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AHA/IHTHYECKHE HCC/IEAOBAHHSA CH/TOBBIX
XAPAKTEPHCTHK KOHCTPYKLIMH BUBPOME/IbHHLIbI

I'poBeneH cHToBO¥ aHa/mM3 KOHCTPYKLIMH BUOPALIMOHHOM Me/IbHHLIBI C LIe/IbIO BbIAB/ICHHS
30H HauOO/bIIUX HaMpsXeHWH U aecopMalii. PaccuutaHO, U4TO 30Ha MaKCHMa/lbHBIX
HarpsKeHHH HaXOAMTCA B IMOALIMITHUKOBBIX Y3/1aXx BHOpOMe/bHHLIBL. MccineaoBaHo BbI-
paxeHHe /15 pe3y/IbTUPYIoLIeH peakLHH MOAIHUITHHKOBBIX OIOp H OIpese/IeHbl PaLlio-
Ha/IbHble 3HaYeHHs KO3(h(DULIMEHTOB XeCTKOCTH MPYXKHUH, PH KOTOPBIX 0OeCriedyUBaloTCs
MHHHMMa/IbHbIe HarpY3KH Ha MOAIIMITHUKOBBIE Y3/1bl BUOPALIMOHHO Me/IbHULIBI, YTO TTOBBI-
1Iaet A0/IroBe4YHOCTh ee KOHCTPYKLIMH. OripesiesleHbl OCHOBHbIE IapaMeTpbl PYXKUH, TTPH
KOTOpPBIX obecrieyrBaeTcs paboTa Me/IbHHLIBI B 30He ee KOHCTPYKLIMOHHOH MPOYHOCTH.
YceraHOBIeHO, UTO cyllecTBeHHOe B/IMAHHE Ha MPOYHOCTHBIEe XapaKTepPUCTHKH BHOPOMeE/Tb-
HHLIBI HMEIOT KeCTKOCTH MPYKHH Ha pacTsxeHHe u U3ruo. I IpoBeneHb! mapaMeTpuyeckie
HCC1eq0BaHUs, B KOTOPOM BapbUPOBATHCH XEeCTKOCTH MPYXKHUH Ha U3rHO H pacTsXeHHe.
/loka3aHO, YTO KeCTKOCTb MPYXHH Ha M3rHO He OKasblBaeT CYLIeCTBeHHOIO B/MSAHHSA Ha
Be/TMYMHY MaKCHUMa/IbHbIX HallpsXeHHEH KOHCTPYKLIHM Me/bHULIBL [ lomyyeHbl 3aBHCHMO-
CTU MaKCHMa/IbHBbIX HaIlpXKeHUI U MepeMelleHU TOYeK KOHCTPYKLIMH BHOPOME/IbHULIBI
OT JKeCTKOCTH MPYKHH Ha pacTaxeHHe. VccrienoBaHO BAMAHHSA YacTOTHI KO/leOaHHH 10-
MO/IBHOH KaMepbl Ha HHTeHCHMBHOCTb HaITPsXKeHHUE B Y3/1aX KOHCTPYKLIMU Me/IbHULIBL. I Ipo-
HM3BeseHO CpaBHEeHHe HallpsXXeHHOTO COCTOSHHUA BUOPOME/IbHHLIBI A/18 PaLMOHA/TbHOH U
THIIOBOH KOHCTPYKLIMH. YCTaHOB/IGHO, YTO INpPH HCIIO/IB30BaHHH PaLIMOHA/IbHOTO BapH-
aHTa BHOPOME/IbHHULIBI (TIPH ONTHMa/IbHBIX 3HAYEHHSX KOI(DDHULIMEHTOB XKeCTKOCTH TIpY-
JKHH), HHTeHCHBHOCTb MaKCHMa/TbHbIX HaITPSKEHHH B MOAIHUITHAKOBBIX Y3/1aX CHIKAETCS B
3,5 pasa, uto 3HauMTE/ILHO YBE/TMUHMBAET A0/ITOBEYHOCTh KOHCTPYKLIMK BUOPOME/TbHHLIBL.

