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impossibility of dismantling large-sized parts, makes it impossible to make current repairs in the
factory. In this case, it is effective and only possible to use mobile portable technological equipment
for mechanical processing of reconditioned and connecting surfaces of non-dismantled large-sized
parts and units of turbine units. The unit-modular principle of creating machines is based on the
use of standardized units and units. This campaign makes it possible to carry out systematization,
typing of layouts and unification of the structures of mobile portable technological equipment,
allowing to effectively solve the set technological problem. The definition of «unique equipmenty is
fully applicable to technological metal-cutting equipment created on the basis of the principle of
aggregation, since almost every such machine tool system has no complete analogues. The long-
term practice of creating and operating machines of an aggregate-modular structure constantly
indicates that the right choice and a rational layout design have a great influence on their quality.
In many cases, the creation of special and universal machines, this influence is decisive. The
influence of the layout on the quality of the machine is manifested in two ways. First, through the
structure, the correct choice of which provides the necessary universality or specialization and
compliance with a number of technological and other requirements. Secondly, through the choice of
rational design performances, dimensional proportions and the location of nodes in space, which
ensures high technical and economic quality indicators.

Keywords: machine tool, aggregate-modular principle, layout, turbine unit, repair of non-
dismantled parts.
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INPUMYCOBE IEPEHECEHHA EJIEKTPOJHOI'O METAJLY ITPU
3BAPIOBAHI B CEPEJJOBHUIII BYTVIEKHUCJIOI'O I'A3Y

AxmyanvHicms pobomu nonsieae 8 momy, wo npu 36apr6aAHHI 8 cepedosUlyi 8Y2lIeKUCI020
2asy 00UH 3 20JI06HUX HeOOJIKI8 nidsuujere po3OPU3KYEAHHS eleKMPOOHO20 Memay GHACIIO0K
KOPOMKUX 3aMUKAHbL KpAnien 0y208020 NPOMINCKY, MOMY OOCHIONCEHHS NPUMYCOB020
nepeHeceHHs eleKmMpPOOH020 Memany NpuU 368aAPIOGAHHI 6 cepedosulyi BY2lleKUCI020 2a3y €
AKMYanIbHUM.

Hocsenenns 3meHwienHs po30puU3Ky6aHHs Memany Npu 36ApIOBaAHHI 8 cepedosuui
8Y2/IEKUCNI020 2A3) BUKOHYEMbCA 34 PAXYHOK NPUMYCOB020 NepeHeCeHHs OPIOHUX Kpaneib pioKo2o
memany.

Hocnioumu npoyec 83aemo0ii KOIUBAHbL HA MOPYI eleKmpooa 3 Kpanierw piokozo Memany
HEeMOMCIUBO, MAK SIK 0Y208Ull Npoyec BUNPOMIHIOE 8ENUKULL CBIMIIOBULL NOMIK, KPANIsi He Npo3opa i
nobauumu wo 6i0byeacmvcs 8cepeduni Hei Hemoxcauso. Tomy 6 sAxocmi piokoi Kpanii
eeKMPOOH020 Memany OOCHIONCEHH NPOBOOUNUCS HA BOOSAHIU Kpanii npu KiMHAMHIU
memnepamypi.

IIpu 0ocniddcenni 6CMAHOBNIEHO, WO NpU BNIUGI KOJIUBAHb MOPYS eL1eKmpo0d HA KPAaniio
cnomeopioemucs ii popma. Iloagy eucmynieé UMOGIPHO MONCHA NOACHUMU SUHUKHEHHAM HOMOKIE
piouHu cepeduHi KpanJi.

Y npoyeci cnocmepesicenns eusagneno, wo 6 Kpanii 6UHUKAIOMb Kilbyesi NOMOKU, NPUUOMY
3 POCMOM YAcmomu KOIUBAHb MOPYs WEUOKICMb 00epmanHs Nnomokie 30invuyemscs. Ilpu
00CACHEeHHI Pe30HAHCHOI Yacmomu Kpanis 6i0pUBaEmscsl 8i0 mopysi.
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Bioomo, wo ocHosHa npuuyuna po3OpusKy8aHHs 6 cepedosUUli 8Y2leKUCI020 243y —
3AMUKAHHA Kpanier pioko2co mMemany 0y208020 NPOMINCKY. Akujo diamemp kpanii 6yoe menuum
3a 00B8AHCUHY 0Y208020 NPOMINHCKY, Ye 00360JUMb PI3KO 3HU3UMU PO30pU3KY8aHHA. Takum 4uHoM,
HeoOXiOHO pO3pOOUMU MeXAHI3M, WO 00360JIA€ BNAUBAMU HA MOPeYb eleKmpood 3 4aCmOomoi He
menwt 200 I'y. Takum mexanizmom cmas nepemeoproéay eleKmpudHux KOIUueanb 6 MexaHiyi.

s cmeopenns nepemesoprosaua, 30amnoeo 3abesneuysamu yacmomy 200 'y i 6invwe 6yna
3anpoOnoOHOBAHA CXemMa 080X CMEPICHIB, WO KOIUBAIOMbCA NPOMU (Da3u.

