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JOCJIIVKEHHSA ®A30YTBOPEHHS CIIVIABY 12X18H10T TA MIATI IIICJIA
3BAPIOBAHHSA TEPTAM

Canin A. @., Mamuyp I. O., Mamuyp C. I., HocoBa T. B.
JAninpoBcokuii Hamionaabuuii yniBepcuret imeni OJiecss I'onuapa, JIninpo, Ykpaina

Anomauin. Busueno mexuonoeiro 3’conanusn cnaagy 12X18HI10T ma mioi. 3anpononosano suxopuc-
MAanHs 36aproganHss mepmam. Posenanymo napamempu mexnonoeiunoeo npoyecy 36apioanus mep-
msam. Ilposodunuce docrioxcenns 3paskie 3eapuux 3’conanv 12XISHIOT + MI. Hasedena mikpo-
cmpykmypa 0egpopmosanux 30H 38apHo2o 3 '€oHanns 12X18HI10T, ompumanoco 3a onmumaibHuUMu
napamempamu. YCmawoeneHa NpUdUHA  3HUDICEHHS — MEXAHIYHUX — 81acmueocmell 3 €OHAHHSA
12X18HI0T — M1.

Knrouosi cnosa: 3saprosanns mepmsim, MiKpOPeHmMeeHOCHeKMPAIbHI 00CALONCEHHS, MIKDOMEEPIicmb,

MIKpOCmMpYKmypa, 36apHe 3’ €OHAHHA.

Beryn
CyuacHHH PO3BUTOK TEXHIKM MOTpeOye BH-
KOPUCTAaHHS HOBHUX TEXHOJIOTi Ta MarepiaiiB.
HesBaxkatoun Ha 30UTbIICHHST 00’€My BHUKOpHC-
TaHHS KOMITO3MIIITHUX MaTepiajiB, a 0COOIHUBO
Ha OCHOBI MOJIIMEPHOT MaTpHIli, METaleBi CIla-
BU 3QJIMIIAIOTHCS HE3aMiHHUMH. 3aBIsSKu (i3u-
KO-MEXaHIYHUM BJIaCTHBOCTSM CIUIaBU HA OCHO-
Bi MeTaJgiB BHKOPHCTOBYIOTH y PakKeTHO-
KOCMIYHIM TexHili, MamMHOOYAyBaHHI Ta iH-

LIMX Taly3siX BUPOOHMIITBA.

AHaJji3 myOaikanii

3BaproBaHHsA TepTAM OyJjo po3polieHO Ha
noyatky 1956 p. y CPCP. 3 60-x pp. iHmi kpai-
HU TaKOX TOYaId PO3BUTOK Yy HAmpsMi 3Bapro-
BaHHs TepTsM. Lleli meTtox € pi3sHOBUIOM 3Ba-
PIOBaHHSA THUCKOM, IIii Yac SKOrO0 HAarpiBaHHSI
MeTay BiJJOYyBa€ThCS MUIIXOM TEpTs OAHIET i3
yacTuH BUpoOy [1-4]. V kinui npouecy BinOy-
Ba€ThCs ocTarouHe 3’enaHaHHA. llel pisHOBUA
3BapIOBaHHS BUKOPHCTOBYETHCS B aBiaOy/yBaH-
Hi, pakeToOyIyBaHHI, MaIIUHOOYTyBaHHI TOIIIO.
B Vkpaini gocmimpkeHHs] B IbOMY HanpsMi mpo-
BOJSITHCS B [HCTUTYTI eleKTpo3BaproBaHHs iMe-
Hi €Brena IlaToHa.