KrroueBble c/10Ba: CHIOBOK aHa/u3, 30HbI HaUOO/IBUIMX HAMpsXeHWEH U AechopMaLlui,
TOAIIUITHUKOBBIF Y3e/1, A0/ITOBEYHOCTb KOHCTPYKLIMHU, JKeCTKOCTb MPYKHH Ha U3THO H pac-
TSPKeHHe, YacToTa Ko/ieOGaHHH MOMO/IBHON KaMepbl, KO3((DHLIMEHT XeCTKOCTH MPYKHH.

nOBbIHIeHI/Ie [ONTOBEYHOCTH KOHCTPYKLHMH BHOPALIMOHHON Me/IbHHLIb! SB/Is-
ercsi OAHOM K3 I7IaBHBIX lle/lell COBpPeMeHHbIX HCC/1eA0BaHuM (DYHKLIMOHU-
POBaHMA AaHHOIO THIa TOpPHOro ob6opyaoBaHKA. PasBUTHe METONIOB NMPOUHOCTHBIX
pacyeToB M aHa/M3a CA0XKHO-AePOPMUPOBAHHOIO COCTOSHHUS OOBEKTOB TOPHOIO
MalllMHOCTPOEHHs e/1aeT BO3MOXKHBIM OCYIIeCTB/IeHUe NMMPOYHOCTHOIO pacyeTa KOH-
CTPYKLIMKY BUOPOME/IbHHLIBI MeTOIOM KOHEUHbBIX 3/IeMEHTOB.

PaHee B peaynbTaTe MpOM3BeA€HHOTO BhllIeYKa3aHHBIM METOA0M MPOUYHOCTHOTO
pacuera Obl/1a MO/IyUeHa KOHeYHO-3/IeMeHTHas Mo/ie/lb HarnpsikeHut [1], B anemen-
Tax TUIIOBOM KOHCTPYKIIMM BUOPALIMOHHOM Me/IbHHIIb. AHAa/IN3 AaHHOTO PUCYHKA
MO3BO/IAeT cAenaTb BBIBOABI O TOM, UTO HanOo/ee Harpy:KeHHbIM Y3/10M BUOpPaLIM-
OHHOM Me/IbHHLIBI fIB/IIeTCA ee MPYBO/, a UMEHHO, MOAHITHUKOBLIE Y3/bl. [ Ipruem
Ha Be/IMUMHY AVMHAMHUYeCKHX Harpy3oK, [AeWCTBYIOIMX Ha IMNOALMITHHMKOBBLIE Y3/Ibl,
a, 3HAUWT, U Ha HaIpsKeHHOe COCTOsIHHe IMPHBO/Aa HerloCpeACTBEHHO B/IHSeT KeCT-
KOCTb YIPYTMX 3/1eMEHTOB (B HallleM c/iyyae IMPYKWH), Ha KOTOPBIX KPEImTCs He-
cylias paMa BUOPALIMOHHOM MeabHHULBL. OIBIT 3KCI/yaTalvMy BUOPALIMOHHBIX Me/lb-
HHL [TOATBepXKAaeT cAe/laHHbIN BhIBoA. Ha ocHOBaHMM MpOBeeHHBIX BBIUKIC/ICHUH
MosABU/IaCh peaslbHasg BO3MOKHOCTb ONTHMH3ALIMK KOHCTPYKLIMK Me/bHULIBI 10 Ta-
paMeTpy HarpyKeHHOCTH ee OT/Ae/bHBIX Y37/I0B. DTO B CBOIO OYepe/b [103BO/sSeT
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[MPOEKTUPOBATh BUOPOME/TLHHLIBI C YBE/THUEHHBEIMU AriaMeTpaMy T[TOMO/IBHBIX KaMmep
V1 TTOBHILIEHHBIM 3KCI/TYaTaLMOHHBIM PECYpPCOM.

CrnenoBatenbHo, NP MPOEKTUPOBAaHUM BUOPOMETbHULL 0COB0e BHUMaHUE CTO-
WT Yae/sTh CO3AaHUI0 BUOPOPA3TYKEHHBIX MOAIMITHUKOBLIX OIOpP, UTO NpUBeaeT K
YBE/IMUEHHIO IO/ITOBEYHOCTH BCeM KOHCTPYKLIMK BUOPALIMOHHOM ME/IbHULIBL.

OaHUM M3 OCHOBHBIX CIIOCOOOB pelleHHs 3TOM 3a7auy SBAfeTcs 1oa00p paLm-
OHa/bHBIX 3HaUEHUM KOIPPULIMEHTOB KECTKOCTU MPYKUH, [MPU KOTOPLIX HArpy3KH
Ha MOAIMUITHUKN OYayT MUHUMAa/TbHBI. DTU BEe/IMUKHBI MOXKHO HaWTH, BOCIIO/Nb30BaB-
Mch Beipaxenusamu (2.60) u (2.43) us [1]:

2F" .OD + 2F" - DE +2G - DE - 2F" -OD

F™ =kC,Csing = +
QF + HE
2F" . DE - 2F" -OD + 2F” - DE + 2G, - LE - 2G, - KE - cos ¢
+
QF + HE (1)

