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Mcnonb3oBaHMe TEXHONOMMU CeNEeKTUBHOIO
NlasepHOro naaB/jeHUs B pas/intdHbIX 061acTax
MeAMNLMNHCKON TeXHUKN U MALLMHOCTPOeHUS
no3BoJisieT NeperiTu OT TeXHOJIOrniA 6bICTpPOro
NpOTOTUNUPOBAHUSA K HernocpeacTBEHHOMY
BblpallMBalo rOTOBbIX U3AeNuN, Tpebylolemy
MWHMMaJIbHOW NocJjieonepaLnoHHOM 06paboTKu.

B cTaTbe npeacTaBieH pag HapaboTok B o61actu SLM-
TexHosiormm (B TOM YMcsie 0CO6eHHOCTU BbipalymBas
noAnopoK, He06xoAMMbIX A8 YCNELWHOro Noay4YeHus
CNNOLWWHbIX U3A4ennin), BbINOJAHEeHHbIX B M TY

M. H.3. bBaymMaHa c Lenbio yCKOpeHUs ux nepegayu

B MUHAYCTPUasibHOE NPOU3BOACTBO.

JIOTUH OBICTPOrO0 MPOTOTHUIIMPOBAHHUS, SIBIIS-

eTCsl ONHOM u3 Hauboslee HHTEeHCHBHO pa3BHBa-
IOIIMXCSI OTPacier COBpeMeHHOI0 MalllMHOCTPOeHHU
B 3Ty rpymmy, B 4YHC/Ie IIPOYHX, BXOASAT MeETOZbI
CeJIeKTUBHOIO JIa3epHOr0 CIIeKAaHHS U IJIaBIEHHUS.
CenekTHBHOe Ja3epHoe IMaBieHue (CJIII) Haxo-
OUTCSL cpeny Hanbosee BasKHBIX METONOB, TaK KaK
[I03BOJISET IO0y4aTh HNPAaKTHYECKH FOTOBBIE H3[e-
JIUS IIyTeM CIUIaBJIEHHS MeTaJUIM4YeCKUX IIOPOIIKOB.
OcobeHHOCTP MpPHMEHEHHS [AAHHOHM TeXHOJIOTHHU
CBsI3aHa, KakK IIPaBHJIO, C U3TOTOBIEHUEM H3JeNUU
CJIOKHOM TeoMeTpUH, THU60 M3 MaTepPHAJIOB, IJIOXO
IO JAIONIMXCSI MeXaHHUYeCKOM 06paboTke.

CJIII gBnsieTcs OOHHUM H3 CIIocoboB, KOTOPBIH
[I03BOJISIeT BBIPALIMBATh [AeTaJd K3 Pa3IHYHBIX
MeTaJIJIM4YeCKUX IIOPOLIKOB, CJIOH 3a cioeM, ¢op-
MHPYs YHHUKAJAbHYIO KOHQUIYPALIUIO H3AeNIUs
IIyTeM JIOKaJIBHOI'O BO3JE€HMCTBHS JIa3ePHOrO H3/yde-

r pynmna aaagyuTHUBHBIX TeXHOJIOTUH, HJIU TeXHO-

42 ®OTOHMKA N22/62/2017

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
AOAOVUTUBHDLIE TEXHOJIOTUM .
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
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D.M. Melnikov, PhD in Technological Sciences, MT-12,
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The use of selective laser melting technology in
various areas of medical equipment and mechanical
engineering allows passing from rapid prototyping
technique to immediate grow of finished products,
demanding minimum after operating processing.

A number of exploratory works in the field of selective
laser melting technology (including features of
supporting piece growing necessary for successful
continuous products receiving) executed in Bauman
Moscow State Technical University for the purpose of
acceleration of their transfer to industrial production
is presented in article.

prototyping techniques is one of the most

intensively developing branches of the modern
mechanical engineering. Methods of selective laser
sintering and melting are included among other in
this group. The selective laser melting is among the
most important fields as it allows receiving practically
finished products by sintering of metal powders. The
feature of this technology usage is bound, as a rule,
to manufacture of composite geometry products, or
products from materials badly machinable.

