XI MEXKIYHAPOJHAS KOHOEPEHIUA CTYJIEHTOB U MOJIOABIX YUEHBIX

«IIEPCIIEKTHUBBI PABBUTUA ®YHIAMEHTAJIbHBIX HAYK» 212

HUCCIEAOBAHUE BJINSIHUSA BAKYYMHBIX OT)KUT'OB HA CTPYKTYPHO-®A30BOE
COCTOSIHUE U MEXAHUYECKUE CBOMCTBA CIIJIABA Ti-6Al-4V
Cio JIunizs, JIu Ha

Hayunsrit pyxoBoautens: porent, Cremanosa E.H
Hauumonaneuelit nccnenoBarenbckuit TOMCKHIM MOTUTEXHUYECKUN YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail:| 116349726 @qq.com|

INVESTIGATION OF VACUUM ANNEALING INFLUENCE ON STRUCTURAL AND
PHASE STATE AND MECHANICAL PROPERTIES OF A TI-6AL-4V ALLOY
XuLingjia, LiNa
Scientific Supervisor: Ass. prof., Ekaterina N. Stepanova
Tomsk Polytechnic University, Russia, Tomsk, Lenin av., 30, 634050
E-mail:|116349726@qq.com|

This paper presents the experimental results of investigation of titanium alloy. Research of vacuum annealing
effect on the structural and phase state and mechanical properties of a Ti-6A1-4V alloy in the temperature range
of 600 — 800 °C were performed by the methods of optical microscopy, X-ray analysis and Vickers

microhardness.

[pouecc omkura B BaKyyMHO# cpejie TIO3BOJISIET HarpeBath MeTasl1 0e3 o0pa3oBaHMsl OKUCIICHHS. BakyyMHBbIH
OTKUT YITy4IIaeT IUIACTHIHOCTD 3a CUET BBIACICHMS BOAOPOJAa U3 METallIa, K MPUMEpPY, ylapHas BI3KOCTh TAKOTO
Marepuala, Kak TUTaH MOBBIIIAeTCs OOJIbIIe YeM B JIBa pa3a. Takke BAKyyMHOMY OT)KUTY ITOABEPTarOTCS JETalN 1
COOpPKH C 1IeNbI0 N3MEHEHHsI CBOMCTB MaTepuaa, YIydIlaiolne ero XapakTepucTikH [1].

Lenpto paboThl SBISUIOCH M3YYCHHE BIMSHHS PEKMMOB BaKyyMHBIX OTXKHIOB Ha CTPYKTYpHO-(ha3oBoe
COCTOSIHME U MEeXaHH4YecKHe cBoiicTBa criaBa Ti-6Al-4V.

B kadecTBe Marepumania HCCIIEOBaHHs HCIONb30Banu aAByx(asubiii (o+f) cras Ti-6Al-4V (mapka BT6)
CleAyIoIIero cocrasa, macc.%: 6,6A1 + 4,9V + 0,02Zr + 0,033Si + 0,18Fe + 0,007C +0,170 + 0,01N + 0,002H,
ocranpHOe Ti. PEHTIreHOCTPYKTYPHBIC MCCIICAOBAHUS POBOMMIM C TOMOIIIBI0 qudpakrtomerpa Shimadzu XRD
7000S B Cu K, -u3nyuennu. YacoBble oTxkHUrH 00pa3loB CIUiaBa ObLIM NPOBEAEHBI Ha ycraHoBKe Gas Reaction
Controller mpu Temneparypax 600 n 800 °C. M3mMepeHus MUKPOTBEPAOCTH MO METOy BuKKepca BBIOIHMIN Ha
mukpoTepaomepe HV-1000 npu marpyske 100 .

