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BU3HAYEHHSA PECYPCY POTOPIB JJIABOPATOPHUX
HEHTPUODYT

Pestome. Buxopucmaunns Memoouxu, saKa OA3VeMuCsi HA  AGUWI  BUHUKHEHHS U  HAKONUYEHHS
HOWKOOHNCYBAHOCMI Ma [T 8PAXY8AHHA Y cUCIeMi BUSHAYUATLHUX PIBHAHb 0AE MONCIUBICIb CYMMEBO NIOGUUMU
00CMOGIpHICMb ~ PO3PAXYHKY MdA NPOSHO3YBAHHA  2PAHUYHO20 CMAHY U PECYPCHUX XapaKmepucmuk
8i0NOGIOANLHUX ~ elleMeHmMi6 Npu  MaloOyukiogill 6momi 3 YPAaXy8aHHAM 0COONUBOCHEU eKCHIYamayiliHux
pearcumis. Ilpu ypvomy 3 Ounamiunux po3paxyukis, siki euxonani 3a oonomoeoro MCE, y npoepamuomy naxemi
Ansys 6ynu eusHaueni 3 piGHI HANPYICeHb, SIKI GUHUKAIOMb Y HeOe3NeUHUX MOYKAX HauloK J1aOOpamopHux
yenmpudghye. Ha nepwomy emani Oocniodxcenv Oyau npogedeHi 6unpoOYSaHHs YUIIHOPUYHUX 3PA3KI8
antominiegoeo cnnagy B95 na manoyuxnogy emomy npu nunonodionomy yukii nHagaumagicenns. Ha opyzomy
emani — unpobysauHs npu NOCMIUHOMY DiGHi HaganmasiceHHs 00 pyuHyeanus. Tpemiii eman sunpobysanv — ye
00CniOdCeH s 3pa3Ki@ NMpu NpoSPAMHOMY HABAHMAdCeHHI. B pe3ynomami nposedenux excnepumeHmanbHux
oocnioxcerb OY10 OMPUMAHO 3ANEHCHOCHI 008208IYHOCHI 8i0 nNApamempie HABAHMANCEHHS OJis ANIOMIHIEBO2O
cnnasy B95.

Kniouoei cnosa: ounavixa, nabopamopna yenmpudghyea, pomop, pecypc, ROUKOO’CYEAHICHIb.

M. Bobyr, A. Babenko, Ia. Lavrenko, O. Khalimon
DETERMINATION OF THE ROTOR LAB CENTRIFUGE LIFETIME

Summary. There is a number of requirements for the lab centrifuges advance, one of which is to provide
the necessary durability, secondly, the guaranteed lifetime should be ensured by fail-safety and safety. These
requirements are satisfied by the elements of data, structures must not fail during the guaranteed period of
operation and safety is guaranteed by the presence of emergency shell. A structural element, which is the danger
of destruction, is a cup.

To ensure reliable designs manufacturers of the lab centrifuges produce a protective centrifuges shell
with a rather large margin of safety, which leads to weight gain as an emergency shell and the total weight of
the centrifuge.

Decrease of weight of the centrifuge can be achieved by reducing the weight of emergency shell, but it
requires improving the accuracy of the mechanism lifetime prediction.

At present there is no general method of lifetime prediction of responsible and highly-loaded structural
elements of different branches of industry. Current methods are based on two concepts: safety without
makrodefects and regulated rupture.

The operational lifetime is 70+90% the total resource of (including crack grows life) and infancy
macrocrack is accompanied by degradation of mechanical properties of structural materials and the appearance
of three-dimensional dispersed damage. Using a methodology, which is based on the phenomenon of the
occurrence and accumulation of damage and is taking into account the system of constitutive equations, makes it
possible to increase significantly the accuracy of the calculation and prediction of the limit performance and
resource responsible element in low cycle fatigue in view of features operating conditions.

In this case, the dynamic calculations are performed by FEM, the software package ANSYS, identified
three levels of stresses (470 MPa, 490 MPa, 500 MPa), which arise in dangerous points of cups lab centrifuge.

In the first phase of research cylindrical specimens of aluminum alloy 7075 on low cycle with saw tooth
cycle fatigue loading (loading 5 sec and unloading 5sec) were tested. In the second phase they were tested at
constant load to fracture. The third phase of testing — the study at program load (load 5sec, holding at constant
load 120 sec and unloading 5 sec).

