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OLIEHKA TEKCTYPBI M CBOMCTB TPYE U3 CILJIABA Ti-3Al-2.5V
MOCJIE TOPIYEN JE®OPMAILIMU TIPECCOBAHUEM

En Titanium and its alloys are widely adopted in the aircraft equipment due to the
high mechanical durability which remains at high temperatures, corrosion re-
sistance, thermal stability, specific durability, small density and other useful prop-

erties.
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The Ti-3Al-2.5V alloy pipes investigated in this work are used for hydraulic
systems of the Boeing planes and the Airbus A320. One of the requirements to
these pipes is the coefficient to relative compression (CRC) which characterizes
pipes texture. For the correct technological process of pipes production it is neces-
sary to know what texture pipes have exactly on all technological repartitions and
how it changes in the course of the production. Pressed billets are used for pipes
production.

Ua VY naniii po6oti OyB ﬂogni;[nceHi T'py6H 31 CIIABY THTAHYy Ti-3Al-25V, gKi BHU-
KOPHUCTOBYIOThCSI B SIKOCTI €JIEMEHTIB KOHCTPYKIIIM MaJIMBHUX CUCTEM JITaKiB.
Tpy6Ou 3i craBy tutany Ti-3Al-2.5 V mmpoko BUKOPHCTOBYIOTBCS Y TiAPOCHCTE-
Max Cy4YaCHHUX JITaKiB MPOBITHUX CBITOBUX (ipM, IO 3alMArOTHCS JITAKOOYTy-
BaHHsM «boiHT», AepoOyc Tomo. Y poOoTi AOCTIKEHI CTPYKTYpa, TEKCTypa Ta
MEXaHIYHI BJIACTUBOCTI IUX TPYO Ha OAHIN 13 CTaliii TEXHOJOTIYHOTO MPOIECY —
i 9ac mpecyBaHHs. BCTaHOBIICHO, IO CTPYKTYPHO-TEKCTYPHHI CTaH y rapsde-
MpPEecOBaHUX TpPyOax BIUIMBAE HA aHI30TPOIMIIO0 Ta PIBEHb MEXAHIYHUX BIIACTHUBO-
CTeH, sIKi BU3HAYAIOTh Ipoliec (OpMyBaHHS BIACTUBOCTEH 1 TEKCTYpHU Ha HACTYII-
HUX TEXHOJIOTIYHUX Mepeiaax.

BBenenue

TuTan u ero criaBbl HAILIM MIMPOKOE MPUMEHEHNE B aBUALIMOHHOM TeX-
Huke. TpyOsr u3 crutaBa Turana Ti-3Al-2.5V ucnonbs3yroTes B rUpocUCTEMax B
KaueCcTBE KOHCTPYKLHMOHHOTO MaTephalia COBPEMEHHBIX CaMOJETOB BEAYLIUX
MUPOBBIX (UPM, 3aHUMAIOIIMUXCS CAaMOJIETOCTPOEHUEM TaKuX Kak «bouHI»,
AspoOyc u 1p. YcinoBus 3KCIUTyaTaluu TpyO TpeOyIoT CO3aHusl B HUX BBICOKOM
MEXaHUYECKOM MMPOYHOCTH, KOTOPasi COXPAHSIETCS MPU BBICOKUX TEMIIEpaTypax,
KOPPO3UOHHOM CTOMKOCTH, KAPOIPOYHOCTH, YAEIBHOU IPOYHOCTH.

