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BBeneHve B TEOPU KOHEe4YHbIX JJIeMEHTOB
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BBe.quVIe B TEOPUIO KOHEYHbIX 3J1IeEMEeHTOB
(npopoonxeHue)
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OcCHOBHas KOHUenuMa metoaa nepemMeLleHumn

* BONbLLWMWHCTBO KOHEYHO3NIEMEHTHbIX CUCTEM OCHOBbLIBAIOTCH Ha
MeToAe nepemMeLlieHnmn

* Kaxxgbin aneMeHT Moaenn MoxeT ObITb npeanctaBlieH B Buge
MaTpuUuLlbl XXKeCTKOCTU, KOTOpPadA B OonbLUIMHCTBE cliydyaeB
Ha3bliBaeTCA ManMLleﬁ XEeCTKOCTU JJIeMeHTa

* MaTpuua XXeCTKOCTU aremMeHTa 3aBUCUT OT TUNa 3reMeHTa u ot
ero xapakTepucTuK, KOTopble He0o6XoAMMO CMoAeNMpoBaTh

* InA ogHOro anemMeHTa MOXHO 3anucaTb yYpaBHEeHUe.

{P}=[k], {u} (2-1)
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OcCHOBHas KOHUenuMa metoaa nepemMeLleHumn
(npopoonxeHue)

roe { P} - wn3BecTHble cunbl, NpUKaablBaeMble K MOOENN
[ k], - matpuua xectkocTu [ kij ], roe kaxpgoe 3HadeHue

[ k. ] ecTb cuna peakuun, oencTeytolas no
koopauhiate i nNpv eAMHUYHOM NepeMeLLeHNN Mo
KoopAuHaTe j npu yCnoBumn, YTO BCe OCTarlbHble
nepemMeLleHnsa pasHbl O;

{u}- nepemelleHUsI NONyYEHHbIE PELLEHNEM
ypaBHeHuna (2-1)

* ina peweHnsa ypaBHeHUA (2-1) n HaxoxaeHus {u} AOIMKHbI
ObITb NPUNOXEHbl COOTBETCTBYHOLLME FPAaHNYHbIE YCNOBUSA

* [(paHUYHbIe YCNOBUSI HaKNaabIBalOTCA ANSA YCTPaHEeHuUs
nepemMeLleHUN KOHCTPYKLUM KaK TBepaoro Tena
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WHTepnpeTauusa maTpuLbl XXeCTKOCTHU

anemeHTa [K]_

* [k], onuckiBaeT kak cuna nepepaeTcs Yepes aneMeHT

* [ina ynpyrux 3agad, 3akoH MakcBenna TpebyeT, 4TOObI MaTpuLa
XX€CTKOCTHN Oblyla CUMMETPUYHON

* MatemaTtuyecku 3To o3HavaeT, Yto matpuua [k] AomkHa ObITh
KBaapaTHOMU U YAOBMNETBOPATb CrieAyowemMy OTHOLUEHUIO:

MSC SimEnterprise™ ° S 553 SosE i 0 Msasmware'



WHTepnpeTauusa maTpuLbl XXeCTKOCTHU

SNIEMEeHTa [k]e (npopomnxkeHue)

* 3TO eCTeCTBEHHO, MOCKONbLKY ANS NepemMeLlleHUsa KoHua
npyXxuHbl 1 Ha 3aaaHHoOe pacCcTossHUE NPU 3aKpenrieHHOM KOHLUe
2 TpebyeTcH NPUNOXUTb TaKYHO XXe Harpy3Ky, 4To u ans
nepemMeLleHUs KOHLUA 2 Ha TO XXe paccTosiHMe npu 3aKkpenneHHOM
KoHue 1.

* 3HayeHMe OAHOro 3fieMeHTa MaTpULbl XKECTKOCTHU k Ha3sblBaeTcH
K03 PMLUNEHTOM XKEeCTKOCTMW. k uMmeet pa3MepHOCTb
Harpy3ka/nepemelieHue. Pa3MepHOCTb k ANA NPYXWUHbI —
Harpy3ka/gnvHa (t.e., pyHT/Aroum, H/m)
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MoaenupoBaHue HenpepbIBHOU

KOHCTPYKUUUN KOHEYHbIMU 3JIEeMEHTaMU

* AHanNu3 CNOXHbIX UHXEHEepPHbIX 3a4a4 MOXeT ObITb 3aTPyAHEeH
(vnn paxe HeBO3MOXeH) 6e3 HEeKOTOPbLIX YNPOoLLaroLUX
aonyweHnn

* [1nA KOHEYHOINEMEHTHOro aHarim3a, CrioXXHasi KOHCTPYKLUA
noppasaensieTc Ha HEKOTOPOe YUCHO OTAESbHbIX (KOHEYHbIX)
3N1eMEeHTOB, KOTOpPble, B COBOKYNMHOCTU, annpPOKCUMUNPYIOT
noBegeHue BCEeU KOHCTPYKLUMU

* HenpepbiBHasA KOHCTPYKUUA NpeacTaBnAeTCsA, Kak Habop To4ek
(yanoB), coeanHsieMbIX 3fIeMeHTaMu

MSC SimEnterprise™ ° 55 CEEE i ; MS&Software'



MoaenupoBaHue HenpepbIBHOU

KOHCTPYKUMMN KOHEYHbIMU 3JNIEeMEeHTaMU
(npopoonxeHune)

* Kaxxpas y3noBasi TO4Ka MMeeT WeCTb He3aBUCUMbLIX CTENeHeu
cBobooabl (DOFs). CteneHn cBoOOAbLI onpenensoTcsa Kak
He3aBMCUMbIe KOMMOHEHTbI NepemMeLeHUn unm NnoBopoToB
Y35IOBOU TOUKM.

* HenpepbiBHaA KOHCTPYKUUA TEOPETUYECKN uMeeT OeCKOHe4YHoe
KONMn4ecTBO cTeneHen cBoboabl

* Mpest MeToaa KOHEYHbIX 3IEMEHTOB COCTOUT B TOM, YTOObI
annpoKcMMUpPoOBaTbL NoBeAeHUe KOHCTPYKUMUN NyTeM CBeAeHuUs
OeCKOHeYHOro Yncna creneHen cBo6oabl K KOHEYHOMY YMCny

* PucyHok 2-1 nokasbiBaeT, UTO NnepemMeLleHue y3yioBou TOUYKU
onpeaensieTcs ¢ UCNonb3oBaHUeM 6-Tn cteneHen cBoboabl
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MoaenupoBaHue HenpepbIBHOU

KOHCTPYKUUUN KOHEYHbIMMU 3JIEeMEeHTaMU
(npoaomkeHune)

* "MepemewieHune” (displacement) - ocHoBHOU TepMUH
O3Ha4aroLWMnN KOMMOHEHT NepeMeLlLeHUa Unu yrria noBoporTa.

0
z .
3 nepemelleHus: U, uy, u,}

3 BpaweHus: {6,. By, 6.}

{u} = BekTop nepemewennit = {u, uy u, 9, BV 8.}

PucyHok 2-1
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OOvH anemeHT: oceBoe HarpyxeHue

* PaccmoTtpum ynpyrum ctepxeHb (ROD) ceueHnem A n annHou L nop,
AEeNCTBNEM TOJIbKO OCEBON Harpy3Ku.

X=0
- L "
(4 2 p —= X
2
s s,

PucyHok 2-2

* 3ameTum, Yto B MSC Nastran anemeHT ROD MoXxeT Takxe
BOCMPUHUMATb Kpy4YeHue, KoTopoe B AaHHOM npumMepe He
paccmaTtpuBaeTCH.
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O.DMH IJIEMEHT. OCeéBO€ HarpyxeHue
(npopoonxeHue)

* [ina atoro ROD anemeHTa, BbipaxxeHue (2-1) MoxeT ObITb
npeAcTaBneHo Kak:

{P}=[k], {u} (2-2)

U

o
>
m
RN
1
-
c

(2-3)

o
-
1
-
RN
c

roe [kl, =[k;] - m3BecTHas MaTpuLa XeCTKOCTU
OD anewmeHTa, pasmepom 22

{P} - BEKTOP M3BECTHOW MPUITOXXEHHOW CUnbI

{u} - BEKTOP HEU3BECTHbLIX NEPEMELLEHUN,
onpegensemMbln U3 ypaBHeHUs (2-2)
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O.D,I/IH SJIEMEHT. 0CeBO€ HarpyxeHue
(npopoonxeHue)

A - nnowagb cedeHna ROD anemeHTa
E - moaynb KOHra
L - anuHa ROD anemeHTa

* HensBecTHble nepemelyeHus, {u}, B ypaBHeHuu (2-2) (unum (2-3))
MOryT ObITb HanAeHbI crieayrLWnM oopa3om:

{u} =[k]."{P} (2-4)

* Ha camom pene, ana 6onbuwen acppekTnuBHocTn, MSC Nastran
ncnonb3yeTt AeKOMMO3ULUIO U NPAMOU-00paTHbLIN Xo4
(DCMP/FBS) ansa peweHuna ypaBHeHus 2-2 (2-3) BMecTo
obpaLllueHUa MmaTpuubl, KaK 3TO NOKa3aHO B ypaBHeHUU (2-4).
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O.D,I/IH SJIEMEHT. 0CeBO€ HarpyxeHue
(npopoonxeHue)

* [Ina npoCcTOTbl 06 BACHEHUSA B 3TOM CEMUHape Mbl byaem ccbinaTbCA
Ha ypaBHeHue (2-4).

* Mbl NOKa He MOXeM pewwunTb AaHHY 3agady ¢ ROD anemeHTOM,
KOTOpas nokKasaHa Ha pUCYHKe 2-2, TaK Kak maTtpuua [k]e'1 CUHrynsipHa.

* ®N3nYeCKMN CMbICIT CUHTYFIAPHOCTU MaTpULlbl COCTOUT B TOM, YTO
ecnu mbl notsasHeMm ROD anemeHT 3a y3en 2, BeCb 35IeMEeHT Ha4YHeT
nepemMellaTbCAA B OCEBOM HarnpaBlieHUU, TaK KaKk HUYTO He
orpaHuYMBaeT ero ABnXxeHue (HeT 3aKpensieHUn).

