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Pa3znen 7

MOIEJIUPOBAHHUE KPAEBBIX 3A/TAY O HAITPAKEHHO-
AE®OPMUPOBAHHOM COCTOSAHHUUA TEJI. AUHAMUKA

OCHOBHBIE TEOPETUUYECKUE CBEICHUS O AMHAMUYECKUX KpaeBbix 3amaudax o H/IC ten mpuse-
nensl B [Ipunoxenuu 7.

7.1. O0mme cBeJeHHUS] OTHOCHTEJILHO MOACJMPOBAHUS TMHAMHYECKHUX
KpaeBbIX 32124

B cpene NX Nastran MaTpuibl OCHOBHOTO ypaBHEHHUs IuHamuueckoro mpormecca (/17.11)
(hOpMHPYIOTCS C HCIIOJIF30BAaHUEM TaKMX JTaHHBIX:

® MaTpHIa KecTKOCTH Tena [K ] — 00 ympyrux xapakTepucTukax Marepuana (Kak U B CTaTH-
YECKOM aHaJm3e);

e wmaTpuna mMacc [M] — o macce maTepuana (uepe3 IIOTHOCTh MaTepuana ,,Mass Density”);

0 HEKOHCTPYKTHUBHOU (momonHuTENbHYI0) Macce KO ,,Nonstructural Mass” (cm. Pazgen 3.2); o
cocpenoroueHHoit macce KO tuna MASS u MASS MATRIX (cm. pa3aenst [13.4.1 u J13.4.2 IIpu-
JoxxeHus 3);

e wMmarpuna Bsizkoro aemndupoBanus [C] — o xkodddunuerTe KOHCTPYKIMOHHOTO JaeMIi(pu-

poBanus marepuana ,,Damping” G =2C/C, (cm. Pasnen 3.1), koTopblii onpenemnsieTcs: mpu pes3o-

HaHCHOM yacTtoTe (3aech C — KOA(POUIUEHT SKBUBATICHTHOTO BSA3KOTO IeMI(UPOBAHUS MaTepHa-
na); o0 obmem kodddummente nemmndupoBanus KO (tumoB SPRING, DOF SPRING u
LAMINATE); 06 o6miem ko3 duimenTe KOHCTPYKITMOHHOTO JemMiipupoBanwms Tena G .

JlemnipupoBaHue €CTh CMBICI YUUTHIBATh HE BCET/Ia, a MPH:

e KoJICOAHUSIX TEN MPH YACTOTaX BBIHYKIAIONINX CHJI, TPHOIMKAIOMUXCS K PE30HAHCHBIM;

® TIpU MOJCIMPOBAHUU IMEPEXOJHBIX MPOIECCOB KOJICOAHUN TeN, KOTOPHIC JIATCS 3HAYH-
TEJIHO JIOJIbIIIE, YEM MEPHOJT KOJICOaHUH Tema.

7.2. 3apanue 001IMX NAPAMETPOB INHAMMYECKHX PACYETOB

[TockonbKy ISl pa3HbIX TUHAMHYECKHX 3a/1a4 MOTYT MCIOJb30BaThCS OJMHAKOBBIC TUATIOr0-
BbIC TIAHEJIM ¥ Ha3HAUCHHSI HA HUX, TO TAaKUE CTICIU(PHUECKUE CBEICHHUS CBEACHBI B TOM pasJelie.

Tonpko A7 AMHAMUYECKUX PAcUyeTOB BCEM THUIaM (DaKTOPOB, YTO 3aJaOTCS HA TUANOTOBOM
na”enu ,,Create Loads on ...” (cM. puc.4.3-a) Kak TpaHUYHBIE YCIOBUS, MOKHO Ha3HAYUTh TaKylO
JIOTIOJTHUTENBHYIO XapaKTePUCTHKY, KaK ¢ha3y xonebanuii. @a3zy MOXKHO 3aJ1aBaTh WM KaK MOCTO-
SITHHOE 3Ha4Y€HUe, WIN KaK 3aBucumoe oT pyHkuuu tuna 1..vs. Time unu 3..vs. Frequency.

Buumanmue: ecnu B ofgHo# crernenu cBoOos! y3na (DOF) OyayT HazHaueHbl HecKobko ['Y,
3aBUCSIUX OT QyHKIwH Tumna 1..vs. Time, 2..vs. Temperature wiu 3..vs. Frequency, ¢ necoana-
COBAHHLIMU XAPAKTEPUCTHKAMH, TO MpH IpeodpazoBanuu ['Y K sleMeHTaM KOHEYHO-3JIEMEHTHON
cetku (KOC) (cm. Pazgen 4.1.4.6) unu nipu 3amycke mpoiiecca peiieHust 3a/1auu MOosSIBUTCS COOO0IIe-
HUe ¢ mpock0oii cornacoBats ['Y. Ecnu aToro He caenats, MOXKHO MOJYYUTh TaKHE BapHaHTHI pea-
rupoBanusi FEMAP u Nastran: nrHopupoBaHue HEKOTOPBIX Ha3HAUE€HUHN WM (aTaibHYIO OLIMOKY,
T.€. HEYIOBJICTBOPUTEIbHBIN PE3yIbTaT.

7.2.1. InasoroBas nanejsb ,,L.oad Set Options for Dynamic Analysis”

JInst BceX TUIOB JAWHAMUYECKUX 3a7a4 HykKHO KomaHaoi Model->Load->Dynamic Analy-
sis... BBI3BaTh AUAJIOTOBYIO MaHenb ,,.oad Set Options for Dynamic Analysis” (cm. puc.7.1-a).

B cexuusx 3Toi naHenu yKas3blBaeTCs:

e B ,Solution Method” — merton pemenus 3agaun: npsmoit (Direct Transient) nim mo-
nanpHbId (Modal Transient) nepexonHoit (3BoonMOHHBIN) aHanu3; npsmoi (Direct Frequency)
i moaaneHelii (Modal Frequency) yacToTHBIN aHamu3, TapMOHUYECKOE BO30YKICHUE;
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e B ,Equivalent Viscous Damping” (3xkBuBaNeHTHOE BsDKyILEe AeMI(pUpOBaHUE) — OOIIHI
kod(durmeHT KoHCTpyKImorHoro nemmduposanus (Overall Structural Damping Coeff (G)) nnm
B AuanorosoM okue ,,Modal Damping Table” BriGupaetcs (JUis co3aHus ecTh KHONKa =) TaGu-
1a ko3 duirieHToB aemndupoBaHus (st K0 Moabl ypasHenus (I17.29) mist MeToioB pasio-
JKeHus 1o ¢opMaM COOCTBEHHBIM Kosebanwii, T.e. ,,Modal Transient” u ,,Modal Frequency”).
Koaddunment G MokHO HE 3a7aBaTh, €ClIK €ro 3aaaHo A Becex KD kak cBoiicTBo Matepuana KO,
WIJIH MOYKHO 3371aTh KaK JOMOJHHUTEIBHYIO BEIMYMHY K 3aJaHHOMY IS MaTeprajia 3HaYCHHIO;

e B,Equivalent Viscous Damping Conversion” (npeBpaliiieH1e€ B 5KBUBAJIEHTHOE BSDKYILIEe
nemiupoBaHue) — yactota @ (B repuax) s npeodpazoanus: oomero kodddunuenta G (Fre-
quency for System Damping (W3 — Hz)) wiu 3aganHbIX B CBOMCTBaX Marepuaia (cM. Tabn.3.1 u
puc.3.2-a) KO (Frequency for Element Damping (W4 - Hz)) no ¢opmyne
G=(2C/C))(w/w,), Tne @, —49acToTa COOCTBEHHBIX KosnebaHuil. OOBIYHO @ 3a7ar0T OJIN3KOM

K IIEpBOI COOCTBEHHOH YacTOTE;

Load Set Options for Dynamic Analysis EJ Load Set Options for, Dynamic Analysis EI
Load Set 1 Load_01 Load Set 1 Load (01

Solution Methad Solution Method

O on () Direct Transient (®) Modal Transient (O Direct Frequency () Modal Frequency ) off () Direct Transient (O Modal Transient () Ditect Frequency (3 Modal Frequency

Equivalent Viscous Damping Response Based on Modes Equivalent Yiscous Damping Responze Based on Modes

X Number of Modes 0 Mumber of Modes 0
Overall Structural Damping Coeff (5] 0, Overall Structural Damping Coeff (G] 0,
Lowest Freg [Hz) 0, Lowest Freq [Hz] 0
Modal Damping Table 0 _MNane L todal Damping Table 0.Mone v || &
nrd Highest Freq (Hz] 0. pr Highest Freq (Hz) 0.

Equivalent Yiscous Damping Conversion Tiansient Time Step Intervals Equivalent Yiscous Damping Cormersion Transient Time Step Intervals

MNumber of Steps 0
Frequency far Sustern Damping w3 - Hz) o,
Time per Step 0.
Frequency for Element D amping [W4 - Hz) 0,
Outputt Interval 1}
Response/Shock Spectum ResponseShock Spectum Frequency Response Fandam Analyziz Options
Frequencies | 0..Mone ~ Damping | 0..More - Frequencies |0..Mone w PSD 0.Mone ~
.
Modal Freq... ] [ Enforced kotion... ] [ Advanced, ] l Modal Freq. l l Enforced Mation, l [ Advanced ]
a) 0)
Advanced Load Set Options for Dynamic Analysis E]
Solution Frequencies Additional Frequencies
Frgqugncv Table From Modal Results g] Input Type 2.Cluster around Modes v | Input Type 0. Hone v
Wodal Besults Min Frequency (Hz]
Max Frequency Hz|
FEirst Freq 2.Mode 1, 251.6869 Hz A
Freguencies/Subrange
Last Freq 11..Mode 10, 5808.84 Hz v Cluster Yalue
Additional Solution Frequency Points L] Logaritmic Interpalation
Random Analysis
Murnber of Paint Existing Mod L3
FEET e Fomts perERsing HOts ANSYS PSD Type DAoselfbocZel v
Fi Band Spread [+ 0, 4
eapEEy B e ) NASTRAN PSD Interpolation | 0. Log Lag 3
_ Mass Formulation Dynamic [ ata Recovery
= s (&) Default (%) Mode Displacement
O Lumped () Mode Acceleration
I 0K I [ Cancel
() Coupled () Matrix Method
B) r)

Puc.7.1. [lnanoroBblie naneau: a), 0) — 3aJaHus ONIUI U NAPAMETPOB IMHAMUYECKOI0 AaHAIN3A;
B) — opmupoBanusi Ta0 MBI COOCTBEHHBIX M IONOJHUTEIbHBIX YACTOT KOJIeOAHUIi;
F) — Ha3HAYCHUSA JOMOJHUTC/IbHBIX ITAPaAMETPOB

e B ,Response Based on Modes” (oTkiuK, oCHOBaH Ha (popmMax COOCTBEHHBIX KOJICOAHMIA,
st metogoB Modal ...) — konuuecTBO popM cOOCTBEHHBIX KOJeOaHU, KOTOpbIE OYIyT MCIOIb30-
BaTbcs A5 pacueTroB oTkiauka (Number of Modes) win (kak aabTepHaTHBA) COOTBETCTBYIOIIMMA
yacToTHbIN Auana3oH: HUxHee (Lowest Freq (Hz)) u Bepxuee (Highest Freq (Hz)) 3Hauenue;

e B, Transient Time Step Intervals” (uarepBan u war pacuera, s METOJOB ... Transient)
— konuuecTBo 1aros (Number of Steps), Bpemennoii war (Time per Step) u unTepBan i BbIBO-
na pe3ynbratoB (Output Interval) B hopme MHOXkuUTeNs K mary pacdetoB (ecnu 0 unu 1 — BeIBOA
Ha Ka)X/IOM I11are, eciu 1enoe yucio N >1 —uepe3 N maros);

e B (11eBoM) ,,Response/Shock Spectrum” (cniekTp oT3BIBa/yaapa, Ijisi METOAOB ... Tran-
sient, cm. puc.7.1-a) wiu B ,,Frequency Response” (4acTOTHBIN CIEKTp, IJIsi METOJOB ... Fre-
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quency, cM. puc.7.1-6) B none ,,Frequencies” MoXHO BHIOPaTh (IS CO3NAHMS €CTh KHONKA )
Tabnuiry yactoT (kak pynkiuio tuna 3..vs. Frequency, npuueM HCTOIB3YIOTCS TOJIBKO 3HAUYCHUS
napamerpa X Tabnuisl). Ecnu npeasaputensHo ObLT ceNaH pacdeT COOCTBEHHBIX YacTOT Koeha-
HUH Tesa, TO TaKyr TaOJIUIy MOKHO CO3/1aTh aBTOMATUYECKH, TIOCKOJIbKY CTAaHET aKTHBHOH 3JIEK-
TpoHHasi kHomka ,,Modal Freq...” (coOcTtBeHHble yacTOThl). OHa BBI3BIBACT JAMATIOTOBYIO TMaHENb
,Frequency Table From Modal Result” (cm. puc.7.1-B), rae MoxxHO cpopMUpOBaATH TAOJIMILY Yac-
TOT COOCTBEHHBIX KOJieOaHUH U (B X OKPECTHOCTH) JOTIOJHUTEIBHBIX YACTOT KoseOaHui (BhIOpaTh
JuanasoH yactot (mepsas — ,,First Freq” u nocnennsis — ,,Last Freq”), B nosne ,,Number of Points
per Existing Mode” yka3zaTh KOIUYECTBO TOYEK B OKPECTHOCTH Ka)kJI0H COOCTBEHHOHN YacCTOTHI, B
noiie ,,Frequency Band Spread” — mmpuHy 4acTOTHO# TOJOCH B % OT aOCOJIOTHOTO 3HAYCHHUS
COOTBETCTBYIOIIEH COOCTBEHHON uyacToThl). Co3qaHHy0 TabIUIly 1eieco00pa3sHO MPOCMOTPETh C
nomoipio komana Modify-> Edit-> Function... (kak tabnuity) unu View—>Select... (kak rpaduk).
Orta TabnuIa KCMONB3YeTCS MM MOCTPOSHHUS aMILTUTYIHO-YAaCTOTHOM XapaKTePUCTHKH MOENU
WIN JI7IS 3a/1aHUsI COOCTBEHHBIX YaCTOT OCHIIISITOPOB MajlOW MacChl, KOTOPbIE CBS3aHBI C JTaHHOU
TOYKOW KOHCTPYKLHHU JUISI OLEHKU CIEKTPAIbHOTO OTKJIMKA MpPU CEHCMUYECKHX WU YJapHBIX
BITUSTHUSX

e B (mpaBom) ,,Response/Shock Spectrum” (mnas metonos ... Transient, cm. puc.7.1-a) B
none ,Damping” MOXHO BHIOpPaTh (IS CO3MAHUS eCTh KHONKA ™) Tabmmmy ko3ddHIMEHTOB
nemrdupoBaHus OCIHIUIATOPOB (Kak (GyHKIuio Tuna 3..vs. Frequency);

e B ,Random Analysis Options” (pacuer cimyuyaliHbIX KosieOaHuM, A METOJOB ... Fre-
quency, cM. puc.7.1-0) MOXHO 3a/1aTh 3aKOH OCHOBHOTO JABHXEHUS B (hopMe TaOnuIbl (Kak PyHK-
uuu trna 3..vs. Frequency, 11st co31anus ecTh KHOMKa (o)),

