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HAIIVTABJIEHHSA IITAMITIIB EKOHOMHOJIEI'OBAHUMUA
BTOPUHHOTBEPAIIOYNMHU CTAJISAMU

Barpos B. A.
XapkiBcbKHil HAllIOHAJIbHUI ABTOMOOIJILHO-10POKHIN YHiBepcUTeT

Anomauin. Memoio € nioguujerHs 3HOCOCMIUKOCMI Ma MePMOCMIUKOCHI 6MOPUHHO MePMO0OpobIe-
HOI cmani 01 HAnaAsleHHs. CNOCOOOM ONMUMI3AYIT CKIAOY 1e208AH020 NOPOUIKOBO20 OpOmY i3 éMic-
mom mumauy, MoniooeHy ma xpomy. bByno eusaseieno, wo 3a60aKu RIOBUWEHHIO MEPMOCITIKOCTI
cnaasu na ocnoei z3aniza Cr-Mn-Ti oaioms 3mo2y 36ineuwumu emicm xkapbionoi gasu TiC. Kpim moeo,
0odasannsi Mo donomazae cmabinizysamu meepoicmos i mepmMoOCmiliKicms 3a Oiibll 8UCOKUX memne-
pamyp yHacriook oucnepcitinozo meepointa. Cmanv 18X41'10MS5T3C mae 6ucoki nokasHuxu sxcapo- i
BHOCOCMITIKOCTT MA NIOGUWEHY KOHMAKMHY MIYHICMb 3A605KU PIBHOMIDHOMY pO3nodiny Kapbidie ma
iHmepMemaniOHux Cnoayk i nioguuieriu oughysii kapbionux ¢az y npoyeci cmapinus.

Kntrouoei cnosa: cmans, Hannasients, Kapoiou, 1e208anuti NOPOULOK, 3HOCOCIUKICMb.

Beryn

ExcnnyaramiiiHi XxapakTeprCTHKU HarllaBlie-
HOTO METally 3a Pi3HHX yYMOB TEpTS 3aJeKaTb
31e0LTBIIOrO BiJl CUCTEMH JIETYBaHHS CIUIABY,
pi3HOTO (ha30BOrO CKIAAy Ta CTPYKTypH. Tam,
J€ yAapHe HaBaHTa)XKCHHs BH3HAYa€ CEKCILTya-
TalifHI XapaKTepUCTHKH BHUPOOY, BMICT aycTte-
HITY Ta HOro BJIAaCTUBOCTI CTAaOTh HAWOUIBII
BOXJIMBUMU. BogHOUac Meran, sSIKMil HarulaBiIs-
€TBCSI, Ma€ TETEPOreHHY CTPYKTYPY, IO MiCTUTb
IIUTBHY MaTpUIl0 W TBEpIi KPHUCTANU, TaKi SK
sMinaioBaneHi  hasm Mo,C, (MoFe)sC, TiC,
(FeMo)sC i (FeCr)23Cs. Cxitag OCHOBHHUX KapOi-
JOYTBOPIOBAJIBHUX €JIEMEHTIB y CTasIX, LIO0
BUKOPUCTOBYIOTBCSI 32 BHCOKHX KOHTAKTHHX
HaBaHTaXeHb, BapitoeTbes: 0,8—2,5 % Byrierio,
4-10 % wmapranwio, 2-5 % xpomy i 1,5-3,0 %
TuTaHy. TBepicTh KapOiqy TUTaHY BHINA, HIK Y
KapOifliB XpoMy, BaHaJif0 MOJIIOJIeHy Ta iHIINX,
110 1 BIUIMBAE HA 3HOCOCTIUKICTb.