Tu nnaHOE M300paskeHue CTPYKTYpHI citaBa Ti-6Al-4V B pa3niyHbIX COCTOSHUSIX MTPEACTaBICHO Ha puc. |
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Puc. 1. Cmpykmypa cnnasa Ti-6A1-4V: a) 6 ucxoonom cocmosnuu, 6) nocie omoicuea 600 °C;
8) nocne omoicuea 800 °C
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W3 puc. 1, a BUOHO, YTO B UCXOIHOM COCTOSIHHH CILIaB

uMeeT ABYX(a3HYyIO0 CTPYKTYpy, COCTOAILYIO0 U3 oOnacTei
0-}a3bl, OKpyKeHHBIX OByX(a3HeIMU obmactsamu (a + P)-
o T ¢a3s1. Cpennuii pasmep obnacreit a-¢asbl cocTaBmsier 6.5

MKM B IIPOJIOJIBHOM CEYEHHH M 16 MKM — B MONEPEIHOM.

] | l - L. e 3 et [ocne omxura 600 °C CpeI[HI/Iﬁ pasmep obnacreii (1'(1)33131
5.7._4....ML - | G A=

CTaHOBUTCA PAaBHLBIM 5.75 MKM B MMpOAOJbHOM CC€YCHUUN U
20, rpan

13 - . 1,6). 0 800 °C
Puc. 2. Yuacmoxk ougppaxmozpammol obpasya MicM — B nonepesron (pic. 1, 6). Oriur mpi

cnnaea Ti-6A41-4V 6 ucxoonom cocmossHuu MPUBOIUT K z[anLHef/'ImeMy M3MCHCHHIO CPCIHETO pa3zMepa

VF ) E——————— obnacreit. Tak, cpemnnuii pasmep obnacteil o-dasbl mocie

244

BakyymHOro oTxura mpu 800 °C B TE€4eHHH OFHOTO Yaca
35
paBeH 5.7 MKM B NpoJojbHOM ceyeHud U 10 MKM — B
norriepedHoM (puc. 1, ).

Y4acToK THIMYHOW AN(PPaKTOrpaMMBbl 00pa3Ia CIjiaBa

4 Ti-6Al-4V B HCXOZHOM COCTOSIHUM IPHBEZEH Ha puc. 2. B

nene [ wen HEHINC
Puc. 3. Muxpomeepoocms obpasyos cniasa Ti-

6A1-4V nocne paznuunvix 06pabomox

Tabnuie | mpUBeICHBI 3HAYCHUS MapaMeTpPhl PeIIeToK (a3
u ¢a3oBelii coctaB cmiaBa Ti-6Al-4V B pa3muyHbIX
COCTOSHUSAX. M3 NpHUBEAEHHBIX JaHHBIX BHUIHO, YTO B
MCXOJHOM COCTOSIHHH CIUIAB COAEPXKHT a-(a3y ¢ 00beMHOit nomneit 89 00. %. u B-dasy ¢ ooremuoi moneii 11 00.
%. IMapamerpsl pemerku o-passl: a = 0.2921 M, ¢ = 0,4665 HM, a B B-daze a = 0,3208 am (Tadn. 1). B cruiase
HaOromaercs TekcTypa B Harpasierud [002] ¢ koaddrmmenrom Mapua-Jlommaca 0,6741.

JudpakrorpamMmsl obpasua cruiaBa Ti-6Al-4V B cocrosiHnu nocie BakyyMHbIX oTxuros npu 600 °C u npu
800 °C ka4ecTBEHHO HE CHJIBHO OTIMYAIOTCS OT AU(PAKTOrpPAaMMBI B MCXOJHOM COCTOSHHH. OHAKO OTXKHTH
MPUBOIAT K M3MEHEHHUIO (Da30BOTO COCTaBa M MapameTpoB pemerok (a3 B cruiaBe Ti-6Al-4V. U3 Tabmumsr 1
BUJIHO, YTO 00beMHast 10i1st 3 (as3sl Bo3pactaet a0 14 %, mapameTpsl a ¥ ¢ o (a3bl YMEHBIIAOTCS, a TapaMeTp a
B da3sl yBenmamBaeTcs.