The selective laser melting is one of methods
allowing growing details from various metal powders,
layer by layer forming a unique configuration of
a product by local impact of a laser radiation on
powder with remelting of each layer. For each type
of powder differing by the size and form of fraction,
chemical composition there are particular features
at cultivation, however the common principle is
identical for all types. The main feature of selective
laser melting is a possibility of irregular shapes parts
creation, including those with internal channels and
cavities [1] having the given mechanical and physical

T he group of the additive technologies or rapid
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HH Ha IIOPOIIOK C IIepeIlyiaBleHHueM KasKAoro CJIos.
Ui Ka>kaoro THIIA IIOPOIIKa, OTIMYAIOILErocss pas-
MepoM, GopMoi GPaKLIMU U XUMHUYECKHUM COCTaBOM,
CYIIeCTBYIOT CBOM OCOOEHHOCTH IPHU BBIPAIHBA-
HHUH, OOHAKO OOIIMH NPHUHLIMI OLHUHAKOB [IJISI BCEX.
OcHoBHas yepTa CJIII - BOSMOKHOCTD CO3[JaHUS eTa-
7el CIOKHBIX GOpM, B TOM YHC/Ie C BHYTPEeHHHMU
KaHajlaMH M TOA0CTAMHU [1] ¢ 3aJaHHBIMH MeXa-
HUYeCKUMH H OU3UYeCKHMMH CBOMCTBAMH. TeXHO-
JIOTH S IIOCTEIeHHO BHEAPSIETCS B a3POKOCMHUYECKYIO
M aBTOMOOM/IBHYIO OTPAC/IH, HHCTPYMEHTaJIbHOE
IIPOM3BOLCTBO CJIOKHBIX JleTajell U Ipo4yHe obna-
CTH, IZle OHAa B CKOPOM BPeMeHH HaMJeT LIHPOKoe
npuMeHeHHe [2]. CJIII y>ke aKTHBHO HCIIO/Ib3YeTCS
B I0BeJIMPHOM IIPOMBINIIEHHOCTH U MenuLiHe (bro-
MeJULIMHCKHe 3yOHBbIe IPOTe3bl, KOPOHKH U IIpoyee —
puc.1, [3, 4]).

PasnuuyHble NOpobieMbl, BO3HHKAIOIIWe IIpU
paspaborke TexHomoruu CJIII, TpebyloT riybokoit
popaboTKK Ha pPa3HBIX YPOBHSIX: TEOPETHYECKOM —
IIOCTPOEHHU S MOAPOOHOM MOeNH Ipolecca, W Ipak-
TUYECKOM - MPOBeNeHHSI 3SKCIepUMEeHTAJIbHBIX
HCCIeIOBAHUM II0 BBIOOPY ONTHMAJIBHBIX IIapaMe-
TPOB [J1s BRIpAlllMBaHUS U3[Ie/IUH U3 Ollpe/ie/IeHHBIX
IopomKoB. CJIOKHOCTH 3KCIIePUMEHTAIbHBIX HCCIIe-
NOBAaHUK 3aK/II04aeTcs B [IOCTAaHOBKe MHOro®aKkTop-
HOI0 3KCIIepHMeHTa JJis1 IOHUMAaHU IIpolecca ¢pop-
MUPOBaHUS KaK OTAEIbHBIX 30H CIIJIaBJIEHMS, TaK
Y U3Je/IKs B LIeJIOM, U II0CIeAYIOIero UCKIIUYeHU ]
TaKHUX HeraTUBHBIX 3¢$eKTOB, KaK cheporau3alins
pacIiaB/lIeHHBbIX [IOPOLIMHOK, IIOPHCTOCTb, TepPMH-
yecKas gedopmarnus, TPemUHEL, U T. .. [5].

OnHUM K3 Haubosee CIOKHBIX, HO Ba’KHBIX 3Ta-
IIOB IIPH BRIPAILIMBAHUU JeTajlel SIBISeTCs Co3LaHUe
IIOJIIOPOK, KOTOPhIE YIAEPKHBAKT BBICTYIIAOLIKE
M HaBHCAIOLIMe YacTHU [eTa/ld IIPU HU3TLOTOBJIEHUH.
OcobeHHOCTH 3TUX 37IEMEHTOB OIIPeJieIsieTCsl MeIKOM
[epUOJNYEeCKON CTPYKTypOM M MUHHUATIOPHBIMU
3/leMeHTaMU IPHU IlepellJiaBleHUH c1oeB. Heobxo-
OUMO OTMETHUTb, YTO Ha CerOAHSIIHUU AeHb I0/Ible
CeTyYaThie U3/e/IKsI CPaBHUTE/IBHO JIEIKO 101y YaI0TCs
meTtomoM CJIII, HO BeIpalllMBaHUe fAeTasel co 100%-
HOM IIOTHOCTBIO IIOKa 3aTpyfHeHOo. OfHA M3 COCTaB-
JISTIOLI KX 3TOX IIPo6JIe MBI - [T0J1y YeHHe OIITH MaJIbHO
CTPYKTYPHL IOAIIOPOK, KOTopasi Obl rapaHTHpoBaja
BO3MOXXHOCTh BBIpAIllMBAHUS IIJIOTHOTO H3[e/IKS
Y ero IOCIeayIolnee OTaeIeHHe OT IOJIIOPOK.

