AP TER 2 - E}PLICI T TR RANSIENT DYNAMIC ANAL Y SIS

| . \
N \
JIRN \ ‘.:’)
L} \\\ ‘ :\\\ I \ \
MSC.Dytraarn \ | : N {/" '



Yacmo 2 — Jlunamuyeckutl ananu3s s8HblM Memooom MSC.Dytran Seminar Notes

COOEPXAHMUE

TexHonorus pelweHunA sseHbiM MeToAoOM

LLlar nHTerpnpoBaHusa npu ss6HOM MeToAe

CpaBHeHue SIBHO20 U HESIBHO20 MeTOA40B pelleHus

rpaHVILI,bI NMPUMEHNMOCTU sI86HO20 MeTOoA4a UHTerpupoBaHus

Bseoenue 6 ucnonvzosanue memooa Jlazpandica
Crp. 2
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TEXHONOINunA PELLEHUA ABHbIM METOAOM

O OcHOBbLI TeXHONoOrMun

* PeweHue 3apgaun e npocmpaHcmee — MeTO40M KOHEYHbIX 3JIeMEeHTOB
n/unn MmeToaoM KOHeYHbIX OO bEMOB

e PelwieHue 3agaum 60 epeMeHU — I8HbIM METOAOM UHTErpupoBaHus -
GonbLUOEe KONMMYeCTBO HEOONbLUUX LAroB N0 BPpeMeHU

O Wcnonb3oBaHue B MSC.Dytran

* PelleHue 3agaum B NPOCTPaHCTBE

v MogenunpoBaHue KOHCMpyYKyuu - pewatenb JlarpaHxa — MeToq, KOHeYHbIX
3NeMeHTOB

v MopgenupoBaHue XNAOKOCTU (rasa) — pewatenb dunepa — MeToa KOHeYHbIX
o6bLEMOB
* PelweHune 3aga4ym BoO BpeMeHHOU o6acTu — MHTerpMpoBaHue no
MEeTOoAY LeHTpanbHbIX pa3HOCTEN

Beeoenue 6 ucnonvzosanue memooa ﬂazpamfca
Crp. 3
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HESIBHbIU W SIBHbIA METObl UHTETPUPOBAHMUA

[0 HesigHbIlU MeTOA UHTETPUPOBaHUA

. 9”7 Yl g’ = [ext
M-a~  +C-v _+K-d =F*

n+1

[M+C-y -At+K-B-A¥]-a’, =F* .C-v* -K-d*

+
Fresidial = fext_ Fint
- _w . [residial
a n+t ~ F n+1
o SeHbil MeTon MHTerpnpoBaHus

M-a +C-v +K-d =F>

an - [M]-1 . Fresidialn

Bseoenue 6 ucnonvzosanue memooda Jlacparnica
Crp. 4



Yacmo 2 — Jlunamuyeckuii aHanu3 s8HbiM MEmMoOOM MSC.Dytran Seminar Notes

WAl UHTETPUPOBAHUA NPU SIBHOM U

HESIBHOM METOOAX UHTETPUPOBAHUA
ABHbIN METOA

BennunHa wara o6bI4HO onpeaensieTcs TpeboBaHMEM YCTONUYMBOCTU CXEMbI MHTErPUPOBaHMS
No MeToAy LEeHTparbHbIX pa3HOCTEN

LLlar nHTerpupoBaHna aomkeH 6biTb MEHbLLE CaMOro Marioro nepmuoga cobCTBEHHbIX KonebaHui
BCEX 3M1EMEHTOB CETKM

MO,EI,eJ'IMpOBaHlAe 6bICTpOI/I3MeHFIPOLLI,VIXCFI npoueccoB He npeacraBiiaAeT I'IpO6J'IeMbI

HEABHbIA METO[,

PeweHune 6e3yCJ'IOBHO yCTOVIHMBO, No3TOMY BEJIMYMNHA Lara MHTerpupoBaHna onpenendaeTcd
TOJbKO TpeGyeM0|7| TOYHOCTbIO

LLlar nHTerpupoBaHna aomkeH 6biTb MEHbLLE CaMOro Maroro NpeacTaBnsoLIErO UHTEPEC
nepuoga cobCcTBEeHHbIX KonebaHum KOHCTPYKLIK

MoaennpoBaHue GbICTPOM3MEHSIOLLMXCSA NPOLIECCOB (HAaNpMMep, BCMNECKOB AABNEHNSA) MOXET
npeacTaensaTb Npobnemy

HESIBHbIA WWAT UHTETPUPOBAHUA >> SIBHbIA LLAT UHTETPUPOBAHUA

O6bI4HO HesBHbIN War uHTerpuposaHus B 10-100 pas 6onblue SBHOMO wara MHTErpUpoBaHus

