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B ctaTbe onucaHa MeToAMKa N3rOTOBKU
TexHn4yeckux o6pasuon AlSiTlOMg meToaom
NasepHow HanaaBku. N3y4yeHo BUSIHME
CTPYKTYpbl U AedeKToB Ha MeXxaHU4ecKyro
MPOYHOCTb AaHHOrO crnJjiaBa npwu
npousBoAUTENbHOCTY Npouecca B 1Kr /Y

n 1,5 kr /4. MpuBepeHbl MexaHU4yeckune
MUCNbITaHUS ANA BblpalleHHbIX 06pasL,oB.
C yMeHblUeHMeM MOLLLHOCTHU Sla3epHOro
M3Jly4eHus Habaopanocb yMeHblUueHne
DEeHAPUTHbIX fYeeK CTPYKTYpbl € 204 MKM
[0 46 MKM. Ha o6pasue c yBesIn4eHHbIMU
fiYeikaMm CTPYKTYpbl U HAnNn4Ynem gedekToB
Habnpanoch cywecTBeHHOe NOHUXeHue
MexaHM4eckomr NpOYHOCTN NOMEePEYHbIX
o6pasuoB.

KntoueBble c/loBa: aiANTMBHOE NPOM3BOACTRO,
NasepHas Hannaeka, aftoMUHNEBbIE CNABLI,
MaKpoCTpyKTypa
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BBEOLEHWE

71 afJUTHUBHOIO IIPOM3BOJCTBA MCIIOIB3YIOT pas-
Hble MaTepHa/Ibl, HAaUMHAas OT IIJIacTHKA [1] U KoM-
MO3UTHBIX MaTepHasoB [2] U 3aKaHUYKBasI LIKPOKUM
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Study of the
Formation of the
Structure of Laser
Tracks During Laser
Growing From
AlISi10Mg Alloy Powder
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The article describes a technique for
manufacturing technical samples of AlSi1O0Mg
by laser cladding. The effect of structure and
defects on the mechanical strength of this alloy
was studied at a process productivity of 1kg/h
and 1.5 kg / h. Mechanical tests for the grown
samples are presented. With a decrease in the
laser radiation power, a decrease in the dendritic
cells of the structure from 204 pm to 46 pm was
observed. On a sample with enlarged structure
cells and the presence of defects, a significant
decrease in the mechanical strength of
transverse samples was observed.
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INTRODUCTION

Various materials are used for additive manufacturing,
ranging from plastics [1] and composite materials [2]
to a wide range of various metal alloys based on iron,
nickel, titanium, including aluminum. Today, alu-
minum alloys are essential for the additive production
of innovative parts in various fields: aerospace tech-
nology [3-4], military technology [5], load-bearing ele-
ments of automobile bodies [6] and others. Their high
significance is associated with the peculiarities of the
physicochemical properties of aluminum alloys: high
thermal conductivity, low density, plasticity, and cor-
rosion resistance. At the same time, pure aluminum
has a low mechanical strength of 80-100 MPa. There-
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CIIeKTPOM Pa3JIMYHBIX MeTajlJIM4eCKUX CIUIaBOB
Ha OCHOBe >Kejle3a, HUKeJIsI, TUTaHa, B TOM 4YHCJIe
U QIIOMUHHS. Ha CerogHSAMHUN JeHb aJIOMHHHU-
eBble CIIJIaBbl MMEIOT BasKHOe 3HadeHHe [AJid aaLu-
THBHOIO IPOM3BOJCTBA MHHOBALIMOHHBIX JeTaleHr
B PpasJIMYHBIX 06JIaCTSIX: adpPOKOCMHUYECKAsl Tex-
HHKa [3-4], BoeHHas TexHHKa [5], Hecymiue 3je-
MeHTBl aBTOMOOMJIBHBIX KOPIIyCOB [6] M Apyrue.
MX BBICOKAsl 3HAYMMOCTb CBsi3aHA C OCODeHHO-
CTAMHU GU3HMKO-XMMHUYECKUX CBOMCTB AJTIOMHHHe-
BBIX CIIJIABOB: BBICOKASl TEIJIOIIPOBOAHOCTL, Majas
IUIOTHOCTb, IIACTUYHOCTb, KOPPO3HMOHHAsl CTOM-
KOCTb. B TO ke BpeMsl UHCTHIM aJIIOMHHHH HMeeT
Majaylo MexaHHYecKylo Ipo4yHocTs 80-100 MIla.
ITo3TOMy B IIPOM3BOACTBE LIHPOKO IIPHUMEHSIOTCI
CIUIaBbl AJIIOMHHUS, JIeTUPOBAaHHBIe MeJblO, Mar-
HUeM, KpeMHHeM U T.[. [J/is IOBBIIIEHHS IIPOY-
HOCTHBIX CBOMCTB.

