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OcobnuBe Miciie cepesi BUpOOiB BiJINMOBIIATLHOTO MPU3HAYECHHS 3aiiMatOTh
TOHKOCTIHHI JeTani 3 JHoM. L1 BupoOu maroTh cnenudiyny (Gopmy Ta BUTOTOB-
JISTFOTHCS 3 MYCTOTILI01 3aroTOBKU. OJHUM 13 NUISIXIB MiABUIIEHHS SKOCTI Ta 3HU-
JKEHHS BUTpAT HAa BUTOTOBJICHHS JTHUII € PO3pOOKa ¥ BIPOBAHKCHHS Y BUPOOHU-
IITBO yJIOCKOHAJICHUX CIOCOOIB BUTOTOBJIEHHS 3arOTOBOK 3 JTHOM Ha OCHOBI KOM-
OiHyBaHHS orepalliii 0OKOYyBaHHS Ta MiACaAKU CHEPUYHOIrO THHUIIA THCTPYMEH-
tom Tepts (IT).

Mera nuceprailiitHoi poOOTH — MiJIBUILIEHHS SIKOCTI JHUII OaJlOHIB Ta €M-
HOCTEH 3 TpyOuYacTUX 3aroTOBOK Ha OCHOBI KOMOIHYBaHHSI POTaLIMHOIO OOKOUY-
BaHHS IHCTPYMEHTOM TEPTS 3 MiJCAIKO0 THUIIIA.

OO0'ekT mOCTIKEHb — TEXHOJIOTTYHUH MTPOIEC BUTOTOBJICHHS THUII OAJIOHIB
pOTaLITHUM OOKOUYBaHHSIM IHCTPYMEHTOM TEPTS.

[IpeameT mocmiKeHb — 3aKOHOMIPHOCTI (POPMO3MIHU, TApaMETPH CHEPTro-
CHJIOBOTO, HAMPY>KeHO-1e(hOPMOBAHOTO Ta TEIJIOBOTO CTAaHY 3arOTOBKH MPHU KOM-
OiHyBaHH1 OOKOYYBaHHS Ta MIACaAKU C(HEPUUHOTO THUIIA THCTPYMEHTOM TEPTS.

Teopetnuni nociimkenns HJIC peanizoBaHi Ha OCHOBI BUKOPUCTaHHS Me-
TO/IB 00OJIOHOK, BEpXHBOI OIIHKU Ta MeToay ckiHueHux eiaemeHTiB (MCE). ITin-
TBEp/DKEHHST (DOPMO3MIHM 3arOTOBKH Ta 3aKPUTTS OCHOBOTO OTBOPY y MpoIieci
OOKOUYYBaHHS Ta MiJCAAKH CHEPUYHOTO THUIA MPOBOJWIN EKCIIEPUMEHTOM Y
NPOMUCIOBUX YMOBax. [Ipu oOpoOii pe3ynbTaTiB €KCIEPUMEHTIB 3aCTOCOBYBa-

JHCSI METOJIM MaTeMaTUYHOI CTATUCTUKU. BiporiiHICTh HAYKOBUX IOJIOKEHb, BU-
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CHOBKIB 1 peKOMeHJaIlii 3a0e3rnedyeHa JOTPUMAaHHSIM BiJMOBIIHUX CY4aCHUX Me-
TOJUK TMPH MPOBEACHHI EKCIIEPUMEHTIB 1 MiATBEPKEHA BIJIMOBIIHICTIO €KCIIEPH-
MEHTAJIBHUX JAHUX 3 pe3yJbTaTaMU TEOPETUYHHUX po3paxyHKiB. HoBu3HA poboTH
OTPUMAHUX PE3YJIbTATIB MOJISITA€ B HACTYITHOMY:

BcranoBiena romonoriuHa Temmneparypa HarpiBaHHA TPYOHOI 3aroTOBKH,
o 3abe3neuye AOCTaTHIN piBEHb TeMIlepaTypu y mpoiieci oOkouyBaHHs. Bcra-
HoBieHo mapametpu HJIC y mporeci poraiiitHoro o0kouyBaHHS CHEpUYHHX
JTHUII THCTPYMEHTOM TEPTsI 3aJIeKHO BiJ CIIBBIIHOIIECHb TOBIIUHHU CTIHOK, BEJIU-
YUHU 110/1a4l, TEMIIEpaTypy HarpiBaHHs TpyOHOI 3aroTOBKH. JloBeeHO 3aKOHOM -
PHOCT1 BIUIMBY CTYIEHS MIACAIKA IHCTPYMEHTOM TEpTs MICis OOKOYYBaHHS Ha
HJC, eneprocuiosi nmapaMeTpu Mpouecy, TOBIIMHY Ta CTYIIHb 3BapIOBAHHS CTi-
HOK jHMIIa. OTpUMaly MOJAJIBIINN PO3BUTOK 3aKOHOMIPHOCTI (JOPMOYTBOPEHHS
JTHUIIIA TPYOHOT 3aTOTOBKH IMICJIsl 0OKOYYBaHHS Ta MiJICAJIKU B 3aJICKHOCTI BiJl Be-
JUYMHM M0/1a4l, BIJHOCHOI TOBIIMHH CTIHKH, TEMIIEPATypH HAarpiBaHHS Ta CTyIe-
HSI TIJICAIKU.

