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cenekmusHoe n1azeproe cniasierue, cnias Uukownens 718.

[IpencraBneHsl pe3yibTaThl pabOTHl MO OTPAOOTKE KOHCTPYKTHBHBIX M TEXHOJIOTMYECKHX
peLIeH Ul U3rOTOBJIEHUS COILIa KaMepbl CrOPAHUs KUJKOCTHOTO PAKETHOIO JBHraTelsi METOJIOM
CEJIEKTUBHOTO JIA3€PHOTO CILIABJICHUS.

Llenpto pabGoThl SABJSUIOCH IMOBBIIIEHUE HAAECKHOCTH H3JENUS, CHUKEHUE TPYJOEMKOCTH U
CTOMMOCTHU HU3T'OTOBJICHUA.

Pa3zpaGoTana TeXHOIOTUs CEpUIHOrO M3roToBieHUs comnen kamep cropanus JKPJ[ meromom
CJIC w3 nmopouika cruiaBa MHkoHens 718 W BbIIylieHbl TeXHoJoruueckue ycioBus. IIpoBenena
ONTUMHU3ALMs KOHCTPYKIMM corula i u3rorosieHus meronom CJIC. B mraTtHOM KOHCTpYKLIMH
npUMEHsIeTCs 8 eTaneid — COOPOYHBIX €IUHUI], COSTMHEHHBIX MEXKITY COOOU MO TEXHOJOTHU CBAPKH H
naiiku. ONTUMU3HPOBAHHAsT KOHCTPYKUUS COCTOUT M3 €QUHOW JETalM, YTO IO3BOJIUJIO IOBBICUTH
HAJIC)KHOCTh M3AEIHsI, OJaronaps OTCYTCTBHIO BBIIICYKa3aHHBIX coequHeHnid. Ha puc. 1 nzoOpakena
MCXOJHAasi KOHCTPYKIMS U KOHCTPYKLUS, ONITUMU3HPOBaHHast U1 u3rorosienus merogom CJIC.

Come KC AP, Comto KC XKPH,
HITOTORTEHHOE MO KIACCHUECKAM TeXHOTOTHAM HITOTOBTeHHOe MeTomom CJIC
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Puc. 1 — Cpasuenne koHcTpykuuii corta KC JKP/]

OmpeneneH XUMUYECKHNW COCTaB MCXOAHOTO mopomka WMakoHens 718 W 3aroToBoK,
nonyueHHbIX MeTonoM CJIC. OtpaboTaHbl pexUMbl TepMUYECKOH 00paboTku. OmnpeneneHs
MEXaHHYeCKHe CBOWCTBAa OOpa3lOB-CBHUJIETENIE MPU HOPMAJbHBIX M TOBBIIMICHHBIX TeMIlepaTypax.
[IpoBeneHsl MCTIBITAHUS HA MPOYHOCTh M TEPMETHYHOCTH. lIpoBefeHa uTepalmoHHas OTpabOTKa
dbopMbI KoJutekTOpa coruta. [IpoBeeHbl X0I0/IHbIE THAPABINYECKHUE UCIIBITAHUS HA PacXo/l U Mepenasi
JaBJIEHUsT B COCTaBe Kamepbl cropaHus. [IpoBeleHbl OrHEBblE HCHBITAHHUS KaMepbl CrOpaHus C
coruioM, m3rotoBiieHHBIM MetogoMm CJIC mo mporpamme ucneitanmii ¢ 1,5 pecypcom. Ha puc. 2
n300pakeHa KaMepa CTOpaHus C COIUIOM, M3roToBlIeHHBIM MeTogoM CJIC u orHeBble CTEHIOBBIC
ucneitanusg KC. Ilpoananu3upoBaHbl CpaBHUTENbHBIE SKOHOMHUYECKHE MOKA3aTeNu JIJIsi 000CHOBAHMUS
[EJIeCO00Pa3HOCTH BHEAPEHUS corula, M3rotoBiaeHHOro MetogoM CJIC B KOHCTPYKIIMIO JBUTATEINS,
M3TOTABJIMBAEMOr0 CEPUIHO.
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Puc. 2 — Oruesie ucnbitannsg KC XKPJI ¢ comnom, u3rotoBieHHbIM MeTogoM CJIC

