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METANO3HABCTBO

KPUCTAJIOI'PA®IYHI TA PO3MIPHI XAPAKTEPUCTUKHA
EJIEMEHTIB CTPYKTYPHU 3BAPHUX IBIB
MOHOKPUCTAJIIB )XAPOMIILIHUX HIKEJIEB1UX CIIJIABIB

I.C. I'ax, b.0. 3agepiii, I.B. 3sarinuesa, A.B. 3apnosees, 10.B. Oailinnk

IE3 im. €. O. [Tarona HAH VYkpainu. 03150, m. Kuis, Byn. Kazumupa Manesuua, 11. E-mail: gakh@paton.kiev.ua

Po3rstayTi KpHcTanorpadidHO-OpieHTaNifHI Ta pO3MipHO-MOP(OIIOTiUHI 0COOIMBOCTI MIKPOCTPYKTYPH 3BapHUX 3’ €HAHD
MOHOKPHCTAJIIB ’KapOMIITHIX HIKEJIEBUX CIUIABIB B 3aJIS)KHOCTI BiJI BUX1THOT KpHcTaiorpadiqHol opieHTalii Ta ii 3MiHU 110
Makpo(hpOHTY KpHcTaii3alii 3BapHOro msa. 3 3amydeHasM Metony EBSD-anamizy (Electron Backscattering Diffraction) ta
ONTHUYHOI MeTajorpadii T0CIiIHKEHO 0COOIMBOCTI CTPYKTYPU OKPEMUX 30H 3BAPHHX 3’ €JHAHb MOHOKPHUCTAIIIB )KapOMIITHUX
HIKEJICBUX CIIIaBiB. BcTaHoBIEHA 1X 3aM€KHICTh Bil BUXiAHOI KpHcTanorpadidHoi opieHTali] 3BapHOTO 3’ €AHAHHS Ta 11 3MiHH
0 MaKpO(ppOHTY KpHCTalIi3aLii 3BaproBaibHO] BaHHH. [ToKa3aHo, 110 TOPS/ 3 EPEBAKHUM HACIilyBAHHSAM METaJIOM LIBa KPH-
cranorpadivHoi opieHTallil OCHOBHOTO METaJly MOJKEe MaTH Miclie JOpMyBaHHs 3€PEHHOT CTPYKTYpH pi3HOT KpucTasorpadiyHol
opienrarii, MopdoJIorii, po3MipiB Ta MPUPOH — KPUCTANI3aLiHHOT Ta AedopMaltiiiHoi. PO3nIsiHYyTO MeXaHi3MU YyTBOPEHHSI 3epeH
BKa3aHOi MPUPOH. [ paHuUIl 3epeH KpucTanizaiifHOro THITY € MICIIEM CTHKYBaHHs OJIOKIB JIGHAPUTIB pi3HOI KpucTanorpadiu-
Hoi opieHTaril. 3epHa 1edopManifHOrO THITY € Pe3y/IbTaTOM perakcamnii MiKpoHaNpyKeHb Ha CTa/lii OXOJIOPKSHHS 3BapHOTO
3’eHAaHHS 1 QOPMYIOTHCS Ha UISTHKAX, B IKUX HAIPSIMOK JIIOYMX HANpy>KeHb HAalOLIbIIe CIIBIIA/AE 3 KpHCTAJIOrpadigHOI0
OpIEHTAIIIEI0 JIETKOTO KOB3aHHs1. Takox BUSBICHO, IO 3¢pHA Ae(hOPMAI[IfHOTO THITY MOXKYTh BUHHUKATH SIK B METaJI 111Ba, TaK i B
30HI TepMIYHOTO BILTHBY. [Ip1 OMTHAKOBUX TeMIepaTypHIX YMOBaX BUKOHAHHS 3BapHHX 3’ €THAHB KUIbKICHI Ta pO3MipHO-OpPi€H-
TaniifHi napamerpu AeopManiifHOT CTPYKTYpH METaTy 30HH TEPMIYHOTO BIUTUBY KOPENIOIOTH 3 AHAIOTIYHUMH MTapaMeTpaMu
CJIEMEHTIB CTPYKTYpH IIBa. BKa3yeThCsi HAa MOXKIIMBICTH OTPUMAHHS 3BAPHUX IIBIB 0€3 TPIIIUH 3 TOCKOHAIOK MOHOKPHCTAIIIU-
HOIO CTpyKTYypoto. bibmiorp. 18, puc. 8.

Knrouosi crosa: monoxpucmanu, scapomiyti nikenesi cniasu, 36apHi 3 ' eonanns, EBSD-ananis, kpucmanoepagiuna opienmayis,

DOI: https://doi.org/10.37434/as2023.09.01

napamempu cmpykmypu, npupooa 3epet, 36apioganvid 8anHd, MAKpogpoum kpucmanizayii

Po6ota noB’s13aHa 3 TOCTIHHO3POCTAIOUNMU 3aITH-
TaMH Ha MiABUIIEHHS TAKTUKO-TEXHIYHHUX, EKCILTya-
TaliiHUX, BUPOOHUYNX Ta EKOJIOTIYHUX XapaKTepHuc-
UK Ta3zorypOinaux neuryHiB (I'T]), eHepreTnuHmx
ycranoBok (I'TY) sik BilickkOoBOTO, TaK i rpoMassiH-
chkoro mpusHaueHHs [1-3]. Sk BigoMo, 3pocTaHHs
tepmonuHamiunux xapakrepuctuk ' T, ['TY nocs-
raeThesl, TOOBHUM YMHOM, 32 PaXyHOK ITi/IBUIICHHS
TeMIIepaTypH a3y Ha BXOJI B TypOiHy Ta 3HMUKCHHS
METaJIOEMHOCTI 1 MacH poTopy, o nNoTpedye CTBO-
PEHHS Ta BUKOPUCTAHHS HOBHX BHCOKOKapPOMIITHUX
MarepiaiiB [4, 5]. [TixBumeHHS KapOMIITHOCTI 32 pa-
XyHOK YCKJIaJIHCHHS JIETYBaHHsI, 3aCTOCYBaHHSI CIlIa-
BiB, OCOOJMBO 3 MOHOKPHUCTATIYHOIO CTPYKTYPOIO,
JIOCSITIIO 3apa3 MEXi, B OCHOBHOMY, B 3B’SI3Ky 3 TIOTip-
IIEHHSIM TIPH [[bOMY iX TexXHOJorigHOCTI. Tomy Oinb-
IIiICTh KOHCTPYKTOPIiB Ta BUPOOHHUKIB 1Ty Th O TUISAXY
BIIOCKOHAJICHHS KOHCTPYKIii TypOiHH, B T.4. 3 3aCTO-
CyBaHHSM 3BapioBaHHs [3, 6]. OnHAaK YMM BHILA Ka-
POMIIIHICTh CILIABIB, THM Tiplia iX 3BaproBaHICTb, 10
MPOSABIIAETHCS Y BUCOKIH CXMIJIBHOCTI KapOMILIHUX
HIKeJIeBUX CIUIABIB 10 TPILIMHOYTBOPEHHS Ta PyH-
HYBaHHS CIIEL[iaJIbHO CTBOPEHOTO CTPYKTYpPHOTO CTa-
HY, 0COOJIMBO, MOHOKPUCTAJIIYHOCTI, SIKa 3a0e3meuye
ONITUMAJIbHE MOEHAHHS MEXaHIYHUX XapaKTEPUCTHK
y IIMPOKOMY Jiana3oHi TeMIeparyp Ta HaBaHTaKEeHb.

Binbia yactuHa myOmiKaiiii, SiKi CTOCYIOThCS TIH-
TaHb 3BapIOBaHHS MOHOKPHUCTAIIB KaPOMIIHUX Hi-
kenesux cruaBiB (JKHC) po3srnsijgaioTe yMOBH BU-
HUKHEHHS Ta TMOINEepe/KEHHS YTBOPEHHS B IIBax
TaK 3BaHUX Je(PEKTiB MOHOKPHUCTAIIYHOT POCTOBOL
cTpykTypu Ta TpimuH [7—10]. Pesynpratun BUBUYCH-
HsI MEXaHIYHUX XapaKTePUCTHK Ta 0COOIUBOCTEH
pyiHYyBaHHs 3BapHUX 3’eqHanb [11, 12] BKa3yroTh
Ha HEOOXIIHICTH OIJIBII IETAJIBHOTO JOCIIIKECHHSI
CTPYKTYPHO-OPIi€HTAIlIHHUX 3MiH, SKi MalOTh MicCIle B
pe3yabTari TepMo/ie(POpPMaIiifHOTO BILTUBY TPH 3Ba-
proBaHHi. 30KpeMa, [Ie CTOCY€ETHCS CIEKTPY KPHCTa-
norpadivyHOi opieHTali] SIK B LIJIOMY, TaK 1 OKPEMHX
CKJIaJJOBUX CTPYKTYpPHU: HasIBHOCTI JIOKAJIbHUX CTPYK-
Typ, MIKpOHaNpyXeHb Ta AepopMaliil; Xxapakrepy,
Mopororii, po3mipy CTPYKTYPHHUX €JIEMEHTIB, Ipa-
HUIb Ta BEJIMYMHH 1X PO30PIEHTYBaHHS — (aKTOPIB,
SK1 BU3HAUAIOTh MEXaHIUHI Ta CIIy>KOOBI XapaKTepH-
CTHKH 3BapHUX 3’ €JJHAHD.

MeTtoro poboTH € BU3HAUYEHHS BIUTMBY BUXIiJHOI
KpHUCTaJIOTpadiaHoi OpieHTAIii 3pa3KiB Ha 0COOIUBOC-
Ti CTPYKTYPHHUX XapaKTEPUCTUK 3BAPHOTO 3’ €THAHHS
Morokpuctaiis XXHC Ta ii 3MiHM TI0 ITIMPHHI TITBA.

Metoauka gociigxens. [Ipu gocmimkenHi Oynu
00paHi TPOMHUCIIOBi KapOMII[HI HiKeJIeBi CIUIaBH 3
BMICTOM 1HTEpMETaiJHOI JTUCTIEPCHO3MIITHIOIOYOT

I'ax 1.C. — https://orcid.org/0000-0001-8576-4234, 3anepiii b.O. — https://orcid.org/0000-0001-6695-6986,
3earinnesa [.B. — https://orcid.org/0000-0002-6450-4887, 3aBnoBeeB A.B. — https://orcid.org/0000-0003-2811-0765,

Omiitauk 0.B. — https://orcid.org/0000-0002-9293-4315
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METANIO3HABCTBO

v'-thazu monazg 61 %, SIKi IIUPOKO BUKOPUCTOBYIOTHCS
B SIKOCT1 KOHCTPYKLIHHOTO MaTepialy MpH BUTOTOB-
JICHH1 pOOOYHX JIOMATOK Tapsid0ro TPAKTy aBialiiHuX
I'TH.

Buxonani Hamu [8, 9] Ta iHmMu apropamu [7, 10]
JIOCITI/DKEHHS 3 BUBUCHHSI KpHCTaaorpadiuyHoi opieH-
Tamii 3’€MHaHHs Ta BIUTMBY KPUBU3HU MaKpO(PpOHTY
KpHUCTami3alii 3BaproBaIbHOI BAHHH HA YCIAKyBaH-
HSl BUXiTHOT KprcTanorpadiqHoi opieHTallii MeTalIoM
IIBAa Ta JOCKOHAJICTh HOTO CTPYKTYPH TTOKa3ajIH, 110
JUIsl IONIepeKEHHST yTBOPEHHS 3€PeH 1 TPIIUH HeoO-
XizHO 3a0e3meynT 0OMEKCHHS BiIXUIICHHS HAIPSIMY
MPOXO/IKEHHS TEMIIEPAaTyPHOTO rpadieHTy 1o (GpoH-
Ty KpucTanizauii Bix Hanpsmky <001>. Texnonoriu-
HO L€ IOCSTAETHCS BiAMOBIAHICTIO MIOMIMHU KPOMOK
3BapHOTO CTHKY opieHTamii Bucokoi cumetpii {100} i
(hopMyBaHHIM MaKpOIIIacKoro (ppoHTy KpucTamizamii
3BaproOBaNIbHOT BaHHHM. [Ipn aHami3i MOKJIMBUX BapiaH-
TiB KpHcTanorpadiyHoi opieHTalil 3’€/IHAHHS 3BapIo-
BaHMUX 3pa3KiB (IIOMUHK BUXigHOTO MeTairy {UVW}
1 HanpsiMiB 3BaproBaHHs <hkl>), Oysiu oOpaHi 1Bi Oc-
HOBHI kpuctanorpadiuai kombinarmii: {001}, <100>
ta {110}, <011>. 30upanHs 3pa3KiB 00OpaHUX KpHCTa-
norpadiYHAX OpieHTAIlH TS 3BapIOBaHHS BUKOHYBa-
J0Ch 3 TOUHICTIO 70 5°. JlocmiaHi 3pa3ku opieHTaIii
{110}, <011> B OKpeMUX BHUIAKaX MM BiAXUICHHS
BiJ oOpanoi B Mexkax 10°, mo Moxke 00yMOBUTH IpU
3BapIOBaHHI Pi3HY BEJIIMYMHY KyTa BiAXWJICHHS Mak-
CUMaJIBHOTO TEMIEPATYPHOTO TPajieHTy 1Mo (poH-
Ty Kpucrtanizanii Big HanpsaMmky <001> [8]: mo 15°
— CHPUSTINBI, BUIIE 3a3HAUYEHOTO PiBHS — HECTIPHUST-
TIMBi YMOBH (hOPMYyBaHHSI MOHOKPUCTAIIYHOI CTPYKTY-
pH. 3pa3Ku 3aBTOBIIKK 2 MM JIsl 3BapIOBaHHS BHpi3a-
JIM €JIEKTPOICKPOBUM METOJIOM 13 MOHOKPHUCTATIUHUX
BIINIMBOK, OTPUMAHHUX ILJISXOM BHCOKOI'PAJIEHTHOT
CHPSIMOBAHOT KPUCTATi3allii, 3 HACTYITHUM ILTi(hyBaH-
HSIM Ta TPABJICHHAM.

3BaploBaHHs BUKOHYBAJIN €IEKTPOHHHM IIpOMe-
HEM Ha peKuMaXx, IpH KX 3a0e31edyeThes CTalilb-
He (hopMyBaHHS HACKPI3HOTO PiBHOMIPHOTO TPOBapy
Ta TEeMIIepaTypHO-4acoBi yMOBU ()OpMYBaHHS MOHO-
KPHCTATIYHOI CTPYKTYPH.

B ocranHi pokH UIsl OLIHKH CTPYKTYPHHX 3MiH
MOHO- Ta MOJIKPUCTAIIYHUX MaTepiajiiB BHACIITOK
TEXHOJOTIYHUX Ta eKCIUTyaTaliifHUX BILIMBIB 3Ha-
XOAMTH yCIilIHEe 3acTocyBaHHs MeToq EBSD-ana-
nizy (Electron Backscattering Diffraction) 3aBasiku
ABTOMAaTH30BaHOMY MO€THAHHIO MOKPOKOBOI OIliH-
ku nokanbHux (0,05...1,0 MKM) cTpyKTYpHO-Iedop-
MaIiiHUX 3MiH 1 HACTYIHIN MOOYI0B1 y3arajbHEHUX
kaptus [13, 14]. Mloro BUKOpHCTAaHHS J03BOISIE OT-
pUMaTH OLTBI ITUPOKY 1H(GOPMAIIiIO B TTOPIBHSIHHI 3
TPAAUIIHTHUMHU METOJJaMH OI[iIHKH CTPYKTYpH: PEHT-
TEHOCTPYKTYypHOTO, nudpaxiii exexTponis B [IEM,
HeWTpoHHOI audpakmii, onTuyHOi MeTanorpadii Ta
iH., SIK1 TOJIOBHUM YHHOM CIIPSIMOBaHI Ha BUSBJICHHS

4

Ta HACTyIHE AOCIIIKEHHS! OCHOBHUX Je(eKTiB po-
CTOBOi CTPYKTYpH MOHOKPHUCTAIIIB, TAKHX SIK CTPY-
MEHEeBa JIKBallis, «[apa3uTHI» 3epHa, MOBEPXHEBI
kapOiau Ta iH. B To¥# ke yac BiJIoMO, 110 OJHUM i3
IIISIXIB 33J0BOJICHHS BUCOKHX BUMOT JI0 MEXaHIUYHHX
Ta eKcIuTyaraninanx xapakrepuctuk KHC e omru-
Mi3arist mapameTpiB ix cTpykrypu [12—16]. Tomy Bce
OUTBIIIOT aKTyaTbHOCTI HaOyBa€ OUTBII AeTaIbHA Kilb-
KiCHa Ta sIKiCHa OIliHKa CTPYKTYpH i po3poOKa MeTo-
IiB ynpasiiHHS (GOpMyBaHHSM IPH 3BapIOBaHHI.

[lepeBaru merogy EBSD- ananizy oco6amnBo npo-
SBISIIOTHCSA NMPU JOCTIIPKCHHSIX 3BapHUX 3’ €JHAHb
MOHOKPHCTAIIB, Kl SBISIOTH COOOI0 KOMITO3HIIIO i3
PI3HOCTPYKTYPHHX KpHCTanorpadivyHO pi3HOOpPi€H-
TOBaHHUX JISHOK. Ioro BUKOPHCTAHHS 1€ BETHKMIA
00’eM iH(popmallii, HEOOX1THOT JJIsT OI[IHKU €BOJIOLIIT
CTPYKTYpH 3’€JIHaHb, BAXKJIUBOI SIK IPU BUPILICHHI
TEOPETHYHHX, TaK 1 MPUKIATHUX TUTaHb (POPMYBaH-
Hsl 1 yIPaBJIIHHS CTPYKTYPOIO B MPOIECI 3BapIOBaH-
Hs1. OnHiero 3 BaxnauBux nepesar EBSD- anamisy €
MOXKJIMBICTh BU3HAUEHHS THUITY Ta CITiBBIAHOMIEHHS
€JEMEHTIB CTPYKTypH, MeXaHi3My ii ¢opMyBaHHA.
[Ipu BHBUEHHI MOHOKPHCTAIIIB OCHOBHUM 00’ €KTOM
JOCTI/DKEHb € HasBHICTh Ta XapaKTEPUCTHKHU Tpa-
HULb 3€pEH — OCHOBHOI'O (akTopy, IKUil BU3HAUA€E
Mpane3JaTHICTh KOHCTPYKLIH — iX Tum, Mopdooris,
napameTpu GopMHU Ta pO3MIpH, OPIEHTYBaHHS, ITUTO-
Ma YacTKa KOKHOTo Tumy. He MeHII BaknuBuM (hak-
TopoM 1 mepeBaroto merony EBSD-anainizy 3BapHux
3’€IHaHb € HAOYHICTh TOAAHHA KpHcTanorpadiunoi
opieHTaLii SIK OKPEMHX JIUISTHOK 1 €IeMEHTIB CTPYKTY-
PH LUIIXOM KOJIBOPOBOTO KOJYBaHHS Ha BiAMOBIIHUX
KapTax JIOCHIJKCHb, TaK 1 B IILJIOMY.

JloCIiKEHHS CTPYKTYPHO-KPUCTATIOrpapigaHOro
CTaHy 3BapHUX 3’ €IHaHb BUKOHYBAJIOCHh Ha mTi(hax,
BUKOHAHUX 3 MOBEPXHI 3pa3KkiB, TP BUKOPHUCTAH-
Hi onTHYHOTO Mikpockomy Neophot-32 Ta enektpo-

[7] e

Puc. 1. Crpykrypa (x50) 3BapHoro 3’exuanns JXHC 3 nosepxuero
3paska 6mu3bkoro 10 (101) (a) Ta (001) (6) 3 OKpecIeHUMH TiNIsH-
KaMH, sIKi T0CIiKyBanuch Mmetogom EBSD
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HHOTO Mikpockomy Verios 460 XHL 3 nmpucrtaBkoio
st EBSD- ananizy HKL Nordlys System. 3arasb-
Ha TUIOIIa CKAaHyBaHHS €JICKTPOHHUM MPOMEHEM —
796x2000 MKM, JTOKaIbHICTh 2x4 MKM. Puc. 1. imro-
CTpye 00NacTh AOCIIHPKEHHS HA 3BAPHUX 3’ €THAHHAX
metogoMm EBSD-anamnizy. Po3rnsananuces BUSBICHI B
pe3ynbTaTi MetamorpadiuHOTo aHaji3y XapakTep-
Hi [16, 17] ninsgHKu 3BapHUX 3’ €THAHR MOHOKPHCTA-
JIiB: OCHOBHHI MeTall, 30Ha TEPMIYHOTO BIUTUBY, JIHISA
CIUIaBJICHHS, 30HA ETITaKCiaJbHOTO POCTY Ta AUISTHKA
IIBa 3 PI3HUM BiIXHIIEHHIM KpucTanorpadidgHoi opi-
eHTarIli Bl BUX1JHOI.

B okpemux Bumaakax xpucrajgorpadiuna opieH-
Talis CTPYKTYpH OL[iHIOBajiach 1o (irypax merano-
rpacdiunoro TpaBneHHs. Dikcamis CTPYKTypH BUKO-
HyBaJlach 3 BUKOPUCTAHHSIM ONTUYHOTO MiKPOCKOIY.
Bigyamizanisi CTpyKTYpH IpU LBOMY 3/1HCHIOBAJIaCh
IUISIXOM TPaBJICHHS TIOBEPXHI ILTi(Y.

00y X0 (110}
a I l
001 Xo Y,
T

[TigroroBka 3pa3skiB must EBSD-anamizy Bkirouana
CreLiabHy TEXHOJIOTII0 «ULTi(yBaHHS-IOJIiPyBaHHD»
[13, 14], sixa 103BOJNSIE YHUKHYTH HArapTyBaHHS IO-
BEpXHIi 3pa3Ka, 110 3a0e31euye BUCOKY TOUHICTh Pe3yJIb-
TariB. AKIEHT IpU AOCIiKEHH]I pOOHUBCS Ha 3BapHUX
3’ €IHAHHSX Ta OKPEMUX iX JUISTHKAX, IS SIKUX BUKOHY-
BaJIUCh, 200 X He OyIi 3a0e3MeyeHi YMOBH CIPsIMOBa-
HOI KpHCTaJi3alii MOHOKpUCTaTy Ta GopMyBaHHS J0-
CKOHAJI0T MOHOKPHCTAIIIUHOT cTpyKTypH [7-9, 16, 17].
Posmisnanucs 0co0aMBOCTI KpUcTaIorpadiaHO-0pi€eH-
TOBAaHUX Ta PO3MIPHO-MOPQOIOTIIHIX XapaKTSPHCTHK
OKPEMHX XapaKTEePHHUX 30H 3BAPHUX 3 €JHAHD B 3aJIEXK-
HOCTI BiJl BAKOHAHHSI 3a3HAYCHUX BUILE YMOB.

Pesyabrarn gociaigxenb. CTpyKTypa OCHOBHO-
IO METally XapaKTepU3y€eThCsl TUIIOBOIO PO3BUHYTOIO
OJTHOPIJIHOI KPYIHOJICHAPUTHO OymoBoro [15] 3
CIIPSIMOBAHOIO KpHUCTaJNOrpadiuHOI0 OpieHTaLiel0
(puc. 2, 3), sixa BiAnoBiae opieHTalil 3pa3Ka B LiJIO-

(11} I
‘

Hanisumpnna: 107
Posmip knactepa: 5%
Konsoposa nacksenicrs:
Min = 0, Max = 58.77

10
20

30
40
50

Hanismmpuna: 107
Poasmip kaacrepa: 5°
Koaboposa HacH4eHICTS:
Min =0, Max = 14.31

2

Puc. 2. I1psimi (@) Ta 3BOpOTHI (6) mosrOCHI (iryps OCHOBHOTO MeTaly 3BapHOTro 3’eaHaHHs MoHOKpucTantigaoro JKXHC 3 moBepxHero

3paska 6:m3bkoro 10 (101)

Yy

{100} {110}

001 Xo

101 5

a . .
Yo Zy

{111}

Hanismmpuna: 107
Pozmip kaacrepa: 57
Konnoposa nackuenics:
Min =0, Max = 44.92

Hanisumpnwa: 107

Poawmip knacrepa: 5°

Konsoposa nachuenicrs:

Min=0, Max = 3.0
125. 23

Puc. 3. ITpsivi (@) Ta 3B0poTHi (6) HoMocHi (Girypr OCHOBHOTO MeTaity 3BapHOro 3’etHaHHs: MoHOKprcTanigHoro JKHC 3 moBepxHero 3paska (001)
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Jic JIC
3TB 1lor 3TB Illos

001 101

Puc. 4. Kaptu opieHTyBaHb 30HH €MITaKCialIbOro POCTY Ta AUISHKHU CIUIABICHHS 3pa3KiB 3 MoBepxHero, Onm3bkoi 10 (101) (a) i
(001) (6) )KHC, npwu BinnosixHOCTI BUXigHoi kKpuctanorpadiunoi opientarnii (KI'O) ymoBam cipsimoBanoi kpucramizauii. KI'O-neren-
J1a 10 KapTu opieHTyBaHb (8). 3TB — 30Ha TepMiunoro BrutiBy, JIC — niHisl CIIIaBIeHHS

Hanisumpaaa: 10°
Posuip kractepa: 5%
Konboposa HACHHEHICTH:
Min =0, Max =844

:

4

3

Hanisumpuua: 107
Posmip kaactepa: 5%
Koasoposa HaCHHEHICTE:
Min = 0.03, Max = 2.89

111
101 8

Puc. 5. Kaptu opieHTyBaHb (@) TUITHKY 3BapHOTO 3’ €THAHHA 3 TIOBEPXHEIO 3pa3ka 0mm3bkoro 10 (101), mpsami (6) Ta 3BOPOTHI MOJIOCHI
(birypu (6) mpu HEBIAIOBIAHOCTI ALTSHKY IIBa yMOBaM cripsiMoBaHoi kprcranizarii. KI'O-nerenaa 10 kaptu OpieHTYBaHb (IUB. puc. 4, 6).
3TB — 30ona Tepmiunoro BruuBy, JIC — minig craBnenss, X-X  — Bich mBa
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Puc. 6. Mikpoctpykrypa (x100) ninsaku msa JXHC B paitoni npsiMoniHiitHOT 30HM crutaBieHHs (@) Ta JoKanbHOI 3MiHu 11 reomeTpii (6)

My Ta BU3HAYA€THCS YMOBAMH BHCOKOTPa/i€HTHOTO
BUPOIIYBaHHS BUXITHOTO MOHOKPHCTAITY.

Merau 301 TepMmiuHoro BBy (3TB) 30epirae Bu-
XigHy Kpuctanorpadiuny opienrauito. OnHak Mae Mic-
e 3MiHa 1O Mipi HaOMMXKEHHS 10 JiHil CIUTaBICHHS
Mopostorii Ta po3MipiB, PO3MOIUTY OCHOBHOI 3MiLIHIO-
10401 CKJIaJ0BOi CIUIaBy Y- y'-(a3u, Ipo 1o AeTaTbHO
Huwtocs y po6ori [17]. B mikpocTpykTypi Metainy 3TB
3pasKa 3 CIPUSATIMBOIO KpUCTANIOrpadiuHO0 OpieHTa-
wi€eto criocrepiraeTbest popmyBanss 10 10 % po3cisHux
npioHopucnepcanx 10 10 MM 3epen opienTaii [111]
Juist BUXifHOI opienTaii [101] (puc. 4, a), Ta BuxinHO1
opienTartii [101] qst [001] (puc. 4, 6) BiAOBIIHO, 1O
MO>KE CBITUMTH TIPO iX nedopmariiiiny npupoy. [1po ie-
(dhopMarliiiHy npupojy BUSBICHHX 3¢PECH, OKPIM MEBHOT
KpucTanorpadiuHoi opieHTallii, CBiIYnUTh X MOpHOI0-
Tist, pO3Mip Ta pe3ybTaTH KOMIUIEKCHOTO aHaji3y KapT
OpIEHTYBaHb 1 MIKpOHAIIPYKEHB, & TAKOXK MICIIe PO3Ta-
IITyBaHHS y 3BapHOMY 3’ €1HaHHI. KiTbKICTB 3epeH, 5K 1 iX
Opi€HTAIlis, KOPEITIOE 31 CTYTICHEM BIIXMIICHHS BHX1THOT
KpucTanorpadiqHoi opieHTawii Bifi HAIPSIMKY BUCOKOT
cumertpii. Ciifl 3ayBakUTH, 110 BOHU HE OyJIM BUSIBJICHI
MeTanorpadiuHIM METOIOM.

[Ipu HeBianoOBiHOCTI KpucTanorpadiyHoi OpieH-
Tallii 3BapHOT0 3’€IHAHHS BUCOKIN cumeTpii (puc. 5)
KUIbKicTh 3epeH opienTanii [111] B 3TB 3poctae 1o
20 % npu BUpaKEeHIM TEHACHIIT 10 1X KOHIIEHTpAILIii.

30Ha IiHI{ CIUTaBIEHHS SIBJISIE COOOI0 MEPEeXiaHy
ninsHKy Big 3TB /10 30HH emiTakcialbHOTO POCTY Me-
Tany mBa. [i CTPyKTypa XapakTepusyeThesi HasBHiC-
TIO YaCTKOBO OIUIABJICHUX JECHAPHTIB Ta MIKICHIPHUT-
HUX TTIPOMDXKKIB [17]. YacTKOBO oriaBieHi JeHAPUTH
MpUKAMaroTh (HopMy JapyHOK, 3MiHA KpPUCTAIOTpa-
(higrOi opieHTaNmil MpU boMY ManonoMiTHa. [Ipu
HEBIAMOBIAHOCTI KpucTajgorpadiunoi opieHTamii
3BapHOTo 3’€IHAHHA BUCOKiN cuMeTpii (puc. 5) 30Ha
XapaKkTepu3yeThesl IpiOHO3EPEHHOIO CTPYKTYPOIO
(5...40 MKM) 3 IpeBaIOBAaHHIM KpUCTanorpadiaHoi
opieHTallii, sika BiAMOBigae BUXIIHIN Ta opieHTAIlil
3epeH JedopMalliitHoro TUIty.

30Ha emiTakciaabHOTO POCTY 3 CAMOTO MMOYaTKY
JOCIIIKeHb BU3HAUYAJach SIK IIJITHKA, KA B METa-
sorpaiuHOMY YSBIJICHHI CKJIAJIA€ThCS 3 MapaeiibHO

ISSN 0005-111X ABTOMATUYHE 3BAPIOBAHHA, Ne9, 2023

PO3MILLICHUX OPTOTOHAJIBHO JiHIH crijaBieHHs Apio-
HuX AeHAputiB [17]. Y Bunanky xpuctanorpadiy-
HO CUMETPUYHOTO 3BaPHOTO 3’ €HAHHS CTPYKTypa il
BKa3ye Ha 30epexeHHs BUX1IHOI KpucTaitorpadiy-
HOT Opi€eHTallil Ta HAsSBHICTb MOOJUHOKHUX JAPIOHUX
(5...40 mxm) 3epen opienranii [111] (puc. 4, a) un
[101] (puc. 4, 6). [Ipn HEBIAMOBITHOCTI KpHCTAIIO-
rpaiuHiii opieHTaIii 3BapHOTO 3’€HAHHS YU [i-
JISHKU IIBAa BUCOKIi¥M cumeTpii (puc. 5, a) 30Ha xa-
paKTepU3yeThCA APiOHO3EPEHHOIO CTPYKTYPOIO
(40...70 MxMm).

Jic

3TB 1loe

Binnocna niowma, ym.o.

2 3

a
“‘III.II.I-
1
[ - .

(7] O, YM.01.

Puc. 7. Kapra MikpoHamnpysxeHb (¢) 30HU CIUIABICHHS 3BaPHOTO
mBa JKHC 3paska 3 moBepxHero 0nu3bkoro g0 (101) ta gyacTot-
Ha ricTorpamMa (6) mpH HEBiAMOBITHOCTI AITSTHKH [IBa KPHCTAJIO-
rpagiuHIM YMOBaM crpsMoBaHoi kpucrtamizauii. 3TB — 30Ha Tep-
MivHOTO BIUIHBY, JIC — MiHis CIUTaBIeHHS
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B cTpykrypi MeTaiy miBa AJs 3pas3KiB i3 CIPHST-
JIUBOIO KpHCTaIorpadivHOK OpieHTAI€, 0 Mipi
HAONMMIKEHHS 1O OCl, MOKIIMBE J€sIKE 301MbIICHHS
PpO3Mipy MOOJUHOKHUX 3epeH (puc. 4, a, 6) 31 30epe-
JKCHHSIM Opi€HTallii OCHOBHOTO METaly.

Jlns 3pas3ka 3 HEBIAMOBIAHOIO KpHUcTajorpadiv-
HOIO OpPI€HTAIIIE€I0 3BapHOTO 3’ € THAHHS BUCOKIH CH-
MeTpii, 1o Mipi HaOMIKEHHS 10 OCl K B MEeTajorpa-
(hignoMy, Tak i B momanHi EBSD-anamnizy crpykrypa
3epeH HaOyBae KPYIMHO3EPEHHOTO, PI3HOPO3MIpPHOTO
(mo 300 MKM) mepeBakHO OpPIEHTOBAHOTO OPTOTO-
HaJIhHO (DPOHTY KpHCTaNi3allii 3BaprOBAILHOT BAaHHH.
OxpiM 3pocTaHHs PO3MIpY 3€peH SIBHO BUPaKEHE IO~
pYLIEHHS MOHOKpHUCTaniyHocTi. Ha mpsimux mosroc-
HUX (irypax crocTepiraeThcs MosiBa HOBUX peduiek-
CiB, 3MIILIEHHS Ta PO3MUTTSI OCHOBHHX; Ha 3BOPOTHIX
— 3MEHILICHHS IHTEHCUBHOCTI Ta aKLEHTIB pedieKciB
(puc. 5). MakcuMmainbHe 3pOCTaHHS PO3MIPY Ta Jie-
(heKTHOCTI CTPYKTYPH, BIIXUIICHHS Opi€HTAIIIT BiJl BH-
X1IHOT CIIOCTEpIraeThCst B paiioHi oci mBa (puc. 5), e
BHACITIIOK JIOKAJIbHOT 3MIHH KPHUBH3HU MaKpo(QpoHTY
KpHCTali3amii 3BaproBajJbHOl BAaHHH Ma€ MICIIE I10-
pYIICHHS OCHOBHOI YMOBH CIIPSIMOBAHOI KpHCTaJIi-
3arlii — CIiBBiJHOMIEHHS HAMPSMKY POCTY KpUCTaITy
3 opienramiero [001]. Came Ha 1i#f TIASHIN YacTimie
BCBHOTO CIIOCTEPIraeThCsl yTBOPEHHS IapsiuuX TPIIIUH

Ta pyHHYBaHHS 3’€IHAHHS OPHU BUCOKOTEMIEPATYP-
HUX BUnpoOyBanHsx [7, 10, 11, 16]. [lonioHa xapTu-
Ha CIIOCTEpiraiach TakOX B MICISIX JIOKAJIIBHUX 3MiH
reomeTpii mBiB (puc. 6) BHACTIAOK PI3HUX TEXHOJIO-
rivaux 30ypeHb, (QuIyKTyamiil 3BaproBaibHOi BAaHHU
HaBiTh MPH KpUCTAJIOrpadiuyHO-CUMETPHUYHOMY 3Bap-
HOMY 3’€qHaHHi (puc. 4, a, 0).

Cuiji 3a3Ha4YMTH, 110 HABKOJIO (pOpPMyBaHb 1M03-
JIOBXKHIX KPUCTAI3aliiiHUX 3ePEH CIOCTEPIraeThes
YTBOPEHHSI BUCOKOT KOHIIEHTPALlii IpiOHOMUCTIEPCHUX
3epeH jaedopmaltifinoi npupoau opienTtarii [111] mst
BuxigHoi [101] (puc. 4, a).

CkymueHHS ApiOHOPO3MIPHUX 3EpEeH pi3HOI
KpuctaigorpadiqHOi opieHTAaIii, SKe JaCTIIIe CITO-
CTepiraeThCsl B 30HI JiHII CTUIABICHHS, TPU3BOAUTH
110 KOHIIEHTpaIlii MikpoHanpykeHs (puc. 7), mo He-
TaTHBHO BIUIMBA€ Ha INpale3aTHICTh 3’ €HAHHS B
iJI0MY.

3ictaBneHHs pesynasrariB EBSD-ananizy Ta me-
TanorpadiuHux nociaimkeHs [9, 14, 17] cBiguuth
PO MPHUPOIY 3€pPEeH iHIIOI opieHTalil, IKi MOXYTh
yTBOPIOBATHCH IPHU 3BaplOBaHHI MOHOKpPHUCTaIiB
XKHC — kpucranizauiiiny ta aedpopmamniiiny. I'pa-
HUILI KpUCTaTi3allilHUX 3epEeH BUHUKAIOTHh B IPO-
1eci Kpucramizamii MeTany Mpu CTUKYBaHHI pi3HOT
opieHTalii OJIOKIB JEHAPUTIB IiBa, aehopMarlriii-

g Ix
£100} Yo

0 Yo
1

1 Xo
01 [

..
0

Hanisimpuna: 10°
Poamip kaacrepa: 5°
Konsoposa HacH4eHicTs:
Min =0, Max = 57.82

10
20

30
40
50

Hanisumpuna: 10°
Poamip kaacrepa: 5%
Konsoposa nacHuenicTs:
Min = 0, Max =27.92

Puc. 8. Kaptu opienTyBaHb (@) IEHTpaibHOI YaCTHHU 3BapHOro 1mBa MoHokpucranigHoro JKHC 3 nosepxueto 3paska (001), mpsimi (6)
Ta 3BOPOTHI () MOJFOCHI (BirypH MpH BiANOBIAHOCTI yMOBaM cripsimoBanoi kpucrtaiizamii. KI'O-nerenaa 10 kKapTi OpieHTYBaHb (IHB.

puc. 4, ), X-X" — Bich mBa
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HUX — B pe3yJIbTaTi penakcalii HanpyXeHb Ipu HOro
OCTHTaHHI IO MEXaHi3My, CKOpill BChOTO, MOJIrOHi-
3arii Ta AMHAMIYHOT pekpucTanizaiii. ['panui ae-
(dhopmaniiHUX 3epeH MOXKYTh MPOXOAMUTH SIK 110 MIX-
JNEHJIPUTHUM MPOMIXKKaM, TaK 1 [0 TUTYy ACHIPHUTY B
3aJIEKHOCTI BiJ] B3a€EMHOT Opi€HTAIll JII0YNX HaAIpYy-
JKeHb Ta neHapuTiB. [Ipudomy po3mipu, Mmopdomoris
Ta opieHTaIisd nehopMamifHUX 3epeH KOPETYIOTh 3
BIATIOBIIHUMH MMapaMeTpaMy KpHUCTaTi3aIliiHIX 3€-
pEH Ta IEHAPUTIB.

3 oAy Ha pi3HY NPUPOLY PO3IVISTHYTUX 3€PEH,
HE JIUBIISTYACH HA JIeSKYy MOMIOHICTh iX MmapaMerpis,
TEXHOJIOTTYHI NUISIXU MONEePeKEHHs YTBOPEHHSI BKa-
3aHUX 3epeH OyayTh Pi3Hi, OJHAK, TeOMETPis PPOHTY
KpHcTaiizamii 3BaproBaJIbHOI BAHHH Ta KPHCTAIOrpa-
¢iuHa opieHTAalis NiHIT 3’ €JHAHHSI Ma€ MPEBATIOI0UE
3HAUCHHS.

Takox Ci1ij1 BII3HAYUTH, 110 MPU OJHAKOBUX TEM-
MeparypHUX YMOBaX BUKOHAHHS 3BapHUX 3’ €JHAHb
KUIBbKICHI Ta pO3MIpHO-OpI€HTAIlIHHI TapaMeTpH Jie-
(hopmarniiHoi CTPYKTYpH MeTaly 30HH TEPMIYHOTO
BIUTMBY MAalOTh IEBHY KOPEIISIIIO 3 aHAJOTIYHIMU
napaMeTpaMu €JIE€MEHTIB CTPYKTypH 1Ba. BcTaHOB-
JIEH1 3aJIe)KHOCTI MOXYTh CBiJUHTH TIPO BIJIUB
KpHUCTaJIi3aliiHOI CTPYKTYpH METally IIBa Ha Xapak-
Tep po3noainy aedopmariii, B Tomy yucii i B 3TB, Ha
cTaii OXOJOMKEHHS 3BaPHOTO 3’ € AHAHHSI.

Crig HaroJIoCUTH, L0 NPU CHPUATIMBUX BUXIJ-
HUX KpHcTanorpadiuHux ymMoBax 3aBIsiku (Gopmy-
BaHHIO BiAMOBIAHOI reoMeTpii 3BaproBaibHOT BAHHU
Ta TEXHOJIOTIYHOTO 3a0e3MeUeHHsI BEIMYMHN TEMIIe-
parypHo-4acoBux mapametpis [8, 16, 18] na ¢ponri
TBEpPIHHS YMOBaM CIPSIMOBaHOT KpUCTai3arlii, MOX-
JIMBE OTPUMAaHHS 3BapHUX IIBIB 33JI0BIJILHOT JJOCKO-
HAJI0CTI MOHOKPHCTAIIYHOT CTPYKTYpH (pHc. 3, 8).

[To pe3ynbraraM BUKOHAHUX TOCIIIKEHD 3 3aCTO-
cyBanHsM EBSD-anamizy mpu BUBUYCHHI €BOJIIOIIT
CTPYKTYPH 3BapHHUX 3’ €qHaHb MOHOKpHucTamiB JKHC,
OYCBHUIHA HEOOXITHICTH MPOBEACHHS POOIT IOI0
permaMmenTarii po3MipiB, Mopdoiorii, po3opieHTa-
11, KITBKOCTI Ta XapakTepy pO3IOIiTy CTPYKTYPHUX
CKJIaJIOBHUX 1 PO3IIUPEHHS TEXHOJOTIYHUX METOIB
yIpaBJIiHHS.

BucHoBknu

1. OnauM i3 ocHOBHUX (akTopiB, SKi BU3HAUYa-
10Th 0cOONMBOCTI (hOPMYBaHHS CTPYKTYpPHU TPH 3Ba-
proBarHi MmoHOKpucTaiB JKHC, € He TUTbKHN BUXiTHA
KpucTajorpadidyHa opieHTaIis 3BapHOTO 3’ € THAHHS, a
111 3MiHa 0 ()POHTY TBEPHIIHHS 3BAPIOBAILHOI BAHHH.

2. Metonamu EBSD-ananizy Ta onTH4YHOI Mi-
KpOcKoITii ToKa3aHo, M0 BiAXHWJIEHHS BUXITHOI
KkpucTtanorpadiqaoi opieHTamii 3BapHUX 3’ €HAHD
monokpuctaniunux XXHC 3asroBuiku 2,0 MM Oibiue
HiK Ha 5° Ta GPOHTY TBEpAIHHS 3BapIOBAJIbHOI BAHHU
—noHaz 15° Bi HApsIMKY MEPEBaKHOTO POCTY KPH-
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cranxy <001> npu3BOIUTH 1O TIOPYLICHHS €IiTaKCi-
aJIbHOTO HACJIIIyBaHHsI BUXIHOT Opi€HTAIlli METaJIOM
mBa Ta (POpMyBaHHS 3€pEH 1HIIOT OpieHTaI].