VY pe3ynbTari qucepTamiiiHoi poOOTH 3alpONOHOBAHI Ta pO3pO0OJIEHI HACTY-
ITH1 TPaKTUYHI PEe3yJIbTATH:

Ha ocHOBI niTepaTypHOro OrjIsiy MOCHIIKEHb MPOIECIB 1 OCHAILCHHS IS
BUTOTOBJIEHHS JHHUIL OAJOHIB 3 TPYOHMX 3arOTOBOK BCTaHOBJIEHO, IO €(EKTHUB-
HUM CIIOCOOOM X OTpUMAaHHS € TaHreHliansHe oOkouyBaHHs IT.

HoBuil cnoci6 TaHTeHIIaIbHOTO OOKOUYyBaHHS C(HEPUUHUX THUI THCTPY-
MEHTOM TepTA 3 BUKOPUCTAHHSIM oOIeparlii MiJICaJKi IJIOCKAM IHCTPYMEHTOM.
MeTonuka mpoeKTyBaHHS TEXHOJIOTIYHHUX IMPOIIECiB OOKOUYBAaHHS 1HCTPYMEHTOM
TepTs. Pekomenaaiii Jyisi MpOEKTyBaHHS HOBUX TEXHOJOTIYHUX MPOLECIB 0OKO-
YyBaHHS, MEXaHIYHI peXUMU AeOPMYBaHHS i IMiJICATKEHHSI.

Po3pobieno Meroauky teopernuHoro pociikeHHss MCE o0kouyBaHHsS
chepuunux aaun IT 3 migcankoro, sika go3Bojsie BecranoBuTu HJIC meranmy myc-
TOT1JIO 3arOTOBKH B Mpoueci ookouyBanHs IT Ta migcaaku 3 ypaxyBaHHSIM Hepi-
BHOMIPHOTO TEMIIEpaTypHOTro ToJisi B 00°€Mi 3aroToBku. e 103BOMMI0 3HU3UTH

MaTepiaibHI BUTPATH MPU MPOBEEHI eKCIEPUMEHTAIBHUX JociipkeHb Ha 70 %.
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JJis IepeBipKH OTPUMaHUX TEOPETHYHUX PE3yJbTaTiB pO3POOICHO METOIUKY €K-
CIIEpUMEHTANBHUX JOCTiIKeHb. Po3po0ieHa MeToauKa M03BOJIMIAa BCTAHOBHUTH
0a30B1 MOKA3HUKH SKOCTI JHUII CTAJEBUX 3arOTOBOK, OI[IHUTH CTYMiHb 3aKPHUTTS
Ta 3aBapIOBaHHS OCHOBOTO OTBOPY TPYOM Ta BCTAHOBUTH MaKpO- Ta MiKPOCTPYK-
Typy MeTalxy JHMIIA.

[IpoBeneH1 TeopeTUdHI JOCHIKEHHS MPOIeCiB 0OKOYYBaHHS Ta MiJACaIKU
cepuyHUX JHUI] MyCTOTUIMX 3arOTOBOK i3 PI3HUMH T€OMETPUYHUMU ITapameT-
pamMu JTO3BOJIMUIM BCTAHOBUTH €(DEKTHUBHI TEXHOJOTIYHI J1alla30HU JJII BUTOTOB-
neHHs 6e3nedexTHrX aHuII. PalioHaqbHa TOMOJIOTIYHA TeMIlepaTypa HarpiBaHHS
MyCTOTLIUX 3arOTOBOK Mepe]l TaHTeHIlaIbHUM 00KkouyBaHHsM [T moBuHHA ckiia-

natu 0,8T;s . Lliei Temnepatypu OOCTaTHBO MJIsl 3aBAPIOBAHHs CTIHOK OTBOPY

JTHUIIA Ta BUKIIOUCHHS TIEpEeTPiBaHHS Ta NIEPETAICHHS MeTaly AHUIA. BimHocHa
noBkuHa mojaayi 3arotoBkd B IT mepen ookouyBanusaM (I/D) moBuHHA CTAHOBUTH
0,9...0,95 nyst MOBHOTO 3aKpUTTSI OTBOPY JHUINA. BiTHOCHA TOBIIMHA MyCTOTLION
3arotoBku (D/S) moBHHHA 3HAXOAUTHCH y Mexax 15...20 i 3HWKEHHS 00’ €MiB
HAITyCKIB Ha BHYTPIIIHIO TOBEPXHIO THUIIIA.

