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N3roTtoBAeHUue TONAUBHbLIX
OAKOB AAl CBEPXAErKUX
PAKET U3 KOMMNO3UTHbIX
MOTEPUAAOB C

NPUMEHEHUEM
QAAUTUBHbBIX TEXHOAOIUM.
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"This is really the hardest part of the spaceship,” Musk said at his

-
September 27 talk during the International Astronomical Congress

(IAC). "The other pieces ... we have a pretty good handle on, but
this was the trickiest one. So we wanted to tackle it first.*

https://www.businessinsider.com/spacex-carbon-fiber-fuel-tank-
ocean-ship-test-2016-11

https://www.businessinsider.com/spacex-carbon-fiber-fuel-tank-
ocean-ship-test-2016-10

https://youtu.be/923rBH4Ysb8Y

https://www.nasa.gov/content/nasa-tests-game-changing-
composite-cryogenic-fuel-tank marshall news

Komnanum Space X 1 Boeing, coemecTtHo ¢ NASA pa3paboTaAm
TEXHOAOTMM CO3AAHUSA TOMAMBHbBIX OAKOB AAS XPAHEHMA KUCAOPOAQ U
APYTMX FTA30B B COBPEMEHHbBIX PAKETAX M3 YTAENACTUKOB —
NOAUMMEPHBIX KOMMO3ULLMI U3 NEPENAETEHHOTO YTAEPOAHOTO
BOAOKHA. 2TO KPYMHbIE KOHCTPYKLLMM.

OCHOBHQS MEHMYNMHA — NMPHMEMAEMOE COOTHOLLEHME BECA U
KOHCTPYKUMOHHbLIX XAPAKTEPUMCTUK.
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YraenAaacTukm

TonAmBHbIE BAKM M3 YIAEMAQCTMKA OTHOCUTEABHO HOBAA M CAOXKHAA
TEXHOAOTIMA.

K AOCTOMHCTBAM MOXHO OTHECTM BbICOKYIO XXECTKOCTb, MPOYHOCTb U
MAAYIO MACCY.

K HEAOCTATKOM MOXHO OTHECTU (AAT LLEAEUN XPAHEHMUI KMCAOPOAQ)
BO3MOXXHOCTb PACTPECKMBAHMS, YTEYEK, MOTEHLMAABHYIO
ropoYeCTb. TEXHOAOTMHYECKM CAOXKHbI B M3rOTOBAEHUM.

AAS LLEeAEN MPOM3BOACTBA BAKOB HEODXOAMMBI:

- KayecTtBeHHOE YrAepOAHOE BOAOKHO;
- HeobxoAMMbIE MOAMMEPHbBIE CBA3YIOLLIME, MPOUTOAHBIE AAS
MNPOM3BOACTBO OAKOB M PABOTE MPU HUKMX TEMMEPATYPAX

HUtHM yrA€pOAHOrO BOAOKHO MOTYT ObITb CAEAQHDI B BUAE MPENPETOB
(pre-preg) — BOAOKHA NPEABAPUTEABHO Y>XKE NPOMUTAHHOTO
MOAMMEPHbIM CBA3YIOLLLIMM.,

B x0A€ NOCTPOEHUS U3AEAMNT HEODXOAMMO ODECTEYMTD
30TBEPAEBOHUNE MOAMMEPHOTO CBA3YIOLLLETO. DTO MOXET ObITb
OTBEPAEBAHME 30 CHET XMMMYECKMX PEAKLIMMA,
FOOTONOAMMEPU3ALLMM, 3OTBEPAEBAHUNE B KUCAOPOAHOM
aTMmocdpepe, 3aTBEPAEBAHME MPM BbICOKOM TEMMEPATYPE.
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TonAuBHbIE 6AKMU

TONAMBHbIE BAKM M3 YTAENAQCTUKA MOTYT ObITb CO3AOHbI MO
PA3AMYHBIM TEXHOAOTUSM.

OHM MOTYT BKAIOYOTb BHYTPEHHME BKAGABILLM (AEMHEPDI), UMETD
BHELLHIOIO PYOALLIKY, pebpa XXEeCTKOCTU, PELLETYATYIO MAM CETHATYIO
BHYTPEHHIOIO CTPYKTYPY, BHYTPEHHUE DAEMEHTbI, CTOYKTYPbI AAS
KPEMAEHMS K ARYTMM KOHCTRYKLMAM, PA3AMYHBIE COEAMHEHMS,
AQTYUKM, YCUAMBAIOLLIME BHYTPEHHME KOHCTPRYKLLMM U T.A.

C BHELUHEM CTOPOHbI OAK MOXET ObITb MOKPbIT TEAOMAOM3IOAILIMEMN.

Bakn MOTyT ObITb M3rOTOBAEHbI M3 OTAEAbHbIX YOCTEM, CODPAHHbBIX B
AQABHEMLLIEM BMECTE, MAM CAOOPMMPOBAHDI LLEAMKOM CPA3Y.

Kpome Ttoro, 6akm MAM MX YOCTU MOTYT ObITh B NPOLLECCE
MPOM3BOACTBA MOABEPIHYTbI OTXXMIY B ABTOKAQBE (HY>XHbl OBTOKAQBbI
COOTBETCTBYIOLLLETO PA3IMEPA). B HEKOTOPbIX BAPMAHTAX TEXHOAOTMM
3TO He TpebyeTcs.

[MooBAEMY MPEACTABAIET U TRAHCMOPTUPOBKA B CAYHaE OOAbLLOIO
pasmepa.