Y. =-G-G, -G, -G, +F"™ + F singp -

—-F! sinp — F" sin(d — ¢) — F" sin(d — ¢)mg = -m,g — m,g —m,g +

+kC,Csin + m,0” - KE sin g —

-ma’ - C,Csing — mo’ - OC sin(8 — ¢) — 2mw_ o, r sin(d — ¢) = 0 (2)
[ns onpeneneHusi MUHUMa/IbHBIX 3HAYEHUI CH/I, AEHCTBYIOMIMX Ha MMOAMMITHH-

KOBbIe OMOpHI rpoavddepeHLpyeM Mo BpeMeHH BbipaxkeHve (2) v mpupaBHseM
MMPOH3BOHYIO K HY/IIO:

dy,
dt
+2mo, - C,Csing- 6, + mo> - C,Ccos¢- ¢ + 2mo, - OC sin(d — ¢) - @,

=-kC,Ccos- ¢ +2m,w, - KEsing- @, + myo’ - KEcos¢- ¢ +

d(2mo,v, sin(d - ¢)) 0
dt - (3)

OtMeruM, YTO ch/a YIIPYroCTH He BXOAWT B ABHOM BH/IE B YpaBHEHUE MMPOEKLINH
BCeX CHW/I Ha OoCb X:

+ma’ - OC cos(d — ¢) - (5 — ¢) +

Xg +Flcoso+F) cosq—Fcos(d—¢)—Fcos(d—¢)=0 (4)

3Haumnt npoekuua X, pesyIsTUpYIoNel peakliy R, NOoAmMITHUKOBO#H OMOps! Ha
OCb X He BAMsAET Ha BeMUMHY R, 1 11 HaxoXAeHWs MUHUMa/IbHBIX 3HAUeHMH CHI,
[eHCTBYIONIMX Ha MOAMMITHAKOBBIE OTOPbI, AOCTAaTOUHO MpoarnddepeHnpoBaTh
I10 BpeMeHH TO/bKO BhipaxeHnue (2). [nddepeHimpoBatve BoipaxkeHus (2) nmpous-
BOIM/IOCh C YUeTOM TOTO, UTO Be/IMUYMHBI ¢, 8, ®_, V, 3aBUCAT OT BpeMeHH. Brruncimm
OTZeNbHO:

d(2mo,v, sin(8 - ¢)) _om d((o,v,) - (sin(d — ¢)) _

dt dt
dsin(d — @)
=)

=2m (((‘bevr + 0, %) -sin(d — @) + o, v,

d
Benuuuny c‘I;r MBI y2ke Haxoann B (2.12) [1] ¢ yuetom Toro, uto v, = v.:
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d‘_}r (3(7 —

dt ~ dr Y (6)
Wy B ckansspHOM BuUze:
dv, =a +oyv
a7 . (7)
C yuerom (7) Beipaxkenue (5) npumer Bua:
d(2mo,v, sin(6 - ¢))
dt -
=2m| (o, + o, ﬂ) -sin(d — @) + v, dsin(d-9)) _
dt dt
) dv,. . .
=2m| (o, + ®, —)-sin(d — ¢) + ®,v, - cos(d — ) - (5 — ¢)
dt (8)
OkoHuatensHo, ¢ yyeroM (8) BeipaxkeHue (3) nmpuMer BUA:
d;E =-kC,Ccos- ¢ +2m,w, - KEsing- @, + myo” - KEcos¢- ¢ +
+2mo, - C,Csin¢- &, + mo?’,- C,Ccos¢- ¢+ 2mo -OCsin(d - ¢)- 6
+ma?’ - OC cos(d — ¢) - (5 — ¢) +
dv .
+2m| (o,v, + ®, —*)-sin(d — ¢) + o, v, - cos(d — ¢) - (5 — ('p)j =0
( dt 9)

[MoacraBuB Bripaxenue (9) B (1), onpenenym cyMMapHbIi KO3HULIMEHT KecT-
KOCTH TIPYKUH, [TPH KOTOPOM [IOCTHUTAIOTCH MUHUMAa/IbHbIC 3HAUEHUS CH/I, 1eMCTBY-
IOIIMX Ha MOAMMITHUKOBLIE OIOPBI:

= 2m,o, - KEsing - @, + myo’ - KEcos¢- ¢+ 2ma, - C,Csin¢- o, N

C,Ccoso-¢

+mm§ -C,Ccos¢-¢+2mae, -OCsin(d — ) o, + N
C,Ccoso-¢
+m(of -OC cos(8 — @) - (8 — ¢) +
C,Ccoso-¢