* MaTemaTnyecku, ABa ypaBHEeHUs TIMHEMHO 3aBUCAT APYr OT Apyra
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O.D,I/IH SJIEMEHT. 0CeBO€ HarpyxeHue
(npopoonxeHue)

* YTo6bI NpounnOCTpUpOBaTh 3TO, pacnuiuemM ypaBHeHue (2-3)
crieayrowmm obpasom:

P,= (AE/L)*u, - (AE/L)*u, (2-5 a)

P, = — (AE/L)*u, + (AE/L)*u, (2-5 b)

* 3amMeTuM, 4YTO ypaBHeHue (2-5 a) aBnaeTcA NMIMHEUHON KOMOUHauuen
ypaBHeHus (2-5 b). oaTomy 3T ABa ypaBHEHUA FIMHEUHO 3aBUCAT

Apyr ot apyra.
* YTOoObI cTabunuanpoBaTb MoAernb HYXXHO 3a4aTb COOTBETCTBYHOLMUE

rpaHnYHbIEC yCIioBUA, u TéM CaMbiM, NMPU AeUCcTBUMN Harpy3ku,
UMCKINMKOYNTDb ee ABNXEeHWe KaK TBepaoro Terna.
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O.DMH SJIEMEHT. 0CeBO€ HarpyxeHue
(npopoonxeHue)

* BepHemcs K pucyHKy ¢ ROD anemeHTOM 1 3aKpenum ero rfeBbin y3en:

X=0

L .
— 2@—»" — X
2
u, l—b u,

* 3TO paBHOCUNBbHO BblYepPKMBaHUIO MEePBOU CTPOKU U NepBoOro cronbua
U3 ypaBHeHuA (2-3) nepen BbINOIHEHUEM UHBEPCUN

=500 s
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O.DMH SJIEMEHT. 0CeBO€ HarpyxeHue
(npopoonxeHue)

* Mocne 3akpenneHns ROD anemeHTa, ypaBHeHue (2-6) MOXeT ObITb
pelueHo

{u} = [k],"{P}
UInn
u, = {LI(AE)}*P,

Aans A=50, L=100.,, E=29.E6, P=2E5

u, = {(100)/(5 * 29E6)} * 2ES = 0.13791 (nepemelleHune)
F,={(A"E)/L} *u,=2.ES (cuna B anemMeHTe)
c =F_/A=2ES/5.=4.E4 (HanpsxeHne B arnemeHTe)

* 3ametum, uto F_, = P,, TaKk kKak B JAHHOM crly4yae paccmaTpuBarncs
TONbKO 1 anemMeHT
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Obwume TpebOBaAHUA K UCXOOHBLIM AAHHbLIM

* Kakue TpeboBaHUA CyLLeCTBYIOT ANA BbINOMHEHUSNA
KOHEeYHO3NIeMeHTHOro aHanmsa?
* [eomeTpusn

* PacnonoxeHue y3nosbix Todek (y3na 1 u yana 2 B npumepe ¢ ROD
9NEMEHTOM)

* HanpaBneHne ocen KoopauHart, B KOTOPbIX OyayT nonyyeHbl KOMMNOHEHTbI
CUN N nepemMeLLeHumn

e Tononormna
* Tnbl 9NeMeHTOB, KOTOpble DyayT NCNOSIb30BaThLCS

° nOpFI,EI,OK obbegnHeHus Y3J10BbIX TOYEK B 3JIEMEHTbI

e CBOMUCTBaA 3/1IeMEeHTOB

* Hanpumep, TonwmHa gns o6onoyYeyHbIX afIEMEHTOB Unun Nrowaib
CevyeHna Ona CTepXXHeBOoro arnemeHTa. [na kaxgoro Tuna anemMeHTa
nmeeTcs cneundunyeckmin CrMcok CBOUCTB.

MSaSoftware'
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Obwume TpebOBaAHUA K UCXOOHBLIM AAHHbLIM
(npopoonxeHue)

* CBOMCTBa MaTtepuana

* Kakou TMn maTtepuarna ncnosib3oBaTb: antoMUHUIN, CTanb, rpagur,
anokcmaHaa cmona u 1.4.7

* CBoucTBaMu matepunana asnartcsa mogynb KOHra, koadodpuumeHT
[TyaccoHa, NNOoTHOCTb, KO3 PULUMEHT TemMnepaTypHOro pacLunpeHnd
n 1.40. B MSC Nastran nmetTcsa pasnnyHble TUMbl Matepmnanos r
KaXkgbIin MeeT cneumndmnyecknin Crnmcok CBOMCTB

* B naHHOM NpuMepe UCnosib30Banoch TONbKO 0HO CBOMCTBO
anemeHTa — moaynb KOHra

* [paHNYHbIe yCcrioBus (3aKkpensieHus)

* 3akpenneHus ICNonb3yrTCs AN 3a4aHNsA rPaHUYHbIX YCIOBUN,
YCITOBUA CUMMETPUM U Pa3NUYHbIX APYTrMX NONe3HbIX CBA3EN.
3akpenneHus HeobXoAuMbI, TaK Kak He3akpenrneHHas KOHCTPYKLMS
MOXET NnepemeLlaTbCsi B NPOCTPAHCTBE U €€ aHann3 HEBO3MOXEH.

* B naHHomMm npumepe ROD anemMeHT ObIf 3aKpenneH ¢ NeBOn CTOPOHbI
(3a nepBbIn y3en)
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Obwume TpebOBaAHUA K UCXOOHBLIM AAHHbLIM
(npopoonxeHue)

* Harpysku
* [NpunoxeHHble HarpysKku
* [NpuHyouTenbHble NepemMeLLeHuns
* TemnepaTypHble Harpy3ku

° Harpy3|<|/| MOTYT NpUKNagblBaTtbCA K Y3110BbIM TOYKaM UIN K
ArieMeHTaM.

* B naHHom npumepe Harpy3ska P, npuvknaapiBanacb ¢ npaBou
ctopoHbl ROD anemeHTa (B yane 2)

* Y10 Mbl XOTUM NONY4YNTb B pe3ynbraTe aHanusa?

* [ledbopmaunu, cunbl 4eNCTBYIOLLME B ANieMeHTe, HanpsaXXeHus, cunbl
peakuumn, n T.4.

MSC SimEnterprise™ | L o === : - MSCASoftware




CemuHap NAS101 | 2006 | Pasgen 2 | MSC.Software Corporation

UcxopoHble AaHHble ana npumepa ¢ ROD
3rfIeEMEeHTOM

* Kakue obLwime TpeboBaHMA CyLLECTBYIOT AJ1A pacyeTa B CUCTEMe
MSC Nastran? (Te xe, 4TO 1 B o6LLEM cny4ae)

* [eomeTpus (3anucb GRID)
* Tononoruns aremMeHToB

* CBounCTBa 35IEMEHTOB

* Ceounctea matepuarnos

* [ paHn4YHbIE YCNOBUS

* Harpysku

* YTO HY>XHO NONy4nTb B pe3ynsrate aHannsa?
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UcxoaHble gaHHble gna npumepa ¢ ROD

AINNIEMEeHTOM (npomonxeHue)

* [eomeTpusn
* Onpenensietca 3anucsio GRID

1 2 3 4 5 5] 7 8 9 10
GRID 1D CcP X1 X2 X3 CcCD PS SEID
GRID 101 0 50 10.0 20 1 123
MNMone Copepxumoe
ID NoeHTUdMKaLMOHHBIM HOMEp y3na
CP NoeHTUDMKALNOHHBIN HOMEP CUCTEMbI KOOPAMHAT OTHOCUTESILHO

KOTOpPOW 3a/aeTcsl NOsIoXKeHUe y3na B npocTpaHcTBe (uenoe yucrno > 0,
No yMOSYaHUIO UCNONb3yeTcs rnobanbHasa cucTema KoopauHar)

X1, X2, X3 KoopauHaTtbl y3ana B koopauHatHou cucteme CP (BelwecTBeH.)

CcD NpeHTUUMKaLUMOHHbIN HOMEp CUCTEeMbl KOOPAUHAT, OTHOCUTENbHO
KOTOPOW onpenensitoTcsa nepemMeLLeHus, 3aKpensieHus, BeKTopa cun u
HanpsxeHun (uenoe 4ymucno > 0, N0 yMON4YaHMIO UCMONb3yeTCA
rnobanbHas cuctemMa KoopauHar)

PS NMocTosiHHbIE 3aKpenneHus, CBA3aHHble C AaHHbIM y3noM (UM pbl OT
1 o 6, 6e3 npobenos)

SEID Homep cynepanemeHTa
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UcxopgHble AaHHble ana npumepa ¢ ROD
ANIEMEHTOM (npoaomxeHue)

* Kakue obLimne TpeboBaHMA CyLLECTBYIOT AJ1A pacyeTa B CUCTEeMe
MSC Nastran?

* [eomeTpua (GRID 3anuchb)
* Tononorus

* CBouncTBa 35IEMEHTOB

* CBoucTBa matepuanos

* [paHn4HbIe yCrnoBus

* Harpysku

UTO HY>XHO nony4nTb B peayrnbrarte aHannsa?

MSC SimEnterprise™ L C ! 2 | MSC A Software:




UcxoaHble gaHHble gna npumepa ¢ ROD

AINNIEMEeHTOM (npomonxeHue)

e Tononorna

* B gaHHom npumepe Tonosnorna ROD anemeHTa 3agaetca 3anncsio CROD

CROD

Onpepensietr ROD anemeHT

Format:
1 2 3 4 5 6 7 R 9 10

CROD EID PID G1 G2

Example:

CROD 12 13 21 23 |
Mone Conepxumoe

EID NoeHTUDMKALMOHHBIN HOMeEpP anemeHTa (uenoe uncno > 0)

PID NaoeHTudmnkaumoHHbin Homep 3anucu PROD (uenoe uucno > 0)

G1, G2 Homepa AByX y3noBbIX TOUYEK, BXOAALMUX B IneMeHT (uenoe yncno > 0)
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UcxoaHble gaHHble ana npumepa ¢ ROD

ANIEMEHTOM (npoaomxeHue)

* Kakue obLime TpeboBaHMA CyLLECTBYIOT AJIA pacyeTa B CUCTEMe
MSC Nastran?

