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BxoaHou cpann MSC Nastran

* dopmaT BxogHoro canna nogpoodHO onucaH B
MSC Nastran Quick Reference Guide

* Huxxe npnBoguTcsa odulee onucaHue BxogHoro pamna c
onncaHuem ero cekuum M1 ocobeHHOCTen nx ncnonb3oBaHUA
Ans ynpaBrieHUs Xo4OM peLleHuUs
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BXO.D,H017I Cbaﬁﬂ MSC Nastran (npooomnxeHue)

/ ENDDATA
|
// BULK DATA SECTION

/ BEGIN BULK
/% CASE CONTROL SECTION

/ CEND
- 1
= // EXECUTIVE CONTROL SECTION

ID A, B $ OPTIONAL

-~ .
k // FMS |

1

1
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BXO.D,H017I cbai/'ln MSC Nastran (npopomxkeHue)

* Cekuus FILE MANAGEMENT (FMS) - HeobOsi3aTenbHas:

* OnepaTtop NASTRAN (Heobsi3aTenbHbIW, NPUMEHSAETCA AN 3a4aHns
rmobanbHbIX HACTPOEK TEKYLLEro 3anycka);

* PasmelleHne dannos, KOHTPOSb pecTapToB, paboTa ¢ 6a3on
OaHHbIX;

* OcHoBHOe HasHayeHne FMS — coenaTtb onepaunoHHY cUcTemMy
"HeBuanmon" Ans nonb3oBaTeny;

* Cexkunss EXECUTIVE CONTROL.:

* Tun pelleHns, npegocrasndaemoe Bpems, moandukaumn m
CUCTEMHasi AMarHocTuKa;

* Cexkunsas CASE CONTROL.:

* 3anpoc BbIXOAHbIX AaHHbIX 1 BbI6op 13 cekumm BULK DATA
BapuMaHTOB Harpy3ku 1 3akpenneHus;

* Cekuusa BULK DATA:
* OnncaHne MoOenu n ycrioBmin peLleHuns.
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BxoaHoun cbann MSC Nastran (npoponxenue)

* MSC Nastran pa3spaboTaH Ana 3anycka B KOMaHAHOM pexume.

* [lpouyecc aHann3a onMcbiBaeTcs BO BXOAHOM channe crieayroLwwmm
obpa3om:

1. Cexkumst FILE MANAGEMENT (HeobsizaTtensHas);
2. Cekuma EXECUTIVE CONTROL;
3. Cekuma CASE CONTROL;

4. Cekuma BULK DATA.

* [loapOOHOCTU MOXXHO HAaUTU B
MSC Nastran Installation and Operation Guide
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PacnonoxeHue pasgensiloliux sanmcemn

* Pazpensirowme 3anmcm BoO BXOAHOM haune oTaensoT pa3fnnyHble
cekuuu danna gpyr ot gpyra

CEND Koneu cekumm EXECUTIVE CONTROL,
Havano cekumm CASE CONTROL

BEGIN BULK KoHel cekummn CASE CONTROL n Hayano cekuuun
BULK DATA

ENDDATA [MocnegHsasa 3annck B0 BCEX BxoaHbIX hannax
MSC Nastran

* [lpumeyvaHue: Bce 3TK 3anucu AO0MXHbl HAYUHATbLCSA
C NepBOUN KOJTOHKM.
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dopmaTt BxogHoro dauna

* Cexuusa FILE MANAGEMENT:

* lcnonbayeT cBoOOaHLIN dhopmaT
(cmoTpn MSC Nastran User’s Manual)

* Cexuun CASE CONTROL u EXECUTIVE CONTROL.:

* Nicnonb3yeT cBobogHbIN cbopmaT (B npeaerniax KofloHoK 1-72).
[aHHbIe MOryT Ha4YMHaTbCA € NHOM NO3NLUUN U pa3genarTCs
3ansaTbiMU UNK Nnpobenamu.

* Cekumna BULK DATA:

* CyLLEeCTBYET TPM BO3MOXHbIX BapnaHTa goopmaTa
(nogpobHee aTn popmaTbl ByayT pacCMOTPEHbLI HUXE):

* CBoboaHbIV hopmat
* Manbin doopmar

* bonblwon gopmar
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Cekuusa Executive Control

* Cekuma EXECUTIVE CONTROL sBnsietcsa nepBoun oba3aTesribHOU
rpynnou oneparopos B nrobom BxoaHom c¢panne MSC Nastran.

* OcHoBHbIMM (pyHKUnAMU cekunmn EXECUTIVE CONTROL aBnsaroTcAa:

* OnuncaHne Tuna aHanusa (nocrnegoBaTeribHOCTU PELLEHUS);

* OnpegeneHne OCHOBHbIX YCNOBUN paboThl, TAKUX Kak:
* MakcumanbHoe BpeMms;
* CuctemMHasi AnarHocTuka;

* Wcnonb3oBaHne nognporpamm Ha s3bike DMAP.

* NMonHoe onucaHue onepatopoB cekunn EXECUTIVE CONTROL
npuBeneHo B TpeTbeM pa3gene KHUrm MSC Nastran Quick Reference Guide.
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HeKkoTopble onepaTopbl CeKuumn

Executive Control

* SOL K - obsizaTenbHasn 3anuchb, rae K - Homep nnu nma tTuna aHanusa
* CEND - obsi13aTenbHasi 3anuchb - nocriegHss 3anmcb 3TOU CeKUuumn

* DIAG J - HeoOsizaTernbHas 3anncb — 3anpawmnBaeT cneumanbHYO
AWarHOCTUKY, HanpumMep:

DIAG 8 - nevaTb O6LWMX AaHHbIX O CreHEPUPOBAHHbBIX MaTpuLax

DIAG 14 - neyatb kKomaHg DMAP — pekomeHAyeTcda UCnosib30BaTh
BmecTe ¢ ALTER.

DIAG 56 - BbIBOJ, 3Ha4YeHun Knaccudukatopos B “f04” B TOM

nopsiake, Kak OHM 3adaHsbl, Nntoc BbiBog Bcex DMAP
NHCTPYKUMin (Homep nnuHnn n SUbDMAP) B nopsigke
nx BbinonHeHusa B “f04”
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OnucaHne DMAP

* UcnonHsawwaa cuctema MSC Nastran ncnonb3yet BHYTPeHHUU A3bIK,

OPUEHTUPOBaHHbLIN Ha paboTy ¢ 6rnokaMmu AaHHbIX, Ha3biBaeMbIN
DMAP (Direct Matrix Abstraction Programming).

