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AALVUTUBHbBIE TEXHOJIOFUU NO3BONAIOT
co3paBaTb TeXHUYeckue 06beKTbl 061eryeHHoOM
KOHCTPYKLMUU C YHUKANbHbIMU PU3NKO-
MexaHU4YeCcKMMu ceomcTBamu. Ho HennHenHasa
npupopa gedbopmMaumi 1 paspylieHU BegeT

K He06XOAMMOCTM CO34aHUA nepapxmiecku
OpraHM3oBaHHbIX MaTepuanoB. CoobuiaeTcs

0 pesysbTaTax pa3paboTku mesomMacwTabHoro
M MHOTFOYPOBHEBOIr0 MO e/IMpoBaHMSA Npouecca
CeneKTUBHOIO sla3epHoro cnaasaeHus (SLM)
M3[esiMn, yCTOMYMUBbIX K LUKJINYECKUM
TepMoypapHbIM Harpyskam.

HMKeHHe Beca ra3oTypOHMHHOrO ABHUraTess

(T'TH) HampaB/lIeHO Ha 5KOHOMHIO TOIIJIMBA

M CHM>XKeHHe BpeIHBIX BBIOPOCOB IIPH 3KC-
mayatanuy bygymux wusgenuil. OIHOM K3 OCHOB-
HBIX 33/la4, pelllaeMbIX B adPOKOCMHUYECKOM IIPO-
MBIIIJIEHHOCTH, SIBJISIeTCSI [IPOeKTUPOBaHHUe eTaler
I'T[ ¢ MeHbLIEH MacCOM IIPH COXPaHEHUU HUX PyHK-
LIMOHA/IBHOCTH U QHU3MKO-MeXaHHYeCKHX CBOMCTB.
CoBpeMeHHOe IIpPOrpaMMHOe obecliedeHHe I103BO-
1seT ONTHUMU3HUPOBATh FeOMETPUIO IeTalH, YTO IIpHU-
BOAUT K 3PPeKTHBHOMY COKPAIEHUIO ee Macchl [1].
Ho mcmonb3oBaTh MeTOABl ONTHUMHU3ALHUU B TPaju-
LHOHHOM Ipou3BoAcTBe [T HMHOrZa HeLeIecoo-
6pasHo. IlpyyKHa B TOM, UTO CO3/laHHe H3JeNHI
CJIOKHOM TeoMeTpHUH TpebyeT 6ONBIINX TPyHLo3aTpaT
Y MaTepHaJIbHBIX BJIOKEHHUH.

TexHO/IOTUsI CeJIeKTUBHOIO JIa3epHOro CILJIaBjIe-
HUs (Selective Laser Melting, SLM) mo3BossieT HOIy-
YUTh CJI0KHYI0 KOHCTPYKLHIO 32 OJHMH 3Tall, 3 MHO-
TOCJIOKHOCTh KOHCTPYKTHBHBIX 3/IeME@HTOB He BJIHseT
Ha cebecTouMocTh u3fenus [2-4]. IIpu 3TOM Ipom3-
BOJCTBO U3/[le/INI, CIIPOeKTUPOBAHHBIX AJI5 U3TOTOB-
JIeHHUS 10 "TPAJULIUOHHOM' TEXHOJOTHHU, CHHKAeT
3QPeKTUBHOCTh IIPUMEHeHHS aJJUTHBHBIX MeTO-
J0B H3-3a 3aBBIIIEHHOI0 HMCII0/Ib30BaHUS MaTepHaa.
ITony4yaercsi, 4TO oblerdeHHble AeTaJH He TOJIBKO
YAy4IIaoT XapaKTepucTUKU I'T/], HO ¥ IOBBIIIAIOT
[IPOU3BOAKTENBHOCTD a4 JUTHBHOM TEeXHOJIOTHH.
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Additive technologies make it possible to create
technical objects of lightweight design with unique
physical and mechanical properties. But the non-
linear nature of the deformation and destruction
lead to the need to create hierarchically organized
materials. This article presents the results of
mesoscale modeling and multi-level process of
selective laser melting (SLM) of productsproducts,
having resistance to cyclic stress.

eduction of gas turbine engine weight in

aerospace industry helps saving fuel and

reducing harmful emissions. One of the key
goals in this industry is design of gas turbine engine
components with reduced weight retaining their
functional capabilities. The state-of-the-art software
allows optimization of part geometry which leads to
efficient weight reduction [1]. However, traditional
manufacturing of optimized products is sometimes
not worthwhile as you need to contribute a great deal
of manpower and investment.

