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BJIMAHUE BUBPAIIUU U MOJUPULIUPOBAHUSA HA ITPOLECCHI
KPUCTAJJIN3AIIMA U MEXAHUYECKHUE CBOMCTBA CILTABA MAPKH AK7

Xmenea M.I'., [Ipomaxos B.B., ’Kykos U.A., Il1aToB B.B., Bopo:xkios A.b.

Hayuonanvnoiii uccnedosamenvcrkuii Tomckuil 2ocyoapcmeenusiii yHugepcumem, 2. Tomck
E-mail: khmelmg@gmail.com

OpHuM U3 cr1ocOOOB BHEIIHErO BO3JCHCTBHS /7S MOBBIIICHUS KaueCTBa JINThS aTFOMUHHEBBIX
CIUTAaBOB SIBJISIETCSl BUOpaImoHHasi o0paboTka KpUCTAUTM3YIoNerocs paciiasa. K nmpenmymiectsam
JAHHOW TEXHOJIOTUU MOMHMO YMEHBIICHHS pa3Mepa 3epHa, MOBBINICHUS MEXaHUYECKUX CBOWCTB,
noJiydeHus 0Oosiee OAHOPOJHOM MHUKPOCTPYKTYPBI, OTHOCSTCS TaK)K€ BO3MOXKHOCTb COXpPaHEHHS
HEU3MEHHBIM XUMHUYECKHI COCTaB pacIuiaBa.

B pamkax Hacrosmel paboThl TPOBEAEHBI UCCIIETOBAHMS OJHOBPEMEHHOTO BIUSHUS BUOpa-
[IMOHHOW 00pabOTKH ¥ MOTUPUITUPYIONTUX YACTHUI] HA U3MEHEHHE CTPYKTYPHI U MOBBIIICHHE MeXa-
HUYECKUX CBOMCTB aJTFOMHUHHUEBOTO CILIABA.

B xauectBe Marepuaiia s UCCIIEIOBAHUS UCTOJIb30BAJICA AIFIOMUHUEBBIN cIiiaB Mmapku AK7.

Jlng mMonuduuupoBaHus alOMUHUEBOTO CIJIaBa MCIONb30BAIACh JIMTaTypa, MOJydyeHHas
CBC metonoM. /1y mpoBeeHNUs SKCIIEPUMEHTOB 10 KOMIJIEKCHOMY BIMSHUIO BUOpaMyu U MOJH-
(buIMpoBaHUs UCTIOIB30BANICS BUOPAIIMOHHBIN cTON. B pacriaB amroMuHus Obllla BBEACHA JIMTATY-
pa Al-TiB; B xonmuuectBe 0,5 Macc.%. Kokunp nocie 3auBKyu paciuiaBa, oABepraics BUOpaoH-
HOMY BO3/JICHCTBHIO B TeUeHHE | MUH mpu yacTote BuOpanuu 60 ['11, amminTyna kojsebaHuii cocra-
Buwia 0,5 Mmm. [l mpoBeneHHMs CpaBHHUTEIBHON OLIGHKHM OBUIM TakXKe OTIMTHI 00pasubl 0e3
JTUTATYpPhl U IPUMEHEHUS BUOPAIIHH.

HccnenoBanue CTPyKTyphbl MOTYyYEHHBIX 00pa3loB OCYIIECTBISIOCH C MCIOIb30BAaHUEM OII-
truecko (Olympus GX-71) mukpockonuu. OOGpa3iibl MOABEPTATUCH MPEABAPUTEIHLHON MEXaHUYE-
CKOM MOJIMPOBKE U JIEKTPOIUTUIECKOMY TPABJICHHUIO.

Y cTaHOBIIEHO, YTO B MpOLIEcCe BUOPAIMOHHON 00pabOTKM MPOU3O0LUINA 3HAYUTEIbHBIE CTPYK-
TYpHBIC U3MEHEHUS — CPEIHUN pa3Mep 3epHa ObL1 cHUXKEH ¢ 252 mo 180 mxMm. KomrmekcHoe BO3-
nevicteue vactuil TiB, u BuOpanroHHON 00paOOTKM paciijiaBa B MPOIIECCe KPUCTAIUIM3AIUN CII0-
COOCTBOBAJIO CHMKEHHUIO CPEIHETO pa3mepa 3epHa ¢ 252 mkM (ucxoansiit crutaB AK7) no 140 mxm.