3. JIns oTpuMaHHS peTIaMeHTHOI JOCKOHAJIOCTI
MOHOKPHCTATIYHOT CTPYKTYPH 3BapHUX 3’ €THAHD HE-
00XiTHO, OKPIM TOTPUMaHHS OCHOBHHX YMOB CIIPSI-
MOBaHOI KpucTamizamii (TeMmneparypHO-4acOBHX,
KpHUCTAIIOTpa(idHO-0pieHTAIIITHIX ) 320€311e9nTH 00-
MEKEHHS JIOKaJIbHUX 3MiH TeOMeTpii 3BaproBaJIbHOT
BaHHH, K€ BU3HAYAETHCS KOHCTPYKIIEIO 3’ €IHAH-
HSl, YMOBaMH €KCILTyaTanii, pe)kMMaMH Ta CXEMOIO
3BapIOBAHHSI.

4. HeBukoHaHHS KpucTagorpadiqyHo-OpieHTa-
HIMHUX Ta TeMIEpaTypHO-4acoOBUX YMOB (QopMy-
BaHHS JOCKOHAJIOT MOHOKPHUCTANIUHOI CTPYKTYpH
MeTally HIBa IPU3BOAUTH O YTBOPEHHS 3€pPEHHOT
CTPYKTYPH KpHUCTaJi3aliiHoOTO Ta JedopMaIiiHo-
ro MOXOKeHHA (MpUpoAH), pizHOI Mopdoorii Ta
po3mMipiB. CaioM 3a By3bKOIO 30HOIO, 3aBIITHPII-
ku 100...150 MM, n1piOHOPO3MIPHUX PiIBHOBICHUX
3epeH (mo 40...70 Mxm) Ois JTiHIT CTIJTaBIICHHS Ma€e
MicIle, 10 Mipi HaOJMKEeHHS 0 OcCi mBa TpaHchop-
Malisi CTPYKTYpPHU B CIPSIMOBAHY KPYIHO3EPEHHY
(40...300 MKMm), 110 TTOB’s13aHO 31 3MIHOIO TeMIIepa-
TYPHO-4aCOBHUX Ta KpUcCTajIoTrpadidHO-OpieHTAIli-
HHUX YMOB KpHCTali3auii mo nepepisy 3’ €JHaHHS.
Crocrepira€erbest KOpelsiiis mapaMeTpiB BTOPHHHOT
(xiHIEeBOi) Ta KpucTadi3aniiiHoi (IepBUHHOT) CTPYK-
Typu. CKymueHHsI IpiOHOPO3MIPHUX 3€peH, 0COOIH-
BO B 30HI JIIHIT CIUTABJICHHSI, CIIPHSIE IO KOHIICHTPAIIil
MiKpOHAIPY>KEeHb.

5. IlokaszaHo, 1110 IPU OJJHAKOBUX TEMIIEPATYPHUX
nmapaMeTpax BUKOHAHHS 3BapHUX 3’enHaHb B 3TB mae
Micuie popmMyBaHHS 3epeH aedopmariiiinoro Tuiy. B
3aNeXHOCTI BiJ opieHTaiitHuX yMoB: 10 10 % — mpu
CrpuATIHBUX, 10 20 % — Mpu HECTIPUATINBUX, IO
MOYKe OyTH MTOSICHEHO Pi3HOIO0 CXHIIBHICTIO JI0 JIOKAJi-
3amii nedopmarii Merary.

6. KpuTnuHrMHU BBa)KAIOTHCSI HACTYIHI €IEMEHTH
CTPYKTYpH:

— MOIepeyHi BUTATHYTI 3€pHA pi3HOT KpHCTao-
rpadidHoi opieHTauii B HEHTPalbHil YacTUHI LIBA,
TPaHULi SKUX CIYTYIOTh OCEPEAKOM YTBOPEHHS Tpi-
LIMHY B [IPOIIECi 3BapIOBAHHS;

— KOHIIGHTpalis ApiOHOAMCIIEPCHUX Pi3HOOPIEH-
TOBaHMX 3E€PEH, 0COOJIMBO O1JIsl JIiHIT CIUIABJICHHS, 110
SIKUX MTPOXOMTD JIOKAJTi3allis HalpyKeHb 1 gedopma-
i/, 10 MiJBHUIYE CXMJIBHICTh O PyHHYBaHHS MpPHU
BUCOKOTEMITEPATYPHUX MEXaHIYHUX HABAHTAKECHHSIX,
3HIDKECHHIO MPaIe31aTHOCTI 3BapHOi KOHCTPYKIIIi.

7. Pe3ynbraTi MPOBEASHUX AOCIIIKEHb MalOTh
OLTBII WiTKe YSABIEHHS PO POPMYyBaHHS CTPYKTYPH
1 1i €BOJTIOIIO B 3aJICXKHOCTI BiJl TEXHOJIOTIUHUX (pak-
TOPiB MpoIleCy 3BapIOBaHHS Ta BKa3ylOTh HA MOXKIIH-
BICTb CTBOPEHHS IPOMHCIIOBUX 3BapHUX KOHCTPYKLIN
i3 moHokpucraiis JKHC.
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CRYSTALLOGRAPHIC AND DIMENSIONAL CHARACTERISTICS OF STRUCTURE
ELEMENTS IN WELDS OF HIGH-TEMPERATURE NICKEL ALLOY SINGLE CRYSTALS
LI.S. Gakh, B.O. Zaderyi, G.V. Zviagintseva, A.V. Zavdoveyev, Yu.V. Oliinyk

E.O. Paton Electric Welding Institute of the NAS of Ukraine, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: gakh@paton.kiev.ua

Crystallographic-orientational and dimensional-morphological features of microstructure in welded joints of high-temperature
nickel alloy single crystals are considered, depending on the initial crystallographic orientation and its change over the weld
solidification macrofront. EBSD analysis and optical metallography methods were used to study the structural features of
individual zones of welded joints of high-temperature nickel alloy single crystals. Their dependence on the initial crystallographic
orientation of the welded joint and its change over the weld pool solidification macrofront is established. It is shown that alongside
the predominant inheritance of base metal crystallographic orientation by the weld metal, formation of a grain structure of different
crystallographic orientation, morphology, dimensions and nature, namely solidification and deformation-induced, can be in place.
The mechanisms of formation of grains of the specified nature are considered. Boundaries of solidification type grains are the
junction of dendrite blocks with different crystallographic orientation. Deformation type grains are the result of relaxation of
microstresses at the stage of welded joint cooling, and they form in areas where the direction of acting stresses is the closest to the
crystallographic orientation of easy slip. It was also found that deformation type grains can form both in the weld metal, and in the
HAZ. At the same temperature conditions of making the welded joints, the quantitative and dimensional-orientational parameters
of deformation structure of the HAZ metal correlate with similar parameters of weld structure elements. The possibility to produce
welds without cracks with perfect single crystal structure is indicated. 18 Ref., 8 Fig.

Keywords: single crystals, high-temperature nickel alloys, welded joints, EBSD-analysis, crystallographic orientation, structure

parameters, grain nature, weld pool, solidification macrofront
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CTPYKTYPA I BIACTUBOCTI 3BAPHUX 3°€JIHAHD
CTAJI 06T 2B/111

C.JI. Knanos, B.JI. [To3usikoB, A.B. 3aBnoBeeB, A.M. I'epacumenko, O.I'. Cuneox,
A.O. MakcuMeHKO

IE3 im. €.0. [latona HAH VYxpainu. 03150, m. Kuis, Byn. Kasumupa Manesuua, 11. E-mail: avzavdoveev@gmail.com

3abe3nedeHHs HaIiiHOT eKcIuTyaTanii MeTaIOKOHCTPYKLiH MOCTIB BUMarae BUPIIICHHS IUPOKOTO KOjIa MUTaHb, 30KpeMa, po3-
poOJIeHHS HOBHX BITUM3HSHHUX MaTepiaiiB 3 FapaHTOBAHUMH XapaKTEPUCTUKAMH, sIKi O 3a0e3medyBany HeoOXiTHY TOBIOBIYHICTb
MocTOBHUX criopyd. CydacHUM BUMOTaM JI0 MaTepiaiiB Ui OyIiBeIbHUX METAIOKOHCTPYKIIK 1 MOCTIB BiJIIOBIJaIOTh BUCOKOMI-
1Hi ekoHOMHO-JieroBaHi crani 06I'b, 061'2b, Ha 6a3i sKUX CTBOpEHa CTallb 3 MIIBUILEHOIO CTIHKICTIO 10 aTMochepHOoi Kopo3ii
mapku 061 2B/IIT kmacy minHOCTI 355...500 MIla. BuxopucTanHs KOpo3iHHOCTIMKOT CTasIi IPU BUTOTOBJICHHI METAJIOKOHCTPYK-
Lill MOCTIB TO3BOJIUTH MiABUIIMTH iX HAJIMHICTh Ta eKCIUTyaTalliiHUA pecype. Y poOOTi pO3IIsHYTI MUTaHHS BIUIUBY TEXHOJO-
TIYHHUX apaMeTpiB 3BapIOBaHHS Ha CTPYKTYpY Ta BIACTUBOCTI 3BapHUX 3’ eaHanb ctami 061 2B/II1. bidmiorp. 11, Tabmn. 2, puc. 9.

Knrouosi crosa: memanokoHCmpyKyii Mocmis, KOpo3iiHOCMINIKA CMab, CIMPYKMYpa, 36apHi 3 €OHAHHA, 36aPIO6AbHI Mamepianu,

MEXAHIYHI 1aCmMuU8ocmi

Beryn. Y nanuii yac mpu BUTOTOBIIEHHI METaJIO-
KOHCTPYKITilf MOCTIB iCHY€ TIOTpeda Y BUCOKOMIITHIX
JIMCTOBUX CTAJISIX 3 BUCOKMMHU MEXaHIYHUMH BJIaCTH-
BOCTSIMH 1 TIIBHUIINEHOIO CTIHKICTIO 0 aTMochepHOi
kopo3ii [1-3]. [Ipo 1e cBigq9aTh pe3yabTaTH 00CTE-
KEHHS CTaHy TaKUX METaJOKOHCTPYKLiH 31 cTaie-
3aJ11300€TOHHOIO MPOI3HOI0 YaCTHHOIO, CTAJICBUMHU
rOJIOBHUMH Ta MONEpeYyHUMH Oankamu. Bonu noka-
3aJ, [0 OCHOBHUM BHJIOM iX MOIIKO/IKEHb € 3MCH-
LICHHA Tepepi3y MOosCiB Ta CTIHOK 0alloK BHACHTIIOK
KOPO3ii, 10 iICTOTHO 3HIKY€E HECY4y 3/aTHICTh KOH-
CTPYKIIH Ta eKcIuTyaTaliifHy NpUAAaTHICTh MOCTIB
[4—7]. IloenHaHHS KOHCTPYKTUBHUX Ta TEXHOJO-
riyHuX (QaxKTopiB, a TAKOXK 3aCTOCYBAHHS y MOCTax
OUTBII PAaHHBOTO CIIOPYJHKEHHSI 3BHYAHHUX Oy liBEIIb-
HHUX CTaJeH, sIki MaloTh BiTHOCHO HU3BKY CTIHKICTh
710 KOpO3ii, CHPUSIOTH IPUCKOPEHOMY PO3BUTKY L[bO-
ro mporiecy [8]. 3acTocyBaHHS B METaIOKOHCTPYKITi-
SIX IPOTOHOBUX OYJIOB MOCTIB CTajiell MiABUIIIEHOT
KOPO3iifHOI CTIHKOCTI BaYXJIMBO 3 TOYKHU 30PY MOJIOB-
XKEHHsI pecypey iX mpaune3faaTHOCTi, 3HUKEHHS eKC-
IUTyaTalifHuX BUTPAT.

Ha nmanwuii vac B Ykpaini B OyiBHUIITBO BiJIIOBI-
JalbHUX 3BaPHUX METAJIOKOHCTPYKIIHM BIPOBaKEH]
HOB1 eKOHOMHO-JIeroBani craii mapok 06I'b, 061'2b
[9]. Lli cTani MarOTh MABUIICHY MIIHICTh Ta XOJIO-
JIOCTIHKICTB 1 32 [IUMU ITOKA3HUKAMHU BHUTIHO BiJpi3-
usiothess Bin cranei 091'2C, 10XCH/, o 3a3Bu-
Yaii 3aCTOCOBYIOTBCS IPY BUTOTOBJICHH] BITYM3HSIHUX
METaJIOKOHCTPYKIi. HaTomicTh, 1100 MiABHIIUTH
critikicth ctam 061'2b mo kopo3ii Ha ii 6a3i cTBOpe-
Ha HOBa ctanmb Mapku 061 2BJIIT [10], sxa MiCTUTH
0,04...0,12 % ByTIICIIIO 3QJIEIKHO BiI KJIACy MIITHOCTI,
mapranitto 0,90...1,75 %, miai 0,30...0,45 %, cipku

< 0,012 %. 30inbmenuit BMicT ¢ochopy, 0COOITUBO
B KOHTaKTi 3 MIJJIf0, J1a€ 3MOTY TiABUIIATH KOPO3iii-
HY CTIMKIiCTb, ajle MOXKe MoripuryBaT Aedopmariii-
Hi BIIACTHBOCTI METaIly Ta BUKIUKATH HOTO XOJOIHO-
JaMKIiCTh, TOMY BMicT (ocdopy B cTaii 0OMeKEHO
10 0,05 % (ta6u. 1). [ToenHaHHS BUCOKOT MIITHOCTI 1
BUCOKOT yaapHoi B’si3kocti crani 061 2B/IIT (Tadu. 2)
OTPUMAHO 3a JIOTIOMOT0F0 MOJTU(IKyH0U0T 00pOoOKU Ta
TEPMOTIOKPAIICHHS.

3a pe3ynbTaTaMu AOCITIIKEHHS CTaTHIHOI MiIl-
HOCTI, IIACTUYHOCTI, yIapHOi B’ SI3KOCTI Ta KOPO-
31i{HOT CTIMKOCTI moka3aHo, 1mo craib 061" 2B 11
MEPCIIEKTUBHA 3 TOYKU 30Py BUKOPHUCTAHHS sl OY-
MIBHUIITBA MOCTIB Ta 1HIIUX BIAMOBITAJIBHUX KOH-
crpykuii [11].

MeTtoanku aocaimkedb. /s 3a0e3nedeHHs Ha-
IiiHOT poOOTH KOHCTPYKLii MeTaa 3BapHOro 3’ €JI-
HaHHSI, BKJIIOYAIOYH [IOB 1 30HY TEPMiYHOTO BIUIMBY
(3TB), moBHHEH MaTH JOCTAaTHIO MIl[HICTh Ta XOJIO-
JIOCTiiKicTh. 1li MOKa3HUKK BU3HAYAIOTHCS, 3 OQHOTO
00Ky, XIMIYHIM CKJIaJIOM, TEPMOOOPOOKOIO 1 TOBIIU-
HOIO METaly, 10 3BapIOEThCs, a 3 IHIIOr0 — YMOBaMHU
3BapIOBaHHS: IOTOHHOKO CHEPTI€I0, MiAIrPIBOM, TEX-
HIKOIO BUKOHAHHS 3’€HaHb ToIo. L{pomy anamizy i
MIPUCBSYCHA TaHa podoTa.

3 MEeTOI0 MOMANBITOT0 CTBOPESHHS TEXHOJOTIH
JlyTOBOTO 3BapIOBAHHS /I BUTOTOBJICHHSI METAJ0-
KOHCTPYKIIi TPOTOHOBUX OyJOB MOCTIB Ta 1HXKeE-
HepHuX cropyn i3 crani 061'2BJ1I1 mposeneni mo-
CIIJDKEHHSI 3 BUKOPUCTAHHSIM CYYacHUX METO/iB
CBITJIOBOI Ta eNeKTPOHHOI MeTanorpadii, Gpizuunnx
BUIIPOOYBaHb 111010 BUBUEHHS BIUIUBY TEXHOJIOTiY-
HUX MPOLECIB AYTOBOTO 3BAPIOBaHHS Ha (JOPMYBaHHS
CTPYKTYpH, MEXaHIYHI BIACTHBOCTI Ta XOJIOJOCTiH-

Knanos C.JI. — https://orcid.org/0003-3570-895X, [To3usixoB B./I. — https://orcid.org/0000-0001-8581-3526,

3aBnoBeeB A.B. — https://orcid.org/0003-2811-0765
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Ta6auusa 1. Ximiunuii ckiaaj qocaigkyBanux cranuei, mac. %

IMpokar/maBka TOB]\T;Ha’ C Mn Si P S Cr | Ni Mo Cu Al Nb Ti
O6F2BJIT nocmin-| 13- | 668 | 136 | 0,082 | 0,053 | 0,011 030 0,14 | 0,15 | 047 | 0018 | 0,056 | 0,004
Ha IJIaBKa
3926{ %Eﬁlgg;; o so | 004 | 110-| 015 0.030- | (| m0 | a0 | 0.02- | 030- | 002 | 0010-| o
- s B 0,08 | 1,40 | 0,35 | 0,050 i 0,30 0,30 | 0,05 0,45 0,05 0,030 | 0,020
078:2006
06I"2b 0,08 1,3 | 0,25 | 0,025 | 0,01 - — 0,1 0,3 0,02 - —
10XCH <0,12 | 0.8 0,8 0,03 10,035 0,6 | 05 — 0.4 — — —
Ta6anus 2. MexaHiuHi BJ1aCTHBOCTI cTajei*
Mapka crani/kiac MilTHOCTI G, MIla G, MIla 3, % KCr? KCV+0
06126 C390 390 490 22 - 98
06I"2BJ1IT C390 390 490 22 68 49
10XCH/JI C390 390 530...685 19 - 29
06I"2B/IIT nociaHa raBka 529...534 645...666 24,7...27,3 298...310 230...298

kicte metany 3TB. Jlis niporo Oy BiniOpaHi mopo-
HIKOBHH JIPIT Ta APIT CYLIIBHOTO Mepepi3y A Me-
XaHI30BaHOT'O 3BapIOBAaHHS B 3aXMCHHUX Ta3ax i ApiT
CYLTBHOTO TIepepi3y Ul aBTOMAaTHYHOTO 3BapIOBaH-
Hs 111 apom (iirocy

Jns mpoBenenns mociimkens i3 cram 0612111
3aBTOBIIKH 13 MM OyJIM BUTOTOBJICHI CTHKOBI 3’€]I-
HaHHSA 3 V-TIOAIOHUM PO3KPHUTTSIM Kpaiiok. MexaHi3o-
BaHe 3BaploBaHHsA B cymimi rasis 82% Ar + 18% CO,
BUKOHYBAJIM APOTOM CyLiJIbHOro nepepizy NiMol-1G
niamerpom 1,2 mMm (dipmu Bohler Thyssen) Ta
B CO, mopomkosum aporom Filarc PZ 61148,
1,2 mm (bipma ESAB). Pexxumu 3BaproBaHHs IS
000X BapiaHTiB OyJIM MPAaKTUYHO OJHAKOBI 1 CKIla-
pama: [ = 190...220 A, U = 26...28 B, V|
= 14...16 M/rox, BUTpaTH 3aXMUCHOTO ra3y (cymiiii) —
15...18 n/xB. ABTOMaTH9YHE 3BApPIOBAHHS 1] IIAPOM
kepamignoro ¢urrocy OK Flux 10.71 (pipma ESAB)
BUKOHYBAJHU IPOTOM CYIiIbHOTO mepepizy CB-10H-
MA niametpom 4 MM Ha pexumi: [ = 520...530 A,
Uﬂ= 32B,V, =28 M/TOL.

PesyabTaTtn podoru Ta ix o6roopenns. Jlis
BUTOTOBJICHHSI OYiBETIbHUX METAJICBUX KOHCTPYKLIH
3a3BU4ail BUKOPUCTOBYETHCSI MEXaHI30BaHE B 3aXHC-
HUX Tra3ax Ta aBTOMAaTU4HE Mia mapom (irocy ayro-
Be 3BapioBaHHs. Ha MOHTaxXi KOHCTPYKIIiH, yacTime
3a BCe, 3BapIOBAaHHS BUKOHYETHCS PYYHHM JyTOBUM
CIO0cO0OM 3 BUKOPHUCTAHHSM MOKPUTHX €IEKTPO/IIB.

bBararopiuauii OCBi MOKa3aB, 10 MEXaHi30BaHE
JIyTOBE 3BapIOBAaHHS B 3aXMCHUX T'a3ax KOHCTPYKIIIH-
HUX cTaynel kiacy mirHocti C390 BUKOHYETHCS IPO-
TOM cyminpHOTO Tepepizy CB-0812C, a aBTomaTHy-
He — mix mapoMm (irocy AH-348 a6o AH-47 nporamu
Mapok CB-08T'A a6o C-10HMA, pyuHe myrose —
enekrponamu mapku Y OHM-13/55.

[lomo 3BaproBaHHs cranei kinacy MirHocTi C500 i
BHMIIIE, 10 IKUX BigHOCUTHC cTanb 061 2B 11, wiTkux
peKOMeHaliil y HOpMaTHBHUX JOKYMEHTaX 3 MOCTO-
OyzmyBaHH 110 BUOOPY MaTepialiiB isl X 3BapIOBaHHS

*B oriHIlI MEXaHIYHUX BIACTUBOCTEH B3sB yyacth B.J]. PsibokoHb

Hemae. ToMy OfIHI€IO 3 TOJIOBHUX 331a4 JaHoi poOoTH
Oyo oOrpyHTYBaHHS BUKOPUCTAHHS TOI'O YW 1HIIO-
ro MaTtepiaiy Ui 3BapIOBaHHS METaly 3a3HaYeHOTO
BULIE Kiacy MinHocTi. OTpuMaHi JaHi MeXaHIYHHX
BJIACTUBOCTEH MeTally IIBIiB CBi4ath (puc. 1), 1o mo-
Ka3HUKHU CTATUYHOI MIITHOCTI 1 IJIACTUYHOCTI METaITy

oy, Mlla

600

550

500

450

Gg,

700

600

500
3,%

26

24

22

W, %

70

65

60

1 2 3
Puc. 1. [Toka3HUKYU TPaHUIl TEKYYOCTi I MIIIHOCTi, BITHOCHOTO
TIO/IOBXKEHHSI, BITHOCHOTO 3BY>KCHHsI METaJly IIBIB 3BapHUX 3’ €11~
HaHb cram 061 2B/II1, BUKOHAHUX: IPOTOM CYIILHOTO Hepepisy
NiMo1-1G B cymimi rasis 82%Ar + 18% CO, (1),nopomkosum
apotom FilarcPZ 6114S B CO,(2) Ta ipoToM CyLIJILHOTO Hepepi-
3y CB-10HMA nix mapom ¢urrocy OK Flux 10.71 (3)

12
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KCV, Jlx/cm?

KCV, ITx/cm?
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Puc. 2. Ynapua B’si3kicts Metany mBiB (a) Ta Metany 3TB (6) 3Bapuux 3’ennanb crani 06I'2B/1I1: 7 — npit NiMol-1G, 82%Ar +
+ 18% CO,; 2 — nopoutkoswuit apit FilarcPZ 61148, CO,; 3 — npit Cs-10HMA, ¢pmroc OK Flux 10.71

IIBIB K TPHU MEXaHi30BaHOMY 3BapIOBaHHI B 3aXHC-
HUX raszax, Tak i Ipu aBTOMaTHYHOMY IiJT (PITFOCOM
CYTTEBO TEPEBUIIYIOTH AHAIOTIYHI TTOKa3HUKH OCHOB-
Horo Mmetany crami 061 2B 111 kinacy minnocti C390.
Hpit cynineaoro nepepizy NiMol-1G B comyni
13 3aXMCHOIO Tra30B010 cyminnmuo 82% Ar + 18% CO,
ta CB-10HMA nixg mapom kepamiuHOro Quiocy
OK Flux 10.71 3a0be3ne4dyroTh piBHOMIIIHICTh Ta Ha
15...20 % nepeBUILYIOTh NOKA3HUKK G, i G, OCHOB-
Horo metaiy ctaii 06I'2BJ1IT kiacy minHocti C500.
Ha moctaTHhO BUCOKOMY piBHI 3HAXOMSATHCS 1 MOKa3-
HUKH TUTACTUYHOCTI, SIKI MIEPEBUIIYIOTh HOPMATHBHI
JaHi IS cTati.
3a MOKa3HMKAMM CTaTMYHOI MIIHOCTI 1 Itac-
THYHOCTI CTIOCOOW 3BapIOBaHHS Ta 3BAPIOBAIBHI Ma-
Tepiand, Ki peKOMEHIYIOThCs, 3a0€e31euy0Th He00-
XiTHUHA piBEHb MEXaHIYHUX BIIACTUBOCTEH MeTaly
LIBIiB 1 MOXKYTb OyTH 3aCTOCOBAaHI AJ11 BUTOTOBJICHHS
MeTaJOKOHCTpYKLiH 31 ctami 061" 2B/II1 kiacy min-
Hocti C390, a 3a BUHATKOM MOPOIIKOBOTO JIPOTY
Filarc PZ 6114S M0xxyTh BUKOPHUCTOBYBATHCS IS
3BaploBaHHs cTanel kinacy minHocti C500.
OTtpumani pe3yabTaTH AOCIiIKEHb YAapHOI B’ 513~
KocTi (puc. 2) cBig4aTh, 110 HOPMATUBHUM 3HAYCH-
uaM (KCV2°> 68 JIx/cm? i KCV4> 49 JIx/cm?) Big-
MTOB1IAI0OTH IITBH, [0 BUKOHYBAIN IPOTOM CYILITEHOTO
nepepizy NiMol-IG B cymimi razis 82% Ar + 18%
CO, ra Ce-10HMA nin mapom ¢mocy OK Flux
10.71. 3okpema npu 3BaproBanHi 1potoM NiMol-1G
y cymimi rasiB 3Hauenns KCV merany msiB Ta 3TB
MEPEeBUILIYIOTh yIapHY B’SI3KICTh OCHOBHOTO METaITy
B 1,5...2,0 pa3u ta B 3,0...3,5 pa3u BiANOBIIHO.
Bucoki 3HaYeHHs yJapHOi B’SI3KOCTI MiITBEPAKY-
10TbCs ppakTorpadiuHUMU TOCITiHKCHHIMH 371aMiB
3pasKiB micys BUNPOOyBaHb. Tak, MpH BUNPOOYBaH-
HSIX 3pa3KiB 3 HAJPi30M IO LIEHTPY IIBa XapakTep
pyiHyBaHHs npu Temieparypi —40 °C y BepuinHi
HaJpi3y Ta B 30Hi J0aMy B’S3KHH 3 pO3MIPOM SMOK
d =0,4...5 MKM, TUIbKH B 30H1 PO3IIOBCIO/UKEHHS Ma-
ricrpanbHOi TPIlIMHY — KBa3iKpUXKui (puc. 3). 3a Ta-
KHX K€ TEeMIIEPaTypHUX YMOB B 3pa3Kax 3 HaJpi3oM
o 3TB B ycix 30Hax xapaktep pyiHyBanus — 100 %
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Puc. 3. 3oBHilHI#i BUNIsA 371aMy 3paska (a) micist BUpoOyBaHb
Ha ynapuui srun (7, =40 °C) MeTany misa 38apHOro 3’€IHaH-
Hs crani 06T 2B/{I1, BUKOHAHOTO JAPOTOM CYIIJIBHOTO Mepepizy
NiMol-IG y cymimi rasis 82% Ar + 18% CO,: A — ninsnka y
BEpIINHI HAAPi3y; B — AiisHKa PO3MOBCIOMKEHHST MaricTpaibHOT
tpinwni; C — AidsHKa gonamy; 6 — gpakrorpama JiITHKH «A»;
6 — (hpakrorpama ainsHkH «By; 2 — ¢ppakrorpama ainsHkn «C»
B’SI3KMH 3 BEJIUKUM CKYMUEHHSIM HEBEJUKUX SIMOK
posmipom d = 1...5 Mkm (puc. 4).

HatomicTh BUKOpPUCTaHHS MOPOIIKOBOTO JPO-
Ty Filarc PZ 6114S no3Bonsie 3a0e3ne4uTn yaapHy
B’s3KiCTh MeTaiy mBiB Ta 3TB 3BapHuX 3’€HaHb Ha
HEOOXiJHOMY piBHI TUIBKH IIPH TEMIIEpaTypi BUIIPO-
Oysanb 20 °C. I1pu 3HMKEHHI TeMIlepaTypy BUIIPoOy-
BaHb 110 —20 Ta —40 °C mokazanku KCV 3MEHIIYI0Th-
cs1, a B METaJjl I1Ba MarOTh 3HAYCHHs HABITh HIDKYI 3a
HOpPMAaTHBHI.

[Ipo 1e Takox cBig4aTh pe3ynbratu Gpakrorpa-
(IYHUX TOCTiKEHB TIPU aHAJIOTIYHUX TeMIepaTypax
3J1aMiB 3pa3KiB 3 HAJIPi3OM K IO IEHTPY IIBa, TakK 1
no 3TB. ¥V BepumuHi Hagpi3y Ta B 30H1 Aojamy s
temneparypu —40 °C B MeTani mBa ClOCTEpiraeTh-
csl B’SI3KMH XapakTep pyHHYBaHHS 3 PO3MIpOM SIMOK
d =0,5...4 Mxm (puc. 5, 6), a B 30Hi PO3IOBCIO/KEH-
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Puc. 4 30BHILIHIN BUIVIA] 371aMy 3paska (@) micis Bnnpo6yBaHL
Ha ynapuuit srun (7, = —40 °C) merany 3TB 3BapHOro 3’€/HaH-
Hs ctani 06 2B/1I1, BUKOHaHOTO IPOTOM CYLIIBHOIO IHepepizy
NiMol-IG y cymiuti razi 82%Ar + 18% CO,: A — zinsnka y Bep-
IIMHI Hapizy; B — misiHKa po3MOBCIOKEHHS MaricTpaibHOT Tpi-
muHi; C — ninsgHKa nonamy; 6 — GpakrorpaMa AUTSTHKA «A»; 6 —
(paxrorpama ainsHkH «By»; e — ¢ppakrorpama ainsHkn «C»

HS MaricTpaJbHOI TPIIUHU TPEBAIIOE KPUXKE PYii-
HYBaHHS 3 AiameTpoM ¢aceTok ckomy 10...55 Mxwm.
IIpubnu3HO Taka X KapTHHA XapaKTepHa IS pyHHY-
BaHHS 3pa3KiB 3 Hazxpizom no 3TB npu Temneparty-
pi BunpodOyBanp —20 °C. HatomicTh npH 3HMKEHHI
temneparypu 10 —40 °C KBa3iKpUXKUN Ta KPUXKUN
XapakTep pyHHYBaHHS CIIOCTEPIra€ThCsl y BEPILHU-

Puc.5. CtpykTypa BepXHBOTO HIapy IIBa IpH 3BapIOBaHHI CTa-
LiOHAPHOIO AyToto (a, 6), ipu 1J13 (8, 2) Ta MynbCyIOY0I0 AYTOIO
(0, €): a, 8, 0 — onTruHa Mikpockomis npu x500 (3MeHIIeHo B 2
pasm); 0, 2, € - CEM

14

Hi Ha):[pi3y 1 B 30H1 PO3MOBCIO/KEHHS MaricTpaibHOl
TPILIUHY 3 p03M1p0M (baceTOK CKOIY d =8...30 MM
(puc. 6, g). | TiAbKK B 30HI JoNaMy xapaKTep pyii-
HYBaHHS B’A3KWH 3 HEBEIUKUM PO3MIpOM SIMOK
d =1...10 mxm (puc. 6, 2).

3a pe3ynbratamu (ppakrorpadiuHUX AOCTIIKESHD
YCTaHOBJICHO, MO JUIA BCiX JOCTITKEHUX BapiaH-
TiB 3BAIOBAHHS NPH HH3BKHMX TEMIEPaTypax yaap-
Ha B’s3KicTh MeTairy 3TB zgemio Oinbina, HiX MeTaty
LIBiB, 10 3a0€3MeYy€ETHCS TUCTIEPIYBAHHAM CTPYK-
TYpHHX CKJIQJIOBHX. MakcHMaibHi 3HAUCHHS yJapHOi
B’SI3KOCTI MIPH BCIX TemIeparypax BUIpoOyBaHb Xa-
paxTepHi i 3BapHuX 3’eananb crami 0612111, mo
BUKOHYBAJIM MEXaHI30BaHUM 3BapIOBaHHSIM JPOTOM
cynuisHoOro nepepizy NiMol-IG y cymimi 82% Ar +
+18% CO,.

3MiHa TTOKa3HHUKIB MEXaHIYHUX BIACTUBOCTEH i
ynapHoi B’SI3KOCTI TIOB’si3aHa 13 CTPYKTYpHHUMHU TIepe-
TBOPEHHSIMH B 30HaX 3BAPHOTrO 3’€THAHHS, SIK B METa-
JIi mBa, Tak i metam 3TB.

VY MmeTani miBa npu MexaHi30BaHOMY 3BapIOBaHHI
JPOTOM CYLIJTBHOTO Mepepizy GOpMYyEThCS HaAROLIBII
JUCIIEPCHA CTPYKTYpa, MO CKIAJAEThCA 3 (HepuT-
HO-KapOiJHOT CyMillli 3 PiIKUMHU, JIeJ(b TOMITHUMH
TOHKMMH BUIIICHHSIMU JIOEBTEKTOITHOTO (EpUTY O
IpaHUISX MEPBUHHKUX 3€PEH 3 MiJBUIICHOIO TBEPi-
ctio 2200 MIla (puc. 7, a). B pinstHui neperpiBy 30HU
TEPMIYHOTO BILUIUBY (POPMYETHCS TOHKOAMCIIEPCHA
CTPYKTypa roi4actoro (heputy 3 HeMOBHUM BHIiJICH-
HSIM JIO€BTEKTOITHOTO (epuTy. 3HaUCHHS TBEPIOCTI
Uit i€l pinstake gopisaioe 2500 MIla (puc. 7, 6).

[Ipu MexaHi30BaHOMY 3BapIOBaHHI MOPOIIKOBUM
JOPOTOM y MeTail mBa GOPMYIOTHCS MIKPOCTPYKTY-
pa romyacToro Gepury 3 BEIMKOIO YacTKOI IpyOHx
[JJACTUH JIOEBTEKTOIAHOTO (hepuTy, BUAIICHOIO i3
MPOPOCTUX BCEPEIUHY PIBHOCIPSIMOBAHUX KpYyI-
HUX BUJIOBXKEHUX (DEPUTHUX 3€PEH 3 MIKPOTBEPAICTIO

Puc.6. Makpouutipu np06 TekkeH craii 13XFMPE BHUKOHAHHX
I13: a — 6e3 momepenuporo minirpisy; 6 — TI1 =120 °C
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Puc. 7. Mikpoctpykrypa (x500) 3Baproro 3’exuanus crani 061 2B/II1, BukoHanoro apoTom cyuinbHoro nepepizy NiMol-1G B cymimri

rasis 82% Ar + 18% CO,: a — mos; 6 — 3TB

- R B T

a —moB; 6 —3TB

Puc. 8. Mikpoctpykrypa (x500) 3BapHoro 3’eananus crami 06125111,

sy 0 o
gl BRI 3

Puc. 9. Mikpoctpykrypa (x500) 3Baproro 3’eqnanns crami 06125111, BukoraHoro npotom cyminsHoro nepepizy Cs-10HMA min ma-

pom ¢mocy OK Flux 10.71: ¢ — mos; 6 — 3TB

2110 Mlla (puc. 8, a). B metani 3TB dpopmyeTscs
TOHKOAMCIIEpCHa (pepuTHa CTPYKTypa 3 IMiJBULICH-
HsiM TBepaocTi 1o 2450 Mlla B ainsHI neperpiBy Ta
3HIKCHHSIM TBepaocTi 10 2100 MIla B minsHII He-
MOBHOI niepekpucTaiizaiii (puc. 8, 6).

VY Mertani mBa Npu aBTOMaTHYHOMY 3BaprOBaHHI
i1 (pIIFOCOM YTBOPIOETHCS rojidaTa epuTHA CTPYK-
Typa 3 HailO1IbII PO3TaTyKEHOIO CITKOIO SICKPaBO
BHPaXKEHOTO JIOEBTEKTOIIHOTO (pepHuTy Mo rpaHu-
1M 3epeH ¢eputy Outbm okpyriaoi popmu. CTpyk-
Typa IIBa Ma€ HalHUXK4Yy MikpoTBepAicTh — 2080
MIla. Teepaicth minsiuku crnasienHs 2000 MIla
(puc. 9, a). B ginguui neperpisy 3TB ¢gopmyerbes
rogyara epuTHa CTPYKTypa 3 rpyOMMH TUIacTHHA-
MU J0EBTEKTOIAHOrO QepuTy Ta AUISHKaMU Geputy
no Binmanmrerty 3 TBepaictio 2050...2080 Mlla
(puc. 9, 6).
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Takox NmMpu aBTOMaTHYHOMY 3BaplOBaHHI IiJ
¢rocoM B 3BapHOMY 3’€AHAHHI HOPMYETHCS AUISTHKA
BIJIMMYCKY IMUPUHOIO 6 MM Ha BiJICTaHI 5 MM BiJ Jii-
Hii CTUIABJICHHS 31 3HAYHUM 3HUKCHHSIM TBEPOCTI J10
1600...1800 MIla ta yTBOpeHHSM IpiOHO3EPHUCTOT
(epUTHO-TIEPIITHOT CTPYKTYPH.

[3 Bka3zaHUX cMONTy4YeHb 3BapIOBAILHUX MaTepi-
aliB 3 TOYKH 30py (popMyBaHHS AMCIIEPCHOT (epuT-
HO-KapOiIHOT CTPYKTYpHU Ta OTPUMAaHHS BUCOKHUX IO~
Ka3HHKIB yJIapHOT B’SI3KOCTI HAMOIBII CIPUSTIMBUM
€ BUKOPUCTaHHS IPOTY CYLIBHOTO nepepi3zy GpipMu
Bohler NiMo1-1G npu MexaHi30BaHOMY 3BaprOBaHHi
crami 061 2B/IT y cymimi rasis 82% Ar + 18% CO,.

BucnoBknu

JlocipKeHHSIME BIUTMBY CIIOCOOIB AYTOBOI'O Me-
XaHI30BAaHOTO B 3aXMCHHUX ra3ax Ta aBTOMAaTHYHO-
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ro mijg mapom (JIOCY 3BaprOBaHHS Ha MEXaHIuHI
BJIACTUBOCTI 1 CTPYKTYpPY 3BapHHX 3’ €JHaHb CTaJi
06I"2B /111 BCTaHOBJICHO HACTYIIHE:!

— 32 NOKa3HUKAaMU CTaTUYHOI MIIIHOCTI Ta Ijac-
THYHOCTI 3a3Ha4Y€Hi CIIOCOOUW 3BapIOBAHHS Ta 3Ba-
pIOBaNIbHI MaTepiau: IpiT CyuiapHOTO Tepepi3y Ni-
Mol-IG y cromyueHi 3 ra3oBoro cymimmiro 82% Ar +
+18% CO,, mopomkoswuii apit Filarc PZ 6114S pa-
3om 3 CO, Ta apir cynineHoro nepepizy Cs-10HMA
y crioayueni 3 guarocom OK Flux 10.71 3abe3neuy-
I0Th HEOOX1IHUH piBEHb MEXaHIYHUX BIIACTHBOCTEH
MeTay MIBIiB 1 MOXKYTbh OyTH 3aCTOCOBAaHI JIJIsi BUTO-
TOBJICHHS METaJIOKOHCTPYKLiH i3 mpokaty 061" 2B 111
kiacy MiHocTi C390;

— HAaTOMICTb I 3BapIOBaHHS METAJOKOHCTPYK-
uiit 13 crani 061" 2B/II1 knacy minnocti C500 MOXKYTh
OyTH 3acTOCOBaHI HaBeACHI BHINE CTIOTYYCHHS 3Ba-
PIOBAJIbHUX MaTepialliB 32 BUHATKOM IOPOIIKOBOI'O
apory Filarc PZ 6114S B CO,;

— MeTtasorpadiuHi TOCTIIHKEHHS MiKPOCTPYKTYpH
BCIX 30H 3BapHUX 3’€IHAHD Ta PakTorpadidni KOCi-
JOKEHHS TIOBEPXHI 371aMiB 3pa3KiB IICII BUITPOOYBaHb
Ha yJIapHUH 3TUH MMOKa3ajH, 0 31 BUIE3a3HAYCHUX
CIIOJIYYCHb 3BapPIOBAILHUX MaTEpialiB 3 TOYKU 30Py
(bopmyBaHHS AUCTIEPCHOT (PepUTHO-KapOiTHOT CTPYK-
TypH Ta OTPUMAHHS BHCOKHMX MOKA3HHKIB yAapHOT
B’SI3KOCTI HAHOLIbLI CIPUATINBUAM MOXKE OYTH BHKO-
pHUCTaHHS IPOTY CyLinbHOTO nepepisy dipmu Bohler
NiMo1-IG npu MexaHi30BaHOMY 3BapIOBaHHi y CyMi-
i rasis 82% Ar+18 %CO,;

— BUKOPHMCTAHHS TEXHOJIOTIYHOTO MPOLIECY aBTO-
MAaTHYHOTO 3BAPIOBAHHS ITiJT IIIAPOM (PITFOCY JOITLTHHO
MIPH BUTOTOBJICHHI METAIIOKOHCTPYKIIiH, sIKi OYIyTh
MpaloBaTy Mpu Temneparypax He Hmwkue —20 °C, a
IUUIST BUPOOIB, IO 3BAPIOIOTHCS TMTOPOIITKOBUM JIPOTOM
B CO, 3 TOYKHM 30py OTPHMaHHS MOKA3HUKIB yIapHOi
B’SI3KOCTI, BUIUX 32 HOPMATUBHI, Jianma3oH poOoYnx
TEeMIIepaTyp MOBUHEH OyTH TiIbKU MO3UTUBHUM (HE
Hwxkue mroc 20 °C).
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STRUCTURE AND PROPERTIES OF WELDED JOINTS OF 06G2BDP STEEL

S.L. Zhdanov, V.D. Poznyakov, A.V. Zavdoveyev, A.M. Herasimenko,
0.G. Synyeok, A.O. Maksymenko,

E.O. Paton Electric Welding Institute of the NAS of Ukraine, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: avzavdoveev@gmail.com

Ensuring reliable operation of bridge metal structures requires solving a wide range of issues, in particular, development of
new local materials with guaranteed characteristics, which would provide the required durability of bridge structures. Modern
requirements to materials for building metal structures and bridges are met by high-strength sparsely-alloyed 06GB, 06G2B
steels, which were the base for development of 06G2BDP grade steel of 355...500 MPa strength class with higher resistance
to atmospheric corrosion. Application of the corrosion-resistant steel for fabrication of bridge metal structures will allow
improvement of their reliability and service life. The work deals with the influence of welding technology parameters on the
structure and properties of welded joints of 06G2BDP steel. 11 Ref., 2 Tabl., 9 Fig.

Keywords: bridge metal structures, corrosion-resistant steel, structure, welded joints, welding consumables, mechanical properties
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TEXHONOrIA AYroBoro 3BAPHOBAHHA TA HAMJTABNEHHA

3BAPIOBAJIbHO-TEXHOJIOI'TYHI BJIACTHUBOCTI
[TOPOIIKOBOI'O APOTY, IUXTA AKOI'O MICTUTb
JIITATYPY 3 bOPOM

1.O. PsioueB, A.A. bab6ineusp, LII. JlenTioros

IE3 im. €.0. I[Tarona HAH VYkpaiuu. 03150, m. Kuis, Byn. Kasumupa Manesuua, 11. E-mail: office@paton.kiev.ua.