Ha xa¢empe MT-12 MITY wmm.H.3.baymaHa
AKTUBHO pa3pabaThlBAOTCSL Ja3epHble ANIHUTHB-
Hble YCTAaHOBKH M TeXHOJIOTMH, B TOM YHKC/Ie g
CJIII. HemaBHO pa3paboTaHHBIM KOMIUIEKC (pHC.2)
[103BOJISIeT IIPOBOAUTH d3PdeKTHUBHBIE UCCIeNOBAHUS
Pas3/IHUYHBIX aCIEKTOB 3TOM TeXHOJOTHMH. KOMIIJIeKC
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Puc.1. Modeab UcKyccmeeHHOU Kocmu, noAy4eHHas memooom
ann (4]

Fig. 1. Artificial bone model made by selective laser melting
method [4]

properties. This technology gradually penetrates
into space and automobile branches, instrumental
production of composite parts and other fields where
it will shortly become widely used [2]. Selective
laser melting is already widely used in the jewellery
industry and medicine (biomedical dentures, cutter
heads and other -Fig.1, [3, 4]).

Various problems arising when developing selective
laser melting technology demand deep study at the
following different levels: theoretical, i.e. creation of
detailed process model, and practical, i.e. conducting
the experimental research at the choice of optimum
parameters for cultivation of products from particular
powders. The complexity of the experimental research

Puc.2. Ycmanoska "C/1M-110", npou3ssedeHHas 8 MI'TY

um. H.3. baymaHa

Fig. 2. SLM-110 installation made in Bauman Moscow State
Technical University
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yAOBJIeTBOPsieT IIPedBsIBIASeMbIM COBPeMeHHOM
MHAYCTpUell TpebOBaHUSIM U He yCTyIaeT 3amaj-
HBIM aHaJIOTaM.

I[puHIMIKanbHas cxeMa Impouecca CJII moka-
3aHa Ha pHUC.3. [epMeTHYHas KaMepa, 3all0JIHeHHas
MHEPTHBIM Ta30M C BO3MOMKHOCTBIO HarpeBa aTMoOC-
depel, BKIOUaeT B cebs maaTopmy BbIpalllBaHMUS,
KOTOpass UMeeT BePTUKAJbHYIO CHCTEeMY IlepeMelle-
HHUS, a Takke ABa OyHKepa A MOpomiKa. M3 6yH-
Kepa-IIUTaTeasd IyTeM BEePTHKAJIPHOIO Ilepemelre-
HU S IJIATGOPMBI IIOPOILOK I10AAeTCS Ha [I0BEPXHOCTh
pabouero ctona. C IOMONIBIO HOXKa HJIM PONHKA
Heo6xoqHMBII 06beM IIOPOLIKA IIePeHOCUTCS K IIJIAT-
dopMe 11 BRIpAlIMBAaHUSA K YKIa[bIBAeTCS Ha Hee
POBHEBIM CJIOEM 33JaHHOU TONIIMHBL. JIMIIHUHU I10PO-
IIOK CCHIIIAeTCS BO BTOpOM OyHKep. Jlajmee IpomMC-
XOIHUT BO3LEHCTBHeE JIa3epHOI0 M3/1y4eHHUs Ha IOpo-
IIOK, ero CIIJIaBjleHHe Ha IIePBOM 3TaIle C II0fI03KKOH,
a fajgee C NpeIblAyIIMM BRIpAlleHHBIM cioeM. Kaxk
TOJIBKO CJIOM BBIpallieH, IIaTdopMa BhIpaIlKBaHHUS
C JeTajblo OIlyCKaeTCs BHU3, a IIPOLEeCC CO3MaHUSA
HOBOT'O CJIOSI [IOBTOPSIETCS I10 TOM JKe CXeMe.,

IIpy MOCTPOEHHUM MOJENH 3KCIIePHMeHTa/IbHbIX
HCCe/IOBaHUI M BbI6Opa ONTHMAaJIbHBIX YCIOBHUH
nposefenus CJIII oyeHb BasKHO YYMTHIBATH OTpa-
60TKy IOBTOPSIEMOCTH IIpollecca C 33aJlaHHOM TOY-
HOCTBIO [8]. Bce BapeHpyeMBble IapaMeTphl IIPO-
mecca CJIIT MOXKHO pa3feJnTh Ha TPU OCHOBHEIE
rpynmsi [6, 7]:

* 3aBHCAIIHE OT XapaKTePUCTHUK IIOPOIIKA,

* 3aBUCAIIME OT XapaKTepPUCTHK JIa3epHOIo

M3/Iy4YeHU,

* 3aBHCAIIHE OT CTPAaTeTuU CKAaHHPOBaHU .