Beeoenue 6 ucnonvzosanue memooa ﬂazpamfca
Ctp. 5
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LA UHTETPUPOBAHUA NMPU ABHOM METOAE

e Lllar nHTerpupoBaHUA AOMKEH ObITb MEHbLUEe CaMOro Masioro nepmoga co6CcTBeHHbIX
Koneb6aHuMn Bcex 3rieMeHTOB CeTKU

LWar nHterpupoBaHusi, ucnonssdyemoit MSC.Dytran gomxeH ObiTb MEHbLLE CamMoro Manoro
nepuoga cobCcTBEHHbIX KONebaHun Bcex anemMeHToB ceTkn. [peacrtasbre cebe “aHanunsaTtop”
coOCTBEHHbIX KonebaHuin, Bolumcnaowmn sce moabl KO mogenu. LWar nHterpmpoBaHmnsa OOmKeH
ObITb MeHbLLEe Nepmnoga caMoro BbICOKOYaCTOTHOro cob6CTBEHHOro KonedaHna. CooTBeTCTBYOLWAS
mMoaa konebaHum — aTo konebaHne 0gHOro yarna Ha “KECTKOCTU” COCeHEero anemMeHTa.

» Ycnosue yctonunBoctu KypaHrta - ?/’

[MOCKONbKY HEBO3MOXXHO Ha KaXXOOM Luare MHTErpMpoBaHus BbINOSTHATbL aHanms3
cobCTBEHHbIX kKonebaHnin, onsa obecrnedeHnsa yCTOMYMBOCTU peLleHUst UCNob3yeTcH
Kputepumn KypaHTta. OH OCHOBLIBAETCS Ha YY4ETE BPEMEHUN NPOXOXKAEHUS BOSTHbI
pacrnpoCTpaHeHUs1 HanpsbKeHNa Yepes afieMeHTbI.

OTO Bpems 3aBUCUT OT XapakTepHOro pasMepa HauMeHbLUEero anemexTa L: Azr=SL/c

rae ¢ — CKOpOCTb pacrnpocTpaHeHus 3ByKa B maTtepuane u S — maclitabHbin daktop (<1),
Ha3blBaeMbI TaKxe yucriom KypaHma.

[na anemeHTta 1D: ¢ =/Young's Modulus/Density

Beeoenue 6 ucnonvzosanue memooa ﬂazpamfca
Ctp. 6
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WA UHTETPUPOBAHUA
SleHbIli MeTop, At <o HesieHbili meToA At = -T(-;
C
F -~
~
Atle Lo N L: paamMep HaMMeHbLLEro aneMeHTa

A t: war nHTerpnpoBaHus

NI ~ .
c 1_- 7 C: CKOpPOCTb 3BYKa
a A tl=> 1 /'
t| 2 R L
— “ -

SleHbil meToa: -Manbin war peleHuns HesieHbill MeTOA: -bonbluon war peleHns
-OTcyTcTBUE BOoNnbLUMX MaTpuUL -HeobxogumocTtb obpalueHus
N HeoBXxoaMMOoCTH ux obpalleHus Bonbwnx maTpuy,
-MaTpuubl guaroHanbHble -YCnoxHeHue npoueaypsl

peLleHns npu Bo3pacTtaHum

-HapéxHas npouenypa pelueHus cTeneHn HENMHENHOCTHU
HECMOTPS Ha BbICOKY0 HEMNHENHOCTb 3agauu

Beeoenue 6 ucnonvzosanue memooa ﬂazpaﬂofca
Crp. 7
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OMNPEAENEHUE WWATA UHTETPUPOBAHUA (MPUMEP)

PaccmoTpuM npuamaTu4eckyto KOHCONbHYHO CTalnbHY Ganky

/
|z
500 mm I

SIBHbIA METO[

MwuHMManbHbIN pa3mep anemeHTa L = 3,33 mm

CkopocTb 3ByKa ¢ = 5113 m/c

LWar nuterpuposanus = 0,9 L/c = 0,586 mc
HESIBHbIA METO[

MpeanonoXxmm, YTo MHTEepPeC NPeacTaBnsaAT TP Mokl konebaHui

Yactota = 3643 paa/c; nepuog = 1725 mc
19 TOYHOCTUK peleHnst npuMmem war, paBHbIM 1/20 nepunoaa konebaHum TpeTben Moabl

LWar vnHterpuposaHua = 86,2 mc

LWar npn HesseHoM meToae = 147 x war npun Ss8HOM MeToae

Beeoenue 6 ucnonvzosanue memooa ﬂazpaﬂofca
Crp. 8
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CPABHEHWE SBHOINO W HEXIBHOIO METOAOB PELLEHUA

5IBHBIE metoabl adhdekTMBHEE ANA peLueHns 3aga4y, OTIIMYaoLWMUXCA:

