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IKCIIEPUMEHTAJIBHOE OIIPEAEJEHUE BUBPOIIEPEI'PY3KHU
HA HTHCTPYMEHTE JJIs1 PACIIUPEHUSA TPYD

HaBeneno pe3ynbraTi €KCIEPUMEHTAIBHOTO TOCIIKCHHS JUHAMIYHUX XapaKTePUCTHK Ti/I-
POJMHAMIYHOTO BiOpaTopa, y TOMY YMCII i BiIOpOHaBaHTa)KEHHS Ha 1HCTPYMEHTI JUIsl PO3ILIMPEH-
Hs fiaMeTpa OypoBHX TpyO. 3iCTaBICHHS pe3y/bTaTiB TpPH BUMPOOYBAHHSIX HA CTCHJI U y MPO-
MUCJIOBUX YMOBAaX Jla€ 3aJ0BUIbHY 301KHICTH, IO MiATBEPKYE Mpare3aaTHicTh npuctpor. Lle
OOTPYHTOBYE MEPCIEKTHUBHICTh BUKOPUCTAHHS TiIPOIMHAMIYHOI KaBiTaIlli B TEXHOJOTTYHHUX MPO-
1ecax 1o po3MUPEHHIO TPYO NMUIIXOM HakiaJeHHsS BiOpoHaBaHTakeHHs 10 4000g i3 4acTOTOIO
f=3-12 kI'11 Ha IHCTPYMEHT ISl PO3IIUPEHHS.

THE EXPERIMENTAL DEFINITION OF THE VIBRATION

OVERLOAD ON THE TUBE EXPANDING TOOL

The results of an experimental investigation of some dynamical characteristics of hydrody-
namic vibrator, including the vibration loads on the tool for drill pipes expanding, are given. The
comparison of the vibration loads from tests on stand and in industrial environment gives satis-
factory convergence of the results and thereby confirms the working capability of the tool. That
proves the use prospectiveness of the hydrodynamical cavitation in some technological processes
of tube expanding by applying the vibration load up to 4000g with frequency f=3-12kHz on ex-
panding tool.

[Ipu pa3zpaboTke HE(DTAHBIX U Ta30BBIX MECTOPOXKICHHM HCIOJB3YIOTCS pas-
JMYHBIC CIOCOOBI pacHiMpeHus aquamerpa OypoBwix Tpy0. Tak ¢upma «Weather-
fopd» TpaauMOHHO KCTIONB3YET TUAPABINYECKUI CIIOCOD, MYyTEM MOJa4l BBICOKO-
HAIIOPHOT'O MOTOKA >KMJIKOCTH TOJT pACIIMPUTENbHBIA KOHYC. 13 mpakTuKu u3BecT-
HO, 4TO MPHU TaKkoM crocode pacmmpenus Tpyd ~ 50% sHepruu KUAKOCTH pacxo-
JyeTCsl Ha MPEeOoJI0JIEHNE COMPOTHUBIICHUS TpeHus, a ~ 50% — Ha caMmy omepanuio
pacupenus. [Ipu 3ToM onTUMHU3AIMS TEXHOIOTHYECKOr0 MPOLEecca pacuIupeHus
OCYIIECTBIISIETCSI IIyTEM YMEHBIIEHHUS TPEHHs] C TNPUMEHEHUEM JOPOrOCTOSAIIEH
cnenuanbHor cMazku MSDS ¢ MonuOaeHOBBIMU TpHICaJKaMH, YTO MPUBOJIUT K
3HAYUTEIbHBIM 3KOHOMHUYECKHUM 3aTpaTam.

B cBsi3u C BbIlIE W3JI0KEHHBIM, TOMCK HOBBIX CIIOCOOOB U CPEJCTB, IPUMEHSIE-
MBIX [IPH PACIIUPEHUH TPYO, MPOJIOIKAET OCTABAThCA AKTYAJbHOM 3a1adei.