AKILIeHT HeobXOmZMMO clenaTh Ha obecriedeHHU
IIOBTOPSIEMOCTH IIPH BBIPAIMBAHHH M3JeNHHU
C MHHHUATIOPHOM reomeTpuer. ObecredHUTh IIOBTO-
psIeMOCTb MOXKHO IIPaBHJIBHBIM BBIOOpOM pesku-
MOB M aKKYpPaTHBIM IIOCTPO€HHEM IIOJAIIOPOK, YTO
rapaHTHpYeT OTCYTCTBHe HCKa>KeHHH odepeJHOro
CJI0s1, KOTOpPble MOI'YT HAKaIIMBAThCS U IIPUBOAMTH
K Cepbe3HBIM fledpeKTaM IpH 60IBIIOM KOITHYECTBE
CJ10€B.

HccnemoBaHus  ONTHMAJbHOTO  BBIpalllMBa-
HUS IOAIIOPOK MBI IIPOBOAMUIM Ha HepKaBeloller
CTaau. B cHIy BBICOKOM CTeleHH CILJIaBASeMOCTH
u 6raromaps LIMPOKOMY PacCIpPOCTPaHEHHIO B IIPO-
MBIIIJIEHHOCTH [JISI HCCIeJOBaHUS BbIOpaH IIOpO-
IIOK HepsKaBewoller cTanu 316L. Ee aHanmoramMmu sIBis-
I0TCSL HepKaBewiue cTanu 1,4429 u 03X17HI14M3.
CocTaB mopolika IpHBefeH B Tabnulie (IIOPOIIOK
O HOPOAHBIN chepHUuecKUI), MOPPOIOrHs ero moka-
3aHa HH puC.4. Ha puc.5 mpencTaBieH XUMHYeCKHUHU
COCTaB IIOPOIIKA IIOC/Ae IIPOBENEHMS PEHTIeHOB-
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dokycmpytowas cmcrema
Focusing system

CkaHaTtop JlazepHoe n3nyyenve
Nazep Scanator Laser radiation
Laser ﬂ
£ —/
MopoLok Hox Vsmenne
Powder Knife .

Item

byHkep nuTtarens
Feeder hopper

Mnatpopma
BblpaLnBaHNs
Growing platform

ByHKep M3nNLLKOB
nopotuKa
Hopper for excess powder

Puc.3. Cxema sbipawugaHus demaneli memodom C/1r1
Fig. 3. Diagram of parts growing by selective laser melting
method

consists in multifactorial experiment statement for
comprehension of formation process both of separate
fusion zones, and a product in general, and the
subsequent exception of such negative effects as
spheroidizing of melted grains of powder, porosity,
thermal deformation, cracks, etc. [5].

One of the most complex but important stages at
parts growing is a creation of supporting piece which
holds the acting and hanging elements of a part at
manufacture. The feature of these elements is defined

al = & 0n
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Puc.4. Mopgonozus yacmuy, nopowka cmanau 316L
Fig. 4. Morphology of steel powder particles 316L
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Puc.5. Cocmas nopouika, 8bisieneHHbil no pesyabmamam
peHm2zeHo8cK020 KOHMpPOAS
Fig. 5. Content of powder detected according to results of
X-ray control

CKOTo KOHTpons. Mcxomsa U3 IONy4YeHHBIX OaHHBIX,
PeanbHBIN COCTaB (IIocae KOHTPOIS) U 3asSBIeHHBIN
COCTaB IIOPOIIKA HMMeEIOT He3HAUYUTeJNbHbIe Pa3Ju-
yus. [is BeIpaliuMBaHUS Obl1a BeIOpaHa KBagpat-
Hasl, CIelMaJbHO IIOATOTOBJIEHHAs IIOAJIOXKKA
M3 CcTaiu 316L.

