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Ky3HEUHO-TIPECCOBOE 000pyI0BaHNE,
KPUBOLIMITHBIN Tpece, SJUTMNTHYECKast
TPELINHA, TOIyCTUMBII apameTp Jie-
(hexra, moporosoe 3HaueHne K03hduu-
€HTa UHTCHCHBHOCTHU HAIPSHKCHUN

BBeneHue

Oo6nexToM mccnenoBanus sBisiercst mpece K/[2130
(OZTHOKPHBOIIUIHEIN MPOCTOTO JCHCTBUS OTKPBITHIN

B Coserckom Coro3e OblIa co3/laHa YHUKaIbHAs B MUPOBOM MacllTa-
0€ oTpacib 10 CePUITHOMY MPOU3BOICTBY KY3HEUHO-IPECCOBOTO 000OPYIOBAHHSL
B nactosee BpeMst Jaxke OTCITY>KMBILIHE CBOW MPOEKTHBIN PECYpC MAIIHHBI
HaxoJsiTcs B paboueM WM B PEMOHTOIPUTOIHOM COCTOSIHMU. DTO IPUBENO K
TOMY, YTO ceidyac CyHIeCTBYeT OOJBIION PHIHOK BTOPUYHOW MPOJAKH TaKUX
MaIIMH, B TOM urcie B crpadbl FOro-Bocrounoit Azun u B Uaauro. Onmako npu
BTOPUYHOM Mpojiaxe MoJ00HOro 000py10BaHMs B 0a30BbIX JAETAIAX HAKAILINBA-
eTcsl HeKasi Hen30e)KHas II0BpexkIaeMocTb. Kpome Toro, epBble 9K3eMIUTSIPBI
MOJeJIei, BBICTABICHHbIE Ha BTOPHYHYIO NPOJIAXKy, BBITYCKAJIHNCh B MEPHO,
KOIJIa METO/Ibl HEpa3pyLLIAIOLIEro KOHTPOI ObLIM He pa3BUThl. YacTb aeheKToB
MOTJIa OKa3aThcsl HeOOHApYKeHHOH. [IpH MOKyTIKe MAIMHBI IPOU3BOIAT IEMOH-
TaX, TPAHCIIOPTUPOBKY, MOHTAK M UCHBITAaHUA. 3a(UKCHPOBAHBI CIy4yaH, KOraa
IIPU MOHTA)XE M MCIBITAHUSX B 0a30BBIX JETAISX CTParHBaICh JE(EKTHI, U9TO
3aTPYIHSUIO WX JENIaio HeBO3MOKHBIM HCIIONB30BaHKe 000pynoBanust. MHorna
Ha 00OpYIOBaHMH TaKOro THra (TMPU MOJEPHU3AIIMH) IBITAKOTCS TPOU3BECTH
TEXHOJIOTUYECKHE ONepaluy, TpeOyromue OoMbllel CUIbL, YeM paHee AeKIapu-
pyemsre. 1o 3To0i IpUUKHE TP TOKYTIKe/Mpoaaxe (MM MOIEPHU3AIIN) Heo0-
XOJIMMO COCTABJIATH KapThl JOITYCTUMBIX Ae(heKTOB, KOTOpBIE IPU HAJIOXKEHUH Ha
KapThl OOHAPYKEHHBIX JIe(EKTOB MO3BOIAT OTOPAKOBATH/ONPEEIUTL OCTATOY-
HBI PeCypc/OrpaHIUUTh TEXHOJOTHYESCKYIO CHITy KPHBOLIMITHONW MAIIWHBI Ta-
KiM 00pa3oM, 4ToObI 1eeKThI TIPU AaTbHEHIIeH IKCILTyaTallii He CTPOHYJIHCh
U He TPUBEM K aBapHifHON cHTyarmu. MeTonuka OHnpeeNeH s JOMyCTHMBIX
1apaMeTpOB MOITOBEPXHOCTHBIX UIANITHYECKUX TPELIMH MOKa3aHa Ha pUMepe
cranunsl pecca K/12130 baphaynsckoro 3aBosia MEXaHUIECKUX IIPECCOB.
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Opckuil cTaHKOCTPOUTENBHBIN 3aB0I, BopoHexckuii
3aBog KIIO umenu M.U. Kanununa. IlepBeiM Hauan
BBITTYCKAaTh ATH Tpecchl (0a3zoBas mozaenb KJ12130)
Bapnaynbckuii 3aBojJi MEXaHUYECKUX MPECCOB, CEHl-
YJac OH Tepenien Ha ABe MOAU(DHUKAINYA KPUBOIIIHII-
HBIX JIMCTOIITAMIIOBOYHBIX mpeccoB cuioit 1 MH —
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cepust K (mpecc K2130B) u cepust KE (mpecc KE1430)
C TTOJBIKHBIM cTONTIoM. bazoast Mogudmkarmwst KJ12130
ObLIa BEIOpaHa JJIsl UCCICAOBAHMS, TIOTOMY YTO OHA
BBIIycKaeTcs yxe oosee 35 ner (puc. 1). IIpousso-
mutensiMu nponano 6onee 1000 sxzemrsapo. Ona
aKTUBHO TIpojaercs (B TOM YHCIIE Ha PHIHKE BTO-
pUYHON mpojaku oOopynoBaHMs) B cTpaHsl FOro-
Bocrouno#t Aznn (Brirouas Mesamy) u B Maanro.
Bomnpocamu 10AT0BEYHOCTH METAJUTyPrUYECKOTo 000-
pynoBaHus (cpeau KOToporo obopyaoBaHue ajist 00-
pabOTKK METAIIJIOB JTaBJIEHUEM) 3aHUMAJCS OTICIN
npounoctu BHUMmerma [1; 2].