AHaJi3 myOaixanii

AHaji3 MaTeHTHO-HAyKOBOI iH(opmaIlli Ta
BUPOOHUYI JOCIIJKEHHS CBi[4aTh, MIO IIITAMITH
BUTOTOBJIIIOTHCS 3 IHCTPYMEHTAJIBHUX CTalleH,
pernamentoBannx JCTY 3593. Onnak ymoBu
po0OTH ITaMIa JOCTaTHBO TSDKKi, @ BapTICTh iX
BUTOTOBJIEHHST BUCOKa. Komu motpiObHO Bimpe-
MOHTYBAaTH TOBEPXHIO 3HOIICHUX JeTajied pi3-
HUMH METOJIaMHU, SK MPaBUJIO, 3aCTOCOBYIOTH
HaIUTaBJICHHS.

st peMOHTY BHKOPUCTOBYIOTH CIUIABH 3
MapTEeHCUTHOIO, MapTeHCUTHO-OCHHITHOIO, Me-
TacTabUILHOI ayCTEeHITHOW MaTpuisMu. OCHO-
BHUMHU JIETYIOUMMH €JIEMEHTaMH IHX CIUIABIB €
Boib(paMm, BaHAIiHA, MONIOIEH, XpPOM TOIIO.
Ili enemeHTH € JehIMUTHUMU W JTOPOTHMHU.

Y oMy pa3i 0OpoOJIEHHS TOBEpXHI BUKOHY-
€TbCS 3 BUKOPHCTaHHSM HAIUTABJICHHS IIiJ| Ia-
poM (Irocy, CTPIYKOBUMH Ta MOKPUTUMH €IeK-
TPOJIaMH.

AHaimi3 MeTOIIB HaHECEHHsS HAaIlJIaBJIEHOIO
MeTally, IX XIMIYHHMI CKJaJ IOKa3aB, IO BCi
BOHH MArOTb SIK IIepeBaru, Tak i HEJAOJIKH.

OCHOBHMM BHUJIOM 3HOIIYBaHHS MaJIOTOHHA-
XKHHX (opM € cTHpaHHSI.

Kpim Toro, neski 3 KaHaBOK TaKOX IIijaa-
I0ThCS IEPILIOMY Ta JPYTrOMY THIIaM CXOTUICHHS,
yIapHOMY 3HOINYBaHHIO, CTHPAHHIO, MeXaHid-
Hil KOpo3ii, BTOMHOMY 3HOLIYBaHHIO Ta 3a/iU-
panrto [1, 2]. 3 ormsigy Ha yMOBH poOOTH iH-
CTPYMEHTY JUIS rapsdoro OoOpoOJIEHHsS MeTalry
THUCKOM Ta BIIACTUBOCTEH CIUIaBY, IO BUKOPHC-
TOBY€ETBCS ULl PEMOHTY, C(HOPMYIILOBAaHO OCHO-
BHI BUMOTH JI0 TpaBiop mrramiiis (puc. 1).

Omip [Xopoma 06poGioBaHicTs Brcoka
CTHCHEHHIO IOBEPXOHb TpimHHoCTiKCTS
— T g -
Omip Omip
3THHY '—I Bumoru J10 TPaBIOp MITAMITIOBOTO iHCprNfeHTy 3HOCY
L] =y
Bucoxka Ortip AHHAMIMHAM Brcoka
TBEPIICT HABAHTA:KeHHAM TeIUTOCTIHKICTE

Puc. 1. OcHOBHI BUMOTH JI0 TPABIOP MITAMIIOBO-
ro iHCTpyMeHTY [1]

ExcrumyaramiiiHi XxapakTeprCTUKU HarliaBlie-
HUX METaliB, NPU3HAUYEHHUX Ui POOOTH B Pi3-
HUX YMOBax TepTs, HacamIiepe] BU3HAYAIOThCS
CHCTEMOIO CIUIaBY, CKJIAZOM 1 CTPYKTYPOIO Pi3-
HUX (a3. Y pasi, Konu ygapHi HaBaHTaKEHHS
BU3HAYAIOTh Mpale3JaTHICTh BHUPOOy, BHpimIa-
JbHE 3HAYCHHS HaOyBa€ KIIBKICTh ayCTEHITY Ta
Woro mnpupoja. HamnaBieHuil metan y oMy
pas3i Mae TeTeporeHHy CTPYKTYypy, IO CKiajaa-
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€THCS 3 B’SI3KOI0 MATPHIIl Ta TBEPIUX KPUCTATIB
3MIIHIOBATLHOT (pa3.