HccnemoBaHUST MPOBOAUIMCH IIPH IIOMOIIHM KOM-
mekca "CJIII-110", a TaksKe CIIeIIHaIBHO CIIPOEKTHU-
poBaHHOro nabopaTopHoro obopynoBaHus [9]; cocTa
KOMIIJIeKCA CAefyIOIMM: CHCTeMa IlepeMelleHUs
IIOJIIOKKH C BO3MOXXHOCTBIO HaHECEeHHS CJI0eB TOJI-
IIMHOM OT 60 MKM; HOX JIJIsI HAHeCeHHS CJI0eB; BOJIO-
KOHHBIH /1a3ep C MaKCHMaJbHOK MOLIHOCThIO 100 BT;
CKaHATOp C MaKCHMAaJbHOM CKOPOCTBIO IepeMelle-
HUS ayda 10000 MM/c, IHaMeTpoM ISITHA B doKyce
nopsizika 60 MKM K o61acTbeio 06paborku 100x100 MM;
KaMepa C mojadell MHepTHoro rasa (apros). Ha man-
HOM o6opynoBaHUM OblI IIpOBefeH PsAf SKCIIepHU-
MeHTOB II0 oTpaboTke QOPMHPOBAHHS eNUHHY-
HBIX CIUIABJIEHHBIX AOPOKeK M 3aMKHYTHIX QUIYP
(puc.6).

Ha puc.7 moKasaHbl pe3y/l1bTaThl BhIpPAllHMBaHHUS
duryp emMHUYHOrO 10 co 100%-HOM IJIOTHOCTBIO.
[lonydeHHBle II0 MOaHHBIM OSKCIIePHUMEHTAJBHOTIO
HCCAefO0BaHUS IIapaMeTpPhl IO3BONSIOT IpaKTHUe-
CKHU IIOJHOCTBIO KM36eraTh IIOPHUCTOCTH IIPH KCIIONB-
30BaHHHU Pa3paboTaHHOM HAMH yCTAHOBKH. OJHAKO
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by fine periodic structure and tiny elements existence
at layers remelting. It should be noted that today
hollow cellular products are produced rather easily
by selective laser melting method, but parts growing
having 100% density is still complicated. One of
components of this problem is the supporting pieces
optimum structure receiving which would guarantee
a possibility of growing the dense product and its
subsequent separation from supporting piece.

At MT-12 Department of Bauman Moscow State
Technical University laser additive machines and
technologies, including those actively developed for
selective laser melting. Recently developed complex
(Fig. 2) allows conducting the efficient researches of
various aspects of this technology. The complex meets
requirements imposed by the modern industry and is
not inferior to Western counterparts.

The key diagram of selective laser melting process
is shown in Fig. 3. The pressure-tight chamber filled
with noble gas with a possibility of atmosphere
heating includes a growing platform which has
vertical movement system, and also two hoppers for
powder. The powder moves from the hopper feeder by
vertical movement of platform on surface. By means
of a knife or a roller the necessary volume of powder
is transferred to a platform for growing and is settled
on it with even layer of the given thickness. Excess
powder is poured to the second hopper. Further there
is an impact of a laser radiation on powder, its alloy
age at the first stage with a substrate, and further
with the previous grown layer. As soon as the layer is
grown, the growing platform with a detail goes down,

Puc.6. [Mpumep npouecca co30aHust 3amkHymbix puzyp
Fig. 6. Example of closed figure creation process
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Puc.7. EQuHuuHbie crou co 100%-Hol nAOMHOCMbto K8adpam-
Hou popmbl
Fig. 7. Square-shaped single layer with 100% density

reoMeTpuyecKkHe XapaKTePUCTHKU HepaBHOMEPHBHI
Y CPAaBHHUMEBI C TeMH, KOTOPBIE [T0JIy4YaI0T HaIlJIaBKOM.
CHU3UTH CylleCTBEHHBIe KOPOOJIIeHHS P IIpoLiecce
CJIIT MO>KHO, yMEHBIIHB KOJIMYeCTBO TEIlJIOTHI B 30He
CIlJIaBIeHHUS. [ 3Toro HeobXOZHMO OTKa3aThCs
OT CIIJIOUIHOM MOJJIOKKH M HCIIO0/Nb30BaTh CeTUaThle
TpexXMepHbIe CTPYKTYPBhI ~ IIOAIIOPKH.

I[IpuMmep BBIpAlIMBAHHSA IIPOCTBHIX TpexMep-
HBIX JeTajlell Ha NpUMepe TOHKHUX CTEHOK IIOKa-
3aH Ha puc.8. Ham ynaBasoch mony4aTh CTabK/IbHbLE
pa3sMephl CTeHOK, YTO Ba’KHO Mg GOPMHPOBAHUS
POBHOM reoMeTpuH Oyaymivx IOAIIOPOK. TolIIMHA
CTeHOK cocTaBuaa 200 MKM, a BbICOTA 5 MM C OTKJIO-
HeHHeM pa3MepoB He 6oree 20 MKM, XOTS IPHCYT-
CTBOBaJIM HeKOTOpble KpaeBhle AedeKThl (IpHUUYMHA
KOTOPBIX 6bllIa B HECOBEpIIEHCTBE CBS3M CHCTEMBI
IlepeMellleHHsI M CHCTeMBl YIIpaBleHMs IofaueH
JIA3ePHOr0 U3yUYeHHS).

