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increased physico-chemical, mechanical and special properties at normal and high temperatures
under conditions of intensive wear.

It has been established that when choosing the type of metal for conditions of high-temperature
abrasive-corrosive wear, it is necessary to give preference to a structurally stable ferrite base with
highly hard particles that comply with the Charpy principle.

Key words: heat-resistant alloys, wear resistance, heat resistance, corrosion resistance,
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MOXKJ/IMBICTb BAKOPUCTAHHSI HECOEPUYHUX TUTAHOBHUX ITOPOLIKIB JIIS1
AJUTUBHUX TEXHOJIOI'TK

Aoumueni mexHono2ii € NepCneKMuHUM HANPAMKOM V PO3BUMKY MAKUX 2aiysell
NPOMUCTIOBOCMI SIK BUCOKOMOYHE MAUUHOOYOYBAHHA MA asiadeucynobydyeanns. Boonouac eucoka
cobisapmicmov npoyecy 3D-Opyky ma 6i0cymHicmb albmepHamuHoi (cepuyHomy nopouxy)
CUDOBUHU NEPEUKOONHCAE UUPOKOMY DOZNOBCIOONHCEHHIO 3A3HAYEHUX MeXHON02lu. Y oanitl pobomi
NOKA3aHO NPUHYUNOBY MONCIUBICING BUKOPUCMAHHA OLIbUL Oeulesux NOpOUKOSUX Mamepianié Ha
OCHOBI MUMAHY, W0 3a XIMIYHUM CKIA0oM 8ionosioae mapyi cnaagy BT1-0, 3 necghepuunoro gpopmoro
YACMUHOK, WO OMPUMYIOMb 3d MEXHON02IEN 2IOPYBAHHA-0e2iOpPYBAHHA | NPUSHAYEHUX O]
BUCOMOBNEHH 00'€EMHUX BUPODIE PIHUMU MemOoOaMu AOUMUBHUX mexHoaoz2iu. Memoodom
npoino8aHHa HACUNAHUX | 3aKPINIeHUX i3 NIOKIAOKOK NOPOUKOBUX WAPI8 MIHIMAILHOI MOGUUHU
i3 3aCMOCYBaAHHAM PIZHUX (DPaKYill NOKA3AHO, WO ONMUMANbHA 308HIUHS NOBEPXHS OMPUMYEMbCS
34 YMOBU BUKOPUCMAHHA NOPOUIKOBO20 Mamepiany, 6 SAKOMY YACMUHKU Mainoms Gopmy
bacamoepaHHuKie, YMOBHO NPUUHAMUX 3a 00'ekmu, SKi 3a hOpMOI0 HAOIUNCAIOMBCS 00 YACMUHOK,
Vv euenadi eexcaedpie ma ixHix pisHo8Udie. BukxopucmaHnus maxkux nopowkie mae 3abesneuumu Oinbu
WiNbHY ma OOHOPIOHY CMPYKMYpY V NOPIGHAHHI 3 nopowkamu cpepuunoi gopmu. Poszensinymo
MOMACIUBICMb 3ACMOCYBAHHSA PI3HUX 0Xcepell eHepaii ma cnocobis 0isi NOuapo8o2o HAPOULYEAHHS.
mamepiany npu opmyeanui eupobie — agémomamuune eleKmpOoHHO-NPOMeHese HANIAGNIeHH ma
PYuHe apeoHooyeose HaniaeieHHs. Busznaueno ommumanvHi pedicumu npoyecié NOKPOKOB020
CNJIaBIeHHs] MOHKUX WAapie nopouikosux mamepianie. Onucano nepesazy 3anponoHo8aHUx NOPOUIKIE
NOPIGHAHO 13 NOPOWKAMU CHepUUHOi PopmuU, WO NEPesadcHo 3acmoco8yIOmvbCs HA CbO20OHIUHI
Oenv. [Iposedeno memanoepagiuni 00CaiONCeHHs 3pA3KI8, OMPUMAHUX 3 HECHEePUUHUX NOPOUIKIB, WO
NOKA3al0 8UCOKULL piBeHb adze3ii umapie 6e3 UOUMUX HeCYYiNbHOCMEll.

Knrouoei cnosa: aoumusni mexuonoeii; mumaH, nopowiox, dacmuuka, gopma; Qpaxyis,
NOBEPXHA, AP, KOMNAKMYGAHHS, CNAAGNEHHS, CIMPYKMYPA,; 61ACMUEOCHI.