3 MEeTOIO MiIBUIICHHS eKCINTyaTallifHUX BIACTUBOCTEH MeTally, HaruiaBiieHoro nopourkosuM apotom II1-Hr-50X2MHCI'®, no
Horo muxTy BBoawimM 6opemicHy Jiratypy @XB-1 3 TakuM po3paxyHKoM, 100 OTpUMaTH BMICT OOpy B HAaIlJIaBICHOMY MeTalll
Ha piBHi 0,01 %. ExcriepuMenTansHo gociipkeHo BIUTHB BBeieHHs jtiratypu @XB-1 B MMXTY MOPOIIKOBOTO IpOTy Ha HOTO
3BapIOBAILHO-TEXHOJIOTIUHI BIACTHBOCTI. BCTaHOBIICHO, 1110 BUKOPUCTAHHS JIiraTypu 3 00poM y IIMXTi IIOPOIIKOBOTO JPOTY
HE HOTipIIy€e HOro 3BapIoBaJIbHO-TEXHOJIOTIYHI BIIACTUBOCTI, IIPH [[LOMY MiKpOJIETYBaHHS 60OPOM HPU3BOJHUTH 10 MOAPIOHCHHS
CTPYKTYPH HAIUIABICHOTO METAIy Ta MiaBHIIye ioro TBepaictb 3 HRC 53...57 no HRC 60...62 npu 0JTHAKOBOMY BMICTI 1HIIIUX
JIETYIOUHX eneMeHTiB. Po3potienuit mopomkosuii apit [1I1-Hi-50X2MHCI'® npornoHyeThCsi BAKOPHCTOBYBATH JUIsl HATIIIaB-
JICHHSI 3HOCOCTIMKHX MIapiB JUIS 3aXUCTY JeTalell creniabHuX MaIlliH Ta MEXaHi3MiB B FipHHY000yBHIH, MeTaypridHii Ta
[HIIMX ragy3sX IPOMHUCIOBOCTI, SIKi PAIIOIOTh B CKJIAJIHUX yMOBaX aOpa3sHMBHOTO 3HOLIYBAaHHS Y TIOE€HAHHI 3 IHTCHCHBHIMH
yAapHUMH HaBaHTaKeHHsMU. bibmiorp. 11, puc. 4, Tabm. 2.

Kniouogi cnosa: dyzoee naniaeienms, nopowKosuii Opim, Mikponie2ys8anisl, 36apioealbHO-MeXHON02IYHI 61ACMUBOCmI, Han1ae-

DOI: https://doi.org/10.37434/as2023.09.03

JleHutl Memai, oopmyeants HanIaAeIeHO20 Memary

Beryn. Ananis nokasye, mo 00p 1OCHUTb 4acTo
3aCTOCOBYETHCS B SIKOCTI MIKPOJIETYIOUOTO €JIEMEH-
Ty TpU BUILIABIi PI3HOMAHITHUX CTajel Ta CIIaBiB
3 METOIO IMIJIBUIICHHS TX €KCIUTyaTalliiHUX BIaCTH-
BocTel [1-6]. Pasom 3 Tum 3acTocyBaHHs OOpy B
SIKOCTI MIKpOJIeryo4oi a0o MouQikyo4doi 100aBKu
P HaIUTaBJICHHI (3BaploBaHHi) JOCUTH OOMEKEHE
[7-10], mo moB’sga3aHe 31 CKIATHOIIAME IIPH BUOO-
pi TUMY Ta crioco0y BBEAEHHS OOPBMICHHUX KOMIIO-
HEHTIB B 3BapIOBaJIbHY BaHHY, IPOLIECaX 3aCBOEHHS
00py, BU3HAUCHHIM HOr0 ONTHMaIbHUX KOHILEHTpA-
i Ta iH., aake O0p 3/aTeH TOCUTh CYTTEBO BILIH-
BaTH Ha BJIACTUBOCTI CTajlell Ta CIUIaBiB MpHU HOTo
KOHIIEHTPALISIX Y MEKaxX COTHX 1 TUCSYHHX YaCTOK
BIJCOTKIB.

Tak, B po6oTi [11] mokazaHo, 110 MiKpOJIeryBaH-
Hs1 HaraBieHoro Metairy 25X5@MC 6opoM B Mekax
0,007...0,010 % npu3BOAUTE A0 3HAYHOTO MOAPiO-
HEHHS HOT0 MIKPOCTPYKTYPH Ta AESKOTO 301IbIICHHS
MIiKpPOTBEPJOCTI MaTpHLli Ta, IPH IIbOMY, HE TIOTipIIye
SIKICTh (POPMYBaHHS HAILIABICHOTO METATY.

Ile MO3UTUBHO BIUIMBA€E Ha €KCILTyaTallilHI Bia-
CTUBOCTI MIKpPOJIErOBAaHOTO OOPOM HaIlJIaBIEHOTO
MeTally — HOro TepMO- Ta 3HOCOCTIMKICTh ITiIBHIITY-
etbes B 1,5...2,0 pasu. IligBumeHHs] KOHIIEHTpAIii
6opy B HammaBieHomy metaii > 0,02 % npuszBoanuThb
JIO TIONAJTBIIIOTO TTiABUIIEHHS MIKPOTBEPIOCTI CTa-
i 25X5®MC, ogHak HETaTUBHO BIUIMBAE HA TPIIU-
HOCTIHKICTh METally — B HbOMY YTBOPIOETHCS 3HAYHA
KIUTBKICTB TPIIIUH, SKi pO3MOBCIOIKYIOTHCS Yepe3 BCi
LIapH HAIJIABICHOTO METAITy.

Meta poOoTH TIONsITae y BUSHAYEHH] BIUIMBY Mi-
KpoJIeTyBaHHS OOPOM Ha 3BapIOBAILHO-TEXHOJIOTIUHI
BJIACTUBOCTI HAIUIABJIIOBAJILHOTO TIOPOIIKOBOIO JIPO-
Ty IIIT-Ho-50X2MHCI'®, npr3HadeHoro IS 11i1BU-
LICHHS 3HOCOCTINKOCTI AeTalIel CIIeIiaIbHUX MAIIiH
Ta MEXaHi3MiB B TipHUYONO0OYBHIil, MeTanypriiHii
Ta IHIIUX TaTy3X MPOMHUCIOBOCTI, SIKi MPAIIOIOTH B
CKJIaJHUX YMOBax a0pa3uBHOTO 3HOLIYBAHHS Y TOE-
HaHHI 3 IHTEHCHBHUMH BUCOKOIMHAMIYHUMHU yAapHU-
MU HaBaHTaKEHHIMH.

Marepiaan Ta METOAUKH T0CTiTxKeHb. [ 3a-
XHCTY pOOOUMX MMOBEPXOHBb BKA3aHHUX BUILE JeTaleH,
JI0 SIKUX BITHOCATHCS (QyTepyBallbHI €IIEMEHTH IPOXO-
TiB, OyHKepiB, Ky30BiB Kap €pHUX CAaMOCKHUIIB, JIOMa-
TeH 1 MOKPUBHUX JTUCKIB POTOPIB TATOJAYTTEBUX Ma-
ITUH Ta MOi0HI iM fmeTaii, B poOOTi TPOTIOHYETHCS
HaHOCHTH 3HOCOCTIHKI IIapy METay MUISIXOM €JIeK-
TPOAYTOBOTO HATUIABICHHS TiJ (IIOCOM ITOPOIITKO-
BuM ApotoMm Mapku [ITI-Ho-50X2MHCT ©.

3arajibHa TOBIIMHA HAIUIABJICHOTO 3HOCOCTIHKOIO
METally 3aJIeKHTh BiJl yMOB €KCIUTyaTallii KOHKPETHOT
neTaii i Moke ckmangard 3...10 mm. BpaxoBytoun Bu-
COKHH KoedilieHT po30aBlieHHs HAIJIABJICHOTO MeTa-
a1y ocHOBHHM (10 50 %) mpu AyroBoMy HarjiaBieHHI
MOPOIIKOBUMHU IPOTaMH, IJIsl AOCATHEHHS 3aaHOTO
XIMIYHOTO CKJIaqy HAIUIaBICHOTO METally 3a3BHYail
HEOOX1IHO HarIaBATH 3...4 mapu. Buxopasiuu 3 He-
00XIIHOCTI B AEAKUX BUMAJKaX 3a0€3MI€YNTH 3a0aHUI
XIMIYHUH CKJIaJ] Ta BAACTUBOCTI Bke B 1...2 mapi Ha-
TUTABIICHOTO METally, YTOYHIOBAJIM ITUXTOBHH CKJIA]]
noporkoBoro npoty [ITI-Hm-50X2MHCT @, a Takox

Pabnes 1.O. — https//orcid.org/0000-0001-7180-7782, babdinens A.A. — https//orcid.org/0000-0003-4432-8879

Jlentioros LII. — https//orcid.org/0000-0001-8474-6819
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B IIUXTY AOAATKOBO BBoAWIN Jirarypy ®Xb-1, sika
Mmictutb 12 % Gopy.

Kinekicts niratypu ®@Xb-1, sKy y BUDsai nopo-
LIKY J0/aBajIH 0e3M0CEepeHbO Y MIUXTY JTOCIiTHOIO
MOPOIIKOBOTO IPOTY MPH HOro BUTOTOBJICHHI, PO3pa-
XOBYBaJIM TaKUM YHHOM, 1100 3 ypaxyBaHHSAM Koedi-
I[IEHTIB 3aMIOBHEHHS JPOTY Ta MEPEXOIy JIETYIOunX
€JIEMEHTIB B HAIUIABJICHHUH MeTall OTPUMATH BMICT
Oopy y HarutaBienomy Metaii Ha piai 0,01 %. Taka
KOHIICHTpaIlist 00py B HarulaBiIeHOMY MeTaui Oyna 00-
paHa 3 MeTOI0 3ano0iraHHs yTBOpeHHto TpimmH [11].
KoHcTpyKIIist MOpOILIKOBOrO APOTY — TpyOUacTa 3 Ha-
MyCKOM Kpaiok, aiameTp — 1,8 MM, koedilieHT 3amno-
BHEHHS — 24 %.

HanmaBnenHs mociigHuX 3pa3kiB BUKOHYBaJH
ONMHOYHMMU Bajukamu mig ¢parocom AH-26I1 Ha
ycTaHoBI Y-653 i3 mpkepenioM sxupieHass BAY-506 3
BUKOPHUCTAHHSIM HACTYITHUX PEXHUMIiB: Harpyra 24 B,
ctpyMm 220 A, mBUAKICTh HamasneHas 20 m/rof,
KpOK HarjaBieHHS 4 MM, CTPyM NOCTIHHUH, TOMISp-
HICTBh 3BOPOTHA. B sIKOCTI OCHOBHOTO MeTaly BHUKO-
PHUCTOBYBaJIHM IUIACTUHU 31 cTam 40X.

Bbyno BuroTOBINEHO MBI cepii JOCHITHUX 3pa3-
kiB. [lepmy cepiro HamiaaBISIAW APOTaAaMHU CTaH-
JApTHOTO Ta JOCIIIHOIO CKJIaly Y YOTHPH LIapH,
HICJI YOTO BUKOHYBAJIM Bi3yaJbHUN OTVIS HAILIAB-
JICHOT MOBEPXHI JI0 1 micJjs i1 MEXaHIYHOrO 3auM-
meHHs. Jpyry cepito 3pa3kiB HamiaBJsIIu CTY-
MiHYATO Yy OJIMH, JIBA Ta TPU LIAPH, MICJS YOTO 3a
JOTIOMOTOI0 PEHTICHOCIEKTPaIbHOTO METOJA BU-
3HaYagd XIMIYHUH CKJIaja HAIUIaBJICHOTO METally y
BEPXHBOMY IIapi.

3BaprOBAIbHO-TEXHOJIOTI4HI BIIACTUBOCTI AOCIIi-
Horo apoty IIII-Hm-50X2MHCI @, mikposnerona-
HOTro OOpOM, Y MOPIBHSIHHI 3 IPOTOM Ili€i ke Map-
KM CTaHJAapTHOTO CKJIaJy, OLIHIOBAIN 32 TaKHUMH
napameTpamu:

— xapakrtep 30yIKeHHS AyTH (JETKHUH, CepeaHii,
YCKJIQAHEHHH);

— XapaKTEePUCTUKH IUIaBJIeHHA (KoedilieHTH po3-
IUIABJICHHSI, HAIJIaBJICHHS, BTPAT);

— CTabimBHICTH TOPiHHS AyTH (cTabinbHE, 3a110-
BUTbHE, HECTAOTBHE);

— sKicTh (DOpPMYBaHHS HAaIIABJICHOTO BajMKa
(siKicHe, 3a/I0BIIbHE, HESIKICHE);

— TUT Ta HASBHICTB Ie(EKTIB Y HAIUIABICHOMY Me-
Tam (BiACyTHi, MOOIUHOKI, 3HAYHA KiIBKICTB);

— SIKICTh BIJUIIIEHHS IUIAKOBOT Kipku (JIErKe, 3310~
BUJIbHE, YCKIIATHCHE);

— BIANOBIAHICTH XIMIYHOIO CKJIaAy Ta TBEPAOCTI
HAIJIaBJICHOTO METAITy TeXHIYHIUM BUMOTaM (BiMOBi-
Jla€e, He BIAMOBIIAE).

Jns po3paxyHKy Koe(ili€HTIB PO3MIIaBICHHS
((xp), HarIaBeHHs (o) Ta BTpar () BU3HAYAIH Macy
IUTACTHH Ta APOTIB IEpel HAIUIABJIECHHSAM Ta IICIsL
HBOT'0, a TAaKOXK (DIKCyBaJM yac HaruiaBieHHs. Biamno-

18

BiJHI Koe(ili€eHTH BU3HAYATIH, BAKOPUCTOBYIOUH ILIH-
POKOBiIOMi BHpa3u:

a =G /I), (D
o, =G /I, 2)
Y= ((ocp - aH)/ap)' 100 % 3)

e Gp — Maca po3IUIaBIEHOTo MeTay, T; G, —Maca Ha-
IJIABJIEHOTO MeTaiy, I; / — 3BaploBaJIbHUN CTpyM, A;
¢ — 9ac HaIUIaBJIeHHs, TO/I.

Pe3ynabTaTn exciepuMeHTIB Ta iX 00roBOpeHHS.
30BHILIHIA BUIVISL MEPIIOT cepii 3pa3KiB oapasy Imic-
JIS1 HATJTABJICHHS Ta MIiCJIA MEXaHIYHOTO 3aUUINEHHS
HaIUTaBJIeHOI TTOBEPXHI HaBe/eHWH Ha puc. 1. 3i 3pas-
KiB Apyroi cepii Oynm BupizaHi TeMruieTu (puc. 2),
MiATOTOBJIEHI MiKpouuii¢u Ta MpoOBeAEH] JOCIi-
JDKEHHS CTPYKTYPH 3pasKiB mpu 30inpmeHHsx x240
(puc. 3, 4). XimiyHu#l cknax Ta TBEPAICTh METAILY,
HaIlJaBJICHOTO CTAaHAAPTHUM Ta JOCIiIJHUM MOPO-
mkoBumu Apotamu [I1-Ho-50X2MHCI'®, a Takox

g =

Puc. 1. 30BHIMHIA BUIIAA BaJUKIB, HATUIABICHUX APOTAMH
MIT-Hn-50X2MHCI'® cranmaptaoro (1) ta pocmigaoro (2)
CKJIQIiB OJ[pa3y MiCIIs HAIUIABJICHHS (@) Ta IICIIst MEXaHITHOTO 3a-
YHIIIEHHS TOBEPXHI (0)

oy ..Iu ". ‘i]
. P

IR

Puc. 2. Maxkpouridu meTany, HaIJIaBJIEHOTO APOTOM
MIT-Hn-50X2MHCI'® nocnifsoro cKiiaay B ofuH (a), ABa Ta TPH

iapu (6)
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Puc. 3. MikpoctpykTypa (x
(a) Ta mocaimHOrO (6) CKIALY
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Puc. 4. Mikpoctpykrypa (x240) eHTpanbHOl YaCTHHU MeTaly B 3pa3kax, HarasieHux aporom 11T

(a) Ta mocmigHoroO (6) CKITAIY

ckyaj HamasiaeHoro Metany SOX2MHCI'® no TY
HaBeJIeHO y Tadm. 1.

Sk BupHO 3 puc. l, MiKkpojaeryBaHHs OopoMm
npu HOro KOHIEHTpamii B HANIaBICHOMY MeETa-
1i S0X2MHCI'® 0,01 % nHe noripurye sikicTb Horo
(dbopmyBanHs. BigainpHICTh NJIAKOBOT KIpKH B yCiX
3pa3Kkax 3aJHIIAETHCS Ha OJJHAKOBOMY, 38 I0BIIILHOMY
PpiBHI, IITIIHEN Ha TIOBEPXHI 3pa3KiB BiacyTHi. [Topw,
TPIIIMHY Ta 1HIII Je(EKTH Ha MOBEPXHI HAILIaBJICHO-
T0 MeTally TaKOX BiZICyTHI.

i Ay

[ “&_L‘ T v = 52

240) meraiy Oiist JTiHii crutaBiIeHHs B 3pa3kax, HaruasineHnx jgporoM [1I1-Hn-50X2MHCT @ crannaprHoro

TBepuicTh MeTaITy, HAIIABIEHOTO JOCHITHIM JIPO-
TOM 13 MiKpoJeryounmMu 1o0aBkamMu 60py, CKiIagae
HRC 57...60 Bxe B Ipyromy wapi, y HOpiBHAHHI 3
TBEPICTIO METally, HAMJIABJICHOTO JPOTOM CTaHIapT-
HOTO CKJIaay B ueTBepTomy mapi — HRC 53...57 npu
OJTHAKOBI KOHIICHTPAIIIT 1HIIUX JICTYFOUHUX CIIeMEHTIB.

Sk BUAHO 3 puc. 3, B 3pa3kax, HamJIaBICHHUX
JIporaMu 000X THIIIB, JIiHis CIUIaBICHHS HaIlaB-
JIeHOTO (Bropi) Ta OCHOBHOTO (BHH3Y) METaIy YiT-
Ka, BHYTPIIIHI OeQeKTH y BUIISAI MMOp, TPIlIWH,

Ta6aunsa 1. Ximiuamii ckjaax Ta TBepAicTs MeTaly, HamIaBJaeHoro nopomkosumu Aporamu II-Hn-50X2MHCI'® crangapt-

HOI'0 Ta J0CJIIHOr0 CKJIAAIB

Tun manmasne- | KinbkicTs Ha- Macoga nons enemenTis, % TeepmicTh
HOTO MeTally | IJIaBJICHHX IIapiB C Si Mn Cr Ni Mo \Y B HRC
S0X2MHCT@, 3.5 03..0,504..1,0| 04...1,0 | 1,5..2,5 | 0.8...1,6 | 0,3...0.6 | 03..0,6 | — | 55..60
(mo TY)
SOX2MHCT® 4 042 | 089 | 075 | 188 | 152 | 048 | 037 | - | 53..57
(cranmaprHUif)
S0XOMHCTD 1 0,39 0,75 0,65 1,41 1,24 0,37 0,28 0,004 | 55...57
. . 2 0,43 0,83 0,72 1,86 1,47 0,43 0,35 0,005 | 57...60
(mocmigHwit)
3 0,46 0,97 0,83 1,94 1,54 0,54 0,43 0,006 | 60...62

HOI'0 CKJIAJiB

Ta0nuug 2. 3apoBajbHO-TEXHOJIOT4YHI BjJacTHBOCTi mopomkoBux ApoTiB III-Hn-S0X2MHCI'® cranaapTHOro Ta A0CJIia-

ITapamerp THH, ApOTy ; =
CraHgapTHUI Jocainunii
Xapakrep 30yIKESHHS TyTH JIETKUH JIETKUH
Koedimientammu:
— PO3IUTABNCHHS — O, r/A-rox 17,56 17,52
— HAIUIABJICHHS — O, r/A-rox 17,04 16,98
— BTpar — vy, % 2,96 3,08
CrabiIbHICTb TOPIHHS AyTH CrabinbHe CrabinbHe
SIkicTh (hopMyBaHHS HAIUIABICHOTO BAJIMKa SIxicHe SxicHe
HasiBHicTb Je)eKTiB B HAIUTaBICHOMY MeTai BingcyrtHi BincyrHi
SIKICTB BiZTIICHHS IJTAKOBOT KipKH 3anoBinbHE 3anoBinbHE
BinnoBigHiCTh XIMIYHOTO CKJIQAy Ta TBEPIOCTI HATUIABICHOTO METay TEXHIYHUM BUMoraM | Biamosinae (eranon) | Binmosinae
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HeCIUIaBJIeHb — BificyTHI. CTpyKTypa Merany Jao-
CTaTHBO OJHOPiZHA, IPU LIBOMY BOHA OLIBII Ipio-
HO3EpPHHUCTA y BUIMAAKY MIiKpOJeryBaHHs Oopom
(puc. 4, 6). Y3aranbHeHi naHi MO0 MOPIBHMIbHIH
OIIHIII 3BApPIOBAJIBHO-TEXHOJOTIYHUX BIIACTHUBOC-
Teil po3pobieHoro moporrkoporo apoty III1-Hrm-
50X2MHCI'® cTaHmapTHOTO Ta TOCTITHOTO CKia-
JIiB HaBEACHO B Ta0Om. 2.

3 maHuWX, MPUBEACHUX B TaOJ. 2, BUTIKAE, IO 3Ba-
PIOBAIEHO-TEXHOJIOT19HI BIACTHBOCTI JOCIITHOTO TI0-
pomkoBoro apotry [HIT-Hn-50X2MHCI'® i3 mikpo-
JIETYIOUUMU JI00aBKaMu OOpYy, 3a BCiMa ImapamMeTpamMu
3HAXOMATHCS HA BUCOKOMY PiBHI Ta BiJIIOBialOTh Xa-
paKTepHUCTHKAM APOTY Ti€i % MapKH CTaHJAAPTHOTO
CKJIay.

BucnoBkn

BcranoBieHno, mo BUKOPUCTAHHS JiTaTy-
pu ®Xb-1 3 60poM y MHUXTi TOPOMIKOBOTO IPOTY
II1-Ho-50X2MHCI'® ne moripirye HOro 3Bapio-
BaIlbHO-TEXHOJIOTIYHI BIacTUBOCTI. [Ipu oMy Mi-
KpoJieryBanusa 6opom y kinekocti 0,006...0,012 %
IPU3BOIUTH A0 MOAPIOHEHHS CTPYKTYpHU HaIlIaBlie-
HOTO MeTally Ta J03BOJISI€ MiABUILUTH HOTrO TBEPAICTD
3 HRC 53...57 no HRC 60...62 npu o1HaAKOBOMY
BMICTI 1HILIUX JIET'YIOUYUX €JICMEHTIB.
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WELDING-TECHNOLOGICAL PROPERTIES OF FLUX-CORED WIRE WITH
BORON-CONTAINING BINDER IN THE CHARGE

1.O. Ryabtsev, A.A. Babinets, I.P. Lentyugov

E.O. Paton Electric Welding Institute of the NAS of Ukraine, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: office@paton.kiev.ua.

In order to improve the performance of metal deposited with PP-Np-50Kh2MNSGF flux-cored wire, boron-containing FKhB-1
binder was added to the wire charge in such a way as to obtain boron content on the level of 0.01 % in the deposited metal. The
effect of adding FKhB-1 binder to the flux-cored wire charge on its welding-technological properties was studied experimentally.
It was found that application of boron-containing binder in the flux-cored wire charge does not impair its welding-technological
properties, boron microalloying leading to refinement of the deposited metal structure and increases its hardness from HRC
53...57 to HRC 60...62 at the same content of other alloying elements. Developed PP-Np-50Kh2MNSGF flux-cored wire is
proposed for deposition of wear-resistant layers for protection of parts of special machines and mechanisms in mining, metal-
lurgical and other industries, operating under the difficult conditions of abrasive wear in combination with intense shock loads.

11 Ref., 2 Tabl., 4 Fig.

Keywords: arc surfacing, flux-cored wire, microalloying, welding-technological properties, deposited metal, deposited metal
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TEIIIOBI ITPOUECH I EBOJIIOLIA CTPYKTYPU
HEPXXABIIOUNX CTAJIEU ITPY 3BAPIOBAHHI TEPTSIM
3 HEPEMIIIYBAHHAM IHCTPYMEHTOM 3 pcBN
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[TokazaHo, 1110 BUKOPHUCTAHHS HAITBEPIMX MaTepialiB Ha OCHOBI KyOI4HOTO HITpUAY OOpY JUIS BUTOTOBJICHHS POOOUHX eie-
MEHTIB IHCTpYMEHTa JUIs pealtizalii nporecis 3BaploBaHHs CTaJel TePTSIM 3 IePeMillyBaHHIM A€ MOXKIINBICTh 3a0€311eUNTH
TepMOMEXaHIYHy CTIHKICTh IHCTpyMeHTa. BUKOHaHO KOMII'IOTepHE MOJICTIOBAHHS TEMIIEPATypHOTO IOJISt B IHCTPYMEHTI Ta y
CTaJICBUX JICTAJISAX B IIPOIIEC] 3BapIOBAHHS CTAJEH TEPTSAM 3 IepEeMINTyBaHHIM HEPKABIIOUHMX CTaleil IHCTPyMEHTOM Ha OCHOBI
noikpucTanigHoro Hirpuay 6opy (pcBN). [TokazaHo y3rokeHHs YMCEIBHNUX 1 eKCIIEPUMEHTAIBHIX PEe3y/IbTaTIB PO3HOALTY
TeMIepaTypH B 30Hi pyXy IHCTpyMeHTa. Bu3HaueHo MIIHICTh 3BapHHX 3’€IHAHB JeTaliell 3 HepikKaBilouUX cTajlell Ta mpoaHai-
30BaHO €BOJIIOLIIO CTPYKTYpH 3BapHUX WBIB. bibmiorp. 17, Tabmn. 4, puc. 8.

Kniouosi cnosa: esonioyia cmpykmypu, 36apiosanHs mepmsam 3 nepemiuty8anHam, iHCmpymMenm, Kubopum, MiyHicmv, Mooenio-
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GAHHA, HEPICAGIIOY] CMAlll, memnepamypue noie

Beryn. fIx Bigomo, npolec 3BaproBaHHs TEPTIM 3
nepemimryBanssaM (3TII) 3ailficHioeThes ipu TeMIe-
parypax 3Ha4YHO HIKYHMX 32 TeMIIEpaTypH IUIaBICHHS
3BapIOBaHUX METAJIB Ta CILJIABiB, B PE3yJbTaTi YOr0O
CYTTEBO 3HWKYIOTHCS 3aJIMILIKOBI HAPYKEHHS 1 TeM-
neparypHi e opmallii, €BOJIOIIOHY€E MIKPOCTPYKTY-
pa 30HU 3’€JIHaHHS, 1[0 TO3UTHUBHO BILUIMBAE Ha 3a-
Oes3redeHHsT MIITHOCTI Marepiaiy aerainel y 30H1 iX
3’ennanHs. Croyarky meil MeTo ] yCIIITHO 3aCTOCO-
BYBaBCS JIJIST 3BAPIOBAHHSI CIUTABIB HA OCHOBI MarHiro
Ta amroMiHito [1]. MarHieBi cIyiaBu BHSBHIINCS JICT-
KO 3BaproBaHuMH Matepianu MmerogoM 3TII, ockinb-
KM TIPOLIEC 3BAPIOBaHHs 31 CHIOETHCS IPH HEBUCO-
kux temmeparypax (200...260 °C) 3 BUKOPUCTAHHIM
craseBux iHCcTpyMeHTiB [1-3]. Ilpu 3BaproBaHHI ato-
MiHIEBHX CILUIaBiB TEPTSM 3 MEPEMILIyBaHHAM Xapak-
TEpHI TeMIIepaTypy B 30Hi 3BapIOBaHHs CIIOCTepira-
nuck B aiama3oni 300...400 °C. Peanizanis nporecy
3TII maTepianiB Ha OCHOBI MiJIi 3MIHCHIOETHCS BXKE
pu Temmeparypax 600...700 °C, mo BUMarae BUKO-
pUCTaHHS IHCTPYMEHTIB 3 TBEPIUX CIUIaBIB [4]. Ane
IUIS 3BapIOBAaHHS cTajel 1 )KapOMIITHUX CIUIaBIB, B
IIpOLEC 3BapIOBAHHS SIKUX CIIOCTEPIraeTbcs TeMIle-
parypa 600...1000 °C, HeoOXiZHUI iHCTPYMEHT BiKe
13 3HaYHO OiJBIIOI0 TEPMOMEXAaHIYHOIO CTIHKICTIO,
30KpeMa, Ha OCHOBI CHeliaJbHUX TBEPAUX CIUIABiB
a0 moJiKpuCTaIiuHUX MaTepiaiiB Ha ocHOBI cBN [5,
6]. dnst oOTpyHTYBaHHSI ONTUMAIBHUX KOHCTPYKIIiH
IHCTpYMEHTA, PalliOHATbHUX PEKUMIB 3BapIOBAHHS
1 ofieprKaHHsI SIKICHOTO 3’ €JIHAHHS JCTaJCi B pe3yJib-

tati 3TII goninkHO MepeayciM BUKOHYBAaTH MaTreMa-
TUYHE MOJICJTIOBAHHSI TEIIJIOBOIO CTAaHY 1IHCTPYMEHTA
i 3BaproBaHuX AeTasel B mpoleci 3BaproBaHHs [5—7].

3a octanni 20 pokiB cnoci® 3TII BukopucToBy-
I0Th ISl 3BapIOBaHHS TEPMOCTIHKUX CIUIaBiB 1 cTa-
nei. ns peanizanii npouecy 3TII HepxaBirounx
CTajJel ayCTeHITHO-(EPUTHOTO THITY 1 )KapOMIIIHUX
CIJIaBiB HEOOXiJTHO 3aCTOCOBYBaTH IHCTPYMEHT i3
TEPMOMIITHUX MaTepiaiiB, O SKUX BiIHOCSTHCS CIIe-
IiaJbHI TBEP/i CIUIABU Ta MOJIKPUCTATIYHI MaTepia-
JI1 Ha OCHOBI KyOiuHOTO HiTpHay 60py (pcBN) [8, 9].

B IactutyTi HaaTBepaux marepiaiiB iMm. B.M. ba-
kyinss HAH VYkpainm BenmyThcs poOOTH, CIIpIMOBa-
Hi Ha pO3pOOKYy ¥ 3aCTOCYBaHHS IHCTPYMEHTIB IS
3TII piznux meraniB i crasiB [1-4, 7]. [Ipu mpo-
My BJIACTHBOCTI MaTepialliB, siki BUKOPUCTOBYIOThCS
JUISl BATOTOBJICHHS! 1IHCTPYMEHTIB, MOBUHHI 3HAYHO
MEPEBUIYBAaTH MEXaHIYHI XapaKTepUCTUKU MaTe-
pianiB, AKi 3BaproOThCs a00 HamIaBisIIOThC. Kpim
TOTO, IHCTPYMEHT, 0COOJIUBO HOr0 podoUYa YacTHHA
(Pin), moBuHHa 30epiraTu BUCOKY 3HOCOCTIHKICTb
1 TEPMOCTIHKICTh IPU BHCOKHX Temreparypax. Lli
MaTepiajau MarTh 30epiraTv CBOi BIACTUBOCTI HpH
3HAUHUX TEeMIeparypax i NUKIIYHUX HAMPYKEHHSIX,
K1 00yMOBJICH1 3yCHIUISIMH, JTIFOYMMHU Ha IHCTPYMEHT
MpU KPYroBOMY 3THHI B TPOIIeCi 3BaprOBaHHsS a0o
HalJIaBJICHH.

Merta naHoi poOOTH IOJISITae y CTBOPEHHI 1HCTPY-
MEHTa 3 MOJIKPUCTANIYHOTO HITpUAy O0opy (pcBN)
JUISL 3BapIOBaHHS TEPTSAM 3 NEPEMilIyBaHHSAM HepxKa-
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BIIOUMX CTaJIel, aHaJli31 TEIJIOBUX MPOIECiB IIPH 3Ba-
PIOBaHHI Ta OLIHIII MEXaHIYHUX XapaKTEPUCTHK 3Bap-
HUX 3’ €HaHb.

Marepianu Ta MeTOTUKH J0CTiakeHb. [loi-
KpUCTalliyHi HaATBEpi MaTepiaiu Ha ocHOBI cBN
B1JIOMi Ha CBITOBOMY PHHKY SIK iIHCTpyMEHTaJbHI
pcBN matepianu. TeHaeHIiT pO3BUTKY JOCITIIKECHb
B 0071aCTi CTBOPEHHS MOJIKPUCTATIYHUX HAATBEPINX
MmatepianiB Ha ocHoBi KHB MoxHa imrocTpyBarn Ha
TIPUKJIAAl IPOIYKITIT PSAY 3aKOPIOHHHX (hipM, 30Kpe-
Ma, pipm Element Six Ta MegaDiamond [10, 11]. ¥
Marepiani mporo kiaacy Kubopur [8, 9] , B sskomy oc-
HOBHa (haza cBN ( 6mu3bko 84 %), 1110 € BU3HAYaIb-
HUM (pakTOpoM (HOPMYBaHHS CTPYKTYPH KOMIIO3UTY 3
HeTIepepBHUM KapKacoM Ta BUCOKOI TBepaocTi. Kubo-
PHT yCiX MapoK OTPUMYIOTh PEaKLiHHUM CIIKaHHSAM
cBN 3 Al B yMOBax BUCOKOTO THUCKY B TBEPIOCILIaB-
HUX anaparax BHCOKOro TUCKy (ABT) xoHcTpykumii
«KOBAJIO 3 MOTIIMOJIECHHSAMY THUITY «TOpoim» [8, 9].
Oco0aMBOCTI BIACTUBOCTEH KOMIIO3UTIB Ha OCHO-
Bi pcBN mosmsiraiots B TOMY, 1110 BOHH MalOTh BHCO-
Ki TBEPIICTh 1 TPIIUHOCTIHKICTh, XIMIYHY CTIHKICTb
Ta MEXaHI3M 3HOIIYBaHHS MEPEBAKHO TPUOOXiMIU-
HUHl. Y mepioMy BUNIAJKY B CKJIJi MaTepiaidy OuTbII
80 % cBN, TBepuicTh 3a6e3neuye kapkac cBN, Buco-
Ka TPIIMHOCTIMKICTE — 3aBASKHU CTIOTYYHOMY TI0 T'pa-
HUIIX 3epeH (Tabm. 1) [9]. binbmr Bucoka TBEpAICTb y
Mmarepianis i3 BMictoM cBN y cTpykrypi 6inbm 95 %,
MIPHUKIIAZIOM TaKOTO Marepiany € po3pobienuii B8 [HM
HAH VYkpainu marepian «Kubopur-1». Ocobnusicts
CTPYKTYPH — BiACYTHICTH Oe3mepepBHOro Kapkaca
38’sa3yBanHs (cknan 38’ s3ku AIN 1 AIB , KinbkicTb —
3 % mo Maci, po3TamoBaHa y BATJISA/I BKIIOYEHb 110
rpaHuIsax 3epeH). Marepian «Kubopur-2» — pcBN
0JIEPXKYIOTh METO/AOM IONEPEAHBOT0 MPOCOYCHHS
aJIoMiHieM cTucioro nopoumky cBN 3 HacTynmHUM
pEaKIiiHUM CITIIKaHHSM MPU BUCOKOMY THUCKY [8,
9]. IlapameTpu cnikanus marepiany «Kuboput-2» —
temneparypa 1600...1750 K i1 Tuck no 4,5 I'lla, npu
BOMY CJiJl 3a3HAUYUTH 10JATKOBE BUAIICHHS eHepril
XIMIYHOT peakirii B poboyoMy o0Cs31 opst 3 eHep-
Ti€r0 30BHINIHBOTO HArpiBaHHs. J[Jis Takoro mporuecy
kpamumu € craseBi ABT [12], ogna 3 nepeBar sikux
— BEJIMKHI po00Unid 00CHT, 10 TI03BOJISIE OJICPKYBa-
TH 3pa3Kd BEIMKOTO PO3Mipy JaiaMeTpoM 32 MM i BH-
cororo 15 MM Ha mipecax 3ycwusiM 20 MH (ta6m. 1).

Ha puc. 1 mpeacrapiieHi 3MiHH BiTHOCHOI ITiTb-
HOCTI (p), TBepROCTI (HK) i TpimuHOCTIAKOCTI (K| )
y TOJIIKPUCTATIYHUX MaTepiajax po3rIsIHyTOTO TUILY
I TproX Ipy1 (A, B, C) [9].

Hoge 3actrocyBannst Kubopura — poGounii iHCTpy-
MEHT JUIsI 3BapIOBAHHS TEPTSAM 3 MEPEMilIyBaHHSIM.
O0epTOBi IHCTPYMEHTH 1[bOTO THITY CKJIAJAIThCS 3
Oypry i Buctynarouoro mrups (Pin) — puc. 2. Ilpu
3BaprOBaHHI HITHP 3ariIUOIIOETHCS Y 3aTOTOBKY, a
OypT IPUTHUCKAETBCS J10 OBepxHi. Tepts mpu odep-
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Taomuusa 1. ®Pizuko-mMexaHiyHi BJIACTHBOCTI JeAKHX MapoK
Kub6opura [9]

XapakTeprCTUKH Kubopur-1 | Kubopur-2 |Kubopur-3
Kinekicte KHB, % 96...97 84 70...75
ITutoma Bara, r/cm? 3,40...3,45 | 3,35...3,38 3,60

Teepnuicts no Kuymy
MIPY HaBaHTa)KEHH1 32...36 28...30 27
10 H, I'TTa
TpitmuHOCTIHKICTD K,
P e & 8,135 10,5 10,5
MiLHICTh ITPU CTHCKY,
IMa 32 2,9 2,9
MinHicTh IpH PO3TATY,
I'Ma 0,37 - -
Monynb npyxHoCTi E,
ITla 880 - -
KoediuienT [Tyaccona 0,16
TennmonpoBigHIiCTS A,
Br/(wK) 150 70 70
TepmocTiiikicTh 10 1400 1400 1400

temneparypu, K
CTilKICTb 710 OKHC-

JICHHSI Ha TOBITPi 10 1200 1200 1200

temneparypu, K

KTP, 10 K! — 4,9..7,9 —
Jiametp mmactuam, MM | 6,35...12,7 | 9,6... 31,8 | 9,6...31,8
K¢, MIla-m!2 H,ITla ¢
11,0
445
14
440 40,99
12+
135
10 30 4098
s L 1425
—420 4097
or 11s
$
4 1 1 1 1 1 1 10 40,96
50 75 100 125 150 175 200 A, Br/(mK)

A C

Puc. 1. TpimunocTiiikicts (1), TBepAicTh (2) 1 BIJHOCHA IIiTb-
HICTB (3) mOJNKPUCTAJIIB, OTPIMAaHUX PEAKIIHHIM CITIKaHHSM I10-
pomky KHB i3 2 mac. % Al [9]
TaHHI IHCTPyMEHTa reHepy€e TEIIOTY, sIKa TOCTaTHS
JUTSL TIEPEXOJIy MarepialiiB, M0 3’ €JHYIOTHCSI, 10 B’ S3-
KO-TITACTUYHOTO CTaHy.

Kuboput-1 6yB oTpumMaHuii NUIIXOM peakIliiiHoO-
TO CHiKaHHS MOPOIIKY KyOidHOTO HITpUAY O60py (10
98 %) 3 amominiem [8, 9]. [IpucyTHICTD y MIUXTI iH-
X T00aBOK 1 BUCOKI IMapaMeTpH CITiIKaHHS TTPU3Be-
JIA IO OfeprKaHHsA B CKiami 3B’ s13ku Kubopura-1, 1mo-
pan 3 AIN 1 AlB,, Takox Bumoro 6opuny B-AlB,,.
Komb6inaris Bucokoi TBepmocti Hk (36...38 I'Tla)
i Bucokoi terutonposigaocti (100...150) Bt/m'K 3
JOCTAaTHIM piBHEM TpiluHOCTIiKOCTI (=8 MIla-m'?)
Kubopura-1 3a6e3neunsio MOKINBICTh HOTO BUKOPH-
CTaHHS B JIE30BUX IHCTpPYMEHTaX. B 0CHOBY CTBOpEH-
HS HaJATBEPAOTO MOJIKpUCTaIigHOTO Marepiary Ku-
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00puUT-2 TOKJIaeHI MPUHIUIIA CTBOPEHHS MaTtepiany
3 Oe3nepepBHOIO cTpyKTyporo kapkaca KHbB ta peak-
ifiHe CIIIKaHHSA 3 aJlfoMiHieM. BigMiHHICTE mojdrana
B TAaKOMY KE€pyBaHHI MapaMeTpaMH CITiKaHHSI, SKe 3a-
Oe3neuyBaio 30inblIeHHs] ToBepXxHi KoHTakTy «KHbB
— inma (a3a» mpu 30epeKeHH] B CTPYKTypi Oe3rre-
pepsuoro kapkaca KHb [9]. HaBexeni pe3ynbratu
MTOKa3yIOTh, IO TBEPIICTh pEaTbHUX MOIKPUCTATIIB,
o MicTaTh Bix 65 1o 96 % KHBb 1 38’5311 Ha 0CHOBI
AIN, y Bcix BUIIaIkax TPOXHW HIDKYA, HIXK pO3paxoBa-
Ha B MIPUNYIIEHHI aJINTUBHOI 3aJIe)HOCTI Bij (azo-
BOTO CKJIAJY.

TakuM 9YMHOM, MU Ma€EMO MOXJIUBICTH BUOODY 3
KOMITO3UTIB psity Kuboput BinmoBigHOTO 17151 BUKO-
pHUCTaHHS B IHCTpYMEHTaX AJisl 3BapPIOBaHHs CTajen
TEPTAM 3 TIepeMillyBaHHAM. {151 BUTOTOBIEHHS 1H-
CTpyMeHTiB BHOpanu came Kubopur-2, kepyroduch
Horo Bucokoro TepmocriiikicTio (1200 °C), a Takox
TOMY, IO LIel MaTepiall Ma€ MaKCUMAaJIbHY TPIIU-
HocTilikicTs K, = 10,5 MIla'm'?, mo mae BaxuBe
3HAYEHHS NPHU LUKIIYHOMY KPyroBOMY 3THHI IITH-
psi, Ta po3MipaMu JiaMeTpy H BHCOTH 3arOTOBKH
32x15 MM, SIKi a1 MOMKJIMBICTH BUTOTOBUTH 1HCTPY-
MEHTH 3 PO3MIpOM IITHPS BUCOTOIO 5...6 MM Ta Jia-
MeTpoM Oypra 25 MM (puc. 2, a).

Jns nocnimpkens Oyau BUOpaHi HeprKaBilodi cTa-
ni tunty AISI304 (ananor 08X18H10), 08X18H10T
(ananor AISI 321)], 03X20H16AT'6, 02X18MBB Ta
xapominni criasu EI1-718 (XH45MBTHOBP) ta DU
698 (XH73MBTIO) [13], mexaHi4Hi BTaCTHBOCTI Jie-
SKUX 3 HUX HaBEIEHO B Ta01. 2. 30BHINIHINA BUIIIAL

i ;_-ml"F“"m

Puc. 2. 3aranbHuil BUDIS IHCTPYMEHTA 13 MOJTIKPUCTAIIYHOTO
HITpUy OOpy ISl 3BaprOBaHHS HEPXKaBilOUMX cTajel (a) Ta 3a-
raJlbHUH BUIJISII 3BapHOTO 1IBa 11py 3BaproBanHi craii AISI 304 (6)

3BapHOTO LIBa MpH 3BaproBanHi ctaii AISI 304 nase-
JICHO Ha puc. 2, 0.