[l BBISIBIEHUS MeNKUX JAedeKkToB 6bI ITpo-
BeJleH aHaJIM3 MHKPOCTPYKTYPHl 06pasijoB (puc.9).
OH mokasaj, 4TO CTPYKTypa MaTepHaja OLHOPO.-
Hasi ¥ MeJIKO3epPHMCTasl, YTO COOTBETCTBYET KJIACCY
CTaju. MeJKo3epHHUCTas CTPYKTypa oIpenensercs
BBICOKOM CKOPOCTBIO OXJIAK[AeHMS, KOTopasi IOCTH-
raercs HpHU HpoBefeHHH Imporecca CJIII Ha OnTH-
MaJbHBIX peXHMMaxX. 3TO, COIVIACHO COOTHOIIEHHIO
Xonna-Tletya [10], BemeT K BBICOKON TBEPAOCTU 06pa3-
1I0B, KOTOpasi CoCTaBisieT mopszaka 250 HB (TBep-
IOOCTh 06pa3u03 JIUCTOBOM cTanu 316L mocturaet 170
HB. KpynHble IIOpHI B IIOJyUYeHHBIX HAMH obpasnax
OTCYTCTBYIOT.

[TosyyeHHBIe Ppe3yJbTaThl HCIIOJb30BAIMCh IJIs
ONITUMH3ALHUKU PEXHUMOB BbIPAallUBAHUSA IIOJ-
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and the process of new layer creation is repeated
according to the same scheme.

At creation of experimental studies model and
the choice of optimum conditions of carrying out
selective laser melting it is very important to consider
developing the process repeatability with the given
accuracy [8]. All varied parameters of selective laser
melting process can be divided into three basic
groups [6, 7:

» depending on powder characteristics,

» depending on laser radiation characteristics,

+ depending on scannings strategy.

It is necessary to emphasize repeatability ensuring
at products growing with tiny geometry. It is possible
to provide repeatability with the right choice of
modes and precise creation of supporting piece that
guarantees lack of next layer distortions which can be
collected and be resulted in serious defects at a large
number of layers.

Researches of optimum supporting piece growing
on stainless steel were conducted. Owing to high
degree of alloyability and to a wide spreading in
the industry the powder of stainless steel 316L is
chosen for a research. Its analogues are stainless
steel of 1.4429 and 03H17N14M3 grades. The powder
composition is presented in the table (globular
homogeneous powder), its morphology is shown
Fig. 4. The chemical composition of powder after X-ray
inspection is presented in Fig. 5. Proceeding from the
obtained data (after monitoring) and the declared
composition of powder have slight distinctions. For
growing the square, specifically prepared substrate
from steel 316L was chosen.

Researches were conducted by means of the SLM
110 complex, and also specifically designed laboratory
equipment [9]; the complex has the following content:
system of substrate movement with a possibility of

Puc.8. lMpumep 8blpauieHHbIX MOHKUX CMeHOK
Fig. 8. Example of grown thin layers
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Puc.9. Mukpocmpykmypa 8epxHUX cA0e8 MOHKUX CMEeHOK,
8blpaleHHbix Ha komnaekce "C/1IM-110"

Fig. 9. Microstructure of thin walls upper layers grown on
SLM-T10 complex

IIOPOK C TPeXMepHOM CTPyKTypou. Popma MoAIo-
POK HOJIKHA YHOBJIETBOPSTH PSIAY YCIOBHH, CPemu
KOTOPBIX — IIPOYHOCTh, HeobOXOAMMas /sl HamexX-
HOTO yZepsKaHHS 3JIeMeHTOB BBIPAIIHBAEMOIO H3/e-
NHus; TOAIIHMHA eJHHHUYHOIO CerMeHTa, OIlpejes-
IOIIasl JIETKOCTh OTJE/IeHUS IOJIIOPKH; LIAr MeXIY
HeCyIIMMH 3JeMeHTaMH IOJIOPOK. HaMu BbIpa-
IMBaTach CepUs MOAIOPOK (puc.10) co CTPYKTypoOH,
uMemen ¢opMy THUIA 06beMHOLEHTHPOBAHHOU
Kybudeckon pemeTku [11]. Takas ¢opma ymobHa as
BBIPAIIMBAHUS PeajbHBIX H3MeAHUM, TaK KaK CIIO-
cobHa YHOBIETBOPUTH BBIIIEONHCAHHBIM IIpHU3HA-
KaM. Ha cepuu u3 15 mTyk HaMu 6bllIa monaydeHa
IOCTAaTOYHAsl IIOBTOPSIEMOCTb pe3yJIbTaToB 6e3 KpyI-
HBIX OePeKTOB.