DNeKTpOHHON KHOMKOH ,,Advanced...” MOXXHO BBI3BaTh JUAJOTOBYIO MaHeNnb ,,Advanced
Load Set Options for Dynamic Analysis” (cMm. puc.7.1-r) 1151 Ha3HAYE€HUS TOTIOJHUTEIbHBIX Ma-
pameTpoB aHanu3a. B cexiuu ,,Mass Formulation” M0xHO BbIOpaTh OJIMH U3 BapUAHTOB OMHCAHUS
Matpuibl Macc: ,,Default”, , Lumped” (cocpenorouennas) uiu ,,Coupled” (nmpucoenvHeHHas); B
cekuuu ,,Dynamic Data Recovery” — oauH 13 BapuaHTOB IMHAMHYECKOTO BOCIIPOM3BEICHUS JaH-
HbIX: ,,Mode Displacement”, ,Mode Acceleration” v ,,Matrix Method”. B cekuuu ,,Solution
Frequencies” (Tonmbko ans MeTonoB ... Frequency, cM. puc.7.1-a) MOKHO HAa3HAYUTh JHAMA30H
BBIYUCIICHUS COOCTBEHHBIX 4YacToT (,,0..Default/List”, T.e. mo ymomuanuto; wiu ,,1..Frequency
Range”, T.e. Tnana3zoH 4acTorT: ,,0T U J0”, a TaKXe 00Ilee X KOIN4ecTBO; Ui ,,2..Cluster around
Modes” (BayTpennsisa komanaa FREQ3), 1.e. ammmutyaasiid nuana3on yactoT (Cluster Value) Bo-
KpYT 4acToThl ¢ ykazaHHbIM HoMepoM (Frequencies/Subrange); wiu ,,3..Spread around Modes”
(BayTpennsis komanaa FREQ4), 1.e. paccrosinue (+, — WM B IPOIEHTAX) OT YaCTOTHI WIIH (DOPMBI
Konebanuil ¢ yka3zaHHbIM HoMepoM (Frequencies/Mode)), a Takxe ycTaHOBUTH omuuio ,JLoga-
rithmic Interpolation” (norapudmuueckas uaTepnomsaius). O Ha3HAYCHUSAX B ceKIuu ,,Random
Analysis” — B Pa3nene 7.3.4.

Ipumeuanue 7.1. Kpome FREQ3 1 FREQ4 B NX Nastran erie ectb u Ipyrue BapuaHThl (OT
FREQ 1o FREQS5). C noMo1ib0 HHCTpYMEHTOB, ONKUCAaHHbIX B Pazzaene 4.2.3, MOXKHO 3a/1aTh OJIHY
W3 HUX WY JII0OY10 UX KOMOMHAIIMIO C HYKHBIMU MapaMeTpaMHu.

C nomoupko 3J1€KTPOHHONW KHOIIKM ,,Enforces Motion...” MO)XHO NOJKIIIOYUTH K TEILy 3Ha-
YUTENBHYIO0 MaccCy, KOTOpas BUOPHUPYET WM JBUTACTCS 1O Apyromy 3akoHy (cM. Pazgen 7.3.3), a
KHOIIKHU ,,Copy” — CKOIIMPOBATh BCE HA3HAYEHUS U3 IPYTOM MOJEIH, ECIIU OHA €CTbh.

7.2.2. O npuMeHeHU TPAHUYHBIX YCJIOBHUIl THNA ,,HECXKUMAEMAS KUIKOCTh”

B Pazgene 6.1.3.4 ObUIM pacCMOTPEHBI TPAHUYHBIE YCIOBUS TUMA ,,HEC)KUMAaEeMas KUAKOCTD
JUIsL CTaTUYecKo kpaeBoi 3amauu. OHAKO TaKhe TpaHUYHBbIE YCIOBHSI MOXKHO MPUMEHSTh U IS
nuHaMuueckux 3aaad. Kpome onucannbix B Paznene 6.1.3.4 HaznaueHuil, A1 TMHAMUYECKOTO aHa-
mu3a (s 3amad: 103, 107, 110 (2..Normal Modes / Eigenvalue), 109 (3..Transient Dynamic /
Time History u S5..Response Spectrum), 108 (4..Frequency/Harmonic Response), 111
(4..Frequency/Harmonic Response u 6..Random Response), 112 (3..Transient Dynamic / Time
History) u 129 (12..Nonlinear Transient Response) — cm. Ta0:. 4.2) ecTh TaKOil TOTOTHUTENbHBIH

Bapuant. Ecnu otkmounts onuto ,,Z Free Surface OFF” (cm. puc.6.9-a), a onmuu ,, XY Plane” u
~150 - © Pynaxos K.H.
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»YZ Plane” He OyayT ycraHoBieHbl B ,,Antisymmetry”, To NX Nastran 5.0 BocnpuHuUMaer ,,He-
C)KMMaeMYyI0 )KHJIKOCTh Kak ,,BHEIIHIOW kHUAKOcTh (external fluid). ITpu sTom HeoOxomumo mpu-
MEHHUTh CHUCTEMY KOOPIHMHAT C HA4YaJIOM, KaK MOKHO OoJyiee OJIM3KUM K T€OMETPHUICCKOMY IICHTPY
00BeEMA ,,HECIKUMAEMOI KUIKOCTH .

7.2.3. PoTopHBIii pernoH

B UGS.F93 nosiBuiica Takoil THN JUHAMHYECKOTO O00BEKTa, Kak poTOpHBIA peruoH (Rotor
Region), koTopbIil co3aaeTcs ¢ MOMOIIbIO JUAIOTOBOM nmaHenu ,,Rotor Region” (cm. puc.7.2), BbI-
3piBacTMOM KoMaHoi Connect->Rotor Region nin kHonkoit #. DTOT THIT HATPY3KH MOXKET OBITH
IPUMEHEH Ui KpaeBbIX 3aj1au (cM. Tadma. 4.2) tuna 110 (2..Normal Modes/Eigenvalue, Bapuant
Modal Complex Eigenvalues — wmoxer umers g0 10 poropoB BximouutenbHo) u 111
(4..Frequency/Harmonic Response — Tonbko oaus porop). NX Nastran onpenenser cOOCTBEHHbIE
KOMIUIEKCHBIC 3HAUEHUS JIJISl KaKJOH CKOPOCTH BPAIICHUSI POTOPA, YUUTHIBAIOIINE IeMII(UPOBAHNE

M Ranpaicitie BHXps: mpavoii (forward)
i obpatHbId (backwards) mpu nBHKEHUN e Colo 20438 Layen 1 Tite
Ka)XXJIO0ro y3JIa POTOPHOrO PETHOHA IO 3I]- Rctar Oiptions Defined By
o Ruotation &xiz [ £ Axis | | 0..Basic Rectangular w Made

JUNTUYECKON TpaeKTOpHUH. J[ONOJTHUTENBHO

Freq for Overall Damping [43) .
NX Nastran onpenensier: pexumbl BUXpPs Rl R D 0
(cucteMy MOJANbHBIX YacTOT, YTO U3MEHS- Rotational Force Appied 0. None v

_DK

IOTCS B 3aBHCUMOCTH OT YacTOTHI Bpallle- =
HUS), KPUTHUYECKHE CKOPOCTU BpALLEHUS,
KOMIUIEKCHBbIE (OpMBI MOJ KoneOaHui u Puc.7.2. /inajorosasi nane/jab co31aHUs POTOPHOIO

T.I., KOTOpPBIE MOXHO IIpOCMOTPETH B peruona

FEMAP (ecnu B cekuuu ,,Post Files” ycranoButs onmuu CSV w/unun GPF (cMm. mosicHenue x
puc.7.5), To kpome ¢aiiioB *.f06 u *.op2 pe3ynabTaThl OyayT BHIBOAUTHCSA B (DOPMATHOM BHIIC B
¢aiinsl *.CSV (auarpamma Kemnoenna (Campbell)) u/unu *.GPF cooTBeTcTBEHHO).

B cexnun ,,Defined By” ¢ momompsto kKHOTOK ,,<<Add” (106aButs), ,,Multiple...” (MHOXE-
CTBO), ,,Delete” (ynaimth) u ,,Reset” (ouucTuTh) HOPMUPYETCS CIUCOK Y3JIOB, KOTOPBIE OYIyT
MIPUHAJJICKATh K CO3/1aBa€MOMY POTOPHOMY PETHOHY. BHMMaHMe: eCiii 3TOT CIHCOK OyJaeT Imyc-
TBIM, TO [IPOTPAMMa CYUTAET, YTO B 3TOT POTOPHBIN PETHOH BXOAT 8ce y3ibl Tela.

B cexuuu ,,Rotor Options” ycTaHaB/IMBaIOTCS OMIUU:

¢ _Rotation Axis (Z Axis)” — cucrtema KOOpJMHAT, K KOTOPOW MPUHAIIIEKUT OCbh Z, BOKPYT
KOTOPOM OCYIIECTBIISIETCS BPAIICHUE;

e _Freq for Overall Damping (W3)” — yactotra @ (B repuax) ajis npeoopa3oBaHusi 00IIETo
ko3 ummenta G crpykrypHoro aemmguposanus no gopmyne G=(2C/C))-(w/w,), rne o, —

gacToTa cOOCTBEHHBIX KoJjeOaHui. OOBIMHO BETMUUHY @ 3a/Ja0T OJIM3KON K MEepBOM COOCTBEHHON
yacToTe. JTa XapaKTepUCTHKA Ui KpaeBbIX 3a1ad (cM. Tadi. 4.2) tuna 110 MoxeTr ObITh yCTaHOB-
nena Ha nanenu ,,NASTRAN Modal Analysis” B nosie ,,Overall Damping (G)” (cm. puc.7.3 ¢ no-
scuenusmu B Paznene 7.3.1), a nns 3amay tuna 111 (4..Frequency/Harmonic Response) — Ha mna-
Henu ,,L.oad Set Options for Dynamic Analysis” B mone ,,Overall Structural Damping Coeff
(G)” (cm. puc.7.1-a), uto Be3bIBacTcsi komanaoii Model->Load->Dynamic Analysis...;

e _Freq for Material Damping (W4)” — yactoTa, aHajJoruyHasi peabIAyen, Ho Kodddu-
LUEHT AeMIIpUpPOBaHMS 3a/1aH KaK XapakTepucTuKka Marepuana (cMm. tabm. 3.1 u puc.3.2-a);

¢ _Rotation Force Applied” — HaGop co cTaTHYECKOH IEHTPOOEIKHOM CUIION, KOTOpas BbI-
YHCIICHA Ul €IMHULBI CKOPOCTU C U3MepeHueM B paj/cek. [lockonbKy nanbiine OyaeT UCIOIb30-
BaThcs eauHuna Hz (repi), To Hy>XKHO 3a/1€CTBOBAaTh MHOXKUTENIb 77 /2. DTOT Ha0Op HYKHO CO3-
nath (¢ momoinbsro koman sl Model>Load—> Set...) OTAEIBEHO TOIBKO IS OJHOM CHIIBL

7.3. MoaeaupoBaHne TMHAMMYECKUX KPaeBbIX 327124
7.3.1. KpaeBas 3a1a4ua 0 cOOCTBEHHBIX YacTOTAaX U opmMax KoJieOaHU

Cpenu cBOMCTB MaTepuana AOCTaTOYHO 3agaTh Monyib FOHra, kosd¢unuent Ilyaccona u
IUIOTHOCTh MaTepuaina (cM. Tabn.3.1). MoxxHo BBOAUTH AeMnupoBaHUe (UTO 3a7aeTcs, B YaCTHO-
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cru, u BenuuuHoi 2C / C, Kak XapakTepUCTHKON Marepuana). OObIYHO BBOAATCS YCIOBHS 3aKper-

nenwust Tena, Ho NX Nastran MOXeT HaX0JIUTh COOCTBEHHBIC (POPMBI M YaCTOTHI KOJIeOaHUH IS Te,
HE UMEIONINX 3aKpeIUICHNs, HallpUMep, CaMoJIeTa B TOJIETe.

