MPUKNAHAA UHOOPMATUKA / JOURNAL OF APPLIED INFORMATICS
[ Tom 19. N26. 2024 ]

DOI: 10.37791/2687-0649-2024-19-6-113-128

PacuyeT TeMnepaTypHbIX NoJiei Ha OCHoBe
KOHEeYHO-3/1IeMeHTHOM MoZeSin NpoLecca
aQaUTUBHOIO CUHTE3a U3genua

A.B. Kupuuex', C.B. BapuHoa’, A.B. peyeHeaa’
' BpAHCKULl 20cydapcmBeHHsIl mexHUYecKul yHusepcumem, BpsaHcK, Poccusi
’BnadumupcKuti 20cydapcmaeHHsiti yHusepcumem, Bnadumup, Poccus
*Poccutickuti 20cydapcmaenHsiti azpapHbit yHUBepcumem — MOCKOBCKAA CeslbCKOX03ALUCMBEeHHAA aKadeMus
um. K. A. Tumupsseaa, Mockaa, Poccus
‘boxé4@rambler.ru

AHHOTauma. PaboTta noceALLeHa co34aHMI0 TMOPUOHON KOHEYHO-3/1IEMEHTHON Mogenu
npoLiecca agaMTMBHOrO cuHTe3a usgenua metogoM Wire Arc Additive Manufacturing/3D Metal
Print, gononHeHHoM 6/10KOM BosIHOBOIO AedhopMaLMOHHOI0 YNPOYHEHUA CUHTE3MPYEMOTO
nsgenua. OCHOBHOM MONYYeHHbIN pe3ynbTaTt — NpefflaraeMblil OpUrnMHaNbHbIA NOAX0L
K MaTeMaTM4eCKOMY MOLeIMPOBAHUI MPUHLUMNMANIBHO HOBbIX MPOLLECCOB CUHTE3a
N YNPOYHEHUA LUMPOKON HOMEHKATypbl U3LeNIMN, U3r0TaBIMBAEMbIX M3 pa3fIMYHbIX
MaTepuasnoB B BUAe MPOBOJSIOKM, KOTOPbIN MOXeT 6biTb pacnpocTpaHeH Ha BeCb Knacc
MpoLLeccoB agAUTUBHOIO CMHTE3a C MepuoguyecKkomn unm noctobpaboTkon. OcHoBHasA
0cobeHHOCTb NoAXo4a COCTOUT B rnMbpuansanmmn pacHeTHbIX Mogenen, Npy 3ToM, B 0T/inYMe
OT U3BECTHbIX PELLEHU, 3Ha4YMTeNIbHOe BHUMaHWe yaenaeTca npoueccam obMeHa 1 nepeaym
MHPOPMaLUKN Meay MOLenAMM NMPOLEeCcCOB CMHTE3a U yNpoyYHeHus. OTIMYmMTenbHOM
0cobeHHOCTbio rMbpuaHON Moaenu ABnAeTca He0bX04MMOCTb NepMoanveckoro obMeHa
nMHpopMaLMen o reoMeTPUYECKUX 1 TEMMEPATYPHbIX MapaMeTpax CUHTE3MPOBaHHbIX obnacTew
B KOHKPETHbIA MOMEHT BpeMeHW. HoBM3Ha rMbpuaHOM MoLeny 3aK/lo4aeTcsa B MPUMEHEHUN
COrflacoBaHHbIX MOAX0A0B MpU peLLeHUM TEMIOBOM U MeXaHMYEeCKOM 3aad B TPEXMEPHOMN
noctaHoBke B cpede ANSYS, c y4yeToM ecTeCcTBEHHbIX AMHAMUYECKUX TEM0BbIX MOTOKOB,
dopMUpyIOLLIMX B MOAENMPYEMbBIX METOLOM KOHEYHbIX 3/IEMEHTOB CUHTE3UPYEMOM U3AETUN
M yCTaHOBOYHOM cToJle. PacueT HenpepbIBHO M3MEHALLMXCA AMHAMUYECKUX TEMMEPATYPHbIX
nosien B CUHTE3MPOBAHHOM U34eNIUK C SOMNOSIHUTENbHBIMU BO3MOMHOCTAMU ONTUMU3aL MM
M BU3yanu3auum ABNAETCA BaXKHOW CTPYKTYPHOM 4acTblo Mogenun. BeimonHeHHble
nccnenoBaHuA No3BONINAN BbIABUTL 3HAaUYMMbIV AMaMNa3oH COOTHOLLIEHUA 06 bEMOB U3aenus
n ctona 30 < V./V, < 100 1 3aKoHOMepPHOCTM pOPMUPOBaHUA TEMMEpaTYpPHLIX MOJIel Npu
W3MeHEeHUW NapaMeTpoB CToNa.
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Abstract. The work is devoted to the creation of a hybrid finite element model of the
process of additive synthesis of a product by the Wire Arc Additive Manufacturing/3D Metal
Print method, supplemented by a block of wave strain hardening of the synthesized product.
The main result obtained is the proposed original approach to the mathematical modeling
of fundamentally new processes of synthesis and hardening of a wide range of products
manufactured from various materials in the form of wire, which can be extended to the entire
class of additive synthesis processes with periodic or post-processing. The main feature of the
approach is the hybridization of calculation models, while, unlike known solutions, significant
attention is paid to the processes of exchange and transmission of information between the
models of synthesis and hardening processes. A distinctive feature of the hybrid model is the
need for a periodic exchange of information on the geometric and temperature parameters
of the synthesized areas at a specific point in time. The novelty of the hybrid model is in the
application of coordinated approaches to solving thermal and mechanical problems in a three-
dimensional formulation in the ANSYS environment, taking into account the natural dynamic
heat flows that form in the synthesized product and the installation table modeled by the finite
element method. Calculation of continuously changing dynamic temperature fields in the
synthesized product with additional optimization and visualization capabilities is an important
structural part of the model. The studies performed allowed us to identify a significant range
of the ratio of the product and table volumes 30 < V./V, < 100 and patterns in the formation of
temperature fields when changing the table parameters.
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BsepneHue
aunHas ¢ 2015 1. B3ppIBHOE pa3BUTHE
H nonydaeT WAAM/3DMP (Wire Arc
Additive Manufacturing/3D Metal
Print) — TexHOJIOTHS aIIUTHBHOTO CHH-
Te3a U3ACIUIN C OMOUIBIO ANEKTPOLYTOBOM
CBapKH, B KOTOPOH B KauyeCTBE HAILIABOYHOI'O

Marepuaia UCIOIb3yeTCs MeTaJanyecKast
npoBoJioka. [IpumeHeHne TeXHOIoruu JaeT
OO0JIBIIYI0 YHUBEPCATIBHOCTD, IPUEMIIEMYIO
ce0ecTOMMOCTh TOTOBBIX U3EIUI MO CpaB-
HEHUIO C aJIbTePHATUBHBIMH CIIOCOOAMHU U3-
rotoByieHHs. OAHAKO U3BECTHO, YTO BCIIE-
CTBHE HEAOCTATOYHOM TBEPAOCTHU U MPOY-
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