Ilepesacoro yiei cxemu € me, wo KOHCMPYKYis A61A€ CODOI0 3AMKHYMULL 8PIGHOBANCEHUL
MeXAHIYHULL KOIUBANbHULL KOHMYD, MOMY 6Ci KOMUBAHHA BCepeOUHi Yb0o20 KOHmypy 0OyO0ymy
«eacumucsy i He nepeoasamucs 38aproeanbHuKy. Takoodic nepesazoio yiei cxemu € me, wjo epxHs i
HUICHSL 1T 2IIKU OOHAKOBI, i NPU PO3PAXYHKY MOJICHA PO3PAX08Y8AmMU OOHY 3 HUX, 88adCaArOYU il
HCOPCMKO 3AMUCHEHOIO.

Ilpogedeni po3paxynku 003601410Mb pO3PAXYy8amu i CKOHCMPYIO8AMU Nepemeoposay
eNIeKMPUYHUX KOIUBAHb 8 MEXAHIUHI, OJisl NPOBEOEeHHs. OOCIIONCEHb 8NIUBY YACMOMU KOIUBAHb HA
Xapaxkmep nepeHecenHs piOKo20 eNeKmpoOHO20 Memany npu 36aploBaAHHI & Ccepeoosuuyi
8Y2/IeKUCTI020 2a3).

Knrouoei cnoea: nepemsopiosau , Opibna Kpanisi, KOIU8AHHS, pe30HAHCHA 4acmoma.

HaniBaBTromaTnuHe 3BaproBaHHs B cepenosuili CO, — BiIHOCHO HOBHIA BHUJ 3BapIOBaHHA,
aKTUBHO pO3BUBA€ThCsl ocTtaHHi 20-25 pokiB. 3 HOro J0MOMOTOd B OCHOBHOMY 3BaprOIOTh
METAIOKOHCTPYKIIiT TOBIMUHOIO 10 25-30 MM. B nanuii uac 3BaproBaHHs B 3aXHCHUX ra3ax, € OJTHUM
3 OCHOBHHUX BH/IIB MEXaHi30BaHOT'O JYTOBOr0 3BaproBanHs [1].

Lle#t Bux 3BaprOBaHHS Ma€ TOJOBHHUM HEMOMIK - MiABUIICHE PO30PHU3KYBaHHS €ICKTPOIHOTO
metany. Tak, 3a taHuMH poOOTH [1], B 3a1€KHOCTI Bl pe)KUMY 3BApIOBAHHS, BTPATU €IEKTPOJHOIO
MeTajy Ha po30pU3KyBaHHS CKIagaoTh 5-25 %. [lopsn 3 po30pHu3KyBaHHSIM iCHYE MOB'S3aHE 3 [IUM
IIPOIIECOM HaOpU3KyBaHHs Ha IOBEPXHIO BUPOOIB, 1110 3BapIOIOTHCS, 3BAPIOBAJIbHUX IPUCTOCYBAHb 1
JeTaliell 3BaprOBAIHOI amaparypd, [0 MPU3BOAUTH JIO 30LIBIICHHS TPYIOMICTKOCTI oOIeparii
OYMILEHHsS IIMX MOBEPXOHb Bil OpH30K posmiasieHoro Metany Ha 30 — 40 % [2], nomaTkoBHX
BUTpaT I1HCTPYMEHTIB 1 eJeKkTpoeHeprii. 3a0pu3KyBaHHS Ta30-TiABIAHOIO COIUIA MajbHUKA
MOTIpIIy€E 3aXUCT 30HM 3BAapIOBaHHSA 1 MPU3BOJAUTH A0 YTBOPEHHS Mip B MeTali IIBa, a TaKOX
BUKJIUKA€ JOJATKOBUI HarpiB JeTajedl 3BaploBajbHOrO MNalbHMKA, W0 MPU3BOAUTH 0
NepeayacHOro BUXOAy 3 JIajly COMen, BTYJIOK 1 CTPYMOIABOJHUX HAKOHEYHHUKIB.

Jocniautu mpouec B3aeMoJili KOJIMBaHb HAa TOPILI €JIEKTPOJAa 3 KpaIulel0 pPIIKOr0 METany
HEMOXJIMBO, TaK SIK AYTOBHUI Mpoliec BUIIPOMIHIOE BEIMKUN CBITJIIOBUI MOTIK, Kparis He Impo3opa i
no0aynuTH 10 BiAOYBAa€TbCcAd BCEpeAUHI HEI HEMOXJIMBO. ToMy B SIKOCTI pIIKOi Kparuii
€JIEKTPOAHOT0 METaly JOCIIIKEeHHS TPOBOIMIINCS HA BOJISHIN Kparuli MpU KIMHATHIN Temmeparypi.