IoctanoBka mpodJjeMu. 3acTOCYBaHHS aJUTHUBHUX TEXHOJIOTIH € MEepCHeKTUBHUM
HampsIMKOM Yy PpO3BUTKY PI3HHMX Trajly3eil MPOMHUCIOBOCTI (0COOIMBO TakuxX SK BHUCOKOTOYHE
MaIMHOOYTyBaHHs Ta aB1aJBUTYHOOY/IyBaHHS), 1110 1a€ 3MOT'Y OJIEp>KyBaTu FOTOBI BUPOOH, a TAKOXK
BUTOTOBJISITH HEOOX1JTHE B MPOMHCIIOBOCTI TEXHOJIOTIYHO CKJIAJHE OCHaIeHHs. HalBaxmuBimmm
3aBJaHHSIM IPH LIbOMY € 3aMiHa HAasBHUX JIOPOTUX IMIIOPTHUX MOPOIIKOBUX MaTepiajiB JeIIEBIINMU
aHaJIOTaMHu.

AHaJi3 ocTaHHiX aocaizkens i myOaikanii. Li Texnonorii gaioTe 3Mory o0'enHaT B co0i
TOJIOBHI TIepeBard TaKUX METOMIB OTPMMAaHHsS BHUPOOIB, SK MOPOIIKOBA METANTYpPTis, JIMBapHE
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BUPOOHUIITBO Ta HAIUIABJICHHS. 3a3HAu€Hl TEXHOJOTIi mependadaroTh BUTOTOBIICHHS BUPOOY 3a
nanuMu 1udposoi moeni (a6o CAD-daitny) MeTo1oM momapoBoro nogaBaHHs marepiainy. [Iporec
MOIIAPOBOTO HAPOUIYBAaHHS BHPOOIB PI3HUMHU METOJaMM aJMTUBHUX TEXHOJIOTiH HalOyBae nemaii
OUIBIIOT MOMYJISIPHOCTI, OCKUIBKM Ma€ HU3KY 3HAYHMX IepeBar HaJ HasBHUMH, TPATULIMHUMHU
METOJAaMU BHTOTOBJICHHS, OOpOOKH Ta peMOHTy jertaineil. dopMmyBaHHS BUPOOY BinOyBaeTbCs
MMOKPOKOBO, BIiAMOBIAHO A0 KoH(pirypariii mnepepizy uudpoBoi Mojaeni 1 3'€qHAHHA KOXXHOTO
HACTYIHOTO IIapy 3 MONEepeaHiM, (3aMiCTh iICHYIOUOi TEXHOJIOTi 0OpOOKM MeTalliB pi3aHHSAM, KOJIU
Marepian HiOuto "BimHiMaeThcs") [1-4]. Texnomorii 3D-apyky mamu 3Mory o0'eqHaTd B co0l HE
TIJIBKM MEPEeBard MOPOIIKOBOI METANyprii, K-OT BUCOKHH KOE(IIiEHT BUKOPHCTAHHS MaTepiaiy,
YOro He BAAETHCS JOCATTH METOIaMU JINTTS], a i IepeBaru JMBapHOro BUPOOHMIITBA K OT OJIepyKaHHS
neranel CKiIagHoi (opMH Ta pi3HOT KOH(Iryparii.

