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OLIEHKA HJIC U MEXAHUYECKHNX CBOMCTB METAJUIOKOHCTPYKIIUA
T'OJIOBHOM YACTH CTPEJIbI DKCKABATOPA DKT'-20

Annomauyus.

Yemanoeneno, umo 00HOU U3 OCHOBHBIX NPUYUH DA3PYULEHUS MEMALIOKOH-

CMPYKYULL KAPbePHbIX IKCKABANOPO8 ABIAeMCs 0e2padayus u cmapenue mMemaJ-

na. Mszmenenue QuuKko-mexaHuueckoeo COCMOSHUSL Memaulad npu OaUmenbHOlU

@ ® IKCHIyamayuy, e2o0 CmapeHue u OXpynuueanue noo sozoeucmeuem psaoa Qax-
Mopos, 8 MOM Hucie 3a cuem 3HAKONEPEeMEHHbIX YUKIUYEeCKUX HA2PY30K U mep-
MOYUKAUPOBAHUS NPOUCXOOUM KAK 8 OCHOBHOM Memallie, MaxK U 6 C8apHbIX CO-

Hungpopmayus o cmampe €OUHEHUSX, KAK NPABUTIO, 8 30HEe MEPMULECKO20 BNUAHUS, YMO NPUBOOUM K pe3-
Tlocmynuna: KOMY CHUJICEHUIO HAOECHOU U 0e30nacHol pabomocnocodHocmu 6cell KOH-
02 cenmabps 2024 2. cmpykyuu. YcmauosneHo, 4umo 0 00beKMUBHOU OYeHKU COCMOAHUL paboue2o

000pY008aHUsL KAPHEPHBIX IKCKABAMOPOE HEOOXOOUMO NPUMEHIMb KOMNLEKC-
Oodobpena nocie HYIO MemOOUKY C UCHOAb30BAHUEM HECKOIbKUX Memo008 OYEHKU COCHOSHUSL
PEUEHIUPOBAHUSL: MEMANNIOKOHCMPYKYUil pabouezo 060pydosanus. [Iisk OyenKu coCmosiHus, Mmame-
15 oxkmsaops 2024 2. PUaNa 20I06HOU YaACMU CMpeibl IKCKABAMOPA ObLIA UCHONbI0BAHA KOMNIAEKCHAS

MEMOOUKA, BKII0YAIOWAs HECKONLKO OCHOGHbIX Memo008, 8 MOM YUcie Menoo
Ipunama k nevamu: MACHUMHOU NAMAMU MEMAla U Memoo KOCBEHHOU OYEHKU XAPAKMEPUCTUK
24 oxmsbps 2024 2. MEXAHUYECKUX CBOUCME Mamepuaia no napamempam nUpamMudaibHo20 omne-

YaAmMKa Ha NOBEPXHOCMU MAMePUaId nOCie onpedeienust meepoocmu no Buxkep-
Onybauxosana. cy. Ha ocnoge ananusza cywecmeyiowux sMuupudeckux 3a6ucumocmet, onpeoe-
31 oxmsabps 2024 2. JSTIOUWUX  83AUMOCEAZU MEINHCOY DATUYHBIMU MEXAHUYECKUMU CEOUCMEAMU Me-

Manna, a UMEHHO NOKA3AMENAMU, KOMOPble MOJNCHO ONpedeiums Memooamu
Knioueswie cnosa: Hepaspyuaiowe20 KOHmMpos, GblOeleHbl HOopMYIbl, Ompaxicaruue Koppeiiyu-
pabouee 060pydosanie, Kapbep-  OHHYIO 3AGUCUMOCTIb OMHOCUMENbHO20 CYICEHUsl ¢ MEepOocmblo no Bukkecy, a
HbLIL 9KCKABAMOP, MEMATIOKOH-  MAKJICE C NAPAMempamu RUpamMudaibHo20 omnedamka na mamepuanie. Hatioena
CMPYKYUU, 30HA KOHYEHMPAyuy  3A6UCUMOCTNG YOAPHOU GI3KOCHU ¢ OMHOCUMELbHbIM CYHCEHUEM, YO NO360sl-
HANPSIICEHUT, HANPSINCEHHO- em 0amv OYeHKY MAmepuana OUAeHOCMUPYeMoli KOHCMPYKYUU U YCMAanosums
deghopmuposannoe cocmosnue, CKIIOHHOCMb K XpYNKOMY paspywenuro. Paspabomanvr ocnosuvie snemenmol me-
Quzuxo-mexanuyeckue ceoii- MOOUKU OYEHKU (PaAKMU1ecKo20 cOCMOSIHUSL OCHOBHO20 MEMALId U CEAPHBIX CO-
cmea memainia, noKa3ameb eOuHeHUll MemailoKOHCMPYKYutl paboue2o 060py0o8anus Ha npumepe 201068HO