B pe3ynbTari aHanmizy BIaCTMBOCTEH NMEPETBOPIOBaYa €EKTPUYHUX KOJIMBAaHb B MEXaHIUHI
oOpanwmii 3BykoBuii reHepatop (I'3-112), mo go3Boinsie perymroBatd 4acToTy B Mmexax 20 I'i-
100 k', MO0 MUTKOM JOCTAaTHRO IS TPOBEACHHS JOCTIDKEHb, a TaKOX EJIeKTPOMArHiTHUI
[IEPETBOPIOBAY.

B skocTi neperBoproBaua OyB OOpaHUil eNEeKTpOJMHAMIYHUM Tene(OHHUMN Karcyib, TOMY
IO BiH BiJPI3HAETHCS MPOCTOTOIO EKCIUTyaTalii 1 MIMPOKUMHU MEXaMH PETyJIIOBaHHS 4acTOTH. 3
OJTHOTO OOKY TUTACTHHA JKOPCTKO 3aKpITUICHA, a HAa BUTBHUM KIHEIIb, 110 KOJTUBAETHCS, MPUKIICIOBAIH
AJIFOMIHIEBUH IIMIIIH/P, 110 IMITY€E KiHElb €JIeKTPo/ia Ha SKOMY CHJIaMH MDK(]a3HOro 34ersieHHs, Ta
MTOBEPXOBOT0 HATATY yTPUMYBaJlacs Kparuis BOAM.

Bceranosneno mo AUX onucyerbes KpuBoro 3 aBoMa Makcumymamu (440 1 950 I'n). Ilpu
[IUX 3HAYEHHSX YaCTOTH aMIUTITyAa KOJMBaHb jocsrana 3HaueHHs 0,25 M. Bimomo [3], o mopir
KaBiTamii 3aleXuTh BiJ (Hi3MKO-XIMIYHUX BJIACTUBOCTEH DPIMHU 1 YaCTOTH KOJHMBaHb. Tak, s
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30ymkeHHs kasitamii y Boai mpu 900 't moTpiOHA IHTEHCHBHICTH 3BYKY OJu3bKO 1 Br/em?, npu
200 k' 10 Br/em?, mpur 500 kI'p 200 Br/em®. TlopiBusiaus manux po6otw [3] i ammmiTyaso-
YaCcTOTHOI XapaKTePUCTUKU JO3BOJISIE 3pOOMTH BUCHOBOK TIPO JOIUIBHICTh BUKOPUCTAHHS
MepeTBOpIOBava i JIOCHIKeHh Ha YacToTax Onm3pkux 10 BiaacHux (900 I'm), Tak sSK Ha Imii
9acTOTi KaBiTalis BHHMKAe npH HesHauniii moryxmocti (1 Br/em?®). 3oBmimmiii BHrIAI
MAarHiTOCJICKTPUIHOTO TEePETBOPIOBaYa MPEACTABICHUN Ha puC. | i 30BHINIHIA BHIJISA] YCTAHOBKU
Ha SKii TPOBOAMIIMCH JOCIIDKESHHS MPECTaBIICHI Ha puC. 2.

Pucynok 2 — ExkcnepuMmeHTalibHa yCTaHOBKA JIJIST TOCTIHKCHB

Metoauka TNPOBEICHHS EKCIEPUMEHTY TOJsrana B MiAPaXyHKY KUIBKOCTI TEepeHEeCeHHX
Kpamesnb 1 X 3BaKyBaHHI B Jllama3oHi OJMM3bKOMY 0 pe30HAaHCHOI 4acToTu. KiIbKIiCTh Kpamenb
BHU3HAUYaIM MIIPaxXyHKOM Ha apKylIl manepy, Nonepeanbo miagapOoByOUu piiuHy YOPHUIOM IS
HiABUILEHHS KOHTpacTy. Ilamip BcTaHOBIIOBaNM Ha BifcTaHi 50 MM JUIsl BUKITIOUEHHS CKYIMTYEHHS
JEeKITbKOX Kpamelb B OJHYy. Bara piavHM BHM3HaualM Ha aHAJNITUYHUX Barax, Biapa3y MICis
eKCIIepUMEHTYy, 1100 BHKIIOYMTH BHIIAPOBYBAaHHS piAuHU. EKcnepuMeHTalbHa yCTaHOBKA
IIPUBEJICHA Ha pHUC. 5.