Crporoani 3a3HaueHi TEXHOJOTI] YCHIIIHO 3aCTOCOBYIOTHCS JUIsi BUPOOHHIITBA BUPOOIB 13
IUTACTHKY Ta METally, ajie BXKe BEAYThCSl aKTUBHI pOOOTH 3 BUKOPHCTAHHS K CHPOBHHH JUIS TAKHX
TEXHOJIOTIM PI3HUX IHTEPMETATAHUX 1 KepaMiuHUX MOpomIKiB. OJHAK BUKIMKAHI MPH LHOMY
CKJIaJTHOMII MPOLIECY 3MEHIIYIOTh HOMEHKIIATYPy METaJIEBUX BHPOOiB, OJIEPKYBaHUX 32 JOMOMOT OO
aauTUBHUX TexHojorii [5-10]. Takum 4YMHOM, PO3BUTKY AAMTHUBHHX TEXHOJOTIH y CEKTOpi
MIPOMHCIIOBOCTI, O€3YMOBHO, CIIPHUSIIO O ICTOTHE PO3IMIUPEHHS HOMEHKIATYPH METAJIOMOPOIIKOBUX
MaTtepianiB pizHoi Mopdouorii. ko Ha mouatky 2000-X pokiB 1ie OyB mepenik i3 moHanoIbIIe 5-
6 HaiiMeHyBaHb, TO CHOTO/HI HAMararoTbCs BUKOPUCTOBYBATH MIECATKHA BHUJIB PI3HOMAaHITHHX
KOMITO3UI[IM: BiJl 3BUYAMHUX KOHCTPYKILIWHUX CTajeil A0 >KapOMIIHUX CIUIaBIB 1 JOPOTOI[IHHHUX
METaTiB 37e01TbIIOro MOpomKiB chepuuHoi ¢opmu [2—4]. BogHouac MOpOIIKH 3i CIEHiaTbHUX
CIUIaBiB (HAMPHUKJIAJ TUTAHOBI) MAlOTh Jy’Ke 0OMEKEeHY HOMEHKJIATYypy BUAIB IIMX MaTepiaiB.

J1o OCHOBHUX IepeBar aJUTUBHUX TEXHOJIOT1 MOXKHA B1IHECTH HACTYIIHI:

1. MOXJIMBICTh BUTOTOBJIEHHS JleTallell CKIIaAHOT reoMeTpii Ta pi3HOi KOHGIryparii;

2. MOXJIMBICTb ONEPATHUBHO 3MIHIOBATH T€OMETPIIO JIeTaJeH;

3. BUCOKHUI KOe(]illieHT BUKOPUCTaHHS MaTepiaiy;,

4. pi3Hi Meroau 3D-ApyKy nar0Th 3MOTYy BUKOPHUCTOBYBATH iX JJIS BIAHOBJIEHHS 1 PEMOHTY
BUPOOIB, @ TAKOXK JAIOTh 3MOT'Y BUTOTOBJIATHU JA€Talll 13 3aKPUTUMHU TOPOKHUHAMH.

