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Komno3suumoHHble maTtepuanbi

KoMno3uTbl— HeogHopoAaHble CM/IOWHble MaTepuasbl, COCTOALLNE U3
ABYX UAM 6o/nee KOMMNOHEHTOB, Cpean KOTOPbIX MOMKHO BblAENUTb
apmMmupyrowme 3N1E€MEHTbI, obecneumBatowme Heobxoanmble
MexXaHWYeCKne XapaKTepUCTUKM maTepuwana, M  matpuuy (maum
ceasyowee), obecneumsalollytd COBMECTHYHO pPaboTy apmupytomx
3/1EMEHTOB.

KOMMNO3UUMNOHHbIE

ANNPETDbI "’I

MATEPUA/bI
APMUPYIOLLUU CBA3YIOLLEE
~ MATEPUAN
YINEPOAHbIE BO/NIOKHA CMO/bl
BOPHbIE BO/IOKHA
APAMUAHBLIE BONOKHA 3NOKCUAHDIE nNoAN3IeGUP3OPUPKETOH
BA3AJ/IbTOBbIE BO/IOKHA NONUIPUPHDIE NONUAMUAOUMUAbI,
n A4P. ®EHO/IbHbIE NONUIPUPCY/TbPOH u AP.

| y, NONMUMMUAHBIE u AP.
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N3 yero coctoat NKM?

CeaAsylollee Apmupyrowmm NMNonnmepHbLIN KOMNO3ULIMOHHBIU
(MaTtpuua) HaMNomNHUTenNb matepuan (MKM)




[ToninmepHblie maTpuubl.
PeaKTonnacThl.

Baskun vnu tBepAabIn Tekyuum
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[ToninmepHblie maTpuubl.
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Komno3suumoHHble maTtepuanbi

CpaBHeHMe yaenbHoii npoyHoctu (o/p) n moayns ynpyroctu (E/p) ans
Hanbonee pacnpocTpaHEHHbIX KOHCTPYKLUOHHbIX MaTepuasnos.

P, o, E, oHalkr, EHal yBenundeHue ysennyeHue

kr/m3 MMa [Ma KMNa Kr, MlMa NpPOYHOCTU KEeCTKOCTU
atoOMUHMEBUE

cnsasbl 2700 310 69 115 26 1,0 1,0
MKM

KBasumsoTpon 1550 680 51 290 29 3,8 1,3
NMKM UD 1550 3000 150 1935 97 16,9 3,8







NMonnmepHble cBAsylOLWME
TepmopeakmuegHbie mampuybl

npo4YHOCMHesbIe ceoucmea
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TemnepaTypHble MexXxaHU4YecKue CBOMCTBA MaTepmnanos
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Bbibop cBA3yloLLEero, Temnepatypa 3Kcnayatauum

[Perspective drawing of internal structure]
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Pa3paboTKka HOBOro maTtepuana

Upea —} CMHTe3 -} CBﬂsyrom,ee

HusKonnaBkuit MOHoMEP
Mouck nnuTepatypsl
MnaHWpoBaHMeE CUHTE3]

Pesynbtat ¢mm [1KM h

N3pnenne

NCK, peonorua

AMP, BaKX, ACK
Pexknm oTtBep:aeHunA

MaclwTtabupoBaHue B peakTtope

[1TnacTuk

MeToa dopmoBaHUA
MexaHunyeckue un
TEepMMNYEeCcKme CBOMUCTBA
KBanndukauyma

AMA, TTA
MeToa noctoTBepKaeHUA
MexaHunyeckue csomncrea 12



Uaea HOBOro moHomepa
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NMounck metopoB CUHTE3a
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HoBble mMOHOMEPDI
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TepmuuecKkue XxapaKTepucTuKku
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MexaHuuyeckue CBOMCTBA NOJIMMEPHbIX MaTpuUL

MpouHocTb Npu n3rube,
MMa

Moaynb ynpyroctu npm
n3rmnbe, Ma

G\, O/ m?

Ko MMa*mn1/2

TennoctomKoctb, °C

6919

2,6%0,2

230+0,042

0,490+0,054
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145+0,030
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MexaHunuyeckue cesoucrtsa NMKM

MexaHunyeckne xapaktepmctukm NKM Ha ocHoBe ®H 1 yrnepoaHbIX BOSTOKOH

Temnepatr 0o,,",

Ob6paszey o,;, MPa T3, MPa 1, MPa
ypa MPa ’
25°C 48717  341+36 31+2 66+2

300°C  535+19 31524 30+2 65+2
A, % +9,8 7,7 -3,3 —2,7

0., pacTaXeHne BAONb HanpaBreHUs BONTOKOH
0,,” CXaTue [0ornb HanpasneHUsa BOMOKOH