Bumipiosanns cknadosux cunu npu 36apioam-
Hi cmanei. JlocnipKeHHs 3BapIOBaHHS CTaJIel Tep-
TSAM 3 MEPEeMillyBaHHSIM 3 BUMIPIOBaHHSM CKJIaJ0-
BUX CHJIW, A1I0401 Ha IHCTPYMEHT, BUKOHYBAJINCH Ha
CTEHJIi, YCTaBJICHOMY Ha CTOJIi BepTHKaJbHO-(Dpe-
3epyBajbHOTO BepcTaTy 654, OCHAIICHOTO0 BUMIPIO-
BAJILHUMH J[aBauaMH¥ Ta MPOrPaAMHUM 3a0e3MeUCHHSIM
¢bipmu HBM (puc. 3). Pexxumu 3BaproBaHHS: 9acToTa
obepranus incTpymMenTa 800 00! Ta MBUAKICTH MoAa-
gi 20...50 MM/xB. [HCTpyMEHT BCTaHOBJICHHUH MiJ Ky-
ToM 88° BITHOCHO MOBepXHi aeTani. JlocmipKyBanich
3pa3Ku 3aBTOBIIKH 3...4 MM (Tabim. 3). 3BaproBaHHS
3pa3KiB JIOCIIPKYBaHUX CTajiell BUKOHYBAJOCh Ha
CreniaTbHOMY CTeH/Ii, OCHAILICHOMY CUCTEMOIO JaBa-
4iB, SIKI BUMIPIOIOTh BEPTUKAJIBHY Ta 3CYyBHY CKJIaJI0-
Bi CHJIH, IPHUKJIAJICHOI 0 BUKOHYIOYOTO 1HCTPYMEHTA
(puc. 3, Tabm. 3). BcranosieHo, o cepeaHi CKIanoBi
CHJT HE3aJIe)KHO BiJl 9aCTOTH OOEpTaHHS 1 MIBUIKO-
CTi 3BapIOBaHHS IHCTPYMEHTOM 3 KOHITHOIO POO0UIO0I0
YAaCTHHOIO YTPUMYIOTHCSI Ha OJHOMY PiBHI JJIA BCIX
3pa3KiB AOCHIKEHUX CTajeil OAHAKOBOI TOBIIMHHU
(Tabm. 2).

20
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’/"“*“-w = V..
0 L 1 L Il 1 1 | 1 Il i 1 1 1 1 L L Ll 1 L 1 1 L
7500 8500 9000 9500 10000 10500

8000
6 InaeKe Kpanku
Puc. 3. 3aranpHuil BUIIS CTEHIA JUIsL JOCIIKCHHS IPOIECY
3BapIOBAHHS CTAJICH TEPTSM 3 TepeMilryBaHHsIM (a), Tpadik 3mi-
HU CKJIQJIOBUX CHJIH, IO JIi€ Ha IHCTPYMEHT (6)

Taoauus 2. Mexaniuni BJ1acTHBOCTI AocaizKyBaHnx Martepiaais [13]

Craib E,TTa | o,,, Mlla c,, MIla 3, % o C
08X18H10T (ananor AISI 321) 193 196 470 40 1400...1455
AISI 304 (ananor 08X 18H10) 196 205 510 40 1400...1455
EIT-718 (XH45MBTHOBP) (3rigao TY 14-1-3905-85) | 205 550 1240 30 1260...1336
DU 698 (XH73MBTIO) 200 705 1150 16 1370...1400

ISSN 0005-111X ABTOMATUYHE 3BAPIOBAHHA, Ne9, 2023

23



3BAPIOBAHHA TEPTAM 3 MEPEMILLYBAHHAM

Ta6auus 3. Pesyabraru BumipioBanb ckiaagoBux cui (3TII) 3pa3kiB nocaiizkyBaHux Hep:kaBilouux craseit

. . ToBumHa 3paska, lopuzonranbha ckianosa P,, H BeprukanpeHa cxinagosa Py, H
Marepiain 3pa3kiB
MM cepenHs max cepenHs max
03X20H16AT6 4 2385 3423 17597 19545
AISI 304
(amator 08X 18H10) 3 1226 2766 11992 15780

Bumipiosanus memnepamypu 6 301i 36ap106aAHHL.
BumiproBaHHs TemMriepaTtypH B 30H1 3BapIOBaHHS BU-
KOHYBAJIOCh 32 JIOTIOMOT0I0 1H()PauepBOHOTO TEIIOBI-
3opa Fluke-ir25 3 nuckpeTHicTio 5 ¢ B pi3Hi MOMEHTH
qacy pyxy iHCTpyMeHTa 110 3pasKy (puc. 4).

Mooeniosanns memnepamyproeo nons npu 3111
Hepoicasitouux cmainei. IIpoBeneHo MaremMaTH4yHE
MOJICTTIOBAHHSI TEMIIEPAaTYPHOTO TOJIS Y 3BAPIOBAaHUX
neransax y npoueci 3TII. OOpana TpuBUMipHA CTa-
[iOHapHA MOJIENTb, siKa 0a3y€eThCsl HA HENIHIHOMY piB-
HSIHHI TEIUIONPOBITHOCTI. BpaXxoBy€eThCsl iepeposno-
JIUT TETUTOBUX JPKEpEIT Ha TIOBEPXHSIX KOHTAKTY IITUPS
IHCTpYMEHTa 3 JIeTalIsIMHU, 110 3BapIOIOThCS. BpaxoBy-
€THCS TAKOXK TEIIOOOMIH 13 30BHINIHIM MMOBITPSHUAM
CEpEeIOBUIIIEM Ha BUIBHUX ITOBEPXHSX JeTaleH.

Marepial 3BaproBaHHX JeTaJied — HepKaBi-
toua ctranb AISI 304. JIBi mmacTuHU po3Mipom
200x100x3 (4) MM 3BaproBanuch merogom 3TII
B3JIOBXK OUTBIIIOTO PO3Mipy TUTaTHH. [HCTpyMEHTH Juist
3BapIOBaHHs BUKOHaHI 3 marepiany Kubopur-2. ¥
pO3paxyHKax BpaxoBaHO 3aJICKHOCTI TEIUIO(I3UNIHUX
BractuBoctert ctam AISI 304 Bin temreparypu: Te-
IUIOEMHICTh Cp, KOCQIII€HT TEIIOMPOBIMHOCTI A, TyC-
THHA P, MEXa INIMHHOCTI 6 [14-16].

Mamemamuuna mMooenb memnepamypHo2o NoJis.
Jns onucy temriepatypaoro mounst B 30Hi 3TII pos-
IIs1a1ach CTallioHapHa MaTeMaTH9IHa MOAelb [17]

C,p(u-gradT) =div(hgradT), (1)

ne T — reMmmeparypa; Cp, p, A — BINOBIZHO MMHTOMA
TETUIOEMHICTD, TYCTHHA 1 KOe(illi€eHT TerIonpoBiI-

HOCTI; # — BEKTOP LWIBHIKOCTI IMOCTYMAJIbHOTO PyXY
JieTasiell BIIHOCHO IHCTPYMEHTA.

Ha moBepxHsAx iHCTpyMeHTa Ta neranei (miac-
THH), a TAKO’K HA TIOBEPXHIX KOHTAKTy IHCTPYMEHTA 1
TJTACTUH 3a1af0ThCS BiMMOBIMHI TpaHUIHI yMoBH. Ha
ITOBEPXHI KOHTAKTY IITHPsI, OypTHKA 1 TUTACTHH TiIOTh
TEIJIOBI JDKEpela Tera, 3yMOBIICHI TepTIM 1 Tiac-
TUYHUM Je(DOpPMYBaHHIM MaTepialy IJIACTUH Y Iii
30HI KOHTAKTY.

Ha noBepxHi KOHTakTy OypTHKa IiIOTh TEMJIOBI
JpKepena, 3yMoBiieHi TepTsaM. [loTykHicTh nuX JiKe-
pet Tera 00UHCITIOETHCS 3a (HOPMYIIOL0

2 F,
%’ npu T < THJI ,
4= 4 @)
0, ipu72>T ,

JIe ¥ — BIJIZIAJIb BiJI TOYKH IIi€1 MOBEPXHI KOHTAKTY JI0
oci obepranHs OypTHKa 31 MTHPEM (TIIHOM); 7 — KiJTb-
KicTh 00epTiB OypTHKa 3a XBHIMHY; [ — Koe(ilieHT
TepTsl; | — OCbOBE 3yCHILIs, IO i€ Ha mTup 3 Oyp-
THKOM; A — IUIOIma MOBEPXHI KOHTAKTy OypTHKa 3
neransamu; T — Temreparypa IUIaBJIeHHs MaTepiany
TUTACTHH.

Ha puc. 5 npencrasieHi pe3ynbTaTu po3paxyHKiB
PO3MOLIIB TEMIEPaTypH B CKJIAJOBUX KOHCTPYKITi
IHCTpyMEHTa Ta 3BapIOBajIbHIN TUIACTHHI 3 HEPIKaBio-
yoi crami AISI 304. Ha puc. 6 HaBeneHo MOPiBHAHHS
eKCTIEpUMEHTAIFHUX Ta PO3PAXYHKOBUX TEMIIEPaTyp.
HaBeneni MmakcuManbHi 3HAUCHHS SKCTICPUMEHTATBHO
BHMIPSIHHUX TEMIEPATYp Ha)kaabhb OOMEKEHI XapakTe-

4 3>600.0
=

tr_l!.m:/ision

Puc. 4. 3o6paxenns npouecy 3TII miactun 3i crani AISI 304 3aBroBmiku 3 MM (@), BUMiproBaHHs po3noainy temieparypu mpu 3TIT

HepKaBito4vol cTali (1mo3a MeskaMu OypTHKa iHCTpyMeHTa) (0)
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Puc. 5. KapTrau TemneparypHOro mosist, 00YMCICHOTO B PI3HUX YaCTHHAX PO3paxyHKOBOI obnacTi (MakcuMaibHa Temneparypa — 1303 K):
a — B IUIACTHHI, IHCTPYMEHTI 1 OCHAIIIEHH] IHCTPyMeHTa (CTPLIKOIO BKA3aHO HAIPSIM ITOCTYIAJILHOTO PyXy IHCTpyMeHTa); 6 — B IHCTpPY-

MEHTI; 6 — y 3BapIOBAJIbHIN IUIACTHHI

PHCTHKAaMH IPUIIATy Ta CKIAJHICTIO JOCTYITy ITpHIIa-
Iy 710 30HH 3BapIOBaHHS, ajie e O3HaJae, o e He
MaKCHMallbHi JIif04i TeMIIepaTypH B 30HI 3BaproBaH-
HS, a TUTBKM MaKCUMaJIbHI TeMIlepaTypu Ha BUMIps-
HOMY (0OMEXEHOMY) BiIpPi3KYy.

Pe3ynbraru gocaigxenb Ta odropopenns. [lpo-
BEJCHO EKCIIEPUMEHTAJIbHE BU3HAYCHHS PO3MOILTY
TEeMIIepaTypy B 30Hi 3BaproBaHHs JOCIiIKYBaHHUX
craneil. Pesynpraru posmoxiniB Temmneparypu BU-
MIpSHUX B 30HaX 3BapIOBaHHSI JOCIIKCHUX CTalel
no3a OypTHKOM iIHCTpyMEHTa HaBelleHO Ha puUC. 7.

MakcuMaiibHa BUMIpsiHa TEMIIepaTypa 3BaproBaH-
Hsl 3pa3KiB cTanei 3miHoBanack Bix 500 no 800 °C
(puc. 7) , mpuuoMy TeMIIepaTypa 3BapIOBaHHS 3pa3-
KiB 3aBTOBIIKH 4 MM IPAaKTUYHO y 1,5 pa3u Oinbiina
3a TeMIepaTrypy y 3pa3kax 3aBTOBIIKH 3 MM, 110 00y-
MOBJICHO O1TBIIIOI0 POOOTOIO MIACTHYHUX Aedopma-
i B 30HI 3BaproBaHHsA. Takok 3BEpHEMO yBary Ha

T K
1300 |- !

1200

1100 -
1000
900

800
700
600 -
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300

1
0 20 40 60

1 1

X, MM
Puc. 6. [TopiBHAHHS po3paxyHKOBUX (/) i eKCIIEPUMEHTAIBHUX
(2, 3) TeMneparyp y3I0BX JIiHIT 3BapIOBaHHS IUIACTUH CTaJIi, 1110
3BaproroThes. Koopaunara X, MM — MaciiTabHa JliHiiKa 3BaproBa-
HOTO 3pa3Ky cTajii. CTPIIKOIO IOKa3aHO HANPSIMOK PyXy iHCTpY-
MmenTa. [TyHKTHpHI JiHil — Mexi OypTy iHCTpyMeHTa (2 — cTaib
X18HI10T — 4 mMm; 3 — cranb AISI 304 — 3 mm)

ISSN 0005-111X ABTOMATUYHE 3BAPIOBAHHA, Ne9, 2023

e
900 |
800
700
600
500
400
300
200
L B T o 1

=5 0 5 10 15 20 25 30 35 40 45 50 55 60 X, mm

Puc. 7. ExciepuMeHTaNnbsHO BU3HAYEH] PO3IOILUIN TEMIEpaTypH
no3anay OypTuka iHcTpyMmeHTa B mporeci 3TII: ToBmmHa miacTu-
uu crani 08X18H10T (7) — 4 mwm; crani 02X18MBB (2) — 4 mMm;
crami 03X20H16AT6 (3) — 4 mm; crami AISI 304 (4) — 3 mm;
EII-718 (5) — 4,3 mm; crani XH73MBTIO (6) — 4,3 mM; koopau-
Hara X — MacIITabHa JiHiliKa 3BaprOBaHOTO 3pa3Ka CTai

Te, 10 CepeAHs TeMIeparypa Npy 3BaplOBaHHI J0-
CHIDKEHUX cTaliei nopiaioe T o 712 °C, To6TO
cepelHs TeMIeparypa 3BaplOBaHHs cTajeil aycre-
HITHO-()EPUTHOTO KJIACy BilNOBigae piBHAHHIO T =
=(0,45...0,62 )T, na BiAMIHY BiJ BiZIOMOTO Hiarna-
30HY TeMIeparyp 3BapIOBAHHS MarHi€BUX Ta aJIOMi-
HIEBUX CINIABIB, IKMI BiJIIOBIaB CITIBBIAHOLIEHHIO
T, =(0,4-0,5T,.

MerTanorpadiuai JOCHIIKCHHS 3BapHUX 3pa3KiB
BUKOHYBAJINCHh Ha MOJipoBaHUX HuIidax, NpoTpas-
nenux posunnom HCIHHNO, nporsrom 5 xB. 306pa-
JKEHHSI MIKPOCTPYKTYpPH, 110 OTPUMAaHi Ha ONTHY-
HoMy Mikpockoni XUM-102, npu 30inbimenHi x500
HaBeJleHO Ha puc. 8. Po3mipu okpemux 3epeH BHU3Ha-
yanmcs 3 BAKOpUcTaHHAM nporpamu LevenhukLite ta
HaBeJIeHI 0e3Mocepe/IHBO Ha 300PaKEHHSIX.

IIpu 3BaproBansni ctaiai 08X18HI0T po3mip 3e-
pEH TMPAKTUIHO HE 3MIHIOETHCS, OCKITIBKH PO3MIpP OK-
pEeMUX 3epeH B 30HI 3BapIOBaHHS 3HAXOAWUTHCS B Me-
xkax 10...20 MxM, a y BuXigHOMY MeTaui 5...15 Mxm.
Po3wmipu 3epen B 30Hi 3BaproBanHs ctam 02X18MbBB
10...50 mkMm, a B Marepiaiyi, U0 3BApIOETHCS —
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Metan 3gapHoro ea OcHoBHHIT MeTan

OcHOBHHUIT MeTan Meran 3sapHOro wea

3papHuii WoB U 698 (XH73MBTIO)

WY B U

AISI 304 — ananor crani 08X18H10 () EIT 718 + DU 698 (0)

50...150 MxM, TOOTO po3Mip 3epHA Y 3BapHOMY IIIBi Yy 3BapHOMY wiBi cTasi D1 698 3MeHIIy€eThCst BITHOCHO
3MEHIIYETHCS BITHOCHO BUXIJIHOTO METay Bl 3 0 PO3MIpiB 3¢peH B OCHOBHOMY MeTalll y 3 pasu.
5 pasiB. B 30ni 3BaproBanns ctani 03X20H16AI'6 Miynicmo 3’ €0Hanb docaioxceHux cmaneti 36ape-
CIIOCTEpIraeThCsl 3pOCTaHHA OKpeMHX 3epeH. Tak, Hux mepmsam 3 nepemiutysansm. BunpoOoByBaHHS
SIKIIIO B OCHOBHOMY MeTalli Ma€EMO 3EPHUCTICTh 3BAapHHX 3pa3KiB MarepiaiiB Ha PO3TAT BUKOHYBAIH Ha
2...10 MKM, TO B 30Hi1 3BapHOIO LIBA 3€PHUCTICTh cepBoriapasniuniil mammui MTS-318.25. Bei 3pa3ku
3poctae 10 10...50 MkM. 3epHUCTICTb MeTally 3Bap- AOCHIIKyBaHMX METaJIiB AJS BU3HAYCHHS MILHOCTI
noro mBa craii AISI 304 (ananor crani 08X18H10) Bupizanauce B 0OfHOMY HalpsIMKy — OPTOIOHAJIBHO Bici
20...60 MKM, a B OCHOBHOMY MeTaJi po3Mip 3epHa 3BaprOBaHHS IUIACTHH. BU3HaueHO MIIHICTH 3BapHUX
nocsirae 40...100 mxM, TOOTO Mpu 3BaprOBaHHI CTa- 3’ €JHAHb JOCTIPKCHUX CTaJCH MO BiJHOMIECHHIO 10
ai AISI 304 B 30HI 3BapHOTO 3’€IHAHHS BII0YBA€THCSI  MIIHOCTI OCHOBHOTO MeTany nux craneid. Ciif Bija-
3MEHILIEHHS po3Mipy 3epeH Bix 1,6 no 2,0 pasis. 3HAYMTH, IO BiJHOLICHHS MiLHOCTI 3BapHOTO 3’ €]I-
3 aHasi3y pe3ynbTariB Metanorpadii 3MiHU po3- HAHHS JIO OCHOBHOIO METaly 3MiHIOBaJI0Ch Bif 0,51
MIpiB 3epeH y KOMOiHOBaHOMY 3BapHOMY IuBi Bij- 10 0,68 (Tabi. 4), TOOTO 3HMKEHHSI MIIIHOCTI JIOCTaT-
HOIIICHHSI PO3MIpIB 3€pEH y 3BapHOMY IIBI CIJIa- HBO CYTTEBE, 1[0 BU3HAYAE HEOOXIHICTh ONTUMI3yBa-
By EIl-718 10 po3mipiB 3epeH B OCHOBHOMY MeTaji TH KIHEMaTW4Hi Ta cHiIoBi napamerpu npouecy 3TII,
3MEHIIIYEThCS MPAKTHYHO B 2 Pa3u, a PO3MIpH 3epeH  sIKi 3a0e31edars OUTbITy MIIHICTh 3BapHUX 3’ €THAHb.
Tabauus 4. MiunicTs mocHiKenux craneii y uxizmomy 1OMY ONTHMi3allisd KIHEMaTUYHHX Ta CHJIOBHX Iapa-

cTani Ta 3BaPHUX 3’€THAND METPIB IPOLIECy 3BAPIOBAHHS, SIKi MAIOTh 3a0€3MEUUTH
Marepian Tun 3paska 0,Mlla |c,Mlla|c*c°| BHCOKY MIIIHICTh 3BAPHOTO 3’ €THAHHS, BUMArae TpH-
08X18H|0T | OcHoBHMH MeTan | 194 474 BAJIOTO | KPOIITKOTO JOCIIKEHHS, SIKE € HACTYITHOO
3Bapre 3’eiHannsg | 135 280 | 0,59 | 3amadero pO3BUTKY I[bOTO TEXHOJOTTIHOTO HAIPSMKY.
OcHOBHUI MeTan 429 707
2X18MbEB
02X18 3Bapue 3’eananns | 183 385 | 0,54 | BHCHOBKH
03X20H16AT6 OCHOBHP’Iﬁ meran | 403 758 1. CrBopeno IHCTPYMEHT i3 noniKpugTaﬂiqﬂoro
3sapre 3’equanns | 275 390 | 051 | yirpuny 6opy (pcBN) s 3TII HepkaBirouux cra-
AIS[ 304 | OcHoHui Metan | 202 S11 Jed Ta JKapOMIIIHUX HIKEJIeBUX CIIaBiB. BUroTos-
3BapHe 3’ €JHaHHS 171 349 0,68
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neHo gociinHi iHctpymenTr 3 pcBN Kubopur-2 st
sniricHenHs npouecy 3TII eneMeHTIB KOHCTPYKITIH 3
HEpKaBIIOUMX CTaJlell Ta )KapOMIIIHHUX CIIJIaBiB 3aB-
TOBIIKHU 10 4 MM.

2. 3ampoONIOHOBAHO MOJIECNIh TEIIJIOBOTO MPOIIECY
3BapIOBaHHS HEP)KABIIOYOI CTaNl TEPTSAM 3 TIEpEMIIITy-
BaHHIM Ta PO3PAaXOBAHO PO3MOALIH TEMIIEpaTypH B
IHCTPYMEHTI Ta 3BapIOBAHMX JCTAISX.

JlocImiKeHHS TETUTOBUX MPOIIECIB IIPH 3BapIOBaH-
Hi TIOKa3aJy, [0 MaKkCUMaJbHa TeMIleparypa B 30Hi
3BapIOBaHHS JOCIIDKEHUX CTaliel, B 3aJI€KHOCTI Bif
TOBIIIMHY 3BapIOBAHUX 3Pa3KiB, 3MiHIOBadach Bix 500
10 900 °C , mo cknanae opiearosHo (0,45...0,62)T .

3. Bukonano MmerajnorpadivuHe TOCITiIKEHHS ce-
PEIHBOTO PO3MIPY 3€PHA 3BAPHOTIO I11BA Y IOPIBHSAHHI
3 OCHOBHHMM MeTalloM 3pasKy. Tak, cepenHiii po3mip
3epeH B 30H1 3BaproBanHs ctam 08X18H10T 3naxo-
nuThCs B Mexkax 10...20 MkM, a y BUXiTHOMY MeTali
5...15 MxM, TOOTO 3aMUIIAETHCS 0€3 CYTTEBUX 3MiH.
CepenHi po3Mipu 3epeH B 30HI 3BapIOBaHHS CTajli
02X18MBB gocsrators 10...50 MM, a B MaTepiai
3BapHoro mBa 50...150 MM, TOOTO po3mip 3epHa y
3BAPHOMY IIIBi 3MEHIIYETHCS BITHOCHO OCHOBHOTO
MeTary Bix 3 10 5 pasiB. B 30Hi 3BapHOTO 11IBa CTa-
1i 03X20H16AI'6 ciocrepiraeTbest HE3HAYHUM picT
po3mipiB 0 10...50 MKM BiJIHOCHO OCHOBHOTO Me-
Tany 3 po3mipamu 3epeH 2...10 mxM. Po3mip 3epen
y 3BapHoMy 1Bi cram AISI 304 nocsrae 20...60 MkM
BIITHOCHO OCHOBHOTO METajly 3 po3MipaMu 3epeH
40...100 mxm. ToOTO TipwM 3BaprOBaHHi B 30HI 3BapHO-
T0 3’€JIHAHHS BiJIOYBA€THCS BMEHIIICHHS PO3MIPY 3epeH
Bix 1,6 10 2,0 pasi. CepeHiii po3Mip 3epeH y 3BapHO-
My HIBi 3mimma”oro 3’equanus cruiasiB EI1-718 Ta OU-
698, 110 BIAHOIIICHHIO JI0 PO3Mipy 3¢peH B OCHOBHOMY
MeTaJIi UX CIUIaBiB, 3MEHITYIOTHCS Bix 2 110 3 pasiB.

4. CiiBBiTHOIIEHHS MIITHOCTI 3BapHUX 3’ €THAHB
JMOCIIPKEeHUX MaTepialliB 10 BiJHOMIEHHIO 10 Mill-
HOCTI OCHOBHOTO MeTajy 3MiHioBajoch Bix 0,51 mo
0,68, 10 BU3HAYa€ HEOOXIMHICTh MPOBECTH OLIBII
ITUOOKI OCIIPKEHHS, CIIPSMOBaHI HA ONTHMI3allito
KiHEMaTHYHUX U CHIIOBUX napameTpis mporecy 3TT1,
K1 3a0e3mevarh OUIbIy MILHICTh 3BapHUX 3’ €HAHb
LLOTO THITY.
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THERMAL PROCESSES AND EVOLUTION OF STAINLESS STEEL STRUCTURE IN
FRICTION STIR WELDING WITH A TOOL FROM pcBN
A.L. Maistrenko', M.P. Bezhenar!, S.D. Zabolotnyi!, V.A. Dutka!, M.O. Cherviakov?, A.M. Stepanets!, I.O. Gnatenko!,
M.O. Tsysar!
V. Bakul Institute for Superhard Materials of the NAS of Ukraine. 2 Avtozavodska Str., 04074, Kyiv. E-mail: otdel9m@ism.kiev.ua

2E.O. Paton Electric Welding Institute of the NAS of Ukraine, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: cherviakov@paton.kiev.ua

It is shown that application of superhard materials based on cubic boron nitride for manufacture of working components of
the tool for realization of friction stir welding processes allows ensuring the tool thermomechanical resistance. Computer
modeling of the temperature field in the tool, and in steel parts during friction stir welding of stainless steels with a tool based on
polycrystalline boron nitride (pcBN) was performed. Agreement between the numerical and experimental results of temperature
distribution in the tool movement zone is shown. Strength of welded joints of stainless steel parts was determined, and evolution

of weld structure was analysed. 17 Fig., 4 Tabl., 8 Fig.

Keywords: structure evolution, friction stir welding, tool, kiborit, strength, modeling, stainless steels, temperature field
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OU®Y3INHE 3BAPIOBAHHS

JIM®Y3IMHE 3BAPIOBAHHSI MATHIEBOI'O CITJIABY MA2-1
YEPE3 IIPOMDXHUH ITPOIIAPOK 3 ITUHKY

10.B. ®anpuenko, JI.B. [lerpymmnens, B.€. ®enopuyk, B.A. Koctin, O.JI. ITy3pin

IE3 im. €.0. [Tarona HAH VYkpaiau. 03150, m. Kuis, Byn. Kazumupa Manesuua, 11. E-mail: omega06@ukr.net

V cTarTi NpeACTaBIeHO Pe3yabTaTh JOCIIKeHb 3 qudy3iiiHOro 3BaproBaHHs B BaKyyMi MarHieBoro cruiasy MA2-1. Tlpu 3Bapro-
BAaHHI BUKOPHCTOBYBAJIM Pi3Hi TEXHOJIOTIUHI PUHOMH: 3BapIOBAHHS Y BIILHOMY CTaHi Ta i3 3aCTOCYBaHHAM (pOPMYIOUHX MaTpH-
11b, 3BAPIOBaHHs 0e3 IPOIIAPKIB i 3 IIPOIIAPKOM 3 IIMHKY. BeTaHOBIICHO, 1110 TIpH 3BapIOBaHHI y BUIBHOMY CTaHi 6€3 POIIapKy 3a
temneparypu 400 °C npu TpuBasocTi npouecy MeHme 60 XB OTprUMaTH 3’€IHaHHS He BIaeThes. [1iNBUIIEHHS TeMieparypu ado
TPUBAJIOCTI 3BapIOBaHHS IIPU3BOAUTH JI0 3HAYHOTO POCTY 3epHa. BHKOpUCTaHHS NPOIIapKy 3 IMHKY TOBIIMHOIO 250 MKM 1 pexH-
My 3BaproBanus: 7= 320 °C, P = 10 MIla, = 30 xB 103BoJIsIe OTpUMATH 3’ €THAHHA. AHAI3 XIMIYHOTO CKJIQ/ly PI3HHUX ALITHOK
30HU 3’€JJHAHHS MOKa3ye, [0 BHACIIIOK PO3BUTKY AU(Yy31HHHUX MPOIECIB B CTHKY B IIPOIECi 3BAPIOBAHHS B IIPOIIAPKY 3 IINHKY
Ha BijcTaHi 2...3 MKM BiJ JiHil KOHTaKTy MarHii/IMHK GOPMYIOTHCS MOPH 3 BMICTOM MarHio Ha piBHi 17,8...20,12 mac. %.
VY neHTpanbHiil YaCTHHI 30HU 3’ €HAHHS XIMIYHHNA CKJIaJ METaly OMU3bKHUN J0 CKIaQy YHCTOrO UHKY. BuKopucTanHs npu
3BaproBaHHi Ha pexxumi: 7 =340 °C, P = 10 Mlla, ¢t = 30 XB popMyIOUMX MaTPHILb 1 MPOMDKHOTO MPOMIAPKY 3 IMHKY, SIKHI 3HA-
XOZIUTBCS B TBEPO-PIAKOMY CTaHi, 103BOJIsIE OTPUMATH 3’ €IHAHHs Oe3 1e(eKTiB 3a paxyHOK JIOKasIi3allii miacTi4Hoi aedopmartil
B CTUKY. 32 pe3yJbTaTaMi MeTanorpa(iqHux JOCIIPKEHb B CTHKY CIIOCTEPIratoThest OPMyBaHHS CIIUIBHUX 3€PEeH Ta 3aJIHIIKIB
MIPOLIAPKY Y BUNNISII TUCIIEPCHUX YacTOK po3MipoM 15...50 mkMm, 3 XiMiuauM cknagom Mg—4,53A1-0,20Mn—63,49Zn, mac. %,
SIKi MAIOTh BUTATHYTY HenpaBwibHy Gopmy. bibmiorp. 17, puc. 4.

Kniouosi cnosa: oughysiiine 36aprosans 6 aKyymi, MacHic8ull cnias, NPOMINCHUL RPOULAPOK, MIKPOCMPYKMYpa, MIKPON-

DOI: https://doi.org/10.37434/as2023.09.05

6epoicmb

Beryn. Marsiii € olHUM 3 HaliOUIBII TOITUPEHUX
€JIEMEHTIB y 3eMHil kopi. Bin € Halnermmm 3 ycix
KOHCTpyKIiitHux MeTaniB. Moro minenicts 1,74 r/cm®
Y4eTBEepO HWXKYa HIK y CTali 1 Ha TPETUHY — HIXK y
QJIFOMiHI0. 3aBJSIKM HU3bKIH LIUIBHOCTI T4 BUCOKUM
[IUTOMHUM MEXaHIYHUM BIIACTUBOCTSAM 3aCTOCYBAaHHS
MarHiro HaOyBa€e Bce OibIIIOTO TOIIMPEHHS B PiI3HUX
chepax IPOMHUCIOBOCTI, TAKUX 5K aBTOMOO1IeOyIy-
BaHHSA (PYJIbOBI KoJieca, KapKacH CHJIiHb, KOPITYCH Py-
JIbOBOI KOJIOHKH, KOPITYCH MOAYLIKK O€3MEeKN BOMis,
KepMa TOIIO0), aepOKOCMIYHa TPOMHCIIOBICTh (1eTa-
7 KOpoOKHU mepenad TypOOBEHTUIISITOPHOTO JIBUTY-
Ha, KOPIyC KOMIIpecopa IBUTYHA, KOPITyC TpaHCMicii
TOIIO), MEAUIIMHA (IMIUTAHTATH), EJICKTPOHHE 00Ja/1-
HaHHS (KOopnycH MOOUIBHUX TesedoHiB, KoMl toTe-
piB, HOYTOYKIB, (hOTOKamep 1 MOPTATHBHUX Meliarie-
€piB), CIIOPT (PYKOSTKH JIyKiB JIJIsl CTPLIBOU 3 JIyKa,
TEHICHI PaKeTKH, KIFOUYKHU TSI TOJIb(]Y, BETOCUTIEIH]
paMH i maci poJIuKOBHX KOB3aHIB) PYYHHUU 1HCTPY-
MEHT (KOPITyCH JIAaHIFOTOBUX MUJIOK, KOPITyCH PEAyK-
TOpIB 1 IBUTYHIB PYYHHUX 1HCTPYMEHTIB, PY4YKH Pyd-
HUX HOXKUIH 1 pyqHHX apuiiB) [1, 2].

CyTreBe 301bIIIEHHS] BUPOOHUIITBA MarHil0 Ta
HOTO CIIaBiB BUMarae po3poOKu eeKTHUBHUX METO-
IiB 3’enHaHHA. BinoMmo, 1110 3BapioBaHHS IUIABICHHAM
MPU3BOJUTE J0 PO3MIIIHCHHSI MarHi€BUX CILIABIB y
30Hi 3’€HaHH:, (OpMYyBaHHSI IIBIB 3 KPYITHOKpPHUCTA-
JIYHOIO CTPYKTYPOIO Ta CYNPOBOIKYIOTHCS MOSIBOIO
op, MIKPOBKJIFOUCHb OKCHUJHUX IUIIBOK 1 TPIIIMHH,

YTBOPEHHSI SIKUX CHPUYMHEHE PO3IUIABICHHSM 1 Ha-
CTYIHOIO KpUCTai3alieto meramy [3, 4].

Judysiiine 3BaproBaHHs B IIbOMY IUJIaHI € MIPUBaA-
ONMMBOIO TEXHOJIOTIEI0, TaK SIK JO3BOJSIE YHUKHYTH
YTBOPEHHS IeEKTIB, sIKi 4aCTO BUHUKAIOTH IIPU 3aCTO-
CyBaHHI crloc00iB 3BaploBaHHS IUIaBJICHHSIM. Bigmno-
BIJTHO JIO JIITEpaTypHUX JPKEPEIT MPH 3BapIloBaHHI 0e3
MPOMDKHHX MPOILIAPKIB 32 TEMIIEPaTypu HUXKUIN 32
420 °C nudysiiiHi poLecH B CTHKY 1IyTh 3araibMo-
BaHO, YiTKO MPOIVISAAETHCS JIiHISI KOHTAKTY; MIITHICTh
Ha 3pi3 TaKuX 3pa3KiB HU3bKA. 3aCTOCYBAHHS BHIIO1
temrreparypu (450...490 °C) y moenHaHHI 3 OLTBIIO0
TpuBaITicTO 3BaproBaHHs (90...120 XB) MpU3BOTUTH 10
HATUIIIKOBOTO POCTY 3€pHa i, K HACIIJIOK, A IHHS
MEXaHIYHHUX BIACTHBOCTEH 3’ €qHAHE |5, 6].

BukopucTanHs MpOMKHUX NPOIIAPKIB 103BOJISE
orpumaru Oe3faedeKTHi 3’€AHaHHs, IPOTE TeMIepa-
Typa 3BapiOBaHHsI [IPU IIbOMY 3aJIMILIAETHCSI BUCOKOIO.
Tak, 3BaploBaHHsI Yepe3 MPOLIAPOK 31 Cpibia BUKOHY-
toth 1ipu 480...500 °C [7, 8], migi — mpu 480...530 °C
[9, 10], nikenro — mpu 515...520 °C [11, 12].

HageneHni npukiaau BKa3yTh Ha HEOOXIAHICTh
3aCTOCYBaHHS NMPOMIKHUX TPOIIAPKIB, sIKi O HApsAy
3 aKTHBAII€I0 TIOBEPXOHB JI03BOJISIH TIPOBOIUTH TIPO-
1ec Tpu HIKYUX Temreparypax. Jlo Takux mepcrnek-
THBHHUX MaTepiajliB MOJKHA BiTHECTH MPOIITAPKH 3 TH-
CTOT'O LIUHKY.

MeToro pochikeHp Oya0 BCTAHOBICHHS BILTUBY
MpoIapKy 3 MUHKY Tpu audy3iifHOMY 3BaproBaHHI

danpuenko H0.B. — https://orcid.org/0000-0002-3028-2964, Ilerpymunens JI.B. — https://orcid.org/0000-0001-7946-3056,
Denopuyk B.€. — https://orcid.org/0000-0002-9929-3231, Koctin B.A. — https://orcid.org/0000-0003-0625-2113,

Iy3piu O.JI. — https://orcid.org/0000-0002-2677-4667
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MmarHieBoro craBy MA2-1 Ha ¢opMyBaHHS CTPYKTY-
PH Ta BIACTUBOCTEH 3BapHUX 3’ €JHAHB.

Marepianu Ta MeToauka. J{udysiitHe 3Bapro-
BaHHs y Bakyymi (/I3B) maruieBoro crutapy MA2-1
(Mg - 3,8-5,0 Al - 0,8-1,5Zn — 0,3—0,7Mn, mac. %
[13]) npoBoauau B ycranosii [1-115 npu Temnepa-
Typi 250...560 °C, Trcky 10 MIla, TpuBamocTi mpo-
mecy 15...60 xB, BakyyM y Kamepi MiATpUMYyBaJId HA
pieHi 1,33-10 I1a. 3BaproBaHHs IIACTHH PO3MIPOM
15x10x1,5 MM npoBoaMIH, SIK y BUIBHOMY CTaHi, TaK
13 BUKOPHCTaHHAIM (DOPMYIOUMX MATpPHILb. 3BaAPIOBaH-
HSl Yy BUIBHOMY CTaHi nependavae BinbHY nedopma-
1[I0 3pa3KiB B IPOIIECi TEPMO-Ie(POPMAIIIHOTO ITUKITY
3BaproBaHHA. [Ipy 1ili cxemi 3BaproBaHHs BiJOyBa€Th-
cs1 neopmaritist Bcboro 3paska. [Ipu 3BaproBaHHI 3 BU-
KOpPHCTaHHAM (DOpMYIOUMX MaTpUIlb (IPUMYCOBE Jie-
(hopMyBaHHs) 3a0€3MEUYOTHCSI YMOBH IS JIOKaJTi3allii
miacTuuHOl nedopMallii B 30H1 3’ €IHAHHS 3Pa3KiB.
OKCH/THY TUTIBKY 3 KOHTaKTHHX [TOBEPXOHb 3pa3KiB BH-
JTAJISITH TIUTSTXOM MEXaHIgHOT 3aUMUCTKH TI1a0epOM, ITiCIIS
YOro iX 3HEKHPIOBAJH B €THJIOBOMY CIHPTI. B sikoCTi
MPOMDKHOTO TIPOIIAPKy BHUKOPUCTOBYBAIH (OJIBTY 3
YUCTOTO LMHKY TOBIIUHOKO 250 MKM.

JociipkeHHs: MIKpOCTPYKTYPH 3BapHUX 3’ €THAHb
NPOBOAMIM Ha TONEPEYHNX nurihax Ha MeTajorpa-
¢iyHOMYy onTHUHOMY Mikpockomni «Neophot-32» Ta
CKaHyI04YOMY eJleKTpoHHOMY Mikpockoity JEOL JSM-
840 y pexumi BropunHux enekrponis (SEI). Exex-
TPOHHUI MIKPOCKOII OCHAIIEHO KOMOIHOBaHOIO CHC-
TEMOIO eHeprogucnepciitnoro Mmikpoanamnizy INCA
PentaFet x3. [TigroroBka nurigis mpoBOAHIACH 3a
CTaHJIapTHOIO METOAMKOI Ha BHCOKOIIBHUJIKICHHUX
HOMIPYBAJIBHUX KPyTax 3 BUKOPUCTAHHIM aJIMa3HUX
nacT pi3Hoi aucnepcHocTi. [TonipyBaHHs 3pa3kiB
MPOBOAMIIN 10 14 KJlacy 4MCTOTH MOBepXHi. Po3mip
3epHa BU3HAYAJH JIIHIHHUM METO/IOM, 32 JIOTIOMOTOIO
OKYJISIp-MIKpOMETpa, BUKOPUCTOBYrouH Bix 10 mo 20
moJIiB 30py. TBepAiCTh (pa30BUX CKIAIOBUX BUMIpIO-
Baji 3a MeTonoM Bikkepca Ha TBepromipi M-400,
¢ipmu «Leco». HaBantaxkenns cknagano 1H (100
Ip), Yac NPUKIIAICHHs HaBaHTakeHHs 10 c.

PesynbTaru Ta ix oorosopenns. Cruias MA2-1 y
BUXIHOMY CTaHi Ma€ BOJIOKHUCTY CTPYKTYpY 3 He-

100 mMKm

Puc. 2. Mikpoctpykrypa 30Hu 3’ eqHanas MA2-1 + MA2-1, orpumanoro JI3B Ha pexxumi: a — T'=400 °C, P = 10 MIla, t = 60 xB; 6 —
T=560°C,P=10MlIla, =15 xB

30

PIBHOMIpHHUM pO3MOIIJIOM 3€peH 3a po3Mmipamu. B
CTPYKTYpi MeTally epeBa)KaloTh 3€pHa 3 PO3MipOM
22...25 MKM, aje CIoCTepiraroThCsi OKpeMi IiIsH-
K# 3 po3MipoM 3epna 10...15 mxm (puc. 1). 3rigao
HayKOBHX JIKEPENl CTPYKTypa 3€peH SIBIIIE cO0O0I0
a-TBepaui po3uuH [14]. [panuni 3epeH noToBIIeH,
BIPOT'1JIHO, B3/IOBX HUX BUJIJISETHCS BTOpUHHA (haza
(Mg,,(Al, Zn),, a6o Mg Al,) [15]. V uenTpanbHii
YaCTHHI 3pa3ka 30epiratoThbCsi CIiu TEKCTYPH MPO-
Katy. B pesynbrari XiMiuHOI HEOJJHOPIAHOCTI Mare-
pianmy B IEHTpi 3pa3Kka CIOCTEPIiraeTbcsi HEBEIUKa
JUISTHKA 3 TEMHUMHM BUALICHHsIMH. Po3mosin TBepio-
CTI 1O IJIOIIMHI nUTi)a Ma€e TOCUTh HEOAHOPIIHUM
XapakTep: Ha TUISHII 3 XIMI9YHOIO HEOTHOPITHICTIO
BoHa ctaHoBUTH 501...591 Mlla, B nenTpi 6e3 Bui-
neHb — 451...453 Mlla, o kpasix 3paska, Ha BiicTaHi
100...150 mx™ Big kpomku — 473...507MlIla.
IIpoBeneno excrepuMeHTH 3 Audy3iHHOTO 3Ba-
pIOBaHHS B BakyyMi ciutaBy MA2-1 y BiIbHOMY cTa-
Hi 6€3 BUKOPUCTAHHS MPOMIKHHUX Ipomapkis. [lo-
Ka3aHo, 110 IPY TPUBAJIOCTI 3BaproBaHHs MeHIe 60
xB 3a Temneparypu 400 °C, orpumaTu 3’€IHaHHS He
BIA€THCS: pyHHYBaHHS 3pa3KiB BiZIOyBa€ThbCs Ha CTa-
nii miaroroBku nuiidis. Bapro Bijg3HauuTH, Mo npu
TPUBAIOCTI Iporecy 15 XB, B3a€MOJIisl MiXK KOHTaK-
THUMH [TOBEPXHSIMH 3pa3kiB Oyna BincyTHs. 31 3011b-
IIEHHS Y9acy BUTPUMKH Mi ITOBEPXHSAMH, IIIO 3BapIO-
BaJIUCh MMOYMHAM CIIOCTEPIraTUCh OKPEMi JTIISTHKH
cXoruToBaHHs (puc. 2, a). Po3aMip 3epeH mpu oMy
TepeBaXHO cTaHOBHTH 35...100 MKM, IPHCYTHI OKpe-

100 mrm
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Mi 3epHa po3mipom 200...320 mxM. MiKpOTBEepIiCTh
Marepially KoJMBa€eThes B giamazoni 438...566 MIla,
MIpY IIbOMY Ha JIiHii 3’ €JHaHHSI i 3HAYCHHS CTAHOBHUTH
502 MIla.

