Cexyus 3. Moougpuxayus ceoticme mamepuaniog
Section 3. Modification of material properties
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[IpoBeneHo uccne0BaHue BAUAHUSA 00mydeHus noHamu Ar' ¢ sneprueii 20 k9B Ha cOMpOTHBICHHE yCTaIOCTH
ropsiYenpeccoBaHHbiXx mpoduneid Tommuuod 6 MM u3 cmiaBa J[16 cucrembr Al-Cu-Mg mocne 3akankud u
€CTECTBEHHOTO CTApeHHs. YCTAHOBICHO, YTO KPaTKOBPEMEHHOE [BYXCTOpOHHee oOmydeHune wuoHamu Art
¢umoencamu F = 2-10% u 1-10% cM? ipu oTCYyTCTBMM HarpeBa 0Opa3IOB MPUBOUT K CYIIECTBEHHOMY yBEITHUEHHIO
KOJIMYECTBA IIUKJIOB IO Pa3pyLICHHs B YCIOBHAX IOHMKCHHBIX aMIUIUTY[I Harpysku o/c, = 0.3. MakcumanbHOe
yBesudeHue B 2.4 pasza HaGI0AaeTCs IpH MeHbleM diroeHce MoHoB F = 2-10% cm™2,

Knrouesnvle cnoea:. amoMuHueBEIe CIIJIaBBbI; 06J'Iy‘1€HI/IC HOHaMU; paauallMOHHO-ANHAMUWYCCKUC 3(1)(1)6KTBI; ycTta-
JIOCTh.
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The study of the effect of irradiation with Ar* ions on the fatigue resistance of hot-pressed profiles 6 mm thick
made of alloy D16 of the Al-Cu-Mg system after quenching and natural aging has been carried out. The samples
were irradiated using an ILM-1 ion-beam treatment facility equipped with a PULSAR-1M ion source based on a
glow discharge with a cold hollow cathode. The following irradiation parameters were used: E = 20 keV, j =
200 pA/cm?, F =2-10% and 1-10'® cm2. The maximum temperature to which the samples were heated during irradi-
ation did not exceed 40°C. The specimens were tested on an INSTRON 8801 servo-hydraulic test rig. To determine
the Weller fatigue curve, cyclic fatigue tests were performed in a sinusoidal cycle with a loading frequency of 3 Hz.
The cycle unbalance factor (asymmetry coefficient) is —1. It was found that short-term double-sided irradiation with
Ar* ions with an energy of 20 keV with the indicated fluences in the absence of heating of the samples leads to a
significant increase in the number of cycles to failure under conditions of reduced load amplitudes /oy = 0.3. The
maximum increase in 2.4 times is observed at a lower ion fluence F = 2-10% c¢m2. This phenomenon may be due to
the fact that under conditions of high-cycle fatigue, only small elastic deformations take place. In addition, the sur-
face and volume of the irradiated sample undergo "instantaneous" (within a few seconds) radiation annealing with
an ion beam, as a result of which both the surface and the volume are practically freed from deformation defects.
Because of this, destruction begins from the surface of the sample much later, since the processes of damage accu-
mulation and cracking develop much more slowly. In the case of low-cycle fatigue, elastoplastic deformations take
place and defects accumulate over the entire cross section of the specimen. The data obtained indicate the possibility
of using ion-beam treatment at the finishing stages of the production of promising aluminum alloys.

Keywords: aluminum alloys; ion irradiation; radiation-dynamic effects; fatigue.

Beenenue X0Jle HMOHHOM OOMOApIUpPOBKH HOHAMH
HNonHast wuMIIaHTanMs METaJNIMYECKUX CPEIHUX DHEPIHil B TEUEHHE TPUIUIMOHHBIX

MaTepHajIOB PacCMaTPHUBACTCS KaK OIMH W3
METOJIOB TOBBIIIEHUSI KX JIOJITOBEYHOCTH
npu pabote B ycioBusx ycramoctu [1-3]. B

JIoJiel CeKyH/ bl POUCXOIUT MEperIaBieHue
HAHOPAa3MEPHBIX MOBEPXHOCTHBIX CIIOEB Me-
Taiia (BciaeAcTBHE (DOPMHUPOBAHUS TEPMU-
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YeCKMX MHKOB: 30H auamerpoM 10-20 HM,
pasorpeBaemsbix a0 3000-6000 K), HO HE on-
HOBPEMEHHO, a [0 Mepe BHEIPEHUS! OTIEIIb-
HBIX MOHOB (BpeMsi 00pa30BaHUS U OCThIBa-
Hus Tepmuueckoro nuka ~ 107 ¢). Dror
3¢ ekt MoKeT MPUBOAMUTHL K 3aJCUHMBAHUIO
HaHO- U MHKpoTpemuH. Kpome Toro, BHen-
psieMble MPUMECH CIOCOOCTBYIOT CO3/aHHUIO
CKMMAIOIIUX HANpsOKEHWH BOJIM3U TOBEPX-
HOCTU MaTepuanoB. C y4eToM CKa3aHHOTO, a
TaKXKe JabHOJACHCTBYIOMNX JUHAMUYECKUX
3¢ (}eKToB yIydlieHUs CTPYKTYpPHI, BCIIEM-
CTBHE pPACIpPOCTPAHEHUS MOCIEKACKaIHBIX
yYAAapHBIX BOJIH [4], MOKHO OKHJaTh MOBBI-
IICHUS MEXaHMYECKHUX U PECYPCHBIX Xapak-
TEPUCTUK CIUIAaBOB (32 CYET W3MEHEHHUS
CTPYKTYpBI KaK MOBEPXHOCTH, TaK U 00BbeMa
00JTy9aeMbIX cpen).