2m [(o’oevr + o, Ci;/tf ) - sin(d — @) + @, v, - cos(d — ) - (65— (b)j

+
C,Ccosop-¢ (10)

[Mocne HaxoXaeHWs OINTHMMA/IBHOM Be/MMUMHBI CYMMApHOIO Ko3dUlIMeHTa
JKECTKOCTH TTPYAKUH, TIPU KOTOPOM IOCTUTAIOTC MUHUMA/IbHBIC 3HAUCHUs CH/I, [ei-
CTBYIOUIMX Ha TMOAIMITHUKOBBIE OTOPbI, CTA/I0 BO3MOXKHBIM [TPOU3BECTH ITPOYHOCT-
HOM pacyeT KOHCTPYKLIMKM BUOPOMe/bHHLIbI, B KOTOPBIN MOACTABISANCH 3HaUeHHS
KoahuLMeHTa K, HaraeHHoro no dopmyre (10). ns onpenenetvsi OCHOBHbBIX I1a-
paMeTpoB MpPYXKUH MCronb3oBanack Meroauka B cootsercteun ¢ [OCT 13765-86:
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MEC Paban 120044 13-

Fringe PRESS_BHFT, A2 Stetc Subcase, Stiess Teasor, - von Mises, At 22

cebaul_Frings

Puc. 1. KoHe4yHOo-3/1eMeHTHass MoAe/b HAalpsKeHHH B Y3/1aX THIIOBOH KOHCTPYKUHH
BHOpaLHOHHOH Me/IbHHIIBI

[ TpyKMHbI BUHTOBHIE LIMIMHAPHUECKUE CKATUS U PACTHKEHHS M3 CTa/ld KPYIr/oro
ceuenus. O6o3HaueHHe NapaMeTpoB, METOAMKa orlpenesieHus pasmepor» [2]. B co-
orBerctBur ¢ 3TuM [OCToM B KauecTBe TMIIOBOTO BapHaHTa BLIOUPA/INCh OAHO-
JKH/IbHBIE TIPYKUHBI PACTSZKEHUS M CKaTUA 3 paspsaaa ¢ MAaKCUMa/TbHOM OCEBOM CH-
non 140-6000 H, auamerpom mnpoBonory 3—-12 MM, M3rOTOB/IEHHOM U3 CTa/nei
60C2A; 65C2BA; 70C3A; no IOCT 14959-79 unu 51XPA no I'OCT 14959-79.
[laHHBIF BU/ TIPYXHH Hanbo/1ee YacTo MPUMEHSAETC B KaueCTBe YIIPYrUx 3/1eMEeHTOB
B KOHCTPYKLIMH OT@YEeCTBEHHBIX BUOPOME/BHHILI.

Ha puc. 2 nokasaHa KapTHHa HaIpsKeHHO-1ePOPMUPOBAHHOTO COCTOSIHUS THU-
[IOBOrO BapuaHTa MerbHHLbL. Panee B paborax [3] u [4] uccrnenoBanock HarpsizkeH-
HO-1epOPMUPOBAHHOE COCTOSIHME [TOMO/IBHOM KaMephbl BUOPALIMOHHOM Me/TbHULIBL.
[laHHble rccneaoBaHs 6e3yCc/IOBHO MPeACTaB/IAIOT HaYYHbIM MHTepecC B I7IaHe orpe-
[lefleHUsl CU/IOBBIX TTapaMeTPOB OT/Ie/bHBIX Y3/10B MenmbHULILL. OAHaAKO, Kak MoKasa/iv
JanbHeHe uccneaoBandus [5] v [6], MakcrManbHble HAMPAXKEHNS COCPea0TOUeHbI
B TOAMIUITHUKOBBIX Y371ax BUOPOME/IbHHLIBI, 1 UMEHHO TOAIIMITHUKOBBIE Y3/1bl SB-
nsoTCA Hanboriee Harpy:KeHHHBIMM, a, 3HA4YMT, M Hanboree c1abbiMU 3BEeHBbSIMH,
KOTOPHIE U ONpeaesioT A0/1-
TOBEUHOCTh BCeM KOHCTPYK-
LMK MenbHULbL. [losToMy B
Aa/ibHereM Mbl coCpeaoTo-
YW/IMCh Ha OrpeaesieHUH CU-
MOBBIX TTAPAMETPOB MTOAIMII-
HUKOBBIX Y3/I0B.