OOHMM M3 IIHPOKO IIPHUMEeHsSIeMbIX MaTepHajoB
B aJJWUTHBHOM IIPOM3BOJCTBE SIBJISIETCS AIIOMU-
HHeBHH ciuiaB AlSilOMg. Hambonee pacmpocTpa-
HEHHBIM CIIOCOOOM HAIIJIaBKM 3TOr0 MaTepHaa
SIBJISIETCSI CeJIeKTHUBHOe Jia3epHoe cIeKaHue [7-9].
OZHHM M3 OCHOBHBIX IIPelsTCTBUU [AJs1 LIHPO-
KOI'0 PacIpoCTPaHeHU I 5TOK TeXHOJIOTHUU SIB/ISIeTCs
ee CpPaBHHUTEJbHO HH3Kasi IIPOMU3BOAMTEIbHOCTD
mo 0,1 kr/4, Tak Kak BpeMsl CO3JaHHUSI HebOb-
IIOH MOZEeIH MO>KeT BAPbUPOBAThCSI OT HECKOIBKHUX
YacoB [0 HeCKOJIbKUX AHeH. MeTon IIpsiMoro aasep-
HOTO BBIPAIllMBAHHS MOMKET CYLleCTBEHHO I1OBBI-
CUTh IIPOM3BOAUTEJIBHOCTh IIPOLlecCa HAIIABKH
3a C4YeT BO3MOXKHOCTH O0oJibIllero IIeperpasiie-
HHUS MaTepHaja B eJUHHIy BpeMeHHU (0T 1 Kr/u
u 6onee).

Ho c yBenrM4yeHreM IIPOU3BOAUTEIBHOCTH BeJIMKa
BepPOSITHOCTb IIOABJIEHHS BHYTPeHHHX [OedeKTOB
B BUJeE IIOp, HeCIUIaB/IeHHUH W MeXKpHCTa/IHye-
CKHUX TpemHH. OCHOBHOH 3aJayell CTaJ IIOKMCK
6anaHca MeXIy IIPOU3BOAHTENTbHOCTBIO JIa3epHOM
HAaIUIaBKU aJIOMHHHEBOro Iopomka AlSilOMg
U yBelIMYeHHeM MeXaHH4YeCKHX CBOMCTB 3a CUYeT
IOJIy4eHUs. ONTHMAa/IbHOM CTPYKTYPHl M YMeHbIIIe-
HHS KOJIM4YeCTBa JedeKTOoB.

METOANKA SKCMNMEPUMEHTA

O6pa3siel 13 ATIOMHUHHEBOTO CItaBa AlSilOMg 6siiu
CoelaHbl Ha TeXHOJOCHYEeCKOM KOMIIJIeKCe IMIpsi-
MOTO JIa3epHOro BeIpamiuBaHus (puc. 1.1), cocTos-
UM K3 BOJIOKOHHOrO jasepa JIC-3 (IPG Photonics,
USA) MOIIHOCTBIO 0 3 KBT C na3epH0171 TOJIOBKOH
D-30L (IPG Photonics, USA), OCHalleHHOH 4YeThbI-
PeXCTpyHHBIM COIUIOM. II03UIIMOHMPOBaHHE U IIPO-
L1eCC HAIlJIAaBKU IIPOU3BOAUJ/IKCH C [IOMOIIBIO IIIeCTH-
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fore, in production, aluminum alloys alloyed with
copper, magnesium, silicon, etc. are widely used to
increase the strength properties.