depopmayuonnotl cnocobrnocmu  wacmu cmpenwt sxckasamopa IKI-20.

Jna yumupoeanus: Habuynmua P.II. Onenka HJIC u MeXxaHMYECKUX CBOHCTB METAIOKOHCTPYKIIMU TOJIOBHOM
yacTu cTpensl 3kckaBatopa IKI-20 // T'opHoe o6opypoBanue 1 sektpoMexanuka. 2024. Ne 4 (174). C. 46-53. DOI:
10.26730/1816-4528-2024-4-46-53, EDN: NPYOLQ

Beenenne: IlposeneHue Hay4dHbIX MCCIENOBAHUN U Y3JI0B KapbepHBIX JKCKABaTOPOB MMEET BaKHEMIIEe
pa3paboTKa CUCTEMBI M METOJMKH JTUATHOCTHKH, TIO3BO- 3HaueHue [1-5]. YCcTaHOBIEHO, YTO AJIS 3TOTO IEIEeCO-
JISIOIIeH 00eCTIeYnTh MPOBEIeHNE 0O BEKTUBHOTO MOHH- 00pa3HO NMPUMEHATh KOMIUIEKCHYIO METOIUKY, BKIIIO-
TOPUHTa COCTOSIHHS METAJUIOKOHCTPYKIMHA 0a30BBIX JAIOIYI0 HECKOJIBKO MeTozI0B [6-10].
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Puc. 1. I'onosnas yacmo cmpeéilbl IKCcKasamopa Ha
omane npou3soz)cm6a
Fig. 1. Excavator boom head during production
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Bce mpuBeneHHbIE HIDKE METOABI KOHTPOJS OTHO-
CATCS K HEpa3pyLIAONIMM METOJaM, IIO3BOJITIOLINM
onpenensaTh GaKTHIeCKOe COCTOSHUE MeTalia B II0OOM
JIOCTYTTHOM MECT€ JHarHOCTHPYeMOH KOHCTpyKiuH [11-
14].

IlepBblli MeTOJ — MAarHMTHOM NAMATH MeTauia
(MIIM) — ocHOBaH Ha HCIIOJI30BAHUU MarHUTOYTPYTO-
ro s¢dexra (3pdexra Bummapu). B ocHoBe mpemio-
JKCHHOTO METO/Ia MarHWTHON MaMSITH MeTajlla JICKHT
peTucTpanys ¥ aHAU3 paclpeieieHuss COOCTBEHHOTO
MarHuTHOTO moJs paccesaus (CMIIP) Ha moBepxHOCTH
KOHTPOJHPYEMOTO y37a. MeTom TO3BONSeT BBIABIATH
30HBI KOHIeHTpanun HampsokeHnid (3KH) mytem skc-
TIpecc-KOHTPOJIS TIOBEPXHOCTH 00BEKTa 0e3 IMmpeaBapu-
TENbHOM MOATOTOBKH.

KpurepueM oueHKH pe3ynbTaTOB KOHTPOJS SBISET-
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cst rpaauent HanpsbkeHHoctn CMIIP — dH/dX wmu K
((A/m)/mm), KOTOpBIH XapaKTepu3yeT HHTEHCHBHOCTb
nu3MeHeHus HanpsbkeHHocT CMITP.