BasoBas XKeCTKOCTb Mpy-
JKMHBl Ha pacTaXkeHUWe pas-
vanack 131,253 kH/mm,
a XeCTKOCTb MIPYKUHBI Ha W3-
ru6 — 1-10° H/mm2. B takon
KOHCTPYKLIMK MaKCUMa/IbHast

MSC Pairan 12004412 A00HI01

Fringe PRESS_SHIFT, Al-Static Subcase: Swess Tansot -t 22 (VONM) 3474000
Deform PRESS_SHIFT, Al Static Subcase Cisplacements, Translasonal 2483+001
Z.40+D01R

1.67+001

=4 00001

R WHTEeHCHBHOCTb HalpsKeHHs
b pelaesies  (HanpskeHne  Mwuseca A

dafault_Defomaton

Mact 25ec00 @ug 11 CAIOZKHOTO HAITPAXKEHHOI'o COo-

Puc. 2. Kapruna nanpsixeHHo-aecpopmupoBanHoro co- CTosiHusA) paBHo 598 MIla.
CTOSIHHSI THIIOBOTO BapHaHTa Me/IbHHLbI ITO HalpsXKeHHe peanrsyer-
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Tabnmia 1

MakcumanbHbIe nepeMellleHHA BUOpOMebHHIIbI B 3aBHCHMOCTH
OT KeCTKOCTeH NMPYIKHH, MM

2Kectkocts npy- 2KecTKoCTb NpyKMHBbI Ha U3ru6, kH-Mmm?

* orio. H/sn 10 50 250 500
1312,5 16,9 8,38 4,04 34
3937,5 7,57 4,81 2,65 2,19

5250 6,09 4,01 2,32 1,93
65625 5,15 3,46 2,07 1,74
9187,5 4,05 2,74 1,72 1,46
13125 3,18 2,12 1,39 1,19

Csl B 30He KpeIlIeHys Ba/a K Hecylel pame ([IOAMUITHUKOBBIH y3er1). MakcuMasibHoe
repeMellieHre [IOMO/TbHOM KaMephbl paBHO 1,8 MM, 4TO He YIOB/IeTBOPSET OINTHMa/lb-
HbIM 3HAUEHUSAM aMIVIMTY/Ibl KO/IeGaHWi [TOMO/IBHOM KaMephl.

OueBuHO, UTO CYIIECTBEHHOE B/IMSHUE Ha MKECTKOCTHHIE XAaPaKTePHUCTUKU BU-
OPOMenbHHULIBI UMEIOT }KeCTKOCTH TMPYKUH Ha pacTaxeHue u usrub. [lostomy c 1ie-
MbIO OIpesesieHrs PaLMOHa/IbBHOTO BapHaHTa MPYXKUH OBIIO MIPOBeAeHO IapaMe-
TpHUYeCcKOe UCCe0BaH s, B KOTOPOM BapbUPOBA/THCh }KeCTKOCTH MPYAKUH Ha U3rnb
1 pactszkenve. [lpoBenensl 24 craTMUecKHX pacyera 18 IMapaMeTpoB, IOKasaH-
HBIX B Tabauiie. PaliMoHanbHOM KOHCTPYKLIMEH 6y1eM CUMTaTh TaKylo KOHCTPYKLIMIO,
B KOTOPO¥ ITPY 3aZaHHOM [1epeMellieHHH Pearn3yioTCs MUHUMAa/IbHbIE HaITPSKeHUYs].
[locTaTouHBIM MepeMelIeHUeM A5 PaboTOCIIOCOOHOCTH Me/TbHULIBI curTaeM 4 MM —
MIMEHHO Takoe 3HaueHWe OITHUMA/IbHO A/ aMIVIUTYAbl KO/1eGaHWM ITOMO/IBHOM Ka-
Mepsbl. Kak BUAHO u3 Tab1. 1, oHO peanuayercs Mpu TpexX PasinyHbIX KOMOHHALIHAX
rapaMeTPOB TIPYKUH.

[ast Toro, 4TOOBI MOHATb, KaKUe HaIlpsiZKeHUs] PeasinayioTCs B 3THX BapUaHTaXx,
COCTaBMM Tab/1. 2 MAaKCHMaZIbHOM MHTEHCHBHOCTH HaIIPSAKeHU B BUOpOMebHULIC B
3aBUCHMOCTHU OT KECTKOCTEH IMPYKHH.