Puc. 1. BHewHuin Bua npecca KA2130 (c6opka)
[Figure 1. Appearance of the press KD2130 (assembly)]

1. Pe3ynbTaTbl MOAEIUPOBaAHUS
Hanps>XeHHO-AedOPMUPOBAHHOIO
COCTOSIHUS CTaHuHbI npecca KA2130

PaznmmuapIM hakTOpaM, BIMSIONIAM HA JIOITOBEY-
HOCTb KY3HEYHO-IIPECCOBOT0 000pyI0BaHMUsI, IOCBSI-
IIeHbI paboThI [3—5], aHAM3 KOTOPBIX TTO3BOIMI BbI-
SIBUTh, YTO MPEBATUPYIOMMM (AKTOPOM SIBISETCS
YPOBEHb HANPSHKEHHUH, BOSHUKAIOIIUX B JIETATIAX Ma-
IIVHBI TPH TPUIOKEHUH TEXHOJOTHUECKON Harpy3-
ku. [ToaToMy mepBeIM 3TanoM aHanmu3a OyJeT orpe-
JieJIeHue HaIpsHKEHHO-/1e(pOpMHUPOBAHHOTO COCTOSIHUS
CTaHUHBI HccleayeMoro npecca. [IpuHsTHIE B pacye-
TE MEXaHWUYECKUE XapaKTEPUCTHKUA — MOJYJIb YIIPYTO-
cTH TepBoro poxa uyryHa CU25 1,4:10° MIla,
koddunuent Ilyaccona 0,23, ynmenpHBIH Bec
7,85-10° H/mm®. TexHOmorndeckas cuia MpUKIabl-
BaJIaCh Ha TE€ BJIEMEHTHI TOJIITAMIIOBON TUIUTHI, KO-
TOpBIE HAXOATCA IO/ HWKHEU TUTMTOM IITaMIIOBO-
ro OJI0Ka IS THITOBOM TEXHOJIOTHICCKOM OIepariuu
(BBIpyOKa C MaKCUMAaJIbHOM CHUIJION, paBHON HOMHHAIIb-
HO# cuie npecca). CHMMETPUYHOCTh KOHCTPYKLIUU

HAYKW O 3EMJIE

MO3BOJIsJIa MPOBOJUTH PACYUET JIMIIb €€ TOJOBHHEI.
B kauectBe 07HOM M3 MOAKOHCTPYKITUA MOMEIH OBLT
B3ST BaJl, HA KOTOPBIM MPHUKIIAbIBAIACh CUIIA, TIPO-
TUBOHAIPABJICHHAS CHJIC TEXHOJOTHYECKOW orepa-
ruu. Taxoke ObUTH MPHIOKEHBI OTPaHMYECHUS Ha Y3-
JI6I, HAXOJSIINECS B MECTe MPOXOXKACHUS aHKEPHBIX
O6onToB. Pe3ynprarhl pacuera cBeACHBI B Ta0. 1.

Tabnvua 1

Pe3ynbTaTtbl pacyeTa HanpsXXeHHo-AedOopPMMUPOBaHHOIO
COCTOSIHMA cTaHbl Npecca cunoii 1 MH (6a3zoBas mogens)
B NporpaMmMHomM komnnekce BASYS
[Table 1. Results of calculating the stress-strain state of
a press mill with a force of 1MN (basic model)
in the BASYS software package]

Makcu- MuHu-
ManbHOe MasbHOoe
3HayYeHue 3HauyeHue
[Maximum [Minimum

Onpepensemas Be/iM4MHa
[Determined value]

value] value]

HepgmemeHme no ocu X, Mm 0.2 0.01
[X axis movement, mm)]
Hepgmeu.l.eHme noocun Y, Mm 0.4 0,02
[Y axis movement, mm)]
MepemeleHne no ocn Z, Mm

. 0,3 0,1
[Z axis movement, mm)]
Hanps>eHue no ocn X, MlNa
[X axis stress, MPa] 28,2 10,3
HanpsixeHne no ocu Y, MlMa
[Y axis stress, MPa] 44,4 24,8
HanpsixeHne no ocu Z, MMa
[Z axis stress, MPa] 33.7 254
MepBoe rnasHoe HanpsixeHne, MlMa
[First major stress, MPa] 57,4 7.3
BTopoe rnaBHoe HanpsbkeHve, MIMa 26.5 45
[Second main stress, MPa] ’ ’
TpeTbe rnaBHoe HanpsxxeHue, MlMa 16.9 31
[Third main stress, MPa] ’ ’
OkBMBaJNIeHTHbIE HanpsbkeHus, MIMNa 51,0 0,03