Jlns co3manusl 3amaHus IS pelieHus 3anaadu komanaoii Model-> Analysis... BbI3biBacTCs
JMajoropas naHenb ,,Analysis Set Manager” (cMm. puc.4.13-a), uHMLMupyetcs KHomka ,,New”, Ha
naHenu ,,Analysis Set” BbiOupaercsi B crucke ,,Analysis Type” (cm. puc.4.13-06) Tunm 3amaun
»2..Normal Modes / Eigenvalues”.

B pazgene ,,Options” nanenu ,,Analysis Set Manager” nosiBITCsI HECKOJIBKO MOAPA3ACIIOB,
KOTOpBIE MO>KHO HACTPOUTb, AJI YETO MOCIE BRIOOpa MoApas/iena HHUIMUpPYeTcs KHomKa ,,Edit...”.

HacrtpauBanue obuux manenen paszaena ,,Options” paccmorpeno B Paznene 4.2. 3mech pac-
CMOTPHUM MaHENH, XapaKTepHbIE JUIsl JAHHOTO TUIIA 3aa4u.

Hns mogpaznena ,,NASTRAN Modal/Buckling” Boi3siBactcs manens ,,NASTRAN Modal
Analysis” (cm. puc.7.3). Ha Helt MoxHO:

NASTRAN Modal Analysis X

e ormeHuts omuuto ,,Skip EIGXx” (aktuBu-

: 3UpOBaTh JUAJIOTOBYIO MAHENb, €CJIM OHA MOYEMY-
[15kip EIGx Method ID |1 o
Fieal Solution Methods Range of Interest TO 6BI-Ha HEC aKTHBHOH),
. Real Imaginary o
85'“9”3 B o L e u3MeHUTh BHYTpeHHuUil Homep (Method
Modified Givens - o
O Ingerse Fover TolH) 0. ) ID) cyObnabopa HazHAUYCHMIA (€CIIH MPEATIOIaracTcs
O Inverse Pawer/Stum Eigerrealues and Eigenvectars MHOT'OBapUaHTHBIC pacquLI);
() Houzeholder
- LT :“"’Ee'is“f”a:d ! e BHIOpaTh METOJ OMNPEICIICHUS COOCTBEH-
umber Desire 10 v
O Lanozos HbIX (popMm u yacToT Kosebanuid. Ecim mquccunanus
EO“‘:'SL‘QM“ “D’ma"za"”;”:”‘;” _ gséeraun SHEPI'HU HE YYUTHIBACTCS, TO 3TO MeTO bl JIaHITo1I1a
(%) Camplex Inverse Power ) Max - . ) Lumped (LanCZOS) - OCHOBHOP'I, FHBeHca (GiVenS), XaYC'
3 iz Leeres © Eoin @/Bargiz xonnepa (Householder), MmonuduiupoBanHbie Me-
Soliten Tope i Toxbl 'MBeHca M Xaycxoujepa, a Takke HHBEPCHBIC
. ONVEIQENCE N o
gﬂ":jj Fogion'wich [0 MeTonbl: dHepreTudeckoi (Inverse power) u mo-
Dverall Damping (3) [0, Tu(UIIMPOBAHHBIN, C TocheaoBaTenbHOCThIO Ty -

Ma (Inverse Power/Sturm) — B cexuuu ,,Real Solu-
tion Method”. Ecnu nuccunanysi SHEpruy YUUThI-
Baercs, To 3To MeroAsl Jlannoma (Complex Lanc-
Zos) — ocHOBHOI1, XeccenOepra (Hessenberg) u komruiekcHblit HHBEpCHBIN dHepreTruueckuii (Com-
plex Inverse Power) — B cekuuu ,,Complex Solution Method”;

e B cekuuu ,,Range of Interest” B nomsix ,,From (Hz)” u ,,To (Hz)” — yka3arh xenaresb-
HbII auana3oH JactoT (neiictBurenbHyio (Real) m xommiekcHyio (Imaginary) gactu npu Kowm-
TUIEKCHOM aHAJIN3€), HO 3TO JeNIaTh HE 00513aTeNbHO;

e B cexkuu ,,Eigenvalues and Eigenvectors” — 3anaTh xenarenbHoe konuyectso (Number
Desired) co6cTtBeHHBIX (popM KOI€OAHUI 1T HUKHUX COOCTBEHHBIX YacTOT. A TaKk)Ke TOJIBKO JIJIs
Meroza ,Inverse power” — KoJau4ecTBO OpUrHHaNbHbIX KOopHel (Number Estimated) cuctembl
ypaBHeHu# (cMm. Paznmen J17.3.2). Bo3MokHBI naprsie 3Ha4eHHUS] COOCTBEHHBIX YaCTOT;

e B cexuuu ,,Normalization Method” — ycTaHOBUTH METOJI HOPMHUPOBAHUS COOCTBEHHBIX
¢dopMm konebanuit. Ecte Tpu Bapuanta HopMupoBaHus (K equHHIle): Mo macce (IMass), 4ToObI BbI-
MOJTHSUTOCH ypaBHeHHe (/17.22); mo MakcuMallbHOMY TIepeMeeHHIo rae 0 To Hu Obuto (Max) wim
JUISL YKa3aHHOM CTemeHu cBOOOJ bl BhiOpanHOoro y3na (Point). OObYHO MPUMEHSIOT NEPBBIN BapH-
aHT, HO M IpyTHe OBIBAIOT MOJIC3HBI, HAIPHUMED, VIl CPAaBHEHHS C PE3yJIbTaTaMU UCTIHITAHUH;

e B cekluu ,,Mass” — BbIOpaTh OAMH W3 BApUAHTOB OMUCAHHS MaTpuibl Mmacc: ,,Default”,
,Lumped” (cocpenoroueHnas) wi ,,Coupled” (mpucoennHeHHas ),

® CCIM JUCCUTNAIMS YHEPTUN YUUTHIBACTCS, TO aKTUBHBI €lle JBe ceKuuu. B cexmum ,,Solu-
tion Type” BoiOupaercs BapuanT ,,Direct” (kox 3amauu 107, snauenune SEDCEIG, cM. ta61.4.2)
w ,,Modal” (xox 3amauu 110, 3Hauenue SEMCEIG, cM. Ta61.4.2), KOTOPBIN TOJDKEH COBIAAAThH
C THIIOM, YKa3aHHBIM Ha auaioroBod maHenu ,,l.oad Set Options for Dynamic Analysis” (cwm.
puc.7.1-a). B cexuuu ,,Complex Solution Options” BBoasTCs Takue 3HaueHus: ,,Convergence” —

© Pynaxos K.H.
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NapaMeTpPoOB YaCTOTHOI0 aHAJIM3A

-152-



s Pazzien 7. MosesupoBanue KpaeBbIX 32/124 0 HANPS’KEHHO-1€()OPMUPOBAHHOM COCTOSIHUH TeJl. IluHaMHKa UGS.F93 s

CXOJMMOCTh, 1O yMoOJIYaHHIO sl merona ,,Hessenberg” paBHa 107", s ,Complex Inverse

Power” — 10", a nns ,,Lanczos” BeIOMpaeTcs aBTOMAaTHYECKH B 3aBHcUMocTH oT DBM; , Region
Width” — mmpurHa permona nmoucka KaxJI0i 4acToThl, Mo ymordanuto pasHa 1.0); ,,Overall Damp-
ing (G)” — oOmmii kodpunmeHT neMndupoBaHUs.

Hns nogpaznena ,,NASTRAN ModalXYPlot” Bei3biBaetcst manens ,,NASTRAN XY Output
for Modal Analysis” (cMm. puc.6.13-6 u nosicHenus k Hemy B Paznene 6.3.6).

Hns monpasnena ,,NASTRAN Response Spectrum Application” wHorna HeoOX0aMMO BBI-
3biBaTh nanesnsb ,,NASTRAN Response Spectrum Application”, onucannyto B Paznene 7.3.2.5.

HacrtpauBanue oO6mux manene pasnena ,,Master Requests and Conditions” paccMoTpeHo B
Pazpnene 4.2.

[Tocne oxkoH4aHUs pacyeToB OyAET MOJIYYEHO COOTBETCTBYIOLIEE KOJMYECTBO TaONHIl C Xa-
pakTepHbIMU Ha3BaHUsAMH, Hanpumep, 20..Mode 20, 46.88064 Hz. IIpocmoTp 3Tux dopm neineco-
00pa3HO MPOBOAUTHL B pekuMe aHuManuu nepemenieHuil mo gynkmuu 1..Total Translation (cwm.
Paznen 9.3).

7.3.2. KpaeBasi 3a1a4ya 0 nepexoaHoM (3BOJIIOIMOHHOM) Ipollecce NMPH TMHAMHYECKOM
HErapMOHMY€CKOM HArpy:KeHHH Tejia

['pannuHbIe yCIOBHSI, U3MEHSIOIIMECS BO BPEMEHH M0 3aKOHY CHHYCa WM KOCHHYCa, HOCST
Ha3BaHUE FTApMOHUYECKHX, a BCE JIPyrHe — HerapMOHHYECKHUX.

OOBIYHO HETaPMOHUYECKHE CHIJIOBBIE HArpy3KH 3a/1al0TCs MEepEeMEHHBIMU BO BPEMEHHU C TO-
Motblo (yHKuuid Tumna ,,1..vs. Time”, 4To co3mar0TCsi W BBIOMPAIOTCS HA TUAIOTOBOM TMaHEIH
,Create Loads on ...” (cm. puc.4.3 u apyrue nono6nsie) B osie ,, Time/Freq Dependence”.

Ecnu 3aavya — nuHelHas1, TO OHa MOYKET pelaTbes ABYMsI METOAaMHU.

7.3.2.1. MeToa npsiMoro HHTerpUpPOBAHMS, JINHEIHAA 321242

OcHOBHOE ypaBHEHHE JUHamMHueckoro npouecca ([17.11) cuntaercs TuHENHBIM, HENOCPEACT-
BEHHO MHTETPHUpYyeETCs ¢ mpuMeHeHueM Meroaa Hetomapka (cm. Pazgen [17.3.1 Ilpunoxenus 7).

Hauanbubie ycnoBust popmupytores no nepemerienusm (Displacement) u ckopoctsm nepe-
memenui (Velocity) B oTnensHOM HabOpe HArpy30K OOBIYHBIM crtiocoOoM. Ecii oHu — HylieBbIe, TO
Habop ¢ HAYaJIbHBIMU YCJIOBUSMHU MOXKHO HE CO3/1aBaTh (HE MOAKII0UaTh). HauanbHble ycKOpeHus —
TOJIKO HYJIEBBIE.

OO0bIuHO A5 ompesesieHns: BpeMeHHoro mara pacyera (Time per Step) u moiaHOro BpeMeHU
JIeMCTBUS HArpy3KH, a TakxkKe JJIS 3a7aHus KodpPHUIMEeHTa KOHCTPYKLIMOHHOTO femidupoBanus G
(cm. Paznen 7.2) HyxHO 3HaTh nepuojibl kosnebanuii Tena (Frequency for System Damping (W3 —
Hz)), T.e. ogHy (TIEpBYI0) WM HECKOJIBKO COOCTBEHHBIX 4acTOT Konebanwmii. [{iist 3Toro cHadana He-
00X0/IMMO MPOBECTH COOTBETCTBYIOIINI JOMOHUTENbHBIN pacueT (cM. Pazgen 7.3.1). Cuuraercs,
YTO JUIsl JOCTHKEHUs Oojiee MM MEHee 3HAYMTEIbHOM TOYHOCTH HMHTETPUPOBAHUS YpaBHEHHUS
(17.11) 3a mepuoa 10KHO OBITh HUKAK HE MeHbIe 10 BpeMEHHBIX IIaroB, a MOJIHOE (BHYTpPEHHEE)
BpeMsl pacueTa JOJDKHO B HECKOJIBKO pa3 MPEBBILATh MEpPHOA KojeOaHHid, 4TOObIl MOKHO OBLIO
MPOCJEeINTh 3HAUUTEIBHYIO YacTh Mpoliecca 3aTyXaHusl KojJeOaHui, 00yCIOBICHHBIX OBICTPHIM U3-
MEHEHHEM Harpy3oK. DTH MapaMeTpbl pacueTa HeOOXOJMMO OLIEHUTh U YCTAaHOBUTH Ha TUAIIOTOBOM
nanenu ,,Load Set Options for Dynamic Analysis”, uro Bei3biBacTcss komanmoii Model> Load—>
Dynamic Analysis..., B BapuanTte ananusa ,,Direct Transient” (cm. Paznen 7.2).

Jlns co3manust 3alaHus AU pelieHus 3aaadr komanaoii Model-> Analysis... BbI3bIBacTCs
nuanoroBasi maHenb ,,Analysis Set Manager” (cm. puc.4.13-a), uaunuupyercst KHomka ,,New”, Ha
naHenu ,,Analysis Set” BbiOupaercss B crucke ,,Analysis Type” (cm. puc.4.13-6) tun 3anauu
»3..Transient Dynamic / Time History” (mepexomHoli AMHAMUYECKUH / MPOIIECC BO BPEMEHH); B
noapaszaene ,,Boundary Conditions” paznena ,,Master Requests and Conditions” HeoOxoauMo
MOAKJIIOUNTh Habopsel ¢ Harpy3kamu (Loads), 3akperuieHusmu (Constraints), HayaJIbHBIMH yCIIO-
Busimu (Initial Conditions) u npyrumu HaGopamu; B monpasnene ,,Output Requests” — ycraHo-
BUTbH, KAKHE PE3yJIbTaThl BEIBOAUTH B TAONHIIE.

