Jonmarox 4
110 Hakazy No
BIJ

OIIUC 3ABEPHIEHOI PO3POBKH

HajimenyBaHHsi po3po0Ku (YKpaincbKkoi, aH2NilcbKor).

Po3po6sieHHs iIHHOBAIIMHUX TEXHOJIOTIH MITAMITyBaHHS T'lIb3 JUIS apTHIEPIHCHKUX CHAPSIIB JUIS
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shell casings for artillery shells for industrial enterprises of Ukraine
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[IpoexT nmpucBsiueHuit po3poOICHHIO HOBITHIX, KOHKYPEHTOCIIPOMOKHUAX TEXHOJIOTIH Ta
KOHCTPYKIIH IITaMIIOBOTO OCHAIIEHHS JJISi BUTOTOBJICHHS T'lIb3 apTHIEPIACHKUX CHApSIIB,
IO € aKTyaJIbHUM JUIsl TABUILEHHS 000pOHO3AATHOCTI YKpaiHu. Po3pobieHHsT TeXHOMOT1i
Oyl1o BUKOHaHE B JBOX HampsMKax. llepmmii HampsMOK BKIIOYAE ITiJBUIICHHS
OPOAYKTUBHOCTI Ta 3HUKEHHI COOIBapTOCTI 3a pPaxyHOK BHUKOPUCTaHHS OCTaHHIX
HampairoBaHb 110 TapsSuYOMy BHUAABIIOBAHHIO TIOPOXHHUCTHX HamiBpaOpHKaTiB Ta 110
raps4oMy 1 X0JIOJHOMY IITaMITyBaHHIO BUTSATYBaHHSAM 3 IIOTOHUIEHHSM Ta ()OPMOYTBOPEHHS
0o0THCKOM Ha KiHmeBii omepamii. [Ipy 1[pbOMy MigBUINEHHS MPOIYKTUBHOCTI Ta 3HIDKEHHS
co01BapTOCTI BUTOTOBIICHHS 3a0€3MeUy€eThCs CYTTEBUM CKOPOUYEHHSM (B 2-3 pa3u) KiJIbKOCTI
MIEPEXO/IiB BUTATYBAHHSI 3 MOTOHIICHHSIM 1 OOTHCKY 3 OJJHOYACHUM ITiIBUIICHHSAM CTiHKOCTI
1e(pOpMyI0YOro IHCTPYMEHTY, a TaK0XK 3HM)KEHHSAM BUTpaT MeTany 10 10-15% Ha koxxHOMY
BUpoO6i. Takuil HaPSIMOK CTOCYEThCS BUTOTOBJICHHS CTAJICBUX Ta JATyHHUX TiJIb3.

Jlpyruii HampsIMOK BKJIFOYAa€ BUKOPUCTAHHS OCTaHHIX JOCSTHEHb IO XOJOJHOMY
BUJIABIIIOBAHHIO MMOPOKHUCTUX JIATYHHUX HamiB(paOpuKatiB, sKi 3a0€3MeuyroTh 3HM)KEHHS
3ycuiuia BuAaBioBaHHs 10 30%, miABUIIEHHS CTIMKOCTI Aedopmyrouoro iHCTpymeHTa B 1,5
pas3iB Ta 30inblIeHHS cTyneHto aedopmanii 10 20% Ha npomy mnepexoni. Lle pasom i3
3aCTOCYBaHHSIM  JeOPMYIOUOro 1HCTPYMEHTY CHEIllaJbHOTO TpoduIro TpHUBEne 0
CKOPOUYEHHSI B 2 pa3M KUIBKOCTI HEpEeXOJiB XOJOJHOTO BHUTATYBAaHHS 3 MOTOHIIEHHSM Ta
BUKOPHUCTAHHS TIJIbKU OJIHIET KIHIIEBOT OIepallii X0JI0IHOTO OOTHCKY.

Po3pobneHo iHHOBaIlifiHI TEXHOJOIIYHI NPOLECH Ta KOHCTPYKIIl IITaMIIOBOTO
OCHAIIIEHHS JUIsl ITAMITYBaHHS JIATYHHUX 1 CTaJIEBUX 3arOTOBOK T3 MAJIOTO, CEPEIHBOTO
Ta BEJMKOro Kaiiopy, skl 3a0e3MedyloTh MIBUIIEHHS MPOJYKTUBHOCTI BUTOTOBJICHHS 1
3HWKEHHS 1X cO01BapTOCTI Ta J103BOJIAIOTH 3aCTOCYBaTH BUPOOHMIITBO BKAa3aHUX BUPOOIB Ha
ICHYIOUMX BITYM3HSHUX HIANpUEMCTBAX. METOJOM CKIHUEHHUX €JIEMEHTIB CTBOPEHO
MaTeMaTH4Hl MOJIeNi, TIPOBEJACHO KOMIT'IOTEpHE MOJICJIIOBAHHSAM Ta BCTaHOBJIEHO
KOHCTPYKTHBHI, T€XHOJIOT1UHI Ta (Pi3UKO-MEXaHIYHI MapaMeTpH MepexoiiB LITaMITyBaHHS
3aroTOBOK Tilb3. BHSBIEHO CHJIOBI pPEXUMM INTaMITyBaHHSA, NIUTOMI 3yCHJUIL Ha
nedopMyrodoMy 1HCTpyMeHTI, ¢opMu 1 po3mipu HamiBpaOpuKaTiB Ha Iepexojax
HITaMIyBaHHS Ta KiHLEBI GOPMH 1 PO3MIpH 3arOTOBOK T'JIB3.

