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ORIGINAL PAGE 1S
INTRODUCTION OF POOR QUALITY

The User's Manual is one of four manuals that constitute the documentation for NASTRAN, the
other three being the Theoretical Manual, the Programmer’s Manual and the Demonstration Problem
Manual. Although the User's Manual contains all of the information that is directly associated
with the solution of problems with NASTRAN, the user will find it desirable to refer to the other
manuals for assistance in the solution of specific user problems.

The Theoretical Manual gives an excellent introduction to NASTRAN and presents developments of
the analytical and numerical procedures that underlie the program. The User's Manual is
instructive and encyclopedic fin nature, but is restricted to those items related to the use of
NASTRAN that are generally independent of the computing system being used. Computer-dependent
topics and information that is required for the maintenance and modification of the program are
treated in the Programmer's Manual. The Programmer's Manual also provides a complete description
of the program inciuding the mathematical equations jmplemented in the code. The Demonstration
Probiem Manual presents a discussion of the sample problems delivered with NASTRAN, thereby
j1tustrating the formulation of the different types of problems that can be solved with NASTRAN.

In addition to the four manuals described above, there is also a NASTRAN User's Guide that
serves as a handbook for users. It describes all of the NASTRAN features and options and
illustrates them by examples. Other excellent sources for NASTRAN-related topics are the
proceedings of the NASTRAN Users' Colloguia (held normally every year) which provide a large body
of information based on user experiences with NASTRAN.

NASTRAN uses the finite element approach to structural modeling, wherein the distributed
physical properties of a structure are represented by a finite number of structural elements which
are interconnected at a finite number of grid points, to which loads are applied and for which
displacements are calculated. The procedures for defining and loading a structural model are
described in Section 1. This sectfon contains a functional reference for every card that is used
for structural modeling.

The NASTRAN Data Deck, including the details for each of the data cards, is described in

Section 2. This section also discusses the NASTRAN control cards that are associated with the use

of the program.
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NASTRAN contains problem solution sequences, called rigid formats. Each of these rigid

formats is associated with the solution of problems for a particular type of static or dynamic

analysis. Section 3 contains a general description of rigid format procedures, along with specific

instructions for the use of each rigid format.

The procedures for using the NASTRAM plotting capability are described in Sectjon 4. Both : ot
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deformed and undeformed plots of the structural model are available. Response curves are also .
available for static, transient response, frequency response, modal fiutter and modal aeroelastic I
response analyses.
In addition to the rigid format procedures, the user may choose to write his own Direct Matrix ‘;}
E Abstraction Program {(DMAP)}. This procedure permits the user to execute a series of matrix
operations of his choice along with any utility nodules or executive operations that he may need.

The rules governing the creation of DHMAP programs are described in Section 5.

Y
RS o

The NASTRAN diagnostic messages are documented and explained in Section 6. The NASTRAN
Dictionary, in Section 7, contains descriptions of mnemonics, acronyms, phrases, and other commonly

used NASTRAN terms.

There is a T1imited number of sample problems included in the User's Manual. However, a more :i
t comprehensive set of demonstration problems, at least one for each of the rigid formats, is

described in the NASTRAN Demonstration Problem Manual. The data decks are available on tape, in

the form of a User's Master File, for each of the computers on which NASTRAN has been implemented.

Samples of the printer output and of structure plots and response plots can be obtained by

executing these demonstration problems. The printer output for these problems is also available on L

microfiche.
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T.. STRUCTURAL MODELING :fﬁﬁ

1.1 INTRODUGTION _ .

NASTRAN embodies a lumped element approach, wherein the distributed physical properties of 8
. : & structure are represented by a model consisting of a finite number of idealized substructures f.
or elements that are interconnected at a finite number of grid points, to which Toads are appiied.

A11 input and output data pertain to the idealized structural model. The major components in the

' definition and loading of a structural medel are indicated in Figure 1.

As indicated in Figure 1, the grid point definition forms the basi¢ framework for the

structural model. A1l other parts of the structural model are referenced either directly or

indirectly to the grid points.