Bceranosneno HJIC Merany aauina y npouect KOMOIHyBaHHSI OOKOUYBaHHS
Ta TiJcaaKu. byllo BCTaHOBIEHO, 0 MaKCHMallbHA 1HTEHCHUBHICTH JedopMaliiii
BUHUKAE B 30HI Mepexoay chepuyHOro AHUINA B HUJIIHAPUYHY YaCTUHY TPYOH.
[Tpu migcaami y 30BHIMIHIX Iapax JHUIIA TEPEeBaXalOTh CTUCKAKOY1 HATPYKEHHS,
a y BHYTpIIIHIX Imapax — po3rarywoui. [Ipu cryneni miacanku no 15 % piBeHb
CTUCKAIOUMX HANpyXEHb Ha 30BHIIIHIA MOBEPXHI JHUIA MIJIBUILYETHCS, a MPHU
30UIBIIIEHH] — MOYMHAE 3MEHIyeThes. Jlo cTymnens miacanku 15 % mguumie mae
IJIOCKUM TOPEIlh, TOIAJIbIIE T1CaIKEHHS MPU3BOIUTH J0 IOSBHU YBITHYTOI (Op-
MU JHUIIQ, [0 MPU3BOANTH J0 MOSBU PO3TATYIOUOI KOMIIOHEHTH HaIpy>KEHb Ha
BHYTPIIIHIM oBepxHi. [{e mpu3BOaUTH 10 PO3KPUBAHHS OCbOBOI JTYHKH JHUINA Ta
3MmeHIeH1 ii rmubunu. Iligcaaka mpu3BOAUTH 10 30UIBIICHHS TOBIIMHU CTIHKU
nHuIa. [HTeHCUBHO 301JbIICHHS TOBIIMHU BiI0YBAE€THCS O CTYIMEHS IiJICAJIKH

15 %.
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Bcranosneno, mo ockoBa cuia npu odhopmiieHi chepruyHOCTI JHUIIA CTPi-
MKO 3pOCTa€, MPHU LIbOMY BiJI0OYBA€TbCS 3HMKEHHS pajlialibHOT Ta TaHT'€HI1aJbHO1
KOMITOHEHT CHJIM OOKOUYyBaHHS. Y MPOIIECi IMiICAIKH 3aKOHOMIPHOCTI CHJIH BiJl
CTyneHs aedopmariii MaroTh JHIAHY 3anexHIcThb. [ligcaaka AHUIA XapaKTepu3y-
€TbCS JIIHIMHUM 30UTBIICHHSIM KPYTHOTO MOMEHTY IIPH MiJIBHILEH] CTYTEeHS 00TH-
CKaHHs. BenmnmumHa KpyTHOTO MOMEHTY MiJCaKkd HM)KYE€ MOMEHTY OOKOUYYBaHHSI.
PoGoTa Ha migcajpkeHHs y 2 ... 2,5 pa3u BUIIA, HDK Ha OOKOUYyBaHHS. Y MpoIieci
0OKOYYyBaHHS B)KMBaHA MOTYXHICTh MIABUIIYEThCS. [I0TYKHICTD MMiJICaPKEHHS HA
25 % OinbIa HiXK OOKOUYBaHHS Ta Mae€ JIHIMHY 3aJIeXKHICTh BiJl CTyNeHs nedop-
Marii.

Pesynbrard ekcriepyuMeHTalbHUX JOCHKEHb MIATBEPAMIM JaHHI CKIHYEHO-
€JIEMEHTHOTO MOJIEJTFOBaHHsI. BiXuiieHHs TEOPETUYHUX JaHUX 3 (POPMO3MIHU 3aroTo-
BKH BiJl €KCIIEPUMEHTAILHUX HE mepesulnye 12...15 %, mo a03Bosisie 3poOUTH BU-
CHOBOK IPO JOCTOBIPHICTh BCTAHOBJIEHMX TEXHOJIOTIYHUX PEKOMEHALI 3 TepMOII-
BUIKiCHUX yMOB oOkouyBanHs IT Ta mimcaaku, orpumanux Ha ocHoBi MCE. byno
BCTaHOBJICHO, 1110 MAaKCUMAaJIbHE 301IbIIICHHS TOBIIMHU JHUILA BiIOYBAE€THCS MIPH HO-
ro mijcanku y mianazoni 15...20 %. MakpocTpyKTypHuUil aHaii3 OChbOBUX JIe(hEKTIB
JTHHIIT 3 PI3HAM CTYTICHEM ITiJICaIKH JI03BOJIMB BCTAHOBUTH, 110 MAKCUMAaJIbHA TOBIIIH-
Ha CTIHKM JTHUIIA HaOupaeThcs npu miacamkyBaHHl Ha 15 %. IligcamkyBanns cde-
PUYHOTO JTHHUIIA OLIBIT HIK HAa 15 % 1O BHUCOTI IPU3BOAMTD JI0 3MEHIIICHHS IITHOWHN
JYHKU OCBOBOI 30HHM, ajie MPH LIbOMY 30UTBIIYEThCS ii laMeTp, 110 MPU3BOAUTH 10
TIOSIBU PO3TATYBAIBHOI paliaiibHOI KOMIIOHEHTH HANPYXEHb 1, SIK HACHTIJIOK, PO3TATY-
BaHHS HEMETAJIEBUX BKJIFOYCHb.