AHaii3 mapaMmeTpiB, IO BIUTHBAIOTh Ha PO3-
YUHEHHS JIETYIOUMX E€JEMEHTIB y 3aji30ByIJie-
LEBUX PO3IJIaBax, MOKa3ye, IO IBUAKICTh PO3-
YUHEHHS 3MEHIIyeThes B psay Ti-Cr-Mo. 3Hu-
JKEHHSI BMICTY BYTJIEHIO B PO3IUIaBI MPUBOINUTH
JI0 TiJBUILEHHS [IBUAKOCTI PO3YMHEHHS XPOMY,
OCKIIBKM 3YMOBJIOE TIJBHUINEHHS TIpajieHTa
KOHIIEHTpAIlil BYTJIEII0 Ta ITiABHUINEHHS 3MOTY-
BaHOCTI KapOimiB. OmgHak mis KapOimy THTaHy
IIBUJKICTh PO3YMHEHHS TOCTiMiHA i1 He 3ae-
JKUTh BiJl KOHIIEHTpAIii BYIJIEII0 B PIAKOMY
MeTaJll, 10 MOSICHIOETHCS MpaBmiioM «15 %ox».

CTpyKTYypOyTBOpEHHS B TIPOLIECi KpHCTali-
3allii CIUTaBiB Ha OCHOBI 3aj1i3a 3 KOHIICHTPAIIi €10
Byraernio 0,5...2,0 % i turany 0,5...2,0 % moxa-
3y€, IO CITOYATKY 3apOKYEThCS KapOia TuTaHy,
piZFiHAa HABKOJIO HHOTO 301 IHIOETHCS BYTJICIIEM 1
THUTAHOM.

3i cka3aHOTrO BUINE MOXXHA 3pOOWUTH BHCHO-
BOK, IO 31 301IBIICHHSIM BMICTY TUTaHy B pO3Ii-
naBi K KapOimoyTBOpIOBaya 3pOCTATUMYThH KO-
e(imieHTH Tepexoy MapraHito, XpoMy W MOJIi-
OlleHy B HalUIaBJIeHWI MeTasl. BBeaeHHs THTaHY
Kpi3b (epocIiiaB 3HU3UTh OKUCIICHHS JIETYIOUNX
€JIEMEHTIB 3aBISKH IPHUCYTHOCTI aJTIOMIHIIO B
¢depoTuTaHi.

TurtaH miABUILYE OMip MOYATKOBIH cTaii po-
3BUTKY IUIACTUYHOI ieopMaltii BEpXHHOTO KOH-
TakTHOTO 1apy. EdekTuBHicTh KapOifiB TUTaHY
JUTS TIJBUIIEHHS CTIMKOCTI IO 3HOIIYBaHHS SIK
3a 0OYHMCIIOBAIFHUMH, TaK 1 3a €KCIIepUMEHTa-
JHHUMH NOKAa3HUKAMU HE TIOCTYMAETHCS PE3YIIb-
TaTaMH 3aCTOCYBaHHS 3MIIHIOBAIBHOI (a3,
kapobigie VC i NbC, mo mae 3Mory eKOHOMHUTH
BaHaZiil Ta HIOOIH. DpUKIIHA TETUIOCTIHKICTh
€KOHOMHOJICTOBAaHUX HAIUIABJICHUX CTalei cuc-
temu Cr-Mn-Ti Ha ocHOBI 3amiza (3a yMOBH
HE3HAYHOTO BMICTy TAaKUX JIETYIOUHX €JIEMEHTIB,
SK MOJIOJeH 1 BaHajid) BHINA 3a AHAJIOTIYHY
xXapakTepucTuKy Bijomoi crani 35BIX3I'CD.