As a result of experimental research the dependence of the durability of the load parameters for
aluminum alloy 7075 were obtained.

Key words: dynamics, laboratory centrifuge, rotor, life time, damage

Beryn. Jlo BHCOKOOOEpTOBHX €JIEMEHTIB KOHCTPYKIIM pi3HOro IMpH3HAUYEHHS
BUCYBA€ETHCSI PsiJT BUMOT, TOJIOBHA 3 SIKMX MOJISITae y 3a0e3nevyeHHi HeoOXiJHO1 JJOBIOBIYHOCTI,



MEXAHIKA TA MATEPIAJIO3HABCTBO

Jpyra Te, 110 3a TapaHTOBaHUU TepMiH poOOTH MOBUHHA OyTH 3a0e3neueHa OezaBapiifHicTh Ta
6e3meunicts. Lli BUMOrm moBuHHI OyTH OOIpYHTOBaHI THM, IO BiJIMOBIJAJIbHI €JIEMEHTH
JTAHUX KOHCTPYKIIifl HEe MOBHHHI PYHHYBATHCS MPOTSATOM TrapaHTOBAaHOTO TEPMiHY poOOTH, a
Oe3MeYHICTh rapaHTY€EThCS HASBHICTIO 3aXUCHOI 000JIOHKH.

B poGoti po3riasHyTO OCHOBHI mpoOjemu i3 3abe3ledeHHs HaAIHHOI poOOTH
BHUCOKOOOEPTOBUX €JIEMEHTIB KOHCTPYKIIIH Ha MPUKIA/Ii JAOOPaTOPHUX HEHTPUDYT.

Hentpudyrun Benmukmx mBuakocteir (10 15000 06./xB.) dYacTo po3poOISIOTH SIK
yHIBepcaJlbHI NPHUCTPOi 3 IIUPOKAM Jliama3oHOM pi3HUX poTopiB. llentpudyru
BHKOPHUCTOBYIOTB JUISI PO3JITY CyMilllell pi3HOI MATOMOI Bard. Benwki poropw 3 Macamu J10
20 KT BUKOPHUCTOBYIOTH, HAIIPHKIIAI, B JTAOOpATOPisX, OaHKaX KPOBi Ta ILIA3MHU.

Jlns 3abe3nedeHHs] HaAIHHOCTI KOHCTPYKILIH BUPOOHHMKH JIAOOPATOPHUX HEHTPUPYT
BUTOTOBIISIIOTh 3aXUCHY OOOJIOHKY HEHTpU(]YTH 3 JOCUTH BEITHKHM 3allacoM MII[HOCTI, IO
NPU3BOUTH JI0 301NBIICHHS Bark SK MPOTHABapiiHOiI OOOJIOHKM, TaK i1 3arajbHOI Baru
EeHTPH(YTH.

AKTyaabHicTh. 3MEHINICHHS Bard IEHTPUPYTH MOKHA JTOCITTH 32 PAXyHOK 3MEHITICHHS
Bard IPOTHABApiHOI OOOJOHKH, aje IIe BUMAarae IiJBUINCHHS TOYHOCTI MPOTHO3YBaHHS
TEpMiHy eKCIUTyaTalii KOHCTPYKIIN y IiToMYy.

Ha crorogni He icHye 3arajlbHOTO METOAY HaJIHHOTO TPOTHO3YBaHHS peCcypey
eKCIUTyaTarlii BiJNOBIJJAJIbHUX Ta BHCOKOHABAHTAKEHHX €JIEMEHTIB KOHCTPYKLIH pi3HUX
rary3eii MamwuHOOYJyBaHHS SK Ha CTajil 3apo/PKeHHS MaKpOTPIIIMHH, TaK 1 Ha CTajii
xuBy4docTi. CydacHi eKCIIepHUMEHTATLHO-TEOPETUYHI METOM IPOTHO3YBaHHS 0a3yrOThCS Ha
OCHOBI JIBOX KOHIIEMIIiK: Oe3meyHoi poOoTu 0e3 MakpoJedeKkTiB Ta periaMeHTOBaHOTO
pylHyBaHHs [1].

CydacHi BHUCOKOE(EKTHUBHI 3acoOM MiarHOCTUKH EKCILTyaTal[ifHOTO HaBaHTAXCHHS
JIO3BOJISIOTH €KCILTyaTallito BiIMMOBIJAIBHAX €JIEMEHTIB KOHCTPYKITiH 0€3 MaKpoeeKTiB.