[Equivalent stress, MPa]

2. NMpoBepKa ageKBaTHOCTU PacCHYeTHbIX 3HA4YEeHUN
peanbHOMY HanpshkeHHO-aedopMUpoBaHHOMY
COCTOSIHMIO CTaHUHbI Nnpecca KA2130

AJIeKBaTHOCTh PACUETHBIX Pe3yJbTaTOB peajb-
HOMY HAIpsHKCHHO-IeQOPMUPOBAHHOMY COCTOSIHUIO
CTaHWHBI ObLIa IPOBEPEHa IyTeM CPaBHEHHSI COOCTBEH-
HBIX PAaCUETHBIX JAHHBIX, SKCIIEpUMEHTa U3 paboThI [2]
U pacyera u3 [6], MPOBEJEHHOTO B APYTOM pacyeT-
HoM komiutekce (SolidWorks). B paGote [2] onucan
SKCIIEPUMEHT T10 OTIPEJICTICHUIO HANPsKEHHH (T10 Bep-
TUKaIBHOW ocH) B craHmHe Tpecca KJ[2130 (6a3o-
Basi MoJieNlb bapHayJIbcKOTO 3aBOJIa MEXaHHMYECKHX
npeccoB, Bhimycka 1985 roma) ¢ MOMOILIBIO TEH30-
maTaukoB. CxeMa HaKIeWKH TeH30aTYMKOB IMOKa-
3aHa Ha puc. 2.
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Puc. 2. Cxema Haknenkn TeH304aTYNKOB [2]
[Figure 2. Load cell sticker diagram [2]

B Tabn. 2 cBemeHb SKCIIEpUMEHTAIbHBIC BEJTH-
YUHBI U3 [2], moJyueHHbIe pacyeToM B [3] U BHOBb
MOy YCHHBIE JaHHBIC.

Tabnnuya 2

CpaBHeHMe pacyeTHbIX 1 AKCNEepPUMEHTaNbHbIX AaHHbIX
[Table 2. Comparison of calculated and experimental data]

Homepa dkcnepu- Pacuer [6] HoBbie
AaTYMKOB MeHT [2] [Calculation AaHHble
(pabouuint — [Experiment [6]1] [New data]
KOMMeHca- [2]]
LIUOHHbIN)
[Numbers of
sensors
(working-
compen-
sation)]
1-2 4,0 29 3,9
3-4 0,0 3,0 1,0
5-6 4,0 4,2 3,2
7-8 4,0 4,3 4.1
9-10 50,0 33,0 45,0
11-12 44,0 40,4 40,4
13-14 0,0 0,7 0,2
15-16 4,0 3,9 3,2
17-18 0,0 1,1 0,6
19-20 4,0 3,6 3,8
21-22 8,0 9,5 9,9
23-24 12,0 11,0 10,6

310

Cpensist abCOMIOTHAS TOTPEITHOCTD C SKCIICPUMEH-
toM 1,31 MIla, ¢ pacuerom [6] B iporpamme SolidWorks
1,57 Mlla, yto 1o3BoIIsIeT MPHU3HATH MOJTy4YEHHbIE B JTaH-
HBIC aJICKBATHBIMU PEAIbHOMY HaIpshKEHHO-Aedop-
MHUPOBAaHHOMY COCTOSIHHIO CTaHUHBI U UCIIONB30BaTh
METOJBI MEXaHUKHU pazpymeHus. [IpuMenenuro me-
XaHUKHM pa3pylIeHHUs K Pa3IHUYHbIM BHJIaM 000py-
JTIOBaHUS MTOCBSIIEHBI paboTHI [7-9].

3. OnpepeneHne ponNycTUMbIX NapamMeTpoB
noAnNoOBEepPXHOCTHbLIX JUIUNTUYECKUX TPELLUH

Cxema MOANOBEPXHOCTHOM AIUIMIITUYECKOU Tpe-
IUHBI TTOKazana Ha puc. 3. Koaddumment nuTeH-
CHUBHOCTH HampsbkeHuid, cornacHo [10]:

1,79-0,66"
K = NG (1)

I 181054
1_F[1)
b

B Touke A:

2
F:1—0,4£—(0,5—éj ;
c t

.1 11
c ZE(GA+GB)+£;(4GA—3GB—GD).

