il
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Anomauia. Y cmammi poszenamymi npobiemu 3ab6e3neueHHs 008206I4HOCHII YIbMPA38YKO8020 KAGIMAYIUIHO20 MEXHOL02IUHO20
obnaouannus. Ilpedcmaesneni pesyriomamu NIAHYSAHHS EKCNEPUMEHMY, SKI O0anu 3MO2Yy NPAGUIbHO ROOYOVEamu HamypHe 00-
cnioxcenHss ma obpamu KoHcmpykyiuni mamepianu. Obpano maxi excnepumenmanvhi mamepianu, sk 30XI'CA, CY20, @4,
08X18HI0T ma JIC59 111 Onsi namypHoeo ekchepumenmy, OCKIIbKU 6Ci Yi KOHCMPYKYIUHI Mamepiany Maroms O1u3bKi 3HA4eHHs!
mooyna FOnea. Ilokasanuii Xio ma npoeedeHHs: HaMmyPHO20 eKCNEPUMEHMANLHO20 OOCTIOHCEHHA epO3IHO20 PYUHYEAHHSA 3AA6]IeHUX
KOHCMPYKYIUHUX MAmepianie, 3 AKUX MOXCYMb OYmMu 6U20mo8NeHi YIbmpazeyKosi GUNPOMIHIO8ayi i 0emani KasimayiiHux xamep.
Ilpoananizoeano noedinKy 00CAIONCYBAHUX 3PA3KI6 MA 3ANEHCHICIb mpamu ix macu 8i0 yacy oopoOKu npu PisHUX NOMYHCHOCHIAX
VAbMPA38YK06020 Kagimamopa. JJocniodceHHs 00360AUN0 BUSHAYUMU HAUKpawi Mamepianiu 3 mouku 30py Kagimayitinoi miynocmi
npu HAABHOCHT GMOMHUX HANPYIICEHD.

Knrwuogi cnosa: ynempaszeykoea xagimayis, yiempa3eyko8i KOIUBAHHS, eKCNepUMeHM, Kasgimayitina miynicmes mamepianis, kagima-

yitini Kamepu, Kagimayiina eposis.

Beryn

B Hamr yac Garato TEXHOJIOTIYHUX HPOLECIB IPYH-
TYIOTbCSL HA BUKOPHCTaHHI €(DeKTiB, sIKi CYyIPOBOJUKYIOTh
SIBUIIIE YJIBTPa3BYKOBOI KaBiTauii B piguHi. Jlo HUX Haie-
JKaTh yJIbTPa3BYKOBE pO3MIICHHS |1, 2], ounIeHHs TBep-
JINX Ta €NIACTHYHHUX MOBEPXOHb [3-5], ¢inprparis [6—8],
Jiera3aiisi, TMepeMilllyBaHHs Ha MOJEKYJSIPHOMY piBHI,
aKTHBYBaHHS DIJUH, eKcTparyBaHHs [9], 3He3apa)keHHS
[10] i T.i. Vi 1i TEXHOJOTIYHI MPOIECH NMIMPOKO 3aCTO-
COBYIOTh B MallMHO- Ta NMpwiIano0yyBaHHI, XiMiuHil Ta
XapuoBil MPOMHCIIOBOCTAX, CUTLCHBKOMY T'OCHOAAPCTBI Ta
MemuiuHi [11-13] .

JyXe BaxIMBY MO3WIII0O y BCIX TEXHOJOTIYHHX
mporecax rnocigae came (GuUIBTpyBaHHA poOOYOi piAnHH.
Bin HBOro 3aMeXKUTH SK EPEKTHBHICTH TEXHOIOTIYHUX