* [eomeTpua (GRID 3anuchb)
* Tonosnorus

°* CBOMCTBA 3/1EMEHTOB

* CBouCcTBa matepuanos

* [ paHn4HbIe yCrnoBus

* Harpy3sku

* YTO HY)XHO Nony4YnTb B pe3ynbrate aHanua3a?
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UcxoaHble gaHHble gna npumepa ¢ ROD

AINNIEMEeHTOM (npomonxeHue)

e CBOMUCTBA 3J1IeMEHTOB

* B naHHoM npumepe ceorctBa ROD anemeHTa onpenensatoTca ¢ MOMOLLbIO
3anncn PROD

1 2 3 4 5 S 7 8 g 10
PROD PID MID A J (o NSM
PROD 101 201 010
Mone Conepxumoe

PID WaeHTudMKauMOHHbLIK HOMEp cBoUCTBa (Lenoe yncno > 0)

MID WMAaeHTUdMKALMOHHBLIN HOMep MaTepuana (uenoe Yucno > 0)

A Mnowaab ceveHnsa ROD anemeHTa
J MonApHbLIA MOMEHT NHepLUUU
C KoachcbuumeHT ana onpeneneHns HanpsXXeHUnN KpyveHus

NSmM HekoHcTpykuMoHHas macca Ha eAUHULY ANWUHLI (BelecTs.)

MSC SimEnterprise™ : & = === : : MSCASoftware




CemuHap NAS101 | 2006 | Pasgen 2 | MSC.Software Corporation

UcxopgHble AaHHbIe ana npumepa ¢ ROD
ANIEMEHTOM (nponomxkeHue)

* Kakue obLwime TpeboBaHMA CyLLECTBYIOT AJ1A pacyeTa B CUCTEMe
MSC Nastran?

* [eomeTpua (GRID 3anuceb)
* Tonosnorus

e CBouncTBa 35IEMEHTOB

* CBoncrtBa maTepuarnosB

* [paHN4YHbIE yCroBUA

* Harpy3sku

* YTO HY>KHO NMony4nTb B pe3ynbrarte aHanmsa?
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UcxoaHble gaHHble ana npumepa ¢ ROD
ANIEMEHTOM (npogonxeHue)

* CBoucTBa martepuana
* [1nsa naHHOM 3adadu CBOMCTBaA MaTepmana onucbiBatotca 3anmcbio MAT1
* Mbl moxem 3apatb E, G, n v.

* 13 aTnux BENUYNH HY>KHO 3alaTb TOJIbKO [ABE, TPETbA aBTOMATUYECKN
BbIHYNCINAETCA U3 CriedyoLEero BblpaxXeHus.

E
Gii= 2(1+v)

E — Mogynbe ynpyroctu (KOHra) (npu pactskeHnn v nsrmnde)
G — Moaynb casura (npy KpyvyeHun v casure)
p - MaccoBas NfIOTHOCTb

MSC SimEnterprise™ | L o === : - MSCASoftware
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UcxoaHble gaHHble ana npumepa ¢ ROD
ANIEMEHTOM (npogonxeHue)

* CBoucTBa MaTtepuana (npoagonxeHue)
* A — KoapdpunumeHT nmMHenHoro temnepaTypHoOro pacLumpeHus a,
* T — HavanbHasa Temnepatypa ans pacyera AT

* 8.,5.,S; — MakcumanbHble (NpefernbHble) HANPSKEHUs MPY PaCTSXEHUM,
CXXaTun 1 cOBUre COOTBETCTBEHHO.

MSC SimEnterprise™ : & = === : : MSCASoftware
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UcxoaHble gaHHble ana npumepa ¢ ROD
ANIEMEHTOM (npogonxeHue)

* CBoucTBa MaTtepuana (npogonxeHue)

1 2 3 4 5 (5] 7 8 9 10
FAAT MID E [ NU RHO A TREF
MAT 3 294+7 0.33 &8 5E-&6 50.0 +nA
Mone Conoepxumoe

UaoeHTUMKaLMOHHBbIN HOMep MaTepuana (uenoe yucro > 0)

MID
E Moaynb ynpyroctu (BeLLecTB.)
G Moaynb caBura (BewecTsB.)
NU KoaddhmumenT MNMyaccoHa (-1.0 <BewecTts. < 0.5)
RHO MaccoBasa nnoTHocTh (BelecTB.)
A KoadcdhunumeHT nMHeNnHOro temnepaTypHoOro pacwmpeHus (BewecTs.)
TREF UcxoaHasa TemnepaTtypa (BewecTs.)
ST sC sSs
+MA1 36000
ST,S8C,SS MakcumanbHble (NpeaenbHble) HANPSXXeHUA NPU PacTXKEHUU, CXKATUM U

cABUre COOTBETCTBEHHO. (HeobsA3aTenbHbI: UCNOMb3YIOTCA TONLKO ANA
onpeperieHMsA 3anaca nNpPo4YHOCTH)

MSaSoftware‘
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UcxoaHble gaHHble ana npumepa ¢ ROD
ANIEMEHTOM (npogonxeHue)

* Kakue obLwime TpeboBaHMA CyLLECTBYIOT AJ1A pacyeTa B CUCTEeMe
MSC Nastran?

* [eomeTpuna (GRID 3anuchb)
* Tononorus

e CBOMCTBA 3/1eMEHTOB

CsoncTtBa marepuanon

'paHu4YHbIE ycnoBuA

Harpy3aku

UTO HY>XHO nNony4nTb B peayrnbsrarte aHannsa?

MSC SimEnterprise™ (L : ; MSCASoftware
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UcxoaHble gaHHble ana npumepa ¢ ROD
ANIEMEHTOM (npononxeHue)

* B MSC Nastran rpaHu4HbIe YCITOBUA MOTYT onpenensTtbCcs C
ucnonb3oBaHuem 3anucen SPC n SPC1, u/unv B none 8
3anucu GRID.

* [ina gaHHOro npumMepa Mbl onpegensieM rpaHN4YHble YCroBUS
B 3anucu GRID (cm. ctpaHuny 2-23)

MSC SimEnterprise™ : : = === : S MSCASoftware
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UcxopgHble AaHHbIe ana npumepa ¢ ROD
ANIEMEHTOM (nponomxkeHue)

* Kakue obwime TpeboBaHMA CyLECTBYIOT AJi1A pacyeTa B CUCTEMe
MSC Nastran?

* [eomeTpuna (GRID 3anuchb)
* Tononorugd

* CBOMCTBA 9JfIEMEHTOB

* CBoMCTBa MmaTepuanos

* [paHNYHblE YyCroBu4A

* Harpy3ku

* Y10 HY>XHO MOJTYHYNTb B pe3yJibTaTte aHannsa?

MSC SimEnterprise™ L C ! 2 | MSC A Software:
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UcxopgHble AaHHbIe ana npumepa ¢ ROD
ANIEMEHTOM (nponomxkeHue)

°* B naHHOM npumepe dyaem ucnonb3oBatb 3anucb FORCE

i
%1
2 P1=2.E5

FORCE | SID G CID F N1 N2 N3

i

FORCE | 10 2 2.E5 10

MSC SimEnterprise™ : & = === | MSCASoftware
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UcxopgHble AaHHbIe ana npumepa ¢ ROD
AJNIEMEHTOM (npononxeHue)

rae
Mone Conepxumoe
SID Homep BapuaHTa (set) Harpy3ku (uenoe uucno > 0)
G Homep y3na, kK KOTOpOMY NpuKnagbiBaeTca Harpy3ska (uenoe uucno > 0)
ciD NaoeHTndMKaLMOHHbLIN HOMEpP KOOPAUHATHOW CUCTEMbl OTHOCUTENBLHO

KOTOpOVI 3a4alTCA KOMMNOHEHTbI CUNOBOW Harpy3kKku (uenoe yucno > 0, no
YMOJTHaHUIO UCnosib3yeTcA rmno6anbHas cuctema KOOpAVIHaT)

ForM MacwTtabHbIn K03 hnumneHT (BewwecTs.)

N1,N2,N3 KomMnoHeHTbI BEKTOpa CUlbl, onpegensemMbie B KOOPAUHAaTHOMN cUCTEMe
CID (BewiecTB., x0Tl Obl OAHO 3Ha4Y€HUEe He AOMMKHO ObITb PaBHO HYIIO)

FN
N

= (N1, N2, N3)

¢
N
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UcxoaHble aaHHble anda npumepa ¢ ROD
ANIEMEHTOM (npoaonxeHue)

* Ina paHHOro npumepa,

* CBouncrtBa arieMeHTa (A=15.0)
* Ceounctea matepuana (E =29E+6 psi, G = 11. E+6 psi, o, = 36000 psi)

* [NpunoxeHHasa Harpyska (P = 2.E+5 |bs)

MSC SimEnterprise™ ° G 55 SIS g MSaSoftware'
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UcxoaHble gaHHble ana npumepa ¢ ROD
ANIEMEHTOM (nponomnxeHue)

* B pe3synbTraTte BXoaHou dann BbIrNAAUT TakKumMm odopa3om:

begin bulk

s

= GEOMETRY AND BOUNDARY CONDITIONI

s

GRID 1 0. 0. 0. 1234586
GRID 2 100. 0. 0. 234546
s

& ELEMENT CONNECTIVITY

s

CROD 100 1 1 2

s

& ELEMENT PROPERTY

$

PROD 1 201 5.

s

& MATERIAL PROPERTY

s

MATIL 201 2.9+7 11.+86 +M1
+M1 36000,

=

4 LOADING

$

FORCE 1 2 2 .Eb 1z, 0. 0.

=

enddata
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UcxopgHble AaHHbIe ana npumepa ¢ ROD
AJNIEMEHTOM (npononxeHue)

* Kakue obLwime TpeboBaHMA CyLLECTBYIOT AJ1A pacyeTa B CUCTEMe
MSC Nastran?