With Selective Laser Melting (SLM) technology
a complex geometry can be achieved in one step
and complexity of structural features design doesn’t
affect the product cost [2-4]. Besides, manufacturing
of the products designed to be made with conventional
methods makes the use of additive methods less
effective because of higher material consumption. It
appears that reduced weight parts do not only improve
engine performance but increase efficiency of additive
manufacturing.

In spite of declared advantages of additive
manufacturing with SLM you encounter the same
difficulties as with casting - deformation and residual
stress. Capability of high precision layer-by-layer
manufacturing of complex inner and outer geometry
parts, the degree of such defects in the process of
manufacturing the parts of modern aero engines
require preliminary in-situ technological trials,
selection of the specific part position in the setup,
design of an additional supports system, selection of the
manufacturing conditions to minimize the defects.
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HecMmoTpsi Ha [eKkjapupyemMoe IIPeHMYILeCcTBO
AOOUTUBHBIX TeXHOJOTUM, B SLM-TeXHOJIOTUH BO3-
HHUKAIOT Te JXe TPYAHOCTH, YTO U B TUTEHUHBIX IIPO-
Leccax - KOopobieHHe U OCTAaTOYHBIE HATPSIKeHHUS.
BBICOKOTOYHOE IIOCJIOMHOE ITPOM3BOACTBO JeTalen
CIIOKHOM BHeNIHell K BHYTpPeHHell TIeOMeTpHH,
BeJIMYMHA I0J06HBIX NedeKTOB IIPH HU3TOTOBIEHUH
COBpeMEeHHBIX JeTajedl aBHAlIMOHHBIX I BUTraTeslel
TpebyeT IIpoBelleHHS IIpeABAPUTEIbHOM HATYPHOM
0oTpaboTKH TEXHOIOrWHU, BbIO6OpA OMIpereneHHOTOo
PacIIo/IOKeHM sl [eTalu B YyCTAaHOBKe, IIPOeKTHPOBa-
HUSI CHUCTeMBI JOIIOJTHUTEIbHBIX IO Iep>KeK, BeIbopa
TeXHOJIOTHYeCKOr0 pe>KHMMa C LieJIbl0 MUHHUMHU3alu U
nedeKToB.

YucaeHHOe MOJEIHPOBAHHUE TEeXHOJIOIHYEeCKOIro
SLM-tiporrecca (puc.l) mpenacTaBisieT 3HAUUTEIb-
HBIM HHTepeC W SIB/ISEeTCS MNOTeHLHaJbHBIM pe3ep-
BOM IIOBBIIIEHHMSI KayeCTBa H3[e/IHH, I0IydaeMbIX

g

The possibility of numerical simulation of the
SLM-process (Fig.1) is of a particular interest; it
is a potential reserve for improving the quality of
additive manufacturing products and consequently
provides the possibility to introduce technologies
for making parts with most efficient geometry.
Prediction of residual stress and deformation
at mathematical models [5] in the process of
manufacturing plays a great role for optimization
of parts manufacturing conditions, development
of supporting structures, minimizing defects and
improving manufacturing quality of complex aero
engine components.

Aviadvigatel has formed a working team focused
on organization of additive manufacturing which
pools the efforts of the specialists in various
disciplines to develop a through cycle of reduced
weight parts design for additive manufacturing.
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Puc.1. YucaeHHoll modeauposaHue — mexHoA02u4ecKkasl onepayust npouecca nod20mosku K adoumusHomy npou3sodcmay
Fig. 1. Numerical Simulation as a Part of Additive Manufacturing Preparation
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II0 aAOMTUBHBIM TEXHOJIOTHSM M, KaK CJie[CTBUE,
BO3MOKHOCTBIO BHeJIPeHHs TeXHOJIOTHU IIolyyYe-
HHS OeTaiel C MaKCUMaJbHO 3QPeKTUBHOM Teo-
MeTpHel. I[IporHo3MpoBaHHe Ha MaTeMaTH4YeCcKHX
MOJE/ISIX OCTATOUHBIX HAIPSKeHUN U KOpobieHUs
[5] B mpolLiecce IPOK3BOJACTBA KMeeT OTPOMHOE 3Ha-
YeHHe I ONTHMU3ALHUU TeXHOJIOTHYeCKUX PesKU-
MOB H3TOTOBJIEHHUS [eTasled, Ppa3paboTKu oIop-
HBIX TeXHOJIOTHYeCKHUX KOHCTPYKLHH ([IoIJepsKeK),
MUHUMHU3AUU OePeKTOB U IOBBIINIEHUSI KadyeCcTBa
M3TOTOBJIEHHS CJOKHBIX OeTajlel aBHAIL[MOHHOIO
OBUTaTesIs.