[Tin wac mocmimkeHHs B niamazoHi dactoT Bif 15 I'm mo 1200 I'm BusiBneHU# BY3bKUit
nianaszoH yactoT Bix 800 mo 1050 I'm, B skOMy CITOCTEpIraeThcsi IHTEHCUBHE PO3MIIICHHS, IPUUOMY
MaKCHUMYM IIbOT'0 npotiecy npumnaaae Ha 950 I'n.
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[Ipu mocmigpkeHHI BCTaHOBJIEHO, IO TPH BIUIMBI KOJIHMBaHb TOPLS €JEKTPOAA Ha KPAaILIIO
CIOTBOPIOETHCA 11 opma. [losBy BUCTYMIB, IMOBIPHO, MOYKHA MOSICHUTH BUHUKHEHHSM IOTOKIB
pinuHu Bcepenuui kparmi (puc. 3).

Pucynok 3 — CriorBopeHHst GOopMH Kparuli piuHH Mif JI€F0 KOJIHBAHb.

Jnis iX BUSIBIIGHHS B Kparulio OyinM BBEACHI YAaCTHHKH-IHIUKATOPU PYXY, IIUIBHICTH SKHX
OnMM3bKa 10 IIUIBHOCTI BOJM, IO BHKIIIOYAE BIUIMB MIUIBHOCTI HA XapaKTEPHCTUKU MEPEHOCY
pimunu. EHepris iMIynbCy IepeaaeThest Bijl MOBEPXHI €NEKTPOIa PO3TAIIOBAHIN il HUM PiIuHH, a
CyCiTHIM OOcCsiraMy He MEePeNaEeThCsl, TaK SIK B PIAMHI JOTUYHI HANPYKEHHS Malli i1 HUMH MOXKHA
3HexTyBaTh. [IOTIK piIUHU, IO BHHHUKAE PO3BEPTAETHCS NPH KOHTAKTI 3 HIDKHBOIO ITOBEPXHEIO
Kparuii, BHACJIJOK YO0 BUHUKAIOTh KUJIIIEB1 MTOTOKH.

VY mporueci criocTepeskeHHs BUSBIICHO, IO B Kparuli BHHUKAIOTH KUTBIEB] IOTOKH, IPUIOMY 3
POCTOM 4YacCTOTHU KOJUBAHb TOPIS MIBUAKICTH OOEpTaHHS MOTOKIB 30inblnyeThes. [Ipu nocsrHeHH1
PE30HAHCHOI YacTOTH Kparuisl BipuBaeThcs Big Topms. Cxema moTokiB 1 jgedopmarii, mo
BUHHKAIOTh BCEPEAMHI KPaILIi, MPeACTaBlIcH] Ha puc. 4.

)
& T)

Pucynok 4 — Jlehopmariist kparuti miff Ji€r0 KOJUBAaHb TOPIS €IEKTpoJa:
a) CIIOTBOPEHHS (HOPMU KparuTi i BIUIMBOM YacTOTH; 0) KUIBIIEBI TOPOiTaIbHI TOTOKH,
B) MO/IOBXKEHHS Kparii 31 30UIbIIEHHSIM YaCTOTH; I') YTBOPEHHS Y Kparuli IIHHKH;
I') Kparuis, 110 BiAipBajacs Bif TOPLS €JIeKTPOa;
1) ApiOHO-KparieNbHe MepeHeCeHHs IPH PE30HAHCHIHN YacToTi
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[Tix gac mociimkeHb BCTAHOBJICHO, IO YAaCTOTa MEPEXO0ay Kpareiab 30ira€ThCs 3 4acTOTOIO
KOJIMBaHb TOPIS €JIEKTPOAa, TOMY MNpUMUMAaEMO, IO 3a OJHE KOJIMBAHHS 3 TOPLS EJIEKTpOaa B
3BapIOBaJIbHY BaHHY MIEPEXOIUTH OJHA KpaIUId PiaIKoro Meraiy, Tooto n = f.

__ 3[6:Se Vet Y1
Dk - ’ 7T'f')/p ) (l)

e Se - IJIOMIA MOMIEPEYHOTO Mepepizy eNeKTPoaa, M;
Ve - MIBUIKICTH MMOJAY1 €JIEKTpoa, M / C;
t - po3paxynkoBuii uac (1 cexynna),

Yme - TIUTBHICTH TBEPOTO 3aJ1i3a, KI/M",

¥p - LUIBHICTb PIAKOIO 3aJ1i3a, Kr/M>;

f - yacToTa nepexoy Kpareins, ['1I.