TexHOAOIMM MPOM3BOACTBA LLl/l/\l/IHApl/l‘-leCKOlZ HACTH U
KprLIJKl/l/AHl/ILLI.CI OAKOB CMABHO PA3AMHAIOTCA MO CAOXKHOCTHU.
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Tank dome

Trapezoidal design SKIRT BARREL

exhibits both axial and
compressive strength
and enables venting

FLUTED-CORE SKIRT
CROSS SECTION
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point

/
com interface
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bond lines

Tank layup — combined thick (145
g/m?) and thin (70 g/m?) plies
form crack-resistant laminate

DESIGN RESULTS

NASA/Boeing CCTD Cryotank with Fluted-Core Skirt

2 Robotic AFP technology proves more reliable > Fluted core design features co-cured facesheet/ » Open passageways created by trapezoidal
during layup of complex curved surfaces in core construction, eliminating potential flute design enables venting of skirt inthe
cryogenic tank dome areas. adhesive failure at cryogenic temperatures. event of tank leakage.

Illustration / Karl Reque



CtoumocTb paspaboTku

[10 OTKPBITbIM AQHHBIM CTOMMOCTb PA3PADOTKM TEXHOAOTHM TOKMX
OAKOB COCTABAAAQ AECATKM MUAAMOHOB AOAAQPOB (OT 25 MAH).

Kpome pa3paboTkm CaOmmx BAKOB HEODXOAMMO MPOBEAEHME
MCMbITAHUMN.

B CAy4OE UCMNOAB30OBAHMA AOTMIOAHUTEABHO OBTOKAQBA AAS OTXKUIQ
OAKOB MAM UX HOCTEM — ABTOKAQBSI.

B CAy4YQE KPYMHbIX PA3MEPOB OAKOB HY>KHbI TEXHOAOTMM WX
TOAHCMOPTUPOBKM.

BO3MOXHO AASl YMEHbBLLIEHMS BEPOITHOCTU BO3ropAHMI OAKOB
HEODXOAMMO PA3PADOTKM TEXHOAOTUM MOKPbLITMS OAKOB C
BHYTPEHHEM CTOPOHbI U/MAM MPOOMEXYTOYHbIX CAOEB M3 HETOPKYMX
MOTEPUMAAOB.
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Bo3moxHoe pelueHue

HavyaTtb pa3paboTKy TEXHOAOTMM OAKOB M3 YTAEMAQCTMKO AAS
XPAHEHMSA XKMAKOTO KMCAOPOAQ.

Ha4yaTtb € HEGOABLLMX PA3ZMEPOB.

[lo mepe HOKOMNAEHUI MHADOPMALLMM M MOADOPA MATEPMAAOB U
TEXHOAOTUM MPOUHMMATL PELLIEHME O NEPEXOAE HE CAEAYIOLLLYIO
4ACTb. KaXKAQS MPOMEXKYTOYHAT TEXHOAOTMS MOXET ObITb
MPUMEHEHA B PA3AMYHBIX YCTPOMCTBAX AASA PA3HbBIX HALLI,

(AAAUNTUBHOTOY B DTUX TEXHOAOTUSIX — AAS MOYTU BCEX OOPM,
KOTOPbIE CAOXHEE LIMAMHAPQ, (MEYATAIOLLLYIO TOAOBKY)» HEOXOAMMO
YCTAHABAMBATb HO MAHMUIMYASTOP.

OTAEABHO AA LEAEN CO3AQHUA HETOPKOUYMX MOKPBITUM BO3MOXXHO
MMEET CMbICA PA3PADOTATE TEXHOAOTUM HOHECEHMS MOPOLLIKOB
METOAAOB HQA BHYTPEHHIOKO MOBEPXHOCTbL OAKOB HO OCHOBE
TEXHOAOTMIM PA3FOHA YOCTML, NOPOLLKA METOAAOB AO CBEPX3BYKOBbIX
CKOPOCTEM U TEM CAMbIM M30EXATH MEPETPEBA NMOBEPXHOCTU NPU
HOHECEHUM MOPOLLIKOB.

BO3MOXHO MMEET CMbICA PA3PADATHIBATE TEXHOAOTMM AAS
obecnevyeHms TENAONEPEHOCA B KOpyce 6AaKa M KOMMNEHCALMM
TEMMNEPATYPHbIX 23d0FEKTOB.
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HekoTopble CCbIAKHU

https://www.nasa.gov/content/nasa-tests-game-changing-
composite-cryogenic-fuel-tank marshall news

https://www.compositesworld.com/articles/spacex-announces-
copvs-role-in-sept-rocket-explosion

https://www.nasa.gov/centers/marshall/news/news/releases/2014/
14-043.html

https://aameon.nasa.gov/cateqgory/composite-cryogenic-
propellant-tank/

https://gameon.nasa.gov/archived-projects-2/composite-
cryogenic-propellant-tank/

https://youtu.be/jc52ssQé5cU

https://www.businessinsider.com/spacex-carbon-fiber-fuel-tank-
ocean-ship-test-2016-11
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OCHOBHASl KOMAHAOQ KOMNAHUU
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CtaHucaas Ko3uH Amutpun Fr'payes Makcum bypmucTpos
CEO CTO [ AQBHbIV KOHCTPYKTOP

Cepreu lNonos UAbs BAOCKUH AAeKCaHAP AeTKUH Arekcen MuTiopses
PaspaboTtka MO NHXXEHEP-KOHCTPYKTOP NHXXEeHEP-TEXHOAOT NHXXEeHEP-TEXHOAOT
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KOHTAKTbI:

TOHKME CUCTEeMHbIe TEXHOAOIMUU

BAaamcAaB TpoLumH(CEO)

froshin@fine-systems.tech

www.fine-systems.tech
https://www.linkedin.com/in/vladislav-troshin-0195bb51/

AddSol

Amuntpun [payés (CTO)

info@addsol.tech

www.addsol.tech
hitps://www.linkedin.com/in/grachevdmitry/
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