Two general types of grid points are used in defining the structural model. They are:

. 1. Geometric grid point - a point in three-dimensional space at which three components of
- translation and three components of rotation are defined. The coordinates of each
grid point are specified by the user.
2. Scalar point ~ a point in vector space at which one degree of freedem is defined.

Scalar points can be coupled to geometric grid points by means of scalar elements and
by constraint relationships.

f The structural element is a convenient means for specifying many of the properties of the }
- f structure, inctuding material properties, mass distribution and some types of applied Toads, In
static analysis by the displacement method, stiffness properties are input exclusively by means

of structural elements. Mass properties {used in the generation of gravity and inertia Toads)

DA v

are input either as properties of structural elements or as properties of grid points. In

R
St

)
W
3

dynamic analysis, mass, damping, and stiffness properties may be input either as the properties

of structural elements or as the properties of grid points (divect input matrices).

Structural elements are defined on connection cards by referencing grid points, as indicated
. on Figure 1. In a few cases, all of the information required to generate the structural matrices

Tor the element is given on the connection card., In most cases the conmection card refers to a

W

2 property card, on which the cross-sectional properties of the element are given. The property
;. card in turn refers to a material card which gives the materiail properties. 'If some of the

} material properties are stress dependent or temperature dependent, a further reference is mads
EE to tables for this information.

) .

§§ Various kinds of constraints can be applied to the grid points. Single-point constraints
+ N

g o : are used to specify boundary conditions, including enforced displacements of grid points.

< .

g
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STRUCTURAL MODELING

Multipoint const}ain;s'anﬂ rigid eTemehts are used to specify linear relationships among selected

dedgrees of freedom. Omitted points are used as a t0ol in matrix partitioning and for reducing

the number of degrees of freedom used in dynamic analysis. Free-body supporis are used tg re-

iove stress-free motions in static analysis and to evaluate the free-body inertia properties
of the structural mode].

Static Toads may be applied to the structural model by concentrated loads at

grid points,
pressure loads on surfaces, op indirecs

1y, by means of the mass and thermal expansion properties

dimensional structyrai elements., Due to

the great variety of possible sources for dynamic Toading, only general forms of Toads are

provided to the user in dynamic analysis,

The following sections describe the general procedurss for defining structural models,

Detailed instructions For each of the bulk data cards and case control cards a
2.

re given in Section
Additional information on the case control cards and use of parameters is given for each
rigid format in Section 3,

1.1-2 (12/31/77)




i

's

:

.

E

!

4

i

i

!

|

:

|

\

:
/
Lo

SEQGP

Grid Point
Sequence

CONSTRAINTS

Single-Point
Multipoint
Rigid Elements
Omitted Points
Free Body
Supports

DPHASE
DELAY
DAREA

DYNAMIC LOADS

Time Dependent
Frequency
Dependent

TABLEDi

Figure 1.

1.1-3 (12/31/77)

2 N

- o - o . o m

i

INTRODUCTION
C@RD1
Coordinate Grid Point
System Froperties
Definition
GRID Cxxx
Grid Point e — Elt_amc_an?
Definition Definition
Pxxx
STATIC LOADS =
Propert
Concentrated Defizitign
Pressure
Gravity
Centrifugal
Thermal
Deformation
Displacement
MATxx
Material
Definition
TABLEMi
TABLES1

Structural model.




4

+

*
a

A

V:E.-"_%A,'gﬂgﬁﬁml;—ly! ."\ .

STRUCTURAL MODELING

1.2 GRID POINTS

1.2.1 Grid Point Definition

Geometric grid points are defined on GRID bulk data cards by specifying their coordinates in
either the basic or a Tocal coordinate system. The implicitly defined basic coordinate system is
rectangular, except when using axisymmetric elements. Local coordinate systems may be rectangular,
cylindrical, or spherical. Each Tocal system must be related directly or indirectly to the basic
coordinate system. The CARDIC, CARDIR and CPRDIS cards are used to define cylindrical, rectangular
and spherical local coordinate systems, respectively, in terms of three geometric grid points
which have been previousiy defined. The CPRDZC, CARD2R and CARD2S cards are used to define cylin-
drical, rectangular and spherical local coordinate systems, respectivaly, in terms of the coordin-

ates of three points in a previously defined coordinate system.

