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BJUSTHUE YI'JIA HAKJIOHA CTEPKHEM KOJBIEBOI'O HHCTPYMEHTA
HA YIIPYI'ME NEPEMEIEHNUSA
Jlyrosoii B.IL., lennc A.

benopycckuii nayuonanvHolii mexHuueckuu ynugepcumem
Mumnck, Pecnybauxa Benapyce

Annoranus. [IpuBenen ananms nepeMeneHn KOJIbIIEBOTO HHCTPYMEHTA JUIS YIIBTPAa3BYKOBOM 00pabOTKH, BHI-
MIOJTHEHHOTO B BUJE AYTH OKPY)KHOCTH M JIBYX COMPpSTAarONIMXcs cTepskHed. CuMmerpudHas GopMa IMo3BOISIET
MOJTY4UTH JIOTIOJHHUTENBHbIC TIEPEMEICHNS, BBI3BAaHHBIC YIPYTHUMH CBOHCTBaMH MaTepuaia. PaccmoTpena pac-
YeTHasl CXeMa, OTpaHH4YEeHHOro yrioM n/2<y<m. IlpuBeneHHas ¢opmyina Ui pacdera IOKa3blaeT, YTO Ha BEJH-
YUHY yNPYTHUX NEPEMELICHUH BIUAET YTroJl HAKJIOHA CXOAAINXCS cTepkHel. UnciieHHbpIe padeTsl NOKa3alld 4uTo,
OIITHBAJIBHOW CcXeMOU sBisiercst ¢popMa ¢ ykioM HakiaoHa B 45°. IlpeanoxkeHHass cxema M30THYTOTO TOHKOTO
CTEPXKHS CUMMETPHYHON (POPMBI MOXKET HAaHTH NPaKTHYECKOE NMPUMEHEHHE B yIbTPAa3BYKOBBIX KOJIEOATEIbHBIX
cucremax Juisi 00pabOTKM OTBEPCTHH Majoro IuaMeTpa B XpyNKUX MaTepuanax, CBapKH miactMmacc u np. Ipen-
JIOKCHHAaA (bopMa IMO3BOJIUT YBCJINYNUTHL NHTCHCUBHOCTD K0ﬂ66aHl/II‘/ll HWHCTPYMEHTA U MOBBICUTH ITPOU3BOAUTCIIb-
HOCTb ITPOLIECCa M TOYHOCTh 0OPAOOTKH.

KuroueBnie cjioBa: yrpyrue 3J€MeHThl, yIbTPa3ByKoBask TEXHHUKA, IPOBOJIOYHBIE HHCTPYMEHTBI.

INFLUENCE OF TILT ANGLE OF ROD TOOL ON ELASTIC DISPLACEMENTS
Lugovoj V., Denis A.

Belarusian National Technical University
Minsk, Republic of Belarus

Abstract. An analysis of the movements of a ring tool for ultrasonic treatment, made in the form of an arc of a
circle and two mating rods, is given. The symmetrical shape allows you to get additional movements caused by the
elastic properties of the material. The calculation scheme limited by the angle n/2<y<r is considered. The above
calculation formula shows that the magnitude of elastic displacements is affected by the angle of inclination of the
converging rods. Numerical calculations have shown that the optimal scheme is a shape with a slope of 45°. The
proposed scheme of a curved thin rod of a symmetrical shape can find practical application in ultrasonic oscillatory
systems for processing holes of small diameter in brittle materials, welding plastics, etc. The proposed shape will
increase the intensity of the tool vibrations and increase the productivity of the process and the accuracy of processing.
Key words: elastic elements, ultrasonic technique, wire tools.
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BBenenue. VccnenoBanus, mpoBeIeHHBIE B 00-
JIACTH YJIbTPA3ByKOBOW TEXHHKH, MOKA3AIH IIETIECO-
00pa3HOCTh MCTIOJIB30BAHUS YIPYTUX DJIEMEHTOB B
KadecTBe KOHIIEHTPATOPOB U pab0IMX HHCTPYMEHTOB
JJISI  BBIIIOJIHCHUA TEXHOJIOTUYCCKUX 3aJay. TaK,
HampuMep, U3BECTHA YJIbTPa3BYKOBas CHUCTEMa, CO-
JieprKaniasi KoJbleBOM KOHIIEHTPATOP JIJIsl OCYIIECTB-
JICHHS TPOIIMBAHUS OTBEPCTUH B XPYIKUX MaTepHa-
nmax (KaMmHe, CTeKie, kepamuke). OJHAKO OMBIT HC-
MOJIb30BaHUsl YIPYTUX JIEMEHTOB B YJIbTPa3BYKOBOI
TEXHOJIOTUU U3YYEH eIle He B MOJIHOH Mepe W Tpe-
OyeT DaTbHEeHIINX UCCIICAOBAHIN B IEJIAX MIPAKTHYC-
ckoro npuMeHeHus. OHON 13 BO3MOKHBIX 00acTei
TIPUMEHEHWSI SIBJIIETCS CBapKa rmiacTMacce. B cBszu ¢