s oOecriedeHHs BBIIIETIEPEUUCICHHBIX CBOWCTB Ba)XHO MPAaBHJIBHO
IOCTPOUTH TEXHOJOTHYECKHUM Mpollecc U3roToBieHus: TpyO. TexHonorus usro-
TOBJICHUSI TPYO MpeaycMaTpuBaeT BaKyyMHYIO BBIIUIaBKY CIUIaBa, KOBKY, Ipec-
COBaHHUE U CEPUI0 XOJIOJHBIX IMPOKATOK C MPOMEXYTOYHBIMH BaKyyMHBIMH OT-
KUTramMu MO0 APYTMMH BUJIAMU TepMHUYecKor o0paboTku [1]. BaxHbiM 3Tanom
TEXHOJIOTHYECKOT0 MPOoLEecca SBISIETCS] TPECCOBAaHUE, T.K. CBOWCTBA U TEKCTYpa,
chOpMHpOBaHHAs Ha ATOW CTAaJUU TEXHOJOTMYECKOIO Mpoliecca, HacleayeTcs
Ha MOCJIEYIOIINX CTaausAX AePopMalnu.

IlocTaHoBKAa 3a1a4u

L{enb qaHHOTO UCCIIEIOBAHMS COCTOUT B OIICHKE CTPYKTYPBI, TEKCTYPhI U
MEXaHMYECKUX CBOMCTB ciuiaBa thtaHa T1-3Al-2,5V mocne ropsueii nedopma-
ITUH TIPECCOBAHMEM.
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MaTepna.H N METOAUKA UCCJICJOBaAaHUA

Xumudeckuii coctaB cruiaBa tutana Ti-3Al-2.5VAMS4943, 4944 npuse-
neH B Ta0i. 1. CruiaB comgepakut 3% Al, 2,5% V, 93,5% Ti, a Taxxe npumecu Fe,
C, N u O. IlockoibKy THTaH aKTUBHBIA METAJUT M Ta3bl SBISIOTCS MPUMECIMHU
BHEJIPCHUS B TUTAHE, UX HAJIMYHUE YIPOUYHSET €r0, a MOBEPXHOCTHOE HACHIIIIE-
HUE Ta3aM{ B TUTAHE IPUBOJUT K OXPYITIHUBAHUIO.

Tabauya 1.
Xumunueckuii cocras criasa T1-3Al-2,5V

Al V Fe C N O Ti
25-35 2,030 <0,3 <0,05 <0,02 <0,12 Bce ocraJbHOE

OLIEHKY MHUKPOCTPYKTYPhI TPOBOJIWIN Ha ONTHYECKOM MHMKPOCKOIIS
Neophot 32.

B pabote uccnenoBaHbl MEXaHUYECKUE CBOMCTBA, KOTOPBIE OBLIA HCIIBI-
TaHBI HAa KPYTJBIX 00pa3iax npu pacTsbkenun B cootBerctBuu ¢ [[OCT 1497-84.
MexaHnueckue CBOMCTBA OIEHUBAIM B MPOJOJILHOM U MOMEPEYHOM HalpaBJie-
HUSIX, TaKXXe 3aMepsuid TBEPAOCTh Mo bpuuemtto u PokBenny B Ipoa0abLHOM U
MONEPEYHOM HaIpaBJICHUSX.

MexaHnuecKrie CBOMCTBA ONMPEACISUTH TPH PACTSHKEHUU Ha Pa3pbIBHOM
mamuae FM-500 B cootBerctBumu ¢ I'OCT 10008—80. Ompeaensuin xapakTepu-
CTUKHU G, Gy,, 0. IIpeccoBaHme MPOBOMIN HA TOPH30HTANBHEIX TIPECCax pas-

.
JIMYHOU MOIIIHOCTH.

JInst vccnieoBaHusl TEKCTYpbl TPYO U MOCTPOCHUSI OOpaTHBIX MOJIFOCHBIX
Gburyp HCMoiab30BaId METOJ PEHTTEHOCTPYKTYpHOro aHaimu3a. CbeMKU MPOBO-
I Ha peHtreHoBckoM nudpakromerpe JIPOH4-07 B mMeaHoM u3iIydeHUU
CuK,, . 3amuchiBanu mogHOMPO(UIBHYIO AUArPAMMY MO YCIOBHSIM W3MEHECHHI