OCHOBHBIM PacYeTHBIM JTHATHOCTHYCCKHM Mapamer-
pOM SBISIETCS mapaMeTp M, XapakTepusyoluit aedop-
MAIOHHYIO CIIOCOOHOCTh MaTepHana, T.e. (PaKTHIECKOe
HalpsOKEHHOE  COCTOSHHE B 30HE  KOHLCHTPaLUH
HaNpsHKEHUN:

Kmax
K,

rie Kpgx u Ky, COOTBETCTBEHHO, MakCUMallbHOE M

cpeqHee 3HAUYCHUs TpareHTa mois [§].

YK

L
K, = "

Bropoi#t mMeron — mropomerpudeckuii (METOX KOC-
BEHHOT'O ONPEACICHUS MEXaHUYECKUX CBOWCTB MaTepH-
ana). OCHOBaH Ha BO3MOXKHOCTH OTIPEIICIICHUS] MEXaHU-
YECKHX CBOMCTB: MPEEJIOB MPOYHOCTH, TCKYYECTH, OT-
HOCHUTEIIFHOTO YIUIMHCHHS U CYXKCHHUS, a TaKkKe yaap-
HOW BSI3KOCTH IO MapamMeTpaM MUPaMUIATBHOTO OTIIC-
YaTKa Ha TMOBEPXHOCTH MaTepHalia MOCJe OMpeaeICHHs
TBepmocTH Mo Bukkepcy [16-20].

PacueTrHble ypaBHEHUS:

— Tpees MPOYHOCTH:

o = HV- (0,285+0,057- k- S), MIIa;

— OTHOCHTEIFHOE YIUIMHCHHE!

05=Dk+(9,38+24,43°k-S), %);

— OTHOCHUTEIBHOE CY)KEHHUE:

v =16,4+80k-S, %;

— yIapHasi BSI3KOCTb:

KCU=1y- %,Mﬂm/mz.

rme K — KO(QQUIMEHT KpPaTHOCTH, 3aBUCSLIMHA OT

m=

Fig. 2. Markings for scanning using the MMM method

Tabnuna 1. Pe3ynbraTel KOHTpOJsS MeTogoM MITM
Table 1. Results of control using the MMM method

Cexmop KoHmpons MaxcumanvHoe 3nauenue epaduenma 3nauenue noxazamens, m
CMIIP, Ko, ((A/M)/m)
Cexmop Nel 7,89 1,75
Cexmop Ne2 10,56 max 1,77 max
Cexmop Ne3 6,47 1,45 min
Cexmop Ned 5,03 1,63
Cexmop Ne5 4,93 min 1,57
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Harpy3Kd Ha MUpaMUAAIbHBIA UHICHTOD (U1 Harpy3KH
50H k=4,472); D — nquaronaip oTrnedaTrka, MM; S — -
pHHA oTHeyarka, MM; y — Koadduument, 3aBucsmi ot
YPOBHSI MEXaHMYECKMX CBOWCTB MaTepuana (mpu y >
80, 60 <y <80,40 <y <60, 20 <y <40, yw <20 xo-
a¢¢unmeHT y coorsercTBeHHO paBeH 0,61, 0,76, 0,83,
1,19, 1,66).

HccnenoBanus no 3Toil METOAUKE NMPOBOIWINCH HA
MeTaJure cTpensl akckaBaTopa OKI-20 (Puc. 1).

3amaun uccaeI0BaAHUA:

— YCTaHOBJICHHE TOYHOCTH OIEHKH HANpSHKEHHO-
J1eOpMHUPOBAHHOTO COCTOSIHUSI METAITIOKOHCTPYKIIHH
ctpensl MerogoM MIIM;

— ycraHoBneHue BiausHUA ypoBHA HJIC mertamno-
KOHCTPYKIIMM  CTpENbl Ha  W3MEHEHHE  (DU3HKO-
MEXaHUYECKUX CBOMCTB MeTaa;

— HOATBEP>KJCHUE BO3MOXKHOCTH KOCBEHHOM OIICHKU
YPOBHSI MEXaHHUYECKHX CBOWCTB MeTaJlla IO MapaMerT-
paM OTIeJaTKa MpH ONpPEACICHUHN TBEPIOCTH 1O Buk-
Kepcey;

Penienue 3agay4 uccaeaoBaHu:

Ha nepBom 3tane paboT OblIa BHINOIHEHA pa3METKa
CEeKTOPOB sl CKaHHPOBAHUSA METAUIOKOHCTPYKIIUH
TOJIOBHOM YacTH cTpensl 3kckaBaTopa JKI'-20 B Mecte
nepexofa (M3MEHEHHs TOJNIIMHBI JIMCTAa BEPXHEro
Hactuna) (Puc. 2).