Kak pe3ysibTar pacueToB BO3HUKAET CTOJIBKO TabJIUI, CKOJIBKO 3aJaHO BPEMEHHBIX 1aros. M3
HUX MOXHO ()OpMHUPOBATH paszHble rpadUKH, B YACTHOCTH 00 U3MEHEHHUAX BO BPEMEHH BBIOpaHHOU
~153 - © Pynaxos K.H.
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BEJIMYMHBI B yKa3aHHOM y3ie (cM. Pasnmen 9.4). Takxe MOXHO paccuuTaTh KOX(PQPHUIMEHT TUHA-
MHUYHOCTHU B BBIOpaHHOM y3iie: K /o

dynamic = O-dynamic static *

7.3.2.2. MeToa pa3jio:keHUus M0 COOCTBEHHBIM YacTOTAM

Meron onmcan B pasaene J17.3.3 Ilpunoxenust 7. 3agaya pemaercs 3a JBa dTala: cHaydaja
HaXOJUTCS YKAa3aHHOE KOJIMUYECTBO 1epablx COOCTBEHHBIX (hOpM KOJICOAHMIA, TOTOM UHTETPUPYETCS

He OoJIblliee KOJIMYECTBO YPaBHEHUH.

IIpumeuanue 7.2. Eciu 11 npuMEHEHUS IEPBOTr0 METO/1a HY>KHO JIOTOJHUTEIBHO MPOBECTH
pacder cOOCTBEHHBIX YacTOT KoyiebaHMil Tena (00bIYHO TpeOyeTcsl mpu MepBOM pacuere), TO OyATo
Obl BBITOIHEE TPUMEHSTH BTOPOi MeTo1. Ho oTceueHne BICOKOYACTOTHBIX XapaKTEPUCTUK OTCEKa-
€T Y BBICOKOYACTOTHYIO peakiuio. boyiee TOro, peKOMEHIyI0T BBIYUCIIATh HE TOJIBKO HU)KHUE Yac-
TOTHI, @ ¥ B 2...3 pa3a BBICIIKNE YaCTOTHI, UYEM T€, ISl KOTOPBIX HY>KHO OTNPEJICTUThH PEAKIIUIO.

Ha mepBom 3Tamne npu WHUIMUPOBAHWU IpoOIlecca pacdera COOCTBEHHBIX (GopM KojeOaHui
HeoOxoaumo Ha nuanoroBoit manenu ,,NASTRAN Executive and Solution Options” (cm. Paznen
4.2.4 n puc.4.15-a) B cexuun ,,Restart Control” 70omoIHUTENIPHO HHUIIMMPOBATH OMIIHUIO ,,Save Da-
tabase for Restart” (coxpanuTs 6a3y JaHHBIX 7S IOCEIYIOIIETO pacuera).

Ha Bropom stane Ha auanoroBoi nanenu ,,L.oad Set Options for Dynamic Analysis” (cwm.
Paznen 7.2), kotopas Bbi3biBacTcs KoManaoii Model> Load—>Dynamic Analysis..., Heo0XoauMo
YCTaHOBUTH BapuaHT 3a1auu ,,Modal Transient” u BBecTu npyrue napaMmerpsl pacuera. B yactHo-
CTH, yKa3aTh KOJIM4ecTBO coOcTBeHHBIX yacToT (Number of Modes), koTopoe OyeT UCIOIb30BaHO
JUISL TIOJTyYEHHUS PEILICHUSI.

B sToM BapuanTe mosiBisieTCS BO3MOXKHOCTH 3a7aBaTh B noise ,,Modal Damping Table” ko-
3¢ GUIMEHT KOHCTPYKUMOHHOTO AemndupoBanuss G TaOIWYHBIMM (QyHKIUSAMM TUOA ,,6..Structu-
ral Damp vs. Freq” (koHcTpykiimonHoe nemrdupoBanue), ,,7..Critical Damp vs. Freq” (kputu-
gyeckoe Jemnuposanue, 1.e. enuunHa C/C,) unu ,,8..Q Damping vs. Freq” (100poTHOCTB, WK

KO UIMEHT yCUICHHSs — BEJMYUHA ( = 1/\/ (1-(w/®,)*)’ +G* ,TAe @, —9acTOTa COOCTBEHHBIX

Kose6anmit). yHKIMIO MOYKHO CO3/aTh C TIOMOIIbI0 KHOnkH (. [Ipu @ = @, peanusyercst cooT-
HouleHue G =2C/C,=1/Q. Ecnu G 3agaercs tabnuueit, To nons mis ,.Frequency for System

Damping (W3 — Hz))” u ,,Frequency for Element Damping (W4 — Hz))” He 3anonsstorcs (Hy-
nesbie). [TogpobHee 00 aTux BenmuunHax — B Paznene 7.2.

3amyck npoiiecca pemeHus 3a1a4u, B YaCTHOCTU MOJIKITIOYEHUE CHIIOBBIX, KHHEMATHUECKUX U
HavyaJIbHBIX YCJIOBHM, Apyrue ASUCTBUS U MOJIYUYEHHbIE Pe3yJIbTaThl — aHAIOTUYHO PACCMOTPEHHO-
My B Paznene 7.3.2.1. C ogHuM oTiiuueM: Hy>kHO Ha auanorosoi nmanenu ,,NASTRAN Executive
and Solution Options” (cM. Paznen 4.2.4 u puc.4.15-a) B cekmuu ,,Restart Control” nomonHu-
TENbHO MHUIMHMPOBaThH omnuuio ,Restart Previous Analysis” (IprMeHUTh NpeplaylIui aHAIU3,
WHa4ye coOCTBEHHBIE (OPMBI KOIeOaHU OyIyT pacCUYUTHIBATLCS BHOBB) M B moJie ,,From” ykasarh
(naiitu B (paitnoBoii cucreme) (paiin pecrapra (¢ pacliMpeHHEM UMEHU .master).

7.3.2.3. HesluHeliHbIH MepexXoHOI nmpoiecc

7.3.2.3.1. HesiuHeliHbIi NepexoaHol npouecc, MaJjble qedopmManun

OcHoBHOE ypaBHeHUE quHaMuuyeckoro mporecca ([17.11) — nHenuuelinoe Onarogapsi HATHYUIO
HETMHEWHOCTH B OJHON M3 MaTtpull. OHO HEMOCPEACTBEHHO UHTETPUPYETCS ¢ MPUMEHEHUEM METO-
na Heromapka (cMm. Pazgen [17.3.1 Ipunoxenus 7). T.e. 3amaua 61m3ka K 3agade, paCCMOTPEHHOU B
Paznene 7.3.2.1. Ho, mockoibKy 3ajaya — HEIMHEWHAs, €CTh HEKOTOpbIE OTJINYMS (B CPAaBHEHHUH C
Pazgenom 7.3.2.1) npu ee MoaeMpOBaHUH. A UMEHHO:

e kak u B Paszmene 7.3.2.1 na pamanoroBoi mnanenu ,LLoad Set Options for Dynamic
Analysis”, Boi3siBacmoii komannoii Model->Load->Dynamic Analysis..., He00Xx0aUMO ycTaHO-
BUThH BapuaHT aHaiu3a ,,Direct Transient” unu ,,Modal Transient” u BBeCTH apyrue nmapameTpsl
pacueta (cm. Paznen 7.2);

® U nep8o2o Habopa HArpy30K, YTO OYAET CO3/1aBaThCsl, HEOOXOAMMO Ha TUAIOTOBOM MaHe-
mu ,,Load Set Options for Nonlinear Analysis” (cm. prc.6.9-a), BeI3biBaeMoii komanaoii Model>
Load—>Nonlinear Analysis..., cHayajga kHONKOH ,,Default” ycTaHOBUTH THIIMYHBIC 3HAYCHUSI, T10-
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TOM B cekiuu ,,Solution Type” BriOpars Bapuant ,,Transient”, a Takxke cienarb He0OXOIUMBIC
HazHaueHus (cM. Pazmen 6.2). Dtu HazHayeHus OyayT ACWCTBOBAThH NI 6cex HAOOPOB HArpy30K
(Load). Bummanme: 31a4uenus ,,Number of Time Steps” u ,,Time Increment” He 107KHBI IPOTH-
BOPEUYMUTh 3HAUYEHUSIM, BBEICHHBIM paHee Ha naHenu ,,LL.oad Set Options for Dynamic Analysis”;

e Ul CO3JAHMs 3aJaHusl U perieHus 3amaun komaumoii Model> Analysis... BbI3bIBacTCS
nuanoroBasi maHenb ,,Analysis Set Manager” (cm. puc.4.13-a), uHuIIMUpyeTCs KHomka ,,New”, Ha
naHenu ,,Analysis Set” BbiOupaercss B crucke ,,Analysis Type” (cm. puc.4.13-6) tun 3anaun
»12..Nonlinear Transient Response” (HenuHEHHBIN TNEPEXOAHONW TMPOIECC); B MOJpa3eie
»Boundary Conditions” paznena ,,Master Requests and Conditions” Heo0X0IUMO MOAKIIOUUTH
Habopsl ¢ Harpy3kamu (Loads), 3akperuienusimu (Constraints), HauaneHbiMU yenoBusiMu (Initial
Conditions) u apyrumu HaGopamu; B nonpaszeie ,,Output Requests” — ycTaHOBUTH, Kakue pe-
3yJbTaThl BBIBOAUTH B TaONUIBL. Eciay HE0OX0aMMO y4ecTh (HE YYHTHIBATH) T€OMETPUYECKYIO He-
JUHEHHOCTh, TO HY’KHO YCTaHOBUTbH (OTKIIOUUTH) Ha nuanorosoit naHenu ,,NASTRAN Bulk Data
Options” (noxpaznen ,,NASTRAN Bulk Data” pasnena ,,Options”) onmuu ,,LANGLE” (60715b-
1Me yrisl noBoporos) u/unu ,,LGDISP” (6onbine nedpopmanun) — cm. Paznen 4.2.6.

7.3.2.3.2. HesimHeHHBIA NepexoAHO nmpouece, 0oabmue gedpopmanun

OcHoBHOE ypaBHeHHE TuHammu4deckoro npouecca (/17.11) — HenuHelHOe OGnarogapst HATUYHIO
OopImx aedopmanmii (HO OHU HE TOJKHBI IPEBBIIATH 2%) M, BO3MOXHO, HEJITMHEWHOCTH B OHON
W3 MaTpHuil. Y paBHEHHs HETIOCPECTBEHHO HHTETPUPYETCS C IPUMEHEHUEM:

e metona Heromapka (cm. Pasmen [17.3.1.1 Ilpunoxkenus 7), tun 3amauu ,,23..Advanced
Nonlinear Transient™;

® SBHOTO IIEHTPAJIbHO-PA3HOCTHOTO anroput™Ma — CDM (cm. Pazgen J17.3.1.2 [lpunoxxenus 7
— c orpannuenueM: [C|=a[M]), Tun 3agauu ,,24..Advanced Nonlinear Explicit”.

B otnnuune ot MonmenupoBaHus 3aaadu, paccMoTpeHHoro B Pazaene 7.3.2.3.1, HeT moTpeOHO-
CTH B HacTpoOMKe quaiorosblx nanenel ,,L.oad Set Options for Dynamic Analysis” (BbI3bIBaeTCS
komanoii Model->Load—->Dynamic Analysis...) u ,, Load Set Options for Nonlinear Analysis”
(Be13biBactcst komMannoii Model>Load—>Nonlinear Analysis...).

Jlns co3maHus 3agaHMs Ha pelneHue 3agadn komanzoii Model> Analysis... BbI3bIBacTCs
nuanorosas naHeins ,,Analysis Set Manager” (cM. puc.4.13-a), nHunuupyeTcst KHonka ,,New”, Ha
nanenu ,,Analysis Set” BeiOupaercs B cmucke ,,Analysis Type” (cm. puc.4.13-0) Tun 3amaym
»23..Advanced Nonlinear Transient” unu ,,24..Advanced Nonlinear Explicit”’, B 3aBucumoctu
OT BBIOPaHHOTO METO/IA.

B 3aBucumoctu oT cutyanuu, Hy)kHO Ha auanorooi naHenu ,,NASTRAN Bulk Data Op-
tions” (moxpasnen ,,NASTRAN Bulk Data” pasznena ,,Options”™) ycrtanoButs onuuu ,,LANGLE”
(Oonpmme yriel noopotos) w/unu ,,LGDISP” (6onbmue nepopmanun) — cm. Paznen 4.2.6.

Eme nHeoOxonumo B pasnene ,,Options” Hactpouts onuuu nanenu ,,NXSTRAT Solver Pa-
rameters” (cMm. Paznmen 6.4.1), B yactHocTH, B cekuuu ,,Time Steps” (BpemeHHbIE mIaru) o0si3a-
TEeIbHO BBeCTU 3HaueHus: ,Number of Steps” (konumuecTBO BpeMEHHBIX IIarom), ,,Time
Increment” (BpemenHoit mar), ,,Output Every Nth Step” (BbIBoAUTB pe3ysbTaThl Ha KaXXJ0M N—M
mare).

Taxxe ects cMbici HacTpouTh onuuu na"enu ,,NXSTRAT Iteration and Convergence Pa-
rameters” (cMm. Paznen 6.4.2).

B nonapasnene ,,Boundary Conditions” pa3znena ,,Master Requests and Conditions” Heo0-
XOJUMO MOAKIIOUUTH Habopkl ¢ Harpy3kamu (Loads), 3akperienusamu (Constraints), HauaabHBIMU
ycnosusmu (Initial Conditions) u apyrumu HaGopamu; B nozapaszene ,,Output Requests” — ycra-
HOBHTH, KAKUE PE3YJIbTATHI BHIBOJIUTH B TAOJIHIIBI.