Jociaigxenns Ga3oyTBOPeHHs CIIABY
12X18H10T Ta mixi

bararo koHCTpyKIIii TOTpeOye 3’ €THAHHS Pi-
3HOpigHMX  MatepianmiB.  IlpoOnemoro €
3’€IHAaHHA METAJIEBUX CIUIABIB, SIKI YTBOPIOIOTbH
IHTepMeTaNiHl CHoNyKd. Sk BiJioMoO, iXHSA
0o0’eMHa A0y 1 pO3TAaUlyBaHHA B MeEpeXigHii
30HI CYTTEBO BIUTMBAIOTh Ha MEXaHIYHI BIACTH-
BOCTI KOHCTPYKIii. BupimreHHs el mpodaemu
TOJIITae y BUOOPI ONTUMAIBHOTO METOAY OTPH-
MaHHS KOHCTPYKILIi Ta PO3paxyHKy TEXHOJOTiY-
HUX MapaMeTpiB. Y Iiif poOOTI PO3TISTHYTO TEX-

Homorito 3’eqHanns craBy 12X18H10T Ta wmi-
Ii. 3anpOIOHOBaHO BUKOPHCTAHHS 3BapIOBAHHS
Teptam. Lleil MeTos 103BOJII€ OTPUMATH BUCOKY
AKICTh 3’€lHaHb 3a PaxXyHOK BUJAJECHHS OKHC-
HUX Ta a7copOOBaHMX ILTIBOK, SKi 3aBXKIU € Ha
METaJeBiii TIOBEpXHi, Yy MpoIleci 3BaplOBaHHS.
Heli Meron € BucokonpoAyKTHUBHUM. IIponec
YTBOpIOBaHHS (hi3MYHOTO KOHTAKTY MPOTIKae 3a
paxyHOK aKTHBalii KOHTAKTHUX MOBEPXOHb Ta
00’eMHOi B3aeMozii. BojgHouac BUHHKAIOThH Taki
SBUIIA: TETJIOBUAIICHHS; 3HOLICHHS KOHTAaKTY-
I0YMX TOBEPXOHB; Oe3lepepBHE YTBOPEHHS Ta
pYHHYBaHHS 3B’ S3KiB B3a€MOJIIFOUNX TTOBEPXOHb
MiJ] 9ac pyXy; MUTTEBHIA HArpiB i MIBHIKE OXO-
JIOJKEHHS MaJuX 00’€MiB MeTally IIiJl 4ac THC-
Ky; HakJenm MeTany; JeOopMyBaHHS MiKpOBHC-
TYIIB MTOBEPXOHB 1 MPOIIAPKiB METAITy; B3a€EMHA
nmudysis meraniB [1]. ABTopaMu pO3TISHYTI IMa-
paMeTpu TEXHOJIOTIYHOTO IMPOIleCy 3BaplOBaHHS
TEPTSAM, YCTAHOBJICHO, IO JUIS 3BapIOBAJILHOTO
3’equanda 12X18H10T + M1 1*10-3 ocax Ha-
TpiBy MOXIJIMBO KOMIICGHCYBATH, SIKIIO 3aMiHUTH
HIBUJKICTH BiHOCHOTO oOepranHs Ha 0,018 m/c,
10 MlIla tucky HarpiBy, 24 MIla THCKy IpOKOB-
ku, abo mBuakictio npokoBku 0,850 c. s
3’equanasa 12X18H10T + M1 BmiuB ocamy mif
yac HarpiBaHHA € CKJIaJHOI0 3aJIeKHICTIO, Ha
SKY BIUIMBA€ HE TIJIbKH CTYMHiHb, a i MIBUIKICTD
nedopmartii. Y poOOTi IPOBOIMIH TOCITIPKEHHS
3paskiB 3BapHuX 3’e¢aHanp 12X18H10T + MI.
BukopucTaHi METOIMKH:

- MeXaHI4yHI ICIIHUTH;

- MeranorpadiuHi Ta eJIeKTPOHHOMIKpOC-
KOMIYHI JOCIII>KEHHSI,;

- BUMIpIOBaHHS TBEPAOCTI;

- MIKpOPEHTT€HOCTICKTPaIbHI JOCITIIHKEHHS.