C nomoIp0 U3MepuTeNns KOHICHTPALUU HampsiKe-
uuii UKH-2M-16 B KOMIUIEKTE CO CKaHUPYIOUIIUM
ycrpoiictBoM 82 (OO0 «3HeproanarHocTukay) ObLIO
BbINOJHEHO 50 3amepoB, 10 3aMepoB MO KaKIOMY CEK-
TOpPY CKaHMPOBAHUS M YCTAHOBJIEHBI 30HBI KOHIICHTpA-
uuu Hanpspkenuit 3KH ¢ MakcuManbHBIM U1 MUHUMAJIb-
HbIM 3HaueHueM rpaauenta CMIIP. Ilo pesynbraTtam
ObUTH BBIBJICHBI 30HBI KOHIEHTPALUHM HANPSDKEHUH C
MaKCHUMaJIbHBIM 3HadeHueM rpaaveHta CMIIP u pac-
CYMTAHO 3HAYCHHUE MoKa3zarens Ae(opManruoHHOI crio-
cobOHocTH Ui nomy4eHHbsIX 3KH.

Pe3ynbTarhl 3amMepoB cBeeHb! B Tabuiry 1.

AHanu3 pe3yJabTaToB KOHTPOJs MeToioM MITM:

MaxkcumanbHble 3HaueHus rpaguenta CMIIP u pac-
YEeTHOTO II0Ka3arelssi Ae(OPMAIMOHHONW CIIOCOOHOCTH
nostydeHsl B cekrope Ne2. I'panuupl BeisiBnenHoit 3KH
OTMEUEHbl BEPTHKAJIbHBIMU KPAcHBIMH JHHUSIMH: 525
MM-1000 mm. (Puc. 3).

3KH xapakTepusyercsi MakcHMajbHBIM 3HAa4€HHEM
rpaxuenTa noisst Kmax = 10,56 (A/M)/MM, a Takxke Mak-
CHUMAaJIbHBIM PACYETHBIM 3HAYEHHEM IIOKaszarens m =
1,77. Tlokazarenb m xapakTepusyeT (HaKTHUECKOE
HampspkeHHoe cocTosHue Metauta B 3KH Ha makpo-
ypoBHe. Ilepexox MeTayuia K HHTEHCUBHOMY Pa3BUTHIO
MOBPEXXJCHNUA HACTYNAeT MPU YCIOBUH IPEBBIIICHUS
MarHuTHOTO TOKa3aTens — M, IPeJeIbHOro 3HAYSHUs —
Mup, PACCUUTHIBAEMOTO MO MPOYHOCTHBIM XapaKTepH-
CTHKaM MaTepHala.

2 2
M,y :( % ) :(Sﬂ) = (1,36)?> = 1,85 — no cmpasou-

00,2 390
HbIM JaHHBIM a1 ctanu 10XCH/L
m<m,,

1,77<1,85

B nmaHHOM cityyae yCIIOBHE NMPOYHOCTH BEITIOJTHSCT-
cs1. OTHAKO MOKHO CZeNaTh BBIBOJ, YTO CCUCHHE C Be-
mmauHOW Kmax = 10,56 (A/M)/MM) — 3TO JOKaNbHas

Puc. 5. [Tupamudansnvie omneyamku Ha
mamepuane cmanv 10 XCHJ], nonyuennvie npu
usmepenuu meepoocmu no Buxkepcy
Fig. 5. Pyramidal prints on the material steel 10
HSND obtained when measuring Vickers hardness

30Ha, B KOTOPOIl KOHIIEHTPUPYETCSI MAaKCUMYyM Hamps-
JKEHUM.

[Ipennonaranoch, 4TO MMEHHO B 3TOM JIOKAJIbHOU
30HE (HM3UKO-MEXaHHMYECKHUE CBOWCTBAa MeTaa OyayT
HIDKE, YeM B JIPYTUX TOYKaX KOHTPOJIUPYEMBIX CEKTO-
pOB.