VYV 0EBTEKTOIIHHMX CTaISIX y IPOLEC 3011b-
HIEHHS KUTBKOCTI ayCTeHITy 3HOCOCTIMKICTB
3MEHIIYETHCS, a OMip YAapPHUM HaBaHTAXKEHHSIM
3pocTae B pasi JIeryBaHHS HikelieM. Y 3aeBTEK-
TOIHHUX CTANSX 31 3HAYHOIO YACTKOK KapOimiB
3HOCOCTIMKICTh 31 30UIBIICHHAM KiJIBKOCTI ayc-
TEHITY 3MEHIIYEThCS, OMip yIAapHUM HaBaHTa-
KCHHSIM XPOMOHIKENIEBUX CIUIaBiB 3pOCTae, a
XPOMOMAapPraHIEBUX MA/IAE.

YV nocmimpKyBaHUX CTASIX HIKEIb 3aMiHCHHH
Ha MapraHelb.

AmHaniz piBHSIHb HIKEJIEBOTO Ta XPOMOBOTO
€KBIBAJICHTIB Ui HEPIBHOBAXHHUX CTPYKTYD
BHCOKOJIETOBaHHUX 3HOCOCTIMKUX CILIABIB 1 jgiar-

paM BIUTHBY JICTYIOUHX €JIEMEHTIB Ha CTPYKTYpPY
W 3HOCOCTIHKICTh HAIJIaBICHOTO METaly IOKa-
3y€, M0 HEOOXiMHY CTPYKTYPY MOXKHa OTpHUMa-
TH, AKIIO Y 3HOCOCTIWKHX CTaJIX BapiloBaTH
BMICT BYTJICLIIO, XpPOMY, MapraHiio, TUTaHY.

[TigBHIIEHHS TEXHOJIOTIYHOI MIIHOCTI 3a0€3-
neyye CTBOPEHHS B HAIUIABJICHOMY METali Mart-
puLi 3 JuchepciiHO-TBepailo4oi abo ayCTeHiT-
HO-MapTeHCUTHOI CTaJli.

Ha ocHOBIi BHKIameHOTr0O BHUIIC MOXHa chop-
MYJTIOBATH TaKi TOJIOKESHHS:

- UIS KOHKPETHOTO BUAY 3HOIIYBaHHS IyXKe
BOXUJIMBUM € BHOIp CTPYKTypH HAIIIABJICHOTO
MeTaiy, a orTke, i ckmany das. PerymroBaHHS
CTPYKTYpH 1 (a30BOTO CKIaLy SIK B JOEBTEKTOI-
IHHMX, TaK 1 B 3a€BTEKTOIMHUX CTaIAX MOXKHA
JTIOCSITTH 3MIHOIO BMICTY MapraHIO SK ayCTEHi-
3aTopa i TUTaHy SIK aKTUBHOTO KapOigoyTBOPIO-
BaJILHOTO €JIEMEHTA;

- 32 YMOBH BHCOKOTO BMICTy BYTJICHIO JIO
2,5 % 1 kapOigOyTBOPIOBAIBHUX €IEMEHTIB MO-
JKJIMBA TIOSIBA €BTEKTHKH THIY y+K abo a+K;

- JUIS BIIHOBICHHS IHCTPYMEHTY Tapsuoro
nedhopMyBaHHS METally HalUIaBICHHSM Oa)XaHo
3aCTOCYBAaTH EKOHOMHOJICTOBaHi AMCIEPCiiiHO-
TBEPJit0Yi CTasi, JOJATKOBO JeroBaHi MomiOe-
oM (2-5 %).

Meta Ta nocTaHOBKA 3aBIaHHS
Meta po0OTH — TiABHUINEHHS] 3HOCOCTIHKOCTI
W TETUTOCTINKOCTI BTOPUHHOTBEPIIIOYMX HaIlIa-
BJICHUX CIUIaBIB Ha OCHOBI 3aii3a crocodoM
TOJITIIEHHST CKIIaly JIETOBAHOTO MOPOIIKOBOTO
JIPOTY 3aBISKHA ONTHUMI3allii BMICTY THTaHY,
MOJIIO/ICHY Ta XPOMY.