OnHuM U3 HanpaBJIEHUI pElIEHUs ITOW 3aJ1aydl SIBJSIETCS YMEHBLIEHUE COIPO-
TUBJICHUSI TPEHUSI HAJOXXKEHHEM BUOPOHArpy3KH Ha PACHIMPSIIONINN KOH. DTO OIl-
penenser uejb padoTbl: UCCIEIOBAHUE BO3MOXHOCTH MPUMEHEHHS! KaBUTALMOH-
HOTO THApoauHaMuueckoro Bubparopa (I'JIB) B TexHOMOrMM pacmmpenus q1uaMeT-
pa OypOBbIX TpPyO [Jisi YMEHbIIEHHUS TPEHHUSA 3a CYET BBICOKOYACTOTHOM BHOpPO-
Harpy3Ku Ha HHCTPYMEHTE M BO3MOYKHOCTH OTKa3a OT NMPUMEHsEeMOM cMasku. Jlis
JOCTHKEHUSI MOCTABJIECHHOM L€ pematach 3a4a4a 3KCIEPUMEHTAIBHOTO OIpe-
JeJIeHHs] TUHaMHYecKuX XapakTtepuctuk [JIB, B TOM uuncie BelIMYHMHBI BUOPO-
HArpy3KHu Ha paCUIUPSIONIEM dJIeMEeHTe (KOHE).

Jist co3manusi BUOPOHArpYy3KM Ha PACHIMPUTEIBHOM KOHE MPEAJIOKEHO HC-



MOJIb30BaTh OPUTMHAJIBHBIA KaBUTALIMOHHBIM T'€HEPATOP BBICOKOAMILIUTYIHBIX MU
BBICOKOUYACTOTHBIX KOjeOaHuii naBiieHus kuakoctu [1]. B Hem peammsyercs pe-
UM TIEPUOJIMYECKU-CPBIBHOM KaBUTAIIMM KOTOPBIM MpeoOpa3yeT CTaloHapHOE
TE€YEHNE B JUCKPETHO-UMITYJILCHOE C YACTOTOM CJIETOBAHUS UMIYJIbCOB OT 1 10 19
kl'n. VIcXoHBIMHM JaHHBIMH JJISl pacuyeTa FeOMETPUYECKUX MapaMeTpOB THAPABIU-
YEeCKOro KaHaJsa, SIBJSUTUCH JaBJIEHWE MUTAHUS W pacxojl uepe3 reHeparop. B pe-
3ylbTaTe pacuera Mo CTaHAAPTHBIM MeTonukaMm [2] ObuTl BRIOpaH KaBUTAIIMOHHBIN
reHepaTop ¢ KPUTUUECKUM cedeHueM Oy, = 1,4 Mm.

JUIst SKCTIEpUMEHTAIBHOTO ONPEAEICHHs] 3HAUCHUN «pa3Maxa» U 4acTOT aBTO-
KoJie0aHMil, a Tak)ke BUOPOHArpy30K, CO3JAIOLINX T€HEPaTOPOM Ha KOHE B OCEBOM
U TIOTIEPEYHOM HaIpaBJIeHUH, ObUIM MPOBEAEHBI UCIBITAHUS Ha THIPABINYECKOM
CTEHJIE 10 CXEM€, KOTOpasi MPEJCTaBIeHa Ha puc. 1.
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1 — Hacoc; 2 — KOH; 3 — KaBUTAIIMOHHBIN reHepaTop; 4 — 1poccenb; S — MOANOPHBIN Apoc-
cellb;
6,7 — maTYMKM MyJIbCAIHiA; § — TaTYNK BUOPOYCKOpEHHit; 9 — pacxomomep
Puc.1 — Cxema runpasnuyueckas Ajs IPOBEJCHHS UCTIBITAHUHN 110 ONPEEICHUI0 XapaKTepH-
CTHK THJIPOJJMHAMHUYECKOI0 BUOpaTopa.