7.3.2.4. CriekTpa/jbHbIH OTKJIUK TeJIa IPU YIAPHOH Harpyske

AKTyanbHOHU fBJISIETCS 3a/laya O CHMKEHUHM aMIUIMTYJ KoyieOaHHWM Tena 3a cueT aemMngepoB
(YCTpOMCTB, racalux JUHAMUYECKYIO SHEPIHI0), KOTOPbIE MOYXKHO MPUKPENUTh 10 HECKOJIBKUX €ro
Touek (y3noB). Kakue nomxHbl ObITH cBOMCTBaA 3THX JeMiipepoB? Ilonck oTBera Ha 3TOT BOIPOC
IIPUBOAUT K MPOBEJCHUIO MHOTOBapUAHTHBIX OJHOTUIIHBIX PacdyeToB. DTO M €CTh 3aJlaya O CIEK-
TpaJIbHOM OTKJIMKE Tejla (KOHCTPYKLMHK). 3aJaya peuaeTcs 3a JBa 3Tana: cHadaja JUisl OJly4eHUs
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BCIIOMOTATEeNbHON MH(OPMAIH HAXOTUTCS 33JJaHHOE KOJIMYECTBO COOCTBEHHBIX (hOpM KOIeOaHHUH
(xak aT0 omucaHo B Pa3genax 7.3.1), motom — cektpanpHbie oTKIUKUA. B NX Nastran mocneaHio
3aJ1a4y MOKHO COEJMHUTD B OJIHOM 3aIyCKe 3a/1aHUs Ha pacyer.

Ha BTOpOM 3Tamne o0bIYHO HYKHO UMETh TPH (PYHKIIMIA:

e Tuma 1..vs. Time 115 onucanusi TMHAMHYECKON HATPYy3KH — yAapa B BHJIE OBICTPOTEYHOTO
BcIuiecka (cM. puc.7.4-a). [lorom dyHkIms BeIOupaercs B auanoroBom okHe ,,Create Loads on ...”
B none ,,Time/Freq Dependence” mis macmtabupoBaHUM BO BPEMEHH aMIUIUTYJAHOTO 3HAUCHUS
Harpy3KH, 4TO Ha3HA4aeTCs;

e tuna 3..vs. Frequency B Buze ctonOma Ttabiuibl (TOJBKO apryMeHT X) 3Hau€HWUW 4acTOT
aKTyaJbHOTO JMara3oHa ISl MOCIEAYIONIero €€ 3amojiHeHus (1o pe3yibTaTaM pelIeHUs 3a]1ayu)
COOTBETCTBYIOIIMMHU 3HAUYEHUSAMHU MEpEeMENIeHU, ckopocTel U mpouee (3HaueHus: pyHkuuu Y) B
y371aX, K KOTOPBIM ,,TPUKpPEIICHBI” AeMII(epsl, T.€. s CO3JaHMs Ta0IHIl CTIEKTPAIILHOTO OTKIINKA;

e tuna 3..vs. Frequency B Buae tabmunpl 3HaueHuit C/C, ko3QUIMEHTOB neMIpUpOBa-

Hus nemidepoB (Toapko aprymeHT X). g kaxaoro u3 3tux Kodh( UIUEeHTOB OyJeT MoyydyeHa
tabnuma (rpadukK) CHEeKTPAITBHOTO OTKIIKA.

[Torom 06e dynkiuu Tuna 3..vs. Frequency BeiOnpatoTcst Ha quanoroBoit nanen ,,Load Set
Options for Dynamic Analysis” (puc.7.1-a, Bb3siBacTcst komannoii Model>Load->Dynamic
Analysis...) B none ,,Frequencies” yeBoit u B none ,,Damping” mpaBoii yactu cekmuu ,,Re-
sponse/Shock Spectrum” coOTBETCTBEHHO (IOMOJHHUTENbHYIO MHpOpManuio cM. B Pa3nene 7.2).
Tun ananuza, 4TO yCTaHaBIMBAETCA Ha ATOM maHenu — ,,Direct Transient”, mostoMy npyrue Ha-
3HA4YEHMs IOJKHBI COOTBETCTBOBAThH onucaHHoMy B Paznene 7.3.2.1.

Eme neo6xomumo co3nathk rpynmy (cMm. Pa3zgen 1.7.2) ¢ mepeuneM y3ioB, K KOTOPBIM ,,ITPH-
KpEIUISIFOTCS IeMII(ephl.

Jlnist co3maHust 3a1aHus Ha pereHne 3aaadu komanaoi Model> Analysis... BbI3biBaeTCs 1ra-
JoroBast maHens ,,Analysis Set Manager” (cMm. puc.4.13-a), uHULMUpYETCS KHOMKa ,,New’”, Ha ma-
Henu ,,Analysis Set” BwiOupaeTcss B cmmcke ,,Analysis Type” (cm. puc.4.13-0) tunm 3amadm
»d..Response Spectrum” (TreHepupOBaHHE CIEKTPA OTKIWKA) W MPOBOJATCS APYTUE HAa3HAUCHUS
(mompobuee cm. B Pazmene 7.3.2.1.). B pasnene ,,Option” nosiButcs noapaszaen ,,NASTRAN Re-
sponse Spectrum Generation”, KOTOpbIi HacTpauBaeTCs C IOMOILIBIO JAMAJOTOBON NaHENIN
»NASTRAN Output for Response Spectrum Analysis” (cMm. puc.7.4-0), rae HEOOX0IUMO yKa3aTh
Hanpasienus nepemeruenuii (T1, T2, T3) w/umu Bpamenuii (R1, R2, R3) Tpex TUNOB BeJWYMH:
nepemenieHuit (Displacement), ckopocteii (Velocity) n/unu yckopenuii (Acceleration) B nemmde-
pax, uccienyeMbIx B 3amade. Taxke yka3bplBaeTCsl, KaKHe BETUYMHBI BHIBOJUTH B TAaOMUIIBI: abco-
moTtHbIe (Absolute) niau otHocuTensHbIe (Relative). [Torom mosiBUTCS mpocTas AManoroBasi maHeNb
JUIs1 BBIOOpA U3 CIIUCKA TPYNIIBI C IEPEYHEM Y3II0B, K KOTOPBIM ,, IPUKPEIUIAIOTCS” IeMII(EPHI.

A f(t) NASTRAN Output for Response Spectrum Analysis EJ
Output Requests

O bsolute MassfAccel Scale Factor

(%) Relative Mass
Displacement  []T1 [J72 [JT13 [JR1 [JR2 ]R3 8E-5
Velocity Om Otz O73 OR OR2 [OR3 Factor
Acceleration m Otz 13 Or1 [Jr2 [JR3 1000000,

t
[ Mexgt... I [ oK ] [ Cancel ]
a) 0) B)

Puc.7.4. I'padpuk ¢pyHkuun HATPpy3KH (a); 1MATOTOBbIe NAHEJH I Ha3HAYeHus1: 0) — HanpaBJIeHUil
nepememwienuii (T1, T2, T3) u Bpamennii (R1, R2, R3) Tpex TUNOB BeJIMYMH; B) — 3a/IaHHe MACChI U
MacmTabHOro Ko3(gppuumreHTa AJisi yCKOpeHus

[ToyuenHble TaOMUIBI CIEKTPATBHBIX OTKJIMKOB MOXHO WJIM MMPOCMOTPETH B PEKUME pelaK-
tupoBanus ¢pyukimi (komanaa Modify—=> Edit>Function...) wiu B Buae rpagukoB (1aTh KOMaH-
ny View->Select, ycraHoBuTh paguokHonky ,,XY of Function”, uaunuuposars kHOnky ,,Model
Data”, BeiOpats ¢yHkuuio). Ha3Banue ¢yHnkuum — xapakreproe. Hanpumep, ABSDISP1 22 0.05
03HAYaeT, UYTO ITO — a0COTIOTHBIC 3HAYCHHUS IepeMelneHnii B Hanpasieann T1 1 o0bekTa ¢ Ho-

MepoM 22 nipu korddunmente nemmnpupoBanus aemmndepa, papaomy 0.05.
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E1e onvH BapyaHT CEKTpaJIbHOTO MOJAJIBHOIO aHalin3a onucad B Pasnene 7.3.5.
7.3.2.5. lunaMnyeckue 3a1a4u NPU HAJMYUM THPOCKOMUYECKUX CHJI
TeopeTtnueckre 0CHOBBI 3TOM 3a1aun u3noxensl B Paznene /17.4 [lpunoxenus 7.

110 (2"N0rmal MOdeS/Elgenvalue’ BapHaHT [¥] Enable Ratar Dynamics Analysis [ Include Path in &1 Filenames
Modal Complex Eigenvalues) HACHTUYHO Fiotor 5 election Reference System Puost Files
usnoxennom B Pasmene 7.3.1. Ho ects omHO ® Single Rotr - Ful Modsl OFieed [csv
() Rotating [C1GPF
otiimuue: ¢ nomousio nadean ,,NASTRAN . _
. s Rotor Speed Speed Input Units Output Units
ROtOl‘ Dynamlcs Hy)KHO HaCTpOI/ITL B paS- Start Value o () Rev/Minute () Rev/Minute
nene ,,Options” moapaznen ,,NASTRAN S5 50, 85”'33”5“ gﬁydes” se
. . ertz ertz
Rotor Dynamics Options”. Number of Steps gl O Radians/Sec O Radians/Sec
qTO6LI caciaaTrb IIAaHEIb aKTHBHOﬁ, Frinted Output I ade kil Dlutput Other Dptions
HY’»KHO MHHULIMMPOBaTh omuuio ,,Enable Ro- e # eiz Whil Threshold
. . 99 O Generalized Matrices (®) &l RPM 0
tOI‘ Dynamlc AnalySlS . MO)KHO YCTaHOBI/ITL ) Eigenvalue Summary/Eigenvectars () Rator Speed
. . [ Steiner Inetti
omuio ,Include Path in All Filenames” ©Boh s
(HOHKHIOLH/ITB HyTI/I BO BCEX HMEHaX q)al‘/’l_ Response Calc Excitation Excitation Order
JIOB).
s 2
B CeKHI/H/I ”ROtor SeleCtlon yKaSBI_ Modes for Dynamic Response [Blank=aAll or i, |, k THRU n, ...
BAlOTCId KOJIMYECTBO POTOPHBIX PETHOHOB:
OJIUH WM HECKOIBKO (BCE, YTO CO3JAaHbI C

noMoubio komanasl Connect—>Rotor Re-
gion..., Ho 1y NX Nastran 5.0 ve Gonee ne-
CSITH).

B cexmum ,,Reference System” ykasbIBaeTCsl THUI pacCUUTHIBAEMOM CHCTEMBI: C (PUKCUPOBAH-
HOUM ochl0 BpamieHus potopa (,,Fixed”, yckopenune Kopuonuca He BO3HUKAET), WIM C TaKOW, UYTO
JIBUTAETCS HE MOoCTynarenbHo (,,Rotating”, BosHuKaeT yckopenue Kopuonuca).

B cexuuu ,,Post Files” onmun ,,CSV” u ,,GPF” yxaspiBatorcsi, kakue WH(DOpMALMOHHBIE
(aiiner Oyaet co3naBath NX Nastran: rotor.csv u/unu rotor.gpf.

B cexuuu ,,Rotor Speed” (ckopocTh poTOpa) ycTaHaBIMBAIOTCS onuuu: ,,Start Value” (Ha-
yanbHOe 3HaueHnue, > 0.0), ,,Step Size” (pazmep mara ysenuuenus, > 0.0) ,,Number of Steps”
(xonmuyecTBO 1maros, > 0). EnuHuna usmepeHus CKOpOCTH yCTaHaBIMBAaeTCs B cekuuu ,,Speed In-
put Units”: , Rev/Minute” (06/mun), ,,Cycles/Sec” (1uki/cex), ,,Hertz” (repm) unu ,,Radians/Sec”
(panuan/cex). AHaJIOTMYHBIE OMIMK — B ceKIuu ,,Qutput Units” (eIMHUIIBI BEIBO/IA PE3YIBTATOB).

B cexnuu ,,Printed Output” (BbIBO) MOKHO BBIOpaTh BapuaHTHI: ,,None” (HE BBIBOIWTH),
,»Generalized Matrices” (HopMmanu3oBaHHas martpuna), ,,Eigenvalue Summary/Eigenvectors”
(cobcTBEeHHBIE YaCTOTHI U COOCTBEHHBIE BEKTOPHI Pe3yJbTHPYIOLINE, B KaXXIOM 00/MHH), ,,Both”
(oba BapuanTa).

B cexuun ,,Mode/Whirl Output” (BeiBox xomniexcnvix moxn/uxpeir B (ainbl *.f06 nmm
*,0p2) MOXHO BbIOpaTh BapuaHThl: ,,None” (He BbIBOAUTSH), ,,All RPM” (111 Bcex ckopocTei Bpa-
mienwst) uin ,,Rotor Speed” (nns ykazanHoro 3HaueHus (= 0.0 ) ckopocTu BparieHus).

B cexmun ,,Other Options” (npyrue omniun) MoxkHo BBectu ,,Whirl Threshold” (npenens-
HOE 3HAa4YeHME JJIsl ONpEENICHUs] HallpaBJIEHUs BUXpPS) U aKTUBHUPOBATH OMLMIO ,,Steiner Inertia”
(mo6asuth uneputo lraitnepa).