Jns rine3 Manoro jAiaMerpa BCTAHOBJIEHO MOMXKJIMBICTH IITAMIyBaHHS 3a YOTHPU
Nepexoar B3aMiH IIECTH-BOCBMHU IEPEXOJiB MO iCHYIOYil TexHojorii. Po3pobieHo HOBY
TEXHOJIOT1I0 BUTOTOBIIEHHS 13 MaJIOBYTJICIIEBOI CTaIl 3arOTOBKH T1UIb3H CEPEIHIX PO3MIpIB 3
BUKOPUCTAHHAM 4YOTHUPHOX TNEPEXOJiB IITAMITyBaHHS 3aMiCTh IIECTH MO ICHYIOUIl
TEXHOJIOTIi, a caMe: Iaps4yoro 3BOPOTHOTO BHJIABIIOBAHHA, JBOX IEPEXOJIiB XOJOIHOIO
BUTATYBAHHS 3 TMOTOHIIEHHSM, KamiOpyBaHHS Ta 00THCKy. CTBOpEHO 1HHOBAIlHY
BHUCOKOTIPOAYKTUBHY  Ta pecypco30epirarouy TEXHOJIOTIF0 BHUTOTOBJICHHS 13 JaTyHI
3aroTOBKH TUIB3H BEJIMKOTO KaiiOpy, CyTHICTh SKOI MOJSATa€ B 3aCTOCYBAHHI BUTATYBAHHS 3



MOTOHIIICHHSM 3aMICTh POTAIlIMHOTO BHJIABIIIOBAHHS, IO 3a0€3MEUYMIIO CYTTEBY €KOHOMIIO
MeTajy Ha OJIHI{ 3arOTOBII.

The project is designed to develop the latest, competitive technologies and designs of
stamping equipment for the manufacture of artillery shells, which is relevant to increase
Ukraine's defense capabilities. Technology development is performed in two directions. The
first age includes increased productivity and cost reduction through the use of the latest
developments in hot extrusion of hollow semi-finished products and hot and cold stamping
by drawing with thinning and crimping at the end of operations. At the same time,
increasing productivity and reducing the cost of production is provided by a significant
reduction (2-3 times) in the number of extraction transitions with thinning and compression
while increasing the stability of the deforming tool, as well as reducing metal consumption
by 10-15% for each product. This direction applies to the manufacture of steel and brass
sleeves.

The second direction includes the use of the latest advances in cold extrusion of hollow
brass semi-finished products, which reduce the extrusion force by up to 30%, increase the
stability of the deforming tool by 1.5 times and increase the degree of deformation to 20% at
this transition. This, together with the use of a special profile deforming tool, will reduce by
2 times the number of cold drawing transitions with thinning and the use of only one final
cold pressing operation.

Innovative technological processes and designs of stamping equipment for stamping
brass and steel billets of small, medium and large caliber sleeves have been developed,
which increase production productivity and reduce their cost and allow to use the production
of these products at existing domestic enterprises. Mathematical models were created by the
finite element method, computer modeling was performed, and constructive, technological
and physical-mechanical parameters of the stamping workpiece transition transitions were
established. The power modes of stamping, specific forces on the deforming tool, shapes
and sizes of semi - finished products at stamping transitions and final shapes and sizes of
sleeve blanks are revealed.

For small diameter sleeves, it is possible to stamp in four transitions instead of six or
eight transitions using existing technology. A new technology for the production of medium-
sized low-carbon steel billets using four stamping transitions instead of six using the existing
technology, namely: hot back extrusion, two cold extrusion transitions with thinning,
calibration and compression, has been developed. An innovative high-performance and
resource-saving technology for making large-caliber sleeve blanks from brass has been
created, the essence of which is the use of drawing with thinning instead of rotary extrusion,
which provided significant savings in metal per workpiece.