AHaJi3 TPOBENECHUX JOCITIKEHL ITOKA3YeE,
mo I JOCHIDKYBAaHOTO  OiMETalleBOro
3’€qHAHHS BEMMYWHA OCamy i 9ac HarpiBaHHS
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Jae CTaOiIbHI Pe3ylbTaTH 3a 3HAYCHHIMU
(8-10)*10° m. IlIBuakicTs BimHOCHOrO 06Ep-
TaHHS CYTTEBO MPHUCKOPIOE CTaOTBHICTh Pe3yIib-
TaTiB Ta MIIHICTE KOHCTPYKII. AJie AOCTAaTHS
MIIHICTh MOKE OYTH OTpHMaHa TiNbKU 32 MIBH]-
kocti 0,8-1 m/c, tucky 50-80 MIla Ta ocamy
(8-9)*10° m. I1i mapameTpn K03BOISIOTH 3MEH-
IIMTH TPUBAJICTH MPOLECY 3BAPIOBAHHS TEPTIM
y 10 pasis (1). 3acrocyBanns tucky o 30 Mlla
3a0e3mnedye OibITy TPUBAIICTH MPOIECY Ta HH-
3pKy MinHICTh. Tuck 50-80 MIla mo3Bonse
OTPHMAaTH BHCOKY SIKICTb 3’€IHaHHS. ABTOpamMH
B po0OTI  JOCHIKYBAINCH  3BapOBajbHI
3’€HAHHS 3 HU3BKOIO MIIHICTIO, SIKi OyiH OTpH-
MaHi 3a mapameTpiB: BiJHOCHA IBHIKICTH 00ep-
tanHs 0,4 m/c, THCK mij 4ac HarpiBaHHs 80
Mlla, Tuck mix gac nmpokoBku 80 Mlla, Bemuum-
Ha ocaxy 9 * 10° M. 3pasku 3 BHCOKOKO MilHic-
TIO OyJIM OTPUMaHI 3a PESKMMOM: BiJTHOCHA IIIBH-
nkicte obepramHs 0,98 wm/c, THCK ming Hac
HarpiBanHs 50 Mlla, THck mixg 4ac NPOKOBKH
200 MIIa, Bemmumna ocagy 9 * 10° M Ta Tpusa-
JICTIO IPOKOBKH 3 C.

Ha puc. 1 nonana mikpodotorpadis 3BapHO-
ro 3’€IHaHHS, OTPUMAHOTO 32 MapameTpamH, sKi
3a0e3MeYIN HU3bKY MIIIHICTb.

Cranp 12X18HIOT
Migs M1x500
Puc. 1. MikpocTpyKTypa 30HH CTHUKY 3BapHOTO
3’e¢qHanng 12X18H10T — M1

BizyansHO rpy0i gedekTH CTpyKTypu Biicy-
THi. Miclle CTUKY Ma€e TiJBHINECHY NPOTPABIIO-
BaHicTh. 3 OOKy cTajli CHOCTEpiraeThCs IiJIBHU-
IIeHa KUIBKICTh KapOiAHUX IOMIlIOK. BoHu
OpieHTOBaHI MapaenbHO 30HI CTHKY. 3 OOKy Mi-
Il CrocTepiraloThCsi caabKo MPOTpaBlieHI Mexi
3epeH. OnTuuHi 30UIBIICHHS HE JO3BOJISIOTH
BUSIBUTU 1HIIUX MIKPOCTPYKTYPHHUX OCOOJIHBOC-
Teil. BuMipioBaHHS MiKpOTBEPAOCTI O3BOJIMIIO
BU3HAYUTH, IO 3 OOKY Mifli MIKpOTBEPJICTh Ma€e
3HAYHO Mi/IBUIIECHI TOKa3HUKH.