B Touke D:

0,4
F=1—Q4£—O£(Q5—2j ;
c t

c =l(6D +GB)+L£(4GD -30, —GA).
2 30 ¢

Bripaxkenue (1) cripaBenanBO TOJNBKO MPU BHI-
nonaenun ycnosus [ < 0,96 u [ < 0,5¢. Ins BoisiBie-
HUSL IOIYCTHMBIX IIapaMeTPOB UIMITHYECKUX Tpe-
HIMH OBLT MCIOJNb30BaH CHMILIEKC-METO/], PeaIn30-
BaHHBI B ONTHMH3AIMOHHOW HaJCTpolike Solver
Microsoft Exel. [IpuaumManoce, 4To A0MyCTHMBIMU
nmapamMeTpaMu OyaeT obianzaTh ne(exT, y KOTOpOro
NPY TIPUJIOKEHHH HOMHUHAIIBHOW CHJIBI 3HAUEHHE KO-
s QuIeHTa HHTEHCUBHOCTH HANPSDKEHUH BOIU3U
BepIIMHbI qedexta OyaeT MeHblle Wik paBHo Kth
(IOpOroBOro 3HAUEHMSI) — YCIOBHE HE CTPAarMBaHUs
nedexTa, KoTopoe st KodhHUIMEeHTa aCHMMETPUH
nukina 0 (MyJTsCUPYIOMIUE IMKIT) ONpeaessieTcs, Co-
TIIacHo [4], cnemyronmmM o0pa3om:

Kth=12,7-6-10" -0, (2)

TJie G, — YCIIOBHBIi PeieN TeKy4ecTr Marepraa, Ml a.

EARTH SCIENCE
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2260

2c

a 6

Puc. 3. Cxema noanoBepXHOCTHOW 3MIMNTUYECKON TPELUUHbI:
a - ANIUNTMYEecKas TPeLLMHa; 6 — Cxema pacrosnoXeHust
BUPTYaNbHOro AedekTa B 04HOM N3 PaHXMPOBAHHbIX 30H

MCCNeayeMOl CTaHUHbI (YBENIMYEHO, MPOEKLIMS HA MOBEPXHOCTb)
[Figure 3. Diagram of a subsurface elliptical crack:
a - elliptic crack; 6 - virtual defect location scheme
in one of the ranked areas of the bed under study
(enlarged, projection onto the surface)]

B 3amaue BapbupoOBayoch ABa BXOAHBIX MApaMeT-
pa — rnyOuna 3aneraHus (b) U paHT 30HBI IO OIAC-
HOCTH pa3pyiieHus B 6e3nedeKkTHOM coctostHun. [1pu-
HUMAJIOCh, YTO ¢ = 2/ (IO CTATHCTUYECKUM JaHHBIM
oraena Hepaspymaromero koHTponst 3A0 «lIIpod-
HOCTBY), YCIIOBHBIN Mpe/iel TEKY9IeCTH CEPOro YyryHa
CU35 (I'OCT 1412-85) 262 MIla [11]. CnenoBatemns-
HO, TIOPOTOBOE 3Ha4eHUE KO PUIIMEHTa HHTEHCHBHO-
CTU HarpsikeHuit, mo (2), cocrapmser 11,13 MITVm.
B Tabn. 3 nprBeneHp! MOMyYeHHBIE CUMILIEKC-METOZIOM
3HAYCHUS JOMYCTUMBIX ITapaMeTpoB (/, MM) 3JUIATI-
THUYECKUX TTOJIIOBEPXHOCTHBIX TPEIMH B 3aBHCHUMO-
CTH OT TJIyOHHBI 3aJIETaHHUS U YPOBHS JEHCTBYIOIINX
HarpspkeHHH (paHTa OIacHOCTH paspyiieHust). B tadi. 3
0 — DKBUBAJICHTHBIC HAIPSIKEHUS, TOTYYCHHBIC Me-
TOIOM KOHEYHBIX 3JIeMeHTOB. Kpome Toro, mpuHu-
Majoce, uto B (1) 6, =06, =0, .

B Tabn. 3 nuBeromM oTMEUYEHBI SYEHKH, KOTOPHIE
He 00ecreunBaroT BhINOJHeHHs yciaoBus [ < 0,96 u
[ £0,5¢. Ot neekThl claenyeT paccMaTpUBaTh Kak
noBepxHocTHBIE. Ha puc. 4, 5 n 6 nokasaHbl 3aBU-
CHUMOCTB JIOITyCTHMBIX ITapaMeTpPOB TPEIIUH OT TITy-
OWHBI 3aJieTaHusl, BEJIMYMHBI JIOMYCTHUMBIX MTapameT-
POB nedeKTOB OT ypOBHS HaNpsDKEHHH B Oe3aedeKT-
HOM COCTOSIHMH M TIOBEPXHOCTH JIOITyCTUMBIX Tapa-
METPOB IJUTUNTHYECKUX J€(PEKTOB OT HANPSIKEHHH
U TIyOMHBI 3aJIeTaHusi COOTBETCTBEHHO.