* [eomeTpua (GRID 3anuchb)
* Tononorus

* CBounctBa 35IEMEHTOB

* CBouCcTBa matepuanos

* [ paHn4HbIEe yCrnoBus

* Harpy3sku

* Y10 HY>KHO NONy4YuTb B pe3ynkraTte aHanusa?

MSC SimEnterprise™ ] : === MSCASoftware
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UcxopgHble AaHHbIe ana npumepa ¢ ROD
ANIEMEHTOM (nponomxkeHue)

°* B AaHHOM npumMmepe B pe3yrsibrtate aHarim3a Mmbl XOTUM NONYYNUTb
nepemeLleHunsA, CUNbI ﬂeﬁCTBleUJMe B 3JiIeMeHTe N HanpsaxeHus

* [1na 3Toro HeobxoaMMoO caenartb 3anpoc B cekumn Case Control
BXogHoro cpamna (no3gHee AaHHaA cekuus byaet paccMoTpeHa
Oornee getanbHO)

DISP =ALL
FORCE =ALL
STRESS = ALL

MSC SimEnterprise™ ° 553 SosE i 0 Msasmware'
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UcxopgHble AaHHble ana npumepa ¢ ROD
AJNIEMEHTOM (nponomxkeHue)

* OTpbIBOK BbixogHoro canna MSC Nastran:

DISPLACEMENT YECTOR

POINT ID. TYPE 71 Tz T3 R1 R2 R3
1 G 0.0 0.0 0.0 0.0 0.0 0.0
4 G 1.375310E-01 0.0 0.0 0.0 0.0

_PL _(2E+5)(100.)_ _ z
A=RE” B)@oEre)  \OMESOle—0 Py4yHou cueTt

FORCES IN R OD ELEMENTS {CROD )
ELEMENT AXIAL ELEMENT AXTIAL
ID. FORCE TORQUE ID. FORCE TORQUE
100 2.000000E+05

MS@Soﬂware‘
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UcxoaHble gaHHble ana npumepa ¢ ROD
ANIeMEeHTOM (nponomxkeHue)

* OTpbIBOK BbixogHoro canna MSC Nastran

STREJSS SES IN T HE R OD ELEMENTS {C ROD)
ELEMENT AXIAL SAFETY TORSIONAL SAFETY ELEMENT AXTIAL SAFETY TORSIONAL  SAFETY
iD. STRESS MARGIN STRESS MARGIN iD. STRESS  MARGIN STRESS MARGIN

100 4.000000E+04 -1.0E-01

Py4yHou cueT

S = g: 2'E5+5= 40E+ 4
Stress | ow 36000
M.S. -1.0 M.S = - -1.0=-01

~ Stress actual ““raxial T 40000.

MSC SimEnterprise™ : & = === | MSCASoftware
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mobGanbHaa maTpuLa XeCTKOCTHU

* [lo aToro paccmaTtpuBariacb MaTpumLa XXeCTKOCTU OQHOro 3rieMeHTa.
Tenepb paccMOTpPUM rnodaribHy MaTpuULy XXeCTKOCTHU
peanbHON KOHCTPYKLUUN

* PeanbHasn KOHCTPYKUNA MOXeT ObITb npeancTaBlieHa Kak
COBOKYMNHOCTb OTAEJIbHbIX 3JIEeMEeHTOB

* AHCaMOnb MaTpuUL XXEeCTKOCTU 3NIeMeHTOB, NpeacTaBNSAOLWMNX
KOHCTPYKLMUIO, Ha3bIBaeTCA rnob6anbHON MaTpuULen KeCTKOCTH

* ina cneayrowmnx asyx ROD anemMeHTOB C 0CeBbIM HarpyxeHnem:

1 a 2 k, 3

100 200 ‘
U.,P u,,P, u,,P

17 ° 1 371 3
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mobanbHas MaTpPULla XeCTKOCTU
(npopoonxeHue)

* MaTpuLbl XXeCTKOCTU OTAENbHbIX 3rieMeHTOoB ¢ Homepamu 100 u
200 MOXHO nNpeacTaBUTL CrieAyHOWKUM Obpa3om:

P, — Ky Kql[ ] Y P, — Ky Ky | U
P, K, K ||y, " P, K, K[ ] Y,

e OTcroaga rnoban A MaTpuLa XeCTKO 3anuuieTcs Kak

aHcambnb maTtp €CTKOCTU 3/IeMEHTOB:
1 2 3
(P, K, K, 0 (U]
P, b=k, (K*tk) K, U ¢ (2-7)
L P, | 0 K, K, | U,

MSC SimEnterprise™ ° S 553 SosE i 0 44 Msasmware'
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mobanbHas MaTpPULla XeCTKOCTU
(npopoonxeHue)

* [mobanbHaa MmaTpuua XXeCTKOCTU onpeaensieTcs cynepnosnuven
MaTpUL XXEeCTKOCTU OTAENbHbLIX 3/IeMEeHTOB

* [lpsaamoe onpegeneHne maTpuLbl XX€CTKOCTU 3rieMeHTa
(T.e. BbIBOA, (hOopMyI1 BPpYyUYHYH0) OrpaHN4YeHO OQHO- U
ABYMEPHbIMU 3rieMeHTaMn C OrpaHUYeHHbIM YNCIIOM CTerneHeun
cBoboabl

* [ina anemeHTOB 60s1ee BbICOKOro nopsigka (0anku, nnNacTUHbI,
oO0beMHble Tera) bonee uenecoodbpasHO UCNONbL30BaTh ANA
dopmMmnpoBaHna MaTpuULbl XXECTKOCTU 3HEepreTuyeckme NpUHUMNbI
U TaK HasbiBaeMble PYyHKUMM (POPM IfIeMEeHTOB

MSC SimEnterprise™ ° 55 CEEE i ; MS&Software'
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[mobanbHasa maTpuLa XXeCTKOCTHU
(npoaomkeHune)

* CobpaB rnodanbHy0 MaTpuLy XXeCTKOCTU TaK, KaK NoKa3aHo B
ypaBHeHUM (2-7), MOXXHO 3aTeM PeLUUTb 3TO YpaBHEHUe C
UCNOSIb30BaHUEM TOMN Xe npoueaypbl, YTO U C OAHUM 3NIEMEHTOM

* 3Ta npoueaypa COCTOUT B crneayloLeMm:

* HanoxeHue [OCTaTOYHbIX rPaHUYHbIX YCNOBUIA, NyTEM yaaneHus
COOTBETCTBYHOLLNX CTPOK U CTONBOLOB B ypaBHEHUN (2-7)

* [Mpn ncknto4eHnn OBMKEHNA KOHCTPYKLUKM Kak TBepaoro Tena, Heobxoammo
MOMHUTb, YTO KOHEYHOINEMEHTbIE CUCTEMbI paboTatoT B 3-X MEPHOM
NMPOCTPaHCTBE. OTO 3HAYMUT, YTO CO3A4aBaAEMbIA BapUAHT rPaHUYHbIX YCIIOBUN
OOIMKEH UCKINIOYUTL Ntoboe nepemelleHe MoAenu Kak TBepaoro Tena B Tpex
N3MEPEHMUSIX.

* Pewenve {u}=[K]'{P}

* 3ameTtunm, 4to anga pewenmna MSC Nastran ncnonesyet npoueanypy DCMP/FBS
BMECTO ObpalleHns MaTpuLbl )XECTKOCTU
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[Mpoueaypa aHanusa CrIOXKHOU KOHCTPYKLUUU

* [Mpoueaypa, ucnonb3oBaHHas AJfig OQHOro arieMeHTa U AnAa AByX
3rfIeMEHTOB - MOXeT ObITb pacliupeHa ANA aHann3a CrI0XKHOM
KOHCTPYKUMNU. Hanpumep, npu aHann3e KOHCTPYKLUM camMornerTa:

N
==
T

Element 100 |

* [1Ba BbiaeneHHbIX CTPUHrepa MoryT ObITb NpeAcTaBrieHbl, Hanpumep,
ABYMS MaTpuuamm xectkoctu ROD anemMeHTOB, pacCMOTPEHHbIX
paHee

MSC SimEnterprise™ | L o === : - MSCASoftware
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Mpoueaypa aHanusa CrioXKHOU KOHCTPYKUUU

(npoaonxeHue)

* MmobGanbHaa maTpuua xecTtkocTtu paamepHocTsio N x N

PacnpegeneHue XeCTKOCTU
/ F\ ocTanbHOI YacTu camonera \

k, -k, 0
k, (k+k) -k
0 -k, k

XecTKOCTb CTPpUHrepoB
NxN

MSC SimEnterprise™ ] : ==z : MSCASoftware



[Mpoueaypa aHanusa CrIoXKHOU KOHCTPYKUUUN

(npopornxeHune)

* XKXeCTKOCTHbIEe XapaKTepUCTUKU OCTarlbHOMN 4YacTU camMoreTa
Haxo4OATCSA COoCTaBlIeHMeM aHCamMbnsa U3 oTAeribHbIX XXeCTKOCTeun
3N1IeMEHTOB, UCMOJIb3YA TOT Xe CaMbI NPUHLUN, PACCMOTPEHHbIU ONA
ABYX35IeMeHTHON MoAenu

* O6OLwee noBeaeHNE KOHCTPYKLUUN HAXOAUTCS C Yy4eTOM noBeaeHus
KaX[oro aneMeHTa, BXoasLero B Hee

* MMonb3oBaTerib HeceT OTBETCTBEHHOCTb 3a ANCKpeTn3auuntro peaanoﬁ
KOHCTPYKUMNUUN Ha KOHEeYHbIle JJIeMEHThbI

* N'pachmnyeckun npenpoueccop MSC Patran nomoxet Bam
CcreHepupoBaTb KOHEYHOINIEMEHTHYHO CeTKY AJ1I CaMOU CIIOXKHOMU
KOHCTPYKLUMU

* B obwem cny4yae, bonee KayecTBeHHasi U MernKasi CeTKa yBenimumBaeT
BpeMsA peLueHus

MSC SimEnterprise™ ° 55 CEEE i ; Ms&Software'
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[Mpoueaypa aHanusa CrIoXKHOU KOHCTPYKUUUN
(npopornxeHune)

* Pecypchbl KOMNbOTEpPaA (BpeMs paboTbl LLeHTPanbLHOro
npoueccopa), ucnonblyemolie MSC Nastran (npu paamepHocTu
moaenu B N cteneHen cBo6oabl).

