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KomnoHeHTbI BXogHoOro canna
MSC.Nastran

e Onepatopbl FMS n NASTRAN — Ha3Ha4yeHusa channoB un
3ajaHue CUCTeMHbIX napamMmeTpoB

e Executive Control Section — 3agaHue Tnna pewieHus,
BblAesIieMOro BpeMeHu, napamMeTpoB AUarHoCTUpoBaHUA

e CEND - onepaTtop - “pasgenurenb’
e Case Control Section — hopmupoBaHue nepeyHs

BbIBOAUMbIX pe3ynbTaTtoB, MHULMANMN3aUuna HeKOTOPbIX
onepartopoB Bulk Data Section

e BEGIN BULK - onepatop - “pasgenutenn”
e Bulk Data Section — onuncaHune pac4yetHou moaenm,
napameTpoB peLueHuns

e ENDDATA - onepaTtop - “pasgenutenb”

MSC X S
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dopmaT ¢ hpukcnpoBaHHOU AJSIMHON NONA
“CBobOOAHLIN” hopmaT, ITOT XKe oneparop

PennukaTopbl Ansa noBTOPHOro sBoAa
e UcxopgHas 3anuch: GRID,1,,0.,0.,0.,,126

e Pesynbrart:

dopmat pasgena BULK DATA
BxoaHoro chaunna MSC.Nastran
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B npumepax kK AaHHOMY KypCy UCNOJb3YTCs CBOGOAHBLIN chopmaT m
pennukKaTopbl.
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KoHe4yHO-3NNeMeHTHbIN aHanus

B peanbHOM Mupe CyLeCTBYIOT He TONIbKO CUCTEMbI C OAHOMU CTEMNEeHbLI
cBoboabl.

KoHe4yHble anemMeHTbI NMcnonb3yrwTCA Anda moaesimpoBaHUA Maccehbl,
ﬂeMn(bVIpOBaHVIﬂ N XXEeCTKOCTU CJITOXKHbIX CUCTEM U KOHCTPYKLUN.

CteneHun ceBoboabl (CC - DOF) — He3aBUCUMbIe KOOpAUHATLI, ONUCbIBalOLWMe
nepemMeLleHUa KOHCTPYKUUN B NIIOOON MOMEHT BPEeMEeHM.

Yanbl GRID ncnonb3yroTcsa Ana AUCKPETHOro MoaennpoBaHUA HenpepbIBHOW

CTPYKTYpbI.
Kaxabin y3en GRID moxeT nmetb wectb CC: noctynatenbHble BAONb ocen X,
Y n Z v BpawiatenbHble oTHocuTernbHoO ocen X, Y n Z.

1 Time 2

S 73

B3anmocBsa3b NnepemMelleHUn oCyLLeCTBAETCS NyTeM COOTBETCTBYHOLNX
MaTpPUYHbIX Npeodpa3zoBaHUMN.
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OObI4YHO Ucnosnb3yemMble ynpyrue
3NeMeHTbI

NAS102

One-Dimensional
Geometry

ROD
BAR
BEAM
BEND
Two-Dimensional
Geometry
TRIA3
QUAD4
SHEAR
TRIAG
QUADS
Three-Dimensional
Geometry
HEXA
TETRA
PENTA

Zero-Dimensional
Geometry
ELAS

BUSH

Oekabpb 2001, Ctp. 2-6
MSC Moscow

Pin-ended rod

Prismatic beam

Straight beam with warping
Curved beam, pipe, or elbow

Triangular plate

Quadrilateral plate

4-sided shear panel

Triangular plate with midside nodes
Quadrilateral plate with midside nodes

Solid with six quadrilateral faces

Solid with four triangular faces

Solid with two triangular faces and three
quadrilateral faces

Simple spring connecting two degrees of
freedom

Frequency-dependent spring/damper
connecting up to six degrees of freedom

Number of

DOFs

4
12
14
12

15
20
30
40

24-60

12-30

18-45
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PacnpeaeneHHasa u
cocpenoTroyeHHass Macchbl

PacnpegneneHHaa macca B obouem crny4yae 6oree TOYHO ONUCbIBaeT
MaccoOBble CBOMCTBA, HeXXenun cocpeaoTovYeHHas.

