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AESIKI OCOBJIMBOCTI INIACTHYHOI'O
JAE®OPMYBAHHS METAJEBUX
KOMITO3ULIMHUX MATEPIAJIIB 3 APMYIOUYNMHI
KOMIIOHEHTAMH NOBLJILHOI ®OPMH

llposedeno xoneuno-snemermroe MOOEAUPOBAHUE DEPOPMUPOBARUR KOMROIUMA CUCMEMDI Al=Cmane ¢ soroxuamy nonepeyroe
Cedenue KOmopbix umeem paswyio gopmy: kpye; Keaopam; xeadpam, nosepwymeiiic na 45" (pomo). [lonyvenst danweie nanpsaxcenmo-
depopmuposannozo cocmosnus Komnouma, 3nepeemuyeckue napamempsl npoyecca. Mccredosana CMpYKmMypa mumanosozo cniasa ¢
smexmuxot TiB, npu npeccosanuu, oyeneno srusnue mevenus OCHOBHO20 Memania Ha (haiogeie BKMOYEHUA,

The finite-element simulation of deformation of composite Al-Steel with fibers of the different form was carried out. Circle, square,
Square turned on 45" (diamond-shaped is similar) were chosen as forms of fibers. Data of the intense-deformed condition of a composite,
energy parameters of process were obtained. The structure of titanium alloy with ewtectic TiB, was investigated after pressing, influence of
the basic meral flow on phase inclusions was estimated.

B npomuciosocti icuye TeHaeHuis no PO3WIMPEHHA rany3cH BHKOPHCTAHHS KOMMO3HLIHHAX MaTepiatis (KM) na
MeTanesift Matpuui [1]. Tx Bukopucramus susnauae piBeHb edekTuBHOCTI KOHCTPYKLIT BHPOOiB MawnHoGyayBaHHs
BHACJIOK BHCOKHX (Di3MKO—MeXaHiYHMX Ta hizuko-xiMiuHuX Xapaktepuctik KM. Bupobimirso KoHCTpyKuif 3 KM
CNIMPACTLCH HA THNOBI NPOLECH MALIHHOGY.ay Banns [2).

B ocTanniii yac MEPCNEKTHBY BHKOPHUCTAHHA HabyBarOTh “KBa3ikoMNO3HUifHI™ MaTepianM, 10 EBTCKTHYHO 3MILIHEHH]
kapbinawu, GOpMAaMM, HITPMIGMM Ta (HILMMHM BHCOKOMILHHMH (hasamu, ski mMalTh A0BibHI reomerpuuni dopmu. B
fpouccax NIaCTHYHOTO ACHOPMYBAHHS APMYIOMI KOMIOHEHTH Ml BRAHBOM achopmauii 3cysy noapiGHIOIOTHCE Ta
NEPEMILLLYIOTHCS CIIIILHO 3 MIACTHYHOK MATPHLEKD matepiany. Bizomi poSoru [3.4 Ta imwi] 3 TexHonoriuNoi MexaHiku
naactuyHoro aedopmysanns KM teopetuuno 20caimkyloTh KOMOSHTH 3 APMYIOUHMH CIEMEHTAMH IPABHABLHOT dopmu
NONCPEYHHIi nepepis skux mae (opmy kpyra. Tomy nocnimkenns ocobaMBOCTEH NAACTHYHOMO aAeopmysania KM 3
APMYIOYHMH KOMIIOHEHTaMK 110BiIbHOT OPMH € aKTYa/1bHOIO HAYKOBO-TEXHIYHOIO 3a1a4€10.

Mertoio pobotw € nocnimkenus BI/HBY (hOPMH MOMEPEIHOrO nepepisy BONOKHa Ha Hanpyxeno aedopmopanuii cran
MaTPHLL Ta EKCNEPUMEHTAILHOTO 10Ci [KEHHS [UTHHY EBTEKTHYHO 3MiLIHEHOTO MaTepiay.