HocaigxeHHs BJ1aCTUBOCTel MOKPUTTIB
i BIVIMBY TEXHOJIOTII IX HAHECEeHHS
HA CTilKiCTh MPOTH 3HOIIYBAHHS

[l aBTOMaTHYHOro HaIUIABJICHHS MMiA (ito-
coM OyNM CIIPOEKTOBaHI Ta BUTOTOBJIEHI NpH-
CTpOI JyIsl TI0Jjavl y 3BapIOBAILHY BaHHY MOPOIII-
KOBOTO JIPOTY. IX BHKOPHCTAaHHS Ha 3BApIOBAIb-
Hux amaparax A-1401 i TC-17M pamo 3mory
JOCHIANTH BIUIMB OE€3CTPYMOBHX MPHUCAIOK Ha
BJIACTHBOCTI HAIUIABIICHUX INAPiB 1 MPOIYKTUB-
HiCTh HaruiaBiieHHS. HamnaeneHHs nmpoBOAMIOCS
Ha 3paskax 3i crami 20 i SOXHM. Pexxum naruta-
BiaenHs  [¢=300..320 A; Ug=34..36 B;
Un=23,7 m/T; Upe~93,75 m/r. JIOMIllIKK B OCHOB-
HY YaCTUHY 3BapIOBaJIbHOI BAHHU 3HECTPYMIICHO-
ro apoty ctaHoBmiu 0—75 % Bijx 3aranbHOi Kijlb-
kocTti. IlopomkoBi npoTu OyimM BUTOTOBIICHI Ha
nabopatopHiil 6a3i kadenpu 3BaproBanns YIIIA.

3Bakaloud Ha BUMOTM [0 Marepiainy
MITAMITIB, SIKi TIPAIIOIOTH 3a ITiIBUIIICHUX TEMIIC-
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paryp, BU3HAYEHO METOAU JOCIIIKSHHS (i3HKO-
MEXaHIYHUX BJIACTUBOCTEH PO3POOJICHOTO CILIaBY.

Teepmicts Ta IHIII MeEXaHIYHI BIACTHBOCTI
JIOCII/KYBaHHX CIUIaBiB BUMIPIOBAIM 32 HOpMa-
JpHUX 1 migBumieHux temneparyp (470-1070 K)
SK Ha cepifHOMY, TaK i Ha clienianbHOMY o0Ja-
HaHHI, BUroToBIeHOMY B LIBH.

3HOCOCTIHKICTh PO3POOICHOrO CIIABY JOCITi-
mxyBanu 3a Bumoramu JICTY 30480 na ¢puk-
uiitaomy mnpuctpoi 2070 CMT-1 3a cxemoro
«IUCK — HaKIaIKka» Ha 3pa3kax po3MipoM
15%9x9 MM (momkuHa muctaHiii Teptst 500 M,
Matepian KoHTpTUIa — ctanb 45, HRCe48... 49,
HaBaHTaxkeHH — H=50 H, ymoBu nocmimkeHHsI
3HOCOCTIHKOCTI OyJiM HaOJIMXKEHI 10 YMOB Po0o-
TH IITANMIB Taps4oro oOpoOIeHHsI cTallei, IBU-
IIKiCTh 0OepTaHHs Aucka craHoBmia 0, 5 m/c).

TBepaicTe B yMOBaxX MiJBUIIEHUX TeMIIepa-
TYp BUMIPIOBaJI CIIOCOOOM HAarpiBaHHS MpPSMO-
KyTHHUX 3pa3KiB 3MIHHUM CTPYMOM Yy IIPHCTPOI
(puc. 2).