X 0. @. Jlyeoscokuii
toll-sonic@ukr.net

' KIII im. Izops Cixopcwrozo, m. Kuis, Yrpaina

2 Binnuyvkuii Hayionanshuil azpapuuil - ymieepcumem,

Binnuya, Yxpaina

MPOIIECiB, TaK 1 HAMIHHICTh Ta SKICTh pOOOTH TimpaBitiu-
HUX cucTeM. ToMy, ITpoaHaizyBaBIIH BCi BiIOMI METOAN
(binbTpyBaHHS, CIIiI BIA3HAYMUTH, 110 Came Croci0 (ibT-
pPYBaHHSI PIIUHU B YJIBTPa3BYKOBOMY IOJI Ma€ CYTTEBI
nepeBaru Haj iHIMMU. L{el crocib peanizoBy€eThCs Kijb-
KOMa BapiaHTaMu: 3 BHKOPUCTAHHSM (UIBTPYBAIBHOT
neperopojiku abo 0e3 Hel, B MOJI, SIKE YTBOPEHE CTOSYOI0
yIIBTpa3BykoBoi xBuieto [l]. SIKII0 BHKOPHCTOBYBaTH
NepIIUil BapiaHT, TO IIMPOKOMY 3aCTOCYBaHHIO LILOTO
crioco0y (QinbTpyBaHHS 3aBaXka€ JEKiIbka (PaKTOpiB, a
caMe HeJI0CTaTHS BUBUEHICTh BIUIMBY YaCTHHOK 3a0pya-
HIOBaya Ha CTIMKICTh Ta JOBIOBIYHICTh KOHCTPYKIIHHHX
MmarepianiB. He nmuBisSTYnMCh Ha BENMKY KiNBKICTh pOOIT 3
BUBYCHHS MEXaHI3MiB KaBiTamiiHoi epo3ii [14—16] Ta iH.,
MMUTaHHS BUBYEHO HE MOBHICTIO. JlOCIIKEHHs IUX IpPO-
LIECIB YCKJIAIHIOETBCS iX INBUIKOILIMHHICTIO (TOPSIOK
1076 ¢), a Takok Ti€r OGCTABMHOIO, IO KaBiTallifiHa epo-
31 mporikae y manux o6’emax. Komarnc kaBepHH po3-
no4MHaeThes i3 posmipis 1072 mM. JlomatkoBi yckian-
HEHHSl CTBOPIOIOTH BHCOKI JIOKaJlbHI THUCKH Ta BHCOKA
TeMmnepaTypa. BuTbIIicTh JOCHTITHUKIB BiIMIYalOTh HasB-
HICTb JIBOX OCHOBHHUX BH/IB 3HOIIYBaHHS METaJiB: MeXa-
HI3M yJIapHOi XBHWJII 1 MEXaHi3M KyMYJSTHBHHX MIKpO-
cTpyMeHiB. ToMy cnpoOyeMo BiACHIIKYBaTH IOBEIIHKY
JIEKUTBKOX JTOCHIPKYBaHUX MOJICIBHUX MaTepialliB, TaKUX
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sk: cranb 30XT'CA, waByn CH20, ¢roponnact @4, crans
08X18HI10T rta naryns JIC59 111, npoBiBuIM HaTypHHI
€KCIIepPUMEHT.

MeTo10 aocaiTKeHHs € 3a0e3meueHHs HeoOXiaHOT
JIOBTOBIYHOCTI TEXHOJOTIYHOTO OOJamHAHHS JUIS (PLIBT-
PYBaHHS PIIMHH METOJOM CKCIIEPHMEHTAIHFHOTO BH3HA-
YEeHHS CTIMKOCTI Pi3HUX KOHCTPYKLIHHMX MarepialiB 10
YIIBTPa3BYKOBOI'O KaBITAIIHOTO BIUIHUBY.