T,3 MeXCcnoeBou cABUT

T,, COBWUT B MNOCKOCTW NUcTa
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Mupamunpga ncnbiTaHn

s

\

COMPONENTS

NON-GENERIC SPECIMENS

GENERIC SPECIMENS

SIUNLVIL TVHNLONYLS

asva viva



TpeboBaHua K maTtepmanam

TpeboBaHUA K yrnepoaHbIM BO/IOKHaM

Moaynb Ynpyroctu He meHee 230 Ma, ny4ywe 290+
MNMpepen npouyHocTn He meHee 4,5 Ma, nyywe 6+
YannHeHue Ao paspbisa 1,9%+

TpeboBaHUA K noAMEpPHOU maTpuLe

CBoiicTBa CBA3YIOLWETO
TexHonorna nepepabotku (npenper, PTM, nHgpysna, HamoTKa)
MpoyHoOCTb
Mopaynb ynpyroctu
yanuHeHue npu paspbiee
TpeWwmnHOCTOMKOCTb
TemnepaTtypa cTeKnoBaHUA
LleHa
BnaroHacbiweHune
a) TMpoYHOCTb BO BlAaroHacbliWEeHHOM COCTOSIHUM
b) Mopaynb ynpyroctu Bo Ba1aroHacbileHHOM COCTOAHUU
c) YanuHeHwme npu paspbiBe BO BAArOHaCbILW,EHHOM COCTOSIHUM
d) TpewmnHOCTOMKOCTb BO BNAaroHacbiLWEeHHOM COCTOAHUM
e) Temnepatypa CTeKN0BaHUA BO BNAroHaCbILWEeHHOM COCTOAHUMN

ONOUVARWNR



MpumeHeHMe yrnepoaHbIX KOMNO3ULUOHHbIX MaTepPMUanoB B aBUaCTPOEHUM

Mpoektr BOUHI 737 DREAMLINER Mpoekt ASPOBYC A350 XWB

m50% - HHble MaTef 1

853% - KOMNO3ULMOHHbIE MaTepHuans!

820% - antoMUHUeBbIe Cnnaebl 520% - aNlOMUHUEBbIe CRNaBb!
s

%o =
215% - TMUTaHOBLIE CMNaBbl 814% - TUTaHOBbIE CNaBbI

010% - cTanu 07% - cTanu

m5% - npoyue MaTepuans! 6% - Npoyne Matepuansl

) -
Kntouesble paKTbl J
= [lons NKM (no macce): = Pe3synbTaTbl UCNOIb30BaHMA MKM: = [lo pacyetam oupmbl Porcher, 3a Kunorpamm
= Aspobyc A380 - 22% = CHueHue Beca Ha 15-30% CIKOHOMNIEHHOTO Beca npoussoanTenu
= bowuHr 787 - po 60% =  YMeHblUeHWne pacxoaa Tonamea rpaXK4aHCKMX CamoaeToB roToBbl naatutb Ao 500

= BoeHHble - 6bonee 40% = VY/yylleHne 3KOJI0TMYECKUX NOKasaTenemn EBPO

21



anMEHeHMe yrnepoaHblX KOMMO3NUMNOHHbBIX MaTeEPUAIOB B aBUNACTPOEHNUA

MNMAaaHbl N0 UCNONIb30BAHNIO KOMNO3ULUOHHbIX MaTepuanos B npoekte MS 21

@ 37,5% - yrnennactuk

@33% - antoMuHKeBbIe cnnasbl
E19% - TUTaHOBbIe cnnasbl
06,5 - cranu

W 3% - npoyve maTepuansol
B1% - cTeknonnacTuk

22



KomnosunTbl B aBTOMOOUNAX

BMW i8, 2014 -

BMW i3, 2013 -
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HamoTtKa BonoKHa. O6bnactu npumeHeHus

TEXHONOTNN XPAHEHUA TA30OB ?ﬁ&”é’lﬂi,‘lﬁ%ﬂ%‘;'“\_ ;

i MpOYHBbIN CTONKMIA
NOSIMMEPHbIN KONMNaK

MonnMMepHbIn
BKNaAblLL

[] NonumepHbiit BraabiL
[[] Konnak u3 yrnepoatoro BonokHa
[C] BonokHo/cmona BHewnsis o6onouka 100 % KOpMyC U3 yrnepoaHoro
. MonuMepHblit Konnak BOJIOKHA BbICOKOIo Ka4yecTtBa

BannoH co cxkaTbim NPUPOAHbLIM
ABTOHOMHbII rasom — 10-20 kr YB

AblXaTeNbHbI annapar co

CXKaTblM BO34YXOM — 2 Kr

YB

bannoH ¢ Bogopoaom — 20 Kr YB

25



NpumeHeHUe B BeTPOIHepreTuke
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«B paspaboTke n npomssoacTBe KOMNO3mMTOB Ans MC-21
NPUMHUMAIOT yyacTue BefyLlime XMMUKMU n TexHonorn Poccun.