Jlns nanpHEHIero MccieoBaHHUS ObLTH BBISBIICHBI
yuactku (Puc. 4) ¢ MakcMManbHBIM U MUHUMAJIbHBIM
3HAUCHMSIMH IOKa3aTelsl nedopMannoHHON crocoOHO-
CTH — M, TaK KaKk UIMEHHO OH XapakTepu3yeT (akTmue-
CKO€ HANpsDKCHHOE COCTOSHHE B 30HE KOHLCHTPAIMH
HaIPSDKCHUMN:

- Cextop Ne2 — yuactok 915 MM — 935 mm (3mech
HaOMIoaeTcs MaKCHMallbHOE 3HauyeHHE TI'pajfeHTa
CMIIP);

- Cextop Ne3 — 3KH B maHHOM CEKTOpe XapakTepu-
3yeTcd MHHHUMAJIBHBIM IIOKazaTesleM M, MO3TOMY JUIs
KOHTPOJIsL OB BBIOPaH MPOMU3BOJILHBIN yYacTOK U3 JIaH-
Hot 3KH (740 MM — 760 MM).

Jlns m3MepeHnst TBEPAOCTH WCIIONB30BAJICS Iepe-
HocHOU TBepmomep TKM-459C (mpuHIMN nefcTBus
YJIBTPa3BYKOBOTO KOHTAKTHOTO MMIIe/laHca). TBeprocTh
n3MepsyIach Mo mkaje Bukkepca amMa3HBIM HaKOHEY-
HHUKOM MTUPaMUIATIBHON (POPMBI.

[TapameTpsl (GopMbl IHpPaMHUAATBHOTO OTIEYaTKa
(mpHHA W OUArOHANb) M3MEPSUINCh B JIBYX B3aMMHO
MEePIEeHANKYJIIPHBIX HAMPABICHHUAX C HUCIOJIb30BaHHUEM
OKYJISIp-MHKPOMETpPa Ha MOPTAaTUBHOM MeTaiuiorpadu-
yeckoM Mukpockorne Ansramu MEJ] IT npu ysenuuye-
Huu 400 kpar.

TunuuHble OTIEYaTKH, IOJMydaeMble HA MaTepHaie
cranp 10XCH/I npu u3mepeHuun TBepAOCTH 110 Bukkep-
cy (HONy4YeHBl C MOMOIIbIO IM(POBOI KaMmephbl uepes
OKYJISIp MHKPOCKOTIQ), TIpUBEZIeHB! Ha Puc. 5.

Cekrop Ne2 — cpeanHue 3HaUYCHHUS MapaMeTpoB Qop-
MBI OTIICYATKOB (II0 Pe3yIbTaTaM 5 U3MEpeHUil):

HV — tBepmocts = 1572 Mma;

D — nuaronaine otneuarka = 0,2204 mMm;

S — mmpuHa otneyarka = 0,1573 mwm;

— npeden npoYHOCMU.

o, = 1572-(0,285+0,057-4,472- 0,1573) =511MIla;

— omHocumenvHoe yonuHeHue:
05=0,2204-4,472-(9,38+24,43-4,472-0,1573)=26,18 %);

— OMHOCUMENILHOE CYIHCEHUE:
w=1064+80-4,472-0,1573 = 72,6 %;

— yoapHas 6a3K0CMb.
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KCU = 0,76 % = 2,01 MIic/ri2=201 Jrc/erd

Cekrop Ne3 — cpeaHue 3HAYCHUS MapaMeTpoB Qop-
MBI OTIICYATKOB (IO Pe3yJibTaTaM 5 U3MEPCHUil):

HV — tBepaocts = 1484 MIla

D — guaronans otneyatka = 0,2228 mm;

S — mmpuna ornedarka = 0,1612 mm;

— npedei nPOYHOCMU:
o, = 1484 (0,285+0,057- 4,472 0,1612) =484MIla;

— omHoCumenbHoe YOnuHeHue:
05=0,22284,472-(9,38+24,43-4,472-0,1612)=26,89 %);

— OMHOCUMENIbHOE CYJiCeHUe:
w=164+80-4,472-0,1612 = 74,07 %;