Puc. 2. TTpucTpiii anst BUMIpIOBaHHS TBEPJIOCTI 32
BUCOKHX TEMIIEpaTyp: a — 3arajlbHUi BUTII,
0 — HarpiBaJIbHUH OJIOK

Onucannii MPHUCTPIii MICTUTH TaKi CKJIaHU-
KH:

- TBepaomip TK-2;

- ITBOBICHHMIA TIPHCTPii 1 (DIKCYBaHHS 3pa3-
KIB;

- HarpiBad (KOHTAKTHUH CTUKOBHUH 3BaproBa-
JTLHUH amnapar);

- CTPYMOIIPOBiTHA TIIHHA.

HarpiBanus BukonmyBaym Bim 100 °C mo
1100 °C, a oxomomKeHHs 31HCHIOBAIN HA IOBI-
Tpi @00 cITOocOOOM ITUKJIIYHOTO HAarpiBaHHS ene-
KTPHYHHM CTPYMOM.

TenmnocTifKicTh 3pa3kiB HAHECEHOTO METaly
BU3HAYAJIM 3 JIOTIOMOT'OF0 HArpiBaHHS 3pa3KiB JI0
900, 925, 950, 970 1 1000 °C, BUTpUMKH TIPOTSI-
roM 4 TOA 1 TOAANBIIOTO OXOJIOMKEHHS JIs
BU3HAYCHHS TBEPJIOCTI.

Pe3ynbratn mabopaTopHUX MOCTIKEHB MOpPi-
BHIOBJIMChH 13 BHUCHOBKAMH EKCIICPHMCHTIB 1H-
IIMX aBTOPIB.

JocmimKyBaBcsl BIDIMB JIETYIOUUX €JIEMEHTIB
crmasiB  cucrem Cr-Mn-Ti (1,50..2,00 % C,
4..5% Cr, 9,00...11,00 % Mn, 4,00...6,50 % Ti,
1,60...2,20 % Si, 0,37...0,48 % C, 3,6...4,1 % Cr,
7,1..8,2 % Mn, 18..2,6 % Ti, 0,8..1,1 % Si) i
Cr-Mn-Mo-Ti (0,15...0,25 % C, 3,0..5,0 % Cr,
8,0...10,0 % Mn, 3,0...6,0 % Mo, 1,5...3,5 % Ti,
1o 1,5 % Si) Ha ocHOBI 3amiza Ha (HOpMyBaHHS
(hi3MKO-MEXaHIYHUX BIIACTHBOCTEH TOCHIKYBa-
HUX CILIaBIB.

Y 3B’A3Ky 3 HEOOXIAHICTIO peryJoBaHHSI
CKJIay, CTPYKTYpH Ta BIaCTHBOCTEH 3HOCOCTIH-
KHX IIapiB, 3aCTOCOBYBAJIM HAIUIABJIICHHS 3 JIETO-
BAHOTO MIApy MOPOIIKY il KepaMiuHUM (PIFOCOM
1 TIOPOIIKOBUMH JPOTAMH 3 TIOJIAUCIO 3HECTPYM-
JICHOT MPUCAJIKK y 3BaproBalbHy BaHHy. Jloci-
JOKYBQJIM CTaJli 3 MAPTEHCUTHOK Ta MapTEHCHUT-
HO-ayCTEHITHOIO0 OCHOBOIO [3, 4].

3HauHe MIJABUILIEHHS TEXHOJIOITYHOI MIIHOCTI
Ta 3HWKCHHS CHEPrOCIIOKUBAHHS Y BUTOTOBJICH-
Hi 3HOCOCTIMKHUX JeTaJiell T0CSTaeThCs 3 IOIOMO-
rOI0 BHKOPHCTAHHS CIUIABIB BTOPHHHOTO 3Mill-
HEHHSL. Y po3po0biieHoMy CIUIaBi
18X4T'10M5T3C nmeditmr Ni mo 9..12 % kowm-
MIEHCOBAaHO BBeneHHAM Mn 1o 9...12 % Ta Al 3
(depotuTany. Teepaicts CIUIaBy
18X4I'1OMST3C micist MOBEpXHEBOIO 00Op0OO-
nenHst ctanosmna 37...40 HRCe, a micnst 06po0-
nenns crapianasM (7= 820 K, t = 2 rox, oxono-
JokeHHs Ha oBiTpi) — 49...54 HRCe.