He3Bakatoun Ha Bcl mepeBaru, Kl HaJae BUKOpUCTaHHS 3D-IpyKy, 3aiMIIaeTbCsi HHU3KA
mpoOyieM, 0 CTPUMYIOTH TMOIIMPEHHS IIi€l TEXHOJOrii B mpoMucioBocTi. ONHi€0 3 HUX €
HEOOXIJTHICTh PETENbHUX JOCHIKEHb BJIACTHBOCTEW (MexaHIYHUX, (I3WYHUX) BUPOOIB, IO
OJICPXKYIOTh 3 PI3HUX MOPOIIKOBUX MaTepiaiiB, 3aJIEXKHO BiJ] TAKMX YMHHHUKIB, K BIUIUB (ppakiiiiHOro
cKiIany i popMH caMHX YaCTHHOK, IO 0€3yMOBHO JyX€ BKJIMBO B TAKUX BIAMIOBIIATBHUX TaTY3IX
BUPOOHMUIITBA, K aBiaObyayBaHHs. [Ipu boMy ciifl 3a3HaYUTH, 1110 HA CHOTOIHIIIHIN JE€Hb BXKeE 1CHY€
HU3Ka JeTajeil, BATOTOBJIEHUX MeToaMu 3D-1IpyKy, SIK1 BCTAHOBJIIOIOTHCS HA ra30TypOIHHI IBUTYHH
BUPOOHMIITBA 3apyOKHUX KoMIaHiH. [l]e oiHier0 BaXXIIMBOIO MPOOIEeMOI0 € JOpOkKHEYa 001 JHAHHS
g 3D-npyKy, Xo4a, BUXOJSYH 3 TOCBIAY MIAMPUEMCTB, K1 BIPOBAKYIOTh Y CBOEMY BUPOOHHUIITBI
TEXHOJIOTIi TOIIAPOBOTO BHPOIIYBAaHHS BHPOOIB, MOXXHAa 3pPOOMTH BHCHOBOK, IO TOJIOBHUM
CTPUMYIOUMM (PaKTOPOM Ha HUIAXY JO MIUPOKOTO 3aCTOCYBAaHHS aMTHBHUX TEXHOJIOTIN € BapTiCTh
CHUPOBHMHHU JJ1s1 00'eMHOr0 ApyKYy. OCOOIMBO 11€ MO3HAYAETHCS [TPU BUKOPUCTaHHI OPOLIKIB TUTAHY,
SIK JISTOBAaHUX, TaK 1 HEJIETOBAaHUX, 1 OCHOBHY POJIb Y IIIHOYTBOPEHHI TYT BIAIrpae He CTUIbKU BapTICTh
JIETYBaJIbHUX €JEMEHTIB, CKUIBKM BapTICTh CaMmoOl TEXHOJIOTIi O/ep)KaHHs MOPOIIKIB HEOOXiTHOT
chepuunoi gopmu (sxa ckiamae 6muzpko 300-500 momapie 3a kimorpam). TakuM YHHOM, iCHYE
HEOOXIJHICTh PO3POOKH MOPOILIKIB S aTUTHBHUX TEXHOJIOTiH. TOMy OCHOBHMM 3aBIaHHSM,
MOCTaBJICHUM Y JIaHiii poOOTi, OyJI0 BU3HAYUTH MOMKJIMBICTh 3aCTOCYBaHHS THTAHOBHUX IMOPOIIKIB
HecepuuHoi ¢GopMmH, sSKi TPOHIUIM MPOLECH TiApyBaHHS Ta JEriipyBaHHS, B aJUTHUBHUX
TEXHOJIOTISX JUIsl OTpUMaHHS rOTOBUX BUPOOiB. [Iporiec rizpyBaHHs TUTaHy (Iy04acToro) noJsrae B
psIMOMY HAaCHUYECHHI BOJAHEM THTaHy 1 MpoxoauTs 3a Temreparyp 400...600° C. I'inpyBaHHs TUTaHY
ry04acToro MTpPOBOIUTHCA 3 METOI0 HACHYEHHS 1 OKPHUXUYYyBaHHS BHUXIJHOTO Martepialy s
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nojanbiioro noapioHeHHs. [Iporec nmeriapyBaHHsS 31ilicHIOeThCs 3a Temmepatyp 700...900° C i
MOJIATAE B Jierasallii rigpuay TUTaHy 3a Temnepatyp poskinananus rigpuny: TiHz — Ti+ Hz. Ananis
TEXHOJIOTIYHUX TIOKA3HUKIB BHUPOOHMIITBA TOPOIIKIB, iX mepeBar 1 HENOJIKIB MOKa3aB, IO
HaWNEepCIeKTUBHIMKUM Matepiasiom i 3D-Apyky € mopoIok, oAep:KyBaHHUW 3a Ti1IPUAHOIO
texHounoriero. Takuii MaTepian Mae HHU3BKOPO3BUHEHI IOBEPXHI TpaHEd YacCTUHOK IOPOIIKY,
HabnxeHnx 3a popmoro 10 chepoinis. Bin MeHI, HIX 1HII, 3a0pyJHEHUH JOMIIIKAMU, OCKUIBKU
BOJICHb CIIPUSIE€ OUMIICHHIO THTaHy Ipu AerifpysanHi [11]. CyKynmHICTh TEXHOJIOTIYHHMX PIIICHb
BUPOOHUIITBA TAKKX MOPOUIKIB TUTAHY J1a€ 3MOTY OJIEp>KyBaTH OLIbII HIUIBHUN MaTepial 13 MEHIIUM
BMICTOM HIKIITTUBUX JOMIMIOK, IO IiIBUIIYE SIKICTh MOPOIIKY Ta MOKPAILy€e MOP(OIOTiI0 OKPEMHX
ioro yactuHoK. Ha puc. 1 mokazaHo 30BHINIHINA BUTJIAT 1 CTPYKTYPY CHEpPUYHHX 1 HECHEPUIHUX
MOPOIIKiB. 3a3BUYali BBAXKAIOTh, 1[0 HAMKPAITUMH 32 (POPMOIO YACTHHKAMU € CPepoian MpruoImM3HO
oJHaKoBOro posmipy [1, 2], mpu LpOMY KOXEH IIap TaKUX YaCTMHOK 3a3BHYail KOMIIAKTYIOTb
[UISIXOM JIOKJIaJaHHS HE3HAYHUX IMMOBEPXHEBUX 3YCWJIb (HANPHUKIAJ, 32 JOTMOMOTOK BalHKa, IO
obepraerbes). OCKUIBKM — MOAajbIla TEXHOJIOTIYHA omepauis nepeadavae coikaHHA —abo
MPOIUIABJICHHS IIapy 3 Takoro poay dacTHHOK [8—10], To HEOoOXigHO BiJ CaMOro IOYaTKy
nepea0auuTd MOXKJIUBICTb BHUKOPUCTaHHA CYTO TEpMOJMHAMIYHMX MIIXOAIB JUIs OTPUMAaHHS
HAMKpalux pe3yJsIbTaTiB K 3a 9acOM 3aBEpIIEHHS IMPOLECYy CHiKaHHS a0o0 CIUIaBIeHHs (aaresii)
1IapiB, TakK 1 3a AKICTIO MOBEPXHI, 110 (OPMYETHCA.