Cerogus Ha OAO "ABuajgBuUraTesb' CO3LaeTCs
pabouas rpymma mo opraHu3alHH AALUTHBHOIO
IIPOM3BOACTBA, OOBeAUHSIOMAS YCHIHS CIeLu-
AJIMCTOB Pa3HBIX HAIlpaBIeHHH B BeIpaboTke
CKBO3HOTO LIMKJIA IPOEKTUPOBAHUS 0OIeryeHHbIX
IeTajien.

Benetrcs pa3paboTka M BHeIpeHHe HOBOKM, OCHO-
BAHHOM Ha YHCJAeHHOM MOJEINUPOBAHUU, MeTO-
OUKH TeXHOJIOTMYeCKOW IIOATOTOBKH ITPOM3BOJ-
CTBa JMeTajned Tra30TypOMHHBIX [BUTATeNeH s
YCTAaHOBOK ITOCJIOMHOIO CIUIABJI€HHS K3 MeTasllH-
YeCKHX IIOPOLIKOBBIX MaTepHasoB, I[103BOSIOMINX
IIPOBOLUTH OTPAbOTKY TeXHOJIOTHMYECKOro IIpoliecca
Ha MaTeMaTH4YeCKHX MOIe/IsiX.

CosmaBaeMasi Iero4yKa aAJUTHBHOIO IIPOU3BOZ-
CTBa AeTasel IO3BOMUT CHHU3UTb MAacCCy ABHUIaTeNs
MUHHMYM Ha 30%. Kcronb30BaHue TeXHOJIOTUU CeJIeK-
THUBHOIO JIA3€pPHOIO CIIJIABJIEHUS OACT BO3MOKHOCTb
COKPAaTHUTb HOMEHK/IATYpy JeTajeldl M yMEeHBIIHTb
KOJIMYeCTBO TeXHOJIOTMYeCKHX [1epeXof0B IIPU KX IIPO-
H3BOMCTBE, TO €CTh [TIOBBICUTh HaAe>KHOCTD I'T/I.

JINTEPATYPA

1. Bendsoe M.P., Sigmund O. Topology
Optimization: Theory, Methods and Application.
2-nd ed. - Berlin: Springer, 2003.

2. Trimble S. Additive manufacturing: Value
added. CE Aviation is leading the way in the
new world of additive manufacturing. - Flight
International, 2013, v. 183, Ne 5393, p. 34-35.

3. Ford S. Additive Manufacturing Technology:
Potential Implications for U.S. Manufacturing
Competitiveness. - Journal of International
Commerce & Economics; September 2014, p. 1-35.

4. Hoeveler P. Gearing up on record time. - MTU
Aero Engines Report, 2013, v. 1, p. 6-11.

5. Ibiye A. Roberts et al. Experimental and
Numerical Analysis of Residual Stresses in
Additive Layer Manufacturing by Laser Melting
of Metal Powders. - Key Engineering Materials,
2011, v. 450, p. 461-465.

54 ®OTOHUKA N21/55/2016

CECEEEEEEEEEEr e e e e e e e e e e e e e e e e e e e e e
AOOVUTUBHDLIE TEXHOJIOTUM I——
CECEEEEEEEEEEr e e e e e e e e e e e e e e e e e e e e e

Development and introduction of new numerical
simulation based methods of gas turbine engines
production preparation for metal powder layer-by-
layer melting machines is in process, this allows
optimization of the manufacturing process at
mathematical models.

The developed parts additive manufacturing chain
will help reducing the engine weight by 30 %. Use of
selective laser melting process will allow reducing
parts nomenclature and the number of process steps
during their manufacturing, i.e. increasing engine
reliability.
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