JocaixxenHs

JUi1si IPOBECHHS eKCIEPUMEHTANBHUX TOCITIIKEHb
KaBiTaliiHOT CTIKOCTI KOHCTPYKLIHHUX MarepiaiiB He-
00XigHO OyJ0 PO3pOOHMTH CTEH[, SKUH OW MaB MOXKIIH-
BICTh 3MIHIOBATH IHTEHCHBHICTb YJIBTPa3BYKOBUX KOJIH-
BaHb B IIMPOKUX Mexax. st 1boro 6yI0 3alponoHOBaHO
BUKOpHCTATH LWIIHIPUYHY KaBiTaliiHy kamepy (puc. 1),

U, Magnitude

+2.6226-01

Y QDB: Tub_onctr_tet_s_q.odb  Abaqus/Standerd 6.14-5  Thu Apr 27 19:55:29 GMT+03:00 2017

Step: Step-1
Mode  3:\Velue = 1.35749E+10Freq= 18543, (cycles/time)
X Primary Var: U, Magnitude

Deformed Var: U Deformation Scale Factor: +8.800e-03

Puc. 1. MogentoBanHsi poOOTH LHTIHAPHIHOL
KaBiTallifHOI KaMepH 3a YMOBH 30YKCHHS Ha
panianeHiii MO KOMBaHb

Puc. 3. Emopa 3BykoBOTO THCKY B TpyOuacTiit
KaMmepi 3a yMOBH 30y/DKCHHS pajiialIbHOT MO
KOJIMBaHb

sika 30yIDKY€EThCS Ha pajiaibHil MOl KOJIMBAHb 3a JI0TO-
MOTOI0 YJIbTPa3BYKOBHX HPHUBOIB MO3AOBXHIX IepeMi-
LIEHb, SIKI BCTAHOBJICHI Ha 30BHIMIHIN TBIpHIM NMOBEpXHI
TpyOuacToi kamepu (puc.2). BHyTpiuniHsS NOBepXHS BH-
MIPOMIHIOBaHHS TpyO4YacToro KapiTatopa 3abesnedye
KOHIIEHTPALIIO YJIBTPa3BYKOBOI €HEPrii 37I0BX 0Ci KaMepu
(puc. 3), mo 103BoJIsE 30YAUTH OOJIACTH YIIETPa3BYKOBOL
KaBiTaIlil B IICHTpabHii YacTrHi kamepu (puc. 4). [lore-
penHbo OyJI0 BUKOHAHO IUIaHyBaHHSI €KCIIEPHMEHTY.

st excriepuMEeHTaIbHOTO JTOCHIDKEHHS 3a JI0T0-
MOTOIO ITPEACTaBJICHO] UIIHPUYHOI KaBiTalliiHOT Kame-
pu OyJno CHpPOEKTOBAHO Ta BHIOTOBJICHO CIeENiaJIbHUN
cTeHn (puc. 5).

B excnepuMeHTanbHil yCTaHOBII IHTEHCHBHICTH
yJIbTpPa3ByKy MOXKHa OyJO peryjioBaTH B MeXax
2...100 Br/cM? Hanmpyrow O>KMBJIEHHS YJIbTPa3sBYKOBHX
TIEPETBOPIOBAYIB.

Puc. 2. TpyGuacTuii yibTpa3ByKOBHI KaBi-
TaTop

Puc. 4. Bisyanizauisn kaBitauiiinoi o6nacti
B LEHTPaJbHIH YaCTHHI KaMmepH, siKa CIO-
CTepiraeThCs Yepe3 TOPLEBE CKIIO
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BunpoOyBanbHuii 3pa3ok

Puc. 5. YnpTpa3BykoBa yCTaHOBKA JJIsI MPOBEACHHS EKCIIEPUMEHTAIbHUX MOCHTIHKEHb KaBiTaIliifHIld epo3il