W3 stux BapraHTOB HanMeHblnee HarpsikeHue (171 MIla) cooTBercTBYyeT KOH-
CTPYKLIMKM C W3rMOHOM KecTKoCThio 10 KH-MM? M XKecTKOCTBIO Ha pacTsKeHUe

Tabnuia 2

MakcuMabHble HHTEeHCHBHOCTH HalpAXKeHHH B BUGpOMenbHHIE B 3aBHCHMOCTH
oT xKecTtkocrei npyxua, MIla

2KectkocTb npy- 2Kectkoctb npyxkunbl Ha u3ru6, kH-mm?

oo, Hymmt 10 50 250 500
1312.5 222 224 238 252
3937.5 202 204 206 207

5250 195 196 197 197
6562.5 186 187 187.5 187,5
9187.5 171 173 174 174
13125 156 156 156,5 157
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9187,5 H/MMm. Ananus Ha-
MpAKEeHHO-Ae(POPMHUPOBaH-
HOTO COCTOSIHMSI Pa3/IUUHBIX
30H TI0Kasa/l, YTO 3TOT Bapu-
AHT MOKeT PacCMaTpHBAaThCA
Kak Hanbo/iee paLvoHa/lb-
HbIM U3 24 pacCMOTPEeHHBIX
BapHaHTOB.

TabnyuHble 3HaueHUs U3
MpeabiaylnMX ABYX Tab/uil
Ipe/CTaB/IeHbl B Brae rpadou-
KOB 3aBHCHUMOCTH MaKCHMa/lb-
HOTO mnepemelienys (puc. 3)
¥ MaKCHMMa/IbHOTO Harpsizxe-
Hus (pyc. 4) oT XKecTKoCTH
MPYKUH Ha pacTaKeHHe.
Kak BuaHo w3 puc. 4 wus-
ribHasi KECTKOCTb ITPYKUHEI
[PAaKTUUECKU He B/MfeT Ha
MaKCHUMa/lbHble HaNpsKeHUs
IPY BBICOKHX XKECTKOCTAX Ha

pactsizkeHue. Kpyxkoukamu
Ha rpadykax OTMedeHa pa-
LIMOHa/lbHasg  KOHCTPYKIIUS,

B KOTOPOM MakCHMa/IbHble /1e-
dopMalnu yBennueHsl Gonee
yeM B 2 pasa, a MaKkCHMa/lb-
Hble HalpsKeHUsl B Hanboree
HarpyKeHHBIX 30HaxX (rmoa-
IMITHHUKOBBIX Y371aX) CHHKEHBI
B 3,5 pasa mo cpaBHEHUIO C
HCXOHBIM Ga30BbIM BapHaH-
ToM. [Ipu aTom pedopmariu
MOCTUI/IA 3HaueHuit 4 MM, 4To
COOTBETCTByeT pabouer am-
nuTyae KoneGaHHuM OMO/b-
HOM KaMephl.

Ha puc. 5 nokasaHo cpas-
HeHHe HarlpsXKeHHOIo COo-
CTOSIHUSL /71 PAlIMOHA/IBHOM
U TUTNIOBOM KOHCTPYKLIWI.
W3 puc. 5 BuaHO, 4TO Mak-

CUMa/IbHasi MHTeHCHBHOCTb HAITPSZKEHUWI B PallMOHa/IbHOM BapHaHTe He IMpeBbiliaeT
171 MIla, npryeM MakCHMa/ibHbIe HAITPSKEHUs pPeasiM3yioTCs B 30HAX CThIKa CTO/Ia
v nipyxkuH. [Ipy aToM B THUMOBOM Mozeny HabMOAAIOTCH BbICOKHME HarpsiKeHUs B
OO/bUIMX 30HAX M 3HAYUTE/IbHO OO/BIINX 3HaYeHHH 10 CpaBHEeHHUIO C pallMOHa/IbHOM
KOHCTPVKLIMEH.

OrmbIT 3KCM/yaTalld BUOPALIMOHHBIX Me/TbHUIT TTOKa3blBaeT, uTo MPOLecC U3-
MerbueHUs] B HUX MPOUCXOIMUT 3a CUeT BBICOKOYACTOTHOTO BO3/ICHCTBUS MEMIOIINX
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Ak Sachc Suticmen Svwes Temsor -N::M;N-

A Soac it Diplacemar, 7."..,.‘

Puc. 5. CpaBHeHHe HanpsaxeHHWH A1A THIOBOIO (a) H pauHoHaabHoro (6) BapHaHTOB
BHOpOMebHHIIBI