* Bce pac4yeTtHble nocnepoBaTtenibHocT MSC Nastran HanucaHbl €
ncnonb3osaHuem DMAP

* 3TOT A3bIK NPOrpaMMmnpoBaHnNA NOSTHOCTbLIO OTKPLIT AN
nonb3oBaTteneun

* DMAP:

* OcyLwlecTBnseT onepauum npeobpasoBaHns BXOAHbIX AaHHbIX B MaTpuubl n/unu
Tabnuubl

* BbINnonHsieT MaTpuyHble onepauumn
* [MpeobpasyeT maTpuyHOE peLleHne B BbIXOAHbIE AAHHbIE

* [NevaTaeT pelieHne (U/nnn gpyryo Tpedbyemyo MHGPOPMaLNKO)
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OnucaHune DMAP

* Kaxxgoe peweHune B MSC Nastran coctaBnsierca us
nocriegoBatenbHOCTU onepaTtopoB A3bika DMAP

* [locnegoBaTeNnbHOCTbL BbIMOMHEHUA 3TUX ONepaTopoB 3aBUCUT OT
BblOpaHHOro tuna peweHus (SOL K)

* Kaxxpgoe peweHune (SOL) coaepXnt 40 HECKONbKUX TbICAY
onepartopoB DMAP, n ux ymcno 3aBuMCcuUT OT TUNa aHanusa

* JlroGan BCTPOEHHas nocnenoBatTesfibHOCTb pelleHUnA MOXeT ObITb

U3MeHeHa nonb3oBaTresieM C NOMOLLbIO TaK Ha3biBaeMbIX anbLTepoB
(ALTER)

* A3MeHeHHble nocreaoBaTesfibHOCTHU PelleHnA MOoryT ObITb HanNUCaHbI
N COXpPaHEeHbl AnA AarnbHeunLwero UCnosib30BaHUA

* ina 6onee noapooHon uHopmaumm cMoTpu
MSC Nastran DMAP Programs Guide
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lNocnepoBaTenbHOCTU peLleHUN

* B MSC Nastran cywectBylOT ABa Buaa nocrneaoBaTtenibHOCTEN
peLieHUN:
* CTpyKTYypmpOBaHHbLIE NOCNeaoBaTesibHOCTU peLlleHnn (SSS):
* AsnawoTca pekomMeHagyemMbiMU 0514 BbINOJIHEHUA paC4eToB
° V|CI'IOJ'Ib3yl0T 6a3y AaHHbIX OANnd XpaHeHUA U nonyvYeHnda gaHHbIX
* lNopagepxnBatoT pectapThbl

* B oTnunyme oT XKecTKux rnocrieqoBaTensHOCTEN peleHnda, oHn cogepat caMble
nocnegHne obHOBMEHUA U HOBbIE BO3MOXHOCTH

* Crtapbln XXecTknn dpopmat bonee He nNogaepKnMBaeTCs
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CTpyKTypupOBaHHbIe NOocreaoBaTeNIbHOCTHU
peLleHun

SOL SOL

Number SOL Name Description e SOL Name Description
101 SESTATIC Statics with Options: 145 SEFLUTTR | Aerodynamic Flutter
ERSSErS PRI il st e 146 SEAERO Aeroelastic Response
Alternate Reduction
Inertia Relief 153 NLSCSH Static Structural and/or Steady State Heat Transfer
Design Sensitivity - Statics Analysis with Options:
103 | SEMODES | Normal Modes with Option: LinexsordSon IneerAnS s
Design Sensitivity - Modes 159 NLTCSH Transient Structural and/ or Transient Heat Transfer
105 SEBUCKL Buckling with options: r\lla-lys:s with Op.tlons: .
27 % Linear or Nonlinear Analysis
Static Analysis :
Alternate Reduction 190 DBTRANS Database Transfer, "Output Description™ on page 340
Inertia Relief of the MSC.Nastran Reference Manual.
DesignSensitiviry' Buekiing 200 DESOPT Design Optimization
100 SNISIATIC Monlnear ceineac Sales 400 NONLIN Nonlinear static and transient analysis

107 SEDCEIG Direct Complex Eigenvalues
108 SEDFREQ Direct Frequency Response
109 SEDTRAN Direct Transient Response
110 SEMCEIG Modal Complex Eigenvalues
111 SEMFREQ Modal Frequency Response
112 SEMTRAN Modal Transient Response

114 CYCSTATX | Cyclic Statics with Option:
Alternate Reduction

115 CYCMODE | Cyclic Normal Modes
116 CYCBUCKL | Cyclic Buckling
118 CYCFREQ Cyeclic Direct Frequency Response

129 NLTRAN Nonlinear or Linear Transient Response

144 AESTAT Static Aeroelastic Response
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Cekuusa Case Control

* Cekuuna Case Control Bcerga cneayet 3a cekuuen Executive Control u
npeawecTByeT cekumn Bulk Data. TpebyeTca npu Kaxxgom 3anycke.

* K nepBuyHbIM (hbyHKUUAM cekumm Case Control oTHocATCA:

* Bboibop Habopos gaHHbIX B cekunn BULK DATA, KoTopble UCronb3yrTcs
npu aHanuse

* 3anpoc Ha BbIBOJ, pe3ynbTaToB

* OnpeneneHne BapnaHTOB 3akpenneHnsa u HarpyxeHus (Subcases).

* [lonNHbIN CNUCOK onepaTopoB AAHHOU CEeKUMN ANA KaXaoun
nocriegoBaTeNnbHOCTU pPeLueHUus npuBeaeH B pasgerne
4 MSC.Nastran Quick Reference Guide.