WHTEHCUBHOCTH PEHTTEHOBCKOTO OTPaKEHHUS OT BHEIIHEH MOBEPXHOCTH TPYO —
panuanbHoe (R) HampaBiieHHe U OT IJIOTHOCTH MPOJI0JIbHOTO ceuenus (1) — TaH-
TCHITMAIBHOE HampaBlieHue. J[7s KaXaoi ChbeMKHU OIpENesisiii WHTCHCUBHOCTD
PEHTTCHOBCKUX JIMHMA W TUIOTHOCTh TIOJIOCOB IO MeETOAy Xappuca-
Mopuca [2, 3], paccunTbiBaiu TeKCTypHbIH K03 dunuent Kepuca [4].

OOpartHpie MOMIOCHBIE (DUTYPBI OCTPOCHBI C MCTOJIB30BAHHUEM KOMITHIO-
TEPHBIX TIPOTPAMM.

Pe3ysbTaThl HCCJIeI0BAHMI U MX 00CYKACHHE

Uccnenyemblii cruiaB THTaHa UMEET T'€KCAarOHAJIbHYIO IJIOTHOYIAKOBaH-
Hyto pemetky (I'TIY), kotopasi mpemonpenensieT CBOMCTBA aHU3OTPONUU MPH
nedopmarii, TOCKOJIbKY THUTaH HMMEET BCEro JBE CHUCTEMBI CKOJIBKCHUS.
CKONb)K€HUE B THUTAaHE NPOTEKAET MPEUMYIIECTBEHHO IO MPU3MATHYECKUM

mwrockoctssM {1010} u B Menbimeii cremenu mo mupamupanbHeiM {1011} u
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miockocTsaMm 6azuca {0001}. [Tomumo 3toro, muactuueckas aeopmaius B TH-
TaHe OCYIIECTBISIETCS MyTeM JIBOMHUKOBaHUA [S].

[Ipotiecc ropsiuero mpeccoBaHUs OCYIIECTBISIETCA IMyTEM IPECCOBAHUS
M0JION TpyOHOI 3arOTOBKM HA pa3Mep MO/ MOCIEAYIOUIYIO XOJIOIHYIO TPOKATKY.

PaznuuHbie MPOU3BOAUTENN HMCHOJB3YIOT CBOM TEXHOJIOTMYECKHUE IMapa-
METpBI Tpoliecca npeccoBanus. Kak mpaBuiio, MpeccoBaHHUE OCYIIECTBISETCS
npu Temmeparype B untepsane B-obnactu 850 —870°C. BBITSKKH, B 3aBHCH-
MOCTHU OT BUJa IIPECC-U3IEINA, MOIITHOCTH MPUMEHAEMOT0 000pyI0BaHUs U PS-
Ja IPYTHUX yCIOBUM, HaxoasaTces B nmpeaenax 20 — 50.

[IpeccoBanue OCYIIECTBISETCS HA TOPU3OHTAIBHBIX THIPABINYECKUX
npeccax pa3IU4HON MOIIHOCTH. 3aroTOBKOW I MPECCOBAHUS CIYXKUT, B OC-
HOBHOM, CIIUTOK, TOJIyY€HHBIA METOJIOM BaKyyMHO-AYTOBOU IJIABKU.

HccnenoBanne MEXaHHMYECKUX CBOWCTB TOPSIUEIPECCOBAHHOM 3arOTOBKU
B IIPOJIOJIBHOM U TOIMEPEYHOM HAIPaBJICHUH IMOKA3aJI0 HAJIMYME aHU30TPOIUU
CBOMCTB. Pe3ynbTaThl puBEICHHI B TA0I. 2.