Bukopucranas PEM no3Bonuio ineHTH}iky-
BaTH  JOJATKOBI  JeTaji  MIKPOCTPYKTYpH
3’€IHaHHS.

Ha puc. 2 mnHaBengena wikpodortorpadis
12X18H10T — M1.

migs M1
Puc. 2. MikpocTpyKTypa 30HU CTHUKY, OTPUMaHa
"a PEM; x1000

3 0OKy cTaJli CIIOCTepiraroThes KapOiHi Koa-
TyJbOBaHI JOMILIKH, PO3TAIIOBAHI MapajeibHO
MOBEPXHi CTUKY. Bix 30HM cTuKy crani o miai
HE CIOCTEpIraloThCs  AKi-HEOyAb  JIOMIIIKH.
Brin6 30Hu Mini yTBOpIOIOTBCA OpiOHOAMCTIEPC-
Hl YaCTHHKHM, SIKI PO3TAILIOBAaHI PIBHOMIPHO IO
BCIil TIOBEPXHI.

[MpoBenennii  MiKpPOPEHTTEHOCTICKTPAIBEHUIMA
aHaJIi3 103BOJIUB BUSIBUTH TOHKY 30HY IU]y3iii-
HOi B3aemoii Mixk MaTepiadamu. Ha puc. 3 Ha-
Be/ICHI KpHUBI PO3MOiTY €IeMEHTIB y 30HI 3Ba-
proBanHs 3’eaHannsa 12X18H10T — M.

Puc. 3. KpuBi po3noniny eneMeHTiB 3BapHOro
3’equannst 12X18HI10T — M1

3oHa audy3IHHOTO PO3MOMAIMY MiJi MEHIIa,
Ha KOHIIEHTpaUilHii KpUBiH Miai po3pi3HAIOTHCS
Pi3Ki 3MiHHM Ta JEKIJIbKA MIKIB KOHIIEHTPAIIT MiJIi.
ITopiBHsHHSA (OHOBOI YaCTMHU KPUBOI Mimi Ta
yacTHHU JU(Yy3iHOT 30HM JO3BOJIAE 3POOHUTH
BUCHOBOK, IO B Mexax au(y3iiHOI 30HM Ta B
MiJli KOHIIEHTpaIlliliHa KpruBa HeoxHopinHa. BoHa
CKJIQJIAETHCS 3 HEBEJIMKUX TIKIB HA KPUBIH Mifli B
Mmikpoaitsakax. [lopiBasHus puc. 1 Ta 3 cBin-
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YHTh, IO 1KY 3a BMICTOM MiJl IOB’s13aH1 3 Has-
BHICTIO AUCTIEPCHUX YACTHHOK.

IlpyunHa  HU3BKOI  MIINHOCTI  3’€THAHB
12X18H10T — M1, sxi Oynu oTpuMaHi 3a pexu-
MaMH BiIHOCHOI mBHAKOCTI obepranHs 0,4 m/c,
TUCKY Tix yac HarpiBanHs 80 MIla, Tuck mig yac
npokoBkn 80 MITa, Benmamna ocagy 9 * 107 M —
€ HACJIJJKOM Pi3KOTO 3HWKEHHS TEeMIIEpaTypu B
30Hi 3BaproBanHs (873-973 K). 1llo6 otpumaTu
HeoOXigHy nedopmariro, MOTPiOHO 30LTBIINTH
TPHUBAJIICTh HarpiBaHHS. byno BCTaHOBIEHO, IO
BigHOCHa TBHIKICTH oOepranus 0,4-0,5 w/c,
ticky HarpiBanas 40 MIla, BemnumHa ocamy
(8-9) *10° m, tpuBamicts HarpiBy 90 ¢ crpusie
YTBOpEHHIO B JWQY3iliHill 30HI YaCTHUHOK OKCH-
IB Mifi, sIKI BINTMBAIOTH Ha 3HIDKEHHS MIIIHOCTI
3’eqHanHs. Y po0oti [2] aBTOpM BKasyroTh Ha
HEOOXITHICTh MiBUINEHHS IMIBUAKOCTI 3Bapro-
BaHHS 32 PaXyHOK 301IbIICHHS BIJIHOCHOI IIBH/I-
KocTi o0epTanHsa. OTe, IPOBENIeH] JTOCIiKEH-
HS JIO3BOJIWJIM  BCTAHOBHTH, IO OCHOBHI
CTPYKTYpPHI ocobmuBocti B3aemoxii 12X18H10T
ta M1 mig yac 3BapioBaHHS TepTsAM 3a HaBeJe-
HUMH TapaMeTpaMH CIPHUSAIOTh BHYTPIIIHEOMY
OKHCJIGHHIO B 30HI 3BaplOBaHHs 32 PaxyHOK
YTBOpEHHS 3 OOKY MiJli OKCHTHIX JTOMIIIOK.