— yoapuas 6a3K0CMb.
0,741

KCU = 0,76 - oo = 2,17 Moc/m?=217 Jlorc/cm?
TTosryueHnslie pe3yabpTaTh CBeIeHB B Tadmuiy 2.
BuiBoabI:

1. Cextop No2 xapaxrepmsyercst Ooyiee BBICOKUM
3HAUCHHMEM II0Ka3aTelns JeOpMalMOHHON CHOCOOHO-

CTH, TIOKa3aTesb M Beime Ha 17,1%, uto orpaxaer 60-

Puc. 4. Yuacmkxu xonmpons meepoocmu no wixaie Buxkepca
Fig. 4. Vickers hardness control areas
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Tabauna 2. Pe3yapTaTsl aHaInu3a METAZIOKOHCTPYKIIMU TOJIOBHOM 9acTH CTpebl 9kckaBaropa DKI'-20
Table 2. Results of analysis of the metal structure of the boom head of the EKG-20 excavator

1 1
1 1
1 1
1 1
| |
1 1
1

i Pasnuya mexcoy napamem- :
! Hapamemp Cexmop Ne2 Cexmop Ne3 pa, % :
1 1
1 _ 1
! Hoxasamens oeqhopaiu 1,77 max 1,45 min 17,1 !
: OHHOIL cnocobHoCmu, M :
1 1
| Vposens ny peru MaxcumanvHulii MunumanvHoli - '
i HANPAANCEHUT 6 MEMALe \
1

! Teepoocmy, HV 157,2 148,4 5,6 i
| Ipeoen npounocmu, Mlla 511 484 5,3 :
! 1
: OOA)rnnocumeﬂbHoe VOnuHeHue, 26.18 26,89 27 i
1 1
1 1
i g/)omnocumeﬂbnoe cyarcenue, 72.6 741 21 i
1 1
1 1
i Yoapnas easxocms, Tlowc/em? 201 217 8,0 i
Jiee BBICOKOE HANPSHKEHHOE COCTOsiHHE cekTopa Ne2 B 9KCIUTyaTaIlH /! I'opHBIi nH(OpPMaIMOHHO-

JIOKaJTbHON 30HE C MAaKCHMAaJbHBEIM 3HAYCHHEM TIpalu-
enTa moys (915 mm — 935 Mm);

2. Cektop No2 xapakTepusyeTcs Ooliee HHU3KUMU
MEXaHHYEeCKUMH CBOHCTBAMM MeTajlla, 4TO HOJTBEp-
’paer ToyHocTh ouneHku HJIC meTamnokoHCTpyKUuuu
TOJIOBHOM 4actu crpensl meronoM MIIM, a Ttaxxke
ycraHaBnuBaeT BiausHue ypoBHS HJIC Ha u3MeHeHHe
(U3NKO-MEXaHUIECKUX CBOMCTB METaIA:

- CHIDKEHUE yIapHOH BA3KkocTH Ha 8,0%;

- CHI)KEHHE IUIAaCTMYHOCTH (IO OTHOCHUTEIBHOMY
yAJIMHEHUIO) Ha 2,7%;

3. MeTon KOCBCHHOW OICHKH (PAKTHYCCKHX MeXa-
HUYECKHUX CBOWCTB MeTaJIa MO IapaMmeTpaM IOIydeH-
HOTO NMUPaMHIAJIBHOTO OTIeYaTKa sBiseTcs 3pdeKTHB-
HBIM C TIO3HIIUU BO3MOXXHOCTH OTIPENICIICHUS] MEXaHIUe-
CKHX CBOHCTB HEMOCPEICTBCHHO Ha KOHCTPYKIHH Oe3
BBIPE3KH OIBITHOTO 00pa3na;