COCpe.ﬂOTO‘-IeHHaFl MacCcCa npeagnodtTuternibHee AnsA BbiYnNCrieHuns
CKopocCcT npun gAuHAMN4Y€CKOM aHalrin3se.

3apaHue “pacnpepeneHHon” dopMynMpPoOBKKU MaTpuULbl Macc
e PARAM, COUPMASS, 1 — BbIOOp “pacnpeneneHHoOn’” ¢popMynMpoBKU
e “lNo ymonuyaHuw” — “cocpepnoroyeHHan’” cpopmynumpoBKa

CocpenoTouYeHHY0 U pacnpeaeneHHy Maccbl MOryT UMeTb
3MeMEeHTblI:

e BAR, BEAM, CONROD, HEXA, PENTA, QUAD4, QUADS, ROD, TETRA,
TRIA3, TRIA6, TRIAX6, TUBE

TonbKo COCPeOTOYEHHYIO MAaCcCy MOTYT UMETb 3MEeMEeHTbI:
e CONEAX, SHEAR

TonbKo pacnpeneneéHHyro MmacCy MOorytT MMeTb 3J1IeMEeHTbI.
e BEND
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PacnpeaeneHHasa u
cocpenoTroyeHHass Macchbl

® COCpeAOTOHEHHaﬂ MaCCa nMeeT TOJ1IbKO ANaroHalsibHblie,
noctynartesibHbieé KOMMNOHEHTDbI (BpaI.I.I,aTe.ﬂbeIX HeT).

® Pacnpep,eneHHaﬂ MaCCa MMeeT KaK HeAunaroHasibHblie
noctynartelsibHbie, TaK U BpadllaTeJyibHbleé KOMIMOHEeHTbI AJiA

anemeHTOB BAR (3a ucknro4vyeHmem “TopcuoHHbIX’), BEAM
n BEND.

e UrHopnpoBaHue MHEPLMNOHHbLIX CBOUCTB MOXeT
CKa3bIBaTbCA Ha pe3yJfibTaTax aHan13a MexaHM3MoB C
MaJiO MaCCOM.
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KoHeuyHbIn anemeHT ROD

e MaTpuua XXecTkocTu:
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e “Knaccuueckasi” cBsizaHHasi macca:

NAS102

m=pAL
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(coBnapaet ¢ bopmynuposkon MSC.Nastran):

KoHeuyHbIn anemeHT ROD

e CocpepoTo4yeHHasa macca B “knaccuyeckon” hopmynupoBkKe

m=pAL

12 0 0 O
0 00O
0 0120
0 00O

e PacnpeaeneHHas macca (cbopmynupoBka MSC.Nastran):

m=pAL

512 0 112 O

0 0 0 O
112 0 512 0
0 0 0 O

e [locTynaTesnbHble YSieHbl COOTBETCTBYHOT pe3ynbTaTy ocpeaHeHUs
cocpenoTo4YeHHOU Macchl U “Knaccu4eckon’” cBA3aHHOMN MaccChbl.
Takoe ocpegHeHUe npu3HaHo nydwum ansa anemeHtoB ROD n BAR.

NAS102

Oekabpb 2001, Ctp. 2-10
MSC Moscow

MSC A Meckawen.

A Division of MSC.Software



PacnpeaeneHHasa macca B
MSC.Nastran

e PaccMoTpuM cTepxeHb

Y

Ul

I Single E lement Model

e TOYHOE 3HaYeHue YacToThbl COOCTBEHHbLIX KonedoaHuu
(nepBas chopma KornedaHun)

®y,

_nJElp _ 1.570 Ep
2L 2L
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PacnpeaeneHHasa macca B
MSC.Nastran

e Pa3nuyHble dlMnpoKCUmMmauunum
e CocpepoTtoyeHHast Macca
@, = ﬁ@ = 1.414@

(-10%)
e “Knaccuyeckasa’” cBaAzaHHaaA macca

® = ﬁ@ = 1_732_J|’5_/7

(+10%)

e MSC.Nastran

e PacnpeaeneHHasa macca
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EavHunubl Mmacchbl

e MSC.Nastran npeanonaraet cornacoBaHHOCTb eauHuul. Bbl
OOJTXHbI BbITb BHUMATEJIbHbI.