One of the widely used materials in additive manu-
facturing is the aluminum alloy AlSil0OMg. The most
common method of cladding this material is selective
laser sintering [7-9]. One of the main obstacles to the
widespread use of this technology is its relatively low
productivity up to 0.1kg/h, since the time for creating
a small model can vary from several hours to several
days. The direct laser growth method can significantly
increase the productivity of the cladding process, due
to the possibility of a larger transfer of material per
unit of time (from 1 kg/h and more).

But with an increase in productivity, the likelihood
of the appearance of internal defects in the form of
pores, lack of fusion and intercrystalline cracks is
high. The main task was to find a balance between the
productivity of laser cladding of AlSil0Mg aluminum
powder and an increase in mechanical properties, due
to obtaining an optimal structure and reducing the
number of defects.

Puc. 1.1. Po6omu3upo8aHHblli mexHoAoz2Uu4ecKu
komnaekc «UJINCT-L»
Fig. 1.1. Robotic technological complex “ILIST-L"
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YUCao 4yacTUll, T
Number of particles, pcs

Puc. 1.2. Mopowok AlISiTOMg: a) yacmuubl nopowkad; b) 2ucmozpamma yacmuy,
Fig. 1.2. AISilOMg powder: a) powder particles; b) particle histogram
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0CeBOTro IIPOMEIIIEHHOro pobora M-20iB/25 (Fanuc,
SIOHUS).

HannaBka o06pasloB HNpOMCXOAMIA B TFepMeTHY-
HOH KaMepe B aTMocdepe 3alIMTHOIO ra3a — aproHa.
B KauecTBe HAIlJIABOYHOIO0 MaTepHasa 6bUl BbIOpaH
mopomok Mapku AlSilOMg, dpakium 63-125 MKM.
CocTaB IIOPOIIKA U €ro ruCTorpaMMa IpeCTaBIeHbl
B Tabn. 1.1 u puc. 1.2.

['paHy/IOMeTpPHUYECKHH COCTAaB IIOPOILIKA COCTaB-
a1 60-200 MKM, YacTHIIBL [IOPOIIKA UMeIH Chepu-
4eckylo GOpMy C YOOBIETBOPHUTEIBHBIM KaueCTBOM
[IOBEPXHOCTH, a XMMHYECKHI COCTaB COOTBETCTBO-
Ban OCT 1583-93.

B skcmeprMeHTe OBIIM IIPOBefEHBI [BE CEPHUH
06pasloB ¢ pa3lIHMYHBIM BapbHpPOBAaHHEM IIapaMe-
TPOB peskuMa (Tabm. 1.2).

Cepuu 3KCIIEPUMEHTOB OTIMYA/IKMCh I10 IIPOM3BO-
JUTEJIbHOCTH PeXXHUMOB: 1 Kr/4 u 1,5 Kr/4, a Takke
PasHBIMH 3HAYEHHSMH MOIIHOCTH JIa3€pHOI0 H3J1y-
yeHHs. HammaBKa OpOM3BOAMIIACE B OOHH IIPOXOI,
C Pa3sBOpOTOM IOC/IeAYIOLIEero cjios Ha 180 rpaaycos.
O6pasubl BBIPALIMBAIKUCH I1OCTENOBATEIBHO: BHA-
yajie MepBbIM BAJIMK /s BceX 06pas3oB, IIOTOM BTO-
POl BaJMK A1 Bcex ob6pasuoB U T.H. CMellleHHe
o BbicOTe Mexay cioamu 0,8 u 0,6 mm. Ilaysa
MeXIy COCeJHMMM BajauKamu 15 c. Pasmep crTaH-
IapTHOro obpasiia IIpefcTaBleH Ha puc. 1.3.
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EXPERIMENTAL TECHNIQUE

Samples of aluminum alloy AlSil0OMg were made on
a direct laser growing technological complex (Fig.1.1)
consisting of an LS-3 fiber laser (IPG Photonics, USA)
with a power of up to 3 kW with a D-30L laser head (IPG
Photonics, USA) equipped with a four-string nozzle.
Positioning and cladding were carried out using a six-
axis industrial robot M-20iB/25 (Fanuc, Japan).