[IporHo3yBaHHS CcTaIii 3apOPKEHHS MAaKpOTPIIMHM, sKa cKiaanae npuodauszao 70-+90%
3arajlbHOTO pecypey (3 ypaxyBaHHSM XHBYUYOCTi) B MaTepiami 3aJie’KHO BiJl TEPMOCHIIOBHX
napaMeTpiB, Ha ChOTOJHI € OJHIEI0 3 HAWBaXIUBIIIMX 1 MEPCHEKTUBHUX HANpPSMKIB Y
MeXaHiIl TBepJoro aedhOpMiBHOTO Tijla.

Mera. KoHkperusailisi mapaMeTpiB MOIIKO/PKYBAaHOCTI Ta IX ypaxyBaHHS B CHCTEMI
BH3HAYAJIBHUX PIBHSHb JA€ MOXIIMBICTH CYTTEBO ITiIBHIMUTH JOCTOBIPHICTH PO3PaXyHKY
HanpyxeHo-aepopmoBanoro crany (H/[C), mporHo3yBaHHS TpaHUYHHX CTaHIB Ta PECYPCHHUX
XapaKTePUCTUK BiJIIMOBIJAIGHAX €JIEMEHTIB KOHCTPYKIA 3 ypaxyBaHHSIM OCOOJUBOCTEH
eKCILTyaTaliiHuX pexkuMiB [2].

[pane3naTHicTh KOHCTPYKIi MOKe OyTH BH3Ha4YeHa SIK €KCHEPHUMEHTAJIbHHUM, TaK i
pO3paxyHKOBUM IIIsIXOM. HarypHi BHIpoOyBaHHS 13 3allyCKOM Ta 3YIHHKOIO pPOOOTH
HEeHTPUPYTH TOTPeOYIOTh 3HAYHHMX 3aTpaT dyacy Ta MaroTh BHCOKY BapTicTh. Tomy s
MIPOTHO3YBAHHS PeCypcy KOHCTPYKIIT B poOoTi mposeneHo MoaemoBanas HIAC nerrpudyrn
IpY Pi3HUX BUJIAX HABAHTAXXEHB T4 KOMIUIEKC €KCIIEPUMEHTAIBHHUX JTOCIIKEHb.

Sk Oyno 3a3Ha4€HO, OJHUM i3 KOHCTPYKTHBHHMX €JEMEHTIB CyYaCHHMX LEHTpUQYT €
POTOp y BHIJISII XPECTOBHHU (pHC. 1), O SKOTO KPIIIISATHCS YOTUPH YaIIKH, B SIKi, Y CBOIO
4epry, BKIAIAIOTECS Y (POPMHU JUTS Pi3HOT KiIJTBKOCTI MEH3YPOK.
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PucyHoxk 1. PoTop Ta yaiuka PucyHok 2. Po3nofin Hanpy»xeHb y
(Thermo Scientific Electron) Yami
Figurel. Rotor and cup Figure 2. Stress distribution in a cup

OnHuM 3 HafOIIbII HABAHTAKCHUX KOHCTPYKTUBHHX €JIEMEHTIB IIEHTPU(]YTH € YaIlka,
sika obepraeThes. [1in yac poboTH B TaKMX poTOpax iCHYye MOXKIIUBICTh IUCOAIaHCy CHCTEMH,
IO CTBOPIOE HeOe3meKy pyiHyBaHHS. KOHCTPYKTHBHUM €IIEMEHTOM, PYyWHYBaHHS SIKOTO
SIBIIsTE HEOE3IEeKy, € JalllKa, sika KPImUThcs Ha mardax i 3MiHIOE CBOE TIOJIOKEHHS ITPH PO3TOHI
i rampMmyBaHHI. B mpomeci ekcruryaTarii OyJo BHSBIICHO, IO PYWHYBAaHHS YaIloK
BiIOYBa€ThCs y MICIIl KOHTAKTY 3 IarndamMu, a TaKOX IIJISIXOM BiJIpUBAHHS JTHA YAIIIKH.