Tabauya 2.
MexaHu4eckue CBONCTBA TOPSYEIPECCOBAHHBIX TPYO

Pa3JIMYHBIX NPOU3BOAUTENEH

No [IponosbHOE [Toniepeunoe

06- HaIpaBJcHUE HaIlpaBJICHUE

CocrosiHne pas S S

ma | O MIla| c,,, MIla %’ c,, Mlla M({'i;l o, %
TpyOs1 pazmepom
80x20 MM mociie ropsi-
9YeTo PECCOBAHMS 1 750-752 608-610 20 740-742 590-600 21
(TIepBbIi TPOU3BOIU-
TEJIb)
TpyOs1 pazmepom
86x21 MM mocite rops-
Yero MpeccoBaHus 2 760-770 654-660 18 750-760 660 18,5
(BTOpOI1 MpOM3BOAM-
TEJIb)

Kak cnegyer w3 mpencTaBiIeHHBIX JaHHBIX, 0OJiee BBHICOKHME 3HAYCHUS
MIPOYHOCTHBIX XapPaKTEPUCTUK HAOIIOJAIOTCSA B MPOJIOIHHOM HarpaBiieHuu. bo-
Jiee BBICOKUH YPOBEHb MEXAHHMYECKUX CBOMCTB UMEIOT TPyOBbl mocTaBmuka Ne 2,
YTO TMOATBEPKIACTCA W WCCIEAOBAaHUAMH MHKPOCTPYKTYpbl [4]. Becbma
HaIpaBJIeHHasl CTPYKTypa BHOCUT CBOM BKJIaJ B HAOMIOAAEMYIO0 aHU3O0TPOIHUIO
MEXaHUUYECKUX CBOMCTB TPyO. AHHU3O0TPOIHUS CBOMCTB BO MHOTOM OOYCIIOBJIEHA
O0COOCHHOCTSIMU TIacTudeckoi nedopmanmu meramion ¢ ['TIY pemerkoii.

N3mepenre TBEpAOCTH MO TOJIIMHE CTEHKU B MPOJIOJbHOM HaIpaBJICHUU
MOKa3aj0, YTO Y MOBEPXHOCTU C BHYTPEHHEW CTOPOHBI TPYObI TBEPAOCTH BBIIIIEC
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Hg =243, cepenuna H, =230. D10 cormacyercsi ¢ AaHHBIMH HCCIIEIOBaHHS

MUKPOCTPYKTYPBI METaJllla TIEPBOTO TPOU3BOJAUTENS 3arOTOBKHA. Y BTOPOTO
MIPOU3BOMTEIIS MPOIIECC MPECCOBAHMS MPOXOAUI TIPH OOJIee HU3KOM TemIepa-
Type B o+ obmactu u 6onee HU3KOH ckopoctu Aehopmanmu. [Ipu 3ToM Mexa-
HUYECKHE CBOMCTBA M TBEPAOCTH BhINIE: A repBoro npoussoautens 24 HRC, a
st BToporo — 28 HRC.

Ha puc. 1 mpencraBieHa MUKPOCTPYKTypa TpyO IMOcCie MNpeccOoBaHUs
npousBojutenieid Ne 1 u Ne 2.

6) x100 2) x1000
Puc. 1. MukpocTpykTypa ropsiaenpeccoBaHHbIX TPYO IBYX MPOU3BOIH-
tenei (a, 6 — npousBoautenab Ne 1; 6, 2 — mpousBoautesb Ne 2)

Kak BumgHO cTpykTypa TpyO MemkosepHucTas, 3epHo 10-11 Homepa.
Habmroaercss mojocyarocTs MO TOJIIMHE CTEHKUM. B o0pasue oT mepBoro
IPOU3BOAUTENS CTPYKTypa 0Oojiee HEOAHOPOJHA, HAONIONAETCS PA3HO3EPHHU-
CTOCTh. BeposATHO, mpeccoBaHuE MPOXOAMIIO MpHU 0o0Jiee BBICOKHUX TEMIIEpaTy-
pax, 4To CIOCOOCTBYET Pa3BUTHIO IIPOLIECCOB TUHAMUYECKOW pEKpUCTaIN3a-
muu. B cTpykType BUAHBI OTAENIbHBIE PEKPUCTAJUIN30BAHHBIE 3€pHA 0-(asbl,
UMemIIHe pa3Mepsl 10 20 MKM.