Puc. 1.3. Cxema 2abapumog 06pa3sa u nodnoxex
Fig.1.3. Diagram of the dimensions of the image and
substrates
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Ta6bnuua 1.1. Xumunyeckn coctas matepuana AlSilOMg
Table 1.1. Chemical composition for grade AISiTOMg (AISITOMQ)

MaccoBasi 4O/ XMMUYECKMX 3/1eMEHTOB, Macc.%
Mass fraction of chemical elements, wt%

i g
1T

Al

Mg

Si

Mn

Fe Zr+Ti Cu

Zn

Ni Pb Sn Be

OCT.

0,17-0,30

8-10,5

0,2-

05 | no0,6-1 0,15 0,3

0.3

01 0,05 0,01 0,10

Tabn.1.2. TexHONOrMYeCcKkmne pexkMmbl BblpaleHHbIX 06pa3uos
Tab.1.2. Technological modes of grown samples

Ne Ne MOLWHOCTD, CKOpOCTb LLnpnHa AnameTp CmelleHne [Mpon3BOANTE/IbHOCTb
cepun obpasua KBT HannaBKu, MM/ C Ba/NKa, naTHa, MM no BbICOTE, npowecca, Kr/4
NS Sample Power, Cladding speed, MM Spot MM Process productivity,
\[e} No. kWt mm/s Track width, diameter, Height offset, kg/h
mm mm mm

1.2 1,8

1.3 2,0
2 2.1 1.6 25 2,5 2,6 0,8 15

2.2 1,8

2.3 2,0

06pa3ub1, IMOJIy4YeHHBbIE

B XO/e HCC/IeJOBAaHHUS, H3yda-
JUCh B IIOIIEPEYHOM CeUYeHHUU
C IIOMOLIBI0 MeTajulorpaduue-
CKOro MHKpockomna Leica DMi8

(Leica Microsystems, TIepma-
HHS), [peJHAa3HAYeHHOIO I
KOHTPOJISI ~KaudecTBa  MeTaj-

70B. B KadecTBe peakTHBa MJIs
TpaBleHHUs O6bI BBIOpaH Clle-
ayromuii: 50 mia H,0, 1 min HF,
2 mn HNO;. Bpems TpaBieHMs

coctaBuio 20 c.
MexaHHU4YecKue

HCIOBITAHUS
IIPOBOAMJIMCh Ha YHHBepCasb-
HOM MCHOBITATeJIBHOM MAaIIHHe
Zwick Roell 7100 (Zwick Roell,
YneMm, TepMmaHUs) o fBa obpasia

[JIS1 Ka>KA0T0 HAallpaBJI€eHHUS .

OBCY>XXAEHUE
PE3YJ/IbTATOB

MeTtannorpaguyeckue

nccnenoBaHund

Ha pwc. 2.1 u 2.2 npeacTaB/ieHbl

pe3ybTaThl
CKOT'0 MCC/IeIOBaHUS.

MmeTajiorpadpuve-

Puc. 2.1. Memannozpaguyeckue waudbl 045 nepoli cepuu 06pazos
Fig. 2.1. Metallographic sections for the first series of images

Puc. 2.2. Memannozpaguueckue waugbl 015 8mopoli cepuu 06pazos
Fig. 2.2. Metallographic sections for the second series of images

PHoTONICs vOL. 15 N27 2021 561



=

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey
TEXHOJIOTUU U TEXHOJIOTMYECKOE OBOPYOBAHUE 1
CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey

, 1b.30 MkM

3a. 175 MKM |-

obpaseu N2 2.2 (4a, 4b)

sample No. 2.2 (4a, 4b)