4. TlpuBencHHBIC IKCIIEPUMEHTANBHBIC TAHHEBIC IT0-
Ka3bIBAIOT 3(PPEKTHBHOCTb MMEHHO KOMILIEKCHOH Me-
TOJMKH KOHTpPOJISI (PAKTUUECKOTO COCTOSIHHS MeTaa
JUAarHOCTHPYEMOH KOHCTPYKIIMH.
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It has been established that one of the main reasons for the destruction of
metal structures of quarry excavators is degradation and aging of the met-
al. Changes in the physical and mechanical state of the metal during long-
term operation, its aging and embrittlement under the influence of a num-
ber of factors, including due to alternating cyclic loads and thermal cy-
cling, occur both in the base metal and in welded joints, as a rule, in the
heat-affected zone, which leads to a sharp decrease in the reliable and safe
performance of the entire structure. It has been established that in order to
objectively assess the condition of the working equipment of mining exca-

vators, it is necessary to apply a comprehensive methodology using several
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methods for assessing the condition of the metal structures of the working
equipment. To assess the condition of the material of the excavator boom
head, a complex methodology was used, including several basic methods,
including the metal magnetic memory method and the method of indirect
assessment of the characteristics of the mechanical properties of the mate-
rial based on the parameters of the pyramidal imprint on the surface of the
material after determining the Vickers hardness. Based on the analysis of
existing empirical dependencies that determine the relationships between
various mechanical properties of metal, namely indicators that can be de-
termined by non-destructive testing methods, formulas are identified that
reflect the correlation dependence of the relative narrowing with the Wick-
es hardness, as well as with the parameters of the pyramidal imprint on the
material. The dependence of impact toughness with relative narrowing is
found, which allows us to evaluate the material of the diagnosed structure
and establish the tendency to brittle failure. The main elements of a meth-
odology for assessing the actual condition of the base metal and welded
joints of metal structures of working equipment have been developed using
the example of the boom head of the EKG-20 excavator.

For citation: Nabiullin R.Sh. Assessment of stress-strain state and mechanical properties of metal structures
of the boom head of EKG-20 excavator. Mining Equipment and Electromechanics, 2024; 4(174):46-53 (In

Russ., abstract in Eng.). DOI: 10.26730/1816-4528-2024-4-46-53, EDN: NPYOLQ

REFERENCES

1. Shutova M. N., Evtushenko S. I., Gontarenko |I.
V. A determination of reliability and technical condi-
tions category of the damaged metal construction using
the numerical experiment. Bulletin of Higher Educa-
tional Institutions. North Caucasus region. Technical
Sciences. 2018, no. 4, pp. 98—104. [In Russ]. DOI:
10.17213/0321-2653-2018-4-98-104.

2. Poderni R.Yu., Bules P. Comparative analysis of
hydraulic and mechanical excavators with a straight
shovel // Mining Journal. - 2015. - No. 1. - p. 55-61.
DOI:10.17580/gzh.2015.01.10.

3. Makarov A. P., Shevchenko A. N., Pavlov A. M.
Determination of the critical length of a crack in the
metal structures of quarry excavators. Proceedings of
Irkutsk State Technical University. 2015, no. 12, pp.
57—63. [In Russ].

4. Shibanov D. A, Ivanov S. L., Yemelyanov A.
A., Pumpur E. V. Evaluation of working efficiency of
open pit shovels in real operating conditions. MIAB.
Mining Inf. Anal. Bull. 2020, no. 10, pp. 86—94. [In
Russ]. DOI: 10.25018/0236-1493-2020-10-0-86-94.

5. Lakhova E. N. Metodika prognozirovaniya
rabotosposobnosti kriticheski nagruzhennykh ob"ektov
mashinostroeniya [Methods of predicting the perfor-
mance of critically loaded machine building objects],
Candidate’s thesis, Saint-Petersburg, 2012, 18 p.

6. Nabiullin R. Sh. Integrated evaluation of the
stress-strain state of metal structures of the working
equipment of a mining excavator. MIAB. Mining Inf.
Anal. Bull. 2023;(12-1):93-105. [In Russ]. DOI:
10.25018/0236_1493 2023_121 0_93.

7. Saraev Yu. N., Bezborodov V. P., Gladkovsky
S. V., Golikov N. I. On improving reliability of metal
structures when operating at low climatic temperatures
through the integrated use of modern methods of modi-
fication of the zone welded joint. Svarochnoe pro-
izvodstvo. 2016, no. 9, pp. 3—9. [In Russ].

8. Nasonov M. Yu., lungmeister D. A., Do Duc
Trong Endurance evaluation of metal structures con-
taining cracks in mining shovel EKG-10. MIAB. Min-
ing Inf. Anal. Bull. 2022;(11):67-79. [In Russ]. DOI:
10.25018/0236_1493 2022 _11_0_67.