Mg uboro Gy10 BUPILIEHO HACTYIHI 3aBAAHHS:

1. Tlposeaero moaenoanns npouecy AethOpMYBAHHA KOMNO3NTY cHeTeMd AL-CTans 3 BotoKHAMHU nonepeyHui
MEpepi3 AKMX NPUAMABCA Pi3HOT BOPMH 3 BHIHAYEHHSM HaNpy*eHo—1eOPMOBAHOIO CTAHY KOMMOHEHT KOMIO3IHTY Ta
CHEPreTHYHHUX NMapaMeTPiB MpoLieCy.

2. [lposeaeno npecysauns 3paska i3 eBTEKTHYHO 3MILHEHOTO THTAHOBOIO CriaBy 3 apMyKuMM KOMITOHEHTOM
JOBINBLHOT (hOPMH Ta JOCIIJKEHO CTPYKTYPY 3iepopmoBanoro marepiany,

Mozenobakus  neopmysaHHs Ha po3Tar ejnementapioro o6'emy KM cuctemu Al-Cram. nposoaHnacs 3
BHKOPHCTaHHAM NPOrpaMHoOro komiiekcy Abaqus [5,6], skuii g03s0nse C(PEKTHBHO BUPIlIYBATH AK NPOCTi NiHIARI Tak i
cklanai weniwifini 3aza4i. Popma nonepedroro Tepepisy BOIOKOH NMPHHMANACS HacTymHa: a) kpyrna; 6) kBaaparua; B)
KBaIpaTHa, ska nosepryra na 45° a6o pomGosuana. [abaputhuii posmip koxHoro nepepizy NpuHHATHI oanakoBuM. B
AKOCTi MATepiany MaTPHLi 3a1aBATHCH NAPAMETPH ATIOMIHICBOTO cnnasy AJI33, B AKoCTi Marepiaty BOJIOKOH — rapameTpu
crani. Ocosri napamerpu criasy AJ133 ta crani HaseeHo B Ta6aHLI.

Tabauus
[apamerpu AJ133 Crann
Mexa Teky4octi o,, MIla 30 566,75
Mesxa miunocTi o,, MIMa 165 841.8
Mouyas npyxuocti E, MITa 7.110° 2,1'0°
Koediuient INyaccona, 0.3 0.3

B sakocti Ty awWanizy npuiimascs Abaqus/Standart, Tun Kpoky pospaxyuky -~ Static, General, [Jlehopmauin
NPOBOAMNACE WIAXOM OAHOBICHOrO PO3TArYBaHHA BuIifieHoro o6’emy KM: oaum Topels KM BBaxkaBcs Hepyxomum,
MPOTHACKHOMY TOPIIO 3a1aBaiochk nepemiwenns UX, pesuunna Akoro sianosijaia BIIHOCHOMY N0A0BKEHHI0O KM 6=5%,
Kinbkicts kinueswx enementis mogeni KM ans pisnux dopwm nonepeunioro nepepisy sosokon Gyia Hactynuoio: 1) ans
kpaapary — 17960; 2) ana pomGy — 17920; 3) ans kpyra — 18180, Tun enementy — C3IDBR. Cxema npouecy nedopmypanns
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ra po30HTTA MOAENI HA CITKY CKIHYCHHHMX €EMEHTIB NOKA3AHO Ha PyC, | HA HPHKIAL KOMIOZHTY 3 BONOKHAMH, NONEPYCHHHA
nepepis AKMX — KBaApar.