HAYKW O 3EMJIE

Tabnnua 3

3aBucuMMocCTb AOoNyCTUMbIX NapamMeTpoB Ae(beKTOB
oT rﬂyﬁVIHbl 3aneraHumsi U YypoBHs1 Ael‘/'ICTByIOI.Ll,I/IX Hal'lpﬂ)KeHMﬁ
[Table 3. Dependence of permissible defect parameters
on the occurrence depth and the level of acting stresses]

o, Fny6uHa saneraHna gedekra, MM
MMa [Depth of the defect, mm]
[MPa]

30 27 25 22 20 17 15 125 10
51,0 16,10 1541 14,86 1400 1341 1230 11,39 10,23 8,838
45,3 1840 1742 1669 1560 14,82 1348 1235 1097
39,7 20,75 1950 1859 17,25 16,25 14,63 13,28
34,0 2300 21,70 2056 1890 17,69

28,4 2586 23,89 2246 2040

30 T

Permissible parameter [, mm

JomyctiMelii mapametp [, MM

10 15 0 25 30

TCnyGuHa 3aneraHia, MM
Depth of the defect, mm

Jlelictyromee HanpsikeHue, MITa
Effective stress, MPa

—-51 W-453 4397 —¢34 184

Puc. 4. 3aB1MCHMMOCTb JONYCTUMbIX NapaMeTpoB
OT rNy6UHbI 3aN1eraHuns, Noay4YeHHasi CUMIMIEKC-MeTOA0M
[Figure 4. The dependence of permissible parameters
on the level of stresses, obtained by the simplex method]

28
26
= 24 4
22 4
20
18
16 7
14
12 ¢
90 +—1 1 1 1 11

25 30 35 40 45 50

JIOTyCTHMEIH apaMeTp [, MM
Permissible parameter |, mm

JlelictByromee HanpsikeHue, MITa
Effective stress, MPa

T'ny6uHa saneranus, MM

Depth of the defect, mm

—-h=30 —W—b=27 —& p=25 —=— p=22 —+— b=20 —e— b=17

Puc. 5. 3aBMCUMOCTb 40MNYCTUMbIX NapamMeTpoB AedekToB
OT YPOBHS AENCTBYIOLLUNX HANPSXEHWUA,
nojly4eHHasd CMMIMIeKCc-MeTogom
[Figure 5. Dependence of permissible defect parameters
on the level of acting stresses obtained by the simplex method]
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AonycTiMblid napameTo . MM
Permissible parameter |, mm

AeiicTeyoluee HanpskeHe, MMa
Effective stress, MPa

TAYGHHG 3AASTCHIS, MM
Depth of the defect. rmm

Puc. 6. [NoBepXxHOCTb JONYCTUMbIX NapaMeTPOB
ANNNNTUYECKNX ,El,e(beKTOB
[Figure 6. The surface of the permissible parameters of
elliptical defects]

4. NocTpoeHne maTteMaTU4eCKomn moaenu,
OCHOBaHHOI Ha 3aBUCUMOCTU MeXAY
rnyOuHOW 3aneraHus, ypoBHEM ONaCHOCTU
paspywieHns n oonycTuMbiMy NapamMmeTpamm
pedekra

Metonom bpanmona [12] Oblia mocTpoeHa Ma-
TeMaTH4YeCKasi MOJIENb BUAA

1 = (=20,4-In(c) +88,98) - (0,009 In(h) + 0,968), (4)

rae | — jpomycTuMble 1Mo yCIOBUIO HE CTPAardBaHUs
napameTpsl Aedekra (TpeuHbl); G — HOMUHAIBHOE

HampsbkeHue B Mecte GpopmupoBanus Aedexra, Mlla;
b — riryOuHa 3aeranus aedexra, MM.

Mopgens (4) cipaBemmuBa g 28,4 < ¢ < 51,0
(MITa), 10 < b <30 (MM). AJEKBaTHOCTh pacueTHOM
MOJICTIH JAaHHBIM, MOJYYSHHBIM CUMITIEKC-METOIOM,
OLICHMBAJIACH KPUTEPHSIMHE, TIPEACTABJICHHBIMHU B Ta0II. 4.

5. O6cyxaeHue Nosy4eHHbIX pe3ynbTaToB

AHanu3 NoMy4YeHHON MOJENH TI03BOJISIET CAENaTh
CJIS/TYFOIIIE BBIBOJIBI: HA JIOMYCTHMBIEC TI0 KPUTEPHIO
HE CTparWBaHW TapaMeTphl AedekTa Oobiiee BITHS-
HHE OKa3bIBaeT HOMUHAIBHOE HaNpsDKEHHE (paHT orac-
HOCTH pa3pymieHus B 0e31eeKTHOM COCTOSTHHM ), YeM
rryouHa ero 3aneranus. Koaddumment amacTnaHo-
CTH, TIOKa3bIBAIONIMH, Ha CKOJBKO TPOIICHTOB H3Me-
HSTCS IOMYCTUMBIE TIapaMeTphl 1eeKTOB Py U3Me-
HeHnW Hampspkernid Ha 1 %, cocraBmit —1,59. 3Hak
MHHYCa TOBOPHT O TOM, YTO IPH yBEIMYCHUH Hampsi-
JKEHUH NOIyCTUMBIE MapamMeTpbl yMEHbIIAIOTCS. AHa-
JIOTUYHBIA TlapameTtp i riryOuHbl 3aneranns +0,01.
3HaK IUTIOCa TOBOPHUT O TOM, YTO NPH yBEIWICHUU
TTyOUHBI 3aJleraHus JOIMyCTHUMBIE TapaMeTpsl Jedek-
Ta pacTyT. Takue MOJXOAbl aKTyalbHBI HE TOJBHKO
MIPU WCCIENOBAHNH Ky3HEUYHO-TIPECCOBOTO 000py-
JIOBaHUs, HO MOTYT OBITh IPHUMEHHMEBI B JIPYTUX
obnactax [15].