BbIBO/bl

[IJppMeHeHHEe B Pa3THUYHBIX OTPACAAX TeXHHKH
Metona CJIII, oTHocsimerocsi K OBICTpOpa3BHBAIO-
IMUMCSL afJUTHBHBIM TeXHOJOTHSIM, HMeeT 60Jb-
IIFe IIePCIIeKTHBBI He TOJBKO C TOYKM 3peHUsd
H3TOTOBJIEHHUS IIOIBIX KOHCTPYKIIMH, OCHOBHOE IIPH-
MeHeHHe KOTOPBIX HaXOAUTCS B MeJUIIMHCKOM oba-

CocTaBs nopotuka cranu 316L,%
Content of steel powder 316L,%
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layers drawing 60 microns thick; a knife for layers
drawing; the fiber laser with the maximal power of
100 W; a scanner with the maximum speed of beam
movement of 10000 mm/sec with spot diameter in
focus of about 60 microns and processing area of
100x100 mm; the chamber with noble gas (argon)
supply. A number of experiments on development of
the simple alloyed paths and selfcontained figures
formation were conducted on this inventory (Fig.6).

Results of growing the forms of a simple layer
having 100% density are shown in Fig. 7. The
parameters received according to the experimental
study allow avoiding almost complete porosity
when using of the installation developed by us.
However geometrical characteristics are uneven and
comparable with those which are received by means of
weld deposit. It is possible to lower essential warpings
at selective laser melting process, having reduced
a heat quantity in alloyage zone. For this purpose
it is necessary to refuse a continuous substrate and
to use reticulate three-dimensional structures, i.e.
supporting piece.

The example of simple three-dimensional parts
growing on the example of thin walls is shown
in Fig. 8. We managed to receive the stable walls
sizes that are important for formation of supporting
pieces smooth geometry. The thickness of walls is 200
microns, and the height is 5 mm with a dimensional
defect of no more than 20 microns though there
were some edge defect (the reason of which was an
imperfection of movement system connection and a
control system of laser radiation supply).

For identification of fine defects the analysis of
sample microstructure (Fig. 9) was carried out. It
showed that the structure of material is homogeneous
and compact-grained that corresponds to a steel grade.
The fine grained structure is defined by cooling high
speed reached at carrying out the process of selective
laser melting in the optimum modes. According to
Hall-Petch [10], it leads to high hardness of samples
which is about 250 BH (hardness of 316L sheet steel
samples reaches 170 BH. A large pores is absent in the
samples received by us.

The received results were used for optimization
of supporting piece growing modes with three-
dimensional structure. The form of supporting piece

<0,03 <0,6 <0,8 <0,02

<0,015

15,0-17,0 2,5-3,0 14,0-16,0 ~64
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CTH, HO U C TOUKH 3peHHs H3TOTOBJIEHUS U3AeNTHHN
co 100%-HOM I/IOTHOCTBI0. TOHKOCTEHHBIe KOHCTPYK-
LIMM, 3all0OJTHeHHBble MeTa/IMYeCKON CeTKOM C oIlpe-
JeJIeHHOU CTPYKTYPOH, II03BOJISIIOT I10J1y4aTh JIETKHeE
M JOCTATOYHO MPOYHBIE KOHCTPYKILMH, HO OCHOB-
HBle MAIIMHOCTPOHUTENbHBIe 06J1aCTH, KaK HAIIpH-
Mep [eTaJd aBUALIMOHHOM TeXHUKH, TpPebyloT IoJ-
HOCTBIO CILJIOIIHOM TeOMeTPHHM, UTO BCTpedaeT Psf
TPYAHOCTEH NPU INpUMeHeHHUH TexHonoruu CJIII.
TeM He MeHee, NPaBUJBHBIM IIOAXOH K CO3[aHHIO
HECYIIMX IIOAIIOPOK ~ OJHA M3 COCTAB/IAIOIMX yCIlexa
Ha 3TOM IIyTH. BeIBepeHHasi TeOMEeTPUs U OTCYTCTBHUE
IIPOCTPAHCTBEHHBIX MOTPEIIHOCTEN IIPU BBIPAIIKMBa-
HUHU IIOAIIOPOK He0OXOAMMEI [JIsl Ka4eCTBEHHOI0 C03-
OaHUS KOHEYHOH AeTalH.