Mera pocaimkenb. OIiHKAa MOXJIMBOCTI BHKOPHUCTAHHS THTAHOBHX IIOPOIIKIB, SIKi
HOTIEPEIHBO MiJaBaIM OIepallisiM TiJpyBaHHS Ta JETIAPYyBaHHSA B TEXHOJIOITUHOMY JIAHILIOXKKY X
BHUPOOHMIITBA JUISI TOATBIIOTO OTPUMAaHHS BUPOOIB PI3HUMHU METOIaMH aTUTHBHUX TEXHOJIOTIH.

OcHoBHHUIT MaTepian gociaigxennsi. Ha puc. 1 HaBefeHO peanbHI YaCTMHKU METalIiyHOTO
nopomKy (chepuyHOro THUTAHY Ta TMOPOIIKY THTaHY, OTPUMAHOTO 3a TEXHOJIOTIEI0 TiapyBaHHS-
nerinapysanns [ 11-14]), 1110 BiAMOBIAAI0TH CIPOIIIEHHM MOJIENSM, IPEICTaBIeHUM y poboTi [12-15],
PI3HUX THITIB YKJIaJaHHS TIIIOTETUYHUX YACTUHOK Ti€l UM iHImol hopMmu.

r)
Pucynok 1 — 3oBHimHIN BUTISA 1 CTPYKTYpa chepuunux (a, 0, B) 1 HechepuaHux (T, 1, €) MOPOIIKIB
tutany (ppaxiis — 100 Mkm)
[TutanHs PO XapakTep CIOTYyYEeHHS YaCTHHOK HA KOHTAKTHUX MOBEPXHSIX (TOYKAX 1 JIHISX Y
TUIOCKUX MOJIETISIX) MOYKHA MPUOJIM3HO PO3B'SA3aTH 3a IOMIOMOT'OIO MPOTOHY TOJiBKH MpoditoMeTpa-
npodinorpada y3a0BXK 1 BIONEPEK HACHIAHUX 1 3aKPITUICHUX 13 MIKIAIKOI0 MOPOIIKOBUX IIIapiB
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MiHIMaJIbHOI TOBIIMHU (OJUHAPHOI YKJIAJKH), TOOTO IMIapiB, IO MAIOTh MiHIMalbHy BUCOTY. [lyis
OTpUMaHHS 3a3HaueHUX OO0'€KTIB JOCITIIKEHHS HaMu OyJid BUKOPHUCTaH1 CKIISHI IUIOCKI 3pa3Ku,
BKpUTI TOHKHM IIapOM MAaJlOB'sI3K0i KieioBoi ocHoBU. [lomepenHi rTpadiyHi pe3ynbTatu
eKCIIEPUMEHTIB i3 BUKOPUCTAHHSIM 3a3HAYE€HOT0 MPHJIay HaBEJCHO Ha pHC. 2

Bonu cBimyath npo Te, 1o y BUMaAKY MOPOIIKIB Pi3HUX (Ppakiliil "HalOIbII 1aaKa" 30BHINIHS
MOBEPXHS OTPUMYETHCS 32 YMOBH BHKOPHCTaHHS MOPOIIKOBOTO Marepiaiy, B SKOMY YaCTHHKU
MaroTh popMy OaraTorpaHHUKIB, YMOBHO MPUHHATHX 32 00'€KTH, AKi 32 (HOpMOIO HAOIMKAIOTHCS 10
YaCTUHOK, Y BUTJISIII TEKCAeAPIB Ta IXHIX PI3HOBUIIB.