Puc. 2.3. ®omozpacuu cmpykmyp 045 cnaasa AlSiTOMg: obpaseu N2 1.1(1a, 1b); o6paseu, N2 1.2 (2a, 2b); obpaseu, N2 1.3 (3a, 3b);

Fig. 2.3. Photographs of structures for the AISiTOMg alloy: sample No. 1.1 (1a, 1b); sample No. 1.2 (2a, 2b); sample No. 1.3 (3a, 3b);

Pe3y/bTaT aHaIM3a OUIMGOB ITOKA3aJ, 4TO B 06pas-
LIax I1epBOM CEepPHUH IPUCYTCTBYIOT IIOPBI B KOJIMYECTBE
MeHee 1% OT IUIOIIAAM CcedeHHUs NUIHMGOB. B obpasmax
BTOPOI1 CepHH, KpOMe II0p, IJIOWaAb KOTOPBIX COCTaB-
JAseT [0 5% OT IUIOIIAAM CeYeHUs, IIPHUCYTCTBYIOT
HECIIJIaBIeHHS H MEeKKPUCTAITHUYECKHEe TPEIUHEI.

[Tocne aHanus3a AedeKkToB sl 06pasIoB IE€PBOM
cepuu U obpasua N2 2.2 BTOpPOI1 CEpUU IOTYUeHBI H30-
OpaskeHHS MaKPOCTPYKTYPBI (pHC. 2.3).

MakpocTpykTypa

Ha puc. 2.3 mpencraB/ieHbl OITHYECKHE MHKPO-
doTorpaduu MomepevHBIX CeYeHHM HAIIAaBOYHBIX
obpasloB IepBoM cepuu u obpasua N2 2.2 u3 BTO-
pori cepum. Ob6paslpl AeMOHCTPHUPYIOT CTPYKTYpY,
TUIIMYHYIO /IS JO3BTEKTHYECKUX CIIJIaBOB CHUCTeMBI
Al-Si, comepskamyo, KaK BUJHO U3 PHUC. 2.4, IepBHY-
HBIHM «-Al 1 3BTekTHKY Al-Si.

CTpykTypa obpasia HMeeT IIepHOAMYECKHUH
XapakTep: Ha IPaHUIle HAILUIAaBOYHOIO BaJKKa o6pa-
3YIOTCS JEeHIPHUTHL, KOTOpPhle 3aTeéM CMEeHSIOTCS MeJl-
KOSTUEHCTOH CTPYKTYypoOM. JleHIPHUTHBIE CTPYKTYpPbI
OPHEHTHPOBaHBl K LIEHTPy BaJIMKOB, IIpUYeM pas-
Mep [eHJIPUTHBIX 06/1acTell YMeHBIIAeTCsl C YBelIH-
YeHHeM MOLIHOCTH JIa3€pHOr0 U3/IyYeHHs U COCTaB-

562 ®OTOHUKA TOM 15 N27 2021

The cladding of the samples was carried out in
a hermetically sealed chamber in an atmosphere of
protective gas - argon. AlSilOMg powder, 63-125 pm
fraction was chosen as the cladding material. The
composition of the powder and its histogram are pre-
sented in Table 1.1 and Fig. 1.2.

The particle size distribution of the powder was
60-200 pm, the powder particles had a spherical shape
with a satisfactory surface quality, and the chemical
composition corresponded to GOST 1583-93.

In the experiment, two series of samples were car-
ried out with different variation of the mode param-
eters (Table 1.2).

The series of experiments differed in the produc-
tivity of the modes: 1 kg/h and 1.5 kg/h, as well as
in different values of the laser radiation power. The
cladding was carried out in one pass, with the next
layer turning by 180 degrees. The samples were grown
sequentially, first the first track for all samples, then
the second track for all samples, etc. Height offset
between layers 0.8 and 0.6 mm. Pause between adja-
cent tracks 15 s. The size of the standard sample is
shown in Fig. 1.3.