VY3aranbHEHO JaHl TEOPETUYHUX 1 EKCIEPUMEHTATIBHUX  JOCIHIIKECHb
JUTS IPOEKTYBAHHS 1 BIIPOBA/HKEHHSI HOBUX TEXHOJIOTIYHHUX IPOIECIB TaHTEHIAb-
Horo oOkouyBaHHs IT 13 3acTocyBaHHSIM omepallii MicaaKd C(HEPUIHOro JTHUILA.
Po3po6sieHo mpakTHyuHI peKOMEHIallli Ta METOAMKA JUIsi OOKOUyBaHHS Ta MiJCaaKh
nauil. BeranosneHo, mo st 6esnedextHoro ookouyBanus nquunl [T morineHo BU-
KOPUCTOBYBAaTH BIIHOCHY MoAady TpyOHOi 3arotoBku B IT Bemmuunoro 0,925 3 mij-

caakoro 15 ... 20 %.
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Arnpo6oBani Ta BrapoamkeHi y HII «YkpHAIMeranyprmamn ta Ha TIpAT
«HKM3) HOBHUI TEXHONOTIYHUHN MPOLEC TAHTCHIIATLHOTO 00OKOYYBaHHS 13 3aCTOCY-
BaHHSIM TICaAKU C(HEPUIHOTO THUINA IFIOCKUM 1HCTpYMEHTOM. Burorosineni Bupo-
OM BINOBIIAJIM TEXHIYHUM yMOBaM 3aMOBHHKA. JIJIT HOBUX TEXHOJIOTIYHHMX MPOIle-
CiB OOKOYYBaHHS MiJIBUIIEHO SIKICTb OChOBOI 30HM AHUINA. OTpHMaHi pe3yJabTraru
MeTanorpapiuHuX JTOCTiKeHb MiITBEPIKYIOTh BUCOKY €(DeKTUBHICTH CXeMH OOKO-
qyBaHHS JTHUIIT 13 M1JICa/HKYBaHHSM Ha 3aBaprOBaHHS BHYTPIIIHIX JAedekTiB. MeHIe
HDK 6 % OTpUMaHMX JHUII MEPEBUILYIOTh BUMOTH CTaHIAPTY 32 PO3MipaMu BHYT-
pimHiX nedekriB. HoBl TexHOMOriyH1 mporiecd OOKOYYBaHHS IMiIBHUILWIN SIKICTh
MPOIYKIIii, 10 BUITYCKAETHCS, 32 PAXyHOK MIJBUIIEHHS MIUTHHOCTI METaIy OChOBOL
30HU JIHUILA, 1110 3a0e3meunsio 3HmkeHHs Opaky Ha 20...30 %. MexaHiuHi1 B1acTu-
BOCTI JieTaJiel MIBUIMIKCS B cepeHboMy Ha 9...14 %. 3anporioHoBaHe TEXHIYHE
pillICHHS 3aXuIIIeHo areHToM Ykpainu (Ne 86619).
KurouoBi ciioBa: oOkouyBaHHs, Mijcajika, chepuyHe JHUIIE, THCTPYMEHT
TEpTs, ToJladya, CTYIIHb [MIJICaJKH, TEeMIleparypa HarpiBy, HalpyXeHO-

nedopMoBaHMi CTaH, METO/I CKIHUEHUX €JIEMEHTIB.



ABSTRACT

Shevtzov S. O. Improvement of production technology of balloons on the
basis of a combination of rotational spinning by a friction tool with bottom
upsetting. — Qualification scientific work as a manuscript.

Dissertation for the candidate of technical science degree, specialty
05.03.05 — Processes and Machines of plastic working. Donbass State Engineer-
ing Academy, Kramatorsk. 2018.

Thin-walled parts with a bottom occupy a special place among the products
of responsible use. These products have a specific shape and are made from a hol-
low billet. One of the ways to improve the quality and reduce the cost of making
bottoms is the development and introduction into production of improved ways of
manufacturing blanks with a bottom on the basis of a combination of the spinning
and the upsetting of the spherical bottom by a tool of friction.

The purpose of the thesis is to improve the quality of the bottoms of cylin-
ders and containers from tube billets on the basis of combining rotational spinning
with a tool of friction with upsetting of a bottom.

The object of research is the technological process of manufacturing the
bottoms of cylinders by rotating spinning the friction tool.

The subject of the research is the patterns of shaping, the parameters of the
energy-intensive, stressed-strain, and thermal state of the billet under combined
spinning and the upsetting of a spherical bottom by a friction tool.