5% rectangular displacement components {3 transiations and 3 rotations) are defined at each
grid point. The local coordinate system used to define the directions of motion may be different
from the Tocal coordinate sysiem used to Tocate the grid point. Both the Tocation coordinate
system and the displacement coordinate system are specified on the GRID card for each geometric
grid point. The orientation of displacement components depends on the type of local coordinate
system used to define the displacement components., If the defining local system is rectangular,
the displacement system is parallel to the local system and is independent of the grid point
location as indicated in Figure 1a. If the tocal system is cylindrical, the displacement compo-
nents afe in the radial, tangential and axial directions as indicated in Figure 1b., If the local
system is spherical, the displacement components are in the radial, meridional, and azimuthal
directions as indicated in Figure 1c. Each geametric grid point may have a unique displacement
coordinate system associated with it. The collection of al] displacement coordinate systems is
known as the giobal coordinate system. A1l matrices are formed and all displacements are output
in tﬁelg1oba] coordirate system. The symbols T1, T2 and T3 on the printed output indicate trans-
iations in the 1, 2 and 3-directions, respectively, for each grid point. The symbols R1, R2 and R3

indicate rotations (in radians) about the three axes.

Provision is also made on the GRID card to apply single-point constraints to any of the dis-
placement components. Any constraints specified on the GRID card will be automatically used for

all solutions. Constraints specified on the GRID card are usually restricted to those degrees of

1.2-1 (12/29/78)
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STRUCTURAL MODELING r

freedom that will not be elastically constrained and hence must be removed from the model in order - 3

: to avoid singularities in the stiffness matrix. !

The GROSET card is provided to avoid the necessity of repeating the specification of Tocation .é
coordinate systems, displacement coordinate systems, and single-point constraints, when all, or
many, of the GRID cards have the same entries for these items, When any of the three items are
specified on the GRDSET card, the entries are used to replace blank fields on the GRID card for
these items. This feature is useful in the case of such probTems as space trusses where one wishes
to remove all of the rotational degrees of freedom or in the case of plane structures where one ; L

wishes to remove all of the out-of-plane or all of the in-plane motions.

Scalar points are defined either on an SP@INT card or by reference on a connection card for a

. o

scalar element, SPPINT cards are used primarily to define scalar points appearing in constraint

equations, but to which no structural elements are connected., A scalar point is implicitly defined
if it is used as a connection point for any scalar element. Special scalar points, called "extra

points”, may be introduced for dynamic analyses. Extra points are used in connection with transfer
functions and other forms of direct matrix input used in dynamic analyses and are defined on EPPINT

cards.

GRIDB is a varjation of the GRID card that is used to define a point on a fluid-structure

e b

interface (see Section 1.7).

B A SRR

1.2.2 Grid Point Sequencing

The external identification numbers used for grid points may be selected in any manner the
user desires. However, in order to reduce the number of active columns, and, hence, to

substantially reduce computing times when using the dispiacement method, the internal sequencing of

the grid points must not be arbitrary. The bast decomposition and equation solution times are
obtained if the grid points are sequenced in such a manner as to create matrices having small
numbers of active columns (see Section 2.2 of the Theoretical Manual for & discussion of active
cotumns and the decomposition algorithm). The decomposition time is proportional to the sum of the
squares of the number of active columns in each row of the triangular factor. The equation

solution time (forward/backward substitution) is proportional to the number of nomzero terms in the

triangular factor.