B T0 xe Bpemsi y BTOpOro Mpou3BOAUTENS CTPYKTYpa MPECCOBAHHBIX TPYO
UMEET BBITSHYThIE 3epHa o-(a3bl, PEKPUCTAIUIM3AIMS MPOTEKAET B MEHbIIECH
CTEIICHH.



72
IndopmManiiiHi cHucTeMH, MeXaHIKa Ta KePYBaHHA

Taxxxe B paboTe wucciieoBaHAa TEKCTypa TOpAYEIIPECCOBAHHBIX TPYO
crutaBa Ti-3Al-25V pasaudyHbIX MOCTABINMKOB. JIJIS HMCCIACIOBAHUSA TEKCTYPHI
TpyO OBLIM MOJATOTOBJIEHBI 00pa3Ilbl, BHIPE3aHHbIE U3 TPYO B TpeX Hampasie-
HUSX — paJMajJbHOM, TAHTCHIMAILHOM W OoceBOM. [IpoBeneHa peHTreHOBCKas
ChbeMKa 00pa3l0B B Pa3IMUHBIX HAMNPABICHUSIX U PACCUUTAHBI 3HAYEHUS ILIOT-
HOCTH TIOJIOCOB cooTBeTcTByrommx orpakenuii (hKl) mpm chemke oOpasmos.
Paccuuranbl TekctypHble koddpdumuentsl Kepuca (f) B pasnuunbix Hampasie-
HUSIX, pE3yNbTaThl IpeCTaBiIeHbI B Ta01. 3. Ha ocHOBaHUM 3THX HMCCIEI0BaHUI
C UCHOJB30BaHUEM CIEIHAIBHBIX MPOTPaMM MOCTPOEHBI OOpATHBIE MOJIFOCHBIE
¢urypsl (OI1D) 06pa3uoB B pa3IMyHbIX HAMPABICHUIX CheMOK. Mcmonap30Bana
COKpAIlleHHasi CUMBOJIMKa O0O3HAYECHHSI KPUCTAIIOrPaUUECKUX TIIOCKOCTEH
(hkil)— (hk.l). Yucnamu 0003Ha4YE€HBI OTJEIbHBIC 3HAUCHHS TTOJIFOCOB.

Tabnuua 3.

[TnoTHOCTH MOJTIOCOB, cooTBeTcTBYIOIMUX oTpaxkenusM (hk.1) ((hkil)) mpu
CcbhEMKE 00pa3I0B rOpYCIPECCOBAHHBIX TPYO B paguanibHOM HanpasicHuu (R)
¥ B TaHTCHIIMAJIbHOM HarnpasjeHuu (T), pacCunTaHHBIC TEKCTYPHBIC
ko3 dunmenTs! f u ocratok HopMmael (hK.0) B HanpaBieHUN ChEMKH

(hkl) N1-1IR | N1-1T [ N2-1R N2-1T
(10.0) 0,31 0,18 0,20 0,28
(00.2) 2,26 6,93 4,35 11,99
(10.1) 0,30 0,29 0,22 0,25
(10.2) 0,60 0,57 0,48 0,33
(11.0) 1,45 2,03 214 1,89
(10.3) 1,30 0,99 0,95 0,54
(11.2) 1,60 1,89 2,69 2,04
(20.1) 0,24 0,21 0,24 0,23
(10.4) 2,14 1,48 1,08 1,00
(20.3) 0,39 0,34 0,29 0,21
(21.0) 1,00 0,72 0,62 0,16
(21.1) 0,78 0,61 0,63 0,36
(11.4) 1,55 1,83 2,42 2,53
(21.2) 0,90 0,58 0,64 0,52
(10.5) 233 1,67 1,47 1,33
(21.3) 0,63 0,90 0,69 0,73