Llenpto paboOTHl SBHIIOCH HCCIIEOBAHUE
BIMSHMS 00aydeHus noHamu Ar" Ha cormpo-
TUBJICHUE YCTAJIOCTU TOPSYEIPECCOBAHHBIX
npodmireii u3 crmiaBa /16 cucremsr Al-Cu-
Mg B COCTOSTHMH TIOCTaBKM — TOCTIE 3aKaJIKU
U €CTECTBEHHOT'O CTapeHHUSI.

Martepuajbl 1 MeTOABI HCCIeI0BAHUA

['opstuenipeccoBannbie  npodpumnu  I[1P-
100-23 (tommuuo#t 6 mMM) u3 cmnasa J[16
(Al-Cu-Mg) mocrie ecTecTBEHHOTO crape-
HUS TpM KOMHATHOH TemmepaType ObuM
MPEIOCTABIICHbI OAO «KameHck-
VYpanbCkuii METaJIIypru4eckui 3asoa». M3
YKa3aHHbIX MpouiIeld MNpeaBapuTeIbHO
ObUIM HM3rOTOBJIEHBI CTAaHAAPTHBIE O00pa3bl
JUIS1 yCTAJIOCTHBIX MCIIBITAHUM.

OG6nyuenue 00pa3IOB MPOBOJIUIOCH Ha
YCTAHOBKE JIi MOHHO-Ty4yeBOH 0OpabOTKH
NJIM-1, ocHamnieHHONH MOHHBIM MCTOYHUKOM
ITYJIBCAP-1IM Ha ocHOBE TIEIOLIETO pa3psi-
Jla C XOJIOMHBIM MOJIBIM KaToaoMm [5]. U3 uu-
JUHAPUYECKOIO IyYyKa HOHOB C ITOMOILBIO
KOJJIMMAaTOpa BBIPE3ajiCsl JIGHTOUHBIM My4OK
1oHoB 100x20 Mm?. C 1eNbI0 CHMKEHHUS
TEeMIIEpaTypbl HarpeBa oOpasibl 00Jydanu ¢
JByX CTOPOH IPH HUX IEPEMELIEHUHU [0
HMOHHBIM ITy4YKOM CO CKopocThio 2.5 cm/c. B
xojie 00JIy4eHHsT KOHTPOJIMPOBAJIAcCh TEMIIe-
parypa o00pa3lloB C TOMOIIBIO XPOMEJb-
AJIIOMEJIEBOM TEpMoONapbl, NPUBAPEHHON K

aQHAJIOTUYHOMY 00pa3Iy-CBUACTEIIO, U KOM-
MBIOTEPHON CHCTEMBbI U3MEPEHUs ITU(POBBIX
curHainoB Ha Oaze monmyneir ADAM-4000.
MaxkcumanbHasi Temmeparypa, 10 KOTOpOu
pa3orpeBaIMCh 00pasibl B X0 OOIYUCHHS
He mnpesbimana 40-50°C. Ilapamerpbr o0my-
YeHHUsI PUBEICHBI B TabmuIe 1.

Tabmuna 1. ITapamerpsl oOiyueHHs] HENPEPHIBHBIMU
nyukamu noHOB Art pogmieii n3 crutasa J[16

Table 1. Parameters of Ar* ion beam irradiation of the
D16 alloy profiles in continuous mode

[Tnor- Bpews dnroeHe
Ne | Omnep- 00yue-
HOCTb HOHOB
pe- rus HUS .
HNOHHOTO 9 (c omHOIA
XKH- | MOHOB : (c omHOIA
Ma | E, x3B roxa ), CTOPOHBI) CTOpOHEI)
’ MKA/cm? tc F, cm?
1 1,6 2:101
2 2 :
2 0 00 8 110t

WcnbiTanust o0Opas3LioB MPOBENIEHbI HA cep-
BOTUPABINYECKON HCHBITATEIbHON ycTa-
HoBke INSTRON 8801. HWcnowitaTenbHas
ycTaHoBKa cHaOxeHa DBM u KoHTposuiepoM
FastTrack. Bce oneparuu B mporecce dKcrie-
pUMEHTa  BBIIOJHAIOTCS  MPOTrPaMMHO-
anmnapaTHeIMU cpeactBamu. [l omnpenene-
HUS KpUBOH ycTanocTu Beisiepa BbIIOIHEHBI
LUKINYECKHE HCIBITAHUA Ha YCTaJOCTh IO
CUHYCOMJAIBHOMY IMKIy C  4acTOTOH
HarpykeHuss 3 I'u. Koadpduuument necum-
METpHUH LIMKJIa paBeH —1.

