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B Hacrosimee Bpemsi 6o0ibllloe BHUMAaHHE YAEISAETCS PA3IMYHBIM METO/aM TEXHUYECKOH
JUArHOCTHKHM, KOTOpas IO3BOJSET HA Pa3HbIX CTAIUAX SKCIUIyaTallud ONpPENENsITb TEXHUYECKOE
COCTOSIHUE JI€TaJIA U BBIABIISITh KPUTUYECKUI MOMEHT BO3MOJKHBIX OTKJIOHEHMI [1,2].

B HacTosmeit pabore mnpeacTaBieHbl pe3yJbTaTbhl HCCIEAOBAHUNH MEXAHUYECKUX CBOMCTB
KapONPOYHON KOHCTPYKLIMOHHOM cTanu aucka Bana ['TY mociie mpoBeeHust pa3srOHHBIX UCIIBITAHUM.
W3mepenus npoBOAUINCH METOAOM AUHAMUUYECKOTO UHIEHTUPOBAHUS.

Llenbto paboTHI SABISETCSA OLIEHKA MEXaHMYECKMX XapakTrepucTuk (MX) maTepuana oObekrTa
koHTpois (OK) B obnactu, mpuieraromeid K MECTy pa3pylIeHHs, ¥ B KOHCTPYKTHBHO IMOJIOOHON
o0acT, rzie pa3pyuieHue He IPOU301LIO.

Jlnist uccnenoBaHust ObUTH PEAOCTABIICHBI JBa CTaIbHBIX (pparmenTa qucka Baa TP/ (puc. 1),
U3TOTOBJICHHBIE M3 BBICOKOJIETMPOBAHHOM CTaId MAapTEHCUTHOIO KJacca, IOCHIE IPOXOXKACHHUS
LIUKJIAYECKUX Pa3rOHHBIX HCIBITAaHWN. B mporecce MCHBITaHUN OTKIOHEHWM B KOHTPOJIMPYEMBIX
napamerpax TPJI/] BbisiBIeHO HE ObLIO, OJHAKO MPU KOHTPOJIE B 0OJACTU OTBEPCTHH MEPEX0IHOTO
JMCKa (Jajee 1o TEKCTYy — IMCK) ObLla OOHapy’keHa TpelIMHa C BBIXOJOM Ha moBepxHocTh. Ilocie
JNAIbHEWIIEro JIeMOHTaXka y3Ja ObUIO BBISBIEHO, YTO TpEIIMHA SBJSETCS CKBO3HOW U
pacripocTpanmiiack Ha 70 % JUIMHBI COOTBETCTBYIOIIEH OKpyXHOCTH. CXxemMaTHyHOe H300pakeHue
o0Opa3oBaBIIelics TPU UCTIBITAHUSIX TPELIMHBI TOKa3aHO Ha pUcC. 2.

PpacmeHm A

$pazmenm b

Puc.1 — O6muit Bua pparMeHToB aucka

JUis OLIEHKM MEXaHMYEeCKMX XapaKTepUCTHK MaTepHuaja B HHTEpPECYIOUIMX 00aacTsaX Obul
BBIOpaH Hepa3pyIIAIOUINi METOJ KOHTPOJISL —METOA JUHAMUYecKoro wuHiaeHtupoBanus (MJN).
W3MepeHus MNpoBOAMINCH NPU TOMOLIM CHENHUAIM3UPOBAHHOTO IPOrPaMMHOI0-aNIapaTHOro
kommiekca CITAK. [Ing mpoBeaeHuss KOHTpoJsl Oblia BbIOpaHa 00JACTh MEXKIYy OTBEPCTHIMH,
HEIOCPEICTBEHHO MPUJIETaroNias K MECTy pa3pylieHus: Ha (parmMeHTe ¢ TpenHoil (¢pparmMeHt A) u
aHaJorM4Has 00JacTh HA Hepa3pyleHHOM ¢parmente b.
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Tpewumna

Puc.2 — CxemarnuHoe n300paXkeHue 00pa3oBaBUICHCS TPEIUHEI

Ha puc. 3 npuBeneno ycinoBHOe u300pakeHHe 3cKu30B GparMeHToB A U b, a Takxke yka3aHbl
KOHTPOJIbHBIE TOYKU. BbIOOp MMEHHO 3TuX obnacteil 00yClOBIEH, ¢ OAHONH CTOPOHBI, OJIM30CTHIO K
MECTy pa3pylIeHHs, a C JAPYroil — BO3MOXXHOCTBIO PACIIOJIOKEHHsI TPUOOpa Ha KOHTPOJIBHOU
MOBEPXHOCTH.

Fpazmenm & Poazmenm A

HoHmpoeHsE

KonmposbHsie
o mawn N 19

mowky N 20-30, A

TTepexodyas 3o4a / ‘
lyrrpbeoe obosnasesue) /

Puc.3 — CxemaTnyHO€ M300paskeHne 00pa3oBaBLIEHCS TPEIINHbI

CpaBHUTENIbHBIE PE3YJIbTAThl M3MEPEHUN TMOKa3aJd 3HAYUTEIbHOE CHIDKEHHE YIIPYro-
MMPOYHOCTHBIX CBOWCTB Marepuajga B OOJAcTH, HEMOCPEJACTBEHHO NPHUMBIKAIONMEH K o00iacTtu
pa3pylieHusi BCIAEACTBUE M3MEHEHUsl CTPYKTYphl MaTepualia, YTO OTPA3UIOCh HA CHMXKEHHHM TaKUX
MEXaHWYECKUX XapaKTePUCTHK MaTepHuaa, Kak TBEPAOCTh U MOIYJIb yIpyroctu (puc. 4-5).