Buaumanue: nocie xomanasl ,,OK” MokeT NosABUTHCS NaHedb ¢ TakuM TekcToM: ,,OK to Set
Complex Modal Analysis Options? Rotor Dynamic requires a modal complex solution. Re-
view or update changes under NASTRAN Modal/Buckling options” (YcTaHOBUTh KOMILIEKC-
HBI MOJAJIbHBIN BapuaHT aHanu3a? J[MHaMuYecKuil poTop TpedyeT MOJaJbHOTO KOMILIEKCHOTO
pemenus. I[Ipocmorpure unu otpenaktupyite onuuid Ha na"enu ,,NASTRAN Modal/Buckling”
pasnena ,,Options”). Heooxoaumo BbIOpath ,,Yes” uiau ,,NO” 1 BBIIIOJHUTH COOTBETCTBYIOIINE Pe-
JAKTUPOBAHUSI.

Bce napyrue omnmuu auanoroBoil MaHeNIW NPUMEHSIOTCS JUIIb Ui 3agayd tuma 111

(4..Frequency/Harmonic Response — Mo1apHBIN YaCTOTHON aHAIIN3 / TAPMOHUYECKHA OTKIIHK).
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B cexmuu ,,Response Calc” (BblumcieHHe OTKJIMKA JAMHAMHUYECKOTO POTOpa) BBIOMpaETCs
OJIUH W3 BapuaHTOB: ,,Synchronous” (cuHXpoHHBIN) uiIu ,,Asynchronous” (HecMHXpOHHBIH). B
MEePBOM CiIyuyae OyIyT UCIOJIb30BATHCS BCE TPU Ha3HAUYCHUS ceKiuH ,,Rotor Speed”, a Bo BTopom —
TOJIbKO 3HaueHue ,,Start Value” u3 stoii cexiuu. B cexuun ,,Excitation” (Bo30yxnenue) BoiOupa-
eTcsl OJIMH U3 BapuaHToB: ,,Mass Unbalance” (MaccoBas HEypaBHOBEUIEHHOCTh (X7 , TOTOM YM-

HOXaeTcd Ha @ ), O yMoTdaHuio) uin ,,Force” (cunma, mxrx @’ , 4To 3a[aHa Ha JAUAIOroBOi Ha-
Henn ,,Rotor Region” (cm. puc.7.4)). B cekuun ,,Excitation Order” (mopsaok Bo30ykIeHHS) BbI-
Oupaercst ouH U3 BapuaHToB: ,,Default” (mo ymonuanumo), ,,Forward Whirl” (npsimoii Buxps) wim
,Backward Whirl” (oOpatusiii Buxps). B cexium ,,Modes for Dynamic Response (Blank=All or
i, j, K THRU n, ...)” (MOIbI 1JIsi AMHAMHUYECKOTO OTBETa (ITyCTO=BCE WJIM HOMEpa Yepe3 3aIsiTyIo))
B nosie ,,Mode IDs” yka3pIiBatoTCs HOMEpa COOCTBEHHBIX YaCTOT.

7.3.2.6. Pacyer mostHOM peaknMu CNIEKTPAJbHOI0 OTKJIHKA Tesa

B NX Nastran ecTb BO3MOKHOCTb IIPOBEJICHUs pacyeTa MOJHON PEeaKLUH CIIEKTPAIBHOIO OT-
KJIMKa Tena. Ha mepBom aTamne HaXOIUTCS CIIEKTPaJIbHBIN OTKIIMK Tefa (Kak 3To onucaHo B Paznene
7.3.2.4), Ha BTOPOM MIPOBOJUTCS pacueT peaKiiyH.

Ha BTOpoMm sTane cHayana HeoOX0IUMO CO31aTh JIBE AOMOJIHUTENbHbBIE (PYHKIINH:

e Tuna 16.. Function vs. Critical Damp, rae nsa 3HaueHus napamerpa X sBIJISIOTCS HOMe-
POM TOJYYEHHOM Ha TEpBOM JTame TaOJIHIbl CIEKTPAJbHOIO OTKIMKA, HAmpuUMep, TaOIHIIbI
ABSDISP1 22 0.05, a napamerpa Y — 3HaU€HUs IMaNa30HA YacToT;

e Tuna 6..Structural Damp vs. Freq, 7..Critical Damp vs. Freq ninu 8..Q Damping vs.
Freq 3aBucuMocTH BBIOpaHHOW XapaKTEPUCTHKHU AeMII(QUPOBAHUS OT YACTOTHI IS BCETO aHAIHM3H-
PYEMOro 4acTOTHOTO JAHAara3oHa.

Jlns co3maHus 3aJaHusl Ha pelieHue 3amaun komanaoii Model-> Analysis... BbI3bIBaeTCs
JMajoropas naHenb ,,Analysis Set Manager” (cM. puc.4.13-a), uHuuuupyercs KHomnka ,,New”, Ha
nanenmu ,,Analysis Set” BwiOupaercs B crucke ,,Analysis Type” (cm. puc.4.13-0) tum 3amaum
»2..Normal Modes / Eigenvalues”.

- B pasnene ,,Options” HEOOXOAUMO HAUTHU ITOIPA3IEN
paszene .Op " s

Spectum »INASTRAN Response Spectrum Application” u nomo-
O Nore Spectrum Funetion ID mpl0  KHOMKU ,,Edit...” BBI3BaTH [HUATOTOBYIO IaHEIb
© Acceleration 4 »NASTRAN Response Spectrum Application” (cm.
O\-fn.elocn_l,l Scale Factor pI/IC76), Ha KOTOpOﬁ:
() Displacement 1. '
— ® B CEKIMH ,,Spectrum” HYXHO BBIOpaTh OJUH W3
hodal Combination . v et o
oo ams = (dakTopoB: ,,Acceleration” (yckopenue) ,,Velocity” (cko-
s S pocth) wiu ,Displacement” (cMeleHue); B moie ,,Spec-
. 2
— trum Function ID” — panee co3maHHyO (QYHKIIMIO THITA
SUPORT Set 3 ,16..Function vs. Critical Damp”, a B nose ,,Scale Factor”
— ko3 purreHT macmrabupoBanus pe3yabTaTta. BHUMaHue:
todal Dramping
Dammping Func 3 munwvt GaKTOpoB (YCKOPEHHE, CKOPOCTh WM CMEIIEHHUE ), YTO
YCTaHOBJICHbI Ha MAHETU U MOMEIIEHbI B BHIOPaHHON (QyHK-
[ Wew. | [ ok [ canca | U, JTOJLKHBI COBIAIATH;
e B okHe ,,Method” cexuuu ,,Modal Combination”
Puc.7.6. luanorosast naness 1ist HYKHO BBIOpaTh OJIMH W3 METOJOB CMEIIMBAHUS MaKCH-

MOATOTOBKH pacyeTa MOJHOMH peak-

MaJIbHBIX YyBCTBHUTEIBHOCTEH B moyiHyto peakiuio: 0.ABS
MU CHIEKTPAJBbHOI0 OTKJIHKA TEJIa

(aOcomotnbie BenuuuHbl), 1.SRSS (cpennexkBanpatuuHas
BennunHa), 2.NRL (MoganbHas cymma, cootBeTcTBeHHO npoekty MB® CIIIA) unu 3.NRLO (mo-
JaJibHasg cyMMa, cTapblil BapuaHT). B okHe ,,Closeness” yka3biBaeTcs IIpe/ieIbHOE 3HAUEHUE YaCTO-
TeI: Bce MeTofbl, kpome 0.ABS, OyayT oOpabaThiBaTh TOIBKO T€ YaCTOTHI, YTO MPEBBIIIAIOT ITO
3Ha4YCHUE;

e B nosie ,,SUPORT Set” cexknuu ,,.Base DOF” nyxHO BbIOpaTh HA0Op C OrpaHUYEHUSIMH
(Constraint), npeaHa3HadeHHbIMU 7S Tena, a B cekuuu ,,Modal Damping” B nosne ,,Damping
Func” — panee co3gannyio ¢pyHkuuto tuna 6..Structural Damp vs. Freq.
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PesynbraTel pacuera — OJHO 4YHMCIO (TIONHAST PEAKIHsl CHEKTPAIBHOTO OTKIHMKA), KOTOPOE
MOXHO MOJYYHUTh, IPOCMOTPEB CTaHAAPTHBIM 0Opa3oM Kak XY-(pYyHKIHMH 6ce TaONUIBI CIEK-
TPaJBHOTO OTKJIMKA, KOTOPBIE UMEIOT TOT mun pakropa (yCKOpEeHHE, CKOPOCTh WIM CMEIIEHHE), YTO
6bu1 ycTaHoBieH Ha naHenu ,,NASTRAN Response Spectrum Application” (cMm. puc.7.6). ,,Cra-
poe” HamoNHEHHWE JTUX TaOJIWII MOXHO TPOCMOTPETh JIMIIb C TOMOLIBI0  KOMAaHJIbI
List>Model=> Function..., T.e. OHO He UCYE3aET.

7.3.3. KpaeBasi 3a1aua 0 BbIHYKI€HHbIX TAPMOHMYECKHX KOJIe0aHUSAX Tesa

OTaenpHBIA, HO TOBOJIBHO PAaCIPOCTPAHECHHBIN CIIy4ail CHJI, BHI3BIBAIOLINX KOJICOaHHs Tena —
rapMOHUYECKHUE CUJIBI, T.€. U3MEHSIOLIUECS BO BPEMEHH 10 3aKOHY CHHYCa UJIM KOCHHYCA.

BonpmuHCTBO NEHCTBUI MpU CO3AaHUM MOJIEIH STOM 3a/layil — aHAJIOTUYHBI U3JI0KEHHBIM B
Paznene 7.3.2. YkaxkeM Ha HEKOTOpbIE OTIINYUSL.

["apMoHMYECKHE CUIIOBBIE HATPY3KH 33JIal0TCS MEPEMEHHBIMU BO BPEMEHHU 110 3aKOHY CHHYyCa
WIH KOCHHYCa ¢ MOMOINbI0 (GyHKIMA Tuna ,,1..vs. Time”, KoTopble co3Aat0TCs U BBIOMPAIOTCS Ha
nuanoropoil manenu ,,Create Loads on ...” (cM. puc.4.3 u npyrue nogo6ssie) B nosue ,,Time/ Freq
Dependence”. Bce BenmuumHbl, 3amaromniecs ¢ nmomoiibio komanasl Model>Load=> ..., 10/mKHBI
3aBuceTh OT (yHKuui Tuna 1..vs. Time unu 3..vs. Frequency, naxke Henu3sMeHHbIE BO BPEMEHH (TO-
rza 3HadeHue Y Takol (yHKIMY Ha3HAYAeTCsl PaBHBIM €AMHUIIBI BO BCEM JIMANIa30HE).

CHayana Hy»HO MPOBECTH YaCTOTHBIN aHAIM3 C BO3MOXHOCTBIO JajbHEHIIero pecrtapra (CM.
B koHIle Pa3nena 7.3.2.2).

Ha nuanorosoii nanenu ,,Load Set Options for Dynamic Analysis” (puc.7.1-a, BbI3bIBaeTCA
komannoii Model->Load->Dynamic Analysis...) HyxHO BbIOpaTh TN aHanu3a ,,Direct Fre-
quency” (mpsmoii ananu3z) uin ,,Modal Frequency” (MoganbHbIN aHalW3), BBECTU HY>KHBIE JaH-
Hble. BHHUMaHMe: ecu mapaMeTpsl JemripupoBaHus He OyAyT 3a/aHbl, TO MPH PE30HAHCHOM BO3-
Oy>XIeHUU MepeMelieHus: — 0eCKOHeUHbI (TeopeTrueckn), mosTomy NX Nastran MoKeT BblaaTh (a-
TAJILHYIO OIINOKY.

Tabnuna gactot ¢ Ha3BaHueM ,,Modal Frequency Table” (pacyeTHble TOUKH MTPH YaCTOTHOM
aHanuse, cM. Paznen 7.2 u puc.7.1-B) nns nons ,,Frequencies” cexuuu ,,Frequency Response”
CO3/1aeTCs MyTEM MHUIMALMK 3JIEKTPOHHOU KHOMKY ,,Modal Freq”: na manenu ,,Frequency Table
From Modal Result”, uto mosiBisieTcs, Hy>KHO BBIOpaTh U3 CIIUCKOB (M3 Pe3yJbTATOB MpEABAPH-
TEJbHO MPOBEJCHHBIX PACUETOB) HaualbHYIO M KOHEYHYIO YacTOTHI, a Takxke B moje ,,Number of
Points per Existing Mode” yka3aTh KOJMYECTBO TOUEK B OKPECTHOCTH Ka)KJOW COOCTBEHHOH Hac-
TOTHI, a B TioJie ,,Frequency Band Spread (+/-)” — mmpuHy 4acTOTHOM MOJOCHI B MPOIIEHTaX OT
aOCOJIIOTHOTO 3HAYEHUSI COOTBETCTBYIOIEH COOCTBEHHOW YacTOTHI. DTy TAaONUIly MOTOM MOXHO
MIPOCMOTPETH OOBIYHBIM CII0c0O0M ¢ TToMonisio komana Modify>Edit—> ... nin View->....