KOHCTPYKLIHHHUX MaTepiaiiB

JUis migBHIIEHHS MOCTOBIPHOCTI pE3yNbTaTiB 3a
paxyHOK crabimizanii pexxumy KapiTaiii B kamepi Oyna
CTBOpPEHA 3aMKHYTa CHCTeMa IIUPKYJLIT po0do4oi piTuHy,
0 3a0e3Me4mino MiATPUMKY IOCTIHHOT KiIbKICTI 3apoj-
KiB KkaBitaii (puc. 6). [1{o0 m1ocaianTyH BIUTUB yIbTPA3BY-
KOBOIT KaBiTaIlil Ha KOHCTPYKIIiiHI MaTepiaau 0ysio odpa-
HO JICKiJIbKa PI3HUX MaTepiajiB i CIUIaBIB, 0 BUKOPUCTO-
BYIOTBCSl y MalinHOOyayBaHHi. [Ipu mpoBeneHHi BUIpO-
OyBaHb OyJ0 0OpaHO HACTYIHI YMOBH: piIHa — BOJa
(H20); temmnepatypa pobo4oi pinuau 293 K; Tuck y BH-
npoOyBanbHiit kamepi craHoBuB — 0,2 MIla; yac Bumpo-
OyBanHs — 0-240 XB; BUTpaTa piIUHU Yepe3 BHIPOOY-
BaJbHY Kamepy 2 J/XB. Y §KOCTI TapaMeTpy OI[HKH
€pO3iiHOI CTIMKOCTI MaTepiaiy, 10 AOCIIPKyBaBCs, 0YyJI0
00paHO KiJBbKICTh BUHECEHOTO MaTepialy y Tepioa po-
3BMHEHOI KaBiTallii.

VYci ekcrepuMeHTalIbHI  3pa3Kd  KOHCTPYKLIHHHX
MarepiaiiB, sKi 3poOJieH] Y BUTJISIII CTPHIKHIB, BCTAHOB-
JIIOBAJIMCS Y LEHTP1 LUIHIPUYHOI YIBTPa3BYKOBOI Kame-
pH, i CIIOCTEepIraeThcsi MaKCUMajbHa IHTEHCHBHICTB
kaBitanii (puc. 5). [lepex Ko>KHMM BHITPOOYBaHHSIM JI0-
CIIiIHI 3pa3Ku PETENIFHO MPOMUBAIINCS CIIUPTOM Ta BHUCY-
LIyBajiics y CymmibHiH madi npotsrom 30 XB 3a TeMIe-
patypu 373 K. 3BaxkyBaHHS 3pa3KiB MPOBOIWIOCS JIO 1
micnst BUIPOOYBaHHS 3a JIONIOMOTOI0  BHCOKOTOYHHX
anamitTnaHuX Bar cepii AXIS ADS50. Baru 4 kmacy Tou-
HOCTI JTO3BOJIIIOTH BHM3HAYUTH Bary BHIIPOOYBaJIbHOTO
3pa3ky 3 TounicTio 70 0,001r. 3BakyBaHHS MPOBOANIOCH
5 paziB sl MiABUICHAS TOYHOCTI.

KoxeH KOHCTpYKLIHHMH MaTepial JOCIHiKyBallld
32 YMOBH 3MiHM CIIOKMBAHOI NMOTY>KHOCTI. Tak, Hanpu-
knan, marepian yaByH CU20 mae JiHIHHY 3aJI€XKHICTH
BTpaTH MacH BiJ 4acy 1o mortyxHocti 250 Br. Ilpu mo-

JabIIoMy 301UTBIIEHI CIIOKMBAHOI MOTYXXHOCTI BTpaTa
Macu 30uiblIyeTbes B pa3u (puc. 7). Jlns 3MeHIieHHs
KUIBKOCTI BUMIpIOBaHb, OYJIO BHUKOHAHO IUIaHYBaHHS
EKCIIEPUMEHTY 3 II00YJ0BOIO perpeciitHol Moelti.