K HEHl HAKJIOHHBIX NPSIMOJIMHEHHBIX CTEP>KHEH, CXO-
ISIIAXCS Ha HIKHEM KoHIe (puc. 1, a).

9THUM B HacTosIIeH paboTe AaH aHAIWU3 BIUSHUS yIia
reOMETPUYECKOTr0 MapaMeTpa — HAKJIOHA CTEpXKHEH
paccMaTpuBaeMON CXeMbI KOJIBLIEBBIX HHCTPYMEHTOB
Ha BEJIMUUHY IepeMEelICHU.

Pacuer mepeMemeHuii  KpHBOJHMHEIHBIX
crepakHeil. PaccmarpuBaeMas cxema BBIIOJIHEHA B
BHJIE CHMMETPUYHON CTEPHKHEBOI CUCTEMBI, COCTOSI-
meld U3 OyX YacTei: KpUBOJIMHEMHOIO ydacTKa B
BUJIE€ AYTH MOIYOKPYXHOCTH M ABYX HPUMBIKAIOIIHX
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Pucynok 1 — CxeMbl JeicTBUS CUII HA KPUBOJIMHEHHbIN
CTEp)KEHb

PacyeTHyl0 cXeMy MOXKHO IpEICTaBUTh Kak
OJIHY U3 TIOJOBUH 3TOr0 KPUBOJIMHEHHOTO CTEPXKHS,
3aKpEIUIEHHOTO B BEPXHEH TOUYKE HEHMOABHXHO (pHC.
1, 6). BuyTpeHnnee ycunue B cTepkHe (J, HarpaBieH-
HOE BJIOJIb OCH CTEPIKHS Pa3JIOKHMM Ha JIBE COCTaBIIA-
IOIIMe: TOPU3OHTANbHYI0 (J, M BepTHKaIbHYIO (;



CEKL;M}I 3. Duzuueckue, gbu3m<o—MameMamuwea<ue, Mamepuaxzosed%cxue U mexrnojiocudecKue OCHo6bl npu60pocmpoeHuﬂ

(puc. 1, g). IlepBas BbI3bIBaET M3rHO CTEPXKHS, a BTO-
past — cxxarre OCTaBIIAsACS YaCTh CXOAAIINXCS BETBEH,
MOJIBEpIKEHA CKATUIO yaBoeHHOU cuiibl O (puc. 1, 2).
B Touke cnpsixeHus pannycHOM KpUBOH ¢ IpsAMO-
JIMHEHHBIM CTEp)KHEM TIpH y> T/2, IepeMelenue oy-
JIET BBI3BAHO JEHCTBHEM TOPU30HTAIBHON U BEpTHU-

KaJbHOH coctaBistromeit cmiel O [1, 2]

Q3
U = El (Qrupr + Qelry),

Us = i—: (Qrugr + Qrutge). (D

Y4uThIBasL, UTO CHIIBI B IPOTHBOIMOIOKHBIX CTEPIK-
HSIX PaBHBI MEX/Ty COOOW M HANPABJICHBI IPYT MPOTHB
apyra Q) = Q, , pPaBHBIMH OKaXKyTCsl K TOPH30HTATb-
HbIE EPEMEIIEHNS OT JEHCTBHS STHX CHII U = U, ..