[TinBuIeHHsT TeMIlepaTypH 3BaplOBaHHS HaBIiTh
1o 560 °C He no3BoOJIA€ OTPUMATH SIKICHI 3’ €IHAH-
Hs (puc. 2, 0). Ilicna Tepmo-aedopmariiHoTo 1H-
KJIy 3BapIOBAaHHS [1EPEBAXKHUM PO3MIPOM 3€peH AJs
cruraBy MA2-1 e 150...350 MkM, criocTepiratoTses
OKpeMi CKyIm4eHHs 3epeH po3MipoM 60...100 mxM Ta
MIOOIMHOKI 3€pHa, 10 MPOPOCTAIOTh Ha BCIO TOBIIU-
Hy 3pa3ka. HeoOXilHO BiIMITHTH MOMITHY JeTpaja-
L0 MeTaly 3’€IHaHb: MiCJIsl BUCOKOTEMIIEPAaTypPHOTO
BIUTUBY PEKMUMY 3BaplOBaHHS BHACTiAOK IHTEHCHB-
HOTO POCTY 3€peH BiOyBa€TbCsl KPUXKE PyHHYBaHHS
MarHi€Boro criaBy. MiKpoTBepIiCTh TaKuX 3’€HAHb
Mae OUIBII OJHOPITHUHN XapaKkTep i 3MIHIOETHCS Bij
371 MIla B 30H1 3’eqnannsa 10 458 Mlla Onuxye 1o
30BHIIIHIX MEX 3pa3ka. Lle MokHa MOSICHUTH TTOBHUM
MIPOXOJKCHHSIM MPOLIECY PEeKpUCTaNi3alii Ta 3HUK-
HEHHSM CIIi/iB TEKCTYPH 3 OTHOYACHUM BHPIBHIOBaH-
HSM XIMIYHOTO CKJIATy.

Bigomo, 110 BUKOpHUCTaHHS MPOMIXXHUX TIpoIIap-
KiB ipu udy3iiiHOMY 3BaplOBaHHI JT03BOJISE JIOKATi-
3yBaTH IUIACTHYHY jAedopmarliito B cTUKy [16]. Tomy
B ITOJAJIBIINX JTOCIIIKEHHAX BUKOPUCTOBYBAJIH IIPO-
MDKHI IIPOIMIAPKH Y BUTIISI (POITBTH.

B sixocTi nmpomapky Oysio 00paHO LHMHK TOBIIH-
Hoto 250 MKM. BukopuctanHs OUHKY J103BOJISIE
CYTTEBO 3HU3UTHU Temmeparypy mpoiecy a0 320 °C.
3TiJIHO 3 JliarpaMol0 PIBHOBAXKHOTO CTaHY B CHCTEMI
MarHii—IMHK CIIOCTEPIra€ThCs JCKIJIbKA BTCKTHY-
HUX peakiiit mpu tremmneparypi 340 ta 368 °C. Ilin-
BHIICHHS TEMIIEPaTypH 3BapIOBaHHS JI0 TEMIIEPATy-
pu OUIBIIOT 32 €BTEKTHYHY PEaKIlil0 MPU3BOIUTH 0
TUTABJICHHS] KOMITOHEHTIB Ta IPOHUKHEHHS [TUHKY Ha
BCIO TOBILMHY 3pa3Ka HACIIJKOM HOIO € IOJaJblie
KpUXKe PYWHYBaHHS 3pa3ka. 3BapPIOBAHHS MPHU OiTBII
HU3BbKUX Temreparypax 250...300 °C ne 3abe3mnedye
yMOBH U1 (OPMYBaHHS 3’ €THAHHS.

Ha puc. 3 mpencraBnena MikpocTpykrypa (@) i Xi-
MiuHUU cKkiaj (6) 30HU 3’€HAHHS 3pa3KiB OTpUMa-
HuX Ha pexumi: 7= 320 °C, P =10 Mlla, = 30 xs.

[Ticnst 3BaproBaHHS TOBIIMHA MPOIIAPKY JOPIBHIOE
~200 mxM. Ha ocHOBI pesynbTariB MeTanorpadiuHux
JOCITIJDKEHb MOXHA 3pOOUTH BUCHOBOK, IO 3BapIO-
BaHHS MarHir0 3 MarHieM 3 BUKOPUCTAHHSIM TpOIIap-
Ky 3 IMHKY € JJOCUTH MEPCIEKTUBHUM, TaK SIK J103-
BOJISIE OTPUMATH 3’ €IHAHHS TPU BITHOCHO HU3BKHX
temrneparypax. OnHak, TpeOa 3a3HaYUTH, 1110 B 30HI
3’€IHaHHS 3 BOX CTOPIH BiJ MpOIIApKy BHACIIIOK
He30amaHcoBaHUX AU(PY31HHAX MTOTOKIB MK IpoIIap-
KOM 1 OCHOBHUM MaTepiajioM pOpMY€eThCS JTaHITIOKOK
MTO3JIOBXKHIX TOp. AHAIII3 XIMI9HOTO CKJIaay Pi3HUX
TUISTHOK 30HU 3’ €IHAHHS TI0Ka3ye, o Mopu Ghopmy-
I0ThCSl B NIPOLIAPKY 3 LHUHKY Ha BiAcTaHi 2...3 MKM
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Howmep Buict enementie, mac. %
CHeKTpY Mg Al Mn Zn
1 99,39 - 0,09 0,52
2 66,41 0,91 0,21 32,47
3 62,06 1,14 0,28 36,52
4 20,12 - - 79.88
5 3,27 0,15 0,31 96,27
6 2,26 - - 97,74
7 - - 0,10 99,90
6l 8 17,80 - - 82,13

Puc. 3. Mikpoctpykrypa (@) i ximiuHuit cknan (6) 30HH 3°€1-
HaHHs MA2-1 + Zn + MA2-1, orpumanoro /I3B Ha pexumi: T =
=320°C, P=10 MIla, t =30 xB
BiJI JTiHIT KOHTaKTy MarHiii/IMHK 3 BMICTOM MarHito
Ha piBHi 17,8...20,12 mac. %, mo Biamosigae ¢asi
MgZn, [17]. V ueHTpanbHii 4acTHHI 30HM 3’ €HAHHS
(Touka 6) XIMIYHHI CKJIa]] MEeTaTy OMM3BKUI IO CKIla-
Iy YACTOTO IUHKY (Zn — 2,26Mg, mac. %).

VY cTpyKTypi MeTay BUSIBICHA Pi3HO3EPHUCTICTh
3 BEJTMKOIO KiJBKICTIO ABIHHMKIB SIKi PO3TAIIOBYIOTh-
cs Ha BigcTani 500 MKM Big mBy y mu0 Merany 3
Oinbir ApiOHUM 3epHOM 30...100 Mxm. Ha Oinbimiit
mrOuHi 3epHa MaroTh po3Mip 100...200 MKM 3 M00-
JIMHOKUMU JBIHHUKaMU. MIKpOTBEPICTh 3’ €IHAHHSI
Ma€ JIOCUTh OIHOPIAHUN XapakTep OKpiM JUISHOK, B
axux cpopmysanack pasza MgZn,, TyT BinOyBacThb-
s M IBHUINEHHS MiKpoTBepaocTi xo 580 MIla, mpotu
330...458 MIla mns iHmAX JUTSTHOK 3pa3ka.

[Momanerri gocmimKeHHs TPOBOAMIIN TIPU 3BapIO-
BaHHI B (JOPMYIOUUX MATPHUIAX, SKi 3a0€3MeUyI0Th
JIoKai3auiio miacTuuHoi aedopmarii B 30H1 3’€HaH-
HS 3pa3KiB B IpoLeci TepMo-1e(OopMaLiiiHOTO LUKy
3BaproBanHs. Ha puc. 4 npezacraBnena MiKpOCTPYKTY-
pa (a, 6) 1 XiMiuHHid ckIaj (6) 30HU 3’ €THAHHA 3pa3-
KiB OTPUMaHUX B (POPMYIOUHX MaTPHUISIX Ha PEKUMI:
T=1340°C, P=10 MIla, t =30 xB.

VY naHomy BHIAJAKY BiI0YyBa€ThCS MPAKTUYHO MTOB-
He BHUJIaJICHHS LMHKY 31 cTuKy. [IpnunHoI0 1bOTO €
MPOXOJKEHHSI TIPOLIECY 3BapIOBAHHS B TBEPIO-P1IKO-
My cTaHi. SIK Tokasye aHaii3 MIKpOCTPYKTYpH B CTH-
Ky BiIOyBa€THCS IPOPOCTAHHS UYepe3 30HY 3’ €THAHHS
CITUTBHUX 3€PEH, IO CBITYUTH MPO aKTHBHE IMPOTI-
KaHHs qu(y3iHHAX MPOIECiB. Y CTHKY CIOCTepira-
IOTHCS OKpeMi TUCTIEPCHI BKIIIOYEHHS HETPaBUIHLHOL
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Homep cniekrpy

Bumict enemenTis, mac. %

Mg Al Mn Zn
1 31,77 4,53 0,20 63,49
p 2 98,71 2,51 0,06 1,72

Puc. 4. Mikpoctpykrypa (a) i Ximiunuii ckiaj (6) 3ouu 3’eananust MA2-1 + Zn + MA2-1, orpumanoro /I3B B ¢popmyrounx MaTpuiisix

Ha pexxumi: 7= 340 °C, P =10 MIla, r =30 xB

(hopmu cripsiMOBaHI B HaNpsMKY Tedii MeTany. Po3mip
BKJTIOYEHBb CTAaHOBUTH 15...50 Mxm. bimi BKiIIOUeH-
HA Ha puc. 4, 0 BianmosigHO 10 [17] ABIAIOTH COO0FO
¢azy Mg, Zn, . Cepenniii po3mip 3€peH B MarHi€Bo-
My CIUIaBi mepeBaxxHo ckiagae 15...60 MKM, 3 okpe-
MumH 3epHaMu 10 200 MkM. MiKpOTBEpIicTh B3LOBK
30HU 3’€IHAHHS Ma€ HEOJHOPIAHUN XapakTep i 3Mi-
HIOEThCA B Aianazoni 594...660 ta 330...479 Mlla
JUTSL TUISTHOK 3 BKJIFOYCHHSIMU (a3u Mg, Zn, 1 0e3 Hel
BiNOB1IHO. MOKHA MPUITYCTUTH, IO TAaKUK PO3IIO-
JIJT MIKPOTBEPIOCTI HE HECTUME HETaTHBHHM BILINB
Ha MEXaHIuHI BJIACTUBOCTI 3’€J{HAHHS, TaK K IHTEp-
MeTaJliIHI BKJIIOYEHHS MalOTh ITUCHEPCHUHN Xapak-
Tep. MikpOTBepIicTh B OCHOBHOMY METaJli CTaHO-
BUTH 371... 526 MlIlIa. IIpoBeaeHo OIiHKY MIITHOCTI
3’€THaHb Ha 3TWH, sKa IT0Ka3aja, Mo KyT 3TUHY 3pa3-
KiB 3 MPOIIAPKOM 3 IIUHKY, OTPUMAHUX AUQPY31HHIM
3BapIOBaHHAM B (DOPMYIOUMX MATPULSX, CTAHOBUTH
180°, Ha BiAMiHY Bix 3pa3KiB OTPUMaHUX 0€3 BHKO-
pHUCTaHHs MPOMIKHOTO TPOLIAPKY, PyHHYBaHHS SIKUX
BiJIOyBa€THCS HA CTAIl IMiITOTOBKHU ILTi(HiB.

BucnoBknu

Buxozmstuun 3 oTpUMaHUX pe3ylbTaTiB MOXKHA 3pPO-
OWTH BUCHOBOK, IO TpU TUQY3iiiHOMY 3BaproBaHHI
B Bakyymi crutaBy MA2-1 6e3 BUKOpHCTaHHS IIPO-
MIXHHX MPOMAPKiB OTPUMATH SAKICHI 3’ €THAHHS
YTPYAHEHO.

[IpoBenenns 3BaproBanHs Ha pexumi: T = 340 °C,
P =10 Mlla, ¢ = 30 xB, — 3 BUKOpUCTAaHHAM (op-
MYIOYHX MaTPHLb 1 TPOMIKHOTO HPOIIAPKY 3 LIUH-
Ky, SIKHil 3HaXOAUTHCS B TBEPIO-PIAKOMY CTaHi,
JI03BOJIsSIE OTpUMAaTH 3’€THaHHs 0e3 nedekTiB. 3a pe-
3ylbTaTaMu MeTajorpagiyHuX TOCHIIKEHb B CTH-
Ky CHOCTEpIraroThCsi yTBOPEHHS CIUIBHUX 3€peH i
MPaKTUYHO ITOBHE BUIAICHHS MPOLIAPKY 3 GOpMy-
BaHHSIM BUTATHYTHUX B3I0BX JiHIi 3’€IHAHHS IHC-

MEPCHUX YacTOK po3MmipoM 15...50 MKM 3 XiMIYHUM
cknanomM Mg—4,53A1-0,20Mn—63,49Zn, mac. %.
[Ipupona i geraibHE MOSICHEHHSI MEXaHi3My (hopMy-
BaHHSA 3’€IHAHB Yepe3 MPOIIapoK, M0 3HAXOTUTHCS
B TBEPJIO-PIJIKOMY CTaHi, IiJ] JI€0 JIOKAJLHOT Ij1ac-
THYHOI Aedopmallii B CTHKY MOTPeOy€e MOAaTbIINX
JTOCITiKEHb.
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DIFFUSION WELDING OF MAGNESIUM ALLOY MA2-1 THROUGH
A ZINC INTERLAYER

Yu.V. Fachenko, L.V. Petrushynets, V.Ie. Fedorchuk, V.A. Kostin, O.L. Puzrin

E.O. Paton Electric Welding Institute of the NAS of Ukraine, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: omega06@ukr.net

The paper gives the results of investigations on vacuum diffusion welding of MA2-1 magnesium alloy. Different technological
measures were used in welding: unsupported welding, welding with application of forming matrices, welding without interlayers
and with a zinc interlayer. It is found that it is not possible to produce the joint in unsupported welding without an interlayer at
400 °C temperature and process duration less than 60 min. Increase of welding temperature or time leads to considerable grain
growth. Application of 250 ~m zinc interlayer and of the following welding mode: 7= 320 °C, P = 10 MPa, # = 30 min allows
producing the joint. Analysis of chemical composition in different areas of the joint zone shows that development of diffusion
processes in the butt during welding results in pore formation with magnesium content on the level of 17.8 —20.12 wt. % in the
zinc interlayer at 2 — 3 ~m distance from magnesium/zinc contact line. In the central part of the joint zone the metal chemical
composition is close to pure zinc composition. Application of forming matrices and an interlayer of zinc in the solid-liquid
state in welding in the following mode: 7'= 340 °C, P = 10 MPa, ¢ = 30 min. allows producing sound joints due to localisation
of plastic deformation in the butt joint. Results of metallographic investigations showed formation in the butt joint of com-
mon grains and remains of the interlayer in the form of dispersed particles of 15...50 ~m size, with chemical composition of

Mg—4.53A1-0.20Mn—63.49Zn, wt. %, having an irregular elongated shape.

Keywords: vacuum diffusion welding, magnesium alloy, interlayer, microstructure, microhardness
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CTUNEHAOIAT BEPXOBHOI PAAN YKPAIHU

Hem4veHko Banepiti JleoHidosuy

[lokTop XiMiYHUX HayK, MPOBIAHMI HayKOBUN CniBpobiT-
HUK IHCTUTYTY enekTpo3BaptoBaHHs iM. €.0. MNMaTtoHa HAH
YKpaiHn, cTapLunii HayKoBui CniBPOBITHUK IHCTUTYTY Ximii
BUCOKOMonekynsapHux cnonyk HAH Ykpaiuu, Jlaypeat
AepxaBHoi [Mpemii YkpaiHu B ranysi Hayku i TEXHIKW.

Banepin [JemuyeHko npautoe y Bigaini 3saptoBaH-
HSA nracTmac, SKUA BiAOMUIN CBOIMU po3pobkamu B
ranysi 3D gpyky, matepianis ana 3D gpyky i cno-
pigHeHux TexHosorin. Y 2023 p. JemyeHko B.J1. oT-

puMaB iMeHHy cTuneHaito BepxoBHoi Pagu Ykpainu
ANS MONMOAMX YYEeHUX-OOKTOpiB Hayk. PoboTa npu-
cBsiYeHa po3pobui TexHonorii 3D apyky noniMepHux
BMPOBIB 3 MPOTUBIPYCHOK Ta aHTUMIKPOBHOLO Aieto.
CborogHi HaykoBi gocnigxeHHs Ta 6opoTbba 3 Bi-
PYCHUMMU iH(PEKLiSMU, 30KPEMA, 3 BEMNUKOK FPYMoto
pecnipaTopHMX 3axBOpOBaHb, 3yMOBIIEHUX Bipyca-
MU, 3aiMaloTb BaXNMBe MiclLie B Cy4acHin Meauum-
Hi. TakoX po3BMBaOTLCS CTilKi 40 6e3nivi aHTUMIKPOO-
HWX areHTiB MikpoopraHiamu (Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa (CUHbOT-
HilHa manu4ka), ApixakonodioHi rpubun Candida
albicans Ta iH.). OTxe, cborogHi icHye norpeda B Ho-
BMX MaTepianax 3 BULLOK MPOTUBIPYCHO i bakTepu-
LMOHO Ai€t0, MEHLLOK TOKCUYHICTHO ANSA NOAUHU 1
OOBKINMsa (ekonorii, MeguumMH1 n Xxap4oBOoi MpoMuc-
noBocTi). PoboTta ctuneHgiata cnpsiMoBaHa Ha pos3-
pobky TexHonorii 3D-apyKy noniMmepHuMx BUpoObiB Ha
OCHOBI Biononimepy — noninaktuay i 6imeranivyHnx
HaHo4yacTuHok Ag/Cu, Ag/ZnO, Cu/ZnO. OTpumaHa
TexXHonoria Mmoxe 3actocoByBatuchb Ang 3D gpyky
noniMepHux BUPO6IB Pi3HOrO NPU3HAYEHHS.
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BIOCKOHAJIEHHS TEXHOJIOI'TI BUTOTOBJIEHHS
HU3bKOBOJAHEBHX AIJTOMEPOBAHUX ®JIIOCIB
3 BUKOPUCTAHHAM IJTABJIEHUX MATEPIAJIIB

1.O. T'onuapos, B.B. I'osioBko, A.IL. [TaabueBuy, A.M. Jlyuenko

1E3 im. €.0. ITatona HAH VYkpaiuu, 03150, m. Kui, Byn. Kasumupa Mainesuua, 11. E-mail: goncharovia@ukr.net

Mertoznom ra3zoBoi xpomarorpadii JOCIPKEHO TEpMIYHY IeCOpOLII0 BOJHIO 3 MiHEpaJIbHIX CHPOBHHHUX MaTepiaiB, sSIKi BUKOPH-
CTOBYIOTECS IIPH BUPOOHHUIITBI 3BapIOBAIEHAX arJIOMEPOBAaHHX (DIIOCIB. YCTAaHOBIIEHO NEPCHEKTHBHICTH 3aCTOCYBAaHHS y CKJIAa1
MIMXTU IPY BUTOTOBJICHH] arIoMepoBaHnX (UIIOCIB IUIaBIeHHX MaTepiaiiB. 30UIbIICHHS BMICTY IUIABIEHOTO MaTepialy y CKJIa/i
HINXTHU arJIOMEPOBAHOTO (NIIOCY IPUBOANTD JI0 3HWKSHHSI CXHIIBHOCTI (IIIOCY /10 cOpOyBaHHS BOJIOTH 3 OTOUYIOU0i aTMOC(HEepH.
IIpw nigBUIIEHH] BMICTY IIaBJICHOTO HAIIBIPOIYKTA B IIUXTI ariioMepoBaHux (urocis 3 15 1o 40 % BMmicT qudy3iiiHOro BOIHIO
B HAIIABJICHOMY METaJIi IIPH 3BAPIOBAHHI ITij1 IuMu (IIrocaMu 3HIKY€EThes 3 3,5 10 2,6 cm/100 1. BiGmiorp.12, Tabu. 2, puc. 3.

Kuouosi cnosa: 6ooens, agmomamuune 0y208e 36aplogantsi nio a2ioMeposanuMu Quiocamu, HU3bKOIe208aHI CMai

Beryn. B octanHi poku Bce mupiie BOPOBaIKY-
I0TBCSI Y BUPOOHULITBO METAJTOKOHCTPYKUIi i3 BU-
COKOMIITHUX HU3bKOJIeTOBaHuX ctaneit [1, 2]. [Ipu
3BapIOBaHHI BUCOKOMIIHMX CTajel MiJ BIJIUBOM
TEPMIYHOTO UKy B METajli MOXIINBE YTBOPEHHS
CTPYKTYP, 5IKi, 3 OTHOTO OOKY, CHPUSIOTH 3HAYHOMY
3MIIIHCHHIO METaJly, a 3 1HIIOr0 — MiABUIIYIOTh HOTO
CXHJIBHICTD /IO YTBOPEHHS XOJOIHUX TPimuH [3, 4].
3MaTHICTH METAITy OMUPATHUCS 3aPOKEHHIO 1 PO3BUT-
Ky XOJIOTHUX TPIIIIH 3pOCTAE 31 3HIKEHHSIM KOHIICH-
Tparii B HboMy Au(y3iifHOTO BOMHIO. BCcTanoBIEHO
YMOBH, 32 SIKHX PU3UK YTBOPEHHS XOJIOIHUX TPIIIIH
y 3BapHUX 3 €JHAHHAX 3BOAUTHCA 0 MiHIMyMYy. Tak,
y pa3i oOMeXeHHs MIBUIKOCTI OXOJIOIKeHHS MeTa-
ny B inTepBaini temneparyp 600...500 no 10 °C/c, a
BMicTy nn(y3iHiHOTO BOAHIO B HAIJIaBICHOMY MeTali
10 4 cm*/100 1, piBeHb HaNpPYyKEHb, SKUH METal 30HH
tepmivHoro BBy (3TB) 3BapHuX 3’€THAHb 31 CTa-
e 3 ByreneBuM eksiBanentom C, = 0,35...0,45 %
MOJKEe BUTPUMATH 0€3 YTBOPCHHS XOJOTHUX TPIIIHH,
craHoBuTh 90 % Bij #Or0 TpaHUI IITMHHOCTI [5].

3Ba)karoun Ha aHaJIi3 3MiH y BUMOTaX J0 MIIHOC-
Ti 1 MITACTUYHOCTI BUCOKOMIITHUX HU3BKOJETOBAHUX
CTajieil rmepeBakHa OUTBIIICTh aBTOPIB MPUXOAATH 10
BHCHOBKY, 1110 BUKOHATH Ili BUMOTH TIPH 3BapIOBAaHHI
MiJ] ICHYIOUHMH TUTaBIICHUMU (PIFOCAMH HEMOMKIJIBO
[6, 7]. Tomy Ge3ansTepHAaTUBHUM € BHOIp HA KOPUCTD
araoMepoBaHuX (UIIOCIB MPU 3BaplOBaHHI BHCOKO-
MIilHMX cTanei. IX mupoke BIpoBamkeHHs B YKpa-
iHI CTPUMYETHCS BiIACYTHICTIO Cy4acHOTO MPOMHMC-
J0BOro BUpoOHUITBa. B poboTax [8, 9] BiaMiuarouu
nepeBary arlioMepoBaHuX (IIOCIB, aBTOPH BiI3HAYa-
IOTh 1 BJIACTHBI iM HEJOJIIKH, SIKI BU3HAYAIOTHCS CIIO-
c0o0OOM 1X BHTOTOBJICHHSI: ITIABUIIICHY CXMIBHICTH J0
copOyBaHHS BOJIOTH 3 OTOUYI0Y0i aTMOC(EPH, MEHIITY

MIIIHICTh TPaHy (IIFOCY 1 3aJIEKHICTH SKOCTI (Irocy
BiJl IKOCTI 3aCTOCOBYBAHOI IIPH HOTO BHPOOHUIITBI
cupoBUHHU. CTOCOBHO OCTaHHBOI'O HEAOJIKY HEOO-
XiJHe A0AaTKOBE MOsICHeHHs. Yepes BiJCYTHICTD Ti-
pOMeTanypriiHuX 1 BUCOKOTEMIIEpaTypHHUX HPOLECiB
y PLAKOMY LUTAaKy IPH BUTOTOBJICHHI arjiOMepOBaHUX
(II0CiB HEMOXKIIMBO 3HU3UTH BMICT Y CKJIaJi IIUXTO-
BUX MarepiajiiB TaKuX MIKIIMBUX JOMIIIOK K CipKa,
docdop, cTpyKkTypHa BOJIOTa Ta OpraHiuHi CIIONIYKH.
3Ba)karouu Ha IiIBUIIEHUI PIBEHb BUMOT JIO0 BMICTY
HIKIJUTMBUX JOMIIIOK TIPH 3BaproBaHHI BUCOKOMIII-
HUX HHU3bKOJIETOBAHUX CTaJIel SKICTh arioMepoBa-
HHUX (ITI0CIB 3HAYHOIO MipOIO0 BH3HAYAETHCS SIKICTIO
3aCTOCOBYBaHOI IIPH X BUPOOHUIITBI cHpoBUHM. [1o-
TpiOHA JUISI BUTOTOBIICHHS arlioMepoBaHUX (IIIOCIB
BHCOKOSIKICHA CHPOBHHA B YKpaiHi a0o BifCyTHs, a00
nyxe nopora. Lle 1 € npuunHoO TOTO, 0 B YKpAaiHi,
ne Oynu CTBOPEHI TepIi armoMepoBaHi (IrocH, Bif-
CYTHE 1X IPOMHUCIIOBE BUPOOHUITBO. 3 1HIIOTO OOKY,
[IPY BUTOTOBJICHHI IJIaBJICHUX (UIIOCIB iICHYIOTH MOX-
JTUBOCTI JUIst padiHyBaHHS PO3IJIABY BiJl IIKiIITHBUX
JIOMIIIIOK, ICHY€ TIOTY>KHE TIPOMHUCIIOBE BUPOOHUIITBO
IJIaBJICHUX ()ITFOCIB, 32 00CSIraMy BUTOTOBJICHHS STKUX
1ie JoHeaBHa YKpaiHa 1mocijana nepiie mMicie B CBi-
Ti. Ile cTBOpPIOE MOXKIUBOCTI JJIsi PO3POOKU HOBOI
TEXHOJIOT1] BUTOTOBJICHHSI arlioMepOBaHUX (ITIOCIB,
sKa 0a3yeThCsl HA BUKOPHCTAHHI TUIABJICHUX Marepia-
niB. Y po6ori [10] 3po6iieH0 BUCHOBOK TIPO TEPCIICK-
THBHICTh 3aCTOCYBaHHS y IIUXTI IPU BUPOOHUIITBI
HHU3bKOBOJHCBUX arliIoMepOBaHUX (IIIOCIB TIaBIIC-
HUX MaTepialliB, BUTOTOBIIEHUX 32 TEXHOJIOTIEIO TTy-
IIeKc-mporecy. Taki HaiBOPOAYKTH MatOTh HU3bKUI
3arajxbHAN BMICT Cipku, pocdopy Ta BoxHto. Tepmiu-
Ha JiecopO1ist BOJIHIO i3 HUX Bi0yBa€ThCS IPHU TEM-
neparypax g0 800 °C.

Tonwapos 1.O. — https: //orcid.org/0000-0003-2915-0435 , Tonosko B.B. — http://orcid.org/0000-0002-2117-0864,

Manbuesud A.IT. — https://orcid.org/0000-001-8640-7909
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Meroto nanoi poOoTH Oys10 BU3HAUUTH BILTUB yBE-
JICHHS TIJIaBJICHUX MaTrepiaiiB A0 CKIaay HIMXTH Ha IX
CXHJIBHICTB JI0 COPOYBaHHS BOJIOTH 3 OTOYYHOUO aT-
MocdepH, BMICT 1u(y31HHOTO BOJHIO B HAIUIABJICHO-
My MEeTajll IpY 3BapIOBaHHI i po3poOIeHUMH ario-
MEpOBaHUMH (pIrocamu.

MeToauKH A0CHiIAKeHb BMIiCTY BOAHIO B CHPO-
BUHHHUX MaTepiajax Ta qudy3iiiHOro BoAHIO B Ha-
IUIABJICHOMY MeTaJli.

3aranbHUN BMICT BOJHIO B CHPOBHHHHX Marepia-
JaX BU3HAYAJIU XpoMmarorpapiyHuM METOIOM, SIKUH
Ma€e BUCOKY Yy TJIMBICTH CTOCOBHO BOZIHIO Il PO3/iJIOBY
3parnicTs crocosno O, N, CH,, CO, CO,, H,O. [11].
BiH 103B0JIsI€ BU3HAYATH SIK 3arajiIbHUM BMICT BOJHIO B
JOCIIDKYBaHHX MaTepianax, Tak i mpoiec aecopOrii
BOJIHIO TIpH iX HarpiBaHHi 10 Temrneparypu 1100 °C.

BwmicT nudysiifHOTO BOAHIO B MeTalli 3BapHHUX
IIBIB BU3HAYATH METOAOM XpOMAaTorpadigHOTO aHa-
mizy 3a 'OCT 23338-91 i3 3acTOCyBaHHSIM ra3oaHa-
nmizatopa Ob 278111. Temmeparypa HarpiBy 3pa3KiB
cragoBmiia 150 °C, m1o 103BOMISIIO 3HU3UTH Yac BHU-
MiproBaHHS BOJHIO. OO’ €KTHBHICTH PE3yNbTaTiB BH-
MipIOBaHHS 00cATy TUQyY31iHHOTO BOIHIO 00yMOBIIEHA
THUM, L0 BOJCHb, KW BUAUIUBCS 31 3pa3Ka y repme-
TUYHII MeTaleBiil kamepi, BUMIPIOETbCS METOIOM T'a-
30B0i xpomarorpadii. HaniliHicTb pe3ynbTariB BUMi-
pIoBaHHS BMICTY AU(y31HHOTO BOJHIO MiATBEPAKECHA
YHCICHHUMH TOPiBHSUIbHUMH BUIIPOOYBaHHSIMH HOTO
31 PTYTHUM METOAOM aHaji3y 3a ctangaprom [SO
3690:2018 [12].

3pa3ku aisl aHasizy BMicTy Oudy3iifHOTO BOJ-
HIO B HAILJIABJICHOMY METaJl OJIEPKyBaJIl METOJOM
HaIUTaBJICHHS BajJMKa Ha CKJIaJaHWM 3pa3ok 31 craii
10I"2®b 3i 3acTocyBaHHIM 3BapIOBAITLHOTO JAPOTY
mapku CB-10I'THMA Ha mocTiifHOMY CTpyMi 3BO-
poTHOi mossspHOCTI Ha pexumi: [ = 550...600 A,
U = 32..34B,V_=36 m/rox. [ligrotoBky 3pa3kis i
BU3HAYECHHS BMICTY 1U(y31HHOTO BOJHIO B HAILIaBJIe-
HOMY MeTadi 31iticHioBann 3a ISO 3690:2018.

JocnixkeHHs BMicTy BOHIO B CHPOBUHHMX MaTe-
pianax 1j1s BUPOOHUUTBA arJIOMePOBAHUX (MJIIOCIB.
TexHomnoris BUpOOHHUIITBA arioMEPOBaHUX (IIFOCIB,
Ha BiAMIHY BiJ TEXHOJIOT1i BUTOTOBJICHHS IIABJICHUX
(hmrociB, Mae 0OMeXeHI MOMKJITMBOCTI CTOCOBHO 3HU-
JKEHHS BMICTY B HUX BOAHIO. CHpOBUHHI Marepiain
€ OCHOBHHUM JKEPEJIOM HaIXOMKEHHS BOIHIO MPHU
BUT'OTOBJICHHI 3BapIOBAJILHUX arlIOMEPOBAaHUX (IIO-
ciB. ToMy BaXJTMBO BUKOPHUCTOBYBATH HETPaTUIliHHI
CHUPOBHMHHI MaTepiayiy, B SKUX BMICT BOJIHIO oOMe-

xeHuil. [IpoBeaeHunii anami3 BigXodiB MPOMHCIOBHX
HiANpUEMCTB YKpaiHH TOKa3aB, 110 HAHO1IbII Tpu-
JaTHUM Ui BUPOOHHUITBA (IIIOCIB € IIJTaK TPaHylIbo-
BaHU{ BUPOOHUITBA CHJIIKOMAapraHIIO Ta HIaKOBa
KipKa, sIka yTBOPIOETHCS TIPU 3BapIOBaHHI TPyO Benu-
KOTO JliaMeTpy. Ix ckmamu HaBemeHi B Ta0m. 1.

L1i marepiany € meperuIaBIeHUMHU MPOAYKTAMH 1
MICTSITh HE3HAYHY KUTBKICTh BOJHIO, & Came: IIIaKoBa
Kipka — 25 cM*/100 1, a nuIak rpaHy/JIbOBaHH BUPOO-
HHIITBA critikomapradio — 198 ¢cm?/100 1, mpuuomy
BOJICHb 3HAXOIUTHCS B HUX Y (opmi abcopOoBanoi Ha
TIOBEPXHI BOJIOTH, SIKa JIETKO BHUIAISIETHCS POKAIIIO-
BaHHAM Tpu Temneparypi 1o 300 °C.

[TpoBeaeHo aHaii3 BMICTY BOAHIO B CUPOBUHHHX
Mmarepianax, siki MOKyTh OyTH BUKOPUCTaHI TIPH BU-
TOTOBJICHHI arIoOMepOBaHMX (IIFOCIB JIJIsl 3BapPIOBAHHS.
JlocmimKeHHs TIOKa3aIIn, 10 BMICT BOJHIO B IJIHHO3E-
Mi I'-OO cranosuts nonan 1500 ¢cm?/100 1, a B epu-
kiasi — 6300 cm?/100 1. 3Bakaro4n Ha BUCOKHH BMICT
BOJHIO B IIMX Marepianax Oyio MOCIiHKEHO BMICT
BOJTHIO B IHIIIMX MaTepianax, [0 MiCTATh OKCHJIU Mar-
HIIO Ta aMOMiHit0. 30KpeMa, MPOBEACHI A0 CITiHKeHHS
MOKa3aJId, 10 BMICT BOJIHIO B KOPYH/Ii OLIIOMY MapKu
25A cranoButh 92 cM*/100 1, a B IEpUKITA30BOMY TIO-
poky s enekrporneueii [TITE-88 — 1156 cm?/100 1.
Taxuil piBeHb BOAHIO B Marepiajax € KpUTHUYHUM 3
TOYKH 30py MOXKJIMBOCTI X BUKOPUCTAHHS MPH BH-
TOTOBJICHHI ariomepoBaHux (tocie. Tomy OyB J0-
CIIPKeHUN BIUTHB TePMidHOI 00pOOKHM CHPOBUHHHUX
MaTepiaiiB Ha BMICT B HUX BOAHIO. Takox Oyio BH-
KOHAHO TEPMOTPaBIMETPUYHHHN 1 TudepeHIiHHNN
TepMITHUH aHalli3 BKa3aHWUX MaTepialliB B Jiamaso-
Hi 3 20 mo 1000 °C. Take mociiKeHHS BUKOHYBa-
T Ha TOBITPi 1 HOTO METOI0 OyJI0 BU3HAYUTH M HE
Oy/lie OTHOYACHO 31 J1IecopOIi€r0 BOMHIO i3 CHPOBHUH-
HUX MarepialliB IpH iX MPOKAITIOBaHHI BiOyBaTHCS iX
HeOaxaHe OKMCHEHHs. BcTaHOBIEHO, 1110 A7 HHOKUe-
HaBEJCHUX CUPOBUHHUX MaTepialliB ONTHMaJIbHOIO
€ ix TepmooOpodka mpu 900 °C, sika 703BOJISIE 3HH-
3UTH BMICT BOJIHIO Y KBapIOBOMY IicKy — 3 240 1o
15 ¢mM¥/100 1, B kopyHzi Gitomy mMapku 25A — 3 92 no
10 cM3/100 1, B hirroopuTOBOMY KOHIIEHTpATi — 3 340
10 10...15 ¢M*/100 1, B TIEPHKIIA30BOMY TIOPOIIKY IS
enexrpormeuei ITITE-88 3 1156 mo 10...15 cM*/100 T,
B maBiaeHomy ¢urroci — 3 60 o 10...15 cm*/100 r. 3a-
MPOTMIOHOBAHO NMPOBOJUTH MTPOKAITIOBAHHS IINXTOBUX
MarepiaiB sl BAPOOHULITBA arJIOMEPOBAHUX (IIIO-
ciB mepen rpanyisnieto npu temnepatypi 900 °C
BIPOJOBK 1 rof.

Ta6muusa 1. XiMiunmii ckJIaa MIaKy IPaHy/JIb0BAaHOT0 BHPOOHMITBA CHJIIKOMAPTraHII0 TAa NLIAKOBOI KipKH 3BapIOBAaJIbLHOIO

¢parocy AH-60
XimiuHuit ckiam, mac. %
H .
B NaTepay SiO, | MnO | CaF, | CaO | ALO, | MgO | FeO | PO, | SO, | Pemra
[lnax BupoGHHIITES 48,0 | 20,0 - 14,0 8,0 5,0 0,3 0,008 | 1,0 3,7
CHUJIIKOMapraHuro
[lnakoBa kopka ¢mrocy AH-60 | 40,0 35,0 7,0 8,0 4.0 2,0 4.0 - - -
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3po3yMisio, 10 BUCOKOTEMIIEpaTypHE MPOKAaIIo-
BaHHS CHPOBHHHUX KOMIIOHEHTIB IIPU BUTOTOBIICHHI1
arioMepoBaHuX (IIFOCIB JOCUTh eHeproeMue. Jloci-
JOKEHHSI TIePETUIaBICHHUX MPOJIYKTIiB — IUIAKOBOI KipKH
1 IUTaKy BUPOOHHUIITBA CHITIKOMapraHIlio, MoKa3aio,
1110 BOHU MAarOTh HU3BKUH 3arajbHUNA BMICT BOJHIO 1
Menty (1o 300 °C) Temnepatypy BHIAJICHHS CIIONYK,
110 MICTSTh BOAEHb. TOMY IIEPCIIEKTUBHUM € BUKOPHU-
CTaHHA TUTABJICHUX MarepialliB, B TOMY YHCII BHUTO-
TOBJICHUX 3a TEXHOJIOTI€0 TYIUIEKC-IPOLECY, B IINX-
Ti arIoMepoBaHUX (UIFOCIB IJIT OOMEKEHHS BMICTY B
HHUX BOJHIO.

JocaigxkeHHs] CXMJIBHOCTI 10 cOpOyBaHHS BO-
JIOTH 3 OTOYYIOUOI0 MOBITPS arJioMepoBaAHUMHU
¢arocamu, 110 MIiCTATH B CKJIAAI IIUXTH IUIABJIEHI
HAMIBIPOAYKTH.

TexHOoJIOTisl BUTOTOBJICHHS arJIOMEpOBaHUX (II0-
ciB moOy/i0BaHa Ha HE3BOPOTHOCTI MPOIECY AeTijI-
paTailii piIKOCKJISIHOT CKJIaJ0BOI Mij| Yac TepMidHOT
00po0ku durocy. KiHlieBUM MpoyKTOM Jeriapararii
PIIKOTO CKJIA € MiITHA, IIUThHA # BOJIOTOCTINKA CHUTI-
KaTHa TUTIBKA, [0 Ma€ TIEBHY CTIHKICTh MPOTH ITOTIIH-
HaHHsI aTMOC(epHOi BoJoTH. THIT piIKOTO CKiIa CyT-
TE€BO BIUIMBAE HAa CXUJIHHICTH arlIOMEPOBAaHOTO (IIIOCY
Jto copOyBaHHsI Bosioru (puc. 1).

O1iHKy KiHETUKH COPOIIHHOTO BOJIOTONOTIINHAH-
Hs1 (DITFOCIB BH3HAYAIH B XOJ[i €KCIIEPUMEHTIB, Y X0
SKHMX HaBicKH (PIrOCiB, MPOXKapEeHUX Mepes JOCHiIoM
npu temrepatypi 400 °C BponoBxk 2 roj, BATPUMY-
BaJIM B €KCUKATOPI 3 MOCTiiHOIO BoJoricTio 77,6 % 1
npu Temrnepatypi 22 + 0,5 °C. HaifiHnK4i mOKa3HUKH
copOyIo40i 31aTHOCTI MOKa3aiy arioMepoBaHi dtocu
Ha ocHOBI Na-K pinkoro ckia.

Bynu BUTOTOBJIEHI TOCHIAHI arioMepoBaHi (Jito-
cu cucremu MgO-Al1,0,-Si0,~CaF ~TiO,~ZrO,, sxi
BiZIPi3HSUTMCS BMICTOM IIJIaBJICHOTO Marepiajly B CBOE-
My cknazi. B gxocti uiaBneHoro marepiany Opanu
Bincisu dumocy AH-47 3a TOCT 9087, BurotoBiieHo-
IO METO/IOM JYIUIEKC-TIPOIIECY.

0,18
0161
< 0,144
.y y
So12
=
2
30,104
g ;
3 0,08 4
2 006
0,04 il
0,02 4
0- - 1 1 1
Na-K K-Na Na K

Tun piakoro ckna

Puc. 1. BimuB tumy piKoro ckja B LIMXTI arIOMEpOBAaHHX
(uTrociB Ha IXHIO CXHJIBHICTB JI0 BOJIOIONIOTIIMHAHHS

36

Bcranosneno, mo niasumeHHs 10 45 % B ckia-
I IIMXTH arioMepoBaHuX (IIIOCIB BMICTY TUIABICHUX
MaTepialiiB, SIKi MalOTh, Ha HAII OIS/, MCHIIY -
TOMY TIOBEPXHIO y TIOPIBHSHHI 31 TPaJUIIHHAUMU CH-
POBHHHUMH MarepiajiaMu, IPUBOIUTH 0 3HUKECHHS
HeoOX11HOT JuTst POpMyBaHHS TPaHyJ KiIBKOCTI 3B’S-
3ytodoi peaoBunu 3 30 10 15 % (puc. 2).

BMicT cyxoro 3amdIKy piIKOTo CKja B 3HAYHIN
Mipi BU3HAYA€E CXUIBHICTH arjIOMEPOBAHOTO (DITIOCY
110 BojioronoruHanHs. L{e miaTBepKyeThest pesyinb-
TaTaM¥ MOPIBHSUTBHUX JIOCITIKEHB (DIIOCIB TIITaBIe-
HUX 1 arJIOMEpOBaHUX Ha OCHOBI MiHEpaJIbHUX CH-
POBUHHUX MarepiaiiB 3 pi3HUM BMiCTOM IUTIaBIEHUX
Marepiaiis (puc. 3).