(30.2) 0,24 0,21 0,22 0,23




73

Poszoin 2. MexaHnika
(hkl) N1-1R N1-1T N2-1R N2-1T
f= 0,463 0,493 0,462 0,558
oct. P 21% 18% 20% 14%

Ha pwuc. 2 mpencraBineHsl 0OpaTHBIE MOJMIOCHBIE (UTYPHI UM aUarpamma
COOTBETCTBCHHBIX 3HAYEHUU TEKCTYPHOTO TMapaMmeTpa sl 00pa3iloB 3ar0TOBKU
J85x20mm (Ne 1-1) — mepBbIit npou3BoauTenb 1 86 x 21mm (Ne 2-1) — BTO-
pOM MPOU3BOIUTEND.

2,31

OR
mT

Puc. 2. OGpatabie momtocHbie ¢urypsl (OIID) ropsyenpeccoBaHHOM
3arotoBku 1-1, 2-1 (BepxHuE pUCYHKH) W AUArpaMMa COOTBET-
CTBYIOIIUX 3HAYCHHUI TEKCTYPHOTO MapameTpa

Kak BugHO M3 TpencTaBIEHHBIX PE3yJIbTaTOB, TEKCTYpPUPOBaHBI 00a 00-
pasua, paaualibHas U TaHTEHIMAIbHAS TEKCTypa IMPHCYTCTBYeT B 00oux. B 00-
pasue Ne 1 panualibHOW COCTaBJISIONICH HECKOJBKO OOJbIe, 4eM B 00pas-
e Ne 2.
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BriBoanl

BrlnonHeHa oneHka CTpYKTYphl, TEKCTYPbl, MEXaHUYECKUX CBOMCTB TPYO
u3 criaBa T1-3Al-2,5V Ha craguun npeccoBanus. B npeccoBanHbIX TpyOax ¢op-
MHUPYETCS MEJIKO3EPHUCTAs CTPYKTypa o-3epeH ¢ mpocioiikon B-dazoin 10-11
HOMepoB. CTpyKTypa UMEET pa3HO3EPHUCTOCTb, KOTOpasl XapakTepHa sl Me-
Tajjla TEepBOTO mpousBoauTens. bornee Bbicokas TeMieparypa IpecCOBaHUS
OPUBOJUT K Pa3BUTHIO MPOIIECCOB TUHAMHYECKOW peKpUcCTau3auud u ¢op-
MUpPOBaHUs 0oJiee HEOAHOPOJHBIX CTPYKTYp. B MmeTanne mpeccoBaHHBIX TpyO
UMEETCsl HaJuuue AaHU30TPONMM MEXaHMYECKUX CBOMCTB. B mpomonbHOM
HaANpaBJICHUN MEXaHUYECKHE CBOMCTBA BBIIIE, UYEM B TIOTIEPEUHOM.

HccnenoBanue TeKCTyphl TPpyO MOCIE MPECCOBAHUA TIOKA3aJI0, YTO TPYOBI
UMEIOT KaK paJlalibHYI0, TaK U TAHTCHIIMATBHYIO TEKCTYpY B IIpeiesiax:

— paauanbHyto 46 - 46,3 %;
— TaHTeHIMaabHy10 49 — 55 %.

TpyOsl ot npousBoautenss Nel MMEOT OOJIBIION MPOLIEHT paJualbHON
TeKCTYphl. JI7 CHIDKEHHS HEOJHOPOTHOCTH CTPYKTYPhI W aHH30TPOITUHU
CBOMCTB, BEPOSITHO, MPECCOBAHUE CIEAYET MPOBOAMUTH MpU 00JIee HU3KUX TEM-
nepatypax (0-00J1acTH) U HU3KUX CKOPOCTSIX JeopMaiinu, a Takke npu 00Jib-
IINX YCUJIUSIX Tpecca.
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