&mym,mj B ux uncne - yyeHble u cneunanuctel MY u npeanpustuii
DI PocaToma»

- 4. MaHTypoB, MUHUCTP MPOMbILLIEHHOCTU U TOProssin PO

'. MTEKMA «Jlngep

nMmnopTosameLleHnA»

CUCTEMA NOTUMEPHbIX KOMNO3UUNOHHbBIX MATEPUANOB ans
npon3BoacTtBa KOMNO3UTOB ansa ocobo TpeboBaTenbHbIX OTpacnen, B TOM Yyucne Ans

aBnaumMm n Kocmoca

28



CoBmecTHasA paboTta — 3as10r ycnexa co3aaHuUAa YHUKaNbHbIX U3aenum
U3 KOMNO3ULMOHHbIX MaTepnanos

KOHCTpPYKTOp®OI

MaTtepuanoseabl < > TeanorM
(Xmunkn)

29



ConocraBneHne LUKAOB pa3paboTKuM NPUHLMNNAZIbHO HOBbIX

MmaTepuanos U HOBOWU aBMALUOHHOWN TEXHUKM

Ha4ano NpoeKTa

LUK CO34aHUA HOBOWM rpaKAaHCKoO aBUALMOHHOM TEXHUKU COCTaBAAET
nopaaka 10 ner

Ha4vyano CepMﬁHOI'O
npoun3ssoAacTBa
(

c &

) 2 ) 3 ) a )

)

0%
) 8 ) 9 ) 10 |

LUKAN pa3paboTKM HOBOro matepuana c Hyna o
OnbITHOro NPou3BoAcCTBa 6-8 net

J 2 ) 3 ) a )

LUKA pa3paboTKu npMHUMNMAAbHO HOBOro maTepuana
CPaBHMM C LUK/IOM CO34aHMA HOBOI aBUALLUOHHOMN TEXHUKM
M cocTaBafAet nopaaka 10 ner

\

CoctosHue pa3paboTKM B KOTOPOM
KOHCTPYKTOPA MOryT paccMaTpuBaTb
martepuan gna NnpUMMeHeHUsa B HOBOM
npoekKTe

KBanudukauma (ucnbiTaHua) matepmana,
TexHonorm4yecKana oTpaboTka, opraHusauma
cepwuiiHoro npousBoacTsa 2-3 roga

| )

~0 1 ) 2 ) 3 |

l

Pa3paboTKa npuHLMNMaNbHO HOBbIX MAaTEPUANOB A0/XKHA BECTUCb NAapannenbHO UK onepeKan
BO3MOXKHbIii CTapT HOBbIX 6yayLWMX Nporpamm 6e3 NPUBA3KK K CPOKaAM peanmsauum TeKYLLUX
aBUALMOHHbIX NPOEKTOB, HO B TECHOM B3aMMOZAEICTBUM C aBUACTPOUTENAMM.

30



Cxema U3rotossieHUA KOMMNO3UTHbIX U34e/1UiA Ha OCHOBE PTaZIOHUTPU/IbHDIX
NO/IMMEPHbIX MATpUL,

apMUPYIOLWLMIA HaNnoNHUTENb BbiKNagKa Ha OCHACTKY

npenper

@MH‘BMTHaﬂ ,quaD MocTtoTBep:KAaeHUe B neuun
300-350 °C

ABsuraTtensa




U3penua Ha ocHoBe ®PH maTtpuubi

>
E UTEKMA
s

32



Ob6opynoBaHue gna nsrorosneHua NKM




CTPYKTypa CTOMMOCTU YINEen1aCTUKOBbIX n3genuii ana
asmauumm

Raw
Materials

QA & Inspection 14%
32%

Tooling and Jigs

3 0
Assembly 2

9%

Curing
13%

Figure 5 Source: CFC (Jan 2014)

The cost breakdown for CFRP aerostructures.
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Mpumepbl peann3oBaHHbIX NPOEKTOB

NN NN
| UHYMuT
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W TEXHONOTHA

Bxoa 8 armocdepy
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NMpumepbl peann3oBaHHbIX NPOEKTOB LN

nnnnnnnnnnnnnnnnnnnnn

Komnnekc matepuanos a4am nuaoTMpyemoro TPaHCNoOpPTHOro Kopabns
HOBOrO NOKOJ1IeHUs