[Moacrasus B hopmyny Q; = %P sin 8, nonyuum

¥
Uy = f (1 —cosy)?dy =
0

1 . .
= 5(3}/ — 4siny + siny cosy). 2)

Takum 00pa3oM, OKOHYATEIBHO YpaBHEHHE IS
pacuera BEpTHKAJIbHOTO MEPEMEIICHUSI CBOOOIHOTO
KOHIIA KPHBOJIMHEHHOTO CTEPXKHS CHUMMETPHYHOMN

(hopmbI nMeeT BHL

R3
Uy = — u
t El Qt tt>
501058
R3

u=
2EI

Q:(3y —4siny +sinycosy). (3)

[Monmyuennas popmyna (3) MO3BOIIAET IPOU3BECTH
YHCIICHHBIE pPacyeThl IIePeMEIeHUH CBOOOIHOTO
KOHIIA CTEP)KHS KPUBOJIMHEHHOTO CTEPKHS VIS pas-
JIMYHBIX KOHCTPYKTHBHBIX HCIIOJIHEHHH.

T
W3 puc. 3 BUIHO, 4TO yrony = -+ B mim
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[oncrasus (4) B (3), nomyuum
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+[BE+ ) — 4sin (24 ) + sinC + ) cosC + B (5)

Utt

YucneHHo pacCUuTacM BJIMSAHUC YTJla HAKJIOHA
CTGp)KHeﬁ Ha BSJINYMHY BEPTUKAJIbHBIX HepMCIIICHI/Iﬁ
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BriBoasbl. TeopeTnuecky MOKa3aHoO, YTO UCTIOJIb-
30BAHHUE TOHKUX KPUBOJIMHENHBIX CTEPAKHEH C KOHY-
co00pa3HOi (HopMOii TTO3BOJISET YCUIUTD IIEPeMeEIIe-
HHUE cBOOOJJHOrO KOHIIA B YCIOBHAX KOJeOaHui OJa-
rojapsl ynpyruM cBOMCTBaM U30THYTOM 4acTH.

Konycoobpa3nass cummerpudHast (popMa KpHBO-
JMHEHHOTO yCHWJIMBAET BEPTUKAIBHYIO COCTABIISIO-
LIyI0 yIPYTUX NEpeMENIeHIH, ClI0COOCTBYSI WHTEH-
CHU(UKAINN YIBTPa3ByKOBBIX KOJICOAHMIA.

HauGonpimas BeaudnHa BEPTHKAIBHBIX HepeMe-
IIEHUH CBOOOJHOTO KOHIIA JOCTUTAETCS PU HAKIIOHE
ero BeTBel Ha yromn 45°.
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UCCJEJJOBAHME BJIMSIHUA KOHCTPYKTUBHbBIX XAPAKTEPUCTUK IJIASMEHHOM
KAMEPbBI HA PEXKUMBbI BO3BYXXKIEHUSA CBY PA3PSIJIA
Jlymakosa M.C., Tuxon O.H., Maageiiko C.H.

bBenopycckuii cocydapcmeennbviil ynusepcumem uHGOpMamuxu u paouodniekmpoHuKy
Mumnck, Pecnybnuxa Benapyce

AHHOTaIIHﬂ. HpeﬂCTaBﬂeHbI HCCIICJ0BaHUs BJIIMAHNUA KOHCTPYKTUBHOI'O MCIOJHCHHSA, MECTOIIOJIOKCHUA U pac-
CTOSAHHMSA MEKTY TOPLUCBBIMU IMOBEPXHOCTAMU IJIa3MEHHOM KaMEphbl Ha YCJIOBUA BOSGy)K[leHI/IH CaMOCTOATCIIBHOTO

CBUY pazpsina.

Kuarouesbie ciioBa: CBU-paspsiz, pa3psaHas kKamepa, rmia3ma.

INVESTIGATION OF THE INFLUENCE OF THE PLASMA CHAMBER DESIGN
CHARACTERISTICS ON THE MW DISCHARGE EXCITATION MODES
Lushakova M., Tsikhan O., Madveika S.

Belarusian state university of informatics and radioelectronics
Minsk, Republic of Belarus

Abstract. The paper presents studies of the influence of the design, location and distance between the end surfaces
of the plasma chamber on the conditions for excitation of a self-sustained microwave discharge.
Key words: microwave discharge, discharge chamber, plasma.
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