Ceenenus 00 aBTOpax

Cemepuu Anexcannp CepreeBud, Ha4yajabHUK YIPaBICHUS INIABHOI'O METAJUIypra-cBapluiuka —
[JIaBHBIA ~ MeTalrypr-cBapmvk. OOjacTh HaydHbIX MHTEPECOB:  aJJIMTHUBHBIE TEXHOJIOTUH,
IIOPOLIKOBAast METAJUTYPIHsl, CBAPOYHBIE TEXHOJIOTHH.

ErepeB KoncrantuH BasieppeBnd, ITOMOIIHHMK TI'€HEPAIBHOIO KOHCTPYKTOpAa — TJIaBHBIN
KOHCTpYKTOp HampasiieHusi. O01acTh Hay4YHBIX MHTEPECOB: aJ/ITUTUBHbIE TEXHOJOIUHU, pa3paboTka U
0TpabOTKa ONTUMU3UPOBAHHBIX HHHOBAI[MOHHBIX KOHCTpYKIUH y3110B JKP/I.

baitmyxameroB [Imutpuit HOpbeBu4, HauyalbHUK OTAENa — 3aMECTUTENh HadalbHUKA
yrnpaBieHusi. OOnacTe Hay4YHBIX HMHTEPECOB: AIJUTHBHBIC TEXHOJIOTHUH, MeTauiorpaduyeckue
MCCIIEJOBAHMSI 1 MEXaHUYECKHUE UCIIBITAHUS MAaTEPUAJIOB.

YecnokoB [lenuc BrnaauMupoBu4, 3aMeCTUTENb HadalbHMKA OTHENAa IOPOLIKOBBIX
MaTepHaJOB U aJJIUTUBHBIX TEXHOJOTHH. OOIacTh HAyYHBIX MHTEPECOB: aJJUTHBHBIC TEXHOJOTHH,
MOPOUIKOBAss METAJUTYPTHsS U TEXHOJIOTUH LHU(POBOTO MPOSKTHPOBAHUS M3ICITUHN Ui aJJUTUBHOTO
IIPOU3BOJCTBA.

JloraueB IBan AumnekcaHapoBHY, KaHA. TEXH. HAyK, Ha4daJbHUK OTAENA IOPOLIKOBBIX
MaTepuajioB U aJJUTUBHBIX TexHoJorui. OO1acTh HaAyYHBIX MHTEPECOB: AJJUTHUBHBIE TEXHOJIOTHH,
MOPOILIKOBAs METAJLTYpPIHsl U TEXHOJIOTHH MOCTOOPAOOTKH.
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The results of the work on the development of design and technological solutions for the
manufacture of a rocket engine nozzle by selective laser melting are presented.

The purpose of the work was to increase the reliability of the product, reduce the complexity
and cost of manufacturing.

The technology of serial production of rocket engine nozzles by the SLM method from Inconel
718 alloy powder has been developed and technical specifications have been issued. The design of the
nozzle for manufacturing by the SLM method is optimized. The chemical composition of the initial
Inconel 718 powder and the blanks obtained by the SLM method was determined. The heat treatment
modes were tested. The mechanical properties of the samples at normal and high temperatures are
determined. Tests for strength and tightness were made. An iterative selection of the shape of the
nozzle manifold is made. Hydraulic tests were performed for the flow rate and pressure drop in the
combustion chamber. The fire tests of the combustion chamber with a nozzle made by the SLM
method according to the test program with a 1.5 resource were completed. Comparative economic
indicators are analyzed to justify the feasibility of introducing a nozzle manufactured by the SLM
method into the design of a mass-produced engine.
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