KiaskicTs BonoKoH B enementapHomy 06'emi KM npuiimanacs pisoio 3. Ipu Takiit KinbkocTi BOJIOKOH KapTHa
PO3MOAIY HANPyKeHO—-ACOPMOBAHOTO CTaHy 1o 06°eMy KOMMO3MTY Ta Tedis marepiany € aoctoBipHoio. [1pu Ginbwil
KIIbKOCT] BOJIOKOH XapaKTep Ta KapTHHa Teyii Marepiany Marpuili He 3MIiHIOETHCS, @ 4ac PO3PAXYHKY CYTTEBO 36ibLUIYETLCH.
[lpu MoaenoBanni He craBuaach 3ajaava
aocnipkenns pyiinysanns KM abo xapaktep
CTBOPECHHS Ta PO3MOBCIOMKEHHS TPILUWHK,
AKa MOXE CHOPMYBATHCH TMPU KPHUTHYHMX
cTynensx aedopmauiii. 3 orasay Ha ue, 6yno
3po6AEHO JICAKE CHIPOLIEHHS 1IPH CTBOPCHHI
KOHTAKTY MK BOJIOKHOM Ta MaTpuuein. A
came, BOOKHO PO3rIfAaN0Ch AK HaCTHHA
MaTpMili,  AKIiH  NPHUCBOEHO  MEXaHiuHi
sractuBocTi crani. Ilpn rakomy cnoco6i
3aBlanns BOIOKOH PO31LAPOBY BAHHS
MaTpULi  BiAl  BOMIOKHA Ta  YTBOPEHHS
TPIMHK, SK B MaTpUL Tak i Y BOJOKHI,
cnoctepiratck  we  Gyae.  Posnoain
aedopmauin KM nokasano ua puc 2.

Puc. 1. Kinueso—enementna woaeas KM Ta cxema npouecy aepopmysanns; . 3

I — marpuusi; 2 - BO0KHO; UX - nepemiwenns Topus KM 8308w oci x Hedopmaii _ B MRTphL KM

PO3BMBAIOTLCA MO JIHIAX MK BEpPLIMHAMM

BOJIOKOH, WO MIATBEPAKYE pedyabrary [4].

Cryninb aeopmauii B ocepeaxy aedopmauii

Ha nepeTuHi JiHili posnonciojkenHa aedopmauiit cknanae 20-30%, uo Giavwe nik B ocepeaky aedopmauii KM 3

BOJIOKHAMH NONEpCYHNUii nepepis skux kpyr — 14-16%. pom6 — 16-20%. Ctyninb nedopmauii Marpuili KOMNO3UTY, Ha

PAHMLL  BONOKHO-MATPHLA 3 BOJOKHaMM ksaapatnoi dopmu cknanac 03-11%. kpyrsaoi ¢opmu — 1.5% - 12%,

pombosHAHOT hopmu — 7=17%. OuEBHAHO, 10 NPU KBAAPATHIA GOPMI BOSOKOH IMOBIPHICTL PO3IIAPOBYBAHHS MATPHLL BiA

BO/IOKHA MEHWIC HiX 1IpK KpyrAii abo pomGosuakii, Tak sk npwu keaaparHii GopMi cTyninb aedopmauii MaTpUUi Ha rpanuu
MaTPHUA—-BOJOKHO MEHILIA HIX Y IHWHKX ABOX BUIAIKAX.

Y KM 3 BOJIOKHOM KBaaparHoi (pOpMM 3a paxyHOK TOFo, 110 ABi NOBEPXHI BOJIOKHA poyrawosani nia kytom 90° 1o
HANPAMKY Teuii marepiany marpuui, 6ins noBepxoHb BONOKHA GOPMYIOTHCA 06ACTI, A¢ MaTEpial MATPULL NPAKTHHHO HE
acopmyetses. B oMy Miciti CTBOPIOETBCA HanpykeHui crad BeeGiuHoro crucky matpuui KM (awms.puc.2.a). Crynins
Aedopmanii rpasuui BonokHa kpaapatHoi popmu cknasac 0,16-0,9%. pomGosuanoi ~ 0%, kpyriaoi — 0%. Bonokna kpyrioi
Ta pom6oBHAHOT (hopMH He nedopMyIOTECS, @ AKILO | By ayTh AehopmyBaTHCL NP GinbloMy cTyneHi aedhopmysanns, TO Ha
BE/IMYUHY, KOO 3 OTASAY Ha ii MATICTh MOXHA 3HEXTYBATH.