Puc. 6. [IpunnuoBa enekTporiapasiiyHa cxema
eKCIepIMEHTAJIBHOTO cTeHay (V3 — ynpTpasBy-
KoBa kKamepa, M1, M2 — manomerpu, J1, /2 —
natauky, PI] — po3NOmiIbHUK IOTOKY, B — BH-
tpatomip, P1, P2 — po3noniunsanky, @ —hinetp,
HY — HacocHa ycTaHOBKa, b — 6ak )
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Puc. 7. 3anexxHicTh BTpaTh MacH 3pa3ky 3 yaByHy CU20 Bix
qacy oOpoOKM TpH Pi3HHUX MOTYXHOCTSX YJIbTPa3ByKOBOTO
KaBiTaropa
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Puc. 8. 3anexHicTh BTpaTH Macu JOCIIDKYBaHOTO 3pa3ka Bij
4yacy 00poOKy MpH CIIOKHUBAHIN MTOTYXKHOCTI yJIbTPa3ByKOBOI'O
kaBitaTopa 250 Bt

1,2

dv,%

x CY20

e 04

® 08X18H10T
NC59_1n

® 30XICA

Puc. 9. 3anexxHicTh BTpaT MacH JOCIIKYBaHOTO 3pa3Ka Bif
yacy oOpoOKH MpU CIIOXKUBaHIA HOTYXKHOCTI YIBTPa3ByKOBOTO
kaBitatopa 400 Bt

OOpoOuBIM Bci oTpuMa-
Hi pe3ynbTaTh, OyJo moOymoBa-
HO psan rpadiuHuX 3aJIe)KHOC-
TeH, AKi NalTh HAM YITKy Kap-
TUHY CTiHKOCTI KOHCTpPYKIiH-
HUX MaTepialliB B KaBiTaIlifHiN
KaMmepi IpU PI3HUX TIOTY>KHOC-
Tax (puc. 8 i puc. 9).

[IpoanainizyBasim BCi
pe3yabTaTH CIIiJ] BIAMITHTH, 11O
I 3a0e3nedyeHds  HeoOXimHOT
JIOBIOBIYHOCT]  yJIBTPa3BYKOBO-
T0 KaBIiTallifHOTO TEXHOJIOTIU-
HOro OONagHAaHHS HAHOUTBII
JOLTHPHAM OyJle BUKOPHCTAHHS
TaKOTO KOHCTPYKIIHHOTO Mare-
piaiy, six 08X18H10T. Ockinb-
KA HOro BTpaTa Mac Bij 4acy
OpH  Pi3HUX TOTYKHOCTAX €
HaMMEHIIIO, a, BIAMOBIIHO, 1
4yac eKcIIyarailii, HampuKiai,
(GiTBTpOEIEeMEHTY, BHUKOHAHOTO
3 mpOro Marepiany, Oynae Oinb-
MM, 10 CYTTEBO BILUIMBAE Ha
CHEKTP 3aCTOCYBaHHS YyIbTpa3-
BYKOBOI KaBiTaIliifHOT (inbTpa-
mii B pI3HUX TEXHOJOTIYHHUX
mpolecax.

BucHoBkH

OtpumaHi  pe3ysbTaTH
JIO3BOJISIIOTH  OLIHUTH  KaBiTa-
LilffHy CTIMKICTh KOHCTPYKLIiH-
HUX MarepiaJliB i BUKOHATH 00-
I'PyHTOBaHMH BHOIp MarepialiB
JUISl 3aCTOCYBaHHS B yJITPa3By-
KOBOMY TEXHOJIOTIYHOMY 00J1a-
nHaHHI. I TiABHINEHHS TOB-
TOBIYHOCTI 1 HAMIWHOCTI YIBT-
Pa3BYKOBOTO KaBiTaliifHOTO 00-
JaTHAHHS HEOOXiTHO PO3IINpH-
TH KUTBKICTh THIIB BHIIPOOOBY-
BaHMX MarepiasiB i 30UTBIINTH
TPHUBAIICTh BUIIPOOYBaHb, OCKi-
JBKM OTPUMaHi pe3yJbTaTd II0
BUTpaTi KOHCTPYKIIMHUX Mare-
piaiB mix miero KapiTamii eposii
CBiYaTh, LIO MJS OKPEMHX,
Hexal HaBITh KaBiTaIlil{HO CTiH-
KHX, MaTepialliB XapaKTepHHM
pyHHYBaHHS MaTepialy ImiJ
TI€F0 KaBiTali{HOI epo3il.
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3KCHepI/IMeHTaJ1bH0e HCCJICA0BaAHUEC yCTOﬁ‘-IHBOCTPI KOHCTPYKIIMOHHBIX
MaTepuaJioB B KaBHTaHHOHHOﬁ Ipo3nu
O. ®. Jlyrosckoii, A. U. 3nnunckHii, A. B. Illyabra, A. /I. Jlappunenkos, U. A. I'pumiko, U. M. Bepauk