Te/ Ha U3Me/lbuaeMblii MaTepuas. B aTol cBsisn HecOMHEHHBIN UHTepecC MpeacTaBaseT
vccnenoBaHue BIMSHUS YacTOThl KosleGaHH TOMOBHOM KaMephl Ha MHTEHCUBHOCTh
HaMnpsKeHWM B y31ax KOHCTPYKLIMM MerbHHLIbL. Hac 6ymer wmHTepecoBaTh Mpexae
BCEro YpoBeHb HarpsXkeHUN B MOAMUITHUKOBLIX Y371axX Kak Haubor1ee HarpyKeHHbIX
yacTax MenbHULIBL. Ha puc. 6 npeacTtaBieHbl 3aBUCMMOCTH MHTEHCUBHOCTH HaMpsixe-
HUM B MOAMMITHUKOBBIX Y3/1ax OT aMIVIMTYAbl M YaCTOTbl Ko/ieGaHHM [TOMO/TBHOM Ka-
Mepsl. Ha puc. 6 rnokasaHbl 3aBUCHMOCTH, TTO/YUeHHbIE TTPU UCC/IeA0BAHHMH TUTIOBO-
ro BapuaHTa (060o3HadyeHa 1) ¥ MOCTPOEHHBIE MO aHHBIM PALIMOHA/IBHOTO BapHaHTa
TMPY UCTIONB30BAHUU MPYKHUHHBIX OIOP C OIpe/e/IeHHBIMH Bbillle KO3 ULIieHTaM1
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Puc. 6. 3aBHCHMOCTH HHTEHCHBHOCTH HaNPAXKEHHH B NOAUIHIIHUKOBbIX Y3/1aX BHOpauH-
OHHO¥ Me/bHHIbI OT aMIVIHTYAbI H 4YacTOThI Ko/iebaHHH MOMOIbHOH KaMephbl
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JKeCTKOCTU Ha pacTsikeHue U usrub (o6osHauens! 2, 4, 3). CpaBHeHMe AaHHBIX 3a-
BHCHMOCTEH I03BO/IET CeaTh C/IeAYIOUIVe BbIBOIb:

* Y TUMOBOro BapuaHTa BUOPOME/IbHULILI MHTEHCUBHOCTh MAKCHUMa/IbHBIX Ha-
MIPSPKEHMI C PacTeT 3HAUMTe/IbHO OBICTpee C YBe/IMueHUeM YacTOThl KoneGaHui Mo-
MO/ILHOM KaMephl 110 CPaBHEHUIO C PALIMOHA/ILHBIM BapHUAHTOM.

+ T'lpu mcronb3oBaHUM paLMOHa/IBHOTO BapUaHTa BUOPOME/TbHULIbI, T.€. TTPH OIl-
THMa/IbHBIX 3HAYEHUSAX KO3(PMHLIMEHTOB }KECTKOCTH MPYXKUH, MHTEHCHBHOCTh MakK-
CHIMa/IbHBIX HAMNPSKEHWH B MOAMMITHUKOBBIX Y3/lax CHUXKaercs B 3,5 pasa, 4To maer
BO3MOXKHOCTb BECTH ITPOLIECC IMPH 3HAYMTENBHO OO/IBIIMX YAaCTOTax KO/IeOaHWH Mo-
MO/TbHOM KaMephl (Ha prc. 6 B TMIIOBOM BapWaHTe BUOPOMeE/BHHLILI MaKCUMa/lbHEIC
HalpsKeHUs1 A0CTHraloT oTMeTky B 598 MIla yxe npu yactote Konebanui 110 c?,
B TO BpeMs KaK MNP KCIIO/Ib30BaHUM PALIMOHA/IBHOIO BapWaHTa 3T XKe 3HaueHUs!
HaIpsAKEeHUM A0CTUTAlOTCS TIPH YacToTe Ko/eOaHui MoMO/bHOM Kamephl 138 c¢l).
OTO Mo3BO/sIET, BO-TIEPBBIX, YBE/IUUUTD [IPOUBOAUTE/IBHOCTD ME/TbHULIBI, BO-BTOPBIX,
PacCIIMPHTh AHAIa30H ee HCIOMb30BaHus (HEKOTOpble MaTepuaribl B ITPHHLIMIE He-
BO3MOXKHO M3Me/bUMTh NPy YactoTax Konebanuii 110-120 cl) u, B Tperbux, 3Hauu-
Te/IbHO YBeMUUUTDb /I0/TOBEUHOCTb KOHCTPYKLIMH Me/IbHULIBL, T.K. ITPH OAMHAKOBBIX
yacTOTax Ko/eGaHUi MMOMO/BHOM KaMephl Y PalLMOHa/IbHOTO BapUaHTa WHTEHCHUB-
HOCTb HalpsKeHW CYLIECTBEHHO HUXKE MO CPABHEHMIO C Ga30BbIM BapHAHTOM.