NOBOBOW TENNOSAWMTHBIA
IKPAH

558
g2 52i

Mcnonb3yetca KOMNEKC BbICOKOTEMMNEPaTYyPHbIX KOMMNO3ULMOHHbIX MaTepmuanos C TemnepaTypoum
aKkcnayataumm go 250 °C 36



Komnnekc matepuanos ana BaKkyymHOU MHDY3UK " UTEKMA




Mpumepbl Usgenum

LEHTP
CNEUHANEHEIX
KOMNOINTHBIX
EXHONOTHA

MaHenu nona u 6azax»cHo20 omoeneHus

NOBOBOW TEMNNOSALUMTHBIW,




N3rotosneHue ceKuum aapoamHamuueckom obonouku (Aa0)
KOCMUYECKOro Kopabna «Open»

Cexkumsa ApO arperatHoro oTceka (AO) Cekums ARO komaHaHoro otceka (KO)

39



N

Mprmepbl peannsoBaHHbIX NPOEKTOB ~
ARy
MNpepKpbinoK Beptoneta Ka-226T .

KomnaeKc BbiNOAHEHHbIX paboT:

Pa3paboTKa KOHCTPYKL MM
npeaKpbIIKa

UcnbiTaHMe maTtepuanos u
nposeaeHue NPOYHOCTHbIX
pacuyetoB

lNpoekTupoBaHue U U3rotoBneHne
OCHaCTKMU

MU3rotoBsieHMe ONbITHbIX arperaTos

OcobeHHOCTU:

B KOHCTPYKUUM NpeaKpPbI/IKa
NPUMeHeHbl BbICOKOTEMMNEepaTypHbie
KOMMNO3ULMOHHbIE MaTepuanbl anA
3aLMTbl arperaTta OT NOTOKa ropsavnx
BbIX/IONHbIX Fa30B

MpoBeaeH YacTOTHbI aHANU3
KOHCTPYKLUMU ANA YCTPAHEHUA
BO3MOXXHbIX P€30HAHCHbIX
KonebaHui




N

NMpumepbl peann3oBaHHbIX NPOEKTOB \|/|4\H/y|§/7\
N o
Topmo3Hblie WUTKKU U gedneKTop 3aKpbinKa camoneta Un-114-300 N T

Komnaekc BbiNOHEHHbIX PaboT:

Pa3paboTKa KOHCTPYKLMM arperaTtos

UcnbiTaHue matepunanos u nposegeHue
NMPOYHOCTHbIX pac4yeToB

npOEKTMPOBaHMe U N3rotoBsieHne OCHaCTKu

npOEKTM poBaHue ncnbiTaTe/ibHbIX CTEHA0B

OcobeHHOCTH:

Mcnonb3oBaHa TONoOAOrMYecKana oNnTMMMU3auma ana
HaX0XXAEHUA ONTUMaNbHOWU KOHUrypaumm
BHYTPEHHEero cunosoro Habopa. Pesynbrart —
yBeNIMYeHHasnA XeCTKOCTb U NPOYHOCTb

Mcnonb3oBaHue NoaxXoaa UHTErpasibHOM
MHOTOCTEHOUYHOW KOHCTPYKLUUKU. Pe3ynbTaT — CHUXKEHUe
TPYAOEMKOCTU U3roTOB/IEHUA



MopaennpoBaHue NPOMEXKYTOUHbIX NOANPECCOBOK, OCTAaTOUHbIX
HanpsaXXeHUu n KopobneHua pabouen noNaTtku BEHTUNATOPA

KomnneKc BbiNONHEHHbIX paboT:

* poBeaeHO YNCNEHHOE MOAENUPOBAHUA NONHOIO LMKAA
NpPon3BOACTBA KOMNO3UTHOM paboueit 1o0NaTKM BEHTUAATOpPA.

* Myrtem mogenupoBaHua onpeaeneH onTMMabHbI
TemnepaTypHbIA PeXKMM NPOMENKYTOUHbIX NOA4NPECCOBOK
cnoes npenpera.

* OnpeaeneHbl OCTaTOYHbIE HANPAXKEHUA B maTepuane,
BO3HMKalOLMeE B NpoLecce OTBEPXKAECHUA U OXNTaXKAEHUA
n3aenusa; BbiAB/NI€Hbl NOTEHLMA/NbHDbIE 30HbI 3aPOXKAEHUA
bedeKrTos.

* PaccuutaHo KopobneHue usgenus.
OcobeHHOCTU:

*  OKono 400 choeB B KOPHEBOM YACTU 3aroTOBKMU.

YnapocToiikuit npenper
«Kap6onoH 225»
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Cnacubo 3a BHUMaAHMe
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