* 3a4epXKu (~ NOCTOSAHHbIE)
* dopmupoBaHne matpuubl xxectkoctun (~N);

* PelueHune cuctembl ypasHeHuin (~N2, NOCTOSAHHO YMEHbLLIAETCSH C
BHEOPEHNEM HOBbIX YACHEHHbIX METOA40B U NPUMEHEHMEM HOBbIX
KOMMbIOTEPOB);

* [Nony4eHne Tpebyembix pesynsratoB (~N).

* 3aMeTUM, YTO KOHEYHOINIeMEeHTHaA ceTKa Y paCCMOTPEHHOro
camorneTa Obliria oyeHb rpybas. Takasi ceTka Obiria caenaHa
TONbKO Ans 6onee NonHOro NOHMMaHUA nNpouecca cocTtaBieHUsA
rmob6anbHON MaTpULbl XKECTKOCTH
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BuixogHble gaHHble MSC Nastran

* Mpun 3anycke MSC Nastran Bbl moxeTe 3anpocuTtb nobyro
paccuyuTbiBaeMyro Berim4mHy. Bot HeKoTopble U3 HUX:

* KOMNOHEeHTbI NepemMeLeHnn y3rnoB

* Pe3ynkTraTthbl ANA 3N1€MeHTOB

* HanpsKeHus

* nethopmaunu

* 3Heprunsa gedopmauunm

® BHYTPEHHME CUNMbl U MOMEHTLI
* Pe3ynbrathbl ANA y35oB

° NpUKagbiBaeMble HarpysKku

* CWUIbl peakunu

¢ CuUInbl, BO3HMNKaAOLLME B y3riax

MSC SimEnterprise™ : ; e Se== : : MS@{Software



[lpoBepka moaenwu

* Monb3oBaTenb AOMKEH NPOBEPUTb TOYHOCTb Pe3ynLTaToB,
nony4yeHHbIX B pe3ynbTaTte aHanusa

* HekoTopblie BUAbI NPOBEPKU BbIMOMHAKOTCA TaK:
* ['pachmnyeckoe oTobpakeHne Mmogenun Ang BusyanbHOM NpoOBEPKU

¢ I'IpOBepKa OTBETHOW peakunn Mmogeinn Ha rnpuinoxXeHHyr Harpya3kKy

[MpoBepka 6anaHca BXOQHOW HArpy3Kku U CUI peakuum

[TlpoBeoeHne py4yHOM MPOBEPKN Pe3yrbTaToB, Korga 3T0 BO3MOXXHO

Cwmotpu: Proceedings of the 1986 MSC World Users’ Conference,
‘MSC Nastran Model Checkout” by the Jet Propulsion Laboratory.
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HeKOTOpre coBeThbl NOo MmoAaenMnMpoBaHUIO

* Mpexae 4emM Ha4YaTb MogenMpoBaHNne HeOGXoANMO UMeETb
WH)XXeHepHoe npeacTaBneHue o NoBeAeHNU KOHCTPYKLUU

* OnpepenuTe BCe TOYKU NPUSIOXKEHUS Harpy3kn 1 3akpenneHumn

* PaznoxuTte oOLy0 Harpy3Ky Ha cocTaBnsilowme: narndaroLuyto,
KPYTSLLYHO, COABUIOBYHO U OCEBYIO

* bonee TWaTenbHO pa3denTte obnacTtb, rae oXxuaaeTcs 6onbLION
rpagveHT HanpshkeHUn. YBenuvyeHue Yyucrna 3rieMeHToB, Kak npaBuno,
AaeT BO3MOXXHOCTb NOBbICUTb TOYHOCTb pacyeTa

* [lonbiTanTecb UCNONbL30BaThb CUMMEeTpUnIo moagesrium

* ObgymanTe 3aTpaThbl KOMMNbIOTEPHLIX PECYpPCOB - yBennyeHme Yyncna
cTeneHen cBo6oAbl yBenM4YMBaeT 3arpy3ky KoMmnbioTepa, Bpems
MoAenMpoBaHUs U BpeMsi, Heobxoaumoe Ans npeacTaBneHus
pe3ynkLTaTtoB MOAENMpPOBaHUS
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HekoTopble coBeTbl N0 MOAENUPOBaHUIO
(npopornxeHune)

* Acnonb3ynTe HebGonbLUMeE NPOCTbie TeCTOBbIe MOAENM ANA NPOBEPKU
He3HaKOMbIX METOAOB U TeXHONOrM MoaenMPoBaHUs, Npexae Yem
NPUCTYNUTb K OPOrocTosiemMy peansHOMy MoAeNTMPOBaHUIO

* Bam BCce paBHO npuaeTcs NoTpaTUTb BpeMs Ha co3aaHue HebonbLuon
Moaenu

°* B KOHLe KOHL,OB 3TO NO3BOJINT CO3KOHOMUTbL BPEMS Ha OTCJIeXXMBaHNe
OoWMOOK U co3aaTb bonee TOYHYHO MoAaerb

* MSC Nastran Hn4ero He 3HaeT 0 NPMMEHSeMOMN CUCTEeMe eaANHUL.
dusnyeckme BenUUYMHbI B UCXOAHbIX AaHHbIX AOMXHbI 3a4aBaThLCA B
OAHOM cUcTteme eanHUL,

* 3agaHue Bcex ncnomnb3yemMmbiX BeJIN4YNH B OQHOMN cucteme n3mMepeHus
OCTaeTCA NOJIHOCTbLIO Ha COBECTU NnoJib3oBaTens

* Ons noJfiy4eHnA BbIXOAHbIX OAaHHbIX B HY)KHOﬁ cuncreme eanHuny
BXOAHble AaHHble AOMKHbI ObITb 3a4aHbl B HEN Xe
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EanHMUbI namepeHus

* [Ipumep

UcxonHble AaHHbIe Cucrema eamHuu
AHrnumnckas MeTpuueckas

—

FeomeTpusn OOUM MM

Moaynb ynpyroctn ®yut/aronm?  H/mm?
[ onXHbl ObITb B

MpuknagbiBaemble pgonm*cpyHtr  mm*H
— OfHON cucTeme

MOMEHTbI
MpuknaabiBaemMmble dyHT H eanHuy
CcCUnbl

MaccoBas cdyHT*c? / atonm?*  TOHH / Mm3

NAOTHOCTb B

Pe3ynbraTthbl pacyeToB Cucrtema eavHuL
MM

MepemelwieHusn AOUMbI

HanpsixeHus ®dyut/aronm?  H/imm?
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EAVHNLUBLI NU3MepPeHUS (npononxkeue)

Cucrtema

Bpewms n
ST Macca IOnuHa pe Cuna g
. ®yHT c? )
AHrnnuckas byT dyT c yHT 32.174 pyTic
k¢ c? 2
TexHn4yeckas o CcM c klc 981 cmlc
CU Kr mMeTp c HbioToH 9.81 m/c?
F = Ma: macca (M) =Bec/g

NMpumeyaHune: ina auHamMmn4yeckoro aHanusa TpedbyeTca maccoBasi NFIOTHOCTb
(He BecoBas).

Mpumep: MaccoBasi NNIOTHOCTb CTanu = BecoBasi NNIOTHOCTbL / g =

v 3 2
0.283 d)yﬂml/zaingf 7 394F 4 gl;ym:nc;
12174 qb);m HOUM HOUM
c 1 ¢ym

MSC SimEnterprise™ MSC A Software’



O0630p npoueaypbl peLieHus

MeTOAOM KOHEe4YHbLIX JJIeMEeHTOB

BJIOK-CXEMA CTATUYECKOIO H y
_ anoxeHue rpaHUYHbIX YCIOBUN.
JIMHENHOI'O AHAITU3A (YmaneHue HeKoTOpbLIX CTeNneHen
> cBobopabl)
MNpepcraBneHne HenpepbIBHOW cpeabl,
nccrnenyemMomn KOHCTPYKLMKN, Kak Habopa ‘
y3NnoB, 06 beANHEHHbIX B 3/IEMEHTbI.

3apgaHue Harpysku.
(Cuvnbl, MOMeEHTLI, AaBneHue U T.n.)

!

dopmupoBaHue MaTpuL XKeCTKOCTU 4

351IeMEeHTOB Ha OCHOBe TUMNa 3fIeMeHTa,

reomeTpuu U CBOMCTB MaTepuana. PelwieHne nony4yeHHOW cucTeMbI
ypaBHEHUN u onpepeneHue

# nepemMeLLeHui. {F} = [K]{u}

CocTaBneHue rnobanbHOn MmaTpuubl l

KECTKOCTU U3 MaTpuUL, XKeCTKOCTHU B

3NIEMEHTOB. Ha ocHoBe nony4eHHbIX nepemeLueHnn
BbIYMCIIEHWE CUJ1 N HanpsXXeHUN B

rieMeHTax.
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IlutepaTtypa no maTpuyHOMy aHanu3sy

H. C. Martin
infroduction to Matrix Methods of Structural Analysis

McGraw-Hill Book Company
1966

J. 8. Przemieniecki

Theory of Matrix Structural Analysis

McGraw-Hill Book Company and Dover Publications
1968

M. F. Rubinstein
Mainx Computer Analysis of Structures

Prentice-Hall, Inc.
1966

M. D. Vanderbilt
Matrix Structural Analysis

Quantum Publishers. Inc.
1674
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INluteparypa no MKJ

K. J. Bathe (theoretical)

Finite Element Procedures in Engineering Analysis
Prentice-Hall, Inc.

1982

R. D. Cook (theoretical. applications)

Concepts and Applications of Finite Elermnent Analysis. 2nd Edition
John Wiley and Sons, Inc.

1581

R. H. Gallagher (applications)

Finite Eferment Analysis Fundamentals
Prentice-Hall, Inc.