30inbIICHHS BMICTY TUIAaBJIEHOI'O Marepiany a0
45 % TpUBOAUTH 10 3HWKEHHS COPOYIOUOi 34aTHOCTI
¢urocy Ha 46 % 1 3a UMM MMOKAa3HUKOM Takuil (uiroc

B, Mn/100 T

304

25

20 -

1
0 15 30 45
Inagnexnii HaniBNpoaykT, mac. %

Puc. 2. 3anexHICTh BUTPATH PiJKOTO CKJa IPHU I'PaHYIIOBaHHI
amIOMepOBaHOro (NIFOCY Bijl BMICTY IUIABICHOTO Marepiaiy

0,200

0,150

0,100

BigHocCHA BOJIOTICTE, %

0,050

0 24 48

t, To1
Puc. 3. BrummB BMiCTY IUIaBJICHOTO MaTepialy Ta TEXHOJOTI] BU-
pOOHHUITBA 3BapIOBAJIBHUX (IIOCIB Ha IXHIO CXHIIBHICTB JI0 COp-
OyBaHHs BoJsiory 3 armocdepu: / — 15 % ruiaBineHoro marepiaiy;
2 — 30 % nutaBiieHOTr0O Marepiany; 3 — arJIOMepOBaHHI aTrOMiHAT
OCHOBHUI; 4 — IJIABJICHUI MIEM30T0AI0HIIT MapraHelb CHUTiKaT-
HUit; 5 — 45 % 1uiaBneHoro Marepiany; 6 — IJIaBJICHUIN CKIIOBH/I-
HUI MapraHenb CUJIKaTHUI
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Taduuus 2. Bnime BMicTy IUIaBJIeHOT0 MaTepialy B cKJaji ariioMepoBaHoro (guirocy Ha BMicT Au(y3iiiHOro BoHIO B HANJIAB-

JIleHOMY MeTaJti

Homep Buicr HHaBgigg;%;;:;g?glg’;;}é; iznam [ITAXTH Bwmict qudysiitHoro BoaHiO [H]ﬂm o mann sieran? cM¥/100 T
1 15 32:3,9;3,5
2 40 2,6;2,7,2,3

OJMM3bKUI JI0 IJIABJICHOTO (DIIFOCY 31 CKIIOBUIHOIO OY-
JIOBOIO 3€PCH 1 MepeBayKae arjioMEepPOBaHi aJIlOMiHATHI
OCHOBHI (DJIFOCH, BUTOTOBJICHI 32 TPAIUI[IHHOIO TEX-
HoJoTi€r0. B HamoMmy mociipKeHH I TOPiBHSH-
HS BUKOPHUCTOBYBAJIH arjoMepoBanuii gurroc OP-132
dhipmu «Oerlikony, maBineHi MapraHemb-CHIIKaTHI
¢mrocu 3 mem3zononioHo0 (AH-60) i cKI0BUIHOIO
(AH-348A) GynoBoro 3epeH.

Hocaimxenns: BMicTy Andy3iiiHOro BOAHIO B Ha-
IUIABJICEHOMY MeTaJli MpH 3BapIOBaHHI MiJ arnoMe-
poBaHuUMHU (UIIOCAMH.

Hocmimkeno BmicT nudy3iiHOro BOAHIO B Ha-
MJaBJIeHOMY MeTaji MpU 3BaprOBaHHI MiJ ario-
mMepoBaHuMu Qurocamu cuctemu MgO-Al O, —
Si0,-CaF ~TiO,~ZrO,, sKi BIAPI3HAIMCA BMICTOM
ILUTAaBIICHOTO MaTepially B CBOEMY cKiafi. B sko-
CTi TJIaBJICHOTO MaTepiany Opanum BifciBu irro-
cy AH-47 3a TT'OCT 9087, BUTOTOBJIEHOIO METOIOM
TYTIIIEKC-TIPOIIECY.

Pesynbrar mocinimkeHs HaBeneHi B Ta0r. 2.

3 Tab. 2 BUIHO, 10 30UIBIICHHS BMICTY TIaBJIe-
HOTro MaTepiaiy y ckianai muxt 3 15 no 40 % npu-
BOJIMTH JIO 3HUIKEHHS BMICTY [H];m(b.ﬂannMeTan HIKYE 3
cm?/100 1. 3rigHo 3ampornoHoBanol MiKHAPOIHUM iH-
CTUTYTOM 3BapioBaHHs Kiacuikauii npu pisui [H] | N
sanneray MEHIIE 5 ¢M*/100 T 3BaproBabHi eJ1eKTPOHU
BBaYKAIOTHCSI TAKUMH, 10 3a0€3MeUyI0Th JTyKe HU3b-
KUt BMicT nuy31HHOTO BOIHIO B HATUTABICHOMY MeE-
taii [11]. CygacHi artomepoBasi (Iroc IpOBiTHIX
CBITOBUX (ipM-BUpOOHUKIB 3abe3nedyrors [H] | A
\eray 1O 5 ¢mM*/100 r. ToMy MOXKHa BBa)KaTH, 10 ariio-
MepoBaHi (DIIOCH, B CKJIaJIl HIMXTH SIKUX 3aCTOCOBY-
IOThCS TIJIABJICHI HAIIBIPOMYKTH, BUTOTOBJIEHI Me-
TOJIOM JyIUIEKC-IIpoLecy, 3a0e3MeuyloTh TPaHuYHO
HU3BKUI BMIiCT AM(y31iHOTO BOIHIO B HAIJIABICHOMY
METaJIi.

BucHoBkn

1. MeTtomgom ra3oBoi xpomaTtorpadii J0ciiIKe-
HO 3arajJbHUN BMICT BOAHIO B MiHEpaJIHHUX CHPO-
BUHHUX Marepiaiax, siki BAKOPHCTOBYIOTBCSI IIPH BU-
POOHHIITBI arloMepoOBaHUX 3BapIOBAILHUX (DITIOCIB.
3anmpornoHOBaHO MPOBOAUTH NPOKATIOBAHHS IIUXTO-
BHUX MarepialiiB JJIsl BUPOOHUITBA arjiOMEPOBAHHUX
¢nrociB nepen rpanyisiieto npu Temmneparypi 900
°C BoponoBx 1 ron. BcraHnoBieHo nmepcneKTHBHICTh
3aCTOCYBaHHS Y CKJIaJIl IIMXTH BIIXOAIB MPOMUCIIO-
BHX MiJMPUEMCTB YKpaiHH, 5Kl € meperuiaBleHuMu
MPOIYKTaMH 1 MiCTATh HE3HAYHY KUTBKICTh BOJAHIO, a
came: IUTAKOBOI KipKH 3BapIOBaJIbHOIO IJIABICHOTO
¢mrocy AH-60 (25 cm*/100 1) Ta nutaky rpaHy;ib0Ba-
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HOTO BUPOOHUITBA critikoMapranirio (198 cm?/100 ).
BuzHaueHo, 1110 BOJIEHb B IIUX Marepiajax 3HaXOAUTh-
cs B HUX Y (hopMi aOCopOOBaHOT HA MOBEPXHI BOJIOTH,
sIKa JIETKO BUAAJISETHCS MPOKATIOBAHHAM TIPH TEMITe-
patypi mo 300 °C.

2. BcraHoBJIEHO, IO ITABUIICHHS BMICTY ILJIaB-
JIEHWX MaTepialliB B CKJIJi MTUXTH arjOMEepOBaHUX
¢urociB 10 45 % TmpUBOAUTE 10 3HIIKEHHS HEOOXi/I-
HOT st popMyBaHHS rpaHyn (IIFOCY KIIBKOCTI 3B’sI-
3yt04oi pedoBuHu 3 30 10 15 %.

3. I[linBuIeHHS BMICTY IUIaBIEHOTO MaTepialy B
CKJIaJi IIUXTH arioMepoBanux uociB 1o 45 % npu-
BOJUTH JI0 3HUXKEHHsI COpOy0Y0l 3aTHOCTI (ito-
camu Ha 46 % 1 32 UMM MTOKa3HUKOM TaKi (IIIOCH
ONMU3bKI 10 TIaBJICHUX (MIFOCIB 31 CKIOBHIHOIO OY-
JIOBOIO 3€PEH 1 MepeBakaloTh arlioMepOBaHi aroMi-
HATHI OCHOBHI (MIFOCH, BUTOTOBJICHI 33 TPaIUIIIHOO
TEXHOJIIOTIEIO.

4. Ilpu 301TbIICHH] BMICTY TUTABICHOTO MaTrepia-
Ty y CKJIaJi MAXTH arjioMepoBaHoro ¢urocy 3 15 1o
40 % BwmicT nudy3iiHOTO BOAHIO B HAIJIABIIEHOMY
MeTaJjli Tpy 3BapIOBaHHI ITiJT arTOMEPOBAHUMH (ITFO-
cam¥ 3HWKYeThes 3 3,5 o 2,6 cm3/100 1.
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IMPROVEMENT OF THE TECHNOLOGY OF MANUFACTURING LOW-HYDROGEN
AGGLOMERATED FLUXES USING FUSED MATERIALS

1.O. Goncharov, V.V. Holovko, A.P. Paltsevych, A.M. Duchenko

E.O. Paton Electric Welding Institute of the NAS of Ukraine, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: goncharovia@ukr.net

Gas chromatography method was used to study thermal desorption of hydrogen from mineral raw materials, used in manufacture
of agglomerated welding fluxes. The good prospects for application of fused materials in the charge composition in agglomerated
flux manufacture were established. Increase of fused material content in the composition of agglomerated flux charge leads
to lowering of the flux susceptibility to sorption of environmental moisture. At increase of the content of fused material in
the agglomerated flux charge from 15 up to 40% the diffusible hydrogen content in the deposited metal decreases from 3.5 to
2.6 cm*/100 g in submerged-arc welding with these fluxes. 12 Ref., 2 Tabl., 3 Fig.

Keywords: hydrogen, automatic arc welding with agglomerated fluxes, low-alloy steels
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BJIACTUBOCTI ITOKPUTTIB, HAITUJIEHUX
BATATOKAMEPHUM AETOHAIIIMHUM IIPUCTPOEM
TA IX BACTOCYBAHHA

0O.B. Koaicnivenko, }O.M. Topin
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Jlist HareceHHs noKpHTTiB i3 opomky WC—Co—Cr AMPERIT®554.074 BUKOpHUCTOBYBAaBCS GaraTOKaMepHHi JeTOHALIHHHI
npucTpiit. JIocnikeH s MIKPOCTPYKTYPH ITOKPHTTIB 1 (ha30BOro cKiaxy OyiIH IIPOBEACHI 31 3aCTOCYBaHHIM METO/IB PacTPOBOT
eJIEKTPOHHOT MIKPOCKOIIIT Ta peHTTEHOCTPYKTYpHOro aHaiisy. [Ipn HanmvuieHHi JaHUM MeToIoM (OPMYIOTECS IITBHI TOKPUTTS,
110 CKJIAJAI0ThCS 3 BKIIOYEHb (pa3 kapOiny Boabdpamy, piBHoMipHO posnoxainenux y Co—Cr marpui. ITopucTicTs MOKPUTTIB
cxnanae ~0,2 %, mikporsepaicts — 10,4 + 1,2 I'Tla. [Toka3aHo 10CBiI 3aCTOCYBaHHS OararoKaMepHOIro JICTOHAIIITHOTO PHCTPOIO
JUISL HAHECEHHSI 3HOCOCTIMKNX MOKpHUTTIB 3 opomky WC—Co—Cr sik Ha cTaaii BiTHOBICHHS AeTallel, TaK i IIPH IPOEKTYBaHHI

BY3JIB pi3HUX MexaHi3miB. biomiorp. 12, tabm. 2, puc. 9.

Kniouosi cnosa: eazomepmiune nanunioganis, 0emorayiiHull npucmpii, meepouil Cniag, NOKpUmMms, Mikpocmpykmypd, 3Hoc,

nopucmicms, meepoicms, NPOMUCLOBE 3ACMOCYEAHHS

Beryn. MeranokepamivHi MOKPUTTS, IO HAIlU-
JIOIOTHCS Ta30TEPMIYHUMHU METOAAaMH, € e(EeKTUB-
HUM DPILICHHSIM IIMPOKOTO CIEKTPa 3aBAaHb IIOA0
301IBIICHHS CTPOKY CIIYXOHW JeTaneil MaluH 1 pi3-
HUX npuctpois [1, 2]. [TokpuTTst Ha ocHOBI KapOi-
Iy Bonb(dpamy i kapbimy XpoMy 4acTO BUKOPHUCTO-
BYIOThCSI JUISl MIABUIICHHS 3HOCOCTIMKOCTI B mapax
TEpTs, OTOpy adpa3uBHOMY, KOPO3iHHOMY 1 €po3iii-
HOMY 3HOCY B HACOCHO-KOMITPECOPHOMY 1 TypOiHHO-
My oONajHaHHI, TPyOONIPOBIAHIHN Ta 3amipHil apMa-
Typi, B JETAISIX IETIOIO3HO-TIAIEPOBOI, TEKCTUILHOT,
aBiarfiftHoi ramy3sei Tomo. Kpim Toro, HanmuiIOBaH-
HS TBEPIOCIUIABHUX ITOKPHUTTIB BBAXKAETHCS AIbTEP-
HAaTHBOIO TaJIbBaHIYHOMY XPOMYBAHHIO Yepe3 CyBOpi
€KOJIOT14H1 HOpMH 1 TPOOJIEeMH 3 BUTPAaTaMHU B TEXHO-
Jorii mpolecy rajJbBaHIYHOTO HAHECEHHSI IIOKPHUTTIB
[3]. MeTanokepaMidHi MOKPUTTS HAHOCSTH MEPEBAXK-
HO BUCOKOUIBHKICHIM KHCHEBO-TIAJTMBHUM METOIOM
(HVOF) i neronaniitaum HarmmtroBarasaMm (DS) [4-6],
YHACHiIOK Okl HU3BKOT TEMIEpaTypH YaCTHHOK
MOPOIIKY B MOTOII MPOIYKTIB 3rOPSIHHS 1 MEHIIIOTO
Yacy B MOJBOTI TTOPIBHSHO 3 MJIa3MOBUMH METOJIAMH.
Lle 103BOISIE YHUKHYTH 3HAYHOTO BMICTY KPUXKHX
(a3, a TakoX 3HWKEHHS CTyNeHs pO3KiIaxy KapOi-
IIiB y TIpOTIeCi HANMMITIOBAHHS, 3aII00ITrafouy BOIHOYAC
3MEHIIIEHHIO TBEPIOCTI Ta 3HOCOCTiKOCTI. J[o TOTO
K BHIII MBHUIKOCTI YACTHUHOK Y BHCOKOIIBHAKICHUX
npoiiecax 3a0e3neuyoTh SKiCHIIIe MOKPUTTS 3 BU-
00 KOTE3i€10, ajre3ieto, HU3bKOI nopucricTio. Ha-
pasi uepe3 BUMOTH JI0 SIKOCTi METaJIOKepaMidHUX T10-
KPHUTTIB, 110 MOCTIHHO 3pOCTalOTh, BEAYThC poOoTH
SIK 31 CTBOPEHHSI HOBHX, TaK 1 ONTHMi3alii iICHyIOUMX
TEXHOJIOTi/ Ta30TepMiYHOr0 HamuiaoBaHHI. OKpiM
HVOF i DS, nis HaHeceHHsT MeTaJIOKepaMiKu Jieiai

YacTille 3aCTOCOBYIOThCS TaKi TEXHOJOTIi, SIK XOJO/-
He razonuHaMivHe HamwtioBaHHs (CS) 1 MeTox BHCO-
KOIIBMJIKICHOTO MOBITPSHO-IAJIMBHOIO HAIllUJICHHS
(HVAF) [7, 8]. Po3BuUBa€eThCS TaKOXK HAIIPSIM 1 JIETO-
HaIlIHHOTO HAaHECEHHS METaJOKepaMiYHUX ITOKPUTTIB
[9]. Ak omuH i3 OGararoynucenpbHUX BapiaHTIB KOH-
CTPYKIIN JETOHAIIMHUX MyIIOK IS Ta30TePMIYHOTO
HANWIIOBaHHA B [HCTUTYTI eleKTPO3BapIOBaHHS iM.
€.0. latona (IE3) O6yno po3pobneHo Oararokamep-
HUi Oe3knananHuii neronauiinuii npuctpii (BKIIT).
Mertoro naHoi poOOTH € AOCIIIKEHHS MIKPOCTPYKTY-
pu 1 BnactuBocreit nokputtie cucremun WC—-Co—Cr,
oTpruMaHnux 3a gonomororo bK/III, a Takox Moxiu-
BOCTI HOTO 3aCTOCYBaHHS JJIsl HAHECEHHS! IOKPUTTIB
Ha BUPOOHM Pi3HUX raiy3ei IPOMHUCIIOBOCTI.

Oo6sagHaHHs, MaTepiaJu Ta METOAUKHU A0CJIi-
mxeHHs1. JlJis HaHECEHHS MOKPUTTIB HA MOBEPXHIO
3pa3kiB 3i ctani 12X18H10T BukoprcToByBamu 1mo-
pomok WC—Co—Cr (86 %—10 %—4 %) (H.C. Stark)
dpaxuii 15...45 mxm (Mmapka AMPERIT®554.074).
JlocmimKeHHS] MIKPOCTPYKTYPH, €IIEMEHTHOTO CKITATy
Ta Mopdororii mopomky (puc. 1, Tabn. 1) mpoBoauan
Ha pacTpoBOMY eneKTpoHHOMY Mikpockori QUANTA
200 3D. 3a 1omOMOTOI0 €HEePrOANCIIEPCIHHOTO aHa-
Ji3aropa PeHTTeHIBCHKOTO BUIIPOMIHIOBaHHS (ipMU
EDAX, BOyZoBaHOTO B PacTpOBUI €NEKTPOHHUN Mi-
KPOCKOII, OyJIM OTpUMaHi CIEKTPH XapaKTePUCTHYHO-
TO PEHTIE€HIBCHKOTO BUIIPOMiHIOBAHHSI TOBEPXHI 3pa3-
KiB MTOPOIIKY.

[MokpuTTs HanmIIOBaJIM OaraToKaMepHUM JIeTOHA-
uiitaum npuctpoem (BKAIT) [10]. Y upomy npuctpoi
peani3yeTbes pekUM JETOHAIIHHOTO TOPIHHS T'a30-
BOT CyMillli B CHEIiabHO CIIPOiIbOBAaHUX Kamepax.
CxeMaTH4HO MPHUCTPIi TTOKa3aHO Ha pHC. 2.
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keV

Puc. 1. [Topomoxk AMPERIT®554.074: a — mopdoioris noBepxHi nopomky WC—Co—Cr; 6 — CIeKTp XapaKTepUCTUIHOTO PEHT-

TeHIBCHKOTO BHIIPOMIHIOBaHHS MOBEPXHI HOPOLIKY

Taomuus 1. Enementauii ckaax nopomky WC—Co-Cr

Enement, Wt'/At™

I1
OpOIIIOK C

Cr Co W

WC-Co—Cr 4,77/36,94

3,57/6,39

9,60/15,16 82,05/41,51

"Wt —mac. %; At — ar. %.

i

Puc. 2. Cxema 6aratokaMepHOro JeTOHaNifHOTO IpUCTporo: / —
CBiUKa 3amamoBaHHs; 2 — opkaMepa; 3 — MUIIHIPUYHA KaMepa
3ropaHHsT; 4 — KiJbI[eBa KaMepa 3TOpaHHs; 5 — MOJaHHs IOPOIIKY;
6 — CTBOI

AKyMYJTIOBaHHS €HEpril 3rOpaHHs Bijl IBOX KaMep
(IMITHAPUYHOT Ta KiNbIEBOT) B CTBOJI 3a0e3Ieuye
(hopMyBaHHS BUCOKOIIBHKICHOIO CTPYMEHIO IPO-
JIYKTIB 3rOpaHHs, KU MPUCKOPIOE 1 HArpiBa€e Mmopo-
IIOK, IO HammIroeThes [11]. Y mpucTpoi pearizoBaHe
Oe3nepepBHE MOAHHS TOPIOYO] Ta30BOi CYMIIIIi i 110-
POIIIKY, IO AO3BOJISAE iHIIIIOBATH JETOHAIIHUN TTPO-
1[ec 3rOpaHHs 3 BeInKot dactororo — 20 ' 1 Bute.
Ha puc. 3 nokasano BK/III qyis HanmitroBaHHS 1O-
KPUTTIB, PO3MILIEHUH Y 3BYKOi30JsIIiiHOMY OOKCI,
OCHAILEHOMY O0JIaJIHaHHSM IJIs1 YIOPaBIiHHS TEXHO-
noriyHuM npouecom. ObnagHaHHS CKIaAa€ThCS 3:
MIPHUCTPOIO AJIsl HAMWIIOBAHHS, CTAHJAPTHOTO TOPO-

Puc. 3.
BKJIIT

[pucTpiit A5t HAHECCHHS TOKPUTTIB 3 BUKOPUCTAHHIM

LIKOBOT'O KMBHJIBHUKA 3 MOJAHHSAM MOPOMIKY 10 3
KT/TOJ, CTAaHIaPTHOI Ta30BOi MaHeli HU3bKOTO THUCKY
(makc. 0,3 MIla) nnst monaHHs KUCHIO, MPONaH-0yTa-
HY, TIOBITPS I aBTOMAaTH30BaHOT CUCTEMH YIPaBIIiHHS.

VY mporeci HamMIIOBaHHS IIBUIKICTh MepeMi-
LICHHS 3pa3Ka, 110 HAIMIIOETHCS, BIAHOCHO CTBOJA
JETOHAIIHHOTO npucTporo ctanoBuia 2000 MM xB,
BificTaHb 110 3pa3ka — 50 MM, BUTpaTa MOPOLIKY —
1,5 xr/rox, BUTpaTa TpaHCIOPTYIOUOTO Tazy (a30T) —
1 M*/ron, wactora geronanii — 20 I'u. YV tabn. 2 Ha-
BElIEH] JaHi MO0 BUTPATH KOMIIOHEHTIB TOPIOYOL
ra30BOi CyMillIi.

CrpykTypHO-(a30oBuii aHai3 3pa3kiB MOPOLIKY i
HanwieHoro nokputta 3 WC—-Co—Cr npoBoauiau me-
TOJIOM PEHTreHiBChKOI nudpakuii B obnacti KyTis 20
Bix 20 no 100° i3 mokpokoBuM ckanyBaHHsIM A(20) =
=0,05° 1 yacoM ekcno3uii 7 ¢ y TOYIli 3a IOTIOMOTOI0
mudpaxrometpa JJPOH-YMI1 (y MOHOXpOMAaTHYHOMY
Cuk -unpomintoBanni, A = 0,154059 um), mo nae in-
TerpayibHy iH(pOpMaIlifo Mo map TOBUIMHOIO B Kijlb-
Ka MIKpOH. Y SKOCTi MOHOXpOMAaTropa BUKOPHCTOBY-
BaBCSI MOHOKPHUCTAM rpadiTy.

3 METOr0 JOCIIKEHHS MOPOIIKOBUX TOKPHUTTIB Ha
3pas3kax OyIJIi MiAroToBIeHi rmorepedHi nuridu. Mikpo-
CTPYKTYPY TIOKPHUTTIB JIOCITIPKYBAJIX 32 JIOTIOMOTOIO CKa-
HYIOYOTO elIeKTpoHHOro Mikpockona Quanta 200 3D.
[lopucricTe Bu3Hayasn MetajgorpadiyHUM METOIOM
3 €JIEMEHTaMH SKICHOTO 1 KiIBKICHOTO aHalTi3y TeoMe-
Tpii Op 3a AOTIOMOTO0 ONITHYHOTO 1HBEPTOBAHOIO Mi-
kpockomna Olympus GX51. O6’emHy 9acTKy mop i

Ta0auusg 2. BurpaTu KOMIOHEHTIB ropo4oi cymimni

BuTpara KOMIOHEHTIB TOPrOYOI cymiri, [M*/rox]

Kucens [poman (70 %) + Gyran (30 %) [MosiTpst

2,772,6™ 0,66"/0,62" 1,7°/1,6™
“HuninapraHa kamepa sropansst. ~KibleBa kaMepa 3rOpaHHs.
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Puc. 4. 306paxennst (PEM) nonepeunoro uuriga nokpurtst WC-Co-Cr

CTPYKTYPHHX CKJI3/IOBHX BH3HAYAIIH 32 JOOMOTOIO IIPO-
rpamu ATLAS y nexiigpkox moisix 30py. MikpoTBepaicTh
BH3Ha4aroTh BimnosimaHo 10 JICTY ISO 6507-1:2007 Ha
MikpotsepaoMipi M-400 ¢ipmu LECO metonom tecty
Bikkepca npy HaBaHTaxeHHi Ha iHneHTop 300

Hocnimkenns 3HococtiikocTi mokputtss WC—Co—
Cr mpoBoanIN METOAAMH TPUOOMETPIi 32 JOMTOMOTOIO
aBToMaru3oBaHoi mamuuu TepTs (Tribometer, CSM
Instruments), o ynpaBiaseTbCsl KOMIT IOTEPOM, 32
CTaHAAPTHOIO CXEMOIO BUNIPOOYBaHHS «KYJIbKa-IHCK)
3a crangaptToM ASTM G-99. 3pa3ok BcTaHOBIIOBAIN
B TpUMadi, NEPIEHINKYISIPHO TIOCKOCTI 3pa3Ka 3a-
KPIILJTIOBAJIU CTEPXKEHbB, Ha KIHIII SKOTO 3HAXOIUJIacs
KyJIbKa JliaMeTpoM 6 MM 3 OKCUIY aJlfoMiHit0. Bumpo-
OyBaHHS MPOBOJWIM Ha MOBITPI (TeMIepaTypa Ha-
BKOJHITHBOTO cepenonuina 30 °C, Bonoricts 23,8 %)
npu HaBanTaxkeHHi 10 H i1 miniifHI# mBuakocTi 10
cm/c, nurax teptsa ctaHoBuB 1000 m.

Pe3yabTaTn Aocig:KeHHs] Ta 00TOBOPEHHS.
300pa’keHHsI Ha CKaHYIOUOMY EJIEKTPOHHOMY Mi-
KpPOCKOTIi 3a pi3HOro 301bLICHHS MIKPOCTPYKTYpHU
MOBEPXHi MomnepevyHoro nurida 3paska 3 NOKPUTTAM
WC—-Co—Cr naBeneno Ha puc. 4.

ToBImIMHA HaHECEHUX MOKPUTTIB Ha 3pa3Kax, 110
JOCITIKYBaIUCs, ckiagana oau3bko 370 + 10 Miwm.
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Ha 300paskeHHSIX TONIEPEYHOTO Mepepizy He CIocTe-
piranocs Hi TPILMH, Hi JUISTHOK PO3LIAPYyBaHHS.

JlocimipKeHHsI CTPYKTYPH MTOKa3aJId, 0 MOKPUTTS
CKJIAJIAF0THCS 3 PIBHOMIPHO PO3MOALICHUX KapOiTHUX
YaCTUHOK giameTpoM Bij 0,5 10 2 MKM 1 MpoInapKiB
Co—Cr Marpuii 3 ToBIMHOIO 10 1 MkM. Ha Mikpo3-
HIMKaX MOKPHUTTS KapOiJHI YaCTHHKH MPEACTABICHI
Yy BUTJISI CBITIHUX JIISHOK 3 KYTaCTUMH KPasiMHU 1,
BIJIMTOBITHO, HE TIPOTUIABICHUX TIiJ] Yac HAIMIIOBAH-
HS; cipa 30Ha BiAmoOBizae MaTpuli, sika 6arara Co i
mictutek Cr, W Ta C. YopHi ginsgaku — nopu. I'icto-
rpama po3mnoziTy Hop 3a po3MipoM y MOKPHUTTI MOKa-
3aHa Ha puc. 5. [lopucricte nokpurrs WC—-Co—Cr
ckianae ~0,2 %.

Jns geranpHimoi izenTugikanii ¢as sk y BU-
X1IHOMY MOPOUIKY, TaK i B MOKPUTTI MPOBEIECHO
PEHTIEHOCTPYKTYpHUH aHali3. PeHTreHOCTpyK-
TYpPHUM aHaJIi30M BUXIAHHX TOPOIIKIB YCTAaHOBIIEC-
HO, 0 y BuxigHomy nopomky WC—Co—Cr (Mapku
AMPERIT®554.074, dpakmuiiitnoro cknaay — 45 +15
MkM) WC — ocHoBHa da3za (~ 80 %). Takox BUSB-
neno 1o 12...14 % ¢asu Co,W.C, npucyTHICTb sKOi,

o =]

o WC

+ CoiWsC
x CogWsC
o Co

& WaC

v W
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Puc. 6. AHaxni3 peHTreHorpaMu HOKPHUTTS: / — peHTreHorpaMa
BuxinHoro nopomky WC—Co—Cr; 2 — peHTreHOrpama IOKPUTTS
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OYEBHIHO, TTOB’s[3aHa 3 MPOLECaMH, 1110 Bi0yBalOTh-
Csl IPY BUTOTOBJICHHI MOPOILIKY (CIiKaHHS HACHUII-
HOTO Marepiajy W po3Mel criedeHoi ryoku). [Hie
— Co,W,C i1 Co—Cr meranesa marpuus (puc. 6, a).
AHani3 peHTreHorpaMu OKpUTTA (pHc. 6, 0), HaHe-
cenoro 3a gonomoroto BK/III, mokasas, 1o cTpyK-
TYPOYTBOPEHHS y IaHOMY BHUNAJKy aHAJIOTIYHO
nporecaM (GopMyBaHHS (a3, Mo MaIOTh MICIle MTpH
BUKOPHUCTAHHI iHITUX METOJiB BUCOKOIIBUIKICHOTO
ra3oTepMivHoro HammitoBaHHs [12]. BogHouac 3 oc-
HOBHOIO (azot0 WC (~60 %) B MOKPUTTI 3’ SBISIFOTh-
ca Hosi pasu W,C (~18 %) i W (~6 %), HasBHICTh
SIKUX JTIO3BOJISIE 3pOOUTH BUCHOBOK, 1[0 BiJIOyBarOTh-
Csl IPOLIECH PO3YMHEHHS 1 3HEBYIJICLLOBYBaHHSI 3€-
per WC. Ilig yac HamuIIIOBaHHSI BHCOKOTEMIIEpaTyp-
Hi TIPOIYKTH JIETOHAIIIHOTO 3rOpaHHs HATPiBAIOTh
nopomiok. [Tpu nboMy MexaHi3M 3HEBYTIICI[LOBYBaH-
HS TIOYMHAETHCA 3 TUTABJICHHS MeTaneBoi 3B’ s13ku Co—
Cr, OCKUIBKM BOHA Ma€ OUIBII HU3BKY TEMIIEpaTypy
miaBiaeHHs, HiK kapoimn WC. Ilicis mporo mexi 3e-
ped WC ounHaITh PO3YMHSITHCS y PO3ILIABICHO-
My Mmetani. B pe3ynbrari Byrienp pearye 3 KHCHEM
HPOIYKTiB 3ropaHHs. B MomeHT ynapy 00 mOBEpXHIO
3pa3ka YaCTHHKH IIBHJKO XOJOHYTh. I3 mepeHacu-
YEHOT0 PO3YMHY HaBKoJIO icHyrounx WC kapOigHux
YaCTUHOK y Marpuili Gopmyrorscsa mapu W,C. Ilik
Co (ax y mopomiky) He BUSABIsAEThCA. He3paxkatouu
Ha Te, mo TBepaicts W,C Buma, Hix y WC, npucyTt-
HICTh Ok KpuxKoi (asu W,C, 1m0 0To4ye 4acTHH-
ku WC, IpU3BOINUTE 0 3HUKEHHS 3HOCOCTIMKOCTI
[6]. Kpim Toro0, 30araueHHs 38’ a3ytouoi (aszu Co—Cr
BONB(PaMOM 1 ByTIierieM 301IbIIye i TBEpAICTh 1 MpH-
3BOJUTH IO 3HIDKEHHS MimHOCTI. Ha pertreHorpami
Mix Kytamu 20 = 37...45° npucyTHe rano, sike CBif-
YuTh, 10 Co—Cr MaTpuIls MOXe 3HAXOIUTHCS B aMOP-
(hHO-HAHOKPUCTANIYHOMY CTaHi, 110 BU3HAYAETHCS
BHUCOKHUMH LIBHIKOCTSIMU OXOJIOKEHHS, BTACTHBUMHU
npolLecy HaNMIoBaHHA 13 3acTocyBanHsM BK/III.
3aMipu MiIKpOTBEpPIOCTi MPOBOIMUIN MO BCHO-
My mnepepidy mokputTsa. OTpuMaHa BeIHYMHA
H V0,3= 10,4 + 1,2 I'Tla BiamoBigae piBHIO TBEPAOCTI

MTOKPUTTIB, OJICPIKAHUX PI3HUMH BUCOKOIIBHUJIKICHU-
MM METOJIaMH HANMIIFOBaHHA [4].

IHTEeHCHBHICTH 3HOCY 3pa3ka i KOHTpPTiLNA (KyJb-
Ki) BHACIIiIOK IPOBEJIEHUX BUIPOOYBaHb Ha TEPTS
(puc. 7) oniHroBanack 3a GOpMYIOI0:

W= VAP-),
ne W — inreHcuBHicTh 3HOCY (MM H-M!); V' — 00 em
BUJIAJICHOT0 Matepiany (MM?); P — HaBaHTa)XeHHs (H);
[ — mnax tepts (M).

BumnpobyBanHs mokaszaiu, mo KoedimieHT TepTsa
B cepenabomy ckiamae 0,527 £+ 0,029 [HTeHCUBHICTD
3HO0CY mOKpUTTS — 1,125°10° MM H!"M™!, @ KOHTYD
tina —4,603:10° mv*H ML,

I[Ipukaaam NpPOMHUCIOBOrO 3aCTOCYBAHHS T0-
KpuTTA. Brcoxi ¢izuko-mexaniuni i ekcryaTani-
WHI BIacTUBOCTI MOKPHUTTIB 3 mopomky WC—Co—Cr,
mo HanocsTbess BKTL, Oynu miaTBepIkeH] Ha Mpak-
tuii. Hanpukiaz, nomiibHO BUKOPUCTOBYBATH TaKi
MOKPUTTS JIJIsl BIIHOBJICHHS JIeTajIeil 3anmipHoi apma-
TypH: 3aCyBOK, KyJbOBHX KPaHiB, KIMHOBHX MPOOOK
tomto (puc. 8, a). lodpe 3apekomeH1yBaiu cede me-
TaJIOKepaMidHi MOKPUTTS MPHU BiAHOBJICHHI JeTanei
IIEITFOJIO3HO-TIANIEPOBOT TPOMHICIIOBOCTI Ta TOJIITpa-
(bii: ckpeOKH, pOTUKH, TATIIOBI W OMOPHI TUINTH, KJ1a-
TIaHW Ta BaJH MPOTSHKKU Oymaru (puc. 8, 6).

3acTocyBaHHS METaJOKEPaMidHUX MOKPUTTIB HE
00MeXy€eThCA TINBKU CPEeporo BiAHOBICHHS AeTa-
ned. OTpuMaHi TOKPUTTS TAKOXK JIO3BOJITFOTH PO3PO-
ONSATH IPUHIIUIIOBO HOBI TEXHIYHI PillIeHHS AeTalel
MAIlIHH IIIe Ha eTarll X MPOeKTyBaHHs. B AKoCTi mpu-
KJIaJy Ha puc. 9 HaBeNeHi JAeTali 3 JeTKUX CIUIaBiB 31
3HOCOCTIHKNUM MOKpHUTTsAM, HanunenuM BKII. ITo-
kputtsi WC—Co—Cr Ha BHYTpIllIHIH MOBEPXHI KOP-
MyCy 3 aJIOMIHIEBOTO CILJIaBY POTOPHO-MOPIITHEBOTO
JBUTYHA JJO3BOJIMJIO 3HAYHO 301UTBIINTH HOTO pecypc
MpU 3MEHIIeHHI Macu. B mporneci mpoekTyBaHHS JieT-
KOMOTOpPHHX JIETAIbHUX arapariB BUKOHAHHS I[i€1
YMOBH € OTHUM 13 HaWBOKIUBIMUX. BukopucTanus
TBEPAOCILIABHOTO IMOKPUTTS Ha THTAHOBHX JIETAJIAX
OypoBoi TemeMeTpii B Teome3il 1amo 3MOoTy 3aXUCTUTH
iX BiJ IHTEHCHBHOTO TiAp0oaOdpa3suBHOTO 3HOCY 1 THM
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Puc. 7. ITapamerpu teprs: I — koediuieHT TepTs; 2 — TeMIepaTypa 3paska; 3 — IepeMillleHHs KOHTPTLIa B HAIPSIMKY, HepIIeH UKYIIsIp-

HOMY TIOBEpPXHI 3pa3Ka, 10 BUMPOOOBYETHCS
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Puc. 8 Jlerani 3 nokputtsm i3 mopomky WC—Co—Cr: @ — aerati 3amnipHoi apMaTypH; 6 — AeTalli IIeTI0I03HO-MAnepoBOT MPOMHUCIOBOCTI

Ta nomirpadii

Puc. 9. Jlerani 3 nerkux cIuiaBiB: @ — KOPIyC POTOPHO-MOPIIHEBOIO ABUTYHA; O — eTai OypoBoi TeraeMerpii

caMHM 30ITBIIATH Yac MiX JTOBOJII 3aTPaTHUMH pe-
MOHTHO-HAJIar0/PKyBaJIbHIMHU POOOTaMH.
Po3misiHyTO NIeKinbKa MPUKIIAiB 3aCTOCYBaHHS 110~
KPHTTIB 3 TBep0ro cruiaBy. Koo x 3aBnaHb, siki BUpi-
LIYIOTHCS, TOBOJI BEJIMKE 1 MOCTIMHO PO3IIMPIOETHCA.
BrockoHamo0TECS 1 METOIN IETOHALIIIHOTO HAHECEHHS],
PPO3POOIISTFOTHCSI HOBI 3pa3Kky 008 IHAHHS, 1110 BiJIKPUBAE
HOBI IIEPCIIEKTUBY 1 CepH 3aCTOCYBAHHSI TEXHOJIOT 11

ISSN 0005-111X ABTOMATUYHE 3BAPIOBAHHA, Ne9, 2023

BucnoBkn

3 BUKOPHUCTAaHHSIM OaraTokaMepHOTO JeTOHa-
IMIHHOTO MPHUCTPOIO PEaTi30BaHO BHCOKOMIBUIKIC-
HE ra3oTepMidyHe HaHECEHHS MOKPHUTTIB i3 MOPOIIKY
WC-Co—Cr.

PenTrenocnexrpanpHA aHali3 MOKa3as, Mo Qop-
MyBaHHs NOKPUTTSA 3 BuKkopucTtanusam bK/III cymnpo-
BOJKY€ETHCS TIPOLIECAMH YAaCTKOBOTO 3HEBYIJICIIHOBY-
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BaHHS KapOiliB i yTBOPEHHS TBEPAMX, ajie KPUXKHUX
¢a3. o rakox xapakrepHo ais inmmx HVOF i ne-
TOHAIITHUX METOJ[IB HAHECCHHS MOKPUTTIB, 5K IIIH-
POKO 3aCTOCOBYIOThCSL.

Teepaicts orpumanux noxpurris HV , = 10,4 +
+ 1,2 I'Tla i Hu3BKa TOpuCTICTh ~0,2 % TO3BOJIAIOTH
iX BUKOPHCTOBYBATH IS 3a1100iraHHs aOpa3uBHOMY,
KOpO31ifHOMY Ta epo3ifHOMY 3HOCY MTOBEPXOHb Pi3-
HUX JIeTaJIell MaIlliH Ta arperaris.

Edexrusnicts mokpurtiB WC—Co—Cr, HaHeCeHHX
3 BukopucranHaMm bK/III Ha merani pizHHX mpoMuc-
JIOBUX MPHUCTPOIB, MiATBEPI)KEHA MPH 1X MPAKTUYHO-
MY 3aCTOCYBaHHI.
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PROPERTIES OF COATINGS, DEPOSITED BY MULTICHAMBER DETONATION
DEVICE AND THEIR APPLICATION

0.V. Kolisnichenko,| Yu.M. Tyurin

E.O. Paton Electric Welding Institute of the NAS of Ukraine, 11 Kazymyr Malevych Str., 03150, Kyiv, Ukraine.
E-mail: okolis@i.ua

Coatings from WC—Co—Cr AMPERIT®554.074 powder were deposited using a multichamber detonation device. Investigations
of coating microstructure and phase composition were conducted, using scanning electron microscopy and X-ray structural
analysis. Dense coatings form at spraying by this method which consist of inclusions of tungsten carbide phases, uniformly
distributed in Co—Cr matrix. Coating porosity is equal to ~0.2 %, microhardness is — 10.4 + 1.2 GPa. Experience of application
of multichamber detonation device for deposition of wear-resistant coatings from WC—Co—Cr powder is shown, both at the stage
of part reconditioning and at design of components of various mechanisms. 12 Ref., 2 Tabl., 9 Fig.

Keywords: thermal spraying, detonation device, hard alloy, coating, microstructure, wear, porosity, hardness, industrial
application
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This year, the International Institute of Welding (ITW) celebrates its 75th anniversary as the leading international professional
organization devoted to the advancement of welding, joining, and allied technologies. This year also marks the 60th anniversary
of Welding in the World which was established by IIW in 1963 as a mechanism to publish authoritative papers and other articles
that represent the work of the technical commissions within IIW. This article provides a brief history of IIW and its relationship

to Welding in the World.

1 A brief history of the international institute
of welding

The following provides a brief history of the Inter-
national Institute of Welding. For an in depth account,
Joining Nations by P.D. Boyd is recommended [1]. The
book by David Barnett entitled Linking people, Joining
nations reviews [IW history from 1990 to 2017 [2].

ITW was officially founded in 1948 during a meet-
ing of international welding societies in Brussels,
Belgium. The 13 founding countries were Austria,
Belgium, Denmark, France, Italy, the Netherlands, Nor-
way, South Africa, Spain, Sweden, Switzerland, the
United Kingdom, and the United States. These coun-
tries were represented by 21 technical organizations in-
cluding Institut de Soudure (France), Istituto Italiano
della Saldatura (Italy), the Welding Institute (United
Kingdom), and the American Welding Society (USA).

An original organizing principle was the establish-
ment of “commissions” to coordinate and conduct the
work of IIW. Initially, five commissions were identi-
fied dealing with gas welding, electric arc welding,
resistance welding, documentation, and education. By
the first member assembly held in Delft, the Nether-
lands, in 1949, a total of 12 commissions had been
established and held their first meetings. A list of
these commissions and the inaugural chair for each

Table 1 Initial technical commissions established by IIW in 1949

is provided in Table 1. Commissions XIII (fatigue
testing), XIV (welding instruction), and XV (funda-
mentals of design and fabrication for welding) were
subsequently established by 1951. Commission XVI
(welding of plastics) was established in 1962.

Over the ensuing years, some commissions were
merged and new ones established. For example, C-1V,
Documentation was merged with C-VII and replaced
by High Energy Density Welding in 1985. A complete
history of the evolution of the commission structure
can be found in the reference texts [1, 2].

The concept of an “Annual Assembly” began in
1950 in Paris with meetings of the commissions sepa-
rated into Groups A and B to accommodate attendees
participating in multiple commissions. Because [IW
membership was primarily European, early assem-
blies were held in London (1951), Goéteborg (1952),
Copenhagen (1953), Florence (1954), Zurich (1955),
Madrid (1956), Essen (1957), and Vienna (1958). The
first annual assembly outside of Europe took place in
1961 in New York City.