* HaunHan ¢ Bepcuu 2005 B kKapTax cekuumn Case Control BbinonHsaeTcs
nosfiHasa npoBepKa cuHTakcuca. lNpepblaywine Bepcmumn npoBepsnmn
TONMbKO NepBble YeTbipe no3vuumn. lonyctumMmbl KOPpoTKUe hopmMbli
3anucu KomaHpg (Hanpumep, Disp gnsa Displacement), ecnu oHn
OTBeYaKT NpaBusriaM COKpalleHus.
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Bbi6op HabopoB AaHHbLIX

* KoHuenuusa HaAboOpPoOB AaHHbLIX NO3BONAET NOSfib30BaTeNo onpeaenaTb
noboe KoNnM4yecTBO pa3fiuyHbIX BapUaAHTOB HaArpy3oK U rpaHUYHbIX
ycnosuu B cekummn BULK DATA

* YKa3aHue, Kakme N3 HabopoB AaHHbIX HAA0 BKIOYUTb B AaHHbLIN

aHanus, 3agaeTcs KOMaHOOU BblIOOpa AaHHbLIX B CEKUUU
CASE CONTROL.:

DATA_SET_NAME = SID

* Habopbl AaHHbIX, BbiIOMpaeMble TaKUM CNOCOOOM MOryT BKNOYaTb
Harpy3kKu, rpaHuYHble YCNOBUA U NONS TeMmneparyp.

* MpumMmeyvaHue: J1iobble 3anucu Bulk Data koTopblie moryT Boibnpartbcs
komaHgamu cekuumn Case Control, HO He ObInNu BbIbpaHbI, B JaHHOM
3anycke byayT NpoOUrHOPUpPOBaHHLI.
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BbiOOp cTaTU4eCKOU Harpy3Ku

* BapuaHTbl CTaTU4eCKOU Harpy3ku BblionparTca komavgon LOAD
cekuum Case Control:

* @opma 3anucu:
LOAD =i

roe i — BapuaHT npuknagsiBaeMon Harpy3skm (cmotpu none SID B 3anncun cekumnm
Bulk Data, oTHocALWEeNCS K Harpy3ske)

* Bce 3anucu Harpy3ku ¢ SID i 6yayT npunoxeHbl COBMECTHO
(npumevaHue: 3anucb GRAV gomkHa uMeTb YHUKanbHbIN SID)

* Mpumep:
LOAD =1
ByayT npunoxeHbl BCe Harpysku B 3anucsax Kotopbix SID=1
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Bb100op AaHHbLIX TeMnepaTypHON Harpy3Kku

* TemnepaTypHble Harpy3ku npuknaabiBaloTcs (Bblonparorca) c
ucnonb3oBaHuemMm komaHabl cekuumn Case Control - TEMP(LOAD)

* @opma 3anucu:
TEMP(LOAD) =j

roe j ykasbiBaeT Ha ngeHtudukarop (ID) sanucen cekumm Bulk Data,
KOTOpble onpeaensroT TemnepaTtypHoe none, npuknagbiBaemoe K
moaenu (Hanpumep TEMP, TEMPD, TEMPP1, TEMPRB)
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Bb10op HavyanbLHOM TemnepaTypbl

* HayanbHaa TemnepaTypa onpeaenseTca ucnofnb3oBaHMeM fiMb6o KoMmaHAbI
TEMP(INIT) cekumn Case Control, nu6o nonem TREF B 3anucu
CBOMUCTB MaTepuana

* Mpu ucnonb3zosaHnn TEMP(INIT) oHa gonmxHa ObITb 3agaHa
Bbille nepBoro subcase

* Popma 3anucu:
TEMP(INIT) =j

rae j ykasbiBaeT Ha ID 3anucen cekumm Bulk Data, kotopble onpegensitor
Ha4yanbHy TemnepaTtypy moaenu (Hanpumep: TEMP, TEMPD, TEMPP1,
TEMPRB)

* Temnepartypa, ucnonb3yemas OJsi pacyeTa Harpysku:
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BbIOOp rpaHUYHBbIX YCNOBUM

* [paHUYHbIE YCIIOBUA, KOTOpPbIe OyayT NpuUKnaabiBaTbCA,
BbliOupatroTca komaHgamm Case Control —- SPC u MPC

* SPC - BbIOOp Habopa rpaHNYHbLIX YCITOBUM ANl OOUHOYHbLIX Y3/10B:

* SPC - orpaHnyeHue cteneHen ceoboabl nepemeLleHnt n BpaLlleHnn ans
OTAEMNbHbIX Y30B

* 3apatotca 3anucamu SPC n SPC1 cekuun Bulk Data

* MPC - Bbi6op Habopa rpaHUYHbIX YCNOBUN ANA rPynnbl Y3M0B:

* MPC - 3TO rpaHun4HblE YCNOBUA 3afaBaeMble ypaBHEHMEM, CBSA3bIBaOLLME
OBWXeEHWE BblIOpaHHbIX cTeneHen cBoboAbl OTHOCUTENBLHO OPYIMX CTENEHEN
cBoboabl B Mogenu

* MPC 3apatotca 3anuceto MPC cekuunn Bulk Data
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MHoroBapuaHTHO€ HarpyxeHue

* Komanga SUBCASE onpepensiet Kaxayr YHUKaNbHYKO KOMOMHaUMIO
YCTAHOBJIEHHbIX Harpy3oK 1 rpaHU4YHbIX YCIOBUMN.

* @opma 3anucu:

SUBCASE i
roe i — naeHTudpmkaTop BapuaHTa (Uenoe 4Ymcno).

* B kaxxaom SUBCASE moryT BbIOMpaTbCA pa3fnnyHble rpaHUuYHbIe
YCNOBUA, Harpy3k1 n BbiXoAHble AaHHble

* Homepa (i) SUBCASE faomnxHbl ObITb YKa3aHbl B BO3pacTaloLem
nopsiake, HO He obsA3aTeribHO MO NMOPAAKY,
(T.e. Hanpumep, MmoryT ObITb HOMepa 1, 14, 31 n 50)

MSC SimEnterprise™ ° 55 CEEE i ; 24 MS@{Software'



NMpumep cekunm Case Control

* [[peanonoXxum, 4TO Mbl UMeeM AiBa BapuaHTa yCnoBumn
HarpyxeHua (LOADs 100 u 200) ¢ pa3nn4HbIMM BapuaHTaMu
rpaHuyHbIX ycrioBuu (SPC 110 n 210 cooTBeTCTBEHHO).
NMpuBepeHHas HMXe cekuusa onpeagenset gna MSC Nastran kakune
KOMOMHauUMM Harpy3oK u 'Y Heobxoaumo paccumTatb U Kakue
TpeoyroTcH pe3ynbTaThl.
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NMpumep cekumm Case Control (npoaonxenne)

CEND

SUBCASE 10

LABEL = Ycnosue HarpyxeHnus 1 — npunoxutb Harpysky 100 u rpaHuyHble ycnosus SPC 110
LOAD =100