Theoretical studies of stress-strain state are implemented on the basis of the
use of shell methods, the upper bound and the finite element method (FEM). Con-
firmation of the shaping of the workpiece and the closing of the axial hole during
the spinning and the upsetting of the spherical bottom carried out the experiment
under industrial conditions. When processing the results of experiments, methods
of mathematical statistics were used. The reliability of scientific provisions, con-

clusions and recommendations is ensured by observance of appropriate modern
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techniques in carrying out experiments and confirmed by the agreement of exper-
imental data with the results of theoretical calculations. The novelty of the work is
as follows:

The homologous temperature of the heating of the pipe blank is established,
which ensures a sufficient temperature level during the spinning. The parameters
of stress-strain state in the process of rotating spinning of spherical bottoms by the
friction tool are determined depending on the ratio of the wall thickness, the feed
amount, and the temperature of the tube billet heating. The regularities of the in-
fluence of the degree of impingement by the tool of friction after spinning on
stress-strain state, the energy-force parameters of the process, the thickness and
degree of welding of the walls of the bottom are proved. The patterns of forming
the bottoms of the pipe billet after spinning and upsetting have been further de-
veloped depending on the feed rate, the relative wall thickness, the heating tem-
perature, and the degree of upsetting.

As a result of the thesis, the following practical results were proposed and
developed:

Based on the literature review of research processes and equipment for the
manufacture of bottoms of cylinders from pipe billets found that an effective way
to obtain them is the tangential spinning by the friction tool.

A new way of tangential spinning of spherical bottoms by a friction tool us-
ing the operation of upsetting with a flat tool. Technique of designing the techno-
logical processes of spinning with the friction tool. Recommendations for the de-
sign of new technological processes of spinning, mechanical modes of defor-
mation and upsetting.

A method for theoretical study of the FEM of the spinning of spherical bot-
toms by the friction tool with a upsetting has been developed, which allows to de-
termine the stress-strain state of a hollow billet metal in the process of spinning of
and upsetting by the friction tool, taking into account the uneven temperature field
in the volume of the billet. This made it possible to reduce material costs in con-

ducting experimental studies by 70%. To test the theoretical results obtained, a
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methodology for experimental studies has been developed. The developed tech-
nique allowed to establish the basic parameters of the quality of the bottoms of
steel billets, to estimate the degree of closing and welding of the axial hole of the
pipe and to establish the macro- and microstructure of the bottom metal.

Conducted theoretical studies of the spinning and upsetting processes of the
spherical bottoms of hollow billets with various geometric parameters allowed to
establish effective technological ranges for the production of defect-free bottoms.
The rational homologous temperature of heating hollow billets before the tangen-

tial spinning by the friction tool should be 0,8T . This temperature is sufficient for

welding the walls of the bottom hole and avoiding overheating of the bottom met-
al. The relative length of the workpiece feed in the by the friction tool before
spinning (I / D) should be 0.9 ... 0.95 to completely cover the bottom hole. The
relative thickness of the hollow billet (D /s) must be in the range of 15 ... 20 to
reduce the volume of the seams on the inner surface of the bottom.

The stress-strain state of the metal of the bottom is established in the pro-
cess of combining the spinning and upsetting. It was found that the maximum in-
tensity of deformation occurs in the zone of transition of the spherical bottom into
the cylindrical part of the tube. When replenishing in the outer layers of the bot-
tom, compressive stresses predominate, and in the inner layers, tensile stresses
prevail. With a degree of upsetting up to 15%, the level of compressive stresses
on the outer surface of the bottom increases, and with increasing — begins to de-
crease. Up to the degree of upsetting 15% of the bottom has a flat end, further up-
setting leads to a concave shape of the bottom, which leads to the appearance of
tensile stress components on the inner surface. This leads to the opening of the ax-
ial socket of the bottom and a decrease in its depth. The upsetting leads to an in-
crease in the thickness of the bottom wall. An intensive increase in thickness oc-
curs to a degree of upsetting of 15%.

It is established that the axial force at the formation of the sphericity of the
bottom sharply increases, while the radial and tangential components of the spin-
ning force decrease. In the process of upsetting, the laws of force on the degree of
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deformation have a linear dependence. The bottom upsetting is characterized by a
linear increase in the torque with an increase in the degree of deformation by the
spinning. The value of the torque of the upsetting is below the spinning torque.
Work on the upsetting is 2 ... 2.5 times higher than on the spinning. During the
spinning, the power expended is increased. The power of the upsetting is 25%
greater than the spinning and has a linear dependence on the degree of defor-
mation.

The results of experimental studies confirmed the data of finite element
modeling. The deviation of the theoretical data from the shaping of the billet from
the experimental billets does not exceed 12 ... 15%, which makes it possible to
conclude that the established technological recommendations on the thermo-speed
conditions of spinning and upsetting by the friction tool obtained on the basis of
FEM are reliable. It was found that the maximum increase in the thickness of the
bottom occurs when upsetting in the range of 15 ... 20 %. Macro-structural analy-
sis of axial defects of the bottoms with different degrees of upsetting allowed to
establish that the maximum thickness of the bottom wall is dialed by a 15% upset-
ting. The upsetting of the spherical bottom by more than 15% in height leads to a
decrease in the depth of the hole in the axial zone, but at the same time its diame-
ter increases, which leads to the appearance of tensile radial stress components
and, as a result, the extension of nonmetallic inclusions.