Puc. 2 Posnonia aepopmauiii £, 8B naockomy nepepisi suaiienoro 06’ cmy komnointy Al-Crajib npH BIAHOCHOMY 11010BKEHNHI
6=5% 1 Bo1OKHAME Nonepeynuil nepepis aKux: a) keaapar: 6) pom6; 8) Kkpyr
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Ha puc. 3 3o0paxeno rpadik

1000
poboTh, AKa BUTpAYaAETLCS HA
JeOpMyBaHHA KOMNO3MTY B 3AJIEKHOCTI 900
Bi/l BEAHYHHN BIAHOCHOTO MOAOBKEHHS V. 800

Tak, pobora aedopmysanHa KM 3
BOIOKHAMH, HOPMA NONEPEHHOTO NEPEpisy
AKHX KBAIpaTHA. 600
Ginbiia ik npu aedopmysanHi KM 3
BOJOKHAMM  iHWKX  dopM, 3 Horo
BHILTHBAE, WO i 3yCHINA, sike HeobXiaHo 400
NpUKAacTH  ANS  naacTuyHoro  aedop- 300
MyBAHHS  KOMIMO3MTY 3 BOJOKHaMH
keaaparHoi dopmu Byne Ginblumm. Tak,
pofota nedopmysanks KM 3 BonokHamu 100

700

500 - -

200

KkBaapatHoi dopmu Ha 5-6% Oinbue Bia 5 5, %

pobotu aedopmyranns KM 3 BoaokHamu

kpyrnoi dopmu T2 Ha 34 % - 3 0 1 2 3 4 s 6

BOSOKHAMU pomBoBHaHOT hopmn. Puc. 3 Janexnicrs poboru aepopmyBannn sia sianocnoro
36inkuieHHs  pobotn IICQJO[JM}/- NOAOBKEHHNA & KOMNOIHTY 3 BOIOKHOM, GOPMA NOnNepevHoro nepepily skoro: ,

BAHHA KOMIO3WTY 3 BOJOKHAMH KBaj- «io o~ KBAAPAT: — — = — — poM0; —— — Kpyr
patHoi JOPMH MOACHIOETHCH  HAABHICTIO
o6nacreii BeeGiunoro cTueky Giisl NOBEPXOHB BOJIOKOH, JI€ MaTEpial MaTpHLL NpakTH4YHO HE aedopMyeThes (pHe.2,a).

[Ipn nedopmysanni KM 3 Bonoknamu nonepeunnii nepepis akux mae dopmy ksaapaty BiabyBaeTbes HesHauwe
n1acTHuHe 1e)OpMYBaHHA BOJIOKHA B MICLAX, AKi PO3TAIIOBAHI HA WAAXY IHTEHCHBHOT Teyil Marepiany matpuui KM. a came
KyTiB BOJIOKHA, HA BIAMIHY BiA BOJOKOH (hopma rofepedHoOro nepepisy AkMX — kpyr ta pomb. [loseainka apmyiounx
KOMIMOHEHT JIOBifIbHOT (DOPMH MPH MuacTHyHux Aedpopmaitisix exkcrepuventaibHo OGyna aociijvkeHa Ha npuKnati
€BTEeKTHYHO 3MILHECHOIO THTAHOBOTO CNUIABY.

JIOCAIKEHHS M0 i30TEPMINHOMY NPECYBAHHIO 3ar0TOBOK i3 THTaHosoro cnasy cucremu Ti — TiB, nposoaunock Ha
KPHBOIIHMHOMY OjHOCTifKoBOMY mpeci sycuiaam 1000 kH. Meranorpadivnuit ananis BUKOHYBABCH HA ONTHYHOMY
mikpockoni mogeni MH-8M. 3 kamcpoio Webbers M300. B skocTi peaktuiy, 3@ A0NOMOIOIO SKOTO BHKOHYBAnocs
TpaBJeHHA wWida 3pa3ka, BAKOPHCTaHa niiasikosa kucaoTa 50% kokuentpadii. Ha puc. 4 noxasana CXema XapakTepHUX 30H
PO3BHTKY Ae(POPMALLI, SIKi BUHUKAIOTL NPH AeopmyBatii,