1975

O. C. Zienkiewicz and R. L. Taylor {theoretical)
The Finite Element Method. 4rd Edition
McGraw-Hill Book Company

1989

R. H. MacNeal (theoretical applications)

Finite Efemenis: Their Design and Performance
Marcel Dekker, Inc.

1994

A. O. Cifuentes (MSC/NAST RAN applications)
tsing MSC/NASTRAN: Siafics and Dynamics
Springer-Verlag

1989
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MaTtpuua xxectkoctu 6anoyHoro (BAR)

SJNIeMEeHTa

* Paccmotpum maTpuuy xectkoctn BAR anemeHTa.

* B kauecTBe UNJOCTPALMM PAaCCMOTPUM HarpyxeHue
nepepesbiBaloLLie CUIION U MOMEHTOM TOJNILKO B O4HOM
NJIOCKOCTHU (Xx-y, 2-D).

A
622
Gz.'C 1 2 9—. X
¥4 Yo
o L -

2 BpalleHusi BOKpyr Z (921 . '922)

l-|(3TI:>Ipe cTeneHu ceoboabl
2 nepemelleHns B (Y1 s YZ)

Ha kaxgom KoHUe anemMeHTa npuknaabiBaroTCs Harpy3kv B Buge cun Py n MOMEeHTOB Mz
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MaTtpuua xxectkoctu 6anoyHoro (BAR)
ANMeEMEeHTAa (npoponxeHue)

* MaTpuua xectkoctun ansa BAR anemeHTa Ansa AByXMepHOWU
MoAenun, BKrovarlLlen TofibKO CABUIN U MOMEHT B MJIOCKOCTU X-Y:

Py1 5 3L -6 3L ¥
M 2 2 6
) z1: | ) ‘E 3L 2L -3L L ] Yzt |
Pyo | = ¥ |- 3L B -3L ¥z
Mz 3L L2 aL2?| | B2
—\,_) 2 £ S —

{P} (K] {u}

* [logoOHbLIN NoAXOoA MOXET ObITb UCMOSNIb30BaH ANIA TPEeXMEPHOro
BAR anemMmeHTa, Ansa Kotoporo pasmep matpuubl oyaet 12x12.

MSC SimEnterprise™

MSaSoftware'
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IdnemeHT CBAR

* CoeAuHSAET ABe y3/I0Bble TOYKM.

* POopMyNNPOBKU NOJSTyYEeHbl U3 KNacCU4YeCKOU GanoyHon Teopum
(mnockne cevyeHusa ocTaroTcA NIOCKMMU nocrie aedopmauum).

* [lo ymon4yaHuio ncnornb3yeTca Teopua bepHynnu-Ounepa
(AONONMHNTENBHO MOXHO Yy4eCTb NonepeYHbINn CABMT).

* KOMnoHeHTbI cun
* OceBad cuna, P
* Kpyyenue, T
* MarnbatoLyme MOMEHTbI B ABYX NEpneHANKYNApHbIX niockocTax, M.

 CoBur B ABYX nepneHaunkKyJIaApHbIX NMJTOCKOCTAX, Vi

MSC SimEnterprise™ ° S 553 SosE i 0 Msasmware'
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onemeHT CBAR (npoaonxeHue)

* KOMNOHeHTbI nepemMeLleHusA
° u.
i
° 0
i

* HenTpanbHasa oCb MOXET MMEeTb OTCTYN OTHOCUTESIbHO Y3NOBbIX
Touyek (co3aaeTcsi BHYTPEHHSAS XKecTKasi CBA3b)

°* BO3MOXHOCTb 3agaHuA WapHUPOB UCNonb3yeTCA Ans
npeanctaBleHnA 3BeHbeB U T.1.

* MoxHo He 3apaBaTb oAUH U3 napameTpos (A, |, J)

) I2,
¢ anIHLI,VII'II/IaanbIe orpaHn4yeHus

* [locTosiHHasA npusmartnyeckas doopma
(T.e. CBOMCTBA He 3aBUCAT OT AJINHbI)

MSC SimEnterprise™ ° S 553 SosE i 0 Msasmware'



onemeHT CBAR (npoaonxeHue)

* MpuHUMNUanbHbIe orpaHnyYeHns (NpoaoMmKeHue)

* LleHTp caBura u HerTpanbHas OCb AOMKHbI COBMaaaTh (MO3TOMY He
pekoMeHayeTcs ANst MOaenMpoBaHus LLIBENNEPOB)

* 3bheKT NOBbILLEHUS KECTKOCTU NPU KPYYEHUN 3a CHET KOPOONeHUs
NONEepPeYHbIX CEYEHUN HE YYNTLIBAETCS

* Hert KPYTUJIbHOIoO MaccoBoro MOMeHTa nHepuunm

* Ecnu BbllwleyKa3aHHble OrpaHU4YeHUs BaXHbl, UCNOSNb3yuTe ANA
moaenupoBaHuss BEAM anemMeHT, KOTOPbIN 3TUX OrpaHNYeHnNn
He NMeerT.

* CmoTpwmTe:
MSC Nastran Linear Static Analysis User’s Guide WUInwu
MSC Nastran Reference Manual pna 6ornee gAeTtaribHOro onmcaHus

BAR anemeHTAa.
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OnucaHune CBAR snemeHTa

* Tononorna CBAR anemeHTa

Format:

I 2 3 | 5 6 7 8 9 10
CBAR FID PID GA GEB X1 X2 X3 OFFT

PA PE WIA | wza | waA WIB W2R W3R
Example:
CBAR 2 R 7 3 0.6 18, 26. EEG
513

Mone Conepxumoe

EID NoeHTUdUKALMOHHBIN HOMEP INeMeHTa

PID NaeHTMdUKALMOHHBIN HOMEpP KapTbl CBOUCTB

anemeHTa PBAR

MSC SimEnterprise ™ »—{@—@—{Eﬂ%—{é}—@% MSC
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OnucaHune CBAR snemeHTa

GA,GB UpeHTUUKaumoHHbIe HOMepa coefiuHAeMbIX Y3rnoB

X1,X2,X3 KomnoHeHTb! BekTopa V Ha KoHue A, 3aaaBaeMble B
cucrtemMme KoopauHat nepemelleHnn ans ysna GA.
Mcnonb3yloTca Ana opMeHTaumMm CUCTeMbl KOOpAUHaT
anemeHTa

G0 NaeHTdUMKaUMOHHBLIN HOMep y3ra Ans
anbTepHaTuBHOro onpegenenuna X1, X2, X3.

PA.PB ®narn wapHupoB ansa y3nos A un B. Ucnonb3yroTtca
’ AnA moaennpoBaHns 3BeHbEB U/UNn pblvyaros

WIA W2A W3A KOMNOHEeHTbI BEKTOPOB OTCTYNOB HEUTPaNibHON OCU
W1 B,MB,WSB wa n wb B cucteme KkoopamHaT nepemMeLleHn ans
' ” yanos GA n GB.

MSC SimEnterprise ™ »—CQLG—@—EEEJ—{%—@%—C MSaSoftware'
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OnucaHune CBAR snemeHTa

* BekTtop opueHtauuun “V” 3agaetca yepe3 KOopANHaATHbIe CUCTEMbI
* [nobanbHyo (nepemeLLeHns)

* basosyto

* BekTopbl cmeweHun “W,” n "W_” 3agaeTtca Yepe3 KoopanHaTHbIe
CUCTEMbI

* nobanbHyto (NepemeLLeHmns)

* OnemeHTa

MSC SimEnterprise™ | L o === | MSCASoftware
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OnucaHune CBAR snemeHTa

* BekTOp opueHTauuu

* Mo ymonyaHuio ncnonbayetcd rnobansHas (nepemeLLeHns) cuctema
koopanHat (none CD)

* MoxHo ncrnonb3oBaTb 6a30BYyO CMCTEMY KOOpaMHAT
(cumeon “B” B none OFFT)

* BekTOpbl CMeLeHnn

* 1o ymon4yaHuto ucrnonbayetcs rnobanbHas (nepemMmeLieHuns)
cuctema koopauHar (none CD)

* MoXHO 1crnonb3oBaTb KOOPAMHATHYO CUCTEMY dNIEMEHTA
(cumeon “E” B none OFFT)

* 3T BO3MOXHOCTH noaaepxuBatotca B MSC Patran HauynHan
c Bepcuun 2004

MSC SimEnterprise™ : ; e Se== : : MS@{Software
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OnucaHune CBAR snemeHTa

CBAR EID | PID | GA | GB | X1 | X2 | X3 | OFF |
+ PA | PB | WIA | W2A | W3A | WIB | W2B | WBB

Orientation Vector End A Offset End B Offset

— ot e Gidbal Mo
yMOM4YaHuIo
BGG Basic Global Global
GGE Global Global Element
BGE Basic Global Element
GEG Global Element Global
BEG Basic Element Global
GEE Global Element Element
Basic Element Element

MSC SimEnterprise™ : & = === : : MSCASoftware



OnucaHne CBAR anemeHTa (c Bepcuun 2005)

CBAR EID | PID | GA | GB | X1 | X2 | X3 | OFF |
+ PA | PB | WIA | W2A | W3A | WIB| W2B | W5B

Orientation End A Offset End B Offset
Vector

Mo
YMOJYaHu1Io
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OnucaHune CBAR anemeHTa (npoponxeHue)

* Cuctema koopauHat CBAR anemeHTa

- OnpepenseTrcsa nonb3oBaTenemMm nytem sagaHus Bekropa VvV
- OpueHTUpyeT CBOMCTBA CeYeHUs
- OpuneHTUpYyeT BbIXOAHbIE CUNbl U HAaNPAXEeHUs

BekTop opueHtauum V -
A
MnockocTtb 1 Koneu b v

»

CMelleHne WAF

Q ¢
/ Y3en b

z
MnockocTtb 2
Koueua — - Z,
©
b

Xo

Cmeu.|e|-w|e =

G viena

MSC SimEnterprise™ L C ! 3 ) MSC A Software:
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OnucaHue CBAR 3anemMeHTa (npogonxenue)

Ocb X aneMeHTa: Bceroa coBnapaet ¢ nuHueun coeguHsaowen A u B.
MonoxuntenboHoe HanpaBneHue oT A K B.