The data of theoretical and experimental studies for the design and imple-
mentation of new technological processes of tangential spinning by the friction
tool with the application a upsetting operation of the spherical bottom are summa-
rized. Practical recommendations and methods for spinning and upsetting bottoms
have been developed. It is established that for the defect-free spinning of the bot-
toms by the friction tool it is advisable to use the relative feed of a pipe billet in
the friction tool of 0.925 with a 15 ... 20 % upsetting.

The new technological process of tangential spinning with the use of upset-
ting the spherical bottom of a flat tool has been approved and implemented at the
Research Institute "UKRNDIMETALURGMASH" and at the CIJSC "NKMZ".
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The manufactured products corresponded to the specifications of the customer.
The quality of the axial zone of the bottom is improved for new technological
processes. The results of metallographic studies confirm the high efficiency of the
scheme of spinning of the bottoms with the upsetting on the welding of internal
defects. Less than 6 % of the bottoms received exceed the requirements of the
standard for the size of internal defects. The new technological processes of spin-
ning increased the quality of the products due to the increase in the metal density
of the axial zone of the bottom, which resulted in a decrease in rejects by
20 ... 30%. The mechanical properties of the parts have increased by an average of
9 ... 14%. The proposed technical solution is protected by the Ukrainian patent
(No. 86619).
Keywords: spinning, upsetting, spherical bottom, friction tool, feed, degree

of upsetting, heating temperature, stress-strain state, finite element method.
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BCTYII

AKTyaJIbHiCTb TeMH. B cydacHuX ymMoBax BaXKJIMBUM 3aBIAHHSIM s
YkpaiHu € po3BUTOK MamIMHOOyayBaHHs. Lle cTaHe MOXXIMBUM 3a YMOBU IIiABU-
IICHHS SKOCTI Ta 3HIKEHHS CO0IBapTOCTI BHPOOJICHOT METaJIONPOaAyKINii. Yci fe-
TaJll MaIllMH y €HePreTUYHOMY MaIlIMHOOYAyBaHHI BITHOCSATHCS O BUPOOIB BiJI-
MOBIIAJIFHOTO MPU3HAYEHHS 1 3HAYHA YaCTHHA 3 HUX BHUPOOJSETHCS COCOOAMH
rapsuoro miactTudHoro aedopmysanus. OcobnuBe Miclie cepel UX BUPOOIB 3a-
WMaroTh TOHKOCTIHHI JeTalli 3 AHUIIEM (Ta30B1 0alOHU, KOPIYCH BOTHETACHUKIB,
KOPITYCH T1IPOIMIIHAPIB Ta aMOpPTU3aTOpiB Ta iH.). L{i BupoOu MaroTh cnenudiy-
HY (OpMy Ta BUTOTOBJISIFOTHCS 3 JEKUIBKOX YaCTUH (IIyCTOTUIUNA KOPIYC, THUIIIE
Ta rOPJIOBMHA), AK1 3BaprotoThcsa. CoOIBapTICTh 3a3HaYEHUX BUPOOIB BUCOKa. Bu-
TOTOBJIEHI TaKMM CIOCOOOM J€Tajil HE rapaHTyIOTh BUCOKY HAJIHHICTh METaIy
JTHUIA U Kopirycy Oaiiony. B pe3ynbrati yaapHa B'sI3KICTh 1 MIITHICTh MeTairy 0a-
JIOHY B 30HI 3BapHOTO IIIBa € HU3BKOIK. 32 IIUX YMOB MOXJIMBUN OOpHUB JHUIIA
OaJIOHY i1 JI€I0 BUCOKOT'O THUCKY.

Ha cborogni MeHII pO3MOBCIOIKEHIM METOJIOM JJISI BUTOTOBJIEHHSI TOHKO-
CTIHHUX J€Tajei 3 THUIIEM € CIOCIO BUKOPUCTAHHS OmNepallii 0OKOUyBaHHS TPY-
onHoi 3arotoBku iHCcTpyMeHTOM Teptsa (IT). Illo moB’s3aH0 3 TUM, 10 BIJACYTHE
MOBHE 3aBapIOBAaHHs CTIHKM JHUIIIA BHACTIAOK HEIOCTAaTHBOI TEMIIEpaTypy Ta HU-
3bKHUM PIBHEM CTHCKAIOUMUX HAIPY>KEHb Y MICIIl CTUKY CTIHOK TPYyOHOI 3arOTOBKH.
Tomy Taki cmocoOu BUTOTOBJIEHHSI HE TAPAHTYIOTh IOCTATHHOTO PIBHSA T'€pMETHY-
HOCTI JHHIIA OaJIOHIB.