9. Seroshtan V. I., Gaah T. V. Process of for-
mation of cracks in metal structures of cargolifting
cranes. News of the Tula state university. Sciences of
Earth. 2016, no. 5, pp. 213—220. [In Russ].

10. Shibanov D. A,, Ivanov S. L., Shishkin P. V.
Digital technologies in modeling and design of mining
excavators. Journal of Physics: Conference Series.
2021, vol. 1753, no. 1, article 012052. DOI:
10.1088/1742-6596/1753/1/012052.

11. Lagunova Yu. A., Khoroshavin S. A,
Nabiullin R. Sh., Kalyanov A.E. Evaluation of Metal
Structures of a Mining Excavator Boom by Non-
destructive Testing. Transport, mining and construction
engineering: science and production. — 2022. — Nel5.
— pp. 115-123. [In Russ]. DOI: 10.26160/2658 3305
_2022_15 115 123.

12. Lagunova Yu. A., Makarova V.V., Nabiullin
R. Sh. Analysis of methods for diagnosing the state of
metal structures on the example of excavator construc-
tion. Mining Equipment and Electromechanics. 2022.
Ne 6 (164). p. 17 - 25. [In Russ]. DOI:
10.26730/1816_4528 2022_6_17_25.

13. Nikitin I. S., Burago N. G., Nikitin A. D., Ya-
kushev V. L. Determination of the critical plane and
assessment of fatigue durability under various cyclic
loading regimes. PNRPU Mechanics Bulletin. 2017,
no. 4, pp. 238—252. [In Russ]. DOI:
10.15593/perm.mech/2017.4.15.

14. Gorbovets M. A., Khodinev I. A., Ryzhkov P.
V. Equipment for testing low-cycle fatigue with a
«hard» loading cycle. Trudy VIAM. 2018, no. 9, pp.
51—60. [In Russ]. DOI: 10.18577/ 2307-6046-2018-0-
9-51-60.

52

Mining Equipment and Electromechanics. No. 4, 2024. PP. 46-53



15. Dubov A.A. Metrological aspects in the meth-
od of metal magnetic memory // World of measure-
ments. - 2018. - No. 3. - p. 42-45; No. 4. p.16-18.

16. Kiselev Yu.A. Relationship between Vickers
hardness and tensile strength // Factory laboratory. —
1968. —T. 34, No. 5. — p.596-597.

17. Kiselev Yu.A. Study of the relationship be-
tween plasticity characteristics and the shape of the
Vickers imprint // Factory Laboratory. — 1969. — T. 35,
No. 8. — p.974-976.

18. Snarsky A.S. Determination of physical and
mechanical characteristics of a material by non-

© 2024 The Author. This is an open

(http://creativecommons.org/licenses/by/4.0/).
The authors declare no conflict of interest.

About the author:

destructive testing // Bulletin of Polotsk State Universi-
ty. — 2005. — No. 10. — pp. 133-137.

19. Snarsky A.S. Establishment of patterns of deg-
radation of mechanical properties of metal of petro-
chemical equipment and structures // Bulletin of
Polotsk State University. — 2004. — No. 3. — pp. 44-49.

20. Manyele S. Investigation of excavator perfor-
mance factors in an open-pit mine using loading cycle
time // Engineering. 2017, vol. 9, pp. 599-624. DOI:
10.4236/eng.2017.97038.

access article under the CC BY license

Rustem Sh. Nabiullin, C. Sc. in Engineering, Associate Professor, Ural state mining University, (20144, Russia, Yeka-
terinburg, Str. Kuybysheva, 30), e-mail: nabiullin.r@m.ursmu.ru

Contribution of the authors:
Rustem Sh. Nabiullin — research problem statement; scientific management; reviewing the relevant literature; conceptu-
alisation of research; writing the text, data collection; data analysis; reviewing the relevant literature; drawing the con-

clusions; writing the text.

Authors have read and approved the final manuscript.

«I'opHoe o6opynoBaHue U dIekTpoMexanuka» Ne 4, 2024, ¢. 46-53

53