SPC =110

DISP = ALL

$
SUBCASE 20

LABEL = Ycnosue HarpyxeHus 2 — npunoxutb Harpysky 200 u rpaHuyHble ycnosus SPC 210
LOAD =200

SPC =210

DISP = ALL

BEGIN BULK
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NMpumep cekumm Case Control (npononkennue)

* Ha npeabiaywem cnange cekuua Case Control 3apaet aBe
KOMOMHaUMM HarpyxeHus u 'Y, Kaxpas U3 KOTopbIX
onpeaensetcsa otaenbHou komaHaon SUBCASE

* Kaxxgbin SUBCASE copgepXuT 3anpocCbl NO Harpy3ke u
rpPaHUYHbIM YCITOBUAM, MJIHOC NOObIe 3anpochkl pe3yrnbLTaTtoB

* Ecnu TpebyeTcs BbINOMIHUTL 60SbLUOE KONIMYeCTBO KOMOUHaUMN
YCTAHOBMEHHbIX Harpy3oK U rpaHU4YHbIX YyCNoBUN, To cekumnsa Case
Control moxeT cTaTb OYeHb ANTMHHOU

* [insa Toro, 4ToObLI 3TOro n3bexartb Heo6XxoaAUMO nepen NepBbIM
SUBCASE nomecTuTb 3anpochbl, MCNOMb3yeMblie Mo YMOS4YaHUIo
ans scex SUBCASE (ogHako, 3Tu 3anpocbl MOTyT ObITb
U3MEeHeHbl B paMKax Nnro6oro ns Hux)

* Huxxe npuBeaeH npumep cekumm Case Control c
ncnonb3oBaHMEM 3TOro nogxoaa:
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NMpumep cekumm Case Control (npononxenne)

CEND

$ sanpockl Case Control, ncnonb3yembie No ymon4aHuio
LOAD =100

SPC =110

DISP = ALL

$ koHeL cnucka 3anpocoB, UCNOSMb3yeMbIX MO YMOSTYaHUIO
SUBCASE 10

LABEL = ycnosus Harpyxenus 1 — npunoxutb Harpy3ky 100 u rpaHuyHble ycnosusi SPC 110

$

SUBCASE 20

LABEL = YCINOBUA HarpyXeHusi 2 — npunoXxutb Harpy3ky 200 u rpaHu4Hble ycnosust SPC 210
LOAD = 200

SPC =210

BEGIN BULK
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3aronoBKM

* 3arofioBKM — HeobsA3aTernbHbl, HO PEKOMEHAYITCA ANA
naeHTudukaumm sanuceu (B channe pesynosratoB F06).

* TITLE - Onpenendet TEKCT, KOTOPbIN ByaeT neyataTtbCs Ha KaXaow BbIBOANMOWN
CTpaHuLe B NepBOWN CTPOKE.

* SUBTITLE - OnpegensieT TEKCT, KOTOpbIN ByaeT BbIBOAUTHCA BO BTOPOW CTPOKE
KaXkOon CcTpaHuLbl.

* LABEL - OnpenensieT TEKCT, KOTOpbIN BydeT nevaTaTbCsl B TPETbEN CTPOKE KaxKaom
BbIBOANMOW CTPaHULbI.

* Mpumep:
TITLE = TectoBbIN 3anyck - workshop 1
SUBTITLE = cTtatnyeckasa Harpyska, genucrsytowias Ha doepmy
LABEL = gemoHcTpauma ona cemuHapa NAS 101
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TemnepaTypHble Harpy3Ku

* InA BKNOYEHUA TeMmnepaTypHoro Bo3AeNcTBUSA B aHanms
NCNoNb3YTCHA HECKONMbKO TUMOB onpeaensirowmx sanncen. Boioop
Heo6xo4MMOWM 3anNnCcK 3aBMCUT OT TOro, K YeMy dyaeT npunoxeHa
TeMnepaTypHasi Harpyska:

° N9 3a4aHna Temnepatypbl B y3nax ncnonbe3ytorca sanmcn TEMP, TEMPD

* Ons 3agaHuna TemnepartypHoro nons Ha anemeHTsl ROD, BAR, BEAM, BEND,
CONROD, TUBE ucnonbayetcsa 3anucs TEMPRB

* 3annucb TEMPP1 ncnonesyetca anga sagaHna temneparypHoro nomng Ha
000s104eYHbIEe 3rIEMEHTDI

* [Ina Bknro4veHns adpdpeKkToB TemnepaTtypHOro Bo3aAeUCTBUA B aHanus3
norib3oBaTtesib AOMXKeH 3aaaTtb ucxogHyr temnepatypy {TREF vnun
TEMP(INIT)} n koacpcpmumeHT nMHEeMHOro TemnepaTypHoro
pacwunpeHun (a) B 3anucu matepuana. Takke B cekuuro Case Control
AoIMKeH O0bITb BKNto4veH 3anpoc TEMP(LOAD)=SID
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TeMmnepaTypHble Harpy3KW (npoponxetue)

* Ecnu TemnepaTtypHble 3 deKTbl ObININ 3anpoLleHbl, TO
TemnepaTtypHoe norsie A0MMKHO ObITb 3ajaHO Ha BCEX 3rieMeHTax
(yanax). Ecnu TpebyeTtca onpeaenutb pe3ynbraTthl
TemMnepaTypHOro BO3eMCTBUA TONMbKO Ha YacTu moaesniu, To
oCTalribHbl€ 3NeMEeHTbl MOTYyT UMETb:

° CCbINKYy Ha 3anucb Matepuana nog gpyrum MID, ¢ Takummn xe
CBOMCTBaMW, Kak U1 OCHOBHOW MmaTepwman, Ho ¢ a. = 0.0

° CCbINKYy Ha 3anucb Matepuana nog gpyrum MID, ¢ Takumun xe
CBOMCTBaMU, Kak 1 OCHOBHOM MaTepuarn, Ho TREF = npuknagbiBaemon
TemneparypHoun Harpyske (T.e., AT = 0)

* CmoTpu MSC Nastran Linear Static Analysis User’s Guide W

Quick Reference Guide (QRG) gnsa 6onee noapobHOro onncaHus
TemMmnepaTtypHOro HarpyxeHus
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3anucu Bulk Data, onpepensrowume