TTRoumMHY 3pa3ka YMOBHO MOKHA NMOJALIMTH HA HACTYMNHI 30HU B 3aIEKHOCTI BiA
XapakTepy Teuil MeTamy IpH [Pecy BaHHI:

1 - 30Ha, WO CTHKYETHCA 3 TIYAHCOHOM. Matepian Lici 30HH BHACTIN0K 3HAYHUX
CHJI TCPTH, NPAKTHYHO HE ACPOPMYCTLCA:

11 — 30Ha IHTEHCUBHOT TEUiT METaNy y NOPOKHUHY MaTpuui. MakcHMaibHi JiHiT
TOKY € AOTHYHHMH 10 00B1AHOI 30HHM | Ta paiycis rantench;

111 - 30na cTasoi Tewii, Ae MaTepial 3an0BHIOE NOPOKHUHY MATPHLI NOCTIAHOIO
TOMEPEYHOrO Mepepisy:

1V — 3014, 110 XapaKTEPH3YETLCH BEAUKHMH YMOBAMM PO3BUTKY Jchopmauiii.

Puc.4. Xapakepni 304 Ha puc. 5 Haseaeno L‘Tp}'K'I'.’\-’pH Marepiany BUINOBIAHO 10 XaPAKTEPHHUX 30H
N0OMEPEUHOT0 nepepity Ipaska nerbopmoaauoro Ipaska, 306pa>xeum._na puc.s.
JONATKH, 1110 BHHUKAKOTH 1pH B Hacaisok Manux aeopmauiii, crpykrypa merany B 3ouax | ra IV (puc. 5.a)
i30TepMiMHOMY npecy BaHHI GnM3bka 10 BMXIAHOT CTPYKTYPH, LIO XapakTepHa JUIA AWTOI CTPYKTYpH. Buawo, wo
po3TaunlyBaHHs BKAKYeHb esTekTuicn Ti— TiBn Mae XaoTHUHKI xapakTep.

BK/TIOYEHHS MaIOTh HEPIBHOBICHY CTPYKTYPY Ta CWJILHO pi3HATECA 3a posmipom. B
30Hax iHTeHcHBHOI Jedopmauii merany Il Ta III (puc.5.6) npoxoauTh noapiGHeHHA KoHrnomepatis esrekTrkd. dasosi
BKAIOYEHHS OPICHTYIOTBCH 33 HANPAMKOM Teuii MeTainy, BKIIOYCHHA NPHAMAIOTL PIBHOBICHY, NOA0BKEHY dopmy. T'yeruna
BKMIOYEHB BHACTILOK rﬁ:pcppsno,u'ny oﬁfguy meTany Ta itoro Tewii Bupiaunnacu. )

-,

Puc. 5. Crpykrypa maTepiany: a - 3oun | va IV; 6~ 3oma 11 7a 11

BHX0A4H i3 po3paxyHKy aedopMoBanoro crady komrnosuty cucremu Al-Cranb (pHc.2), BHAHO, 11O OPICHTALIA BOJOKOH
20BiA6HOT (POPMHU B 3ANEKHOCTI Bl NONEPEYHOro NEpepizy BONOKHA NpH aKTUBHIH Teyil marepiaiy MaTpHil NpAMYC A0
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opienTauii, npu skii nporuais Teyii marepiany matpuui Gyje naliMeHwa, a oTxe i HANPYKeHHA B T2l BOAOKHA Ta NUTOMa
poGota nedopmysanns Gyayts HaliMenwi. 13 BHlLE MPUBCACHOrO, MOXKHA IPOOHTH NPUNYIIEHNS, WO opma nonepevHoro
nepepisy sktoueHs estextukn Ti — TiB, Npu akTHBHIA Teuii metany GyayTs npuitmary ¢$opmy kpyra abo eninca (B
JICKHOCTI BiA HANPYKEHO ACPOPMOBAHOIO CTANY OCHOBHOIO metany). Meranrorpadivni nocniikeHns nokasaiM. wo
NOPYLIEHHS CYUIMBHOCTI MaTepiany, B TOMY YUC/i Ha TPAHHYHHUX TTOBEPXHAX HE CTIOCTEPIralOTHCA.