Tabnuya 1. @azosviii cocmas u napamempul peuwiemox gasz 6 cnuase Ti-6A1-4V

OobbemHas OobbemHas [Tapamerpsr pemeTox ¢as
Cocrosiane TIOJIST O Jo7st 3 aa+0,0001, ca+0,0001, af£0,0001,
¢azpi+l, % ¢dazpi+1, % HM HM HM
HcxonHoe 89 11 0,2921 0,4665 0,3208
HcxonHoe + oTxur npu
600 °C, 1 wac 87 13 0,2912 0.4639 0.3252
+
Hexoatoe + oTiur npu 86 14 0.2651 0.4526 0.3429
800 °C, 1 gac

PesynpTaTsl n3MeHeHHS MUKPOTBEpAOCTH ciuiaBa Ti-6Al-4V mociie 4acoBBIX OTKUTOB IPUBEIEHBI HA pHC. 3

Takum 00pazom, pe3ylbTaThl UCCIEOBAHUNA CTPYKTYPHO-(A30BOTO COCTOSHHS THUTAaHOBOTO crutaBa Ti-6Al-
4V moka3zamu, 9T0 OTXKUTH Tipu Temneparypax 600 m 800°C mpuBOAT K HE3HAYMTEIHHOMY YMEHBIICHUIO
00BEMHOW JONMM M TMapaMeTpOB pEUIeTKH o-(a3bl B CIUIaBE NPHU OJHOBPEMEHHOM YBEIMYEHHH IapaMmerpa
penieTku ¥ oObeMHON nonu [ ¢da3el. B 10 ke BpeMs MUKPOTBEPAOCTD CIUIaBa MOCJIE OT)KUTOB yBEINYHBACTCS

KaK B IIONEPEYHOM, TaK U B IMPOAOJIbHOM HAIIpaBJICHUH. Yewm BEIIIIE TeMIIEpaTypa OTKUra, TEM BbILIC 3HAYCHUSA

MUKPOTBEPAOCTH.
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CIIMCOK JIMTEPATYPBI
1. Baxyymupii omTxur [OnekTpoHHBI pecypc]. — Pexmm gocryma:  http://gk-drawing.ru/line-

module/thermic/vacuum-annealing.php
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Magnetic spectrometer analyzer (MSA) is used to analyze the processes of hydrogenation metals (for
example, titanium and copper). Sensitivity magnetic spectrometer analyzer is determined by the depth of
penetration of high frequency currents in metals, the space of the sample, and the phase shift between its
resistance and reactance. Sensitivity is the ratio of (Ae/e)/(Ad/d), where Ae/e relative increase signal of MSA. The
increment signal arises due to a change A46/0 penetration depth of the eddy current in the metal. Parameter Ad /d
is the relative change in the thickness of the samples. To study the sensitivity of the spectrometer used for S
parameter (Ae/e)/(4S/S). These options allow you to eliminate or reduce the error in determining the
conductivity. Further developed the technique of determining the sensitivity of the spectrometer to the parameter

& that is the ratio of the thickness d of the sample to its area S. Parameter £ permed accurately the dimensions

of the metal layers. Layers are located at different depths depending and associated with the electrical part of
the metal layer. Parameter p, equal to the product of the area of the sample by the reciprocal of the penetration
depth of the eddy current in the sample. If the product of these parameters [f equals 1, the eddy current
penetration depth in the sample is equal to the thickness of the test sample. Relationship between the number of
implanted hydrogen atoms per atom of metal and its electrical conductivity is expressed by equation. Depending
on this established technique for determining the composition of titanium hydride phase at different depths of
penetration as a function of eddy currents in the metal. Operating modes of the (MSA) determined by the

accuracy of approximation of the size of the metal layer, located at different depths of the sample.
Pa3znudHbie TEXHOJIOTHYECKHUE OMEPaliH, CBA3aHHBIC C MMPOM3BOJACTBOM THTAHOBBIX 3arOTOBOK M IIPOKAra,

COTIPOBOX/IAIOTCS HEPAaBHOMEPHBIM HACHIIIEHHEM THTaHa BomopoaoMm [1]. Bo MHormx ciydasx B mporecce

OKCIUTyaTallui IpyU HAaBOAOPOXHWBAHUM B MOBEPXHOCTHOM CJIOC U B LCJIOM B METAIC Ha6J'IIO,Z[aIOTCiI CJIOXKHBIC
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