[IpoananizoBaHO  IJIACTHUYHICTH  CILIABIB
40X4I'8T2C ta 18X4I'10MST3C 1 BcTaHOBIEHO,
o 3a temneparyp 293...870 K Bona Bwuina, Hix
y craneit SOXHM Ta 35X4B3M®, i He nocryma-
€ThCS HIKEJICBM MAapTEHCHUTHOCTAPIIOYMM CILIa-
Bam (10X6H8M7C).

30utbnIeHHsT KapOiHOi (a3u crpusie IiBuU-
IIEHHIO TerwiocTilikocti crutasiB Fe-C-Cr-Mn-Ti-
Si Ta Fe-C-Cr-Mn-Mo-Ti-Si; monaTtkoBe BBeEH-
s Mo (3-5 %) crabimizye 3Ha4€HHS TBEPIOCTI
(HRCe 48...54, sxmo 7= 370...770 K), migsurrye
TETUIOCTINKICTh 1 TBEPJICTh 3aBISKUA JUCICPCiii-
HOMY 3MIlHEHHIO (puc. 3).
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Puc. 3. BuB Temneparypu Ha TBEpIIiCTh CILIa-
BiB: * —40X4I'8ST2C; A — 20X3I'9M5T2C;
a— TeMIiepaTypa BigIycKy; 0 — Temreparypa
JIOCITIKEHHS TBEPJIOCTI IICIIS BiAITYCKY

OmHuM 13 MOKAa3HUKIB TEIUIOCTIMKOCTI € TBEp-
JCTh METAITy ICIs TPUKPATHOTO BiAIMYCKY (TeM-
neparypa 850 K, wac Bimmycky 2 r, moBiTpsiHE
OXOJIOJIKEHHS). JocmimkeHHs CIUIaBIB
40X4I'8T2C 1 18X4I'IOMST3C moxkazano, 110
CTaOUIBHICTh ~ TOKa3HWKIB  TBEPHOCTi,  sIKa
MOB’si3aHa 3 TIEPETBOPECHHIM 3aJIMIIIKOBOTO aycC-
TEHITYy B MapTEHCHT i MOJAJBIIIAM YTBOPEHHSIM
IUQYy3HUX KapOimiB, TaKOXXK BIUIMBAE Ha CTii-
KicTh 70 ctupanHs. OTxe, MiABHUIICHHS TEIIOC-
TIHKOCTI Ta 3HOCOCTIMKOCTI JTOCTiIKYBaHHX
crotaBiB 40X4I'8T2C ta 18X4I'IOMST3C nocs-
Ta€ThCs 3aBJSKH 3HAYHOMY, BiIHOCHO PiBHOMIp-
HOMY pO3moiny KapOiaHoi (a3u Ta BBEICHHIO iX
y 3BaplOBaJIbHy BaHHY I'€TEPOr€HHUM CIIOCOOOM
B IIpolieci HaruiaBjeHHsA. BomHouac y mporeci
BUMPOOYBAaHHS HA 3HOCOCTIMKICTH 3MIHIOETHCS
anre3iffiHUi CKIAJHUK CHIIM TEPTS, IO MOXKHA
CIIOCTEpiraTy BigNOBIAHO IO 3MiHM MOMEHTY
TEepTs JOCIIDKYBaHUX CIUIaBiB (puc. 4).
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Puc. 4. 3miHa MOMEHTY TepTs JOCIIKYyBaHHX
cruiaBiB. A — 0BX6H8M7C;o — 40X4I'8T2C;
e — 18X4I'lOMST3C

Haii6inpnry 3HOCOCTIMKICTD 13 JOCIHIIKYBa-
Hux cmiaBiB  (18X4T'10M5T3C, 40X4I'8T2C,
08X6H8M7C) Mae HaIUTaBHA CTalb
18X4T'1OMST3C (puc. 5).
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Puc. 5. IHTEeHCHBHICTH 3HOCY OCIIIKYBaHHX
craneii: A — 08X6H8M7C;0 — 40X4I'8T2C;
e — 18XAI'IOMST3C

i dhaxTopy cripwsiiy # i JBUIIIEHHIO KOHTaK-
THOT MIIHOCTI Ta MiKpOIUIACTHYHOCTI MOBEPXHE-
BUX rapis po3pobieHoro CILIaBy
18X4I'1OMST3C.

