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HuxkeneBble KapompoyHble CIUIaBBl HMMEIOT BBICOKYIO KOHIIGHTPALMIO JICTUPYIOLINX
AJIEMEHTOB, KOTOpBIE MpPU TPAAUIIMOHHOW CXeMe IMOJIYYCHHs U3JEIUi JIMThEM HIU 00paboTKOM
JaBJICHUEM BBIICTISIFOTCS B BUZIE CTPYKTYP, OJIM3KHUX K paBHOBECHBIM. HO MpH NOTy4YeHNN HUKEIEBbIX
KAPOMPOUHBIX CIUIABOB B BUJE MOPOIIKOB Ui aAJAUTHBHOIO MPOU3BOACTBA METOAOM DPACIbUICHUS
WJIM Ta30BOM aTOMU3AIMH B HUX (POPMHPYETCSI HEPAaBHOBECHAS CTPYKTYPa MEPECHIIIEHHOTO TBEPIOTO
pacTBopa M3-3a MIHOBEHHOH kpucrtamnuzauuu. [locrnenyroomuii HepaBHOMEpPHBII HarpeB 00bEMOB
CrutaBa 3a CYET BO3JCHCTBHUS Jlazepa Mpu IpsiMoM JiazepHoM BeipammBanuu (I1IJIB), B u3nenusx
(bOpMUPYIOTCST OCTaTOYHBIC HAMNPSHKEHUS, MPUBOMASIINE K HCKAKEHUIO (HOPMBI TOHKOCTEHHBIX
M3JeNni TUIa TYPOWHHBIX JIONATOK M KPBUIBYATOK MPH yAaleHnu ux ¢ miardopwmsi [1]. Kpome Toro,
U3MEHSIOTCS MexaHuudeckue cBoiictBa [2]. Hambonee dwacto nansi yCTpaHEHHS OCTATOYHBIX
HANPSOKCHUH WM CHIDKEHHUS WX YPOBHSA B OOJBIIMHCTBE METAUIMYECKUX CIUIABOB IMPHUMEHSIOT
OTIKHUT.

Jis cHW)KEHUST BHYTPEHHUX OCTATOYHBIX HANpsDKEHUH B 00pasiax, HM3TOTOBICHHBIX
texHojorueil [1JIB u3 metamnuueckoro skaponpoyroro criaBa 211648 Ob110 mpuMeHEHO /1Ba THIA
TePMUYECKON 00pabOTKH: OTKHUT U 3akaika (Tabn. 1). Yacth 00pa3oB MOABEPTrajioch OTKUTY, a
4acTb — OTXKUTY C MOCIEAyIoIIeH 3akankoil. BHemHuii Buj 00pa3ioB mpecTaBieH Ha puc. 1.

d,

Pucynox 1 — Cxema usmepenus u enewnuil 610 obpazya

Tabauya 1 — Inan sxcnepumenma

Ne Pexxum TepM0o0OpadoTKu 3azop
oOpasua | TepmooOpaboTKa OxnaxxaeHue t1, MM t2, MM
1 1180 °C, 4 gaca Ha Bo3znyxe 0,25 0,27

1180 °C, 4 gaca
2 900 °C. 16 1acos Ha Bo3myxe 0,29 0,32
1180 °C, 4 gaca
3 900 °C. 16 1acos C meunro 0,30 0,28
4 be3 TepMooOpaboTk 0,71 0,80
5 1180 °C, 4 gaca Ha Bo3myxe 0,30 0,35
1180 °C, 4 gaca
6 900 °C. 16 1acos C meunio 0,40 0,30
7 1180 °C, 4 yaca C neunio 0,73 0,63
1140 °C, 1 gac
8 900 °C, 16 1acos Ha Bo3myxe 0,32 0,33
9 1140 °C, 4 gyaca Ha Bo3niyxe 0,29 0,36