Tabavuya 4

KpuTepumn oueHku agekBaTHOCTU pa3paboTaHHOW Moaenn
[Table 4. Criteria for assessing the adequacy of the developed model]

0OGo3HaveHune [Designation]

dopmyna [Formula] [13; 14]

3HaueHue [Value]

CpenHsa oTHocUTeNbHas ounoka
[Relative error]

CpenHsia kBagpaTuyHas owmnobka

s == |—x 0,22

[Root mean square error] 0,04
~\2 0,5
KoadpdpuumeHT Telina 7= I:Z(lz - li) J 014
[Theil coefficient] - 5705 ~, 7705 ’
(2] [ X0]

3g=2LL 3 1,59
KoaddpurumneHT anactnyHoCTn 060
[Coefficient of elasticity] I

ap=ILL b 0,01
db b

lMpumedaHme: | — [ONYCTUMBbIA NapaMeTp, NMOoJIy4eHHbIn CUMMIEKC-METOAO0M Mo Moaenu (4); n — KONIMYECTBO «HaBIIOAEHWNI»,

Nno KOTOpPbIM CTpounack Moaens (n = 33).

3aksnouyeHne

B macrosimiee BpeMs B CBA3U C paclIidpeHUEM
pBIHKAa BTOPUYHOU MPOJAXKHU Ky3HEUHO-IIPECCOBOTO
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HEOOXOAUMOCTh TOCTPOCHUS KapT IOMyCTHMOHU Jie-
(hexTHOCTH. DTH KapThl IPH HAJIOKEHHUU HAa KapThI
nedeKTHOCTH, 00HAPYKEHHOH METOZaMU HepaspyIlaro-
LIEr0 KOHTPOJIS, MO3BOJIAT 3apaHee ONpeeNaTh Ha-
TPY30YHYIO CIIOCOOHOCTH 000OpyZOBaHUs, n30erarh
aBapUIHBIX CUTYalUi ¥ FOPUINICCKUAX TPoOIeM Tpr
BTOPUYHOH MOKYIIKE.

MeTtoauka MOCTPOSHHSI KapT JOMYCTUMOW Je-
(hexTHOCTH, IPOAEMOHCTPHUPOBAHHAS B JAHHOU CTa-
Th€ Ha TPUMEPE FIVTUNTHUECKUX TPEIIUH B CTAHHHE
npecca KJ[2130, mpenmnonaraer cieAyOIIUe 3Tambl:
KOHEYHO-3JIEMEHTHBI pacdeT 0a30BBIX JAeTaned ¢
YUETOM OTKJIOHEHHil OT MpeoCTaBIsgeMbIX GUpMOit —
MPO/ABLOM YepTeKel; BepuduKanus pacyera dKC-
MIEPUMEHTOM; OMNpE/eIIEHUE JOMYCTUMBIX HapaMeT-
POB IedeKTOB MO KPHUTEPHSIM MEXaHWKH pa3pyIie-
HUS B 3aBUCHMOCTH OT YpOBHS JEHCTBYIOIIMX Ha-
MPSDKEHUH M UX TIIyOHH 3aJieTaHusl.

J11 pacCMOTpPEHHBIX B CTaTbe AIUTUITHYECKUX
ne(heKTOB BBISBIIEHO, YTO YPOBEHb HANPSHKEHHS OOJIb-
e BIMSICT HAa BEJIMYUHY JOMYCTHMBIX MapaMeTpoB
nedexTa, yeM TIIyOrHa 3alleraHusl, YTO HE0OX0IUMO
YYUTBIBATh TPU OOCIEOBaHNH METOIAaMH Hepaspy-
LIAIOIIEr0 KOHTPOJISL.

Cnucok nuteparypbl

1. Cusak B.A., Kopnunosa A.B. Otipenenenune o0mei
JIOJITOBEYHOCTH M OCTATOYHOTO pecypca JeTaieil MeTa-
nmyprudeckux MmammH // Tsbkenoe mammHoctpoenue. 2005.
Ne 3.C.9-11.

2. Kopnunosea A.B. PazpaboTka MeTonoB obecreue-
HUSL JIOJITOBEYHOCTH CHJIOBBIX JieTaliell Ky3HEYHO-TIPEcco-
BbIX MAIIMH U UHCTPYMEHTA: JuC. ... A. T. H. M.: MI'TY
«CTAHKHMH», 2009. 347 c.