Yarka BUTOTOBIISIETHCS IIUISIXOM INTAMIIOBKH, BiJl TEXHOJIOTI SIKOT 3aJIC)KUTh CTPYKTypa
nerani Ta il MexaHiuHi BiacTHBOCTi. [l TPOTHO3YBaHHS pPecypcy KOHCTPYKTHBHHUX
€JIEMEHTIB He0OX1JHO BU3HAYUTH MEXaHIYHI BIIACTUBOCTI Marepiaily, 3 sSIKOTO BUTOTOBIICHUI
KOHCTpYKTHUBHHI eneMeHT Ta ix HIIC.

JIyis IpoBeJIeHHST eKCIIepUMEHTAIBHIX JIOCIJDKEHB 3pa3KiB alfoMiHieBOTO ciiaBy B95
HEOOXiTHO BU3HAYUTH PiBHI HANPY>KEHb, sIKI MAIOTh MicClleé B KOHCTPYKTUBHOMY €JI€MEHTI Iif
yac ekcruryararii. 3agaua su3nadenHs HJ[C po3m’si3yBanacs uucioBumu MeTogamu [3]. 3a
JonoMororo nporpamuoro nakera ANSYS (puc. 2), Oynu BUKOHaHI TWHAMIYHI PO3paxXyHKH
Ta BH3HAYCHI TpHU piBHA HampyxeHb (470 MIIa, 490 MIla ta 500 MIla), siki BUHUKAIOTH Y
HeOe3MeYHNX TOYKAX YaIloK Ja00paTOpHUX MEHTPUQYT.

Cepen OaraTboxX 3acTOCyBaHb IMOHSTTS IOIIKOKYBAaHOCTI B 00JIacTi pyHHYBaHHS
JIOCHTh BaKJIUBOIO € Mpo0JeMa B3aeMOJIil BTOMHU Ta IOB3YYOCTi, SIKy HEOOXiHO po3TisiiaTu
SK O/IHY 3 (DEHOMEHOJIOTIUHMX MOJIENEeH, IO J03BOJISIE PO3PAXOBYBATH PECYpPC eKCILTyaTarlii
PI3HHX €JIEMEHTIB KOHCTPYKITIH IPH eKCILTyaTalliiHX HaBaHTXKCHHSX.

Ha cporomasi, mpu o HOYACHI# Ail KUTBKOX MEXaHi3MiB HAKOITMYCHHS TIOIMKOKEHB ITPH
3amuci (PyHKIIH MOIIKOHKYBAHOCTI, BHKOPUCTOBYEThCS MPUHITUN Cyleprio3niii. B Toi ke
4yac He BPAaxOBYEThCS 1X B3aemMojis. B poOOTi JociimkeHO B3a€MHUI BIUTUB MaJIOMUKIOBOI
BTOMH Ta TIOB3YYOCTi, IIO BIJNOBIIa€ OCHOBHHM TapaMeTpaM eKCIUTyaTamiiHOro
HaBaHTaXEHHS IICHTPUPYTH.

Teopernuni  J0oCTiKEeHHS. bazyrounch Ha  KOHTHHY&JIBbHIH  MexaHiIi
MTOIIKOJI)KYBAHOCTI Ta TEPMOJMHAMIIII HE3BOPOTHHX IPOIECIB, PO3IIISIHYTO KiHETHYHE
PIBHSIHHSI ITOIIKO/KEHHS JJIS TOB3YYOCTi [4]

D =§e'.(”)H(g.(”) ), (1)

] 1 1

2
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Y:pal//:_ O-eq . I
oD 2E(1-D)

ne Y — IBUAKICTh BUBLIBHEHHS NPYXKHOI eHeprii nedopmanii; S — mapameTp martepiany;

(p)

2)

8,.(” ) _ iHTeHCHBHiCTS MIACTHYHOT nedopmariii; &£’ — rpaHuYHa BEJIMYMHA IHTEHCUBHOCTI
mwactuuHoi jAedopmariii, 10 skoi He BiAOyBaeThCS MOIIKOMXKYBaHOCTI; H — QyHKIIA
Xesicaiiia; E — MOIysb NIpPYKHOCTI; O, — €KBIBAJICHTHE HANpPYKeHHs; R, — (QyHKuis

CKJIaTHOTO HAIpYy>XEHOT'0 CTaHy.
3anumemMo BHUpa3 S IMIBUAKOCTI 1HTEHCHBHOCTI TUIAcTUYHOI jaedopmamii 3
ypaxyBaHHSIM 3aKoHy HopToHa a5 TIIacTHYHOCTI
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pI(S] KU Ta n — 1HapamMeTpu MaTepiany; A — MHOXHUK IIJIACTHYHOCTI.
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BukopucroByroun piBasiHHA (1) Ta (2), B pe3ysibTaTi OTpUMAEMO
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n+2
P O, R,
2ESK] (1-D
JUJ1s1 OTHOBICHOTO PO3TATY OTPUMaHe PiBHSHHS NEPETBOPIOETHCS B piBHsIHHA KauanoBa

n+2
5 _ o (r) _ o(p)
e T ati )

1

el (67 -} 4)

ne A=(2ESK] )12 .