BucHoBku
Ha ocHoBi onmcannx mociimkeHs po3podie-
HO €KOHOMHOJIETOBAaHI HAIUIaBHI CIUIaBH Ha

METOI0 BiJTHOBJIICHHS 3HOLICHUX MOBEPXOHb
npec-hopM IS TapsSI0ro OOpOOJICHHS METaNiB.
BukopucTaHHS WX CIUIaBiB 1 TEXHOJOTIH iX
HaHECEHHS JIa€ 3MOTY 3HA4HO 3HHM3HUTH €HEpro-
1 pecypcoCHOXMBaHHS Ta IMiABHIIUTH JIOBrOBi-
YHICTB mpec-hopM.
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Fusion of dies with economy-layed secondary-
hard-ducted steel

Abstract. Problem. The purpose of the work is to
increase the wear resistance and heat resistance of
secondary hardening surfacing steels by improving
the composition of alloying powder wires due to the
optimization of the content of titanium, molybdenum
and chromium. It was found that increasing the heat
resistance of iron-based Cr-Mn-Ti alloys contributes
to an increase in the content of the carbide phase
[TiC]; the introduction of [Mo] stabilizes the value
of hardness at elevated temperatures, increases heat
resistance and hardness during dispersion harden-
ing. High indicators of heat resistance and wear
resistance of steel 18X4G10M5T3S are achieved due
to additional diffusion formation of the carbide phase
during aging, increased contact strength, a signifi-
cant amount and uniform distribution in the volume
of the deposited metal of the carbide phase. Goal.
Increasing the wear resistance and heat resistance of
secondary hardening surfacing steels by improving
the composition of alloying powder wires due to the
optimization of the content of titanium, molybdenum
and chromium. Methodology. For automatic arc
surfacing under the flux, attachment devices were
designed and manufactured for feeding the de-
energized flux-cored wire into the welding bath. The
use of these devices on the A-1401 and TS-17M weld-

ing machines made it possible to study the influence
of the de-sintering additive on the deposition pa-
rameters, chemical and phase composition of the
deposited metal. The surfacing was carried out on
samples made of steel 20 and 50 KhNM according to
the "slide" scheme. The powder wire was produced at
the laboratory facility of the Department of Welding
Production of UIPA. The crack resistance of the
alloys was studied at the LTP 1-6 installation.
Results. On the basis of experimental studies, it was
established that automatic surfacing with a de-
energized additive increases the technical and eco-
nomic indicators of melting — the surfacing coeffi-
cient is up to 30 g/Ag, the share of the base metal in
the surfacing decreases to 11...14%, reduces the
specific fuel costs and energy costs — increases the
specific energy for the formation of a seam above the
conventional limit of fusion and thermal efficiency.
by 60...70 % and 40...50 %, reduces the coefficients
of the relative mass of slag by 24...28%, increases the
absorption coefficients of alloying elements by
70...80 % in contrast to single-electrode melting.
Originality. It was found that increasing the heat
resistance of iron-based Cr-Mn-Ti alloys contributes
to an increase in the content of the carbide phase
[TiC]; the introduction of [Mo] stabilizes the value
of hardness at elevated temperatures, increases heat
resistance and hardness during dispersion harden-
ing. Practical value. On the basis of the conducted
research, economically alloyed wear-resistant alloys
and the technology of their application were devel-
oped to restore the grooves of the matrices of hot
metal stamping dies. The use of these alloys and the
technology of their application ensures a reduction in
energy and resource costs and an increase in the
durability of the stamping tool.

Key words: steel, surfacing, carbides, alloyed pow-
der, structure.
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