BceranomieHo, mo giaMeTp Kparuii 3BOPOTHO-IIPOIIOPHIMHNAN 4acTOTI TIEPexoay Kparmelb. 3
rpadika BugHO, mo mpu yactoti 200 I'p i Oinbine BigOyBaeThCs 3HAYHE 3MEHILIEHHS JiaMeTpa
nepexiHuX Kparmesb. BimoMo, 1o ocHOBHA MpUYMHA PO3OPU3KYBAaHHS B CEPEIOBHILI BYTJIEKUCIOTO
ra3y — 3aMHKaHHS KpaIulel0 PiJIKOr0 MeTaly JyroBOro MpPOMDKKY. SIKIMo niameTp Kparuii Oyne
MEHIIIC JIOBXHHH J[yTOBOTO IMPOMIKKY, II€ JO3BOJUTH PIi3KO 3HU3UTH PO30pH3KyBaHHS. Takum
YHHOM, HEOOX1IHO pO3pOOUTH MEXaH13M, [0 JO3BOJIsI€ BIUIMBATH HA TOPELb EIEKTPOIa 3 YACTOTOIO
He meHin 200 ', Takum MeXxaHi3MOM CTaB MEPETBOPIOBAY €ICKTPUYHUX KOJUBAHb B MEXaHIYHI.

Jlis cTBOpeHHsI mepeTBOproBaya, 31aTHoro 3ade3nedyBatu yactoTy 200 ' 1 6inbine Oyna
3aIpoIOHOBAaHA CXeMa JIBOX CTEPKHIB, IO KOJIMBAOTHCS B MPOTH(a3u, HABEICHA HA PUC. 5.

[lepeBaroro 1i€i cxemMH € Te, 110 KOHCTPYKIISl sBIIsi€ COOOI 3aMKHYTHH BPIBHOBa)KEHUM
MEXaHIYHUH KOJMBAIBHHUNA KOHTYpP, TOMY BCi KOJHMBAHHS BCEPEIUHI IBOTO KOHTYpPY OyayTh
«TacUTHCS» 1 HE MepeAaBaTHCs 3BapIOBAIBHUKY. TakoK MepeBaroro Ii€l CXeMu € Te, 110 BepXHS 1
HWDKHA ii TUIKA OJIHAKOBi, 1 MPH PO3pPaxXyHKY MOYKHA pPO3PaXxOBYBATH OJHY 3 HUX, BBAXKAIOUHU il
YKOPCTKO 3aTUCHEHOI.

1 2

A ¢I
C =il
)

Pucynok 5 — Cxema neperBoproBaya eJ1eKTPUYHUX KOJIMBAaHb B MEXaHIYHI:
1) MexaHiYHMIi KOJTUBATBHUIN KOHTYD, 2) €IEKTPOMATHIT, 3) MarHiTHHI MOTIK

[TepeBaroro 1i€i cxemu € Te, 110 KOHCTPYKLis sBIsie cOOOI0 3aMKHYTHI BpiIBHOBa)KEHUIl
MEXaHIYHUN KOJHMBAJIbHUNM KOHTYp, TOMY BCl KOJMBAHHS BCEpPEIUHI LOTO KOHTYpY OyayTh
«TaCUTHUCS» 1 HE TIEpeaBaTUCs 3BAPIOBAILHUKY. TaKkoXk MepeBaroko I€i CXeMu € Te, 10 BEepXHS 1
HIOKHS 11 TUIKM OJJHAKOBI, 1 MPU PO3paxyHKY MOKHA PO3PaxOBYBaTH OJIHY 3 HHUX, BBaKawouu ii
KOPCTKO 3aTHCHEHOI.

SKII0 CTaTMYHO HABaHTAXXEHY IMPYXHY CHUCTEMY TUIy OalKd BHUBECTH 3a JOMNOMOIOIO
€JIEKTPOMArHiTy 31 CTaHy pIBHOBAaru, TO BHYTPIIIHI CUJIM 1 3TMHAIbHI MOMEHTHU B J€()OPMOBAHOMY
CTaHl BXXe He OynyTh mepedyBaTH B PIBHOBA3l 3 30BHINIHIMH HABAaHTAXEHHSMH 1 BHHUKHYTH
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KOJIUBaHHS. Y 3arajlbHOMY BHIIQJIKy TIPY)KHA CHCTEMa MOXKE 3IIIHCHIOBATH KOJIMBAaHHS 3a Pi3HUMHU
dopmamu [4].

3 MeTOK BHU3HAYCHHS ONTHUMAIBHUX T€OMETPHYHUX IapaMeTpiB IepeTBOpIOBayYa,
JOCIIJKeHI 3HAU€HHsI BJIACHOI YacTOTH IEPETBOPIOBavYa BiJ JOBXMHHU NpPU PI3HUX Hapamerpax
IIMPUHHM 1 TOBUIMHU KOJUBAIBHOI YACTUHH.