TemMmneparypy

OnepaTtop Ana 3agaHus TemnepaTtypbl B y3nax TEMP

3agaeT TemnepaTypy B Yy3M0OBbIX TOYKaxX AN onpeaenieHNs TemnepaTtypHoro
Harpy»eHusi, CBOMCTB MaTepuana, 3aBMCAILLMX OT TeMnepaTypbl U NONy4YeHUs

HanpsHKeHUn
Popmar:
1 2 3 4 5 6 7 3 9 10

TEMP 5D G1 T G2 T 63 i

Mpumep:
TEMP 3 94 3162 49 2192

MNone ConepxaHue
sD NaoeHTUdUMKaUMOHHBbIN HOMEP BapuaHTa TemnepaTtypbl (uenoe > 0)
Gi UaeHTUpUKaLMOHHLIN HOMEpP Yy3110BOM TOYKM (Lenoe > 0)
Ti Temnepatypa (BeliecTs. )
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3anucu Bulk Data, onpegensiowme
TeMnepaTypy (npoaonxeHue)

* TEMPD

OnpepenseT TemnepaTypy BO BCeX y3NOBbIX TOYKaxX Moaerin, B KOTOPbIX He Obina
3apaHa TeMmnepartypa ¢ nomouwbio 3anmcu TEMP.

dopmar:

1 2 3 4 5 6 7 8 9 10
TEMPD 01 T1 D2 T2 03 T3 04 T4
Mpumep:

TEMPD 1 216.3

MSC SimEnterprise™ : & = === | MSCASoftware



CemuHap NAS101

2006

| Pasgen 3

| MSC.Software Corporation

TemMmnepaTtypHble CBOUCTBaA MmaTtepuana

Tabnuua 2.1 — OnucaHme CBOUCTB 3NIeMEeHTOB Moaenm

MaTepuan Tun anemeHTa 1 nonep.
ceyeHuA

BepxHue anemeHTbI Cranb Beam, ceueHue B
1,2,3,4
HwXXHune anemeHTbI Cranb Beam, ceuyeHue A
9,10, 11
BHyTpeHHue anemeHThl 5, CocHa Rod, nnowagb 5.2 in?
6,7,8

Ta6bnuua 2.2 — OnncaHne CBOMCTB MaTepmanoB

Matepuman Cranb CocHa
Moaynb ynpyroctu 2.90E+07 psi 1.76E+07 psi
KoaddmumeHT MNMyaccona 0.32

MaccoBasi nfIOTHOCTb

7.349E-04 Ib sec?/ in*

5.435E-05 Ib sec?/ in*

KoachchnumeHT TemnepaTypHoro pacwmvperna | 6.78E-06 in/deg.F | 3.00E-06 in/deg.F
HayanbHas Temnepartypa 72 deg.F 72 deg.F
MakcumManbHble HanpsXXeHUs Ha pacTsiXkeHune 24000 psi 1900 psi
MakcMManbHble HanpshKeHUs Ha cxxaTtue 24000 psi 1900 psi
MakcuManbHble HanpsikeHUs Ha caBUr 24000 psi
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3anucu TeMnepaTypHoOu Harpysku

°* B npeabiaywem npumepe, B 3anucu matepuana MAT1 yxe Obin

3agaH Koa(hpUUMEeHT TeMmnepaTypHOro paclumMpeHuns, TakKum
obpa3om HeoOGxoaAMMO 3a4aTb TONbKO TeMnepaTypbl

e XoTa MOXXHO ucnonb3oBaTb 3anucb TREF B 3anucu matepuana,

Mbl 6yaem ncnonb3oBaTtb 3anucb TEMP(INIT) ansa 3agaHua
HavyanbHOM TeMnepaTypbl

TEMPD.20.70:———__ 1epip(NT)
TEMPD, 26,10

TEMP(LOAD)
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[‘paBMTaUMOHHasA Harpys3kKa

* [ina 3agaHna rpaBUTaLMOHHOM Harpy3ku ucnonb3yertcs 3anmcb GRAV
cekuuun Bulk Data.

* 3anucb GRAV ncnonb3yeTca Ans onpeneneHnsa HanpaBnieHUa n
BeJINYMUHbI INHENHOIo NOCTOAHHOIO rPaBUTaLMOHHOIO BEKTOpa
YCKOpeHUs B N0OOn Heobxoaumomn cuctemMe KoopauHar

* 3anncb GRAV MoXeT Mcnornb30BaTbCA AJ1A NMPUNOXEHUA K Moaernu
YCKOPEHUM

¢ Pe3yanMpylou.|,a;| Harpy3kKka BblHUCIIAETCA C UCNOoNb30BaHUEM BEKTOpa

rpaBuTauum U MmaTpuubl Macc.
(MoaTomMy MaccoBble CBOMCTBA MOAENN HYXXHO 3afaBaTb OYE€Hb
OCTOPOXHO, NCNONb3YA NPaBUSIbHbIe eAUHULbI NU3MEPEeHUS)

* laHHas Harpy3Kka He MOXeT ObITb NPUIIOXKEeHa B CKaNsAPHOM TOYKe, TakK
KaK OHa AeNCTBYeT Ha BCIO MoAenb
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[‘[paBuTaLMOHHAA Harpys3Ka (npoaomkeHue)

1 2 3 4 5 6 7 8 9 10
GRAV SID CID G N1 N2 N3
GRAV 14 13.0 1.0 2.0

BeKkTop rpaBuTauum g = g(N1, N2, N3)

Mone ConepxaHue
e SID NoeHTudmkaumMoHHbIN HOMep BapuaHTa HarpyxeHus (uenoe > 0)
e CID oeHTndmnkauMoHHbIM HOMEP KOOPAMHATHOM CUCTEMbI
(uenoe > 0)
° G MacLuTabHbln KO PULNEHT BEKTOPA rpaBmnTaunn (BELLECTB.)