MikpocTpykTypa 3’€aHaHHS, siKe OyII0 OTpH-
MaHO 32 ONTUMAJBHUX MapaMeTPiB 3BAPIOBAHHS:
BiJTHOCHA MIBHJKiCTh 00epTanHs 0,98 m/c, THCK
mig gac HarpiBanHsa 50 Mlla, Tuck min gac mpo-
koBkr 200 Mlla, BenmmumHa ocamy 9 * 10° M Ta
TPHUBAIICTIO MPOKOBKU 3 ¢ HaBe/leHa Ha puc. 3.
[MigBuIeHHST MIITHOCTI 3a0€3MeYyeThCs 3a paxy-
HOK 3MEHIIICHHA KiJIbKOCTI KapOigHoi ¢a3u B
nedopmoaniit 30Hi cram 12X18HI0T. V 3pas-
Kax 13 HU3BKOKO MIIHICTIO ISl 30Ha Ma€ BHCOKY
KOHIIEHTpaIito KapOimHoi (asm, ska noOpe Bu-
SIBIISIETHCS 3@ MIPUYHMHU TIIBUIIIEHOT MPOTPABITIO-
BaHOCTI 1IbOT'O IIapY.

Ha puc. 2 BigcyTHA migBHILEHA MPOTPABIIIO-
BaHICTh Ta CIIOCTEPIra€ThCsl HE3HAYHA KiJIbKICTh
JCTIEpCHHUX KapOiniB. 3 00Ky mifi aedopmarriii-
Ha 30HA 3HAXOJUTHCS Y TIOBEPXHI KOHTAKTY Tep-
TS Ta Ma€ IPiOHO3EPHUCTY CTPYKTYPY, sIKa Opie-
HTOBaHa THapajielbHO TIOBEpXHi 3BapIOBaHHS
(puc. 1).

[IpoBeneHe BUMipIOBaHHSI MIKPOTBEPAOCTI 3a
Bikepcom Ha 3pa3kax 13 HU3BKOIO MilHICTIO 3Mi-
HIOBAIUCH B Je(hOopMOBaHOMY IIapi cTami Bix
MOBEPXHI CTHKY JIO OCHOBHOIO METaly Bij
3240 Mlla go 2450 MlIla; y nedopmoBaHOMY
mrapi migi Big 1020 MIla no 690 MIla. Ha 3pas-
Kax, sIKi MaJId BUCOKY MIITHICTh, MIKPOTBEPIICTh
3MiHIOBasacs 3 00Ky crami Big 2260 Mlla y mo-
BepxHi KoHTakTy nmo 2160 Mlla, a B mimi Bifg
590 MlIla no 460 MlIIa.

Ha puc. 1 HaBeneHa MiKpoCTpyKTypa Jedop-
MOBaHHUX 30H 3BapHoro 3’enHanHs 12X18HI0T,
OTPUMAHOTO 33 ONTHUMAJIBHUMU ITapaMeTpaMu.