JudepeniiaabHe piBHAHHS MOMEPEYHUX KOJUBAHb CTEPXKHS Ma€ BUIIISA: [5]

oxt

ot 1oy
3 TOYHICTHO 10 ITOCTIMHO1 EEC%‘H06yﬂ0B3H3,3aﬂeﬁqﬂCTB IJI KOKHO1 3 4aCTOT IIpPH 3aJaHUX
napametpax b, h, | [6].
X =%Cg(chkix—coskix)+%C4(shkix—sin k x) @3)

3 MeTOH BHU3HAYEHHS ONTUMAJbHUX TEOMETPUYHUX IapaMeTpiB IEepeTBOpIOBaya,
JOCIIKeHI 3HAUEHHsI BJIACHOI YacTOTH IEPETBOPIOBAaYa BiJl OBKWHHU MpPHU PI3HUX HapameTpax
IIMPUHM 1 TOBIIWHU KOJUBAJILHOI YaCTHHHM (pHC. 6).

f, Ty
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Pucynox 6 — I'padik 3a51€:KHOCTI YaCTOTH KOJUBAHb BiJ JIOBKWHU
KOJIMBAJIbHOT YACTMHH MEPETBOPIOBAYA:
1-b=0,018 M, h=0,005m;2—-b=0,015m, h=0,006 wm;
3-b=0,013Mm h=0,007m;4—-b=0,009 m, h=0,01 m;
5-b=0,007m,h=0,013Mm;,6—-b=0,006m,h=0,015m
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3 rpadika BHIHO, II0 HAKOLIBIIA YacTOTa MEPETBOPIOBAYa JOCATAETHCS 3MCHIICHHSIM
mUpuHA b 1 30iIbmeHHsIM ToBIMHK N. OJHAK, MPAKTUYHHUNA JOCBIJ KOHCTPYIOBAHHS MOKA3ye, M0
3MEHIIeHHsT D mpu3BOAMTE 70 Ppi3KOro 30UIBIIEHHS >KOPCTKOCTI CHCTEMH 1, OTXKE, 3HAYHOIO

3HIKCHHS aMmIuniTyau. OCTaTo4Ho, NpHiMaEMO mapameTpu meperBopoBaya b = 0,015 wm,
h = 0,006 m.

[[{o6 migBUIIUTH aMIUTITyAy 1 4YacTOTY KOJWBaHb, HEOOXIAHO HAJAIITYBaTH CHUCTEMY B
pe3onanc. s 1poro HEoOXiAHO HANAMITYBATH YaCTOTY KOJMBaHb T€HEpPATOpa Ha PE30HAHCHY
YacTOTy TepeTBoproBava. /Jlis perymoBaHHS BIIACHOI YAcCTOTH KOJHMBaHb IIEPETBOPIOBaYa
HeoOX1THO 3MIHIOBATH JJOBKUHY T1IOK.

[TpoBeneHi po3paxyHKH JO3BOJSIOTH pPO3PaxyBaTH 1 CKOHCTPYIOBaTH I€PETBOPIOBAY
CJIIEKTPUYHKUX KOJMBaHb B MEXaHIUHI JUUIS TIPOBEICHHSI JOCHIKEHb BIUIMBY YacTOTH KOJHMBAaHb HA
XapakTep TMEPEHECEHHs PIAKOro eJNEeKTPOJHOrO MeTajdy IpH 3BaplOBaHHI B  CEPEIOBHII
BYIJIEKHCIIOTO Ta3y.

BUCHOBKUA

1. BcraHoBieHO, WO MNPUMYCOBI KOJMBAaHHS TOPLS €IEKTPOJA MPHU3BOIITH JIO
BHUHHUKHCHHS B KpaIlIi PITUHU KIJIBIIEBUX TOPOIMAIbHUX MOTOKIB. 30UIBIICHHSIM YaCTOTH KOJUBaHb
TOpIS €JIEKTPOAa, YacToTa OOepTaHHS TOTOKIB 30UIBIIYETHCSA, a 1X €HEpris HAKONUYYEThCS B
KIUIBbLIEBUX MOTOKAX, IO YCKIAJHIOE BIAPUB Kparuli Bix enektpora. [Ipu moxanbiiomy 301IbIIEHH]
9aCTOTH KPAILIs TIOJIOBXKYETHCSI, IO IPUBHUJIC IO 3aMHUKAHHS JTyTOBOTO MMPOMIKKY TIPH 3BApIOBaHHI.

2. BcraHoBieHO, 10 KIIBKICTh MEPEHECEHUX Kpameib BOAM pPI3KO 30UIbIIYETHCS B
niamazoHi pesonaHcHoi yactotu 950-1050 I'm i ommcyeThcst KpuBOIO 3 MakcuMymoM. llpw mii
YacTOTI JiaMeTp Kparii 3HAaYHO MEHINIE JOBKHWHU AYTOBOTO MPOMIKKY 1 KOPOTKI 3aMUKaHHS HE
BiIOYyThCS.