® N1,N2,N3 KoMMNoOHeHTbl BEKTOpaA rpaBUTaLMOHHON Harpy3Ku
(o6s13aTenbHO, XOTS 6bI OAHA)

°* MPUMEYAHMUE: SID posnxxeH 6bITb YHUKAJNIbHbIM HOMEPOM
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Kapta ACCEL - yckopeHue

1 2 3 4 5 6 7 8 9 10
ACCEL SID CID N1 N2 N3 DIR
LOC1 VAL1 LOC2 VAL2 Continues in Groups of 2

* Kapta ACCEL no3Bonsiet 3agatb nepemMeHHble YCKOpPEeHus B

Mo4esriumn

Mone CopnepxaHue

* SID NoeHTudmkaunoHHbIn HOMEpP BapuaHTa HarpyxeHust (uenoe > 0)

* CID NoeHTUdmKaumoHHbIN HOMEpP KoopAuHaTHOM cucTeMbl (Lenoe = 0)

° Ni KoMnoHeHTbl BEKTOpa yckopeHust B cucteme koopanHat CID.
(BewecTs.; kKak MMHUMYM oanH Ni 0.0) *

* DIR Hanpasnsaowas KOMNoHeHTa N3MEHEHNS YCKOPEHUA.
(Cums.; X, Y, unun 2)

* LOCi [MonoxeHne Boonb HanpaeneHusi DIR B cucteme koopguHat CID

ONs 3agaHna MacwTabHOro MHOXUTENS Harpysku. (BewecTs.)

VALi MacLuTabHbI MHOXUTENb HAarpy3kn acCouMMpPOBaAHHbLIN C NOSTOXKEHUEM
LOCi. (BewecTs.)
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Kapta ACCEL1 — yckopeHune

1 2 3 1 5 6 /4 8 9 10

ACCEL1 SID CID A N1 N2 N3

GRIDID1 | GRIDID2 -etc.-

* Kapta ACCEL1 no3BonsieT 3agatb yCKOpeHue B Moaenu ans
oTAeSIbHbIX Y3JIOBbIX TOYEK

Mone ConepxaHue

* SID NoeHTdprKaunoHHbIM HOMep BapuaHTa HarpyxeHusa (uenoe > 0)

* CID NoeHTUPUKaunMoHHbIM HOMEpP KoopanHaTHOM cuctemMsl (Lenoe = 0)
° A MacLuTabHbI MHOXUTENb BEKTOPa YyCKOpeHus. (BellecTs.)

° Ni KoMnoHeHTbl BEKTOpa yckopeHust B cucteme koopanHat CID.

(BewecTs.; kak MuHuMyM ogmH Ni  0.0) -

GRIDIDi Cnucok ID ogHon unn 6onee y3noBbix Todek. Kntodesble cnosa “THRU”
n “BY” MoryT 6bITb MCNoONb3oBaHbl Ana dopMmpoBaHns cnucka. (uenoe > 0)
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[[paBuTauMOHHAA Harpy3Ka (npoaomkeHue)

* Cnepyrolwias 3anucb byaeTt uCcnonb3oBaTbCs ANA onpeaerieHns
rpaBUTaLMM B HalWeMm npumepe (3ameTum, YTO 3anNMcCb MaTepuana
MAT1 yXXe coaepXXuT MaccoBYH NMNOTHOCTL)

GRAV,30,,386.0886,0.,-1.,0.
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NMpumep

* [IpoponxxeHne npeabiayLwero npumepa
* B aTom npumMmepe 6yaeTt nobaBneHo 2 AONONMHUTESbHbIX
YyCINOBUSA HarpyxeHwus:
* SUBCASE 20 = TemnepatypHas Harpy3ka
* HavanbHaga Temneparypa = 70 rpagycoB

* TemnepatypHas Harpy3ka = 100 rpagycoB

* SUBCASE 30 = rpaButaynoHHasi Harpyska

* npunaraeTcs Harpyska 1-g (386.0886 atoiim/c?) B HanpasneHuu
NPOTUBOMNOMNOXHOM ocn Y
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U3meHeHue BO BxogHOM chaunne
ANA DaHHOro npumepa

TITLE = GARAGE ROOF FRAME SUBCASE 30
SUBTITLE = WOOD AND STEEL MEMBERS SUBTITLE — GRAVITY LOAD
SUBCASE 1 -
SUBTITLE=TRUSS_LBCS LORD = 30
LOAD = 1 DISPLACEMENT = ALL
DISPLACEMENT = ALL SPCFORCES = ALL
SPCFORCES = ALL STRESS = ALL
STRESS = ALL SpC = 10
SeC = 10 BEGIN BULK
SUBCASE 20
SUBTITLE = THERMAL LOAD TEMPD, 20,70.
TEMP (INIT) = 20 TEMPD,26,100.
TEMP (LOAD) = 26 GRAV, 30, ,386.0886,0.,-1.,0.
DISPLACEMENT = ALL ~$ The rest ofg the input file is

SPCFORCES = ALL
STRESS = ALL
SPC = 10

$ unchanged /from workshop 2

HoBblie 3anucu Bulk Data

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



CemuHap NAS101 | 2006 | Pasgen 3 | MSC.Software Corporation

BbI60p BbIXOoAHBLIX AaHHbIX

* 3anucb ECHO:
ECHO Buibop onuuin nevatn cekumm Bulk Data.

°* Onuuu BKIIOYaKOT B ceodA:

SORT [leyaTb TONBbKO OTCOPTUPOBAHHbLIX JAHHbIX
(Mo ymMon4yaHuio).

UNSORT [levaTb TONbLKO HE OTCOPTUPOBAHHbLIX JaHHbIX.

BOTH [leyaTb n oTCOPTUPOBAHHbLIX N HE OTCOPTUPOBAHHbIX
OaHHbIX.

NONE BbikntoyeHne nevyat gaHHbIX.
PUNCH [levaTb gaHHbIX B OTAENbHbIM BCcnomoraTtenbHbin doann PCH.

* Mpumep:
ECHO = SORT,PUNCH
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BbI60Op BbIXOAHbLIX AAaHHbIX (npoaomkeHue)

* [lo ymonyaHunio MSC Nastran He genaeT BbiBOoAa pe3yfibTaTtoB, MNO3TOMY
HY>XXHO chopMUpoOBaThb 3anNpPocbl HEOOXOAUMBIX pe3yrnbLTaToB

* lenasn 3anpocbl, MOXXHO UCMOJIb30BaTb HEKOTOPbLIE ONuuu,
onpeagenswme npeacraBneHmne pesynsratos. Hambonee yacrto
ucnonb3yemble 3To: PRINT, PLOT, PUNCH

* PRINT — ncnonb3yetcda no ymonyaHuio 1 npon3BoguT nevatb
pesyneratos B .f06’ doann

* PUNCH - obecneumnBaeT BbIBOA pe3ynbraTtoB B ‘.pch’ dpann, ncnonbsys ‘punch’
dopmart (WwmnpuHa ctpokn 80 cMMBOSIOB)