4. HasBHICTh OXOPOHHUX JIOKYMEHTIB Ha 00’ €KTHU IpaBa IHTEIEKTyaJIbHOI BIACHOCTI (3as6Ka Ha
nameHm, namerni, ceidoumeo HA aemopcovKe npaeo). 2 MaTEeHTH Ha KOpPUCHY MOACIIb
5. TlopiBHSHHS 31 CBITOBUMH aHAJIOTaMHU.

B mnopiBHsHHI 3 3apyOiXKHUM aHajJoraMu TEXHOJOr1T BUTOTOBJIEHHS 3arOTOBKH TijIb3
MaJIoro Kan16py OHepaLIiSIMI/I ITaMITyBaHHS  3alIPpOINNOHOBAHA TCXHOJIOT 11 J03BOJIAAE€
3MEHIIUTH B 2 pa3u KUIbKICTh MEPEXOJIB BUTATYBAaHHS 3 MOTOHIIEHHSIM Ta IEPEXO[iB
o0tucky. Ilpu mboMy B 2 pa3u 3MEHINYEThCS KUIBKICTh BiANaliB HamiB()aOpUKaTIiB MiXk
nepexojaMy  IITaMITyBaHHS. BiAmoBiZHO 3HAYHO  MIABUIIYETHCA  MPOIYKTHUBHICTH
BUTOTOBJIEHHS 3arOTOBOK TiIb3 Ta CYTTE€BO 3MCHINYETHCH ix CO6iBapTiCTB. CTBOpeHa
IHHOBAI[IllHA BUCOKOIPOAYKTHBHA Ta pecypco3depiraroya TEXHOJOTiS BHUTOTOBIEHHS 13
JaTyHl 3arOoTOBKH TiJIb3U BEJIMKOrO KalliOpy, CyTHICTh $KOi IIOJIiTa€ B 3aCTOCYBaHHI
BUTATYBAHHS 3 IOTOHUICHHSM 3aMICTh POTALIMHOTO BHIABIIOBAaHHS, IO 3a0e3Meunsio
CYTT€BY €KOHOMIIO0 METaITy Ha OJHIH 3aroTOBIIL.

6. ExoHOoMiuHa MpUBaOIUBICTE JIUIS IPOCYBAHHS HA PHHOK (8apmicmb peanizayii npoekmy,
MEPMIHU BNPOBAOIHCEHHSL MA OKYNHOCMI, NOKAZHUKLL).
[ToTpebu B iHBecTHIIAX A peanizaiii Big S0 1o 100 muH. rpuBeHs ( Big 2 MITH. 10 3,5 MIH.
nonapiB CIIIA) OkynHICTb IPOEKTY 10 3X POKIB

7. Tlorenuiitai KopucTyBayi (eanysi, Minicmepcmea, 8I00MCmMeEa, NIONPUEMCMEA, OP2AHIZAYILL).
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®oto (000B’s13k0B0) ab0 KinbKa ClaiiaiB mpe3eHTarii 3 GOTO PO3POOKH B €IEKTPOHHOMY
BUTTISAL (pPeKJIAaMHOr0 Xxapakrtepy). SIkmo ¢oro HamgaeTbcsi okpemuM (aiiiaom, OaxaHo
BukopucroByBatu JPEG dopwmar.
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MOHO2paQii, niopyunuxu, NOCIGHUKY, HAYKO8E cmammi, ucepmayii, inwi nyonikayii).

The determination of deformation velocity effect on cold backward extrusion Spocus
processes with expansion in the movable die of axisymmetric hollow parts. I.
Aliiev, V. Levchenko, L. Aliieva, V. Kaliuzhnyi, P. Kisata, B. Yeraliyeva,
and Y. Kulakova. Collective Monorgraph: “Mehatronics” Vol. 1. London:
Taylor & Francis Group, CRC Press, Balkema book, 2020. — 420 pp.
https://www.routledge.com/Mechatronic-Systems-2-Applications-in-Material-
Handling-Processes-and-Robotics/Polishchuk-Mamyrbayev-
Gromaszek/p/book/9781032105857?fbclid=IwAR3_a3NbGn4moYW]IK6BH
ZXyKG3-xZayluFVD4x1UUNnR32AFRAuUmMIL F1laCU#toc

https://www.scopus.com/authid/detail.uri?authorld=16463608000

Mechatronic Systems 2. Applications in Material Handling Processes and Spocus
Robotics // Polishchuk Leonid, Mamyrbayev Orken, Gromaszek Konrad, 1st
ed. Taylor & Francis Group, Routledge, 2021 - 336 p: Chapter 20 - Y.
Danylchenko, A. Petryshyn, S. Repinskyi, V. Bandura, M. Kalimoldayev, K.
Gromaszek, B. Imanbek Dynamic characteristics of “tool-workpiece” elastic
system in the low stiffness parts milling process — pp. 225-236.
https://www.taylorfrancis.com/books/edit/10.1201/9781003225447/mechatron
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Kukhar, V., Sahirov, Y., Markov, O., Hornostai V., Nahnibeda, M. Simulation of bending Scopus
and torsion tests of non-welded and welded direct-formed rectangular hollow sections. 10P
Conference Series: Materials Science and Engineering, 2020, 1001(1), 012069.