3. Zdenek C. Effect of heat load on a forging press //
Procedia Engineering. 2014. Vol. 69. Pp. 897-901.

4. Zdenek C., Karel R. Effect of heat load on a mecha-
nical forging press // Annals of DAAAM & Proceedings.
2016. Vol. 27. Pp. 344-348.

5. Zdenek C., Karel R., Tomas K. Thermal analysis
of the forging press LZK 4000 // Annals of DAAAM &
Proceedings. 2018. Vol. 29. Pp. 740-745.

6. Paing Thet, Zaya Kyaw, Kornilova A.V. Creation
of a design methodology for crank punching machines of

HAYKW O 3EMJIE

specified durability // IOP Conference Series. Materials
Science and Engineering. 2019. Vol. 675. 012042.

7. Makhutov N.A. Generalized regularities of defor-
mation and fracture processes // Herald of the Russian
Academy of Sciences. 2017. Vol. 87. No. 3. Pp. 217-228.

8. Makhutov N.A., Reznikov D.O. Application of
scenario analysis in the assessment of structural reliabi-
lity of complex technical systems // Journal of Machine-
ry Manufacture and Reliability. 2015. Vol. 44. No. 8.
Pp. 675-686.

9. Burdukovsky V.G., Kolmogorov V.L., Miga-
chev B.A. Prediction of resources of materials of machine
and construction elements in the process of manufacture
and exploitation // Journal of Materials Processing Tech-
nology. 1995. Vol. 55. Pp. 292-295.

10. Osuunnnuxos A.B. IlpubmwxenHas ¢opMmyia or-
penenennst K03(GUIMEHTOB HHTEHCUBHOCTH HAIPSHKEHUH
K; nnist Ten ¢ moBepXHOCTHRIMH TpermuHamu // [Tpobmemsr
npouHoctu. 1986. Ne 11. C. 44-47.

11. /lpacynos FO.I'", 3y6uenxo A.C., Kawupckui FO.B.,
Jeemsapes A.D., Kapos B.B., Konockos M.M., Opnos A.C.,
Ckopoboeamuix B.H. MapOo4HHK CTajieii U CIUIaBOB. 4-¢ U3,
niepepad. u o / mox obur. pex. FO.I. [parynosa, A.C. 3y0-
ueHko. M., 2014. 1216 c.

12. Brandon D.B. Developing mathematical models
for computer control // Instrument Society of America (ISA)
Journal. 1959. Vol. 6. P. 7.

13. Joyeepmu K. BBenenne B 5KOHOMETPHUKY: yIeO-
HUK. 3-¢ u3a. M.: MTHOPA-M, 2009. 465 c.

14. Teuin I'. DKOHOMHIYECKHIE TPOTHO3HI U MIPHHATHE
pemennii. M.: Cratucruka, 1977. 282 c.

15. Manvkosa M.FO., 3adupanos A.H. Ilpumenenne
YHHBEPCAIBHOTO YJIBTPa3BYKOBOTO peakTopa i Iepe-
pabOTKK KOHIIEHTPATOB PYI PEAKO3EMENbHBIX METAIIIOB //
Bectaux Poccuiickoro yHuBepcurera IpykObl HApOIOB.
Cepust: Umxeneprsie uccinenoanus. 2019. T. 20. Ne 1.
C. 20-27.

Anga uMTnpoBaHusa

Kopnunosa A.B., Yowco 3aap. OnpeneneHue N0MyCTUMBIX
napaMeTpoB 1e(eKTOoB B 0a30BBIX JETAISIX Ky3HEUHO-TIpec-
coBbIX MarmH // Bectank Poccriickoro yHUBEpcHTETa IPYK-
661 HaponoB. Cepust: MaxenepHbie nccinenopanus. 2019.
T. 20. Ne 4. C. 308-315. http://dx.doi.org/10.22363/2312-
8143-2019-20-4-308-315

313



Kornilova A.V., Kyaw Zaya. RUDN Journal of Engineering Researches. 2019;20(4):308-315

Research paper

Definition of acceptable parameters of defects
in basic details of forging and press machines

Anna V. Kornilova

Peoples’ Friendship University of Russia (RUDN University), 6 Miklukho-Maklaya St., Moscow, 117198, Russian Federation

Kyaw Zaya

Moscow State University of Technology “STANKIN”, I Vadkovskiy Lane, Moscow, 127055, Russian Federation

Article history:

Received: October 31, 2019
Revised: November 25, 2019
Accepted: November 29, 2019

Keywords:

forging equipment, crank press, elliptical
crack, allowable defect parameter, threshold
value of stress intensity factor

References

1. Sivak BA, Kornilova AV. Opredelenie obshhej dol-

In the Soviet Union, a unique worldwide industry was created for the seri-
al production of forging equipment. Currently, even these machines that have
served their design life are in working or maintainable condition. This has
led to the fact that there is now a large market for the secondary sale of such
machines, including in the countries of Southeast Asia and India. However,
with the secondary sale of such equipment, some inevitable damage builds
up in the basic parts. In addition, the first copies of such models, put up for
secondary sale, were produced at a time when non-destructive testing me-
thods were not developed. Some defects could be undetected. When buying
a machine dismantle, transport, install and test. Cases were recorded when
defects were strained during installation and testing in the base parts, which
made it difficult or impossible to use such equipment. Sometimes this type
of equipment (during modernization) is used to carry out technological ope-
rations that require more power than previously declared. Therefore, when
buying/selling (or upgrading), it is necessary to draw up cards of permissi-
ble defects, which, when superimposed on the cards of the detected defects,
will allow to reject/determine the remaining life/limit the technological strength
of the crank machine so that defects during further operation are not affect-
ted and do not lead to emergency situation. The methodology for determin-
ing the permissible parameters of subsurface elliptical cracks is shown on
the example of a press bed KD2130 (BZMP).