+ Tlpu Mcnonb30BaHKK PALIMOHAIBHOTO BapHUaHTa (KpUBble KPacHOrO, 3e/1eHOr0O
Y CHMHero LIBETOB) P YacTOTaxX Koz1eGaHuil MoMo/bHOM KaMepsl Huxke 110 ¢! am-
M/IUTYaa KonebaHui He CYIIeCTBEHHO B/IMseT Ha BelWunHY MHTEHCUBHOCTU MaKCH-
Ma/IbHBIX HaITPsZKeHUW TOAMIMITHUKOBBIX Y3/10B, OAHAKO MPH YacTOTaxX Ko/1ebaHWH
Gonbuirx 110 ¢! Heo6XOAMMO TIPOMOPLIMOHAILHO CHUXATh 3HAUEHHA YacTOThl KO-
neGaHuit A71s1 TOro, uToOB 0becreurBaTh PaboTy Me/TbHULIEL B 30HE €€ KOHCTPYKLIM-
OHHOM [MPOYHOCTH.

AHanus 3aBHMCHUMOCTEH, TpeACTaB/IeHHbIX Ha pyC. 6, a Takke BbipaxeHuit (9) u
(10) nokasbIBaeT, YTO Ha PE3y/IBTHPYIONINE PEeaKLIMU MMOAIIUITHUKOBBIX OTIOp MTOMH-
MO KOHCTPYKTHBHBIX Pa3MepOB Me/bHHLIb BIMAIOT MPex/e BCero YacToTa ®, U aM-
nautyaa y = C,Csing KonebaHui MOMO/BHOM KaMephbl, TPUYeM YacToTa KoneGaHHi
BXO/IUT B YKasaHHbIE BbIpazKeHHs BO BTOPOM CTeIeHH, a aMIVIMTyAa Ko/ieOaHui — B
rnepBo. B cBsA3u C BbINIEH3I0KEHHBIM MOXKHO Ce/aTh C/ICAYIOIMI BbIBOA: Mak-
CHIMa/IbHble HaINpsKeHHs, BO3HUKAIOIIME B [TOAMMITHUKOBBIX Y3/laX BUOPALIMOHHON
Me/IbHHLIbI, HAXOAATCA B KBAaAPATUUHOM 3aBUCHMMOCTH OT YacCTOThl KO/1eOaHHM I0-
MO/IBHOM KaMephl, MpHueM /18 ofecrieueHuss paboThl Me/IbHULILI B 30HE ee KOH-
CTPYKLIMOHHOM IMPOYHOCTH HEOBXOAMMO BblACPKHBATh YCTAHOB/IEHHbIE COOTHOLIE-
HUS MeXay aMIVIUTYAOM M YacTOTOM Ko/leGaHMM MOMO/bHOM KaMepshl, orpenernse-
MbIe /17151 KazKAOTO TUIMopa3Mepa Me/bHHULIBI.
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ANALYTICAL STUDIES OF POWER CHARACTERISTICS
OF VIBRATORY MILLS’ CONSTRUCTION

Vyskrebenets A.S., Doctor of Technical Sciences, Professor, Head of Chair,
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North Caucasus Mining-and-Metallurgy Institute (State Technological University),
362021, Vladikavkaz, Russia.

The power analysis of vibratory mill was carried out with a view to identifying areas of greatest stress and
deformations. It was calculated that the area of the maximum stresses was situated in the bearing arrange-
ments of vibratory mill. The expression for the resultant reaction of bearing supports was investigated and
the values of the coefficients of rational stiffness of springs were defined, which are provided with minimum
loading on the bearing arrangements of vibratory mill, which increases the durability of its construction. The
main parameters of springs, which is working in the area of mill’s structural strength were defined. It was
founded that stiffness springs on stretching and bending have significant influence on the strength character-
istics of vibratory mill. Parametric studies of varied stiffness in bending and stretching spring were conducted.
It is proved that the stiffness of the springs on the bending does not significantly impact to the value of the
maximum stresses in the construction of the mill. The functions of maximum stresses and displacements of
construction’s points from stiffness of the mill’ssprings on stretching were done. The influence of frequency
of mill’'s chamber vibrations to the stress intensity in the arrangements’s construction of the mill was defined.
The stress status of vibrating mills for rational and standard mill’s construction was compared. It had been was
founded that while using the rational version of the mill (at optimum values of springs’s coefficients of stiffness)
the intensity of the maximum stresses in the bearing arrangements was decreased by 3.5 times, and this fact
is significantly increases the durability of the mill’s construction.

Key words: the power analysis; the areas of greatest stress and deformations the bearing arrangement; the
durability of construction; the stiffness of springs on stretching and bending; the frequency of mill’s chamber
vibrations; the coefficient of springs’s stiffness.
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