DOI: 10.1088/1757-899X/1001/1/012069. EID: 2-s2.0-85100023755.I1SSN: 1757899X
17578981

https://www.scopus.com/authid/detail.uri?authorld=57221745932

Kukhar, V.V., Sahirov, Y.G., Hornostai V.M., Markov, O.E., Nahnibeda, M.M. FEM analysis | Scopus
of stress-strain state and material consumption of RHS with longitudinal gap and weld during
the tests. IOP Conference Series: Materials Science and Engineering, 2021, 1037(1), 012025 ,
DOI: 10.1088/1757-899X/1037/1/012025, EID: 2-s2.0-85101604094, ISSN: 1757899X
17578981

https://www.scopus.com/authid/detail.uri?authorld=57221745932

Kukhar, V.V., Sahirov, Y.G., Hornostai V.M., Markov, O.E., Nahnibeda, M.M. FEM Scopus
simulation of bending and torsion tests of similar size RHS but of the different production
options. E3S Web of Conferences, 2021, 234, 00079, DOI: 10.1051/e3sconf/202123400079
EID: 2-s2.0-85100868846, ISSN: 22671242 25550403
https://www.scopus.com/authid/detail.uri?authorld=57221745932
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IToBHi faHi Mpo CTATTI Ta TE3M JOMOBiIEH 3 BeO-aApecoro eneKTpoHHOoI Bepceii; | Haykomerpuuna
IIJIKPECIUTYU NPI3BUIIIA aBTOPIB, 3a3HAYEHUX Y CIIMCKY BUKOHABIIIB 0a3a aHux
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Andrii H. Prysiazhnyi, Volodymyr V. Kukhar*, Vadym Hornostai, Ekaterina | Scopus
Kudinova, Maryna Korenko, Oleksandr S. Anishchenko. Mathematical
Models for Forecasting of 10Mn2VNb Steel Heavy Plates Mechanical
Properties. Materials  Science Forum (Volume 1045). 237-245.

https://doi.org/10.4028/www.scientific.net/MSF.1045.237
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[ToBHi maHi mpo cTaTTi 3 BeO-aAPECcOr0 eNEeKTPOHHOI BEPCil,
IIIKPECAUTH PI3BHINA aBTOPIB, 3a3HAYCHUX Y CHUCKY BUKOHABIIIB

BusHaueHHs1 BIUMBY CTyIeHs aedopmariii Ha mapaMeTpH MPoIecy XOJOIHOTO 3BOPOTHOTO
BHJIaBJIFOBAHHS TTOPOKHUCTHX BUPOOiB 3 po3aadoro / B. M. 'opuocraii, A. M. IlotatuHuk,
M. O. Edpemos, €. 0. B’s30Bcrkuii, B. B. [llanoBanos // Haykosi HoTatku. - 2019. - Bum.
66. - C. 58-64. http://nbuv.gov.ua/UJRN/Nn_2019 66_10
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Kamoxnwmii B.J1. [IpuMmenenue nehopMUpPYIONIET0 MHCTPYMEHTA CICIUATBHOTIO IPOQHIIS s
WHTeHCH(DHUKAIINY TIpoIlecca BHITSHKKH B paguanbHeix Matpunax // B.JI. Kamroxnsrid, A.C.
SpmoneHko.

Bicuux KIII im. Iropst Cikopcbkoro. Mechanics Andadvanced Technologies. — Kuig: KIII im. Irops
Cikopcebkoro, 2020, Nel (88).- C. 66-74  http://journal. mmi.kpi.ua/article/view/204641
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13. Hagatu KJIt0O9O0BI CJIOBA 10 pO3POOKH
BuTsaryBaHHS 3 MOTOHIICHHSM, OOTHCK, BUAABIIOBAHHS 3 PO3/1a40l0, MOPOKHUCTI BUPOOH,
IHHOBAIIHI TEXHOJIOTI1, BUCOKOIIPOAYKTUBHE IITAMIYBaHHS, HU3bKAa COOIBapTICTh, CHJIOBI
PeKUMH, HamNpyx)eHo-nehopMoBaHUN CTaH, (Pi3MKO-MEXaHIYHI BIACTUBOCTI, BUYEPITAHHUNA
pecypc IIaCTHYHOCTI, SKICTh BUPOOIB.

Bama po3pooka Oyne po3miniena B 0a3i 3aBepuieHnX po3podOK Ha calTi
Hayka Ta innoBaTuka KIII im. Irops Cikopcebkoro http://science.kpi.ua/ .
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