[TinBuIIIEHHS SIKOCTI Ta 3HMKEHHSI BUTPAT HA BUTOTOBJIICHHS THUII MTyCTOTI-
JUX 3aroTOBOK MOTpeOye YIOCKOHAJICHHS Croco0iB oOkouyBaHHs. OmgHUM 31
IUISAXIB BUPILIEHHA 11€1 TPOOIeMH € po3poOKa il BOPOBAKEHHSI Y BUPOOHUIITBO
crioco0iB BUTOTOBJICHHS 3arOTOBOK 3 JTHUIIIEM HAa OCHOBI KOMOIHYBaHHSI OTiepariii
oOKouyBaHHs Ta miacaaku chepuynoro auuia IT. Y cyyacHiit Teopii i mpakTuil

OOpOOKM MeTadiB TUCKOM HEJIOCTaTHHO PO3BUHYTI HAyKOBI OCHOBH MEXaHI3MY
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dbopMyBaHHs HanpykeHo-aepopmosanoro crany (HJIC) merany TpyOu B mporieci
TaHTeHIIATFHOTO OOKOYyBaHHs Ta Mijcaaku IT 3aroToBOK 3 pi3HUM CITIBBIJTHO-
MICHHSM TE€OMETPUYHHX TMapameTpiB. e ctpumye po3poOKy eHeproomaaHux Te-
XHOJIOT1i BUTOTOBJIEHHS TOHKOCTIHHUX J€TaNel 3 JHUIIEM. Y IIbOMY 3B'SI3KY He-
OOX1HICTh PO3POOKH HAYKOBO OOTPYHTOBAHMX PEKOMEHJIAIIIN JJIs1 MPOSKTYBAHHS
mporeciB 00KouyBaHHS C(HEepUYHUX IHHUII 3 IMiJICAIKOI0, 3 METOIO ITiIBUIICHHS
SKOCT1 Ta 3HMKEHHS BUTPAT Ha 1X BUTOTOBJICHHS, MPEACTABISIE 3HAYHUN HAYKO-
BUH 1 IPaKTHYHUHN 1HTEpeC, 10 MIATBEPKY€E aKTYalIbHICTh TEMHU AUCEPTALIHHOT
poboTH.

3B'SI30K 3 HAYKOBHMHM MPOrpamMamMu, IUIaHAMM, TeMaMu. J[ucepTaiiiiina
po0oTa BIANOBIAA€ NPIOPUTETHOMY HANPSAMKY PO3BUTKY Hayku 1 TexHiku «HoBi-
THI pecypco30epiraroui TEXHOJIOTIi B €HepreTulll, MPOMHUCIOBOCTI Ta arpornpoMu-
CJIOBOMY KOMILJIEKCD» Ta HAyKOBOMY HampsaMKy «P0o3BUTOK pecypco30epirarouux
npoIieciB 0OpOOKHU TUCKOM Ha OCHOBI CTBOPEHHSI HOBUX TEXHOJOTIYHUX CIIOCOO0IB
1 METOAMK aHaji3y 3aKOHOMIPHOCTEH IUTACTHYHOTO JehOpMYyBaHHS» HAyKOBOI
mkonu kadeap «O6podka metaniB Tuckom» (OMT) 1 «MexaHika MIACTUYHOTO
dopmyBanus» (MII®) JlonOachbkoi aep)kaBHOI MAIIMHOOYMIBHOI —aKameMii
(IJIMA). PoGoTa BuKOHaHA B pamMKaxX JAEP>KOIOHKETHUX HAYKOBO-IOCIIHUX PO-
oit I/IMA, 3a imanamu MinicTepcTBa ocBiTH 1 Hayku Ykpainu (0108U010041,
0112U006709, 0118U003047), mpu BUKOHAHHI SIKUX aBTOP OpaB y4acTh SIK BUKO-
HaBeIlb.

Merta ii 3aBanaHHs gocaigxkeHHsl. Meta aucepraiiitHoi poOOTH — TIiBU-
HICHHS SKOCTI JHMIN OaJOHIB Ta €MHOCTEH 3 TpyOuUacTUX 3aroTOBOK Ha OCHOBI
KOMOIHYBaHHS POTaLIMHOTO OOKOYYBaHHS IHCTPYMEHTOM TEPTS 3 MiICAJKOI0
JTHUTIIA.

JInst mOCSTHEHHSI 3a3HAY€HOI METH IOCTaBJIeHI W BUPIIIEHI HACTYIIHI 3a-
BJIAHHS:

— TpoaHaII3yBaTH ICHYIOYl CIIOCOOM Ta METOJU PO3PAaXyHKY MPU BUTOTOB-
JICHHI JIOBFTOMIPHMX TOHKOCTIHHMX 3arOTOBOK 3 JHHIIEM Ta BCTAHOBHTH HaITPSM-

KM 1X ITOJAJIBIIOTO YIOCKOHAJICHHS;
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— pO3pOoOUTH METOAMKH MPOBEIECHHS TEOPETHUYHUX 1 €KCHEPUMEHTAIbHUX
JOCITIKEHb MOJISTIOBaHHS MPOIIECIB TAHT€HIIIATFHOTO 0OKOYYBaHHSI Ta IT1JICaJIKH
cepUyHUX JHUIL IHCTPYMEHTOM TEPTH;