3. Po3pobiieH0 KOHCTPYKIIIO MEpeTBOpOBavya E€NEKTPUYHUX KOJIMBaHb B MEXaHI4Hi, L0
JI03BOJISI€ 30UTBIINTH aMIUTITYy KOJWBaHb TOPISI €ICKTPOAA, 3HWU3UTH BHUMOTH JIO MOTYXHOCTI
reHepaTopa, 110 3a/1a€ YacTOTy, 3MEHIIIY€E LIKIJTMBUI BIUIMB KOJMBAaHb HA 3BapHHUKA.

4. Po3paxoBaHa MaTeMaTH4YHA MOJENh KOJHMBAHb TIJIOK TEPETBOPIOBAYa, IO JO3BOJISIE
BU3HAUWUTU 4YAaCTOTy 1 aMIUNTYyAy KOJIMBaHb TEpeTBOpIOBauYa TMpH 3aJaHUX MapaMeTrpax.
3anmpornoHOBaHO METOJIWKY KOHCTPYIOBAHHS TIEPETBOPIOBAYa BUXOJMYH 3 WOTO TEOMETPUIHHX
napaMmeTpiB AJIs 3aJaHOT YaCTOTH 1 aMILTITYIU 3 ypaXyBaHHSM HarpiBy CTpyMOBEIy4Oi T'iJIKH.
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Nosovsky B.I., Burikov S. V.

ACCEPTABLE TRANSFER OF ELECTRIC METAL WELDED IN THE
ENVIRONMENT OF CARBOHYDRATE GAS

When welding, in an environment of carbon dioxide one of the main disadvantages is
increased spattering of electrode metal due to short circuits droplets of the arc gap, so the research
of forced transfer of electrode metal, when welding in an environment of carbon dioxide, is
relevant.

To achieve a reduction of spattering of metal when welding in an environment of carbon
dioxide due to the forced transfer of small droplets of liquid metal.

It is impossible to study the process of interaction of oscillations on the ends of an electrode
with a drop of a liquid metal, since the arc process emits a large light flux, the drop is not
transparent and it is impossible to see what is happening inside it. Therefore, as a liquid droplet of
an electrode metal, studies were conducted on a water drop at room temperature.

The method of conducting the experiment was to calculate the number of transferred
droplets and to weighe, them in the range close to the resonance frequency. The number of drops
was determined by counting on a sheet of paper, pre-coloring the liquid in ink to increase the
contrast. The paper was installed at a distance of 50 mm to exclude the accumulation of several
drops into one. The weight of the fluid was determined on the analytical scales, immediately after
the experiment, to exclude the evaporation of the fluid.

During the research, it was found that when the fluctuations of the end of the electrode
influence the drop, its shape is distorted. Occurrence of protrusions can be explained by the
appearance of fluid flows inside the drop.

For their detection in the drop were introduced particles-indicators of motion, the density of
which is close to the density of water, eliminating the influence of density on the characteristics of
the transfer of fluid. The pulse energy is transmitted from the surface of the electrode under the
liquid underneath, but is not transmitted in neighboring volumes, since in the liquid the tangent
tensions are small and can be neglected.

In the process of observation, it was discovered that in the drop, there are circular flows,
and with increasing frequency of oscillations of the end, the speed of rotation of the flow increases.
When the resonant frequency is reached, the drop separates from the butt end.

It is known that the main reason for spattering in a carbon dioxide environment is the
closure of a drop of liquid metal in an arc gap. If the diameter of the drop is less than the length of
the arc gap, this will dramatically reduce splashing. Thus, it is necessary to develop a mechanism
to influence the end of the electrode with a frequency of at least 200 Hz. Such a mechanism has
become a converter of electrical oscillations into mechanical ones.

To create a transducer capable of providing a frequency of 200 Hz or more, a circuit of two
rods that were oscillating in phase opposite was proposed.

The advantage of this scheme is that the design is a closed, balanced mechanical vibrational
circuit, so all the vibrations inside this circuit will be «extinguished» and not transmitted to the
welder. Also, the advantage of this scheme is that its upper and lower branches are the same, and
when calculating one can count one of them, considering it tightly clamped.
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The calculations allow us to calculate and design a converter of electrical oscillations into
mechanical ones to conduct research on the influence of the oscillation frequency on the nature of
the transfer of liquid electrode metal when welding in carbon dioxide.

Keywords: transducer, small droplets, fluctuation, resonant frequency.

Hocoscknii b.U. Bypuxos C. B.

MPUHYJATEJBbHBIIA NEPEHOC 3JIEKTPOIHOI'O METAJLIIA IIPU CBAPKE
B CPEJIE YIVIEKHCJIOI'O I'A3A

Ilpu ceapke 6 cpede yeneKucio2o 2aza OOHUM U3 2NABHBIX HeOOCMAMKOS8 AGIAEHICS
nosblUuleHHOe pa3opbl3cu8aHue NeKMpPOOHO20 Memalld BCIeOCmaUue KOMOPbIX NPOUCXOOUm
3aMblKanue Kaniei 0y208020 NPOMENHCYMKA, NOIMOMY UCCIe008aHUe NPUHYOUMENbHO20 NePeHOCca
INEKMPOOHO20 MEMALIA NPU C8APKE 6 CPede YeNeKUCI020 2A3a AGIAENCsL AKMYAIbHBIM.