2 Welding in the World and its relationship to IIW

To quote directly from P.D. Boyd...“one of the
most vexed problems which the IIW has had to con-
front throughout the whole course of its existence is
that of making its work known” [1]. In 1956, IW

Commission Topic Chair

I Gas welding and allied processes C.G. Keel (Switzerland)

1I Arc welding H.E. Jaeger (Netherlands)
111 Resistance welding US delegation

v Documentation A. Leroy (France)

v Testing, measurement and control of welds P. Goldschmidt (Belgium)
VI Terminology F.M. van Horenbeeck (Belgium)
VII Standardization A. Leroy (France)
VIII Health and safety S. Forsman (Sweden)

IX Weldability H.G. Geerlings (Netherlands)

X Residual stresses R. Weck (United Kingdom)
XI Stress relieving W. Soete (Belgium)

XII Brittle fractures F. Jonassen (USA)
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established a Publications Committee which was
tasked to address this problem. The idea of publish-
ing an [IW journal was initially rejected partly be-
cause it was felt a bilingual (French/English) journal
was not practical and too expensive to produce. In-
stead, a Bibliographical Bulletin was adopted to pub-
lish abstracts of documents presented at the Annual
Assembly. In 1963, a quarterly bilingual journal was
launched as Welding in the World.

That year there were 4 issues published with 17
total papers. The first editor (1963—-1966) was Guy
Parsloe. In 1968, the number of issues was increased
to 6 per year, a publication rate that remained un-
til 2020 when publication increased to 12 issues per
year. From 1968 to 1991, Philip Boyd served as Ed-
itor and was followed by John Hicks (1991-1995).
From1996 through 2009, the CEO of IIW served as
the Editor of WitW and included Michel Bramat,
Daniel Beaufils, André Charbonnier, and Cécile May-
er. In 2009, a decision was made to appoint editors
external to the Secretariat and Bruno de Meester
(Belgium), Thomas Boéllinghaus (Germany), and John
Lippold (USA) were named as co-editors.

The original publication coordinator at the sec-
retariat was André Leroy (1963-1974). He was suc-
ceeded in 1975 by Henry Granjon, who held this post
until 1986, followed by Michel Bramat (1986-2000),
Noelle Fauriol (2001-2004), Véronique Souville
(2004-2012), Pierre Tran (2012-2016), and Nadege
Brun (2016-2020). In 2020, the Secretariat head-
quarters were relocated from the Institut de Soudure
to the Istituto Italiano della Saldatura in Genoa, Ita-
ly. As part of this move, Erdmuthe Raufelder (2020—
present) was appointed as the Managing Editor of the
journal.

For its first 20 years (1963—1983), WitW was pub-
lished by IIW, then by Pergamon Press until 2001.
From 2001 through 2012, it was again published by
ITW. As described below, WitW has now joined the
Springer group of journals and, starting in 2013, was
available in both online and print versions. For the
first 30 years, the journal was published in both Eng-
lish and French (Le Soudage dans Le Monde) with
the transition to English-only occurring in 1994. With
all these changes, WitW has taken on many different
looks over the years as demonstrated by the journal
covers shown in Fig. 1.

Welding in the World was originally established
as a vehicle for publishing the work of commissions
within IIW (see section below). Selected papers pre-
sented at the Annual Assembly were recommend-
ed by the commissions for publication. These papers
were then edited (and translated) by the Secretariat
for inclusion in the journal. Editing and translation
limited the number of papers that could be published,
as seen in Fig. 2. An average of about 20 papers per
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year were published from 1963 to 1993. The transi-
tion to English-only in 1993 resulted in a marked in-
crease in papers published, although the number of
papers per year was highly variable.

As noted previously, in an effort to promote Weld-
ing in the World as a leading international journal, ed-
itors from outside IIW were appointed in 2009. Bru-
no de Meester (Belgium) was the first, followed by
Thomas Boéllinghaus (Germany) and John Lippold
(USA). Their first task was to streamline the peer re-
view system, which they had already introduced in
2008, and to improve the quality of papers published.
In 2009, an application was filed to join the Science
Citation Index (SCI). The SCI, originally monitored
by Thompson-Reuters, provides an indicator of the
quality and impact of the journal. Entry into the SCI
was approved in 2010.
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Fig. 2 Publication rate of Welding in the Worl
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Another significant milestone in the evolution
of Welding in the World occurred in 2013 with the
agreement with Springer to become the journal pub-
lisher. An online peer review system (Editorial Man-
ager™) was introduced to streamline the review and
approval of papers recommended by the commis-
sions. Papers approved for publication are assigned
a DOI and are published immediately through Online
First™. This allows papers to be made available on-
line up to 3 months before they appear in print. The
relationship with Springer has allowed more papers
to be published, since the manuscript throughput is
no longer limited by the editorial constraints of the
Secretariat.

Over the past 10 years the rate of publication in
Welding in the World has increased dramatically, as
shown in Fig. 2. In 2022, over 180 papers and 2500
pages of fundamental and applied research were pub-
lished. It is currently projected that over 200 papers
and nearly 3000 pages will be published in 2023, the
60th anniversary of the journal.

Metrics that measure the visibility and impact
of the journal have also improved dramatically, as
shown by the chart in Fig. 3 which tracks the journal
impact factor and CiteScore over the last 10 years.
Other metrics including number of papers recom-
mended by commissions, total cites of WitW papers,
and full text downloads are shown in Table 2.

Prior to 2014, virtually all the papers published
in Welding in the World were recommended by the
commissions, either at the annual assemblies or inter-
mediate meetings. In 2014, the journal made “open
submission” possible allowing authors not associat-

4k Welding in the World, 2012-2021
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Table 2 Journal metrics, 2015-2022

ed with IIW to submit their work to the journal. As
shown in Table 2, this resulted in a dramatic increase
in the number of papers decisioned annually and put
considerable stress on the peer review system. The
Editors quickly developed a “prescreening” proce-
dure for these papers and significantly expanded the
Editorial Board and panel of reviewers to accommo-
date this increased workload. The journal now re-
ceives about 500 papers a year with nearly 75% of
these papers coming through open submission.

The IIW commissions are still the most impor-
tant contributors to the journal with over 50% of the
papers published in a given year coming from those
recommended by the commissions. The review and
selection processes used by the commissions ensure
that only the best papers are recommended for publi-
cation in the journal. Rejection rates for these recom-
mended papers are typically less than

20% in contrast to the high rejection rate of open
submission papers. Based on the importance of the
commissions to the success of Welding in the World
by recommending highquality papers, containing rel-
evant research and industrial applications, the fol-
lowing section reviews the technical mission of each
commission and its “2.2” over the next 10 years.

2.1 The IIW commission structure

As described previously, the technical activities
of IIW are coordinated through what is known as a
“commission structure.” The commissions were es-
tablished and modified over the years to address im-
portant technical issues within the [IW community.
The earliest of the commissions, established in the
first few years of [IW’s existence focused on welding
processes, thermal cutting, filler metals, weldability,
non-destructive evaluation, fracture behavior, educa-
tion, and health and safety (see Table 1). As the mis-
sion of IW expanded, commissions were added to
address structural integrity, polymer joining, brazing
and soldering, and micro-joining processes. Cross-
cutting commissions were also established to eval-
uate the application of welding technology to vari-
ous structural applications. The complete history of
the evolution of the [IW commission structure is de-
scribed in more detail elsewhere [1, 2]. The following

Metrics 2015 2016 2017 2018 2019 2020 2021 2022
Recommended papers from |5 130 126 135 156 82 93 144
II'W commissions
Total decisions 172 358 290 443 477 580 455 510
Papers published 90 114 120 120 160 179 186 186
Pages published 930 1300 1300 1350 1900 2170 2440 2670
Total cites 327 521 807 829 939 1,556 2,319 >2,500
CiteScore 1.6 1.9 2.0 2.2 2.6 2.9 35 ~3.8
Downloads 43,250 59,093 73,820 83,651 111,022 154,897 216,101 250,541
SCI impact factor 0.861 0.948 1.206 1.278 1.589 2.103 1.984 ~2.2
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sections provide descriptions of commissions that are
currently active within IIW and which contribute to
the science and technology published in Welding in
the World. A summary of papers published in Welding
in the World from 2017 to 2022, organized by com-
mission, is provided in Fig. 4.

2.2 Commission I: additive manufacturing, sur-
facing, and thermal cutting

C-I focusses on thermal processes including addi-
tive manufacturing, surfacing, thermal cutting, and al-
lied processes, especially with respect to a better sci-
entific understanding and the practical applications of
these processes. Scientific and technical contributions
by C-I members give attention to process modelling,
mechanical properties of the end-products, produc-
tion planning, and quality assurance, by both on-line
and off-line processing. In addition, improvements in
additive manufacturing, surfacing, and thermal cut-
ting equipment are continuously being reviewed and
monitored. Recently, a major emphasis has been on
additive manufacturing and laser cutting, especially
in relation to the newest technology advances. Ad-
ditive manufacturing covers a very broad set of pro-
cesses and material types and is rapidly becoming
an industrialized process in need of documented re-
search and property development. The work on addi-
tive manufacturing will be made in a very close co-
operation with other working units interested in the
subject (Fig. 5).

2.2.1 Outlook

Additive manufacturing continues to grow in
terms of technology and potential applications. This
commission will continue to interact closely with pro-
cess-specific commissions including C-1V, HED Pro-
cesses, and C-XII, Arc Welding Processes to expand
the knowledge-base and application of additive man-
ufacturing processes to industrial applications. The
rapid rise in the importance of arcbased AM technol-
ogy has expanded the range of potential applications
to multiple technology sectors. Although the efforts
on AM have been led in large part by these commis-

Welding in the World Papers, 2017-2022
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Fig. 4 Papers, organized by commission, published in Welding in
the World from 2017 to 2022. Note that SG212, Physics of Weld-
ing and SC-Auto have now been merged with other commissions
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sions, all commissions within the IIW have areas
where AM has been growing as a research and manu-
facturing activity. Worldwide, there have been a sig-
nificant number of technical conferences devoted to
the development and use of AM.

As an indicator of the important work of this com-
mission relative to additive manufacturing, three
Topical Collections have been published in Weld-
ing in the World, namely, 1) Welding, Additive Man-
ufacturing and Associated NDT (2018), 2) Additive
Manufacturing—Processes, Simulation and Inspection
(2020), and 3) Additive Manufacturing Processes and
Performance (2023).

These collections, each containing 15-25 pa-
pers, provide a valuable resource regarding the cur-
rent state-of-the-art regarding AM processes and
applications.

In the other areas covered by C-I, including sur-
facing technology and thermal cutting, there are very
active subcommissions that have reinvigorated the
studies and reporting in these areas. Over the last few
years, several technical papers and new manufactur-
ing innovations have been reported in these important
areas.

2.3 Commission II: arc welding and filler
metals

Commission Il was established nearly 75 years
ago in 1948 under the first Chairmanship of Professor
H. E. Jaeger (Netherlands), where the terms of ref-
erence were to cover the applications of arc welding
in all its forms. Today, Commission II is mainly con-
cerned with arc welding and the filler metals that are
used with those processes.

The commission identifies, develops, and trans-
fers scientific and technical information, in some cas-
es leading to International Standards or best practic-
es, with respect to Arc Welding and Filler Metals.
Its principal areas of focus include the metallurgy of
weld metal (e.g., hydrogen in weld metal, chemical
reactions, constitution of weld metal, and weld metal
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cracking), and the testing and measurement of welds
(e.g., ferrite in high-alloyed weld metal, corrosion
testing and testing of weld metal for hot cracking and
micro-fissuring). The commission is also involved in
standardization of welding consumables, including
the coordination of the evaluation of ISO standards
which are under systematic review, assuming respon-
sibility for appropriate testing standards and conduct-
ing round-robin tests as may be required in support
of the general work program. These activities have
greatly contributed to the understanding, acceptance,
classification, and adequate use of arc welding pro-
cesses and filler metals.

In the early days of the commission much of its
activity was focused on hydrogen-assisted cracking
and the development of materials and procedures to
avoid this form of cracking. Many of the now widely
used procedures for avoiding HAC were developed
through the efforts of C-II. Many of the commission
activities involve the metallurgy of weld metals, the
influence of the chemical composition including ma-
jor alloying elements and minor trace elements on the
mechanical, corrosion, and weldability properties,
and ultimately on the reliability of welds in practical
services.

Over the years, the commission work has involved
various issues of filler metal optimization and de-
velopment with respect to metallurgy, new material
grades, new arc welding processes, and practical ap-
plications. There is a thematic overlap with other [IW
commissions in some general technical topics of in-
terests, particularly with Commission X regarding
metallurgical issues and weldability. Because of the
strong emphasis on filler metals, there is also an em-
phasis on health and safety particularly with respect
to welding fume, where it cooperates with Commis-
sion VIII.

Due to the common interest and goals for weld-
ing filler metals, a unique and close partnership has
grown among [IW C-II, ISO/TC 44/SC 3 and CEN/
TC 121/WG 3, where C-II has been involved in de-
velopment of Testing Standards as well as Filler Met-
al Standards. ITW pioneered the measurement of dif-
fusible hydrogen in welds. ISO 3690, for instance, is
a direct product of the collaboration of experts with-
in C-II and ISO/TC 44/SC 3. Another example is ISO
8249 standard for the determination of Ferrite Number
(FN) and the latest ISO Technical Report, ISO 22824
(DTR stage), for the best practices for specification
and measurement of ferrite in stainless steel weld met-
al which were prepared in collaboration with ISO.

Since the founding of the journal 60 years ago,
Commission II has been one of the leading contrib-
utors to Welding in the World and has recommended
a large number of high quality research and engineer-
ing papers published in the journal. Many of its mem-
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bers serve on the WitW Editorial Board and serve on
its peer review panel.

2.3.1 Outlook

As new, advanced structural materials are devel-
oped to meet existing or future applications, joining
technology and filler metal development continue to
be a critical part of this development. It is well docu-
mented that many highperformance materials are of-
ten developed without the consideration of techniques
used to join them. The development of new filler met-
als that are compatible with these advanced materials
and allow application in a wide range of engineering
designs will be a continuing challenge (Fig. 6).

2.4 Commission III: resistance welding, sol-
id-state welding, and allied joining processes

Commission III provides a unique platform for
more than 300 international experts to exchange sci-
entific and technical knowledge on resistance weld-
ing, solid state welding and allied joining processes.
In the 1990s, a large amount of work in C-III was
invested on the development of standards for resist-
ance spot welding. As a result, a substantial number
of ISO standards were issued, providing the industry,
especially the automotive sector, with much needed
guidance on process control and monitoring, testing
and analysis, and quality aspects. By the end of the
1990s, the introduction and application of Friction
Stir Welding (FSW) technology revolutionized the
world of solid-state joining processes. The unique
thermomechanical conditions imposed by this pro-
cess on the base materials fascinated and intrigued
researchers around the world. Furthermore, the pos-
sibilities offered by FSW were also noted by a range
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of industries, which actively supported research to
study the mechanisms of joint formation and the un-
derstanding of microstructural evolution and the re-
sulting properties. As a result, FSW became a main
topic for scientific and technical contributions to
Commission III and for manuscripts published in
Welding in the World.

The available body of work on FSW encouraged
the formation of a standardization group which pro-
duced in 2011 the first dedicated ISO standard (ISO
25239:2011-Friction stir welding—Aluminium, Part
1-Part 5). This standard, which was reviewed in
2020, provides much needed support for FSW-based
industrial fabrication and is extensively used by small
and medium enterprises worldwide. Since the intro-
duction of the FSW technology, a number of process
variants were developed and introduced in the market
expanding the interest of the industrial and scientif-
ic communities on solidstate processing of materials.

Resistance welding in general, and resistance spot
welding in particular, faced an increasing demand
for solutions addressing the use of Al and Al-based
dissimilar joints in body-in-white production. This
demand was met by a number of creative solutions
both in process control and hardware side of the pro-
cess. With the introduction of advanced high strength
steels (AHSS), the focus of the resistance spot weld-
ing community started to turn to issues of liquid met-
al embrittlement (LME). As a result, in the last years,
C-III has developed an impressive portfolio of docu-
ments on the understanding and mitigation of LME
(Fig. 7).

2.4.1 Outlook

The work in Commission III will focus on ad-
dressing societal needs related to de-carbonization
and the optimized use of resources, especially ma-
terials. Additionally, the supply chain problems ex-
perienced in the last years will also receive attention
from C-III members. These changes are reflected
by the creation of a new sub-commission dedicat-
ed to solidstate additive manufacturing and a recur-
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Fig. 7 FSW additive manufacturing (4)
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ring symposium on the application of resistance and
solid-state welding in the fabrication of electric ve-
hicles. Furthermore, the use of data management,
machine learning, and artificial intelligence in resist-
ance and solid-state welding is becoming frequent
topics in the current work plan and will continue
into the future, forming the basis of a new sub-com-
mission. The extensive amount of available data on
resistance spot welding will lead to pioneering work
in these fields.

2.5 Commission I'V: power beam processes

Commission IV operates for scientists, engi-
neers, and technical personnel who are involved in
the research, development, and application of pow-
er beam processing technologies including laser, la-
ser—arc hybrid, and electron beam welding processes.
These processes are in a continuous state of develop-
ment and advancement as new technologies and in-
novations offer a nearly unlimited array of welding,
joining, and processing opportunities. Technical and
scientific presentations by Commission members fo-
cus on new processes, process modeling, mechanical
properties of end products, and environmental health
and safety. C-1V is especially active in the study of
the application of power beam processes to novel and
otherwise difficult to weld materials including high-
strength steels, stainless steels, light alloys, dissimilar
materials, and coated products. In conjunction with
C-I and C-XII, the Commission works to establish
more reliable welding and joining technologies with
higher productivity through an improved understand-
ing of the physical phenomena governing beam pro-
cesses. In particular, this joint group of commissions
has been active in the laserbased additive manufactur-
ing processes (Fig. 8).

The key objectives and working program of C-IV
include the following topics:

* Fundamental technological knowledge of pow-
er beam processes with respect to the weldability of
structural metals.

» Relevant EN ISO standards, which are applica-
ble for power beam processes.

* Definition of process parameters according to in-
dustrial demands using laser, electron, and laser-arc
hybrid welding.

2.5.1 Outlook

C-V will continue to be the focal point of basic
research and applications of power beam process-
es within IIW. It will also continue to collaborate
through joint meeting and workshops with Commis-
sions I and XII. Specific goals of C-IV include a) pro-
viding the right knowledge and skills to existing and
future welding professionals and b) eliminating inter-
national barriers to establish uniform regulations for
products, services, and individuals.
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2.6 Commission V: NDT and quality of welded
products

Commission V has the challenging task of moni-
toring, reviewing and contributing to all internation-
al standardization activities related to non-destructive
testing (NDT) and evaluation of welded structures.
The Commission has specialist groups concentrated
on the following fields:

» CV-A, radiographic-based weld inspection

* CV-C, ultrasonic-based weld inspection

» CV-D, structural health monitoring

» CV-E, weld inspection based on electric, mag-
netic, and optical techniques

» CV-F, NDT reliability including simulation of
NDT techniques

Non-destructive testing is a cross-sectional disci-
pline that has its interfaces with component design,
construction and fracture mechanics. A component’s
design must ensure both that it functions properly
and that it can allow subsequent nondestructive test-
ing. Once material damage is detected, and its size,
location, and orientation determined, fracture me-
chanics will determine whether the component can
still remain in operation. Particularly when it comes
to joined components, attention must be paid to any
alterations in mechanical material parameters in the
weld and the adjacent heat-affected zone. Imaging
techniques also have the ability to detect defect dy-
namics of damage that grows during operation. The
objective of nondestructive testing is therefore to
convert the test data as realistically as possible into a
statement about the existing material defects and the
resulting mechanical condition of a component. This
is especially difficult in cases involving complex ma-
terials with high anisotropy or heterogeneous mor-
phology like in composites or austenitic steels. Tak-
ing the tremendous progress in NDT-techniques into
account, the working group on ultrasonic-based weld
inspection (CV-C) is currently preparing a new edi-
tion of the austenitic Ultrasonic Handbook.

Generally, the interpretation of a test result related
to a component’s true condition is based on solving

- Vaporization
- Temperature
Dependent

Material Properties
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the inverse problem. In three dimensions, the great-
est strides have been made by computer tomography
which offers a comprehensive 3D solution using dig-
ital detectors. Sub-commission CV-A has helped to
shape the change from film-based radiography to dig-
ital flat-panel detectors by making important contri-
butions to standardization.

Many alternative scanning inspection methods
come up short on data because only one viewing di-
rection is scanned two-dimensionally. That makes
3D reconstruction extremely difficult. In the last dec-
ade, however, non-destructive testing has seen a clear
trend towards 3D imaging inspection. In the field of
ultrasonics, methods such as TFM (total focusing
method) have been developed as a 3D-reconstruction
tool, and strategies on how to apply them have also
been improved. This knowledge has been transferred
into an ISO standard (ISO 23864) by the experts of
Commission V. C-V also deals with the adjacent field
of SHM (structural health monitoring), where perma-
nently mounted test equipment monitors the condi-
tion of a component. CV-D and recently initiated the
revision of ISO 18211, Guided Wave Testing.

To improve the solution of inverse problems, all
aspects of NDT must be taken into consideration, in-
cluding wave generation, wave defect interaction,
wave detection, signal processing, and imaging algo-
rithm. Predicting this complex interaction has been
made possible through advanced modeling and simu-
lation tools that have paved the way for access to ma-
terially complex testing situations. Sub-commission
CV-F has initiated new simulation approaches to sup-
port practical applications and to prove the feasibility
of new testing methods. In addition to ultrasound, for
example, active thermography is rapidly on its way to
becoming a viable near-surface 3D method thanks to
creative, new reconstruction approaches such as vir-
tual wave concepts, Al-reconstruction or new flexible
excitation strategies to compensate lateral heat flow.
Eddy current inspection is another surface method
that is following the trend towards the use of high-
er data density. Here, the use of eddy current arrays
lead to shorter inspection times. Commission CV-E
has taken up this development and is currently push-
ing ahead with a new standard on Eddy current ar-
rays. In the field of magnetic methods, a revision of
the standard of the Metal Magnetic Memory Method
(ISO 24497) has been finalized (Fig. 9).

2.6.1 Outlook

As in many other fields of technology, non-de-
structive testing is currently undergoing a transfor-
mation towards a higher degree of automation. This
includes both the field of robotics and automated ap-
proaches to analyze raw data and evaluate test results.
Both the omnipresent cost pressure in quality assur-
ance and the shortage of qualified inspectors in many
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sectors are driving the trend towards machine-based
inspections. It is obvious that the current rapid pro-
gress in the field of artificial intelligence (AI) will
massively accelerate this change. Already, numerous
examples demonstrate the enormous power of Al-
based algorithms in the field of 3D reconstruction.
There is no question that Al will find its place as a
mathematical tool here. However, numerous stand-
ards will have to emerge to address how to deal with
Al as a “decision maker” and how much responsibili-
ty can be handed over to synthetic examiners. Finally,
there will also be a legal and social issues associated
with Al. To address this important question, the [IW
tradition of multi-disciplinary joint sessions with oth-
er [ITW Commissions will be key to finding optimized
solutions.

2.7 Commission VI: terminology

Commission VI is responsible for the develop-
ment, collection, and maintenance of welding termi-
nology using appropriate tools and software capable
of handling multiple languages. This terminology is
obtained from the comparison and evaluation of ex-
isting international, regional, and national standards
in order to avoid duplication and ensure global rele-
vance. The terminology is made available in print and
electronic media, especially through a close collab-
oration with ISO, the International Organization for
Standardization. Thus, the technical output of Com-
mission VI is represented by the publication of the
ISO 25901 series of standards, rather than through the
publication of articles in journals such as Welding in
the World. In this regard, Commission VI quite atypi-
cal as compared with the other IIW commissions.

Its areas of interest cover a wide range of disci-
plines and technologies, including, but not limited to,
welding and joining processes, joint design, perfor-
mance and testing, metallic and non-metallic materi-
als, and many additional aspects of materials joining
such as personnel and quality management, welding
equipment, and consumables. In order to ensure tech-
nical reliability and accuracy on specific topics, Com-
mission VI is committed to enlist, whenever possible,
competent experts from other IIW commissions or
organizations.

Further, Commission VI closely focuses on the
multiple interdependencies between all the terms
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and definitions it manages, to ensure a comprehen-
sive, coherent, and organized vocabularies relevant
for the whole materials joining community (including
individuals involved at the academic, research, and/
or industrial levels). To do so, it notably relies on its
sub-commission VI-A, which maintains and develops
the IIW Thesaurus. The Thesaurus is used by infor-
mation specialists who are constructing bibliograph-
ic databases in order to index scientific and technical
literature in the field of welding and allied processes.

2.7.1 Outlook

The current focus of the commission is on laser
welding, with an existing work item in ISO’s work
program (ISO/ AWI 25901-5 “Welding and allied
processes—Vocabulary—Part 5: Laser welding’). Oth-
er subjects under development include plastics ther-
mal joining (draft developed under collaboration with
ISO/TC 61 (:Plastics), and thermal cutting. Other
projects are being developed in conjunction with ISO/
TC 44/SC 7 (“Welding and Allied Processes—Rep-
resentation and Terms™) for the revision of ISO/TR
25901-1 (“General Terms”) and of ISO/TR

25901-4 (“Arc Welding”). According to the evo-
lution of ISO’s policies, these two Technical Reports
are to be converted to official International Standards
in the framework of the technical revision of their
contents.

2.8 Commission VII: micro-joining and
nano-joining

Commission VII focuses on micro-joining, na-
no-joining, and related materials processing technol-
ogies that occur at the micro-/nano-scale. The goal of
the commission is to

1) promote knowledge exchange on the latest pro-
gress in microand nano-joining research, particular-
ly with respect to materials and process issues; 2) re-
view general trends in micro-joining and especially
nano-joining research for integration and assembly
of microand nano-scale devices and systems; and 3)
promote awareness about recent developments in mi-
croand nano-joining research and applications. Spe-
cial attention is given to new industrial sectors such
as micro-electro-mechanical systems (MEMS), med-
ical implants, nano-scale devices and systems, etc.
which are not significantly addressed in other IIW
commissions.

2.8.1 Outlook

Over the last 10 years, novel methods and prin-
ciples of micro-joining and, more significantly, na-
no-joining have evolved rapidly. Monitoring and pro-
moting the applications of the micro/nano-joining is
a primary goal of thecommission. For example, ad-
vanced nano-joining materials, including metal na-
no-particle paste and nano-film, are applied to the
packaging of power devices, and new nanojoining
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technology is applied to the research and develop-
ment of high-performance micro/nano-devices. The
future goal of C-VII is to attract more industry par-
ticipants to the [IW Annual Assembly and to solicit
industry-relevant papers for publication in Welding in
the World. There are still many technical challenges
to be overcome in nanojoining, including acquisition
of heat sources at nanoscale, precise location and ef-
ficiency of nano-joining, performance testing of joint
quality, and reliability evaluation.

2.9 Commission VIII: health, safety, and
environment

Health, safety, and the environment are all criti-
cal considerations for any application or process in-
volving welding. Many potential hazards can be pres-
ent in the welding workplace, some of which include
electric shock, fumes and gases, explosions, fires,
burns, eye hazards, and noise. Although welding is
intrinsically safe when proper safety precautions are
followed, the welder and other personnel within the
weld zone must have the information, training, and
knowledge to assess these hazards and counteract
them appropriately. As a result, the welding industry
has a long track record of health and safety based on
the development of guidelines for safe welding prac-
tices and welder safety programs.

IIW C-VIII is an interdisciplinary network that
regularly reviews, exchanges and shares knowledge
and general trends in international and national regu-
lations, laws, and rules, and develops best practices/
guidelines and statements that can affect health, safe-
ty, and the environment regarding exposure to physi-
cal and chemical agents in welding.

Historically, health and safety hazards were rec-
ognized in the early days of the 20th century and one
of the first commissions set up by IIW in 1948 was
C-VIII, originally named “Hygiene and Safety.” The
1980’s was a particularly active time in C-VIII and
IIW held a very successful Colloquium on Health and
Safety that addressed many of the problems facing the
welding industry.

Throughout the 1990’s and into the 2000’s and be-
yond, [IW C-VIII member experts continue to discuss
and debate the health, safety and environment weld-
ing related concerns to develop best practices/guide-
lines and statements. As an example, important doc-
uments including 1) I/W Statement on Manganese,
Chromium and Manganese in Welding, 2) Health and
Safety in Fabrication Repair of Welded Components,
Aspects, Impacts and Compliance to Regulations, 3)
Lung Cancer and Arc Welding of Steels, and 4) Arc
Welding of Steels and Pulmonary Fibrosis have been
published through the work of the commission. A
complete list of documents can be found at http://ii-
welding.org/iiw-resou rce-materials.
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Welding fume and the exposure limits continue to
be the topics of most interest within the commission.
Some specific recent presentations included compar
ing the effects of acute MMA fume inhalation, quanti-
fying the efficiency of technical measures for welding
fume protection, fume emission during laser welding,
modeling the fume emission rate of GMA welding,
and reducing fume exposure of welders.

Welding industries in need of information/guid-
ance/ best practices and specific welding industry
segments of focus are shipbuilding, any confined
spaces, production welding—in facilities or confined
spaces, facilities incor porating multiple welders,
fume extraction/mitigation, general PPE regarding
electrical shock mitigation, and general welding/cut-
ting information regarding fire prevention. New prod-
ucts of interest are as follows: Collaborative Robots/
COBOTS—need new and different safety informa-
tion/guidance and standard references than automated
robotic welding or manual welding and handheld la-
ser welding (Fig. 10).

2.9.1 Outlook

In the near future, focus will be on updating the
ITW Best Practices documents, reviewing health and
safety training materials, and continuing attention to
welding fume-related discovery. C-VIII will continue
to interact with other commissions, particularly those
that are process orientated, and to encourage attend-
ance at commission meetings to all who have an in-
terest in health, safety, and the environment as it ap-
plies to welding.

2.10 Commission IX: behavior of metals sub-
jected to welding

Commission IX deals with a diverse range of ma-
terials, primarily focused on metals used in structural
applications. Gaining new insights into the relation-
ships among chemical composition, microstructure,
and weldability is one of the challenging tasks of
welding metallurgy as those three factors are often
vary widely from those of the base metals. C-I1X has
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Fig. 10 Example of C-VIII work on weld fume exposure rates
for different fume extraction conditions as a function of wire feed
rates and transfer conditions (courtesy D. Werba)
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made important contributions toward this goal in a
variety of metallic materials, including high-strength
lowalloy (HSLA) steels, heat-resistant Cr-Mo steels,
stainless steels, Ni-base alloys, and non-ferrous alloys
such as copper and aluminum. Special emphasis is
given to the understanding and avoidance of welding
defects during associated with welded structures and
the associated service failures of welded joints and
components. This is the essential behavior of metal-
lic materials subject to welding, often referred to as
“weldability.” In fact, the creation of C-I1X in 1954
under the title of “Behavior of Metals Subjected to
Welding” was the result of the amalgamation of ear-
lier commissions on weldability and brittle fracture
(see Table 1).

Over the years, C-I1X has issued many recommen-
dations concerning weldable structural C-Mn steels
which have had a profound inf luence on inter nation-
al codes and specifications far beyond the purview of
IIW. An example of this is the [IW carbon equivalent,
CE(IIW), which is imbedded into many inter national
standards. C-IX activities have also expanded to oth-
er metallic materials to cope with the change of in-
dustrial interests resulting in the current scope of ma-
terials listed above. Better understanding the factors
controlling the weldability and ser vice per for mance,
such as for examplethe fer rite/austenite balance in
duplex stainless steels, can enable the optimization
of welding processes and the design of new materials
to withstand severe service conditions. Based on the
wide variety of materials considered and their impli-
cations with respect to design and process technology,
the commission interacts with many of the other com-
missions, including C-1, C-II, C-1V, C-X, and C-XII.

2.10.1 Outlook

Met allurgical or weldability problems are nor
mally encountered when the new processes or ma-
ter ials are developed and/or introduced into industri-
al use. Recently, for example, a major emphasis has
been on laser-based and arc-based additive manufac-
turing (AM) processes. Because AM covers such a
broad spectrum of processes and material types, C-1X
will continue to include AM in its working program.
There are also many new materials being introduced
into a variety of industries that will pose weldability
challenges. For example, improved battery efficiency
will require new materials that must be joined in or-
der to be of practical importance. Many other exam-
ples exist in the automotive, power generation, elec-
tronic, and defense industries. C-IX (in conjunction
with C-II) will continue to be the focal point of met-
als technology and weldability within ITW (Fig. 11).

2.11 Commission X: structural performance of
welded—fracture avoidance

The mission of Commission X is to establish prac-
tical procedures for assessing the strength and integrity
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Fig. 11 Block diagram summarizing the evolution of weld micro-
structure and influence on properties and performance (courtesy
J.C. Lippold)

of welded structures in design as well as in service, with
attention to specific properties of welds such as welding
residual stresses, strength mismatch, and toughness in-
homogeneity in welds. Key activities of the commission
have focused on the development of a practical guide-
line for fitness-for-service (FFS) assessment for welded
components containing a flaw and damage, which in-
cludes stress/strain-based assessment, constraint anal-
ysis, and toughness testing procedures for welds. The
FFS objective consists of specific subjects not covered
by existing standards/guidelines, which operates as a
“supplement,” which gives the state-of-the art knowl-
edge, advice, and/or recommendations on the struc-
tural performance assessment of welds with respect to
avoidance of brittle, ductile, and environment induced
fracture. With further development of FFS for welds,
Commission X faces the challenge of advanced design
of transport vehicles and infrastructures such as energy
plants, pipelines, bridges, and buildings constructed with
high performance steels and advanced welding technol-
ogies in a carbon neutral society.

2.11.1 Outlook

The commission FFS target and new, challeng-
ing, innovative research topics are summarized by the
following:

1) Advancement of the current C-X FFS standard
including additional new supplemental items:

* K-solutions for welded joints

* Limit load of weld joints (3D solution including
mismatch effect)

* Residual stress profiles for thick weld
components

* Constraint correction for welded joints (strength
mismatch and residual stress effects)

* Pre-strain/dynamic loading effects on weld
components

* Fracture toughness testing of welds (including
small specimen test technique)

1) Pre-crack straightening treatment for CTOD test

2) Toughness requirement of butt welded joint of
very thick plate

» Strain-based assessment (strain-based FAD) for
weld components
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* Environment (hydrogen) induced fracture assess-
ment for weld components

2) Development of new assessment tools together
with an expansion of FFS target and new, challeng-
ing, innovative research items;

* Artificial intelligence (Al)/machine learning
(ML)assisted assessment tools (data-driven assess-
ment) including 1) welding residual stress distribu-
tions and 2) mechanical/fracture toughness properties
related to welding process parameters

* Simulation-based design and structural integrity
assessment tools (FEA-based digital twin) including
1) welding mechanics simulation method and 2) phys-
ical-based fracture modelling (e.g., local approach)

3) Establishment of WG in C-X as well as in
structural integrity group (C-V, IX, X, XI, XIII, and
XV) for works of specific and timely topics leading to
more effective, relevant and practical C-X FFS:

* A new initiative in AM (additive manufacturing)
research by making a working group (or sub-commis-
sion) in C-X.

* Setting a new working group on “fracture tough-
ness testing at cryogenic temperature.”

2.12 Commission XI: pressure vessels, boilers,
and pipelines

The engineering technology for pressure vessels,
boilers, and pipelines is of great importance in many
industries. There are high potential risks of catastroph-
ic failures due to the harsh service environments in-
volving high pressure and/ or high temperature and
also with complex loading. Commission XI and its
sub-commissions deal with any aspects of pressure
vessels and pipelines that can be impacted by weld-
ing throughout their life cycle. To improve the weld-
ingrelated technology associated with pressure ves-
sels, boilers and pipelines, C-XI provides a platform
for disseminating experience and expertise from rel-
evant academic, industrial, and professional organisa-
tions, regulatory agencies, and individuals. C-XI acts
as an interface between the academic research and in-
dustry applications, to focus on the latest research and
development results and related information on all its
associated aspects, with particular emphasis on 1) ad-
vanced welding and inspection facilities, 2) technolo-
gy and the underlying science, 3) integrity and safety
assessment, and 4) maintenance and life extension of
the welded pressurized engineering plants (Fig. 12).

2.12.1 Outlook

Besides placing emphasis on common industrial
practices and scientific research, C-XI will continue
to concentrate on the welding technology and perfor-
mance of welds in the following areas (Fig 13).

* Performance of welds for hydrogen service: cur-
rent and future activity will focus on the development
of a practical guideline for structural integrity assess-
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Fig. 12 Keystone pipeline in USA (courtesy TC Energy Corp.)
ment for welded structures and components in pres-
surized hydrogen gas environments and include the
following topics:

 Effect of pressure variations on fracture and
fatigue performance of high-pressure hydrogen
pipelines.

* The inhibiting the effect of oxygen on hydrogen
effects on pipeline steel.

* Effect of load frequency on fatigue performance
of pipeline material in hydrogen environment.

* Fracture mechanics properties and fatigue prop-
erties of welded pipeline materials in hydrogen.

* Degradation of material properties of the welded
natural gas pipeline in hydrogen.

* Feasibility of repurposing or potential uprat-
ing the local transmission system assets to convey
hydrogen.

* Hydrogen embrittlement—fundamentals, mode-
ling, and experiments.

* Permeation, diffusion, and solubility
measurements.

» Composite technology for hydrogen pipelines.

* Recommendations/guidelines/standards for
welding for hydrogen service.

» Welding facilities and technologies in harsh en-
vironments: special facilities and technologies are re-
quired for the welding and inspection of the pres-
surized structures and equipment operating in harsh
environments, such as the underwater or offshore pipe-
lines, in-service high-temperature boilers and pipes/
tubes, nuclear pressure vessels, and coolant systems
with dissimilar metal welds. Topics also include mi-
crostructure evolution and degradation and mechanical
property deterioration of welds in harsh environments.

* Fracture mechanics-based structural integri-
ty digital twin platform: C-XI has also identified a
new challenging and innovative research topic for
developing a new assessment tool—"“fracture me-
chanics based structural integrity digital twin plat-
form,” which will combine the artificial intelligence
(AI)/machine learning (ML)-assisted data driven as-
sessment and the NDT sensor and simulation -based
structure integrity digital twin platform for pressure
vessels, boilers, and pipelines. The concept is shown
in the schematic below.

2.13 Commission XII: arc welding processes
and production systems
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Fig. 13 Fracture mechanics-based structural integrity digital twin platform

Commission XII covers the application of arc
welding process to various fabrication fields and the
production systems for various industry sectors to re-
alize low cost production with high quality. In 2021,
SG-212 “Physics of Welding” was disbanded and es-
tablished as a new sub-commission in C-XII. There-
fore, fundamental issues of arc physics were are now
covered in C-XII. Good practices presented at Com-
mission XII can be spread worldwide and published
as state of the art papers in Welding in the World.

Commission XII currently consists of six sub-com-
missions, namely XII-A Sensors and Control, XII-B
Arc Welding Processes, XII-C Production Systems and
Application, XII-D Underwater Engineering, XII-E
Quality and Safety in Welding, and XII-F: Physics of
Welding (formerly SG212). Current topics under con-
sideration by the commission are the following:

* High efficiency and high quality arc welding
process.

* Robotic and automatic welding system with sen-
sors and process control.

* Measurement and monitoring for quality control.

* Modeling and numerical simulation for arc phys-
ical phenomena

¢ Intelligent manufacturing, cyber-physical sys-
tems, and artificial intelligence

» Wire—arc additive manufacturing for innovative
production

Also, Commission XII holds joint meetings with
C-I and C-1V for obtaining and consolidating the lat-
est information on additive manufacturing and weld-
ing processes.

2.13.1 Outlook

For the realization of innovative production, Com-
mission XII will focus specifically on the areas of in-
telligent manufacturing with artificial intelligence and
additive manufacturing based on fundamental issues
of arc physics.

2.14 Commission XIII: fatigue of welded com-
ponents and structures

Since its establishment in 1951, Commission XIII
has been dealing with the challenges regarding the
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structural integrity of welded components and struc-
tures under cyclic loading. C-XIII focuses on the
newest scientific achievements on assessment meth-
ods and innovative technologies to avoid fatigue fail-
ures in welds.

The commission consists of the following working
groups:

* WG, fatigue testing and evaluation of data for
design

* WG2, fatigue improvement and retrofit engineer-
ing techniques

* WQG3, stress analysis

* WG4, effects of weld imperfections on fatigue
strength

* WGS5, life extension of welded structures
by repair, retrofitting and structural monitoring
(disbanded)

* WG6, residual stress effects in fatigue

The experts in different working groups of Com-
mission XIII have developed a strong industrial re-
search network to increase the awareness about the
fatigue phenomenon and the methods to assess and
avoid it. This network is being further developed by
combining the interests of leading global companies
and major international universities and research in-
stitutes. Industries which benefit from Commission
XIIT include aerospace, shipbuilding, rail transpor-
tation, bridges, and infrastructure, offshore, automo-
tive, mechanical engineering, and process equipment.
The commission also holds joint meetings with C-XV
concerning fatigue effects on welded structures.

Commission XIII has developed and published a
number of guidelines with high industrial relevance
and impact for the welding community. These in-
clude 1) [IW Recommendations for Fatigue Design of
Welded Joints and Components, 2) IIW Recommen-
dations for the Fatigue Assessment of Welded Struc-
tures by Notch Stress Analysis, 3) [IW Recommenda-
tions on Methods for Improving the Fatigue Strength
of Welded Joints, 4) IIW Recommendations for the
HFMI Treatment, 5) IIW Guidelines on Weld Quality
in Relationship to Fatigue Strength, and 6) [IW Best
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Practice Guideline for Statistical Analyses of Fatigue
Results.

C-X11I is currently developing several new sci-
ence-based guidelines that can be applied to challeng-
ing design and life extension cases. One of these doc-
uments which is under peer review is a best practice
on “Retrofitting Engineering for Fatigue Damaged
Steel Bridge Structures.”

Due to the high number of documents presented
during the annual assemblies, C-XIII meetings often
occupy 4 days. The papers and documents in C-XIII
are of high standard and always well presented. Since
the founding of the IIW journal 60 years ago, Com-
mission XIII has been one of the leading contributors
to Welding in the World and has recommended many
high-quality research and engineering papers pub-
lished in the journal. As shown in Fig. 4, C-XIII is
among the leading commissions for publication of pa-
pers in WitW.

2.14.1 Outlook

The fundamental knowledge of weld fatigue as the
original focus of C-XIII forms a solid basis supporting
the development of guidelines and best practices to
avoid fatigue failures in welds. C-XIII will transfer the
available solid foundation of weld fatigue knowledge
to the emerging additively manufactured parts as well
for more structural safety. It will continue to serve as
an important [IW platform for scientific discussions
and exchange in a network of industrial partners and
research institutes. It will continue to contribute high
quality papers to the journal and publish Recommen-
dations and Guideline documents regarding fatigue
performance of welded structures relevant to industry.