e Mpn HeoOGXO0AMMOCTN BMECTO €AUHUL MacCCbl MOTyT ObITb
Mcnonb3oBaHbl eAUHULbI Beca. 3aTeM C NOMOLLbIO ornepartopa
PARAM,WTMASS Bec npeobpa3syetcs B Maccy.

e [NpeobGpa3oBaHue “Bec - macca’:

Macca = (1/G) - Bec (G = yckopeHue cBo60AHOIro nageHus)
MnotHocTb = (1/G) - YaenbHbIN BecC

e Onepatop PARAM,WTMASS, BbInonHsaeT npeobpa3zoBaHue C
koadhdunumentom = 1/G. o ymonyaHuto koapduumeHTt =1,0.

e [lpumep:

e NMpu G = 386,4 in/sec? Hapo 3anatb PARAM, WTMASS, 0.00259

e Onepatopom PARAM,WTMASS nHunumnanmnaupyertcs ogHOKpaTHoOe
npeobpa3oBaHue Beca B maccy (Bkntodasa MASSi, CONMi n
HEeKOHCTPYKLUUOHHbIEe Mmaccbl). He ncnonb3yunre “cmecb”

MacCCOBbIX U BECOBbIX Xapaktepuctuk. Acnonb3yute nnbdo maccy,
nnbo Bec.
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3agaHuve Mmacchbl

e [INoTHOCTL MaTepuana
* Onepatopbl MATiI
1 2 3

MAT1 MID E G NU RHO A TREF GE
MATA1 2 30.0E6 0.3 7.76E-4

e CkansapHasa macca
« CMASSIi, PMASS

e “Y3noBblie”’ macchbl

e CONM1 (maTpuua macc 6x6) — Heo6xoanMmMo 3agaTb TONMbLKO MOSIOBUHY
AaHHbIX, T.K. NpeanosnaraeTcd CUMMETPUYHOCTb MaTpULbl.

* CONM2 (cocpenoTtoyeHHasa macca)

M
M SYM
M
n1
21 122
] _131 -132 133
NAS102 [ekabpt 2001, CTp. 2-14 Msc\ \NS“(EJCI.I:IIT\INOI%L
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3agaHuve Mmacchbl

e HeKkOHCTpYKUMOHHAsA Macca

 3agaHue XapakTepucTUK MaccChbl B ornepaTtope CBOUCTB 35IeMEHTa,
KOTOpasi He accouMMpyeTcs C ero reomeTpmyecKMmMm napameTpammu:
OTHOLUeHue Macchbl K anuHe ana 1-D anemeHTOB U OTHOLLUEHMEe MaccChbl
K nnowaaun ansa 2-D anemMeHTOB.

MSC\ MECHANICAL
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Concentrated Mass Element Connection, Rigid Body Form CON M 2

Defines a concentrated mass at a grid point.

Format:
1 2 3 4 5 6 7 8 9 10
CONM2 EID G CID M X1 X2 x3
111 121 122 131 132 133
Example:
CONM2 2 15 6 49.7
16.2 16.2 7.8

Field Contents

EID Element identification number. (Integer > 0)

G Grid point identification number. (Integer > 0)

CID Coordinate system identification number for CID of -1; see X1, X2, X3 below. (Integer > -1; Default = 0)
M Mass value. (Real)

X1, X2, X3 Offset distances from the grid point to the center of gravity of the mass in the coordinate system defined in
field 4, unless CID = -1, in which case X1, X2, )3 are the coordinates, not offsets, of the center of gravity of the
mass in the basic coordinate

lij Mass moments of inertia measured at the mass center of gravity in the coordinate system defined by field 4.
If CID=-1, the basic coordinate system is implied. (For 111, 122, and I33; Real > 0.0; for 121, I31, and 132; Real)

Remarks:
1. Element identification numbers should be unique with respect to all other element identification numbers
2. For a more general means of defining concentrated mass at grid points, see the CONM1 entry description.
3. The continuation is optional.
4. If CID = -1, offsets are intemally computed as the difference between the grid point location and X1, X2, X3.
The grid point locations may be defined in a nonbasic coordinate system. In this case, the values of lij must
be in a coordinate system that parallels the basic coordinate system.