Jliss yMOB ycTajJeHOI MOB3ydYOCTi IMIBHAKICTH HAKOIMMYEHOI HE3BOPOTHOI Aedopmartii
BHU3HAYAEThCS 3a 3aKoHOM HoprTona (B sSKOMy TIpaHHUIl TEKydOCTi Ta 3MIIHEHHS He
BPaXOBYIOTKCS, aJle BPAXOBYETHCS 3B’ 30K 3 TOITKO/KYBAHICTIO).

3anuiemMo y3aradbHeHHWHA KIHeTUYHHN 3aKOH MOIIKOJKYBAHOCTI JJIsi OJHOBICHOTO

po3Tsry [5]
2

D= 5 ‘ g(P )
2E(1-D)
Jlsiss yMOB 3HAKOMOCTIHHOI IMKJIIYHOI MOB3YyYOCTi KUIBKICTh IHKIIIB JI0 PyHHYBaHHS

CKJIQIA€ThCs 3 JBOX YacTUH: KUIBKOCTI IMKIIB N, Ul JOCATHEHHS 81.(5) (10 mowartky

,sxmmo £ > gll) (6)

3apOJUKEHHSI MIKPOTPIIUH) Ta KUIBKOCTI HUKIIB N, IPOTATOM SKUX BiOyBa€ThCs IPOIEC
MOTIKO/I’)KYBAHOCTI (710 3apOJKEHHS MaKPOTPIIIUHH):

Np=Ny+Np. (7)

Kinpkicte N, IHUKIIB pPO3paxoBYyeTbCsl 3 KIACHUHHUX pIBHSAHb CTaHy IPYy>KHO-

MJIACTHUYHOCTI Oe3 3B S3Ky 3 MOIIKOKYBAHICTIO, TaK SIK TPOTATOM I1horo mepiogy D =0.
PosrisnemMo mynbCyrounii UK M’ IKOTO PEXUMY HaBaHTaxkeHHs O, =0 (puc. 3).

SI?,l\mn J\G
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DERTERTFR [FIR 1§}
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NEERITARAFARNFAR AEER! _
NIARIIERVERYVERNER G
TV

Pucynoxk 3. [{uxiiyHe HaBaHTaXeHHS (M’ AKUH PucyHok 4. CxeMa HaBaHTa)XeHHS NpU

PEXUM) LUKITIYHi MOB3y4oCTi

Figure 3. Cyclic load (stress control) Figure 4. Loading scheme at cyclic creep

KinpKicTh TUKIIIB JO0 pYWHYBaHHS IPH T'PAaHWYHOMY 3HAYCHHI ITOIIKOJKYBAHOCTI
D = D, Oyne BU3HA4YEHO y BUIJISIII
2

K (M+2)/M £(p)
__p (p) __%ip
Dy = (4e”) Ne =007 |, 8)
(p) ~(M+2)/M
N, = €ip +2ES§)R (Ag(”)) '
AP K , )

p

e AelP) — IIMPUHA NETII IIAacTHYHOT edopmanii; K,, M — nocriiini marepiany.
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HOBepTaIOLII/ICB JO HAKOITUYCHHA HOHJKO,[[)KYBaHOCTi D , OTPUMYEMO
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p=p, NN N _fp_ (10)
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[HTerpyBaHHS BIIpYTe 3a KIJIBKICTIO IUKIIIB JJa€ YMOBY pyHHYBaHHS [5]
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At O-eq max Geq max

-1

2s+n+1 s n
1-(1-D 2ES) (K o
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2b+n+1 o»™ RS | 2s+n+1 c'fe’;

eq max’ 'V

Ne=N,+

VY KBagpaTHHX [y)XKKax TMEpHIMHd JOJAHOK BIANOBITA€ TMOMIKOMKYBAHOCTI IIPH
MAaJIOIMKIIOBIH BTOMI, a APYTHid — IPH MTOB3YYOCTI.