Bucnosku

1. Bukonano kinueBo—eneMenTHE MoOAemOBaHHS Zepopmauii enementaphoro 06’eMy KM cuetemn AL-Crans 3
BOIOKHAMH 1ONEPeyHii nepepis SKUX Mae pisHy GopMy Ha Po3TAr 3a AOHOMOr0I0 nporpaMHoro komnnexcy Abaqus Ilo
pesyaeTaraM MoaenoBanHA Gyno npoasanizoBaHo Hanpyxero—aedopmosanuii ctan KM. Beranosaeho:

a) wo B marepiani Marpuui KM sunnkae KOHUEHTpauis gedopmauili B 30Hi. ska posrawosana Mixk BONOKHAMH, a
BEMM4MHA Ui€i Aeopmalii 3anexuTh Bin (popmu nonepewtoro nepepisy Bosokna. Tak npu cepeaniii neopmauii
eaemeHTapHoro o6'emy 5% MakcumanbHa iHTEHCHMBHICT Acopmanil MaTpUUL ckaanae A8 BOJOKOH 3 nepepisom Kpyriaoi
opmu 14-16%, 1u1s pom6iunoi hopmu — 16-20%, a s KBaapatHoi (opmu — 20-30%. B Hacaiaok wsoro nuToma pobora
A¢OPMYBAHHS KOMIIOIHTY 3 BONOKHAMM KPY/IOT (opmu menwe, Hik 3 BonokHaMu pomBiunoi thopmu 3—4% Ta 3 BOMOKHAMM
kBajipatHoi jopmu Ha 5-6%,.

0) uio B MicusX MaTpui, ki 61M3bKI 20 KyTiB nonepeyHoro NEpepisy BHHUKAE KOHLIEHTPALLS HanpykeHb. Braciiiok
ULOTO HTEHCHBHICTh HAMPYXEHb B KYTAX NPAMOKYTHOTO BOJOKHA JOCATAIOTH 3HAUHOL BEJIMYHHK 110 BiAHOWEHHIO 10
BOJIOKOH KPYrioi (JopMH, IO MOKE NPHBOIUTH /10 iX HACTYNHOTO aeopMyBaHHS,

2. BCTAHOBIEHO, IO B MiCUAX IHTEHCHBHHX Aedopmantiit TuTaHOBOO cnnaBy 3 GazoO CBTEKTHKH TiB,, a came — B
Micui Teyii MeTany 8 NOPOKHHUHY MATPHLL, CTPYKTYpa MaTepiany XapakTepHuIyETbes HACTYITHUM!

= B HAC/IA0K BEAMKMX CTyneHiB aeopmaltii hasosi BkatoueHHs noApIGHIOITLCA;

= PO3noain BkuoueHs 1o 06’ emy cranmii, Ha BLAMIHY BiA BUXiAHOT CTPYKTYpM;

= OPIEHTALlis BKTIOYEHb 3MIHIOETBCA 3 XA0THYHOT Ha CMpSMOBaHy B HANPAMKY TEHiT OCHOBHOIO Martepiaty;

thopma BKIIOUEHE IMIHIOETHLCS 3 HEPIBHOBICHOT Ha piBHOBICHY.
- [lepenekTHBHHUM HaNPAMKOM PO3BHTKY A0CHIIKEHb € NUTAHHS TEXHOOTTYHOT MeXaHiku npoliecy aedopmysanns
CBTCKTHUYHO 3MILHEHHX CIAABIB 38 CXEMOID: 30BHIIINE HABAHTAKCHHS —» HanpyxeHo—l1edopMoBaHHii cTaH eneMeHTapHoro
06’€My —» NpoLEC BIAEMOIT aPMYIOHOTO KOMNOHEHTA 3 MaTpPHLEIO —> TPAeKTOPIs PyXy apMYIOHOro KOMIIOHEHTY 33 Tevicio
MATPHUL —> MILHICTL 3 €AHAHHS KOMMOHENTIB NICAS BUKOHAMHS npouecy.

w
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