{Continued)

Bulk Data Entry

MSC\ MECHANICAL
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Concentrated Mass Element Connection, Rigid Body Form CON M2

5. The form of the inertia matrix about its center of gravty is taken as:

M
M symimetric
M
111
-121 122
-131 -132 133

where M= [p dV
111 = jp(xzz + x32) dv
22 = jp(xf +x,°)dv
133 = jp(xf +x,°)dvV
121= [px.x, dV
131= [ px.x, dV
132 = [ px,x, dV

and x4, X, X3 are components of distance from the center of gravity in the coordinate system defined in field 4.
The negative signs for the off-diagonal terms are supplied automatically. A waming message is issued ifthe
inertia matrix is nonpositive definite, since this may cause fatal errors in dynamic analysis modules.

6. If CID > 0, then X1, X2, and X3 are defined by a local Cartesian system, even if CID references a spherical or
cylindrical coordinate system. This is similarto the manner in which displacement coordinate systems are
defined.

7. See the MSC.Nastran Reference Manual, Section 4.2 for a definition of coordinate system terminology.

Bulk Data Entry

NAS102 Hdekabpb 2001, Ctp. 2-17
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OcHOBHbIe onepaunn Hag Hadbopamu
cteneHeun ceBoboabl B MSC.Nastran

e MSC.Nastran Quick Reference Guide:

Grid Set

\

(G)=N+M

Multipoint Constraints

Independent DOF (N) =F +S

\

Constraints

Unconstrained DOF (F)=A +0

\

Static Condensation

Analysis SetA =L +R

\

Free-Body Partitioning

Solve A-Set Modes

\

Reverse Process for Data Recovery to G-Set

NAS102 HDekabpb 2001, Ctp. 2-18
MSC Moscow
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CteneHu cBob6oabl B MSC.Nastran

Each degree of freedom is a member of one mutually exclusive "set". Set names have the
following definitions:

Set
Name Definition

m degree of freedom eliminated by multipoint constraints

sb* degree of freedom eliminated by single-point constraints that are included in boundary
condition changes and by the AUTOSPC feature
degrees of freedom eliminated by single-point constraints that are specified on the PS
field on GRID Bulk Data entries
degrees of freedom omitted by structural matrix partitioning
generalized degrees of freedom for dynamic reduction or component mode synthesis
reference degrees of freedom used to determine free body motion
degrees of freedom which are free during component mode synthesis or dynamic
reduction
degree of freedom fixed during component mode analysis or dynamic reduction
extra degrees of freedom introduced in dynamic analysis
sa pemanently constrained aerodynamic degrees of freedom

k aerodynamic degrees of freedom

*

sg

O " Qo

o T

Each degree of freedom is also a Each degree of freedom is also a member of one or more
combined sets called "supersets." Supersets have the following definitions:

set - supersets oo
m

s T T T T T T T T T T

sg. 05 __

b _______

q i | n ' ‘g .

r _ a i f fe ne i B s pa
c | t d ‘

b

= Strictly speaking, sb and sg are not exclusive w ith respect to one another. Degrees of freedommay exist in both
sets simultaneously. Since these sets are not used explicitly in the solution sequences, this need not concern the
user. How ever, those who use these sets in their own DMAPs should avoid redundant specifications w hen using
these sets for partitioning or merging operations. That is, a degree of freedom should not be specified on both a PS
field and a GRID entry {sg set) and on a selected SPC entry (sb set). Redundant specifications w ill cause UFM 2120
inthe VEC module and behavior listed in MSC Nastran DMAP Module Dictionary for the UPARTN module. These sets

are exclusive, how ever, from the other mutually exclusive sets S c\ M Ec HAN ICAL
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CteneHu cBob6oabl B MSC.Nastran