B kauecTBe MCTOYHUKA BBICOKOTO JaBJIEHUS — | UCIOIB30BAIACH HACOCHAS yC-
taHoBka «lloceitnon 50/26-30» mpomsBoactBa TIIX «JlHEempoBckue 3aBOABI) C
MaKCHMaJbHBIM JIaBJeHHEeM U pacxoaoMm 50 Mmna u 26;1/MHUH. 1 MOILITHOCTBIO HJIEK-
Tponpusoaa 30kBT.

Kon-2, uHCTpyMeHT pacmupeHus TpyObl — IpeacTaBisier coboil (cM. puc.2)
MOHOJIMTHYIO KOHCTPYKIHIO C KOHUYECKOU (100) ITOBEPXHOCTBIO, KOTOpask epexo-
JIUT UWIMHApUYeCcKyr0. Ha KOHIle NMIMHAPUYECKOW MOBEPXHOCTU BBITIOIHEHBI Ta-
penbyaThie MPOTOYKU JJI YIJIOTHEHHUS MOJOCTH 3a KOHOM. KoH cHaO»eH leH-
TPAJIBHBIM KaHAJIOM, B KOTOPBIM C BXOJHOM CcTOpOHBI BKpyunBaerca ['/IB. Ha nHa-
PY>KHOU MOBEPXHOCTH UMEIOTCS MOCAI0YHBIE MECTa JIJIs1 YCTAHOBKU JTATYMKOB BUO-
poyckopeHui. MaTepuan KoHa HeprKaBerolas kapomnpoyHas ctaib tamna JI1-56.
Hapy>xHast mOBEpXHOCTh KOHA HE YIIpOuHsiack. Macca koHa cocrasisieT 13,3 kr.



1 — xoH; 2 — KaBUTAIIMOHHBIN Te€HEPATOP; 3 — THE3/a MOl YCTAHOBKY JaTYMKOB
BuOpoyckopenunit ABC-034; 4 — rue3no ycranoBku natauka J{J11-20
Puc.2 — Cxema npoTOYHOM 4acTH pacmupuTensHoro kona ¢ I'JB.

MakcuManbHblid 1uameTp KoHa coctasisieT 137,2 mm. B mpornecce ucnbita-
HUN HCToJib30Bajiack cucrtema usmepeHuit (CU) co cTaHmapTHBIMH CPEICTBAMU,
KOTOpbIe npouutu ['ocnpoBepky, U o0ecneurBaIu HEOOXOIUMbIM AHaNa3oH U3Me-
penuii. [lepeuenp n3mepseMbIx apamMeTpoB IpuBeAeH B Tabnure 1.

Ta6numa 1 — IlepeueHp n3MepIEeMBbIX TapaAMETPOB

Ne | lMa- HauMeHoBaHue Tun PaGounit nuanazon OcHoBHas
n/n | pa- napaMeTpa JaTYMKA | o aMmaMTyAe | mo wacto- | Lorpemr
MeTp e, T HOCTB, %
1 Q TypOuHHBIN TaTYNK pa- T/P-8 0,05-0,5 n/c 0=+1 +0.5

CcXoaa XKUJIKOCTHU

2 AP, JlaTu¥K gaBiICHUS JJa1-20 | 0,05-130,5 MIla | 0-20000 +5.2

3 AP, JlaTuuk JaBiIeHHS JOJ1-20 | 0,05-130,5 MIla | 0-20000 +5.2




4 a AxcenepomeTp ABC-034 100000 m/c’ 20-30000 +10
5 a AkcenepomeTp ABC-034 100000 m/c? 20-30000 +10
6 P, Manowmertp kinacca 1,6 PIMA 0-100 MIla 0-1 +1.6
7 P, Manomertp knacca 0,6 MT160 0-16 MIla 0-1 +0.6
8 P, Manomertp kiacca 0,6 MT400 0-40 MIla 0-1 +0.6