4. Zdenek C, Karel R. Effect of heat load on a me-
chanical forging press. Annals of DAAAM & Proceedings.
2016;27:344-348.

govechnosti i ostatochnogo resursa detalej metallurgicheskih
mashin [General durability and residual service life of ma-
chine parts]. Tyazheloe Mashinostroenie. 2005;3:9—-11.

2. Kornilov AV. Razrabotka metodov obespeche-
nija dolgovechnosti silovyh detalej kuznechno-pressovyh
mashin i instrumenta [ Development of methods to ensure
the durability of the power parts forging presses and tools]
(Dissertation of Doctor of Technical Sciences). Moscow:
MSTU “STANKIN”; 20009.

3. Zdenek C. Effect of heat load on a forging press.
Procedia Engineering. 2014;69:897-901.

Anna V. Kornilova, Professor of Department of Civil Engineering, Academy of Engine-
ering of RUDN University, Doctor of Technical Science, Docent; Kornilova_av@rudn.ru;
ORCID iD: https://orcid.org/0000-0001-5569-9320, eLIBRARY SPIN-code: 6569-6240,
Author ID: 351426, Researcher ID: U-3353-2017, Scopus Author ID: 7004499009.
Kyaw Zaya, postgraduate of the Composite Materials Department of MSTU “STANKIN”;
ORCID iD: https://orcid.org/0000-0003-0131-1399; Scopus Author ID: 56416430100.

314

5. Zdenek C, Karel R, Tomas K. Thermal analysis
of the forging press LZK 4000. Annals of DAAAM &
Proceedings. 2018;29:740-745.

6. Paing Thet, Zaya Kyaw, Kornilova AV. Creation
of a design methodology for crank punching machines of
specified durability. IOP Conference Series. Materials Sci-
ence and Engineering. 2019;675:012042.

7. Makhutov NA. Generalized regularities of defor-
mation and fracture processes. Herald of the Russian Aca-
demy of Sciences. 2017;87(3):217-228.

8. Makhutov NA, Reznikov DO. Application of
scenario analysis in the assessment of structural reliabi-
lity of complex technical systems. Journal of Machinery
Manufacture and Reliability. 2015;44(8):675-686.

9. Burdukovsky VG, Kolmogorov VL, Migachev BA.
Prediction of resources of materials of machine and con-

EARTH SCIENCE



KopHunoea A.B., Yxo 3asp. BectHuk PY/JH. Cepusi: IHxeHepHbie nccnenosanus. 2019. T. 20. Ne 4. C. 308-315

struction elements in the process of manufacture and ex-
ploitation. Journal of Materials Processing Technology.
1995;55:292-295.

10. Ovchinnikov AB. Priblizhennaja formula opre-
delenija kojefficientov intensivnosti naprjazhenij dlja tel
s poverhnostnymi treshhinami [Approximate formula for
determining stress intensity coefficients for bodies with
surface cracks]. Problems of strength. 1986;11:44—47.

11. Dragunov YG, Zubchenko AS, Kashirsky YV,
Degtjarev AF, Zharov VV, Koloskov MM, Orlov AS,
Skorobogatyh VN. Marochnik stalej i splavov [Database
of steels and alloys.]. 4" ed. Moscow; 2014.

12. Brandon DB. Developing mathematical models
for computer control. Instrument Society of America (ISA)
Journal. 1959;6:7.

13. Dougherty K. Introduction to econometrics. 3 ed.
Moscow: INFRA-M Publ.; 2009.

HAYKW O 3EMJIE

14. Tail G. Jekonomicheskie prognozy i prinjatie re-
shenij [ Economic projections and decision-making]. Mos-
cow: Statistika Publ.; 1977.

15. Malkova MY, Zadiranov AN. Primenenie uni-
versal'nogo ul'trazvukovogo reaktora dlja pererabotki kon-
centratov rud redkozemel'nyh metallov [Application of
the universal ultrasonic reactor for processing of concen-
trates of ores of rare earth metals]. RUDN Journal of
Engineering Researches. 2019;20(1):20-27.

For citation

Kornilova AV, Kyaw Zaya. Definition of acceptable pa-
rameters of defects in basic details of forging and press
machines. RUDN Journal of Engineering Researches. 2019;
20(4):308-315. http://dx.doi.org/10.22363/2312-8143-2019-
20-4-308-315. (In Russ.)

315