NAS102

Set Name |Meaning (+ indicates union of two sets)

s = sb +sg |all degrees of freedom eliminated by single point constraints
the structural degrees of freedom remaining after the reference degrees of freedom are
D= b+c removed (degree of freedom left over)

t= |:|+ r the total set of physical boundary degrees of freedom for superelements
a=t+q the set assembled in superelement analysis

d=a+e the set used in dynamic analysis by the direct method

f=a+o unconstrained (free) structural degrees of freedom

fe =f+e free structural degrees of freedom plus extra degrees of freedom

n=f+s all structural degrees of freedom not constrained by multipoint constraints

ne=n+e |all structural degrees of freedom not constrained by multipoint constraints plus extra
degrees of freedom

g=n+m all structural (grid) degrees of freedom including scalar degrees of freedom
p=g+e all physical degrees of freedom

ps = p +sa |physical and constrained aerodynamic degrees of freedom

pa = ps + k |physical set for aerodynamics

fr=0+ |:| statically independent set minus the statically determinate supports (fr=f-q-1n
v=o0+c +r [the set free to vibrate in dynamic reduction and component mode synthesis

The a-set and o-set created in the following ways:

1. If only OMITi entries are present then the o-set consists of degrees of freedom listed
explicitly on OMITi entries. The remaining f-set degrees of freedom are placed in the b-
set which is a subset of the a-set.

. IFASETi or QSETi are present, then the a-set consists of all degrees of freedom listed
on ASETi entries and any entries listing its subsets, such as QSETi, SUPORTI, CSETi,
and BSETIi entries. Any OMITi entries are redundant. The remaining f-set degrees

N

©»

. Ifthere are no ASETI, QSETI, or OMITi entries present but there are SUPORTI, BSETI,
or CSETI entries present then the entire f-set is placed in the a-set and the o-set is not
created.

. There must be at least one explicitly ASETi, QSETIi, or OMITi entry for the o-set to
exist, even if the ASETI, QSETI, or OMITi entry is redundant.

IS

In dynamic analysis, additional vector sets are obtained by a modal transformation derived from real
eigenvalue analysis of the a-set. These sets are as follows:

&, = rigid body (zero frequency) modal degrees of freedom
E; = finite frequency modal degrees of freedom
& =&o+&;, the set of all modal degrees of freedom
One Vector set is defined that combines physical and modal degrees of freedom:

un =& + u,, the set of all modal degrees of freedom

The membership of each degree of freedom can be printed by use of the Bulk Data entries PARAM,
USETPRT and PARAM, USETSEL.

Oekabpb 2001, Ctp. 2-20
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CteneHu cBob6oabl B MSC.Nastran

NAS102

Degree of Freedom Set Bulk Data Entries

Degrees of freedom are placed in sets as specified by the user on the following Bulk Data entries:

Name

Bulk Data Entry Name

m

W 0
o T

QXSQUO-‘QO

MPC, MPCADD, MPCAX POINTAX RBAR, RBE1, RBE2, RBE3, RROD, RSPLINE,
RTRPLT, GMBC, GMSPC*

SPC, SPC1, SPCADD, SPCAX FLSYM, GMSPC*, BNDGRID, (PARAM,AUTOSPC,YES)
GRID, GRIDB, GRDSET (PS field)

OMIT, OMIT1, OMITAX GRID (SEID field), SESET

QSET, QSET

SUPORT, SUPORT1, SUPAX

CSET, CSET

BSET, BSET1

EPOINT

CAEROI

CAEROI

ASET, ASET1, Superelement exterior degrees of freedom, CSUPEXT

*Placed in set only if constraints are not specified in the basic coordinate system.

In superelement analysis, the appropriate entry names are preceded by the letter SE, and hawe a field
resened for the superelement identification number. This identification is used because a boundary

(exterior) grid point may be in one mutually exclusive set in one superelement and in a different set in the
adjoining superelement. The SE-type entries are internally translated to the following types of entry for

the referenced superelement:

Oekabpb 2001, Ctp. 2-21

Entry Type Equivalent Type
SEQSETI QSETI

SESUP SUPORT
SECSETI CSET
SEBSETI BSETi

MSC Moscow
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PekoMmeHAaauun no Bepudpumnkauun
Moaenwu

e PARAM, GRDPNT, V1 (V1 > 0)

e BbluMcneHne Macco-MHEPLUMOHHbIX XapaKTepPUCTUK

e PARAM, USETPRT, V1 (V1 =0, 1 nnu 2)

e BbiBoa Tabnuy HadbopoB MSC.Nastran

e [IpoBepkKa HanNM4uns XXecTKUX Tes1 U paBHOBeCUSA C
ncnonb3oBaHuem moayrneun DMAP Alters

e UHXeHepHOe YyTbe
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