[lpu w3mepeHusix u 00pabOTKE pE3YNbTATOB HCHBITAHUM  UCIIOIH30BaJIach
MHOTOKaHaJIbHaA 1aTa BBoja aHasoroBoit nHdopmaiwu B 11K ¢ 3amuceio pe3ynbTaTros
ucnbiTaHuit [3]. 3HaueHus: Gpu3nuecKux BeIMYUH U pexkuM padotsl ['JIB onpenensuich
npyu  00paboOTKe 3amucedl TaTYMKOB JABJICHUS U BHOPOYCKOPEHMS TIOCIIE MPOBEICHUS
ucnpiTanuii. Hactpoiika pexumoB paborel  [JIB Ha pasziuuHbIX HCHBITAHUSX
IPOBOJMIIACH OIIEPATOPOM BPYUYHYIO IO ITOKA3aHUSIM MaHOMETPOB.

B npouecce ucnbiTanuid ObIIO YCTAHOBIIEHO, YTO B TUAPABINYECKON CUCTEME C
AKCIIEPUMEHTAIBHBIM 00pa3lioM THAPOBUOpATOpa MPH KaKIOM 3HAYEHUU YCTaHO-
BUBIIIETOCS JaBJICHHS Ha BXxojie Py, B Tnama3one u3MepeHus 3HAUCHUM J1aBJieHus P,
~ 0,05 + 0,7 BO3HUKAIOT MEPUOANICCKUE KOJICOAHUS KUIKOCTH.

N3 pucynka 3, Ha KOTOPOM TIpeICTaBIIeHA KOMUS y4acTKa OCIIIJIOTpaMMBbI TIPH
P; =40 MlIla u P, = 8,2 MIla, BuUHO 4TO Ha BBIXOJ€ IKCIIEPUMEHTAILHOI0 00pa3iia
rUIPOBUOpaTOpa HAOIIOMArOTCS KOJIeOaHus AaBICHUS KUAKOCTH P,, KOTOpbIEe HO-
CAT yIapHbIN xapakTep. Takoil Bu KojleOaHWH B THAPOJTMHAMHUKE UMEET Ha3BaHUE
MyJbCAIMA TaBJICHUS, KOTOPBHIE XapaKTEPU3YIOTCSI YacTOTOM M pa3MaxoMm Koseba-
TEIbHOW BEIMYMHBI JABJICHUS KHUIAKOCTH. IJTO TOBOPUT MPO HE AKYCTUYECKYIO
NPUPOAY ITUX KOJICOAaHW W JaeT OCHOBAHHWE YTBEP)KIATh, YTO HAOIIOJAaEMbIC KO-
nebanus 00yCI0BIEHB BOSHUKHOBEHHEM B IMPOTOYHOM YacTH THApPOBHOpaTopa pe-
KUMa MePUOAUIECKU-CPHIBHONW KaBUTAITUH.
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Puc.3 — Konus ocumsiorpamMma 3anucu napametpos padotsl ['/IB

[Ipn aHanu3e pe3yJbTaTOB UCHBITAHUN YCTAHOBJIEHO, YTO 3aBUCUMOCTH «pa3-
Maxa» konebannii APy = Ponax — Pomin OT coorHOomenus P,/P; HOCHT HEenMWHEHHBIN
xapakTep (cMm. puc.4) ¢ IPKO BBIPAXKCHHBIM MaKCUMYMOM B paiione P,/P; = 0,2, 3a
uckiodeHueM pexxuma npu P; = 10MIla, rie makcumym HaOro1aeTcss B paioHe
cootHouenus P,/P; =0,3.

Yacrora f mynbcanuii gaBnenust P,, 0OyclIOBIIEHHAs CXJIONMBIBAHUEM KaBEPH,
HaOmronaercs B quama3one ot 1 go 19 k' (ecm. puc.S) u ¢ pocToM J1aBieHUM NuTa-
Hus P, u moanopa P, Bo3pacraer. 3aBucumocts f (P,/P1) HocuT xapakTep Onum3kuii
K JJUHEUHOMY.