° KOpOTKOVI npoaAoIMXUTerNNIbHOCTbLIO NMpoLuecca

BbluMcnuTenbHble 3aTpaTthbl pacTyT NIMHENHO ¢ Bo3pacTaHWeM ANMTENbHOCTM npouecca, HO
Oaxe Ons MoOAeNnUpPOBaHMS HENPOAOIMKUTENbHBIX SBMEeHWU TpebyeTcs 6onbLIoe KONMYecTBO
BPEMEHHbIX LIaroB

* CywecTBeHHO HEJIMHEMHbIM XapaKTepoM UIKN 60MbLUUM KONTMYECTBOM HeNIMHENHOCTEN

BbluncnureneHble 3aTtpaTtbl HE 3aBUCAT OT CTENEHN HENUHENHOCTU 3aa4du, B TO BpeM4A KaK
npm HedeHOM MeToe C pOCTOM CTeENeHn HENMMHENHOCTH 3aTpaTtbl BpeMeHU Ha pelleHune
pacTyT 3KCNMoHeHUarbHO

* bonbwum pasmepom

BbluncnureneHble 3atpaTbl NPONoOpuyoHaribHbl pasmepHocTn 3agayun: spems CPU
yBenuyMBaeTcs BOBOE Npu YABOEHUN KONUYECTBA 31IEMEHTOB

Beeoenue 6 ucnonvzosanue memooa ﬂazpaﬂofca
Ctp. 9
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SDPDOEKTUBHOCTb BbIYUCITEHUMNA:
HESIBHbIA W SIBHbIA METOObI

3aTtpartbl

(KonunyecTBo pelueHnn MaTpUyHbIX YpaBHEHUN) HesigHblii meT,

SeHbIll meToq

KonunyectBo/CTeneHb HenMHeMHOCTEN

HesieHbIl meToq
SeHbil meToq
3artpartbl

(Bpemsa CPU)

Pa3mepHoOCTb 3aga4u

3arparhbl SleHsbIli MeToA,

HesieHbIli MmeTOq

MpoaonmkuTensHOCTL MoAenMpyemMoro npowecca

B@edenue 6 UCNOJIb306AHUE MeWIOOCl ﬂazpamfca
Crp. 10
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rPAHUUBLI MTPUMEHUMOCTW SIBHOIMo METOOA UHTETPUPOBAHUA
« HENMHEUHbIE ®AKTOPbI

« bonblne nepemeleHus

Mopgenb MoXeT 6bITb NoaBep)KeHa BosbLUMM NepeMELLEHUSIM U
BpaweHusam. B MSC.Dytran HeT noHATUA “Manoe nepemelleHne”, HO
NPEenATCTBUIA K BbIMNOSTHEHUIO MOAENNPOBAHUS ManbIX NepemMeLleHNI
HeT

* KoHTakT 1 B3aumoaencreue KOHCTPYKUUA - XNOKOCTb

“MpocToe” MmogenupoBaHMe CNOXHOIO B3auMOLENCTBUS MexXay OBYMS
nnu dbonee Tenamm

e [InacTUMYHOCTDL

bonbluoe konnyecTBo Moaenen matepmanos (MeTannos, CryaBos,
NnacTUKOB, KOMMO3NTOB U T.4.), 0becneymBatoLNX MOAENNPOBaHNE
LLIMPOKOro CnekTpa TUMNOoB UX NOBeAEHUS

Bseoenue 6 ucnonvzosanue memooa Jlazpandica
Crp. 11
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rPAHUUBLI MTPUMEHUMOCTW SIBHOIMo METOOA UHTETPUPOBAHUA

Bonblne aecdopmauumn

BONLLWKWHCTBO TUNOB 3f1IEMEHTOB A0NYyCKaoT YY4ET 6onblnx gedopmauui.
[ns 0605104€4YHbIX AIEMEHTOB 4OMYCKAETCS YHYET N3MEHEHMUS TONLWMHBI NPU
AedopMMpoBaHnM (PacTsKEHUN)

* Pa3pyweHune

TeyeHue mMaTepuana

B cny4yae o4yeHb Gonblumx AedopmMaLmii MOXET UCMONb30BaTbCS
pewamesib Avinepa, yYuTbIBaOLWMNN HAaNPSHKeHNs caBura

CYWECTBEHHO OUHAMWUYECKUWE MNMEPEXOOHbLIE NMPOLECCHI

MSC.Dytran Hanbonee nogxoguT Ansi MOAENNPOBaHNA
ObICTpONpPOTEKAOLLNX SIBIIEHWI TUMA B3PbiBa M BLICOKOCKOPOCTHOO yaapa

MSC.Dytran Hanbonee uenecoobpasHo NPUMEHATL ANS MOOENMPOBaHUS
ANHaMUYECKNX SIBMEHUN. PelueHne ctatmyeckmx 3agadm ¢ ero NoMoLLbHo
LenecoobpasHo TOMNbKO NPU HaNUyumn CyLLLECTBEHHbIX HENMMHENHOCTEN

Bseoenue 6 ucnonvzosanue memooa Jlazpandica
Crp. 12