BucHosku

VY mporneci AoCTiKEHHST aBTOpaMH 3p0o0JieHi
TaKi BUCHOBKHU:

- TIpUYMHA 3HIDKEHHS MEXaHIYHHX BJIACTH-
BocTei 3 enHanHs 12X18H10T — M1, sixi Oynu
OTpHUMaHI 3a HEONTUMAIBHUMHU PEKUMAMH, €
30Ha IIBUIICHOI MPOTPABIIOBAHOCTI 3 OOKYy
Miji;

- METOZOM MiKPOPEHTI€HOCTIEKTPAIIEHOTO
aHai3y BCTaHOBJICHO yYTBOPEHHS 3HAYHOI KiJb-
KOCTI YaCTMHOK OKCHJTY Mi/Ii;

-y 3pa3kax, SKi OTpUMaHi 32 ONTHMAaJbHU-
MU peXHMaMH, Y 30Hi Aedopmarrii Mifi He cIo-
CTEpIra€TbCs BUCOKOI KOHIIEHTpAIii YaCTHHOK
OKCHUY MiJi;

- IMABHUIIEHHS AKOCTI MEXaHIYHUX BJIACTHU-
BOCTEH 32 ONTHMAIBHHUX PEXHUMIB 3BapPIOBAHHS
TEPTSAM 3a0€3MeUy€eThCS MiIBUIIEHHSIM IIIBUAKO-
CTi 3BaproBaHHs 10 1 M/C, 3MEHIICHHSM 4acy
HarpiBy 3BapHOTO 3’€JHAHHS Ta 4acy BHYTpIII-
HBOT'O OKHUCJICHHS IPUKOHTAKTHOI 30HH MiJIi.
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Studying phase formation of 12X18H10T alloy
and copper after friction welding

Abstract. Problem. The technology of joining alloy
12X18H10T and copper has been studied. The use of
friction welding is proposed. Modern development of
technology requires the use of new technologies and
materials. Despite the increase in the use of
composite materials, and especially on the basis of
the polymer matrix, metal alloys remain
indispensable. Due to their physical and mechanical
properties, metal-based alloys are used in rocket and
space technology, mechanical engineering, and other
industries. Goal. The aim of this work is the reason
for the decrease in the mechanical properties of the
connection 12X18HI10T — M1, which were obtained
under suboptimal conditions. Friction welding was
developed in early 1956 in the USSR. Since the

1960s, other countries have also begun to develop
friction welding. This tool is a type of pressure
welding, during which the metal is heated by friction
of one of the parts of the product. At the end of the
process, the final connection takes place. This type of
welding is used in aircraft construction, rocketry,
machine building, etc. In Ukraine, research in this
direction is conducted at the Eugene Paton Institute
of Electric Welding. The parameters of the friction
welding technological process are considered.
Results. The samples of welded joints 12Kh18N10T
+ M1 were studied. The following methods were
used: mechanical tests; metallographic and electro-
microscopic studies; hardness measurements; micro-
X-ray spectral study. Originality. Welding joints with
low strength were investigated; they were obtained
for the following parameters: relative rotation speed
0.4 m/s, pressure during heating 80 MPa, pressure
during forging 80 MPa, upset value 9 * 10° m
samples with low strength varied in the deformed
layer of steel from the joint surface to the base metal
from 3240 MPa to 2450 MPa; in a deformed copper
layer from 1020 MPa to 690 MPa. On samples that
had high strength, the microhardness varied on the
steel side from 2260 MPa in the contact surface to
2160 MPa, and in copper from 590 MPa to
460 MPa. Fig. 1 shows the microstructure of the
deformed zones of the welded joint 12X18H10T,
obtained according to the optimal parameters.
Practical value. The reason for the decrease in the
mechanical properties of the 12X18HI10T — M1 joint
was established.

Key words: friction welding, X-ray microscopy,
microhardness, microstructure, welded joint.
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