C nomo1pko 3J1€KTPOHHONW KHOIIKM ,,Enforces Motion...” MO)XHO NOJIKIIIOYUTH K TEILy 3Ha-
YUTENbHYI0 BUOpHUpYIOLIyI0 Maccy. Ecinu 3Ta mMacca 3HAUMTENbHO MPEBBILIIAET MACCy PACCUUTHI-
BaeMOro Tela, TO 3TO (hakTU4ecKku OyaeT kunemamuyeckum Bo30yxaeHueM Tena. CHayana BBI3bI-
BaeTCsl IMAJoroBas MaHelb JJIs Ha3HaYeHHUs] TOUKH C ,,0CHOBHOIO Maccoii”, 4To OyJeT UMETh yCKO-
peHue (s co3aHMs BBIHYKIAIOMIEH CHIIBI); TOTOM — JIMAJIOroBasi MaHesb Ul BHIOOpa y3JI0B Tena,
41O OYIyT XeCTKO CBs3aHbl ¢ AToi Toukoi (KO tuma RIGID). [Tocie aToro mosiBisieTcst cranmapT-
Has AMaJIOroBasi MaHelb 3aJaHusl CUJIOBBIX YCIIOBUU (CM. puc.5.2), rae 3aaeTcsi yCKOPEeHUE OCHOB-
HOM Macchl: nponoibHoe (Acceleration) wiu yriosoe (Rotational Acceleration), koTopoe MoxeT
3aBUCETh WJIM OT BPEMEHH, WK OT (pyHKIMH BpeMeHU. [loToM mosiBisieTcst nmanens ,,Mass/Access
Scale Factor” (cm. puc.7.4-B), rae 3amaercs macca (Mass) u macimTabubpiii ko3 dunuent (Factor)
JUIsL yCKOpeHUs (10 YMOJIYAHUIO TOSBISETCS 3HaYCHHE ,,Mass”, 4YTO 3HAUUTENILHO MPEBBIIIAET Mac-
cy Tena). B urore aMmuTyaa TMHAMAYECKOW CHIIBI, UTO OyAET MEeHCTBOBATh B YKa3aHHOW TOYKE C
,»OCHOBHOIO MacCOM”, paCCUMTBIBAECTCS KaK pe3yJIbTaT MepeMHOKEeHUs 3HaueHuil ,,Mass”, ,,Factor”
u ,,Acceleration”. BHumMaHue: eciu i CUCTEMBI ,,T€JI0-Macca’” B 3a/lau€ YCJIOBHUS 3aKperuieHUs
3amaBaThcs He OyAyT, TO MPH 3allyCKe Mpoliecca PeleHus 3aaud HYKHO ,,3aKa3aTh’ OoJbliee KO-
JMYECTBO COOCTBEHHBIX YacTOT KOJIeOaHWH, MOCKOJNbKY MOSBISIOTCS HECKOJBbKO HYJIEBBIX WM
OYECHb MAaJIbIX YaCTOT, COOTBETCTBYIOIINX YCIOBUSAM MEPEMEIIECHUS CUCTEMbI KaK JKECTKOTO LIE€JI0Tr0
(3¢ dexT uncneHHoro, Bceraa npuoImKeHHOT0, aJlTOPUTMA).
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Jlnst co3manust 3aJaHus Ha perieHue 3aaaun komanaoii Model-> Analysis... Bbi3bIBacTCs 1ua-
joroBas naseins ,,Analysis Set Manager” (cM. puc.4.13-a), uHunuupyercst kHonka ,,New”’, Ha ma-
Henu ,,Analysis Set” BeiOupaercs B cmmcke ,,Analysis Type” (cm. puc.4.13-0) Tun 3amaum
»4..Frequency / Harmonic Response” (4acTOTHBIN aHalu3 / TapMOHUYECKUI OTKIIMK) ¥ IPOBECTU
npyrue HazHaueHus (cM. Pazmen 7.3.2.1.), B 4acTHOCTH, MPUMEHHUTH peCTapT.

Taxoxe ¢ TOMOIBIO KHOIOK ,,Next...”MOKHO Ha4yaTh MPOLECC JOMOJHUTEIBHOIO HaCTpanuBa-
HUS pelIeHUs W JaHHBIX BbIBOAA 3afaud. OH yxe omnucad B Paznene 4.2. EcTb 0AHO oTiiMuuE: B
noapaszaene ,,Output Requests” paznena ,,Master Requests and Conditions” Ha auanorooi na-
Henu ,,NASTRAN Output Requests” (cMm. puc.4.19-6, BHU3y) MOkHO BMecTO ,,Magnitude/Phase”
BbIOpaTh BapuaHT ,,Real/Imaginary”, T.e. yka3arb, 4T0OblI pe3yJIbTaThl BBIBOAUIKMCS HE KaK aMILIH-
Tyna u ¢a3a, a Kak AeMCTBUTEIbHASI U MHUMAas 4acTb PEILICHUS.

[Ipu npocMoTpe pe3yabTaTOB MOXKHO MOCTPOUTH, HAPUMED, TPapUKH aMILTUTYA IepemMelie-
HUH WM HANPSDKCHUH B BBIOPAHHBIX y3J1aX Tela MPU PE30HAHCHOM BO30YKICHUH.

7.3.4. KpaeBasi 3a1a4a 0 CTOXaCTHYECKOM BO30Y:K/I€HHH Tesia

[TpoBoaUTCSI MOJATBHBIN YACTOTHOM aHAIU3 C TOCICAYIONIEH MOCT-IPOIIECCOPHON 00paboT-
kot B FEMAP nns onpeneneHust XapakTepUCTUK CTOXACTHUECKOTO BO30YKICHMS.

MHorue aeicTBHsT — TOKIAECTBEHBI W3I0KeHHBIM B Pasnene 7.3.3. HeoOxoaumo mociieqoBa-
TEJNBHO:

® [IPOBECTH YACTOTHBIM aHAIN3 TEJIa C YYETOM YCIOBHH €ro 3aKperyieHus (€CJIM OHU €CTh) U C
BO3MOXKHOCTBIO JaibHEHIIero pecrapra (cMm. B KoHIe Paznena 7.3.2.2);

e co3maTh (DYHKIIMHM 3aBUCHUMOCTH Harpy3ku OT 4acToThl (Tuma 3..vs. Frequency). Eciu He-
KOTOpasi Harpy3Ka peanbHO He OyJeT 3aBUCETh OT YaCTOThI, TO COOTBETCTBYIOMIAs (DYHKIUS AOKHA
pPaBHATHCS CIUHHIIC BO BCeM auama3oHe. [lociie 3Toro — BBECTH HArpy3Ky, BBIOPAaB CO3/IaHHBIC
byHKIUY;

e co31aTh (YHKIUIO 3aBUCUMOCTH XapaKTEPUCTHUK JAeMI(PUPOBAaHUS OT 4acTOTHI (THIA 7..VS.
Critical Damp vs. Freq). Eciu 5T XapakTepuCTHKU peaibHO HE 3aBUCST OT YacCTOTHI, TO (PyHKIIHS
JOJI’KHa 6BITB paBHa CAUHHUIIC BO BCEM NHUAIIA30HC,

® c031aTh (QYHKIHMIO CIICKTPAIBLHON MIOTHOCTH Harpysku (PSD) S, , (@) (cm. Paspen J[7.3.4

[Ipunoxenus 7) B 3aBUCUMOCTH OT 4acToThl (THmna 3..vs. Frequency). O6b14HO 3Ta GyHKIMSA UMEET
3HAYEHUS B JMANA30HE OT HEKOTOPOW HE3HAYMTEIHHOW BEIMYMHBI 10 eauHUIly. B Tabmume J17.1
IIPUBEJICHBI HEKOTOPbIE aHAJIMTUYECKHE BBIPAKEHUS I TakuX (QyHKIMH, X rpadudeckuit Buj. B
00BSICHEHUSX K Ta0yuIe yKazaHbl Bo3MOxHbIe TpuMeHeHns. B NX Nastran ¢ynkmust PSD moxer
ObITH B (hOpME aBTO— MJIM B3aUMHO— CIIEKTPAJIbHOMN IMJIOTHOCTH;

e Ha aManoroBoi naxen ,,L.oad Set Options for Dynamic Analysis” (puc.7.1-a, BeI3bIBaeT-
cs komanpoit Model>Load—>Dynamic Analysis...) Hc00X01UMO:

= BpIOpaTh TUI aHanu3a ,,Modal Frequency” (Mo1anbHbIN aHAU3);

= B cekuui ,,Equivalent Viscous Damping” (3xBuBasieHTHOE Bs3KOE JAeMII(pUpOBaHHE) 3a-
nath oOmmi K03 PuuUeHT KOHCTpyKIHoHHOro aemndupoanus (Overall Structural Damping
Coeff (G)), a B qmanorosoM okue ,,Modal Damping Table” BeiOpaTh panee co3qaHHYIO (YHKITHIO
3aBHCUMOCTH XapaKTEePUCTHUK AeMnupoBaHus oT yacToTsl (Tuma 7..vs. Critical Damp vs. Freq).
Hanomuum, uto ko3ddunmenT G MOXKHO He 3a]laBaTh, €CIM OH 3ajaH Juid Bcex KO kak cBOHCTBO
Matepuana KO, uim MoXXHO 3a/1aTh Kak JOMOJIHUTENbHYIO BEJIMUUHY K 33JJaHHOMY JIJIsl MaTepuana;

= B osie ,,PSD” cexuun ,,Random Analysis Options” — nmoakimtounts co3panHyo PSD-
(YHKIMIO CIIEKTPAJIbHOM IUIOTHOCTHU HArpy3kd (BXOJHOTIO BIMSHMSA) HpPU CIy4alHOM Xapakrepe
M3MEHEHHS aMIUTUTYIHOTO 3HaUEHUs BO30YKAAOIICH CHITBI,

* 3JIEKTPOHHOM KHONKOH ,,Advanced...” MOXHO BbI3BaTh JHUAJIOTOBYIO MaHEb ,,Ad-
vanced Load Set Options for Dynamic Analysis” (cMm. puc.7.1-r) 115 Ha3HAYEHUS JOTOJHUTEb-
HBIX MapamMeTpoB aHajiu3a, B YaCTHOCTH, B cekiuu ,,Random Analysis”. B none ,,ANSYS PSD
Type” (xapakrepuctuku PSD — xak B mporpaMmme ANSYS) ecTb BO3MOXKHOCTh BBECTH YCKOPEHHUE:
»0..Accel (Acc2/Hz)” (uepe3 yckopeHHe, B BEJIMUMHAX YCKOPEHHs B KBajpare, pa3/ieJICHHOE Ha
4acrory), ,,1..Accel (g2/Hz)” (uepe3 aOCONIOTHBIE 3HAUEHHS YCKOpeHUs), ,,2..Displacement” (ue-
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pe3 nepemelenue), ,,3..Velocity” (uepes ckopocts) unu ,.4..Force” (depe3 cuiy). Ecth eme nosne
»INASTRAN PSD Interpolation”, T.e. MeTon untepnonsuuu pynkuuu PSD, koTopas 3agaercs B
Buzne TaOmuuel: sorapugmuueckuii (0..Log Log), nmuneiinsni (1..Linear), morapudmudeckn-
nuHenHsid (2..X Log,Y Lin) nnu nuneiino-norapupmuueckuit (3..X Lin,Y Log). pyrue onuuun

omrcaHbl B KoHIle Pa3nena 7.2;

e IS CO3JaHUs 3aJlaHUs Ha PEIICHHE 3aJadd Ko-
mangoii Model=> Analysis... BbI3bIBa€TCS qUajioroBas mna-
Henb ,,Analysis Set Manager” (cm. puc.4.13-a), uHUIIUHU-
pyercsa kHomka ,,New”, Ha maHenu ,,Analysis Set” BbiOu-
paercs B crucke ,,Analysis Type” (cm. puc.4.13-6) Tun
3amaud ,,6..Random Response”. Ecnu panee 6bu10 co3na-
HO HECKOJIbKO HabopoB Harpy3ok (Load Set), To Ha maHe-
au Oyner akTMBHA KHomka ,,MultiSet...” mist ux moakio-
YEeHUs, KOTOPOW HY>KHO BOCIIOJI30BaThCS W BBHIOpaTh He-
o0xoaumblie HAOOPBI Harpy3ok. HyxHO moAkmounTh (ain
pecrapta (cM. B koHile Paznena 7.3.2.2);

e ccim B pazzaene ,,Options” BbIOpaTh Mmoapaszient
»NASTRAN ModalXYPlot” n uHMIMHpPOBATH KHOIKY
,Edit...”, mosButca guamorosas maneiab ,NASTRAN XY

MASTRAN Output for Random Analysis E]
Madal Dutput Requasts
) None
() Paweer Spectral Density Functions
() Autocomelation Functions
©Boike
Elemental Output Requests
) None
() Pawer Spectral Density Fumctions _
() Autocomelation Functions m
(%) Bath
Additional Output Requests

Puc.7.7. llepBasi xuasioroBasi naHeJb
HACTPaWBaHUs OCHOBHOTO BHIBO/A
pe3yJbTaTOB JJIsl YACTOTHOT O

Output for Modal Analysis” (cMm. puc.6.13-0), rae MOXXHO aHaJIM3a

yKa3aTh HEKOTOPBIMA y3el I MOCIEAYIOLIEro BhIBOJA pe3yibTaToB. II0TOM HYXKHO C IOMOIIBIO
KHONKH ,,Next...” mociieqoBaTeIbHO HACTPOUTH AHAIOroBble naHenu noapasnaena ,,NASTRAN
Random Output2”, yto nzoOpaxensl Ha puc.7.7 u puc.7.8. CHauana MoOSBUTCS IUajIoroBas Ma-
Heunb ,,NASTRAN Output for Random Analysis” (cm. puc.7.7). Ha Hell Hy»HO BbIOpaTh OMH U3
BapHaHTOB CTaHIApTHOTO BbIBOMA: ,,None”, ,,Power Spectral Density Function” (PSD-dyukmms),
»Autocorrelation Function” (aBTokoppemnsiuonnas QyHkuus) uiu ,,Both” (o6a mocnengnux Bapu-
anTa). Eciiu Oyzaer akTUBHOW, MOKHO YCTaHOBUThH oniuio ,,Response vs. Frequency (XY Plot)”
(peakuus kak GpyHkuus yactotsl). KHomnkoit ,,Next...” BbI3bIBaeTCS ApyTas MaHedb C TOW e Ha3Ba-
HueMm (cMm. puc.7.8-a), rae B cexmuu ,,Nodal Qutput Requests” MOXXHO yKa3aTh CTEIIEHU CBOOOIbI
y3J10B (HYKHO 3apaHee cOo37aTh IPYMITy C MEPEYHEM ITUX Y3JIOB), Ui KOTOPHIX OYIYT BHIBOAUTHCS
pe3ynbrathl pacueta (B Bune XY-rpaduka); B cexiuu ,,Elemental Stresses” — /i Kakux THIIOB