The samples obtained in the course of the study
were examined in cross-section using a Leica DMi8
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Puc. 2.4.Kapma pacnpedeneHus xumuyeckux 3nemeHmos: 06uwas (a), Al (b), Si (c)
Fig. 2.4. Map of distribution of chemical elements: general (a), Al (b), Si (c)

nsiet 145, 82 1 46 MKM i1 06pasLioB IIepBOM CepHUHU
npu moinHocTax 1600, 1800 u 2000 Bt u 228, 184
U 140 MKM 7151 BTOPOK CEPHH COOTBETCTBEHHO. IIpe-
MMYIIECTBEHHO MeJIKas SYeMCTasi CTPyKTypa MMeeT
PaBHOOCHBIN XapaKTep C pasMepoM s4ueeK 1,79 MKM,
1,83 11,85 MKM I1pu MoIIIHOCTAX 1600, 1800, 2000 BT
u 5,34 MKM, 5,16 1 5,2 MKM J711 BTOPOH CepUH.
Takoe yBelHUYeHHe sS4eeK MOXKeT OBITh CBSI3aHO
C TeM, 4YTO IpPH YBeIHYEHHH IIATHA U CKOPOCTH
rponecca IagaeT IIJIOTHOCTh JHEPruH, CJieJoBa-
Te/JIbHO, yMEeHbIIAeTCsl TeMIIepaTypHBIH I'PaJHeHT.
B BepxHel 4YacTH HaIUIaBOYHBIX CJI0€B, IJle CKO-
POCTb TEIIOOTBOZAA Bblllle, HAOTIONAIOTCS STUEHKH,
6/1M3KHe K PaBHOOCHOMY GOPMHPOBaHHIO. Pasmep
OeHIPUTHBIX f4YeeK B CTPYKType, HaIlpUMep O
JIUTeHHBIX AIOMHHHEBBIX CIUIABOB, HIpaeT Cylle-

metallographic microscope (Leica Microsystems, Ger-
many), designed to control the quality of metals.
The following was chosen as the etching reagent:
50 ml H,0, 1 ml HF, 2 ml HNO;. The etching time
was 20 s.

Mechanical tests were carried out on a Zwick Roell
Z100 universal testing machine (Zwick Roell, Ulm,
Germany), two samples for each direction.

DISCUSSION OF THE RESULTS
Metallographic research
Figures 2.1 and 2.2 show the results of metallographic
examination.

The result of the analysis of thin sections showed
that the samples of the first series contain pores, in
an amount of less than 1% of the sectional area of the

Tabn. 2.1. PeaynbTaTbl MEXAHUYECKMX UCMbITAHWI a5 pexxuma N2 2.2
Tab. 2.1. Mechanical test results for mode No. 2.2

Obpasey, HanpasneHwne

Sample Direction

OpaH>eBbIn nonepek 4,96 19,32
Orange across

3eneHbin nonepek 4,96 19,32
Green across

KpacHbIn BO/b 4,96 19,32
Red along

XKentbin BOO/b 4,97 19,40
Yellow along

25,00 87,7 69,9 76,2 0
25,00 45,8 - 54,3 0
25,00 60,6 150 220 2
25,00 82,3 142 216 3

PHoOTONICs vOL. 15 Ne7 2021 563
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CTBEHHYIO POJIb B KOHEYHBIX
CBOMCTBAax H3feNus: aJllOMHHU-
eBble CIIJIaBbl, Y KOTOPBIX MeJIKO-
OUCIIepCHas CTPYKTypa, IIOKa3bl-
BaloT 6osiee BBHICOKHE I1OKA3aTeIH
10 MeXaHHYeCKUM K TeXHOJIOI'H-
YeCKMM CBOMCTBAM IIO CpaBHe-
HUIO C 6Oonee rpybonuCIIepCHOU
CTPYKTYpOM TaKHX >Xe MaTepHa-
noB. Kpome 3Toro, Hanuuue 60sb-
IIIOTO KOJIMYEeCTBA I10P M HeCIlJIaB-

JIeHUH CymecTBEHHO BJ/IMAIOT
Ha MeXaHHYeCcKHe CBOMCTBA.