[Tapamerpn Mojeni BU3HAYATNCH JUIS ATIOMIHIEBOTO CIIIAaBY 3a METOJMKOIO, SKa
omucaHa B poOoTi [5], oTpuMaHo 3HAYeHHsI HaBeJieH] y TabmuIl 1.

Taoaunsa 1
[TapameTrpu momerni
E,MIa | S, MIla | K,, Mlla-yac"" n A, Milla-uac""™?
70175 1,53 646 14,7 621,2
Hemniniitauit 3aKoH B3aeMO/Iii BTOMH 1 MOB3YYOCTi OTPUMAHO y BUTJIsIL [6]
Ne=No | fe=lo _y, (16)

Ngp =Npp  tge ~Ipc
® Njp, — KUIbKICTb IIUKJIB JI0 pyHHYBaHHS IIPU YUCTill BTOMI (Yac BUTPHMKU JOPiBHIOE
Hymo At =0)
2s+n+1 s n .
[1=(1-D )" |(2ESY (K, )" 6,

62s+n+1Rs

eq max~ 'V

Ngp =Npp +

; 7)

® {pc —4ac 10 pyHHYBaHHS IIPU YUCTiH OB3Y4OCTI
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1_(1_DR )2s+n+1 (ZES)S (KV )n

fre = e T OuRY 49

® {,c —4ac J0 MOSIBU IOIIKOKYBAHOCTI IIPU ITOB3Y4YOCTI

n
e = Kl (19)
o,
e N, — KUIBKICTb IUKIIB A0 pyHHYBaHHS @pU IMKIIYHOMY HaBaHTa)KEHHI 3
BUTPUMKOIO;
® (. =NyAt —4Jac Ipu NUKJITIYHI} TOB3yUYOCTI.

ExcnepumMenTanbni  gocaimkennsi.  Jlngs  BumpoOyBaHb — BHKOPHUCTOBYBAJACh

CepBOTiipaBIiuHa BHUIpPOOyBadhbHa ycTaHoBKa Tuiry MTS 810, 3a gomomororw  sKoi
MPOBOMIIMCH TPU €TamM JOClikeHb. Ha mepimoMy erami BUNpOOYBaHHS MHIIHIPUYHUX
3pa3KiB MPOBOIIINCH HA MAJOIUKIOBY BTOMY (pHC. 3) MpH MHJIOMOAIOHOMY BiIHYJITHOBOMY
IMKJII HABAaHTAXXEHHS (HaBaHTKEHHS 3pa3Ka JJ0 HeoOXiTHOTO piBHSI HAMpyKeHb BiAOYBAIOCH
3a 5 cekyHJ 1 po3BaHTaXeHHs 5 cexkyHna). Ha apyromy erami — BHIpoOyBaHHS B YMOBax
i30TepMiuHOi MOB3y4OCTi /10 pyHHYBaHHs. TperTiii eram BUNpoOyBaHb — II€ JOCIIJKEHHS
3pa3KiB MpH MPOTrpaMHOMY HaBaHTaKEHHI (HaBaHTaKEHHsI 3pa3Ka 3a 5 CeKyHJI, BUTPUMKA IIPH
ctaniomy HaBaHTaxeHHi 120 cekyH[ 1 po3BaHTaXeHHS 5 cekyHn). Ha ycix eramax IMUKIIYHOTO
HaBaHTaXXCHHS BHKOHYBAJIOCh BHMIpPIOBaHHS Jerpajariii Moyl TMpyXKHOCTI. MeToauka
BUMIpIOBaHHSI MOJTyJISl IIPY>KHOCTI onucana B poboTi [7].

[ToOynoBa KpUBHX BTOMHM IPOBOJIMIIACH 3a CTAHIAPTHOO MeTOIUKOIO 3TiHO 3 'OCTom
[8, 9]. Ha miarpamax HaBeJeHO KpUBI BTOMH 3pa3KiB aloMiHieBoro ciiaBy B95S mns
“MoBipHOCTI pyitHyBanus P =0,5;0,10; 0,01.
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PucyHok 6. 3anexHicTb BipOTiTHOCTI pyiiHyBaHHS
BiJl IOBrOBiYHOCTI