Anomauus. B cmamve paccmompenvl npobiemvl 0becneyenust 00I208e4HOCMU VIbMPA38YKOB020 KAGUMAYUOHHO20 MeEXHOL02ude-
cko020 obopyoosanus. Ilpedcmasnenvl pesyibmamsl NIAHUPOSAHUSL IKCNEPUMEHMA, KOMOpble NO360JUNU NPAGULILHO NOCMPOUNb
HamypHoe ucciedo8anue u 6blopams KOHCMpPYKYUOHHbLEe Mamepuavl. Bulopanvl credyioujue sxcnepumeHmanvhvie Mamepuanbl, KaxK
30XI'CA, CY20, @4, 08X18HI10T u JIC59 111 ons namypro2o 3Kcnepumenma, NOCKOAbKY 6Ce MU KOHCMPYKYUOHHbIE MAMepUaibl
umerom 6nuskue 3navenuss mooyis fOunea. Iloxazan x00 u nposedenuss HaMypHO20 IKCNEePUMEHMANIbHO20 UCCIEO08AHUSL I3PO3UOHHO20
PA3DYUWEHUS 3AA6TICHHBIX KOHCNPYKYUOHHBIX MAMEPUATLO8, U3 KOMOPbIX MO2YM Oblmb U320MOGIEHbl YIbMPA38YKO8ble U3IYUAmenu u
Odemanu KasumayuonHvlx kamep. IIpoananuzuposanvl noseoenue ucciedyemvix obpasyos u 3a6UCUMOCHb NOMePU UX MACCbl Om
8peMeHU 00pabomKy Npu PA3IUYHBLIX MOWHOCAX VIbIMPA3EYK08020 Kasumamopa. Hcciedosanue no360auno onpedeaums ayuuue
Mamepuansl ¢ MOYKY 3peHUs KABUMAYUOHHOU NPOYHOCMU NPU HATUYUU YCINATOCIHBIX HANPANCEHU.

Knrwuesvie cnosa: ynompaseykoeas Kasumayus, YIbmpasgyKogvle KoAeOauus, IKCHepUMeHm, KAGUMAYUOHHASL HNPOYHOCHb
Mamepuanos, KABUMAayuoHHwle Kamepbsl, KAGUMAYUOHHAS IPO3UL.

Experimental study of materials resistance to cavitation erosion
A. Luhovskyi, A. Zilinskyi, A. Shulha, A. Lavrinenkov, I. Gryshko, I. Bernyk

Abstract. The problems of ensuring the durability of ultrasonic technological equipment is considered in article. The results of the
experiment planning are presented, which made it possible to correctly construct a field study and select construction materials.
Experimental materials such as 30XI'CA, CH20, @4, 08X18HI10T and JIC59 111 were chosen for the field experiment, because all
these construction materials have similar values of the Young's modulus. The course and carrying out of full-scale experimental
research of erosion destruction of the declared constructional materials from which ultrasonic radiators and details of cavitation
chambers can be made are shown. The behavior of the studied samples and the dependence of their weight loss on the processing
time at different capacities of the ultrasonic reactor are analyzed. The study identified the best materials in terms of cavitation
strength in the presence of fatigue stresses.

Keywords: ultrasonic cavitation; ultrasonic vibrations, experiment, cavitation strength of materials, cavitation chambers, cavitation
erosion.