MexaHun4yeckume ncnbiTaHUs
Ha puc. 2.5 mpencraBieH IIpU-

Puc. 2.5. Obpazubl 015 MexaHu4eckux ucnoimawui u3 nopowa AlSi1lOMg
Fig. 2.5. Samples for mechanical tests from AlISi1T0Mg powder

Mep 00pa3ioB, BBIPAIleHHBIX
IO MeXaHUYeCKHUX HCIIbITa-
HHUHM. Pe3yabTaTbl MeXaHHYe-

CKHX HCIOBITAaHUN [UIsi obpasia Ne 2.2 mpuBefeHE
B Tabn. 2.1u puc. 2.6.

M3 pe3yabTaTOB BUAHO, YTO €C/IHM B IIPOJOIBHOM
HaIlpaBIeHHU BeIHYHHA IIPOYHOCTH IMIPHMEPHO
AHAJIOTUYHA JIMTeHHBIM MaTepHajaM, TO Ha pas-
pBIB obpaslia IoIepeKk IIOKa3aTelH CYyIleCTBeHHO
MeHbIle. IIpHYMHAMHK TaKHX 3Ha4dYeHHH IIpod-
HOCTH SIBJISIIOTCSI Ha/JIHM4uMe 6OJIBIIOro KOIHYecTBa
0P, HeCIIAaBJIeHHM, Ha/JIh4He MeKKpHCTaUIhde-
CKHX TPEeIIHH, a TaKKe yBe/IMYeHHbIe JeHIPUTHEIe
SYeHKHU CTPYKTYP.

BbiBO/1bl
ITo pe3ynbTaTaM HCCIeNOBAHUS OBUIM CAEMTAHBI CIIeMy-
IOII[e BBIBO/IBI:

+ IIpoBemeHBI SKCIIEPHMEHTEI I10 HAIlJIABKe TeX-
HHUYeCcKHX o6pa3loB u3 mopomKka AlSilOMg.
BhIsicHeHO, 4TO Ha 6oJiee IIPOK3BOJUTEIBHOM
pexxriMe B 1 Kr/4ac HabnromaeTcsi MeXKKpH-
CTa/IM4YecKHe TpPeIlMHbl K HecIIaB/leHus,
a TarkKe IIOPBL 10 5% OT IUIOIIAAU CeYeHHS
obpasua.

+ TlonydeHBl pe3yabTaThl I10 BAUSHUIO MOIIHO-
CTH JIa3€pHOTO H3/Iy4eHHs Ha GOpMHUPOBaHUe
CTPYKTYPEHI B IIpoliecce HAIIaBKU aJIFOMHHHe-
Boro rmopoimka AlSilOMg. YcTaHOB/IeHBI 3aBH-
CHMOCTH pa3MepoB HNeHIPUTHBIX SUeeK M HX
GOpMBI OT MOIITHOCTH JIA3€PHOTO U3/TyUeHHs.

» IIpoBeneH aHaIMU3 BAUSHUS CTPYKTYp, IOJY-
YeHHBIX B IIpollecce Jja3epHOM HaIlJIaBKU
AIIOMUHHUEBBIX IIOPOLIKOB Ha MeXaHHYe-
CKHe CBOMCTBa. BBISICHEHO, YTO yMeHbIlIe-
HHe siueeK JeHIPUTHOM CTPYKTYPhI ITOTOKHU-
TeJIbHO BJIMseT Ha MeXaHHYeCKHe CBOMCTBA.
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thin sections. In the samples of the second series, in
addition to pores, which are up to 5% of the cross-
sectional area, lack of fusion and intercrystalline
cracks are present.

After the analysis of defects, images of the mac-
rostructure were obtained for the samples of the
first series and sample No. 2.2 of the second series
(Fig. 2.3).

2.2. Macrostructure

Fig. 2.3 shows optical micrographs of cross-sections
of cladding specimens of the first series and speci-
men No. 2.2 from the second series. The sam-
ples demonstrate a structure typical for hypoeu-
tectic alloys of the Al-Si system, containing, as
can be seen from Fig. 2.4, primary a-Al and Al-Si
eutectic.