Hocmuoicenue ymenvuleHUus pazopul3euganHus Memaiid npu céapke 8 cpede YeleKUcio2o
2asa 3a cuem NpUHyOUmeibHO20 MEIKOKANEIbHO20 NePEeHOCA IHCUOKO20 MEMAIdA.

Hccneoosamv npoyecc 63aumooelicmsausi KoneOaHUuti Ha mopye d21eKkmpooa ¢ Kanieu
AHCUOKO20 MEMAILILA HEBOZMOICHO, MAK KAK OY2080l Npoyecc uziydaem 001bulol c6emosoli NOMoK,
Kanis He Npo3payHa u ysudemv npoucxoosnujee Hympu Hee He8o3modxcHo. [losmomy 6 kauecmee
AHCUOKOUL KANAU INEKMPOOHO20 MEMAIAd UCCIe008AHUSL NPOBOOUTUCL HA BOOAHOU Kanie npu
KOMHAMHOU memnepamype.

Ilpu uccneoosanuu ycmanogieHo, Ymo npu 6030etcmsuy Koieoanuil mopya 31eKkmpood Ha
Kkanao uckaxcaemcs ee ¢opma. Iloasnenue vicmynieHull 8epPOAMHO MONCHO OOBACHUMDb
BO3HUKHOBEHUEM NOMOKO8 HCUOKOCMU HYMPU KANTIU.

B npoyecce nabniooenus visigeHo, Ymo 6 Kanie 803HUKAIOM KOblYegble NOMOKU, NPUUEM C
POCMOM 4acmomsl KOJLEOAHUll mopya CKOPOCMb 6pawyeHuss Nnomokoe yeeauyusaemcs. Ilpu
00CMUMNCEHUU PE3OHAHCHOU YACMOMbl KANIs OMpPbleaemcs om mopyd.

H3z6ecmHo, umo 0CHOBHOU NPUUUHOU pA30PbI3CUBAHUsL 8 CPede Y2NeKUCL020 2A3a A6ISemCsl
3aMbIKAHUE Kanleu HCUOKO20 Memalla 0y208020 npomedxcymka. Eciu ouamemp kanau 6Oydem
MeHbute ONUHbL 0Y208020 NPOMEICYMKA, MO NO360IUM PE3KO CHU3UMb pazopuvlzeusanue. Taxum
00pazom, HeobXo0umMo pazpadbomamsv MexausMm, NO380JAOWUL 6IUAMb HA Mopey 1eKmpood ¢
yacmomoul ne menee 200 [y. Taxum mexamuzmom cman npeobpazoeamend NeKMPUYECKUX
KOIeOaHUll 8 MexaHuyecKue.

Hna cozoanus npeobpazogamens, cnocobrnoeo obecneuusamsv yacmomy 200 I'y u 6bonee
ObLIa NPeONodHCeHa cxeMa 08YX CIEPHCHEl, KOleOnowuxcs 6 npomusogase.

Ipeumywecmeom 2moil cxemvl A6ASAEMCL MO, YMO KOHCMPYKYusi npedcmaegisenm cobotl
3AMKHYMbLL YPAGHOBEUEHHBIN MeXAHUYEeCKULl KOIeOamenbHbvlll KOHMYp, NOIMoMy 6ce Kolebanus
BHYMpPU 3MO20 KOHmMypa Oy0ym «2acumvcsay U He nepedasamvca ceapuuxy. Taxoice
NpeuUMyuiecmeom Mol cxemvl AIAEMC MO, YMO 8EPXHASL U HUJCHAS ee 8emslU 0OUHAKOBYL, U NpU
pacueme MOJNCHO PACCHUMBIBANb OOHY U3 HUX, CUUMASL €€ JHCECKO 3AUeMIEeHHOIL.

IIposedennvie pacuemvl NO360IAI0OM PACCUUMAMb U CKOHCMPYUPOBAMb Npeobpazosames
INEKMPUUECKUX KONeOaHUull 6 Mmexanuieckue O/ NPo6edeHUs UCCIe008aHUll GIUAHUAL YACTOMbL
KONeOaHUll HA Xapakmep NepeHocd HCUOKO20 INeKMPOOHO20 Memaild Hpu ceapke 8 cpeoe
VeneKuci020 2asa.

Knrwouesuvie cnosa: npeobpazosamensv, meakue Kaniu, KoieOAHus, pe30HAHCHAs 4ACOoma.

Peuensent: mpod., 1-p TexH. Hayk XaBuH . JI.
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