Mnockoctb X-Y anemeHTa: OnpepgensieTcsa BEKTOPOM V, KOTOPbLIU NEXUT B
NJIOCKOCTHU Xe - Ye. Mnockoctb 1 Bceraa cosnagaert
¢ nnockocTbio X —Y

Ocb Z anemeHTa:  PesynkraTt BekTOpHOro npoussepeHus X, * V.
MnockocTb 2 Bcerga coBnaaaeT C NSIOCKOCTbIO Xe - Ze

Mpumeyanue: [nockoctn 1 n 2 He 06A3aTeNbHO ABNAKOTCSA IMaBHbLIMMU
nnockoctaMmu. Ha coBnageHue 3TUX NJIOCKOCTEN C rnaBHbIMU
NSIOCKOCTAMM yKa3bliBaeT HyneBas BermIM4nHa MOMeHTa uHepuum (I

12)
B kKapTte PBAR.
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OnucaHue CBAR 3anemMeHTa (npogonxenue)

* lanee cneAayloT ABa NpuMepa B KOTOPbIX, 3a4aeTcsl BeKTOp

opueHTauun cuctemMmbl KoopauHat anemeHta CBAR kaxabim u3
ABYX BO3MOXHbIX crnoco6oB (G0 unun X1, X2, X3).

* Ecnun 3apaBatb cTpuHrepbl drozenska anemeHtamu CBAR, npu
3TOM ucnonb3ya cnocob6 GO0 ana onpeaerneHus BeKTopa
OpUeHTauuu, TO 3TO 3HAYNTENbLHO 00NerYuT BBoA4 AaHHbIX

* NMpumeyaHue: Ecnn B gaHHomMm cnydvae Tpetun y3en GO BBoguTCS
TONMbKO C LUEenb 3aaHnsi BEKTOpa OpMEeHTauUun CUCTEMbI KoopauHaTt
anemMmeHTa, TO Bce cTeneHn cBoboabl B GO He cBsi3aHbl C
nccregyemMon  KOHCTPYKUMEW U OOSMKHbl  ObiTb  3akpenneHbl. B

NPOTMBHOM  Crfiyyae MaTtpuua XecTKoCTM  cuctembl  Oyaer
CUHTYNAPHOWN.

MSC SimEnterprise™

MS@{Software'
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OnucaHue CBAR 3anemMeHTa (npogonxenue)

* ina onpeaeneHns opueHTauumn HOXeK TPeHOXHMKa,
moaenupyemoro anemeHtamm CBAR, KaKk noka3aHo, oyaet 6ornee

acppekTMBHO Ucnonb3oBaTb KoopaAnHaTbl TOYKMU (X1, X2, X3) ana
3alaHNA BeKTopa opueHTauum V, Tak KaKk opueHTauus Kaxxaou

HOXKU YHUKAJIbHA.

MSaSoftware'

MSC SimEnterprise™



OnucaHue CBAR 3anemMeHTa (npogonxenue)

e CmelleHusn:

* KoHubl annemeHTa CBAR MOryT 6bITb CMeLeHbl OTHOCUTENBHO Y3I10B
(GA, GB) nocpencTteoM 3aaaHus Bektopos cMelleHus W, n W, B 3anucu
CBAR.

* BekTop cMelleHns MOXXHO MHTEPMNPETUPOBATL KakK XXECTKYIO CBSA3b MeXay
y3namm 1 KOHLL.aMK anemMeHTa.

* Cncrtema KoopamnHaT afieMeHTa onpenensieTcs ¢ y4eToM CMeLLeHNs
KoHUOB BAR anemeHTa.

Zo Y, VX, X, Xa) .
& AT Hauano BekTopa V HaxoguTcA B CMeLLeHHOWM

TOuYKe A, ecrniv OoH onpepensieTcsi

komnoHeHTamum (X, X,, X,).

Hayano BekTtopa V HaxoguTtca B Touke GA
ecnu OH onucaH ¢ ucnonb3oBaHuem GO.

MSC SimEnterprise™ | L o === : - MSCASoftware




OnucaHue CBAR 3anemMeHTa (npogonxenue)

* dnarv WapHUpPOB:

* [Nonb3oBaTenb yka3biBaeT cTeneHn cBoboabl Ha Kaxaom u3 kKoHuos BAR
aJyieMeHTa KOTopble He nepenatT COOTBETCTBYOLLME CUNMbl UMM MOMEHTHI.

* ®naru wapHupos P, n P, 3apatoTcs B cucTemMe KoopAnHaT anemMeHTa 1
3anucbliBatoTcs B nongax 2 u 3 B npoaosmkeHnn kaptol CBAR.

* [lpumeyanue: dnarn WAPHUPOB — 3TO CUMOBLIE OrPaHNYEHUS.
SPC — 910 orpaHuyeHmne nepemMeLleHnn.

MS@Software‘
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OnucaHue onepartopa PBAR

* CeBouctBa CBAR anemeHTa 3anucbiBatoTcs onepatopamum PBAR
unu PBARL.:

1 2 3 4 5 6 7 8 9 10

PBAR | PID MID A " |2 J NSM

PBAR | 102 | 202 | 030 | .0090 | .0062 |0.0124 +P1
$ C1 c2 D1 D2 = E2 F1 F2

+P1 03 | 025 | 03 025 | 03 | 025 | -03 | -025 [+P2
$ K1 K2 12

+P2

Mone Conoepxumoe

PID

NoeHTUDUKALNOHHBLIN HOMEpP KapTbl CBOUCTBA

NaoeHTMdMKaUMOHHBLIN HOMEpP KapTbl MaTepmana

MSC SimEnterprise™

MSaSoftware‘



OnucaHue onepatopa PBAR (npoponxenue)

Mone Conepxumoe

A Mnowaab ceyeHUA aneMeHTa

11,12,112 MomeHTbI uHepuuu cevenua (L, =1 , I, = Iyy, L1,> I122).
OnpenenaroTcA C y4eTOM CUCTEMbI KOOpAUHAT
3aneMeHTa.

J MonApHbLIK MOMEHT UHepLUn

CI,DLELFI  KoadduumeHTbl ANs pacyeTta HanpshkeHUU. [OoMmKHbl ObITb
onpeaeneHbl, ecnu 6yayT BbIBOAUTCA U3rMOHbIe HanpsXXeHUs.

K1,K2 dakTopbl caBura B Nnnockoctax 1 n 2 (no ymon4yaHuio -
GEeCKOHEeYHOCTb, T.e. b6arnka umeet 6€CKOHEYHYH XXeCTKOCTb Ha

caBur). Ecnu [, # 0, To K1 1 K2 urHopupyorcsi.

MSC SimEnterprise ™ »—CQLG—@—EEEJ—{%—@%—C MSaSoftware'
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PacyeT MOMeHTOB MHepuuun J gns
HEKOTOPbIX Ce4YeHUn

KPYI

1 A
J = éarr4 %r

KOJNbLIEBOE

CEYEHUE
ro
1 4 4
Fi
KBAOPAT

- 225a% Z
J = / /A

ot 00
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PacyeT MOMeHTOB MHepuuun J gns
HEeKOTOPbIX ceyeHuu (npoaomxeHue)

NMPAMOYIOJIbHOE CEYEHUE

4
J = abs[%s—s.ss 9(1 —b—4ﬂ
a 12a

2a |

Popmynbl Ana Apyrux He KPyroBbiX C€4eHUU MOXHO HaUTU B
KHUre R.J. Roark and W. C. Young, Formulas for Stress and Strain, 5th
ed., Table 20 cmpaHuupkl 290-296.
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[Monepe4yHbIN caABUr

* CaBuroBble nepemeleHus 6anku - V, paccuntbiBaroTcs no popmyne
V=(F,*L)/(K*A*G)

rae:
F, - cunbl caura B HanpaeneHun Z anemMeHTa
L - anuHa 6anku
K - KoahdpuumeHT casura
A - nnowagb cevyeHuns
G - moaynb casura 6anku
n senmnimHa 1/K*A*G Ha3bIiBaeTca cABUIoBOM NogaTiIMBOCTbIO banku

MSC SimEnterprise™ | L o === | MSCASoftware
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[MonepeYyHbIN COBUI (npopomnkeHue)

* K onpegensieT pacnpeaeneHue casura no ce4eHuio
areMeHTa U ee BefIMYNHA 3aBUCUT OT (POPMbI CEYEHMUA.

e B 3anucu PBAR:

* K1 conpotuBneHue caBury B HanpasrieHMn ocu Y anemMeHTa.
* K2 conpotuBneHue caBury B HanpaBJfieHUU ocu Z arieMeHTa.