— PO3pOOUTH MaTEMaTUYHy MOJIENb MPOIECY OOKOUYBAHHS 1HCTPYMEHTOM
TEpTsT BCTAHOBUTH Ha OCHOBI €HEPreTHYHOTO METOJa Ta Teopili OOOJIOHOK IS
YTOYHEHHSI e(DEeKTUBHUX TEXHOJIOTIYHUX Jlana3oHiB JIJs BUTOTOBIEHHS Oe3nede-
KTHHUX JHUI OOKOYYBAHHIM Ta MiICaIKOI0;

— BcranoButd H/IC meramy, popMO3MiHYy CTIHKH JHHINA Ta €HEPTOCHIOBI
napaMeTpu y mpolieci KoMOiHyBaHHS omepalliii 00KouyBaHHS Ta IiJicajiku cepu-
YHOT'O JHUINA 3aJIKHO BiJl PI3HOI TOBIIMHU CTIHOK TPyOH, TeMIlepaTypu Harpi-
BaHHS Ta MOJIa4il 3aTOTOBKU B IHCTPYMEHT TEPTSI, 110 JO3BOJUTHh BU3HAUNTH e(DEK-
TUBHI pexXuMU JeOpMyBaHHS;

— MPOBECTH MEPEBIPKY TEOPETHUHUX PE3YJbTATIB MOJEIIOBaHHS (HOpMO-
3MiHU TPYOHOI 3aroTOBKU MpH OOKOYYBaHHI Ta MIiJICAJI €KCIIEPUMEHTATILHUMHU
JOCITIJIPKEHHSIMU Ta Ha 1X OCHOB1 PO3POOUTH MPAKTUYHI PEKOMEHAAIIT Ta METO U~
Ky 3 YJIIOCKOHAJIEHHSl Ta BIPOBAJKEHHS CHOCOOY pOTAI[IMHOrO OOKOYYBaHHS Ta
nijacaakd chepuyHOro JHUIIA IHCTPYMEHTOM TEPTS, IO JI0O3BOJUTH MIABUIIUTH
SKICTh JHUIIA T4 3HU3UTH BUTPATH Ha X BUTOTOBJICHHSI,

— PO3pOOUTH METOAMKY, TEXHOJIOTIYHI pEKOMEHallli Ta MPOBECTH JOCIII-
HO-TIPOMHMCJIOBY aIipo0arliro 3amporoHOBaHOTO IPOIeCy 0OKOYYBaHHS Ta IIiacal-
K1 CPepUYHOTO JHUILA.

00'exT nocaigkenb: TeXHOJOTIYHUIA MPOIEC BUTOTOBJICHHS JHUII 0ajo-
HIB POTAIITHUM OOKOUYYBaHHSM IHCTPYMEHTOM TEPTSI.

Ipeamer gociigkenb: 3aKOHOMIPHOCTI (POPMO3MiHH, TAPAMETPU EHEPTO-
CHJIOBOTO, HANpY>KeHO-1e()OPMOBAHOTO Ta TEIJIOBOTO CTaHy 3arOTOBKHU MPHU KOM-
OiHyBaHH1 OOKOYYBaHHS Ta MIJACaAKU C(HEPUUHOTO THUIIA THCTPYMEHTOM TEPTS.

Metonu pociimkenns. Teoperuuni nocnimxenHs HJIC peanizoBaHi Ha
OCHOBI BUKOpPUCTaHHS Te€opii 000JIOHOK, EHEPIreTUYHOTO METOIy Ta METO/Y CKiH-
yeHux enemeHTiB (MCE). IlinTBepaxenHss GOpMO3MIHU 3arOTOBKU Ta 3aKPUTTSH

OCHOBOT'O OTBOPY Y MpoIeci OOKOYYBaHHS Ta MiACaaKu CHEepUIHOro JHUIIA MPO-
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BOJIMJIN €KCIIEPUMEHTOM Yy JTa00paTOPHUX Ta BUPOOHMYMX yMoBax. [Ipu oOpoOiri
PE3yNIbTaTIB E€KCIIEPUMEHTIB 3aCTOCOBYBAJIUCS METOAM MAaTEeMAaTHYHOI CTaTHCTH-
Kd. BiporiHiCTh HayKOBUX MOJOXEHb, BUCHOBKIB 1 peKOMEHAAIli 3a0e3neueHa
JOTPUMAHHSM BIJIMOBIHUX Cy4acHUX METOIUK MPH IMPOBEJACHHI €KCIIEPUMEHTIB 1
HiATBEp/HKEHA BIAMOBIIHICTIO €KCIIEPUMEHTAIBHUX JAHUX 3 pPe3ysibTaTaMu Teo-

PETHYHUX PO3PAXYHKIB.

HaykoBa HOBH3HA OTPMMAHMX Pe3yJIbTATIB:

1. Bnepuie Ha ocHoBi TeopetnuHoro gociixeHHss MCE BcraHoBieHa ro-
MOJIOT1YHA TeMIIepaTypa HarpiBaHHs TPyOHOI 3aroTOBKH, 10 3a0e3Meuye J10CTaT-
HIil pIBEHb TEMIIEPATYPH Yy MpOIeCi 0OKOUYBaHHS JIJISl 3BapPI