Pe3yabTaThl U MX 00Cy:KIeHUE

Kpussle Bemnepa, mocrpoeHHsle 1O pe-
3yJbTaTaM MCIBITAHUN HCXOJIHBIX U 00Iy-
yEHHBIX 00pa3noB crutaBa J[16 mpuBeneHBI
Ha puc. 1.

Bunno, 9to mocne oOiydeHus: B HCIIOJNb-
30BaHHBIX pEeXHMax HaOlogaeTcs cyile-
CTBEHHOE YBEIIMYCHUE KOJIMYECTBA ITMKIIOB
JI0 pa3pyueHus B ycnoBusax o/cs = 0,3. s
MCXOIHOTO 00paslia YHCIO IUKIOB JI0 pas-
pywmenus cocrasuiio 633 757 nukios. Ilocne
obmyuenust — 1 523 825 mukinoB npu ¢urroeH-
ce 2-10® cm? m 1000000 mukmoB TpH
dmoence 1-101% cm2,

JlaHHOE sIBICHHE MOXET OBITh CBSI3aHO C
TEM, YTO B YCJIOBHUSX MHOTOIMKJIOBOW ycCTa-
JIOCTH UMEIOT MECTO MaJIble yrpyrHe nedop-
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Puc. 1. 3aBucumocts konmdectBa HUKIOB 1g(N) ot
MaKCHUMAaJIbHOTO HANPSKCHUS NUKIA G JJIs 00pasioB
criaBa 116 B HCXOJHOM COCTOSIHMM M TOCIIE 00yde-
uus nonamu Ar* (E= 20 k3B)

Fig. 1. Dependence of the cycles Ig (N) number on the
maximum cycle stress ¢ for the alloy D16 samples in
the initial state and after irradiation with Ar* ions (E=
20 keV)

Manuu. Kpome toro, nmoBepxHocTh U 00beM
00y4eHHOro oOpasiia MOABEPraroTCsi MTHO-
BEHHOMY (B TEUYEHHE HECKOJIbKUX CEKYH])
paguaioOHHOMY OTKUTY ITy4YKOM HOHOB [4],
B pe3yJibTaTe 4Yero Kak MOBEPXHOCTh, TaK U
00BEM IPAKTHUECKU OCBOOOXKIAIOTCA OT Je-
dbopManmoHHBIX AeekToB. B cumiy 3TOrO
paspylieHle HAYMHAETCS C MOBEPXHOCTU 00-
pasla ropaszio Mo3jgHee, MOCKOJIbKY 3HAuU-
TEIbHO MEIJIEHHEE Pa3BUBAIOTCS IPOLIECCHI
HAKOIUICHUS TOBPEXIECHUI U TperrHooOpa-
3oBaHus. [Ipy ManmouukIIOBOM k€ ycTanocTu
UMEIOT MECTO YIpyroiacTuueckue aedop-
Maluy U J1e(eKThl HAKAIUIMBAIOTCS MO0 BCEMY
cedeHuro oOpasiia.

3aki0ueHnne

IIpoBeneHo uccienoBaHUe BIUSHHUS 00-
sydenust vonamu Ar’ ¢ sHeprueit 20 k3B Ha
COIIPOTUBIIEHUE YCTAJIOCTU TOPAYEIPECCO-
BaHHBIX Mpoduiiel TOIMMHON 6 MM U3 CIlIa-
Ba /[16 nmocie 3aKajku U €CTECTBEHHOIO CTa-
peHus.

VYCcTaHOBIIEHO, 4YTO TMOCHe OOJyueHHs
cromaBa JI16 dmoencamu 2-10%° i 110 cm
HAOII0AaeTCsl  CYIECTBEHHOE YBEINYECHUE
KOJMYECTBA IMUKJIOB JI0 pa3pylIeHUs B
YCIIOBUSAX TOHWKEHHBIX aMIUTUTY Harpy3KH
o/os = 0.3. MakcumanbHOE yBenmuieHue B 2.4

pasa HaOyoaeTcs MpHU MeHbIIeM (IIIOeHCe
noHoB F = 210 cm2.

DKcrepuMeHTallbHAs 4acTh PaOOTHI BBI-
MIOJTHEHA C HCIIOJIb30BAaHHEM 000pPYA0BaHHUS
HKII «ITnmacromerpusi» UMAI YpO PAH.

PaboTa BbIMONHEHA NMPH YaCTUYHOM MOJ-
nepkke npoekta PODU Ne 19-08-00802-a.
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