[To pe3ynbTraram NpoBEAEHHBIX UCCIEAOBAHUM CI€TaHbI CIEAYIOIINE BBIBOIbI:

1. Ilpu ycTaHOBIEHWUW TPHUYMUHBI pa3pymieHus aucka Bana TPJIJ] HeoOXomuMoO y4HTHIBATH
ocobernoctu H/IC B MmecTe nznoma, pe3yabTaThl HEpa3pyIIaoIero KOHTPOJIS MEXaHUIECKUX CBOMCTB
Marepuaia B 00JacTH pa3pylIeHus, a TAK)Ke PE3yJIbTaThl METAIOTpa)UIECKUX UCCICOBAHUH.

2. Jlna nony4eHus: yTOUHEHHOW KOJMYECTBEHHOM OLIEHKU M3MEHEHUSI MEXaHUYECKUX CBOMCTB
Matepuana nucka Bajma TPJIJl B xome wuchbITaHUNH HEOOXOAMMO TPOBEICHUE IOTOJHUTEIbHBIX
WCCJICIOBAHM, MPOrpaMMa KOTOPBIX JOJHKHA OBITH COTJIACOBAHA CO CIECIHATUCTAMH IO MPOYHOCTH,
METaJUTypPTUH U MaTePUAJIOBEACHUIO, a TAK)KE TI0 Hepa3pyIIaroneMy KOHTPOJIIO.

3. YTounéHHas KOJMYECTBCHHAS OI[CHKA JOJDKHA BKJIIOYATh OOOCHOBAHHBIM HE3aBHCHUMBII
napameTp (WM TPYyMIy MapaMeTpoB), YyBCTBUTEIBHBIM K M3MEHEHUIO CTPYKTYpPhl MaTepHalia B X0JIe
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BO3JICUCTBUS HA «ropsA4Yue» OJJIeMEeHTbl KOHCTpyKuMu TPJ/IJI SKCIulyaTallMOHHBIX HAarpy3oxk u
NO3BOJIAIOIEH OLEHUBAaTh MX OCTaTOYHYIO JOJTOBEYHOCTb. B KauecTBe Takoro napamerpa
IIPEACTABISIET HMHTEPEC PACCMOTPEHUE JIMHAMHYECKOIO MOXYJs YIPYrOCTH MaTrepuaia, Kak
KOMIUIEKCHO XapaKTEPU3YIOIIEr0 MEXaHUYECKHUE CBOMCTBA KOHCTPYKIIMOHHBIX MaTepHaJIOB.

HB, HRV
500
[ ]
L ]
400 : B T ® Sparment A, HB
s ¥ & - W OparmeHT A, HRV
T T @ ®parment b, HB
I * ‘ . ™ ® 'Y 2 W ®parment b, HRV
= T ; . = ' on : —  Nepexoaas 30wa
300 . : : : ; L - : -S. 18 (yenosHoe oBosxavenine)
2 ’ :
:
200
: Ne
0 5 10 15 20 25 30 TOuYKM

Puc.4 — Pesyneratel m3mepenuit TBéproctu o bpunemtro (HB) u Bukkepcy (HV)
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Puc.5 — Pe3ynbrarhl u3MEpeHU IMHAMUYECKOT0 MOIYJISl YIIPYTOCTH
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ON THE ISSUE OF DIAGNOSTICS OF MECHANICAL PROPERTIES BASED ON THE
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Currently, much attention is paid to various methods of technical diagnostics, which allows at
different stages of operation to determine the technical condition of the part and identify the critical
moment of possible deviations.

This paper presents the results of studies of the mechanical properties of heat-resistant structural
steel of the turbofan egine shaft after acceleration tests. The measurements were carried out by the
dynamic indentation method.

The aim of the work is to assess the mechanical characteristics (MC) of the material of the object
of control (OC) in the area adjacent to the place of destruction, and in a structurally similar area where
the destruction did not occur.

For the study, two steel fragments of the turbojet engine shaft disk, made of high-alloy steel of
the martensitic class, after passing cyclic acceleration tests were provided. During the tests, no
deviations in the controlled parameters of the turbojet engine were detected, however, during testing
afterwards, a crack was found in the area of the holes of the adapter disk (hereinafter referred to as the
disk) with an exit to the surface. After further dismantling of the assembly, it was revealed that the crack
is through and spread over 70% of the corresponding circumference.

To assess the MC of the material in the areas of interest, a non-destructive testing method was
chosen — the dynamic indentation method (DIM). The measurements were carried out using a
specialized software-hardware complex SPAK. For testing, an area between the holes was selected,
directly adjacent to the place of destruction on a fragment with a crack (fragment A) and a similar area
on an intact fragment B.

Comparative measurement results showed a significant decrease in the elastic-strength
properties of the material in the region immediately adjacent to the fracture region due to a change in
the structure of the material, which was reflected in a decrease in such mechanical characteristics of the
material as hardness and elastic modulus.

Based on the results of the studies, the following conclusions were made:

1. When establishing the cause of the destruction of the turbofan shaft disk, it is necessary to
take into account the features of the stress-strain state at the fracture site, the results of non-destructive
testing of the mechanical properties of the material in the area of destruction, as well as the results of
metallographic studies.

2. To obtain an updated quantitative assessment of the change in the mechanical properties of
the turbofan shaft disk material during testing, additional research is required, the program of which
must be agreed with specialists in strength, metallurgy and materials science, as well as in non-
destructive testing.

3. The refined quantitative assessment should include a reasonable independent parameter (or a
group of parameters) that is sensitive to changes in the structure of the material in the course of exposure
to the “hot” elements of the turbofan engine's structure of operational loads and allows assessing their
residual durability. As such a parameter, it is of interest to consider the dynamic modulus of elasticity
of a material as a complex characterization of the mechanical properties of structural materials.
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