Lle cBiquUTH PO TE, 110 OPIEHTALlIS HA BAKOPUCTAHHS MMOPOILIKIB TAKOTO THITY 3a0€311e4HTh, 3a
YMOBH BUKOPHUCTaHHS aJUTUBHHUX TEXHOJIOT1H, TOCTATHE 1 Kpallle, Y MOPIBHIHHI 13 MOPOIIKOBUMHU
MaTepianamu 31 chepruaHOr0 (HOPMOIO YACTUHOK, BUX1THE YITUIBHEHHS, 1[0 MA€ CIIPUSATH OTPUMAHHIO
IIIBHIIINX Ta OJHOpPiAHIKX mapiB 3D 3pa3kiB mig yac iX (opMyBaHHS LUISIXOM HOLIAPOBOIO
criikaHHs abo cruraBieHHs [6, 7, 12].

Ha naBeneniii Hmwxkde (puc. 3) Mikpodotorpadii 6araTomapoBoro 3paska 3 HEJIErOBaHOTO
TUTaHy (OTPUMAHOTO CIUIABJICHHSM 32 TEXHOJIOTIEIO EJIEKTPOHHO-IIPOMEHEBOTO CIIJIaBJICHHS)

[I0Ka3aHO JOCHTh XOpOIIMH piBeHb ajresii mapiB 0e3 Oyab-iKUX BHJIUMHUX AE(EKTiB, THUILY
HECYIIbHOCTEH (paKoBHH a00 HEMPOILIABIB).
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Pucynok 2 — Pe3ynbTaTi JOCHIKEHHS OPOIIKIB Ha podinomerpi-npodisorpadi:
a, 0) chepuunwmii mopomiok ¢pakiiero -200+100 Mxm; B) HecHeprUHHIA TOPOIIOK (PPAKITIEFO -
250+100 mxwm; 1) HecdepuuHHii TOPOIIOK (pakiieto -50 MKM.

a)

PucyHnok 3 — MikpocTpyKTypa JOCHiAHHX 3pa3KiB OTPUMAHHUX 332 TEXHOJOTIEI0 MOLIApOBOTO
HApOIIyBaHHS 3 THUTAHOBOTO MopomKy (¢pakmis -250+100 Mkm):

MMPOMCHCBOT'O HAIlJIaBJICHHA 6, B) MCTOJ AaprOHOAYT'OBOT'O HAIIJIABJICHHSA

a) METOA EIIEKTPOHHO-
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HamnaBnenHs mopoinky 3a XIMIYHHM CKJIaJ0M, IO BigmoBimae wapii criaBy BTI1-0,
sniticHioBasin MetogoM EITH (enexTpoHHO-IpoMeHEBOTo HaruiaBieHHs) Ha ycraHosii EIT3-20, 3
nornepeAHiM HacumaHHsIM mopowky. LlBunkicte HamnaBiaeHHs crtaHoBuna 1,11 mwm/c; crtpym
nHarutaBneHHs 40...50 MA; ctpym ¢okycyBanHs 605..610 MA. AproHogyroBe HaIlJIaBJICHHS
MPOBOAWIIM BPYYHY 3 T[IONIAPOBHUM HACHUIIAHHSM 1 OIUIABJICHHSIM TMOPOLIKY B Kamepi 3
KOHTPOJIbOBAHUM CepefoBUIIeM (IHEpTHUH Ta3 — apron). Pexxum HaruiaBieHHs OyB HpUOTU3HO
OJIHAKOBUH I BCiX 3pa3KiB (3BaproBasibHUI cTpyM 10 30 A, mxepeno ctpymy Fronius TT3000).

BUCHOBKHA

3 HaBeIEGHUX BHUIIE PHUCYHKIB BHUIHO, IO OTPUMaHW (CIUIABICHUN) IIap Marepiary
XapaKTepU3y€EThCsl HASBHICTIO PIBHOBICHOI, OJHOPiNHOI, HIUTBHOI Ta 0€3MOpHCTOI CTPYKTypHu 0e3
OyIb-IKUX BUAUMHUX AcedekTiB (y BHUIIIAMI HeCylubHOCTeH abo mop). Ilpu 1mpomy, cTpykTypa
JOCHITHUX 3pa3KiB HAOMMKEHa J0 CTPYKTYpH 3arOTOBOK, OTPUMAHHMX METOAAMHU JUTTA. Takum
YMHOM, MOXXHa KOHCTaTyBaTH, IO BiTHOCHO [CIIECBUI MOPOIIOK, OTPUMAHHUH 32 TEXHOJIOTIEI
TiIpyBaHHS-JIETiAPyBaHHSA, € IEPCIIEKTUBHUM 3 MOTJIS/TY 3aMiHU HASIBHUX JTOPOTHX IMOPOIIKIB TUTAHY
chepuyHoi popMH.
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Dzhugan O.A., Olshanetskiy V.E. , Kapustian O.Ye., Bulish S.O.