The structure of the specimen has a periodic
character: dendrites are formed at the boundary of
the laser track, which are then replaced by a fine-
cellular structure. The dendritic structures are
oriented towards the center of the tracks, and the
size of the dendritic regions decreases with increas-
ing laser power and is 145, 82, and 46 pm for the
samples of the first series at powers of 1600, 1800,
and 2000 W and 228, 184, and 140 pm for the second
series, respectively. The predominantly fine cellular
structure is equiaxed with a cell size of 1.79; 1.83
and 1.85 microns at powers of 1600, 1800, 2000 W
and 5.34; 5.16 and 5.2 pm for the second series.

Such an increase in the cells may be due to the
fact that with an increase in the spot and the rate of
the process, the energy density decreases, therefore,
the temperature gradient decreases. In the upper
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O6Hapy>keHHBIe AedeKThl Ha OLHOM K3 06pa3-
LIOB CYILleCTBEHHO IOHH3H/IHU ero MeXaHHde-
CKIe CBOMCTBA I10 CPABHEHUIO CO CBOMCTBAMHU
JIMTeHMHBIX 3aTOTOBOK.

i g
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part of the cladding layers, where the rate of heat
removal is higher, cells close to equiaxial formation
are observed. The size of the dendritic cells in the
structure, e.g., for cast aluminum alloys, plays
a significant role in the final properties of the prod-
uct. The aluminum alloys with a finely dispersed
structure show higher mechanical and technologi-
cal properties in comparison with the coarser struc-
ture of the same materials. In addition, the pres-
ence of a large number of pores and lack of fusion
significantly affects the mechanical properties.

2.3. Mechanical tests

In fig. 2.5 shows an example of specimens grown for
mechanical testing. The results of mechanical tests
for sample No. 2.2 are shown in Table 2.1 and 2.6.

It can be seen from the results that if in the
longitudinal direction the value of strength is
approximately similar to casting materials, then
the tensile strength of the sample across, the indi-
cators are significantly lower. The reasons for such
strength values are the presence of a large number
of pores, lack of fusion, the presence of intercrystal-
line cracks, as well as increased dendritic cells of
the structures.
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HccnemoBaHue IIPOBOAMIIOCH B PaMKaxX KOHKypca
Ha JIy4IlHe IIPOeKTh QyHIAMEHTaJbHBIX HAyYHBIX
HCC/IeN,0BAaHU, BBIIIOTHAEMBIX MOIOABIMH yUeHBIMH,
obyJaromyMHUCs B aciupaHType. [paHT Ne 19-38-90267
«HMccnemoBaHre QOpMHPOBaHHSA CTPYKTYphl HaIljaa-
BOYHBIX Ba/IUKOB IIPH JIa3epHOM BhIpalllMBaHUU
13 mopomKka criaBa AlSilOMg» BBIIONHSICS IIPU
duHaHCOBOM moamepkKke Poccuriickoro doHga dyHIa-
MeHTa/IbHBIX MCCIe/JOBAaHUH.
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CONCLUSIONS
Based on the results of the study, the following con-
clusions were made:

« Experiments on the cladding of technical speci-
mens from AlSilOMg powder have been carried
out. It was found that at a more productive mode
of 1 kg/h, intercrystalline cracks and lack of
fusion are observed, as well as pores up to 5% of
the cross-sectional area of the sample.

+ Results on the effect of laser radiation power on
the formation of a structure during cladding of
AlSi10Mg aluminum powder have been obtained.
Dependences of the sizes of dendritic cells and
their shape on the power of laser radiation have
been established.

« The analysis of the influence of structures
obtained in the process of laser cladding of alu-
minum powders on the mechanical properties
is carried out. It was found that a decrease in
the cells of the dendritic structure has a posi-
tive effect on the mechanical properties. Defects
found on one of the samples significantly
reduced its mechanical properties in comparison
with the properties of casting blanks.
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