MSC SimEnterprise™ | L o === | MSCASoftware
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I'Ionepeq HbIX cOBUr (npoaomxeHune)

* 3HauyeHunna K Ana HeKOTOPbIX CeYEeHUHN

Popma nonepevyHOro cevyeHus 3Ha4yeHue K

MpsMoyronbHUK 5/6
Kpyr 9/10
ToHKOCTeHHas Tpyba 1/2

LLinpokune 6anku

Marnasi ocb ~Af [ 2A

oonbluas ocb ~AW/ A

* IlutepaTypa:
Roark and Young, Formulas for Stress and Strain, 5th ed., cmp. 185.
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OnucaHue CBAR 3anemMeHTa (npogonxenue)

* OpueHTaUMAa cMCTeMbl KOOPAMHAT INeMeHTa onpeaenser
NAOCKOCTU cedyeHus 1 n 2, opueHTauMio MOMEHTOB UHEPLUM,
BbIBOAMMbIE NMPU pacyeTe HanpsaxeHus. Ons 3ToM cuctembl
KOOpAWHAT 3fieMeHTa:

MomeHTbl MHepuun B nriockocTu 1:

o= | _ BH
17 'zz 7 4

MomMeHTbI MHepLUUMKM B NJTOCKOCTU 2:

e | B
2 ¥Y 1
C = .5H, -5B
D= .5H .5B
Eim —5H. «5B
F = —5H. —.5B

MSC SimEnterprise™ : & = === : : MSCASoftware




CemuHap NAS101 | 2006 | Pasgen 2 | MSC.Software Corporation

OnucaHune CBAR anemeHTa (npoponxeHue)

* [Ins1 Takon cMCcTeMbl KOOPAUHAT 3NEeMeHTa:

Lo HB>
) e e 12
=1, =B
2=y =

C = -58, .5H

D= .58, .5H

E = .58, -5H

F = -.58, —.5H

MSC SimEnterprise ™ »—{@—@—{Eﬂ%—{é}—@% MSC _ASoftware:
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OnucaHue onepatopa PBARL

* @opmart 3anucu PBARL.:

Yelem

DIM3
1 2 3 4 5 6 7 8 9 10 |< >|

I c

PBARL | PID MID | GROUP | TYPE T ]‘ i
DIM1 | DIM2 | DIM3 | DIM4 | DIM5 | DIM6 | DIM7 | DIMS * -

DIM6 ~elem

Mpumep: DIM5
[V
PBARL 39 8 I E A | D
14. 6. .5 .5 .5 .5 DIMz2

T}TE: 5‘I £

MSC SimEnterprise™

MSC

Software
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OnucaHue onepatopa PBARL (npononxenmue)

rge.
Mone Conepxumoe
PID NoeHTMdUKaUMOHHBLIN HOMEp KapTbl CBOMCTBA
MID WaoeHTucpukaumoHHbIM HOMep MaTepuana

GROUP [pynna nonepe4yHoro ce4yeHusi Default="MSCBMLO")

TYPE CTPOKOBaﬂ: IRODII’ IITUBEI!, IDIII, IICHANII, IITII, IIBOxII’
IIBARII, IICROSSII’ IIHII, IIT1II, ll|1ll, IICHAN1II, IIZII, IICHANzll,
"T2", "BOX1", "HEXA", "HAT" for GROUP="MSCBMLO")

DIMI Pasmepbl nonepe4yHoOro cevyeHus

NSM HekOHCTPYKLMOHHAA Macca Ha eAUHULY ANUHbI,
NSM onpepnenserca nocne nocneaHero DIMI

MSC SimEnterprise ™ »—CQLG—@—EEEJ—{%—@%—C MSaSoftware'
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Onucanue onepatopa PBARL (npononxenne)

¥olom ¥dem

f " Zolem
E D
«—DIM L ——l

¥olem s
TYPE="L Yolom
DIM 3 (PBEAML only) DIM 4

DIM 3 —™

MSC SimEnterprise™ i === - MSCASoftware
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Onucanue onepatopa PBARL (npononxenne)

Vol ¥elom
|- DIBN fi DINES
i . = c
1 : 1 3
[ Zolom
DIM 3
DIM 2 Zelom
DIMN 2
DIMa_| | = o
*— Yol E —= Cfe=
am
PR - DIM L — = DIM 4
F TYPE = "BOX"™
C
Zadom
DIN 2
! D
¥elom E Wotami
rfa— DINM 1L —————=
D]g{ 1 Dlg‘l 1 D12M 2 DIM 2
2
- | | TYPE = "BAR" gl == C
c : P — —
DIM 3 T
. DIM 4 | DIM 3
R * =
dem
_— Zalem
DIMN 4
: . - e
DIBNM 1
DIMN 2
TYPE = "H"

MSaSoftware‘
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OnucaHue onepatopa PBARL (npononxenne)

¥olem DIM 1 o> DIML
3 o ¢
DIM 2
_|“ = T:mw 1 — | ]
MM 3 LE @ To] Zotom TDIM 4
DIM 3
¥
|.._. D : ..
TYPE = "T1" E-J: 'lD X
— | DIN 2-| Dlt\rlhll TYPE="I1"
F - C_
DIM 3
Zdom
DIM 4
.
E D

TYPE = "CHANL"
Xelem
S 1™ 2 DIM 1 DIM 1
DIM [ [~
C
Fl c ; -
* -
| Yelemn

DIM 3 SRS
Zelem
DIM 4 l
| — ’ lDIM
E D C C
- — =
TYPE = “Z I DIM 1L I T

MSC SimEnterprise™ 7 5 2 MSC




CemuHap NAS101 | 2006 | Pasgen 2 | MSC.Software Corporation

Onucanue onepartopa PBARL (npononxenne)

Yelem Yelem
- | DIM 1_-|
DIM4—| | |+ F c_}
Fo | _oC ] _ 1 DiM3
Zelemn
DIM 3 DIM 2
DIM 22
l L ] Zalem L
E D ‘ -
|—— DML —— r : ‘ DIM 4
E D ¥
TYPE = “T2" —u| [«—DIM6 -—
TYPE = «Box1*2 ™M 5
Yelem
DIM 4 DIM 4
|+ DIM 33—~
—~| |~—DIM2
4D
DIM 2 _—

TYPE = “HAT™
TYPE = “HEXA™
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Cunbl B 0ano4YHOM 3N1eMeHTe

°* BHyTpeHHMe cunbl U MOMEeHTbI arnemeHTa BAR:

MnockocTtb 2

MSC SimEnterprise ™ »—{@—@—{Eﬂ%—{é}—@% MSC
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Cunbl B 6afIOMHOM 3J1IeMEHTEe (npomonxeHue)

* 3TO MOXHO TaKXe npeacTaBUTb Kak.

¥Ye Ve
i
A7 ~
Fx - - o - X
Sl T T . VT
2 MMnockoctb1 P .
Vi
Ze Ve
Mo, Mop
- o - X
- A

2 Mnockoctb2 P

v2
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NMpumep npumeHeHus CBAR anemeHTa

MpunoxeHHaa Harpyska

P, =24E+41b

¥b Pp
P, =5000. b T
3400 Y 3402
T =4DE+4Inb 3401 g - — e —
P-| T XB
-+—— 100. -

MSC SimEnterprise™ »—{Hﬂ%—{é}—@%
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NMpumep npumeHeHus CBAR anemeHTa
(npopoonxeHue)

e CBOMCTBA

CBoMCTBa 3N1eMeHTa CeoucTBa maTepuana
A _24 In? y E =30.E + 6 psl
(]
| a 4 v =03
3 Gy = 36000 psl
T a
i "w-az-'“ I g —E = 11.54E + 6 psl
Ze T2+vy) P

J =75.121n? ‘

¥
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BxoaHou cbann MSC Nastran
ANA AaHHOro npumepa

1
80L 101

CEND

TITLE = BAR EXAMPLE
$

LOAD = 100

DI8SP = ALL

FORCE = ALL
8TRES8 = ALL

$

BEGIN BULK

$

CBAR 3400 1 3401 3402 0. 1. 0.

GRID 3401 0. 0. 0. 123456

GRID 3402 100. 0. 0.

MAT1 10 30.+6 «3 +M1
+M1 36000.

FORCE 100 3402 2.,4E4 1. 0. 0.

FORCE 100 3402 5000. O, -1. 0.

MOMENT 100 3402 1. 4,+4 0. 0.

$

PBAR 1 10 24, 72, 32. 75.12 +PB1
+PB1 3. -2, 3. 2. -3. 2, -3. -2,

& OR

SPBARL 1 10 BAR +PB1
$+PB1 4, [

$

ENDDATA #

MSC SimEnterprise™ MSaSoftware'
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BbiBOO nepemMelwieHn gna gaHHoOro npumMepa

DISPLACEMENT VECTOR

POINT ID. TYPE T1 T2 T3 R1 R2 R3
3401 G 0.0 0.0 0.0 0.0 0.0 0.0
3402 G 3.333333E-03 -7.716050E-01 0.0 4.614223E-03 0.0 -1.157407E-02

_PiL (2.4E+ 4)(100.)

Ay = AE = (24)(30.E16) = 3.33E-3in.

3
_Plo (s5000.)(100.)
~ 3EI, ~ (3)(30E+6)(72)

A, = 7.716E-1 in.

MSC SimEnterprise™ MSC



BbIiBOO cvM B 3rIeMeHTe

ANA AaHHOro npumepa

EORCE &S I N E AR ELEMEWMNTS ( CB AR
ELEMENT BEEND-MOMENT END-& EEND-MOMENT END-E - SHEAR - AXTAL
ID. PLANE 1 PLANE 2 PLANE 1 PLANE 2 PLANE 1 PLANE 2 EORCE TORQUE

2400 -5.000000E+05 0.0 0.0 0.0 -5.000000E+03 0.0 Z2.400000E+04 4 .000000E+04

P, = 5000.
"4
i /////////// csur
V = -5000. %

P, = 5000.

0
W MoMeHT
M1 =-50E4+5

M1 = Px = 5000(100)
M, =0

MSC SimEnterprise ™ »—{@—@—Eﬂ%—{é}—@—ﬁ?—c MSC _ASoftware:
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BbiBO4 HanpshkeHMn Ans 4aHHOro npumepa

S TREZSZSE S I N E AR ELEMEUWNTS ({ C B AR
ELEMENT SAl SAZ SAZ3 S4g AXTAL SA-MAX SA-MIN M.S.-T
ID. SB1 SB2 SBZ3 SsSB4 STRESS SE-MAX SE-MIN M.8.-C
3400 2.083333E+04 2.083333E+04 -2.083333E+04 -2.083333E+04 1.000000E+03 2.183333E+04 -1.983333E+04 6.5E-01
0.0 0.0 0.0 0.0 1.000000E+023 1.000000E+023 8.2E-01
New - P Y R ~— o)
N3rmoHble HanpsKeHns Hanpﬂ)KeHVIﬂ CyMMaprle HanpsAaxXeHunsA
OT AencrtBud OT AencTtBud

oceBOMU cuUnblI oceBOM cunbl U n3rnda
My _ (5.0E + 5)(3.)

Gbending = I1 72. = 2.0833E+4
P _ 24E+4
Gaxial = K = T = 1.0E+3

s
M.S.(T) = _allow 4q_36000. 4, g6s

|Sactual| - 21833.
s
MS.(C) = _allow o _36000. ;4 os2 HeoBs3aTenbHO
- |Sactuall 19833.
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