2.15 Commission XIV: education and training

Commission XIV actively facilitates the shar-
ing of best practices among Member Countries to
promote welding standards, effective education and
training methods, improved teaching techniques, ed-
ucational research, and welding technology as a de-
sirable career pathway. This commission focuses
on global regulations, new education and training
methods, digital and distance learning, training for
intelligent manufacturing, education research, im-
proving educator understanding of learning theory,
safe welding practices, and the image of welding as
a profession. It works in cooperation with the other
Commissions to identify and present education and
training solutions that help member countries prepare
their work forces for skilled welding employment
and welding professionals acting as engineers, tech-
nicians, and researchers, in a fast-changing world.
There is an additional emphasis on the development
of young professionals. Besides supporting exist-
ing methods, C-XIV also prepares its community for
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emerging challenges, regardless of a member coun-
try’s level of advancement.

2.15.1 Outlook

Commission XIV will continue to be the focus of
Education and Training within IIW. Among the agen-
da items for the commission over the coming years
will be a) keeping pace with new technologies, b)
identifying the right knowledge and skills needed
to train current and future welding professionals, c)
bringing awareness and useable solutions to address
sustainable developments, and d) breaking down
global barriers to facilitate consistent regulations for
products, services, and people.

2.16 Commission XV: design, analysis, and fab-
rication of welded structures

Commission XV addresses the design, analysis
and fabrication of welded structures, including build-
ings, bridges, offshore structures, and equipment,
built primarily of structural steel, stainless steel, and
aluminum. The commission is organized into six
sub-commissions: analysis, design, fabrication, planar
structures (buildings and bridges), tubular structures
(both onshore and offshore), and economy, forming a
matrix to facilitate exchange between specific techni-
cal topics and their applications in welded structures.
In addition, there is a strategic effort to facilitate the
exchange of information and possible harmoniza-
tion regarding the national standards used for welded
structures. Recent activities have focused on 1) design
guidelines for welded structures subjected to seismic,
impact or blast loads, 2) weld design and the welding
of high strength structural steels, 3) advanced weld-
ing processes in the fabrication of structural steel, 4)
fabrication quality requirements including the influ-
ence of flaws, welding residual stresses and distortion
measurement, and 5) weld joint preparation stand-
ards, structural repair guidelines, and optimization and
economy factors in design and fabrication.

C-XV has cooperated closely with industry groups
in preparing design guidelines for welded joints in tu-
bular structures subjected to both static loading and
fatigue, with responsibility for two ISO standards on
these topics. It also works closely with Commission
XIII regarding fatigue effects upon welded structures,
with a Joint Working Group and frequent joint meet-
ings to facilitate the exchange of such information. It
also cooperates with the other II'W working groups
when their areas of activity have direct influence
upon fabrication or performance of welded structures.

2.16.1 Outlook

For the future, Commission XV will expand their
existing work to include components and structures
produced using additive manufacturing, and the use
of additional materials such as ultra-high strength
steels (UHSS), stainless steels, and castings. The
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manufacturing and welding of machinery and equip-
ment will also be added. Applications using new and
improved welding processes such as hybrid laser and
electroslag welding will be addressed, as well as pro-
cesses to apply protective coating systems. The study
of seismic performance of welded connections in
structures will continue.

2.17 Commission XVI: polymer joining and ad-
hesive technology

Commission XVI focuses on the areas of polymer
joining and adhesive technology. Both of these join-
ing techniques are used in series production, which
necessitates high automation levels. Polymers (and
reinforced polymer materials referred to as compos-
ites) cover a broad range of materials, including plas-
tics and natural polymers such as starches and woody
materials, which primarily consist of cellulose. These
materials are found in everyday life and impact the
quality of life on many levels, including medical ap-
plications, food security, and cover many industries.
One goal of the commission is to improve and ex-
pand the joining techniques for these materials, in-
cluding the use of adhesives to join a wide range of
materials.

The commission provides a forum for high-level
discussions among the world’s leading scientists, who
represent the very small scientific communities in-
volved in material joining. These meetings highlight
the development of novel materials and methods to
join them, as well as novel techniques that expand the
applications of polymeric materials. The commission
also highlights fundamental principles for joining
polymers, including complex flow models, tempera-
ture field prediction, and molecular diffusion models.
These fundamental principles allow the community
to further develop new joining methods and improve
on existing ones. As additive manufacturing is funda-
mentally a joining technology, the scientists and en-
gineers on the commission also focus on developing
novel additive techniques, including hybrid systems.
Developments over the past years have increased the
importance of polymer joining and adhesive technol-
ogy for application to modern hybrid materials and
fiber-reinforced plastics (Fig. 14).

2.17.1 Outlook

The commission will continue to focus on the de-
velopment of new technologies and material devel-
opments in several areas. This includes the following
general areas:

1) Sustainable materials. Materials that are fully
or partially derived from renewable feedstocks, such
as starch, cellulose, or oil-rich biomass. It is impor-
tant to note that this includes the development of sus-
tainable composites as well as sustainable adhesives.
These materials can be durable or easily digested by
a natural pathway, such as compositing or hydration.

2) Additive manufacturing. Technologies are
growing on many levels, including the devel-
opment of hybrid processes, new materials, and
understanding.

3) Hybrid joining. Techniques that are based on
the simultaneous or sequential use of traditional plas-
tic joining technologies to allow the development of
novel assembly and joining technologies.

The commission will also continue to address new
developments of traditional polymer joining tech-
niques, while continuing to assess the application of
these emerging technologies to meet the needs of the
future.

2.18 Commission XVII: brazing, soldering, and
diffusion bonding

Commission XVII started its activities dur-
ing the 2009 ITW Annual Assembly in Singapore. It
comprises experts and delegates from several disci-
plines related to the metallurgical and mechanical
property characterization of brazed, soldered or dif-
fusion-bonded materials, components. In addition,
new filler materials are identified and evaluated. The
commission currently solicits a variety of contribu-
tions to achieve its work program including a) ce-
ramic-to-ceramic and ceramic-to-metal brazing, b)
wide gap brazing, c) brazing and diffusion bonding in
microsystems, d) brazing of intermetallics, e) repair
brazing, f) brazing of Al-and Tibased alloys, and g)
surface brazing. The commission also addresses test-
ing, inspection and applications including, a) NDT of
brazed and diffusion-bonded joints, b) applications of
vacuum-brazed and diffusion-bonded joints as well
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Fig. 14 Schematic of a polymer joining process (courtesy D. Grewell)
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as dissimilar joints, c) development of new brazing
filler metals, d) testing methods of brazed and diffu-
sion-bonded joints (i.e., tensile, shear, stress rupture,
bending, corrosion and erosion, and thermal shock,
etc.), e) low-temperature brazing, f) weld/brazing (for
e.g., MIG brazing, electron beam brazing, and laser
brazing), and g) diamond and super-abrasive join-
ing. In addition to the topics listed above, the process
equipment used and its further development are con-
sidered, especially for diffusion bonding.

The depth and breadth of the work of the commis-
sion is reflected in the many papers recommended and
published in Welding in the World. From 2020 through
2022, nearly 15% of the papers published in the jour-
nal were on topics associated with C-XVIL. It is antici-
pated that this trend will continue in the future.

2.18.1 Outlook

The overarching goals of C-XVII are to advance
the technologies of Brazing, Soldering and Diffusion
Bonding and to expand research activities and improve
productivity for a friendly and sustainable world. This
is accomplished by the sharing of knowledge within
worldwide community of IIW, support pioneering and
basic research endeavors, and provide a platform for
sharing successful experiences, new research achieve-
ments, new concepts and ideas, as well as technical
difficulties and problems to be solved. As demands
for energy supplies and storage increase, brazing, sol-
dering and diffusion bonding will be applied more in
the manufacture of new products. In particular, diffu-
sion bonding is gaining importance for gas storage and
transportation. Even the concepts of 3D-printing will
lead to increased usage of the processes covered by
Commission XVII. In addition, an updated work pro-
gram for soldering is being developed.

2.19 Commission XVIII: quality management
for welding and allied processes

Commission XVIII maintains the goal to identi-
fy, create, develop, and transfer global best practices
in the field of quality management for welding and
allied processes. This includes quality management
systems, the qualifications for personnel and com-
panies involved in welding and allied processes, and
standards that are needed in these fields. In its work,
the Commission acts as an interdisciplinary body
within the IIW, working with other Commissions to
develop industry quality management documents and
standards for use by technical experts, quality manag-
ers, and production personnel.

C-XVIII was formed in 2016 from a Select Com-
mittee on the subject that was initiated in 2001. This
permitted the work of its members to expand to in-
clude the development and maintenance of welding
and joining related ISO standards that were not ad-
dressed in ISO/TC 44 or other Technical Commit-
tees. The Commission is currently organized with
three sub-commissions: XVIII-A Quality Personnel,
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XVII-B Quality Management Systems, and XVIII-C
Quality Management Standards.

The Commission has produced numerous docu-
ments to guide and assist industry in welding man-
agement, including “Improving the Quality and Ef-
fectiveness of Welding by Utilizing the Standard ISO
3834—Guideline for Company Implementation,” “In-
dex of Welding Quality Management System Re-
quirements used Globally in Arc Welding Applica-
tions,” “IIW Recommendations and Best Practices
for Welding Inspection—Tasks and Responsibilities,”
and “Recommendations and Best Practices for Weld-
ing Coordination to ISO 14731-Tasks and Responsi-
bilities.” In addition, the Commission worked coop-
eratively with Commission XVII Brazing, Soldering,
and Diffusion Bonding to create new standard ISO
22688 “Brazing-Quality requirements for brazing of
metallic materials” and now manages the standard.

2.19.1 Outlook

C-XVIII will continue its work to guide, assist, and
improve welding and joining quality management as it
applies to industry practices and industry personnel. It
will also continue working to develop and improve ex-
isting qualification standards and guidelines for weld-
ing personnel and for companies, with a careful eye for
the needs of new joining processes and new develop-
ments in existing processes. This work also supports
the work being done within the IIW International Au-
thorization Board (IAB) and other organizations.

Commission XVIII will also be performing com-
parative studies of industry practices, with a goal for
developing new and improving existing best practic-
es. This includes the harmonization of audit criteria
and practices for welding company audits. Because
the Commission is interdisciplinary and includes rep-
resentation from industry, standards bodies, and cer-
tification bodies, from a diverse array of nations and
regions, it will be working to address the needs of all
constituents in welding and allied processes for quali-
ty management and improvement.

3 Summary and outlook

As IIW celebrates its 75th anniversary, it stands
as the leading international organization promoting
welding, joining, and allied technologies. Initially es-
tablished as a primarily European technical society,
its membership now includes over 50 countries and
65 member societies from around the world. The or-
ganization has undoubtedly far exceeded the expecta-
tions of its founders.

To sustain this success, IIW must continue to
evolve and react to the changing world environment.
This includes global challenges to the environment
that will require more efficient, agile and “green”
manufacturing processes. In 2023, I[IW launches a
new strategic plan that will focus specifically on these
and other issues associated with advanced manufac-
turing. Included in this plan are aspects of artificial
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Table 3 List of IIW commissions and Chairs

Commission Chair Conta ct
C-1, additive manufacturing, surfacing and thermal cutting Doug Kautz doug.kautz@iiwelding.net
C-I1, arc welding and filler metals Zhuyao Zhang zhuyao.zhang@jiiwelding.net

C-II1, resistance welding, solid-state welding and allied joining
processes

Jorge dos Santos Jorge. SANTOS@iiwelding.net

C-1V, power beam processes

Herbert Staufer Herbert. STAUFER @iiwelding.net

C-V, NDT and quality of welded products

Marc Kreutzbruck marc kreutzbruck@iiwelding.net

C-VI, terminology

Jérome Dietsch j.dietsch@iiwelding.net

guisheng.zou@iiwelding.net C-VIII,

C-VII, micro-joining and nano-joining Guisheng Zou health, safety, and environment
C-X, structural performance of welded jointsfracture avoidance Mitsuru Ohata mitsuru.ohata@iiwelding.net
C-XI, pressure vessels, boilers and pipelines SuJun Wu sujun.wu@iiwelding.net
C-XII, arc welding processes and production systems Satoru Asai satoru.asai@iiwelding.net
C-XI11I, fatigue of welded structures and components Kenneth MacDonald | Kenneth. MACDONALD@iiwelding.net

C-X1V, education and training

Carl Peters carl.peters@iiwelding.net

C-XV, design, analysis, and fabrication of welded structures

Stefano Botta stefano.botta@iiwelding.net

C-XVI, polymer joining and adhesive technology David Grewell david.grewell@iiwelding.net
C-XVII, brazing, soldering and diffusion bond Huaping Xiong huaping.xiong@iiwelding.net ing
C-XVIII, quality management in welding and allied processes Robert Shaw robert.shaw@iiwelding.net

intelligence and intelligent materials joining which
will be transformative in the very near future.

The new IIW strategy 2023-2028 describes an op-
erational plan that is heavily reliant on IIW’s Tech-
nical Commissions. A substantial component of this
strategy involves stronger participation by industry
and will require implementing appropriate mecha-
nisms for engineers and scientists from industry to
take advantage of the expertise already established
within the commissions. Under this plan, the needs
of industry will be more directly reflected in the work
plan of the commissions. It is envisioned that Welding
in the World will be a key element in the new strate-
gy, on the one hand competently continuing to focus
on fundamental research, but progressively to encour-
age representatives from industry to share their work
and advanced technology application results in a form
that meets the standards of the journal.

Welding in the World will continue to play a ma-
jor role in the evolution of IIW, serving as the outlet
for much of the technical work conducted through the
IIW commissions. As shown in Fig. 2, there has been
a nearly 5-fold increase in the number of papers pub-
lished annually over the last 20 years. In 2023, it is
projected that the journal will publish over 200 pa-
pers and 3000 pages highlighting the many technical
areas covered by the [IW commissions. In the future,
more special issues and topical collections are antic-
ipated to specifically target new developments, par-
ticularly those of important industrial relevance.

Such growth also brings challenges, and the
Technical Management Board, Editors, and Edito-
rial Board must be prepared to manage this growth
while maintaining the high standards of the journal.
The commission structure and its leadership will be
the key to the continued success of Welding in the
World since it is the work plan of the individual com-
missions and the technical papers that emanate from
these commissions that will drive the journal. Weld-
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ing in the World, subtitled “The International Jour-
nal of Materials Joining,” will continue as the tech-
nical “voice” of IIW and strive to maintain itself as
the leading scientific journal for materials joining and
allied technologies.
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Fronius WeldCube Navigator.
lMoeHUl KOHMPOJIb HA0 KOXXHUM WEOM

3BaproBaTu 0¢3 IMMOMUJIOK i 3 BUCOKOIO €(PEKTHB-
HICTIO Iye€ MPOCTO: 3 HOBUM IPOTPaMHHUM 3a0€3-
negeHHsaM Fronius WeldCube Navigator Tenep mo-
CTYITHHHA MUGPOBHHA TUTAH ITOCIITOBHOCTI BUKOHAHHS
3BaproBalbHUX omepamiit s TPS/i. 3 auMm 3Bapro-
BAJIBHUK 3MOYK€ BUKOHYBATH BCIi 3aBIaHHS 3 00p00-
KU TIeBHO{ JIeTalli MAaKCHMaJIhbHO TOYHO Ta Oe3MedHO.
WeldCube Navigator moexnye B ogaomy 113 nBi oc-
HOBHI (DYHKIIii: BiAMMOBIAHO A0 POOOUYMX I1HCTPYKITIH
KOHTPOJIEP TTOCIIIIOBHOCTI JIa€ 3BapHUKY 1JTFOCTPOBA-
Hi ITOKPOKOBi BKa3iBKH CTOCOBHO TOTO, IO 1 K TIO-
TpiOHO 3pOOUTH, Ta ABTOMATUIHO BUOMPAE B CUCTEMI
MOTIePE/IHRO HANAMITOBAHI MapaMeTpH 3BapIOBAHHS.
[ToTpiOHI poOoUi IHCTPYKIIIT MOYKHA JIETKO ITEPEBECTH
B m¢posuii popmar y pemakropi 113.

3a 1onoMorow no0pe MpoayMaHoTo MIIaHy T0-
CJIITIOBHOCTI BUKOHAHHSI 3BapIOBaJbHUX OIEpaIii
KOMTaHii MOKYTh ONTUMI3yBaTH MPOIECH PYIHOTO
3BapIOBaHHS ITiJ Yac cepiifHOTO BUPOOHUIITBA. J{Jis
KO>KHOTO 3aBIaHHs HalKparia MoCIiJOBHICTE 3a/1a-
€TBCS SIK CTAHAAPT, a YHI(PIKOBAHUH 1 CTPYKTYypOBa-
HUW TiAXia 3a0e3nedye npaBiiIbHE BUKOHAHHS BCIX
KpOKIB i3 BU3HaYeHUMH Jonyckamu. Lle He TinpKu ra-
paHTy€e BHCOKY SIKICTh IIIBiB, ajie ¥ 3a0IapKye Jac i
komrTH Tiyn yac BupooHunTea. WeldCube Navigator
Jla€ HOBa4YKaM 3MOTY IIIBHJIKO OCBOITH HEOOXiTHI Ha-
BHYKH Ta TPAIIOBATH Ha PiBHI 3 mpodecioHanamu, a
JIOCBITYEHUM 3BapHUKAM — MOXJIMBICTH 3 JIETKICTIO
BHKOPHCTOBYBAaTH Pi3HiI po0OYi CTaHIlil, HE BUTpada-
F0YM Yac Ha BUBYCHHS IHCTPYKIIH, HABITh AKIIO SKiCh
JeTalli TOTPAIUISIOTh Y poOOTY TIOCUTH PiIKO.

<D

3menwenns xinbkocmi nomunox. Bucoxa sikicTb
3BapIOBaHHS € KPUTUYHO BAXKIMBOIO JJIs1 0araTbox
netaneil. HemoctarHbo sikicHi 3BapHi 3’ €1HaHHS a00
iX BIACYTHICTB TaM, Jic BOHU KOHCTPYKTHBHO HEpea-
OaveHi, NPU3BOAUTE 1O 3HAYHOI'O 3POCTaHHS BapTO-
cti BupoOHunTBa. Lo panime Oy/ie BUSBICHO TTOMIII-
KH B TIPOIIECi BUPOOHHIITBA, TO IIBUJIIIE Oy/Ie BXKHUTO
3axomiB. I Tyt crane B mpuroai WeldCube Navigator,
a caMe Horo (QyHKIlis HaJaHHs 1HCTPYKIIiH 1 more-
PEIHBOTO BU3HAYCHHS HapaMeTpiB 3aBAaHHS: SKIIO
3BapHUK BIIXHMIISETHCS BiJ] TUIAHY TTOCIIIOBHOCTI BU-
KOHAHHSI 3BapIOBANIbHUX OIepaliil, Bigpasy noJaeThb-
Csl aBapiHUN CUTHAMN. SIKIIO K Ha MBI BUSBISETHCS
BixXWiIeHHsS (HEAOTPUMAaHHS JIIMITIB), SIKE TIOPYIIY€E
napamerpu Oesnexun, WeldCube Navigator aBroma-
TUYHO OJIOKY€ MPOLEC 3BAPIOBAHHS, MICIsl YOTO PO3-
ONoKyBaTH HOTO 3MOYKE TUTHKHY BiTIOBiIaIbHA 0C00a,
Hanpukiaja, kepiBHUK. Lle o3Havae, 110 MOMUIIKU HE
MTOBTOPIOIOTHCS 1 HE AyOIIOIOTHCS, a BiIpa3y BHITPAB-
Js0Thest. Tak 3a0e3Meuy€eThesi BUCOKA SIKICTh TOMPH
BENIMKi 00CsTH BUPOOIEHOI MPOAYKIIii, a KITbKICTh
Opaxy a0o0 BHUIIPaBJIEHb 3HAYHO 3MEHILTY€THCH.

Ilpocmoma u 3pyunicms y excniyamayii. 3Ba-
ploBajbHa CHCTEMa 3 IMPOTPaMHHUM 3a0e3MeUeHHIM
WeldCube Navigator ctaHOBUTB COO0I0 CaMOJIOCTaTHE
KOMITIeKCHe pitreHHs1. Criemianict Fronius nmpuimvm
0co0NHMBY yBary 3py4HocTi BUkopuctanss. IIpocto 3a-
BaHTaXTe 300paKEHHS B PENAKTOP i BBE/ITh TOTPIOHY
iH(popMmarito. Tak MOXKHA 3a3/1aJIeTi/Ib HANAIITYBATH BCi
BaKJIMBI TApaMEeTPH 3BapIOBaHHA i peakwii CHCTeMH Ha
TMOJIIO BiIXUIICHHS Bi[ IU1aHy. 3BICHO, MO’KHA TAKOX 1H-

udposwuii m1aH MOCIiTOBHOCTI BUKOHAHHS 3BAPIOBAILHUX OMEpalliil JormoMarae 3a0IiauTH Yac 1 KOIITH, 3a0e3MeUyYH OTHAKOBO
BHCOKY SIKICTb I1IBa ITiJ1 4YaC BUTOTOBJICHHS KOKHOT feTaii. Bu Hiuoro He 3a0yzere it He poOMTUMETE TTOMUJIOK, 1110 3HAYHO 3MCHIIHTh

KIJIBKICTB OpaKy Ta BHIIPABJICHB I1iJ] YaC BUPOOHUIITBA
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VHao4HEHHS — 3a1l0pyKa MIBUIKOTO PO3YMIHHS: Ha €KpaHi BiZo-
OpakaeThesl KOJKEH LIOB, YC1 HAJAIITYBaHHS Ta BAKJIHBI IPUMIT-
KM JI0 KOYKHOTO eTarly, a (YHKIIis 3BOPOTHOTO 3B 53Ky HOTEpe/-
JKaTUME KOPHCTYBa4a Ipo IIOMMIIKY, IIOHHO Ty Oyzie JOIMyIIeHO

TerpyBaTH 3arajibHi poOOUl KPOKH, 30KpeMa, ITiITOTOBKY
Y1 [IPOMIXKHI €Tary, SIKi He IepeadadatoTh 3BapiOBaHHSI.
KoHTposep mocmiioBHOCTI JonomMarae 3BapHHUKY B
0e3MevHuid CrIociO TOCATHYTH 02)KaHOTO Pe3yNbTary 3a
1 (GPOBUM TITAHOM TTOCITIIOBHOCTI BUKOHAHHSI 3BapIo-
BaJIbHUX OTIepaliil y penakTopi. 3BaproBaIbHUK MOXKeE
3 JIETKICTIO KEPYBATH MTOCITIIOBHICTIO OTIEpaIliii MpocTo
Ha MaJbHUKY: BUOUPATH, TIITBEPXKYBATH 1 BUKOHY-
BaTH TeBHI Aii. Expan poOodJoi cTaHIIil 9iTKO TTOKa3ye
KOXKCH €Tall 1 He JIa€ TIePEXOIUTH JI0 HACTYITHOTO, OKH
He Oy/ie TIOBHICTIO Ta 3 HAJISKHOIO SKICTIO BUKOHAHO
MOTIePE/IHE 3aBaHHs. Y pe3yabTaTi MHUChMOBI IHCTPYK-
1ii, 3a3BUYail HaMKMCaHi PiI3HUMH MOBAaMH, BIIXOSThH
y munyne. KpiM Toro, mOBiJJOMJIEHHS PO CUCTEM-
HI TTIOMHJIKM HAaJICUJIAIOTHCS BiJlpa3y Omeparopy, 1o
3MEHIIIY€ KUTbKICTh MMOMUJIOK 1 3HUKYE HEOOXiTHICTh
nepepoOISaTH 3aBIaHHsI, a OTKE, 3a0IIa/DKYE Yac i Ma-
tepianu. Lle mokparye mporec 3 eKOHOMIYHOT Ta KO-
JIOTTYHOT TOUKH 30py i OyJe KOpUCHUM, SIKIIO (axiBIii
31 3BaprOBaHHS BiJICYTHI @00 4acTO 3MIHIOFOTHCSI.
Cmanoapmusayis: epeKTUBHE PilIeHHs JUIs 3a0e3-
TIeUeHHs HaJIe)KHOT sikocTi. HoBauku Ta HemOCBiUeHi
3BAPHUKU MOXKYTh IBHIIIIE Ta €()EKTUBHIIIE BUNTHCS

Hagirarist uepe3 3BaproBajbHUN MAIBHUK: [UIsl IEPECYBaHHsI ITyH-
KTaMH HU(POBOIo IIaHy MOCHiTOBHOCTI BUKOHAHHS 3BapIOBajb-
HUX onepaulﬁ MOXXHa CKOPUCTAaTHUCA KHOIIKOKO IMaJIbHUKA, sIKa Jac
3MOr'y BUOMpATH, MiATBEP/KYBATH i BUKOHYBATH Oreparil
3a JIOTMIOMOTO0 1TU(POBOTO IJIaHY MOCIIIJOBHOCTI BU-
KOHAHHS 3BapIOBAJILHHUX OIEpalliid, IpoCTO JOTPUMY-
I0YMCh HAOYHUX MMOKPOKOBHX IHCTPYKIIIH Ha €KpaHi.
Ile mae 3MoTy TTepeKOHATHCS, IO BCi omepartii BUKO-
HYIOTBCS BIZIITOBITHO JO BUMOT i cTaHAapTiB. JKomHa
IpiOHUIIS HE 3aJIUITUTRCS 11032 YBAroro, a mapameTpu
3BaprOBaHHA Oy/Jie BU3HAYECHO 3a3/1alieTib. 3aBISKH
1 poOBOMY IUIaHY MTOCIIJOBHOCTI BUKOHAHHSI 3BapIO-
BaJIbHUX OMEpaIliii KOMITaHii MOKYTh CKOHIIEHTPYBa-
TH 3HAHHS Ta npodeciiiHi HABUYKH 31 3BaPIOBaHHS B
OIHOMY IICHTPI 1 mepeaaTH ixX yciM ciiBpoOiTHUKAM.
Lle 3abe3neuye Oe3nepepBHE BUPOOHUIITBO Ta 3HU-
KY€ 3aJICKHICTh BiJI JOCBITYCHUX MAWUCTPIB.
Makcumanvro eHyuxe Kepyganus OaHUMU Ma KO-
pucmyeauamu. WeldCube Navigator — mie omHe
Ba)KJIMBE PIllICHHS] B aCOPTUMEHTI IPOrPaMHOTO 3a-
6esneuenns Fronius. Bukopucrtosytoun name 113 B
MO€EAHAHHI 3 QYHKI[ISIMHA [IEHTPaIIi30BAHOTO PEECTPY-
BaHHS ¥ aHai3y JaHWUX Ta IEHTPaNIi30BAHOTO KEPYy-
BaHHA KoprucTyBadamu WeldCube Premium, xommanii
MOXYTb IIle O1IIbIIe PO3MHUPUTH KiTBKICTh (DYHKIIIH 1
repeBar Jijisi CBOTo Oi3Hecy, 00 MaKCUMaJIbHO PO3-
KpPHUTH CBiif 3BapIOBaJIbHUI MTOTEHITIA.

Mu € Fronius. Y Hac npairoe 0inbir Hixk 7000 mpariBHUKIB IO BCbOMY CBIiTi, 4aCTKa €KCIIOPTY B HAIIOMY
BUPOOHUIITBI ckinanae 87 %, a HOpTQoJIio HAIIKUX BUHAXO/IB 1 pO3p000K HapaxoBye 1446 akTUBHUX IATCH-
TiB. Hama xommanis Oyna 3amodarkoBana y 1945 p. sk ManeHbKHi MPUBAaTHUH Oi3HEC, a HUHI MU € TIOTYX-
HHUM TpaBIleM Ha CBITOBOMY PHHKY, IIIO MiATBEP/KYE PO3BHHEHA CTPYKTypa 3 37 MINKHAPOTHUX TOUIPHIX
KOMTIaHI{ Ta TOTY)KHAa Mepeka TOPTrOBUX MapTHEPIB y OUTBIT Hixk 60 kpaiHax cBiTy. Ta Bce K MO CyTi CBOiH
3QJIMIIIAEMOCS aBCTPIHCHKAM CIMEHHUM MiIPUEMCTBOM, SKE MPAITIOE B TaTy3sSX BUPOOHHUIITBA Ta 00CITyTO-
ByBaHHS (DOTOBOJIBTATYHUX CHUCTEM, 3BapIOBAIbHUX alapariB, a TAKOXK TEXHOJIOTIH 3apsaKaHHs aKyMyJIsIToOp-
Hux Oarapeii. Hammi ToBapu Ta pimeHHs 3aBxau Oyiu cripsMOBaHi Ha (POPMYBaHHS TiJTHOTO MalOyTHBOTO, a
3aMOBHUKH OTPHUMYIOTh KOMIUIEKCHI ITaKeTH 00CIyroBYBaHHs: Bil npodeciiiHOro ranyBaHHs Ta HaJlaHHS
KOHCYJIBTalil 10 MTOCTIHHOTO MOHITOPHHTY €()EKTUBHOCTI Ta PeMOHTY 0OJIaHAHHS BiAMOBIAHO O IXHIX IO-
TpeO. Mu cTBoproeMo iHHOBaLii. My BiAKpHUTI AJsl BCbOro HOBOro. Mu € Fronius.

Jlnst oTpuMaHHs 1oAaTKoBOi iH(hopMaii 3Bepraitecs 10
Fronius Ukraine GmbH, Lilya Korzin

Byn. Cnasw, 24, c. Kusokuai, KuiBebka 001,

Ten.: +380 (44) 2772141

korzin.lilya@fronius.com
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JIFOJIUHA, SIKA IIPUUILIJIA 3 MAUBYTHBOI'O

[Tam’sT1 B.M. I'mymikoBa

24 cepmias 1923 p., 100 pokiB ToMy, HApOAUBCS
Bikrop Muxaiinosuu [TymikoB — BUJATHUN BYCHUI
Ta rPOMAaJICBKUHN iS4, IIUPOKO BIIOMUI y HAc Ta 3a
KOpZOHOM, 3aCHOBHHK [HCTUTYTY KibepHeTnkn Harri-
OHANBHOI aKazieMii HayK YKpaiHu, aKTUBHUH y4aCHHK
CBITOBOTO IPOLIECY CTAHOBJICHHSI T2 PO3BUTKY HOBHX
HanpsMKiB Haykn XX Ta XXI cT. — 009rcmoBaIbHOL
TEXHIKH, KIOEPHETHKH, iIHPOPMATUKH.

Horo BHECOK y LI HANPSIMU HAYKH KOPOTKO OXa-
pakrepusyBaB konuiHii [Ipesnnent HAH Ykpainn
akageMik b.€. ITaton:

«B.M. I'mynIikoB Ik MUCIHTEh BHPI3HABCS IITHPO-
TOFO Ta IIHOWHOI HAayKOBOTO OadeHHs, CBOIMHU po0o-
TaMU BUIEPEAUB Yac, CTABLIM OCHOBOIIOJIOKHUKOM
iH(hOpMAIIITHAX TEXHOJIOTii B YKpaiHi Ta KOJUIIHBO-
My Pansuacrkomy Coto3i, Ta i y CBiTI 3araiom.

Bikrop MuxaitioBud MaB BeIU4e3Hi Pi3HOOIUHI
3HAHHSI, @ HOT0 epyAuLisl MPOCTO Bpaxkaja BCiX, XTO 3
HUM CHiJIKyBaBcsl. Biunuil mouryk HOBOro, nparHeHHs
Iporpecy B Haylli, TEXHIIll, CyCIJILCTBI OyiH BiMiH-
HUMHM HOTO pHUCaMHU.

B.M. I'mymrkoB OyB cripaB)KHIM TTOJBIDKHUKOM y Ha-
yIIi, 10 MaB TIraHTCHKY IpaIe3IaTHICTh i MpaiboBHU-
TicTh. BiH menpo AimuBcs CBOIMU 3HAHHSMHU, 1/1€IMHU,
JOCBIZIOM 3 OTOUYIOYUMH HOTO JIFOIbMH.

B.M. I'mymikoB 3poOUB BETUKHI BHECOK Y PO3BH-
tok AH YPCP, 6yayuu 3 1962 p. i Bitte-nipe3uieHrom.
BiH cyTTeBO BIUIMBaB HA PO3BUTOK HAYKOBUX HAIPS-
MiB, ITOB’I3aHUX 13 IPUPOTHIYUMH Ta TEXHIYHUMH Ha-
ykamu. Benvkuit 10ro BHECOK Y KOMIT FOTePH3AIIiI0 Ta
iH(pOpMaTH3aIlito HayKH, TEXHIKH, CYCIILCTBA.

BixTopa MuxaiinoBuya cMiTMBO MOYKHA BiTHECTH
JI0 IepKaBHUX Mis4iB, sKi Bj/:[z[aBanH cebe CITyXiHHIO
BiTUM3HI, CBOeMY Hapoxy. Moro 3Hanu Ta nosaxann
JIIOIM y BCIX KyTOYKax KOIMUIIHBOro PagsHepkoro Co-
103y. BiH He mkogyBaB cui AJis IponaraH iy JOCsr-
HEHb HayKH, HAyKOBO-TEXHIYHOTO MPOTPECY, CIIIIKY-
BaBCs 3 BUCHUMH 0araTbox 3apyOikHHX KpaiH. Moro
po0oTH Ta ZOCATHEHHS] KEPOBAHOTO HUM [HCTHTYTY
kibepraetnku AH YPCP 6ynu moGpe Bimomi 3a kopao-
HOM, [I¢ BiH MaB 3aCIIy>KCHUH aBTOPHUTET.

Jobpe po3ymiroun 3Ha4eHHs 000POHO3/1aTHOCTI
cBoei kpainn, B.M. I'mymikoB, pazom i3 kepoBaHUM
HUM iHCTUTYTOM, BUKOHAB BEJIMKHH KOMIIJIEKC PO-
0iT 000pOHHOTO 3HaYeHHs. | TYT BiH 3aBXI1 BHOCHB
CBO€, HOBE, JIOJIAI0YY YHCIICHHI TPYIHOIII, iHO/I TIPO-
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cTe Hepo3yMiHHs. Bin cnipaBni BOomiBaB 3a Kpainy, it
1 HayLi BiAJaB yCce CBOE UYyIOBE KUTTS.

B.M. I'nymkoB OyB HaropomKeHuii OararbMa ope-
HAMH 1 TIOYECHUMH 3BaHHSIMH, Bi3HaYeHH JICHIHCHKOIO
npemieto, Jepsxasanmu npemisimu CPCP 1 YPCP.

Bin OyB omHUM 3 iHIIIaTOPiB CTBOPEHHS (haKyiIh-
Tery KibepHeTrkn KUIBCHKOTO HAIIOHAIBHOIO yHi-
Bepcurety iMeHi Tapaca lllesuenka. 3 1965 p. no nus
CBO€1 cMepTi 04omtoBaB Kadeapy TeopeTHdHoi Kidbep-
HETHKH 33 CyMICHUIITBOM.

B.M. I'mymikoB ony6nikyBaB nmoHaza 800 po0irt, y
T.4. 30 MoHOTpadiii.

B.M. I'mynikoB ¢yHIarop HayKOBOi MIKOIH Kibep-
HeTukH. CTBOPUB TEOpit0 HUPPOBUX aBTOMATIB 1 Te-
Opil0 aBTOMaTUYHOTO MPOEKTYBaHHS KOMII IOTEPiB
(1964). 3amouaTKyBaB YKpaiHCHKY IIKOIY 3 MPoOieM
HITYYHOTO 1HTEJNEKTY i posmizHaBaHHs oOpasis. [1ig
HOTO KEepiBHHUIITBOM PO3POOIECHO MPUHITUIHN OI[iHKH
e(EeKTHBHOCTI CHCTEM MAaTEeMaTHIHOTO 3a0e3MeUeH-
Hsl OOYHMCITIOBAIBHOT TEXHIKH, CTBOPEHO 1 BIIPOBaIKE-
HO Yy IIPAaKTUKy MareMaTu4yHoro 3adesneuenuss EOM
«KuiB» (1961). CrBopus mpoekt EOM «VYkpainay»
(1966); cepito EOM «Mup» (1968); cuctemu aBTroma-
tu3anii npoexrysanHs «[IpoexT» Ta mammnn «Kuis-
67» 1 «KuiB-70» nis kepyBaHHS I0HHHM ITPOMEHEM
(1977). ABTOp TIPOEKTY 3arajbHOEPkKaBHOI aBTOMa-
THU30BaHOI cHUCTeMU 300py i 00poOieHHs iHOopMaIii.

3naBanocs 0, HAYKOBUH 1 JKUTTEBUI NUIAX aKaje-
mika B.M. I'mymikoBa OyB IACIIMBUM 1 Oe3XMapHUM.
Hacnpasni x, sik JIronuHA BiAMOBIfaNIbHA 1 HEOaTyKa,
BIH XOTIB HE JIMIIIE BHECTH 3HAYHUN BKJIaJ B KaOIHET-
Hy HayKy, a i 6aunTH MpaKTHYHE 3aCTOCYBAaHHS CBOIX
PpO3po00OK. Alle 4acTO Hapa)KaBCsl HA HEPO3YMIHHS YU
MPOCTO HEOAKAHHS PO3YMiHHSA 3 OOKY YMHOBHUKIB TO-
TaJiTapHOI KOMaHHO-aIMiHICTPATUBHOI CHCTEMH.

Ocb Jesiki paKkTh 3 JKUTTS BUCHOTO:

BikTop [1ymikoB BiB pooBif Bifg KyOaHCHKUX KO-
3akiB. baOycs BueHoro xwita Ha JlonbOaci Ta po3MOB-
JIsTa yKpaiHChKOKO MOBOIO. Bif Hel BiH Ji3HaBCs 0e3-
74 yKpaiHChKUX MiCEHb, BBAXKAB iX HAHKPACHBILIOO
MY3HKOIO Ta JIIOOWB CITiBaTH Ha CIMEHHUX YPOUNCTO-
CTSIX Ta Y KOJIi KOJIET.

B.M. I'mymikoB BoJIOAIB HIMEIBKOIO Ta aHTJIIN-
CHKOIO MOBaMH. 3HaB HalaM’ siThb 0araTo NOETUIHHUX
TekcTiB. OHOTO pasy Ha Cylepeyky KijgbKa TOIHUH
MOCMiNb YUTAB 10 TaM’ ATi HiMelpkow daycra Ta
i Bipmmi Moranna Bonedranra [ere.

V¥V 1960-x pokax Iij KepiBHUIITBOM BUCHOTO CTBO-
PWIN IIPOTOTUIIHN TIEPCOHAIBHUX KOMIT TOTEPIB, a TAKOK
PO3po0MIH i1et0 OE3rOTIBKOBOTO PO3paxyHKY HACEICHHS
— poo0pa3 eJIEKTPOHHUX IPOILICH.

B ocranni neB’ate qHiB xuTTI B.M. [mymikos, Oy-
JIy4d BXKE HE B 3MO31 IIPALIOBATH, AUKTYBaB JOYKaM
CTIOTa/IM TIPO CBOE JKUTTS Ta HAYKOBI MPOEKTH, TOTPHU-
MYIOUHCH BIIACHOTO T'OJIOBHOTO MPUHIIMITY — HE TasiTh
qacy.
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XKypHan «Cy4yacHa eneKkTpomeTtanyprifa» €
MDKHapOOHUM HayKOBO-TEOPETUYHNM Ta BUPOL-
HUYMM KypHaroM Yy ranysi TeXHiYHMX Hayk. B
XypHani nybnikytoTbCa pesynsraty AOCHiIKEeHb
y cchepax: MeTanyprist HOpHUX i KONbOPOBUX Me-
Tanis Ta cnnasiB; cneLjanbHa enekrpomertanyp-
ris (eneKTpoLLnakoBa, ernekTPOHHO-NPOMEHEBa,
nnasmMoBO- Ta BaKyyMHO-[yroBa TEXHOMOrii);
HOBi MaTepianu; eHepro- i pecypco3bepeeHHs;
" Matepiano3HaecTBo, 3D TexHonorii y cneuianb-
Hi enekTpometanyprii. [My6nikyeTbcst Takox AonomkHa iHopma-
Lis 3 TeMaTWKW XXypHany.

TEHHISHA muruucmkn XKypHan «TexHiuHa giarHOCTUKa Ta HEPYWHIB-
H(pgﬂm"“ﬂ KUHTPDI'Ih HUA KOHTpOnb» € MI)KHapO,EI,HVIM HayKOBO-TEX-
HIYHMM Ta BUPOBHWYMM XXypHamom y ranyasi
TEXHIYHUX HayK. B ypHani nybnikyroteca pe-
3yneraTv JOCHiMXeHb 3 AiarHOCTVKM MaTepianis
i KOHCTPYKLi Ta METOAN HEPYWMHIBHOMO KOHTPO-
M0 ANS OLiHKM CTaHy Marepianis i KOHCTPYKLIN;
Teopis, MeToaM i 3acobu TexHiYHOI AiarHocTu-
Ku. Po3milwytoTbcs marepiany 3 MOHITOPUHTY
KOHCTPYKL Ta NOAOBXEHHS pecypcy Ta npa-
uesnatHocTi 3acobamun HK. MybnikyeTbea cynyTHst iHopmauist 3
TEMaTUKW XXypHarny, a Takox iHdopMaLis npo nogii Ta HOBWHM B
YkpaiHcekomy ToBapuctsi HK ta T[.

MOMNAEMCHHA NIAXIA
¥ HERYAHIBHOMY KONTRONI
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XKypHan «ABTOMaTU4YHe 3BaprOBaHHA» € MiKHapOOHWM HayKOBO-TEXHIYHUM Ta BU-
POBGHMYMM XypHANoM y ranysi TexHiYHMX Hayk. B xypHani ny6nikytoTbca pesynsratu
[ocCnimKeHb 3a HaNpsIMKaMun: MaTepiano3HaBCTBO Ta METANypris 3BaploBaHHs, Harnnae-
JNIEHHS Ta iHLUMX CMOPIAHEHMX TEXHOSOriN; TEXHOMOTriI Ta MaTepianu A5is 3BaproBaHHS
KOHCTPYKLIiNHMX MaTepianis; BUPOOHULTBO 3BapHUX METANOKOHCTPYKLIN ANSA PisHMX
ranyse NPOMMUCIIOBOCTI; BifHOBMIOBANIbHUIA PEMOHT AN NOLOBXEHHSI pecypcy 3Bap-
HUX KOHCTPYKLIN i BY3niB; Mpobnemm MiLHOCTI, KOHCTPYIOBaHHSA Ta ONTUMI3aLii 3BapHMX
KOHCTPYKLin; TexHonorii 3D apyky, siki 6a3ytoTbCa Ha 3BaproBarnibHUX npouecax; riopuaHi
TeXHonorii 3BaptoBaHHs. B xypHani nybnikyeTbcs Takox iHpopmMaLisi npo HoBi 3Bapto-
BarbHi MaTepianu, [xeperna >XUBIEeHHS Ta TEXHOIOTT; 3BiTU NP0 BUCTaBKM, KOH(EepEeHLil
Ta ceMiHapy, aHOHCK HOBUX KHUM Ta BUHAXOAiB, HOBUHM Bif BiJOMUX KOMMaHIN Ta iHLUe.

PEKJTAMA B XXYPHAJIAX
Peknama ny6nikyeTbcs Ha 0BKNagnHKax i BHYTPILLHIX BKNew-
Kax XypHanis.
Mepwa cTopiHka obknagnHku — 200x200 mm.
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Bknenka A4 — 200x290 mm. Possopotr A3 — 400x290 mm.
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Poamipu xxypHanis nicnga o6pizy 200x290 mm.
Bci davinu B copmarti IBM PC, konbopoBa mogens CMYK,
po3ginbHa 3gaTtHicTb 300 dpi.
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TepMiHiB Mybnikauii npoxaHHs 3BepTaTncs y BUAABHULTBO.
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