[TpoBeneHHBIC MEXaHHMUECKHUE UCTIBITAHUS, PE3YIbTAaThl KOTOPHIX MOJIYUYEHBI B BUAC TUArPaMM
«HanpspKeHue-aedopMaIusy, Moka3aim, YTo Mociie BUOpAIMOHHOW 00pabOTKH CIijIaBa IPOU3OIILIO
yBeJIMYeHUE npenena tekydectu ¢ 67 o 121 Mlla npu coxpanenuu npeaena npounoctu 182 Mlla
Y CHIDKEHUH TUIACTUYHOCTU B 2 pa3a, OTHOCUTENBbHO McxonHoro cruiaBa AK7. BBeneHue yactuil
nubopuaa TuraHa B konudectse 0,5 Bec.% ¢ mocnenyromieii BUOpaimoHHOW 00paboTKOM paciuiaBa
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151 MIla u npenen npounocty nosemieH ¢ 182 mo 227 Mlla npu HEOOIBIIIOM CHUYKEHUH TUIaCTHY-

HOCTH 10 CPABHEHUIO C UCXOHBIM criiaBoM AK?7.

HUccneodosanue svinonneno 3a cuem epanma Poccutickoo Hayunozo ¢ponda (npoexm Ne 17-13-
01252).

EFFECTS OF VIBRATION AND MODIFICATION ON CRYSTALLIZATION
AND MECHANICAL PROPERTIES OF AK7 ALLOY

Khmeleva M.G., Promakhov V.V., Zhukov 1.A., Platov V.V., and Vorozhtsov A.B.

National Research Tomsk State University, Tomsk
E-mail: khmelmg@gmail.com

The treatment of crystallizing melt by vibration is one method of external physical effect for
improving the casting quality of aluminum alloys. In addition to reducing grain size, enhancing me-
chanical properties, and obtaining a more uniform microstructure, the advantages of this approach
also include the possibility of maintaining the unchanged chemical composition of liquid metals.

For the purposes of our research, we had studied the combined effects of vibration and modify-
ing particles on change of structure and improvement of mechanical properties of aluminum alloys.

AK?7 aluminum alloy was used as a material for the study. A master alloy obtained by self-
propagating high-temperature synthesis (SHS) is used for modifying the aluminum alloy. Experi-
ments on complex effects of vibration and modification were carried out on a vibrating table. Al-
TiB, master alloy (0.5 wt.%) was introduced in aluminum melt. After casting the melt, the chill
mould was subjected to vibration for 1 min. at a vibration frequency of 60 Hz and the oscillation
amplitude of 0.5 mm. For a comparative evaluation, samples without master alloy and vibration
treatment were also cast.

The structure of obtained materials was investigated by methods of optical microscopy using
a microscope Olympus GX-71. Samples were subjected to preliminary mechanical polishing and
electrolytic etching.

It has been observed that significant structural changes occurred during vibration: the average
grain size was reduced from 252 to 180 um. The combined effects of TiB, particles and vibration
on the melt during crystallization contributed to a decrease in the average grain size from 252 (ini-
tial AK7 alloy) to 140 um.

Mechanical tests, results of which were presented in stress-strain diagrams, showed that after
vibration the yield strength increased from 67 to 121 MPa while maintaining the tensile strength of
182 MPa and reducing the plasticity in 2 times, relative to the initial AK7 alloy. The introduction of
0.5 wt.% titanium diboride particles with subsequent vibration of the melt helps to improve tension
test properties: yield strength from 67 to 151 MPa and tensile strength from 182 to 227 MPa with a

small decrease in plasticity in comparison with initial AK7 alloy.

The research was performed at the financial support of grant of Russian Science Foundation
(project No. 17-13-01252).
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