Ha xkadempe MT-12 MITY wumm.H.3.baymana
AKTHUBHO pa3pabaThIBAIOTCS Ja3epHble aALUTHBHEIE
YCTAaHOBKH M TeXHOJIOTMH, B Tom umciae aasg CJIII.
HepnaBHo 6bLJ CO3/1aH COBpeMeHHBIN KOMIIJIEKC, YIOB-
JIETBOPSIOIUN BCeM TpPebOBAHUSIM KaueCTBEHHOIO
npoBefeHHUs npouecca CJII U He YCTYyHAIOMMNUKN HHO-
CTPAaHHBIM aHajJoraM. JIaHHBIHM KOMIIJIEKC HCIIOJb-
30Basics sl oTpaboTku peskumoB CJIII, B TOM YHCIIe
I/ BBIpAllMBaHUS IIOAIOPOK. Hamu OBLIM IOTY-
YeHBl CTPYKTYphl M3 CTajJbHOTO IIOPOIIKA C XOPO-
IIUMH TOYHOCTBIO U IIOBTOPSIeMOCTBIO. IIpH BhIpaIH-
BaHUU TeoMeTPHH CO 100%-HOM IIOTHOCTBIO TaKXKe
yAanoch n3beskaTh Cepbe3HBIX AedeKTOB.

Hcrionp30BaHHUE OCHOBAHUS M3 TOHKOM CeTYATOH
CTPYKTYPBl IIPH BBIPAIIMBAHHU H3[Je/HH METOLOM
CJIIT rmoMoraeTr CyIeCTBEHHO CHU3UTb KOJIHMYECTBO
TEeIJIOTHL B 06JIaCTH CIJIABI€HU S, YTO IIOJIOKHUTEBHO
CKa3bIBaeTCSd Ha HTOTOBOM KayecTBe II0JIy4aeMBIX
u3genur. IIaHUpyeTCsl NpoBefeHHe AalbHeMIINX
paboT mo ompenmeneHUI0 GAKTOPOB, IMO3BOJSIOMIUX
yIIpaBJIATh pacrapeneneHueM Teria npu CJII, B yacT-
HOCTH HCCIe[J0BaHMe IepeHoca U3JIyUYeHHUs U Tellia
B I'pYIIIe CIIaBJIsSIeMbIX YaCTHIL, YTO [I03BOJIUT OTpa-
60oTaTh KaueCTBEHHYIO TeXHOJIOTHIO IIOyUYeHHSs II0JI-
HOCTBIO CIIJIOIIHBIX U3Aenur MeTomoM CJIIT.
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Puc.10. Modnopku u3 cmanu 316L, 8bipauieHHble Ha Komnaekce
"C/M-110" npu nomouiu memoda CJ1M1

Fig. 10. Supporting piece of 316L steel grown with the help of
selective laser melting method on SLM-110 complex

should satisfy to a number of conditions among which
there is durability necessary for reliable deduction of
grown product elements; the thickness of a simple
segment defining ease of supporting piece separation;
a step between the bearing elements of supporting
pieces. We grew up a series of supporting pieces (Fig.
10) with the structure, having body-centered cubic
lattice form [11].

Such form is convenient for actual products
growing asitis capable to satisfy to the above described
signs. We received sufficient repeatability of results
without serious defects on 15 pieces series.

CONCLUSIONS

Application of selective laser melting technology which
relates to high developing additive technologies has
larger perspectives not only from the point of view of
hollow structures manufacture the main application
of which is in medical area, but also from the point
of view of products manufacture having 100% density
in various branches. The thin-walled structures
filled with metal gauze with particular structure
allow receiving light and rather firm structures, but
the main machine-building areas, such as parts of
aircraft equipment demand completely continuous
geometry that meets a number of difficulties at use of
selective laser melting technology. Nevertheless, the
exact approach to creation of the bearing supporting
piece is one of success components of this technique.
The verified geometry and space errors lack at growing
the supporting pieces props are necessary for high-
quality creation of a final part.
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At MT12 Department of Bauman Moscow State
Technical University laser additive machines and
technologies including selective laser melting are
actively developed. Recently the modern complex which
is meeting all requirements of high-quality selective
laser melting process performing and not conceding
to foreign analogues was created. This complex was
used for selective laser melting modes development
including supporting pieces growing. We received the
structures of steel powder with a good accuracy and
repeatability. At geometry growing of 100% density also
it was succeeded to avoid serious defects.

The use of the basis of fine reticulate structure at
growing of products by selective laser melting method
helps to lower significantly a quantity of heat in
alloyage area that positively affects the total quality
of the received products. Further carrying out further
works on definition of the factors allowing operating
distribution of heat at selective laser melting, in
particular a research of transfer of radiation and heat
in alloyed particles group that should allow to fulfil
the qualitative technology of receiving completely
continued products by selective laser melting method
is planned.
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