Kak BuaHO M3 mpeACTaBICHHBIX HA PUC.6 NAHHBIX, MaKCUMaJIbHbIC 3HAUCHUS
BUOpOIIEpErpy3ku, Kak B OCEBOM TaK U B PaJMAJIbHOM HAINpPaBICHUHU, PEATU3YIOTCS
B JMarna3oHe udMmepenus cootHomenus P,/P; = 0,15 + 0,4, B To BpemMsl KaKk MaKCH-
MyM TIUKOBBIX 3HAYCHHUI pa3zmaxa KoJieOaHWW COOTBETCTBYET COOTHoIEHU0 P,/P;
~0,2.

Ha »Tom ke pucyHke mpuBejieHa 3aBUCUMOCTh BUOPOHATPY3KH KOHA OT COOT-
Homienus P,/P; B mporecce pacmpenust TpyOoonpoBojia Mpu JaBiIeHUN MUTaHus Pq
= 21 MIla. ConocraBieHre BUOPOHArPY30K KOHA MPH UCIBITAHUM HAa CTEHJE U B
MPOMBIIIJICHHBIX YCJIOBUSX JA€T yAOBJICTBOPUTEIbHYIO CXOAUMOCThH PE3YJIhTATOB,
YTO MOATBEPKAAET pabOTOCIIOCOOHOCTh YCTPOMCTRA.

Ha ocHoBanuM BEIIIE U3JI0KEHHOTO C/I€aTh CAEAYIOINE BIBO/bI:

[IpuBeneHHbie pe3yabTaThl SKCIEPUMEHTAILHOTO ONPEAEIEHUS JUHAMUYECKUX
xapaktepuctuk ['JIB 000CHOBBIBaIOT 11€51€CO00PA3HOCTh U MEPCIIEKTUBHOCTh HC-
MOJIb30BAHUS TUAPOJMHAMUYECKON KaBUTAIMU B TEXHOJOTMYECKUX Mpolieccax Mo
pacuMpeHuro Tpyo myTeMm HanoxeHus: Buoponarpysku 10 40009 ¢ yacroroii f = 3-
12 xI'11 Ha UHCTPYMEHT JIJISl PACILIUPEHUSI.
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Puc.4 — 3aBucumocTs pazmaxa konebanuii 3a I'JIB ot pexuma ero paboTsl
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Puc. 5 — 3aBucuMocTh 4acTOThI KosieOanuii naBienus 3a ['/IB ot pesxxuma ero paboThl.
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Puc.6 — 3aBucumocTh BHOpoOTIEperpy3KH Ha KOpITyce KOHa OT pexkuma padoter /1B

IlepcneKTHBBI AAJbHEHINIMX MCCJIET0BAHUI B TaHHOM HAIIPaBICHUM 3aKITIO-
YaroTcs B onpeeneHn 3pHEKTUBHOCTH HAJOKEHUS BUOPOHATPY3KH HAa WHCTPY-
MEHT TPU TPOBEICHUN OIBITHO-TIPOMBIIIJICHHBIX UCIBITAHAN U TIOUCKE paIro-
HAJTBHBIX TEOMETPUUYECKUX U PEKUMHBIX MapaMeTPOB reHepaTopa ¢ ONTUMATbHBI-
MU BEIMYMHAMHU aMIUTUTY]l U BUOPOYCKOPEHUH, TTO3BOJISIONINX MaKCHMaJbHO HH-
TEHCU(DUIIMPOBATH TEXHOJOTHUECKHUU MPOIECC PpACIIUPEHUS TPYO ¢ MUHUMAJIbHBI-
MU YHEPTEeTUYECKUMU 3aTPaTaMHU.
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