* PLOT — nporpamma BbI4UCIUT 3anpoLUEHHbIE pe3ynbTaTbl, O4HAKo neyaTb B
doopmaTHbIN dhann Npon3BoanTbLCA He ByaeT. 3Ta onumnsa 06bIMHO UCMONb3YETCH,
Korga nosib3oBaTerb XeNnaeT NPOCMOTPETL pe3ynbTaTbl MCNOSb3YS NporpaMmmy
0bpaboTkm gaHHbIX (Hanpumep MSC Patran). B atom cnyyae pesynberaThl
3anuncelBaloTCA TOSTbKO B BUHapHyto 6a3y gaHHbIX (pannbl .XDB nnu .OP2)

* [Ipy ncnonb30BaHMM ONLUN OHU BepyTCA B CKOOKKU cpa3y nocne
OnUcaHnAa KoMaHAabl
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Bbl60p BbIXOOHbLIX OAHHbBIX (npoaonxeHue)

* 3anpawvBaeMbin BbIBOA pe3yribTaTOB MOXeT ObITb BbINMOSIHEH KakK
Ans onpepeneHHoro Habopa (SET), Tak n agna Bcen mogenu

* MMpumepobl:

DISP = ALL BbIYUCISIET U NeYaTaeT pe3ynbTaTbl NepemMeLeHnin
ANs BCEX Y3MN0OBbIX TOYEK MOAEenu

DISP(PLOT) = ALL BbIYMCISIET, HO HE NevyaTaeT pe3ynbraThl NepeMeLleHui
01151 BCEX Y3MOBbIX TOYEK MOAENY

DISP =1 BbIYUCISIET U NeYaTaeT pe3ynbTaTbl NepemMeLleHnin
onga rpynnel 1 (SET 1) y3noBbix To4ek Mogenu
(SET 1 ponxeH 6bITb ONpeaeneH 3apaHee)

MSC SimEnterprise™ ° S 553 SosE i 0 Msasmware'



CemuHap NAS101 | 2006 | Pasgen 3 | MSC.Software Corporation

Bbi160p BbIXOoAHBLIX AaHHbIX AN 3JIEMEHTOB

* OnepaTopbl 3anpoca pe3ynLTaToB Mo 3fIeMeHTaM:

ELFORCE vnn FORCE — 3anpoc Ha BbIBO/, CUIT, KOTOPbIE ObINK
paccuyMTaHbl U 3anucaHbl
AN TPYnnbl 311eMEHTOB.

ELSTRESS nnn STRESS - 3anpoc Ha BbiBOA, HanpskeHui
AN TPYnnbl 311eMEHTOB.

STRAIN — 3anpoc Ha BbiBoA Aedopmauum
ANS rpynrbl 9NEMEHTOB.

ESE — 3anpoc Ha BbIBOA aHeprun aedopmarmm
AN TPYnnbl 311eMEHTOB.

ELSUM — 3anpoc Ha BblBo/, 06Len MHdopMaLum
O CBOMCTBAaX 3rEeMEHTOB MOAENMN.
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BbiOOp BbIXOAHbIX AAaHHbIX ANS Y3NOB

* DISPLACEMENT — 3anpoc Ha BbIBO, NepeMeLLeHNIA
AN rPYnnbl Y3MoBbIX TOYEK

* DISPLACEMENT(PLOT) - 3anpoc nogoGHbIi npeabiayLiemy,

HO B JaHHOM Ccrlyyae nevartb pe3ynbraToB

npoBoaAnTbLCA He OyaeT. [laHHas doopma KoMaHabl Heobxoauma npu
MCNornb3oBaHUK rpadomKkoB UNu nocTnpoLeccopoB. Mpn ne4aTHOM
BbIBOJE NaHHbIX B HEW HET HEOBXOAMMOCTMW.

* SPCFORCES — 3anpoc Ha BbIBOJ, CUIbl peakuuii ns Habopa
y3I10B C rpaHunyHbiMn ycnosuamu tuna SPC.

* OLOAD — 3anpaluvBaeT nevyaTtb BHELHUX CUn
ONS CTaTUYeCcKOro aHanusa.

* GPFORCE — 3anpalwmnBaeT banaHc cun B 3aaHHON
Yy3INOBOU TOYKeE.
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Ucnonb3oBaHue 3anpoca GPFORCE

* [laHHbIN 3anpoc reHepupyeT Tadbnuyy 6anaHca cun Ans BbIOPaHHbIX
Y3NOBbIX TOYEK

* 3TO NOsIe3HO ANs onpeaernieHNa nytTen nepeaayvm cun, BINAHUA
NPUNOXEHHOWU Harpy3kn Ha noBeaeHUe 3NIeMeHTOB, U adhdeKkTa oT
AEeNCTBUA HaYarbHbIX TeMnepaTypHbIxX aecdopmauunmn.

* CopepxaHue Tabnuubl 6anaHca cun BKNOYaeT B ceods:

* [1punnoxeHHble Harpys3ku (CUnbl, MOMEHTbI N T.4.)

* Cunbl peakuumn B y3nax c 'Y

* Cunbl, nepenasaemslie Yepes MPC (I'Y, 3agaBaemble ypaBHEHUEM)
* Cunbl B y3nax OT 35IEMEHTOB
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NMpumep cekummn Case Control

* Hnxe npuBeaeH npumep cekumm Case Control:

CEND
TITLE = ncnons3osaHue 3anpoca GPFORCE
TEMP(LOAD) = 100 $ BapuaHT TemnepatypHown Harpy3ku 100

SPC =200 $ BapuaHT rpaHnyHbIx ycnosun 200

LOAD = 120 $ npunoxeHne BapmaHTa ctatuyeckon Harpyskm 120
DISP = ALL $ 3anpoc BbiIBOAAa NnepemMelLeHnin Ans BCeX Y3noB
FORCE =ALL $ 3anpoc BbIBOAa cun Ans BCex anemMeHToB
STRESS =ALL $ 3anpoc BbiBOAa Hanps>KeHUNn Ansi BCeX 3NIEMEHTOB
GPFORCE =ALL $ 3anpoc 6anaHca cun ans BCex y3nos

BEGIN BULK $ koHeL cekumm Case Control
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Ucnonb3oBaHue komaHAabl SET

¢ 3anpocu BbIXOAHbLIX AAdHHbIX MOIyT YKa3biBaTb Ha BCe Y3J1bl UJTU
AJIEMEeHTbIl, UJIN Ha UX Ha60pbl