Figure 6. Failure probability vs. life time

Pucynok 7. Kpusi Bromu criaBy B95 nipu pizHiit
BipOTiJHOCTi pylHYBaHHS

Figure 7. Fatigue curves of alloy 7075 with different

failure probabilities
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Pucynok 8. [TopiBHAHHS eKCIepUMEHTaIbHOI Ta PO3paxyHKOBOI IOBIOBIYHOCTI MPH MaJOLMKIOBIl BTOMI
(P=0,01)
Figure 8. Comparison of experimental and calculated lifetime at low cycle fatigue ( P =0,01)
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Pucynok 9. 3anexHiCTb BiporizHOCTI pyitHyBaHHS Bif
JIOBTOBIYHOCTI MPY MOB3Y4O0CTI

Figure 9. Failure probability vs. life time at creep

500 +1.P1% [T

W2P-10%

3-P-50%

HanpyxeHHna, MMa
&
]

10 100 1000 10000 100000 1000000
[Mosrosi4HicTb 3paskis , cek

Pucynok 10. 3anexHicTb piBHS HANPYXEHb Bil
JOBrOBIYHOCTI MPY TMOB3YYOCTI PH Pi3HUX PIiBHAX
BipOTigHOCTI

Figure 10. Stress level vs. life time at creep at different
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Pucynok 11. [TopiBHAHHS eKCTIEpPUMEHTATILHOT Ta PO3paxyHKOBOT JOBroBiyHOCTI TipH mos3ydocTi ( P =0,01)

Figure 11. Comparison of experimental and calculated life time at creep (P =0,01)
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Pucynok 12. 3anexHicTb BipoTiqHOCTI pyiHHYBaHHS Bil Pucynok 13. Kpusi BToME npy pi3HUX
JIOBrOBIYHOCTI MY UWKITiYHIN TOB3y9OCTi PiBHSX BipoTigHOCTI
Figure 12. Failure probability vs. life time at cyclic Figure 13. Fatigue curves at different levels of
creep probability
. N sl 11
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Pucynok 14. [TopiBHAHHS eKCTIEPUMEHTALHOT Ta pO3paxyHKOBOT JOBrOBIYHOCTI NP LMKIIiYHIl MOB3Y4OCTi
(P=0,01)
Figure 14. Comparison of experimental and calculated life time at cyclic creep (P =0,01)

BucnoBku. IloOynoBaHo KpuBiI pO3MOJUTY JOBrOBIYHOCTI Ta KpUBI BTOMH JIJIs
amoMiHieBoro cruiaBy B95. Ha puc. 8, 11 Ta 14 mpepcraBieHo TOPIBHSHHS Pe3yJbTaTiB
eKCITePUMEHTAITLHUX JIOCTIJDKEHB Ta TEOPETHYHUX po3paxyHKiB. HaBeneHi qaHi Jaf0Th 3MOTY
3pOOUTH BHCHOBOK TMPO 3aJ0BUIBHY KOPEJSAIiI0 EKCHePUMEHTAIbHUX Ta TEOPETHIHUX
po3paxynkiB.  Iligxim, 3ampomoHoBanuii  Jlemerpom, 3  ypaXyBaHHS  B3aeMOJil
MOIIKOJKYBAHOCTI TPH MHKJIIYHINA MOB3YYOCTi Jae 3aJI0BUIRHUN pe3ysbTar, aje MoTpedye
MOIAJIBIINX JTOCIIJIKEHb.

VY mopanbioMy HEOOXiTHO MPOBECTH JOCHIKEHHS BIUIMBY MaciITaOHOTO e]exTy Ta
KOHIICHTpAIlii HAPY>KeHb JUTSI IEPEXO,Ty J0 MPOTHO3YBAaHHS pecypcy eKCILTyaTallii eIeMeHTiB
KOHCTPYKIIiH (Ha MPUKJIaJIi YalIoK Ja00paToOpHUX MEHTPUPYT).

Conclusions. As a result of experimental studies durability and fatigue distribution
curves for aluminum alloy 7075 were built. Figure 8, 11 and 14 present the comparison of
experimental results and theoretical calculations. These data allow to conclude that a
satisfactory correlation of experimental and theoretical calculations. The approach proposed
by Lemaitre counting of interaction damage under cyclic creep gives satisfactory results, but
requires further research.
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In the future, it is necessary to study the influence of the scale effect and stress

concentration for the transition to predict lifetime of the structural elements (for example,
cups of the lab centrifuges).
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