POSSIBILITY OF USING OF NON-SPHERICAL TITANIUM POWDERS FOR ADDITIVE
TECHNOLOGIES

Additive technology is a promising direction in the development of industries such as the high-
precision engineering and Aircraft engine building. At the same time, the high cost of 3D printing
process and the lack of alternative (spherical powder) raw materials prevents the wide dissemination
of these technologies. In this paper, the possibility of using cheaper powder materials based on
titanium, which in terms of chemical composition corresponds to the VT1-0 alloy brand, with
particles of non-spherical shape, obtained by hydrogenation-dehydrogenation technology and
intended for the three-dimensional products production by various methods of additive technologies
is shown. The method of profiling poured and fixed powder layers of minimum thickness using
various fractions shows that the optimal external surface is obtained under the condition of using a
powder material in which the particles have the shape of polyhedra, conventionally taken as objects
that are close to particles in shape, in in the form of hexahedra and their varieties. The use of such
powders should provide a denser and more uniform structure compared to spherical powders. The
possibility of using different energy sources to build layered material in the formation of products is
considered — automatic electron beam welding and manual argon arc welding. The optimal modes of
process of step fusing of thin layers of powdered materials are settled. Advantages of offered powders
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in comparison with applied today powders of spherical shape are described. The results of
metallographic investigation of samples derived from the experimental powders are presented, which
showed a good level of layer adhesion without visible discontinuities.

Keywords: additive technologies; titanium; powder; particles; shape; fractions; surface; layer;
compaction; fusion; structure; properties.
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PROCESS OF ARGON-ARC SURFACING OF BLAST FURNACE CHARGING
APPARATUS AT LOW POWER CONSUMPTION

The feeding apparatus, which ensures the loading of charge materials into the blast furnace,
operates under high specific dynamic loads caused by ore, coke, sinter, abrasive and gas-abrasive
wear, high temperatures and aggressive environments. Increasing the wear resistance of charging
machines reduces production costs, improves the quality of pig iron and increases the efficiency of
metallurgical production. Therefore, increasing the crack resistance and wear resistance of backfill
machines is an important scientific and technical problem.

Keywords: filling apparatus, argon arc surfacing, influence of arc concentration,
microstructure grinding.

Problem statement. The cone of the backfill machine is made of steel 30L. However, the
operating conditions, under the influence of abrasive and gas-abrasive wear, require that the hardness
of the deposited metal should be at least 55 HRC, which is ensured by a high carbon content of 5.5%,
chromium 20.2% and the formation of chromium carbides. Cracks are allowed when surfacing the
protective surface of a cone with a width of no more than 1.5 mm and a contact surface of no more
than 0.3 mm. Therefore, the study of the crack formation mechanism and the development of a high-
speed surfacing process at low power consumption, which ensures an increase in crack resistance and
wear resistance of blast furnace charging apparatus, is an important scientific and technical problem.

It is well known that the susceptibility to cracking increases with increasing carbon content. An
effective way to increase crack resistance is high-speed surfacing at low power consumption, which
reduces welding stresses, grinds the microstructure and increases interatomic bonds, the nature of
which is electromagnetic.

Analysis of recent research and publications. The influence of arc concentration, energy,
speed and surfacing energy on the crack resistance and wear resistance of the deposited metal under
conditions of abrasive and gas-abrasive wear has been insufficiently studied [1-11].

The object of the study. To develop a process of argon-arc high-speed surfacing at low power
consumption of blast furnace charging apparatus with high-carbon chromium cored wire.

The main material of the study. The automatic welding process is a nanoprocess, as the
current flowing through the electrode creates a strong magnetic field and a pinch effect, i.e.
compression under the influence of its own magnetic field. The pinch effect causes a chain reaction -
the compression of the cathode spot under the influence of its own magnetic field reduces the spot
diameter, which strengthens the magnetic field, which leads to a reduction in the spot diameter. The
process continues until the arc breaks. The arc is re-excited at the point where the distance between
the electrodes is smallest, according to the law of least resistance.
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