* 3T™n Habopbl 3aparTca kKomaHgou SET

* SET - OnpepensieT COBOKYNMHOCTb HOMEPOB Y3510BbIX TOYEK UNKn
HOMEpPOB 35IEMEHTOB AN UCMNOJIb30BaHUA B 3anpocax Ha BbIiBOA.
Ucnonb3yeTcs Ana nonyyYyeHus BbiBoAa pe3ynbTaToB AN YacTu

MoAaenu.
* Mpumep:

Set1=9,11,13,15

FORCE =1 $ sanpoc BbiBoga cun ans anemenTos 9,11,13,15

DISP = ALL $ 3anpoc BbiBOAA NepeMeLLEHNA ANt BCEX Y3MOBbIX TOYEK
SET 99 = 14,32

GPFORCE =99 $ 3anpoc Ha BbiBOA 6anaHca cun ang yanos 14, 32

MSC SimEnterprise™ ° 55 CEEE i ; MS@{Software'



BHumaHue!

* ina rpacdhuyeckon nocTnpoLUeccopHoOu oopaboTku
(He3aBUCUMO OT UCNOSb3yeMbIX NPOrpamMmm) He06xoAMMO BKNOUYNTb

COOTBETCTBYHOLIME yrnpaBnsoLwmme KOMaHAbl B CeKLUIO
CASE CONTROL.

* Hanpumep, onsa otoobpaxeHus B NOCTNnpoLeccope nepemMeLleHnn,
cekunss CASE CONTROL pgonxxHa cogepaTb ynpasrisiloOLWy0 3anmcb

DISP=N
nnm

DISP(PLOT)=N

* 310 ob6ecneyuT BbIBOA NepemMelieHUn ansa Haoopa N B OMHapHbIN
¢dann anga rpadpuyeckoro nocrnpoueccopa.
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dopmaTHbIN BbIBOA, pe3yfibTaToB

* CywecTByHOT ABa (hopmaTa, UCMONb3yeMbIX
ANsi BbiBoAa pe3ynbLTaToB:

* SORT1 - Pe3ynbraThl aHanu3a npeacTaBnsaoTCcs, Kak TabnmnyHbIA CINCOK
Y3I0BbIX TOYEK AN KaXXO0ro BapmaHTa (NPUMEHSETCS Mo YMONYaHuio angd
CTaTU4YeCcKoro aHanmsa).

* SORT2 - Pe3ynbraThl aHanu3a npeactaBnsatoTcs, Kak TabnnyHbIn CANCOK Ang
Ka)k[doWn y310BOM TOYKM UNK anemMeHTa. Kaxabln y3en unm anemeHT
neyaTaeTca Ha HOBOM CTpaHuLE.

* BknroyeHune chopmata SORT2 B KakoM-nMb60 ogHOM 3anpoce Ha
BbiBOA pe3ynkLTaToB NpuBeaeT K TOMY, YTO BCe OCTalibHbIe
pe3ynbTaTthbl OyayT pacnevyartaHbl B hopmaTte SORT2.

°* BHMmaHue: 3anpoc BbiBoga SORT2 moxeT BblaaTb Ype3MepHo
Gonbwoe Yncro ctpaHuy ¢ pesynsratamm. SORT2 o6bI4HO
Ucnonb3yeTcs AN ne4vyaTu pe3ynbraToB AUHAMU4YeCKOro aHanusa.
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BbiBog ¢ ucnonbsosaHmem SORT1

SORT1 FORMAT

EXAMPLE OF SORT1 OUTPUT AUGUST 16, 1994 MSC/NASTRAN 5/21/94 PAGE 10
SORT1 IS THE DEFAULT OUTPUT FORMAT SUBCASE 1

DISPLACEMENT VECTOR

POINT ID. TYPE Tl T2 T3 R1 R2 RZ
1 G 0.0 0.0 0.0 0.0 0.0 0.0
2 G 2.758621E-02 0.0 0.0 0.0 0.0 0.0
3 G 5.517241E-02 0.0 0.0 0.0 0.0 0.0
4 G 8.275862E-02 0.0 0.0 0.0 0.0 0.0
5 G 1.102443g-01 0.0 0.0 0.0 0.0 0.0

EXAMPLE OF SORT1 OUTPUT AUGUST 16, 1994 MSC/NASTRAN 5/321/94 PAGE 11
SORT1 IS THE DEFAULT OUTPUT FORMAT SUHCASE 2
DISPLACEMENT VECTOR

POINT ID. TYPE Tl T2 T2 R1 R2 R3
1 G 0.0 0.0 0.0 0.0 0.0 0.0
2 G 0.0 0.0 0.0 4.5632709e-02 0.0 0.0
3 G 0.0 0.0 0.0 9.127419e-02 0.0 0.0
4 G 0.0 0.0 0.0 1.3269112E-01 0.0 0.0
5 G 0.0 0.0 0.0 1.325484p-01 0.0 0.0
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SORT2 FORMAT

EXAMPLE OF SORTZ OUTPUT AUGUST 17, 1994
SORTZ SELECTION IS DISP (SORTZ)=ALL, FORCE (SORTZ)=ALL
POINT-ID = 1

DISPLACEMENT

SUBCASE TYPE Tl T2 T3
1 G 0.0 0.0 0.0
2 G 0.0 0.0 0.0
EXAMPLE OF SORTZ OUTPUT AUGUST 17, 1994
SORTZ SELECTION IS DISP (SORTZ)=ALL, FORCE (SORTZ)=ALL
POINT-ID = 2

DISPLACEMENT

SUBCASE TYPE T1 T2 T3

2.758621E-02 0.0

2 ] 0.0 0.0

EXAMPLE OF SORT2 OUTPUT AUGUST 17, 1994
SORT2 SELECTION IS DISP (SORT2)=ALL, FORCE (SORT2)=ALL

POINT-ID = 3
DISPLACEMENT
SUBCASE TYFE Tl T2 T3
1 G 5.517241e-02 0.0 0.0
2 G 0.0 0.0 0.0

MSC SimEnterprise™

MSC/NASTRAN 5/31/94

VECTOR

0
0

0
0

R1

MSC/NASTRAN 5/31/94

VECTOR

0.0
4. 5632709e-02

R1

MSC/NASTRAN 5/31/94

VECTOR

0
9

R1

T419E-02

o O

0
0

PAGE

PAGE

R2
.0
.0

PAGE

10

11

MSC