297


mailto:oleynik1997@mail.ru

N3mepenne o0pas3iioB MPOBOIUIOCH B COOTBETCTBUU CO CXEMOM, IIPEICTaBICHHON Ha pucC. 1.
Ha ocHoBaHum BennuuH t1 U t2 MOXHO CYIUTh O BEIMYMHE OCTATOYHBIX HampspbkeHuid. M3
pe3yJabTaTOB M3MEPEHUH BHUJHO, YTO HAMOOJbILIAs BEJIMYMHA IPOpe3H y obpasua 4, KOTOpbIA He
MOJIBEPraJiCsi TEPMUYECKOH 00pabOTKe, YTO CBUICTENBCTBYET O HAKOIUIEHMH OCTaTOYHBIX
HanpsDKEHUH B CIUIABICHHOM MaTepHaie. MeHblMe 3HaueHUst pa3MepoB {1, t2 y ocTanbHbIX 00pa31oB
TOBOPUT O TOM, YTO IMPUMEHEHHUE TEPMUYECKOH OOpaOOTKH TIO3BOJIIET CHU3UTH OCTATOYHBIC
HaIPSDKECHUS.

Baaromapuoctu

Pabora BeimonmHeHa mnpu (QuHAaHCOBOM moanepxkke MwunHoOpHayku Poccum B pamkax
pean3anyy KOMIUIEKCHOTO ITPOEKTa M0 CO3JaHHUI0 BBICOKOTEXHOJOTUYHOIO IIPOU3BOJCTBA 110 TEME:
«Opranusanus BBICOKOTEXHOJIOTMYHOT O IPOU3BOICTBA UHYCTpUaNIbHBIX I T/l ¢ MHTEIeKTyalbHOI
CHCTEMOH KOHCTPYKTOPCKO-TEXHOJIOTUYECKOH MOATOTOBKU JJIsi IOBBIMLEHHUS (DYHKIHMOHAIBHBIX
xapakTtepuctuk» (Cornamenue o npenocrasienuu rpanra Ne 075-11-2021-042 ot 24.06.2021 1.).

Chnucok JinTepaTypbl

1. Influence of the Fusion Modes on the Microstructure and Formation of Defects in Samples
Made of a Heat-Resistant Nickel-Based Alloy Made by Direct Laser Fusion /Oleynik M.A., Balyakin
A.V. etal. // AIP Conference Proceedings. — 2021. — Vol. 2402.

2. Influence of Direct Metal Deposition Modes on the Shaping of Single Tracks and Walls
Made of Heat-Resistant Powder Material / Oleynik M.A., Balyakin A.V., Zlobin E.P. // Materials
Science Forum.

Caenenns 00 aBTopax

Oumneitnuk Makcum AnnpeeBud, acnupanT kadenpsl TIIJ[. OGnacTh HayuHBIX MHTEPECOB:
IIPSIMOE JIA3€PHOE BhIPAILIMBAHUE.

banskun Annpeit BmamumupoBuu, crapmmii npenonaBatens kadenpsr TIIJ[. O6macts
Hay4HbIX uHTEepecoB: 3D-texnomnorun, CAD/CAM/CAE-cucTeMsr.

3n06un Erenmii IlerpoBuu, maructpant kadenpst TIII. O6nacTb HayuyHBIX HMHTEPECOB:
aJIUTUBHBIE TEXHOJIOTHH.

I'onuapoB Esrenuit CranucnaBoBudy, acnupaHT kKadeapsl TIIJ[. OO6mactb HayuHBIX
MHTEPECOB: aJIUTUBHBIE TEXHOJIOTMH.

THE EFFECT OF HEAT TREATMENT OF WORKPIECES MADE OF HEAT-
RESISTANT ALLOYS OBTAINED USING ADDITIVE TECHNOLOGIES

Oleynik M.A., Balyakin A.V., Zlobin E.P., Goncharov E.S.
Samara University, Samara, oleynik1997@mail.ru

Keywords: additive manufacturing, direct laser cultivation, heat treatment, heat-resistant
alloys.

To reduce the internal residual stresses in the samples made by direct metal deposition
technology from the heat-resistant metal alloy EP648, two types of heat treatment were applied:
annealing and quenching. Based on the values t1 and tz, it is possible to judge the magnitude of
residual stresses. It can be seen from the measurement results that the largest size of the slot is in
sample 4, which has not been subjected to heat treatment, which indicates the accumulation of
residual stresses in the fused material. Smaller values of sizes ti, t> in the remaining samples indicate
that the use of heat treatment reduces residual stresses.
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