NASTRAN QOutput for Random Analysis E]
Modal Output Requests g]
NASTRAN QOutput for Random Analysis
Displacement Otm Otz [Ot2 OR1 [Ir2 [CIR2 i IE
Acceleration Ot Otz Ot O Or2 [IR3 Elen?ental Forces
Springs [ &sial
Elemental Stresses
Eods 5 i
Springs [ awial it [ Auwial [ Torsional
Bods [Jasial [ Torsional B [ Asial [ Torsional
Bars [ dwial BendEndA [T]Plane1  []Plane 2
Enda Lo [ios2 [Olec3d [loc4 BendEnd B [JPlane1  [JPlane 2
ErdB [Jloc1 [Jlec? [Olec3 [lecd Shear [JPlane 1 [Plane 2
Eeams Enda [Jloc1 [Jloc? [JLoc3 [Jloc4 Beams [ urial
EndB [JLloc1 [Loc2 [Jloc3 [JLoc4 [(Tatal Tarque [ 'warp Tarque
Plates  Battom [ Momal ] Momal  []%Y Shear Bend [|Plane1  []Plane 2
Top (% Mamal  []% Nomal [ Shear ‘web Shear [JPlane1  []Plane 2
Salids [DeNomal v Homal ]2 Momal Plates Memb []x O [
s Shear  []4Z Shear [ 2% Shear Bend []x O+ ks
Agisym [IRadial [Jazim [Jasial [ Shear Shear [ Oy
e ——
[ Summary Data Orly
a) 0)

Puc.7.8. BTOpaH U TPETHA THAJIOTOBLIC MAHECIN HACTPaAaUBAHUA OCHOBHOI'O BbIBOAA PE3yJbTAaTOB 1JIsA
YaCTOTHOI'O aHAJIHU3a
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KD, BunoB Hanpspkenuit u Touek ceuenus (Loc ...) maelinbx KD BRIBOAUTE pe3yabTarhl (3TO Oy-
IyT HANpPSDKEHUS); MOYKHO YCTaHOBUTH OMIMIO ,,Summary Data Only” (Tonbko cymMMapHbIe JaH-
Hbie). Ecm uHumupoBath KHOIKY ,,Forces”, To mOsIBUTCS JOMOTHUTENbHAS MaHENb C TEM K€ Ha-
3BaHHeM (cM. puc.7.8-0), Te MOKHO Ha3HAYMTH: JUIS KakuX THUMOB JuHEWHbIX KD w/unn K3 tuma
PLATE BpIBOINTE pacCUMTAHHBIEC 3HAYECHUS CUII;

e eciM OBUTO TOAKIIOYEHO JBa WM OOJIbIle HAaOOpPOB HArpy30K, TO C IMOMOIIBIO KHOIKH
»Edit...” moxHo HacTpouth noxapaszaen ,,NASTRAN PSD Correlations” B paznene ,,Options”.
[TosiButcst nuanorosas nauens ,,NASTRAN Power Spectral Density Factors” (cm. puc.7.9) mis
3a/laHusl KOPPEJSAIMOHHBIX CBsi3eil Mexy Habopamu Harpy3ok (Load Set). Hyxuo B mone ,,Corre-
lation Table” BriOpats ogHY U3 cTpok. Homepa B cTpoke 3TOi TaOIHMIBI OTBEYAIOT HA3HAUYCHHOM
Harpy3ke. Korna ciyuan — oquHakoBble (Hanpumep, 1=>1, 2=>2), nyxHo B cexuui ,,Edit Correla-
tion Table” 3anates BecoBoii koaddunment (Factor) u Beiopats PSD-dyHKIMIO (M3 CrIFIcKa 3apaHee
CO3/IaHHBIX) TONbKO s aelictButenbHoi (Real) wactu. A korga crmyudaum pasHble (Hampumep,
1=>2), HEOOXO0IUMO OMPENETUTHLCS, OYIyT KOPPEIUPOBATh 3TU ClAydyau, Wiu HEeT. UToOwl 3a7aTh
Koppensinuio, HyxkHo B cekuuu ,,Edit Correlation Table” 3amate BecoBble KOA(pHHUIMEHTHI
(Factor) u Betopars PSD-dynkumn mst neiictBurenshbix (Real) u manmbix (Imaginary) gacreid;

. e B moapazaene ,,Output Re-
st s
29

Cormelation Table Edit Carrelation T able

oy I o
Ewcited Load Set  1..Constraint 1 - Load_01 Condltlons Ha AUaIoroBou MaHEIN

12 Applied Load Set 1. Constraint 1 - Load_01 »NASTRAN QOutput Requests” (cMm.
Bt B[ Foristfor puc.4.19-6, BHHM3y) MOXHO BMECTO

Real [1. % [0.Mone v »Viagnitude/Phase” BbIOpaTh BapHaHT

g . ,Real/lmaginary”, T.e. yka3zatb, 4TOObI

pe3yJIbTaThl BBIBOJWJIUCh HE Kak am-
IATYAa U ¢a3a, a Kak JeHCTBUTEIbHAS

Puc.7.9. lnanorosasi naHeb JJIsl 3a1aHus 1 MHHMad 94CTh PCIICHUA.
KOPPeJISIMOHHBIX CBsI3eil PesynbraThl pacuera B BUjaE rpa-
¢dbuka HM3MEHEHMs, HANpUMEp, OOIIEero

nepemenienus (Total Translation) MoxHO TpocMOTpeTh CTaHAAPTHBIN 00pa3oM Kak rpaduk: ,, XY
vs Set” — 111 OJHOTO y371a BO BCEM JMaraszoHe 4acTtorT; ,,XY vs ID” — myis Bcex y3710B npu BeIOpaH-
HOM 4acToTe.

[ Ok ] [ Cancel ]

7.3.5. MoaaabHbIH aHAaJIH3 MeTogoM DDAM

Metogq DDAM (Dynamic Design Analysis Method) onpenensieT nocienoBareabHOCTh J1EH-
CTBUH AJIsl MPOBECHUS MOJIATBHOTO aHAIKM3a PEeaKIMKU 000PYI0BaHMs CyJHA HA MOABOIHBIN B3PbIB.
Meton nmeer BHyTpeHHHI uaeHtudukatop DDAM u xox 3amaun 187 (cm. Ta61./19.1 Ipunoxe-
Hus 9).

Jliist co3manust 3a1aHus Ha pereHue 3a1adu komanaoi Model-> Analysis... BbI3biBaeTCs 1ua-
joroBas naseins ,,Analysis Set Manager” (cM. puc.4.13-a), uHunuupyercst kHonka ,,New”’, Ha ma-
Hemu ,,Analysis Set” BwiOmpaercs B crmcke ,,Analysis Type” (cm. puc.4.13-6) Tun 3amaum
»2..Normal Modes / Eigenvalues”.

B paznene ,,Options” HeoOxonumo Haitu nonpasaen ,,NASTRAN DDAM”, ¢ noMomibio
kHonku ,,Edit...” Bb3BaTh nuanoroyto mnaHenb ,,NASTRAN DDAM Solution Options” (cMm.
puc.7.10-a) u uHUIUUPOBATH Ha Hel omnuuio ,,Enable DDAM Analysis”. Omnuus ,,Include Path in
All Filenames” (OIKIIOYUTH MyTH BO BCEX UMEHAX (aillioB) MO YMOTUAHUIO aKTHBUPOBAHA.

Pe3ynbTathl pacuera co3aaroTcs 3a TpU dTara:

e NX Nastran BBIYHCISET COOCTBEHHBIE YaCTOTHI, KOA(PPUIMEHTH y4acTHs M MOJalbHbIC
s dexTUBHBIC Beca M1l KayKIO0TO PEeKUMa, BCE 3TO 3anucbiBaeTcs B TeKCTOBBIN (aitn OUTPUTY;

e FEMAP BbluMcisieT MOAAJIbHBIE yIapHbIE PEAKLIUK KOHCTPYKIUH, IPUUEM HCIIONb3YIOTCS:
¢daiin OUTPUT4 u eme tpu daiina, co3nanasie FEMAP ¢ ucnonb3oBanueM CBeICHHH, YTO BBEIE-
HBI [T0JIB30BATEIIEM C MIOMOIIBIO MTaHeNeH, n300pakeHHbIX Ha puc.7.10;

e Nastran popmupyet crannaptHsie ailsibl pe3yabTaToB, oHU ynTatoTcsi FEMAP.
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B cexumn ,,Spectrum/Coefficient Options” (criekTp/Ko3¢hGUIHEHTH) TUATOTOBON MaHEeIn
»NASTRAN DDAM Solution Options” BeiOMpaeTcs onuH U3 BapuaHTos: ,,Non-DDAM Spec-
trum Analysis” (e DDAM cnexrtpansHblii aHanu3) win ,,DDAM” (DDAM cnekTpanbHbIii
aHajmu3).

Ecmu BeIOpats Bapuant ,,Non-DDAM Spectrum Analysis” wiu ,,DDAM” u ,,Coefficient
from Internal File” (koaddunuent u3 BHemHero ¢aiiia), To CTaHOBUTCS JOCTYIHBIM mone ,,Coef-
ficient File” 111 BHIGOpa COOTBETCTBYIOMEr0 haiita (¢ MOMOLIBI0 KHOMKH L)),

B cnyudae BeiOOpa BapuanTta ,,Specify Coefficients” (onpenenenue kosdduimenTa) cTaHo-
BUTCA akTMBHOW KHomKa ,Specify Coefficients...”, xoropas Bb3biBacT mnanenb ,,NASTRAN
DDAM Coefficients” (cm. puc.7.10-6). Ha neit B cexkuuu ,,Velocity and Acceleration Factors”
(k03¢ HUIIMEHTHI CKOPOCTH M YCKOPEHHUE) MPH HEOOXOTUMOCTH B COOTBETCTBYIOIIUX ITOJIAX 3aja-
10Tca 3HaueHus ans: ,,Fore/Aft (1)” (Hoc/xkopma), ,,Athwartship (2)” (monepeyHoe HampaBlieHUE) U
,vertical (3)” (Beptukans). B cexuun ,,Weighting Factors” B mossix ¢ HasBanusimu VA, VB, VC,
AA, AB, AC u AD (nepBsie OykBbl — oT Velocity u Acceleration) He0OX0IMMO 33aTh COOTBETCT-
ByIOIIE BecOoBBbIe (akTOpbl. [Ipr HEOOXOIUMOCTH MOXKHO WHHUIMHUPOBATH onmmio ,,Modal Mass
Cutoff Percentage” u B noze ,,Cutoff % 3anars npouent (ot 0 1o 100) ymeHbuIieHue Macchol (1o
ymomuanuio — 100%).

NASTRAN DDAM Solution Options X
Enable DDAM Analysis Include Path in Al Filenames NASTRAN DDAM Coefficients x]
Spectrum / Cosfficient Dptions Welocity and Acceleration Factors
Welocit Accelerat
O Mon-DDAM 5 pectium Analysis ) Specify Cosfficients ey Ceseraen
(%) DDAM () Coefficients fram E xtemal File IFame A0 0. n 0.
(%) Use Builtln Coefficients Athwartship [2) 0. [2) 0.
Wertical [3) 0, (3 [ |0,
- - — - ‘wieighting Factors
Location E quipment Coefficient Type Equation Type
© Deck wa [0, a4 4] |0,
() Suface O Hul (%) Elastic Y 0 o 0
v v
O Submerged Y () Elastic / Plastic - -
O shel v [0 AC [ D,
Cutoffs Az Origntation AD o,
Modal Mass Cutaff % (100=41) a0, Fare / Aft ®x Qv Qz e T ——
Wertical ® N Z
o O ® Cutoff % [F
[ juls ] [ Cancel ]

0)
Puc.7.10. Inanoroble naHe/Ju J1Jisi HACTPAUBAHUSA MOAAJBbHOro anaanza DDAM

B cexnun ,,Equipment” (oGopynoBanue) ecth Tpu BapuaHTa: ,,Deck” (mamy6a), ,,Hull”
(xopmyc) u ,,Shell” (o6onouka — ans cyOmapunsl). B cexnuu ,,Location” (mokanu3zaiius) BeIOUpa-
ercs ,,Surface” (Ha moBepxHocTH) WK ,,Submerged” (cyomapuna Ha rioyoune). B cexiuu ,,Coeffi-
cient Type” (Tun koaduuuenta) Beidupaercs ,,Elastic” (ynpyrwuii) munu ,,Elastic/Plastic” (ynpy-
ruit/mnactuaeckuit). B cexuum ,,Cutoffs” naznauaercs ,,Modal Mass Cutoff % (100=All)” — npo-
1eHT (ot 0 1o 100) ymenbpmenus: Maccel. B cexium ,,Axis Orientation” (opueHTanus oceit) B cTpo-
kax ,,Fore/Aft” (Hoc/kopMma) u ,,Vertical” (BepTukansb) BeiOupatorcs HyxHbie ocH (X, Y win Z).

Onuuu cexuuu ,,Equation Type”, a Takxe onuuu ,,Minimum Acceleration (Gs)”, ,,.Dir Se-
quence (X=1,Y=2,7Z=3)" u ,,Mass to Weight Factor” e sBIAIOTCS aKTUBHBIMU (HE HY>KHBI) IJIS
NX Nastran.
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