1.2-2 (09/30/83) o

B T L I S .
Vi Lk 5 i Falol LB T4 AT r. iy i b




GRID POINTS

1.2.2.1 Manual Grid Point Resequencing

In order to allow arbitrary grid point numbers and stiil Preserve sparsity in the triangular

decomposition factor to the greatest extent possible, provision is made for the user tp resequence

the grid point numbers for internal operations. This feature also makes it possible to easily

change the sequence if 3 poor initial choice is made. A1l output associated with grid points is

identified with the external grid point numbers. The SEQGP card is used to resequence geometric

grid points and scalar points, The SEQEP card is used to Séquence the extra points in with the

previously sequenced grid points and scalar points,

In selecting the grid point sequencing, it is not important to find the hest sequence, rather

Tt s usually quite satisfactory to find a good sequence, and to avoid bad sequences that create

unreasanably large numbers of active columns, For many problems a sequence which will result in a

band matrix is j reasonably good choice, but not necessarily the best, Also, sequences which

Examples of Proper grid point sequencing for one-dimensional systems are shown in Figure 2,

For open loops, a consecutive numbering system should be used as shown in Figure 2a. This

there is an improvement in the accumulated round off error if
the grid points are sequenced from the flexible end to the stiff end.

For closed Toops, the grid points may be sequenced either as shown ipn Figure 2b or as shown in

Figure 2c, If the sequencing is as shown in Figure 2b, the semiband will be twice that of the

model shown in Figure 2a. The matrix will initially contain a number of zeroes within the band

which will become nonzero as the decomposition proceeds. If the sequencing is as shown in Figure

2c, the band portion of the matrix witl be the same as that for Figure 2a, However, the connection

between grid points 1 and 8 will create a number of active columns on the right hand side of the

matrix. The solution times will be the same for the Sequence shown in Figure 2b or 2c, because the

number of active columns in each sequence is the same,

Examples of grid point sequencing for surfaces are shown in Figure 3. For plain or curved

surfaces with g pattern of grid points that tends to be rectangular, the sequencing shown in Figure

Ja will result in a band matrix having good solution times. The semiband will be proportional to

1.2-3 (09/30/83)
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STRUCTURAL MODELING

the number of grid points along the short direction of the pattern. If the pattern of grid points
shown in Figure 3a is made into a closed surface by connecting grid points 1 and 17, 2 and 18,
etc., a number of active columns equal to the semiband will be created. If the number of grid
points in the circumferential direction is greater than twice the number in the axial direction,
the sequencing indicated in Figure 3a is a good one. However, if the number of grid points in the
circumferential direction is less than twice the number in the axial direction, the use of
consecutive numbering in the circumferential direction is more efficient. An alternate sequencing
for a closed loop is shown in Figure 3b, where the semiband is proportional to twice the number of
grid points in a row. For cylindrical or similar closed surfaces, the sequencing shown in Figure
3b has no advantage over that shown in Figure 3a, as the total number of active columns will be the
same in either case.

With the exception of the central point, sequencing considerations for the radial pattern
shown in Figure 3c are similar to those for the rectangular patterns shown in Figures 3a and 3b.
The central point must be sequenced last in order to 1imit the number of active columns associated
with this point to the number of degrees of freedom at the central point. If the central point is
sequenced first, the number of active columns associated with the central point will be
proportional to the number of radial lines. If there are more grid points on a radial line than an
a circumferential line, the consecutive numbering should extend in the circumferential direction
beginning with the outermost circumferential ring. In this case, the semiband is proportional to
the number of grid points on a circumferential line and there will be no active columns on the
right hand side of the matrix. If the grid paoints form a full circular pattern, the closure will
create a number of active columns proportional to the number of grid points on a radial line if the
grid points are numbered as shown in Figure 3c. Proper sequencing for a full circular pattern is
similar to that discussed for the rectangular arrays shown in Figures 3a and 3b for closed
surfaces.

Sequencing problems for actual structural models can frequently be handled by considering the
model as consisting of several substructures. Fach substructure is first numbered in the most
efficient manner. The substructures are then connected so as to create the minimum number of
active columns. The grid points at the interface between two substructures are usually given
numbers near the end of the sequence for the first substructure and as near the beginning of the

sequence for the second substructure as is convenient.
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(” Figure 4 shows a good sequence for the substructure appreach. Grid points 1 thru 9 are

-
associated with the first substructura, and grid points 10 thru 30 are associated with the second : 4

substructure. In the example, each of the substructures was sequenced for band matrices. However,

other schemes couid also be considered for sequencing the individual substructures. Figure 5 shows

the nonzero terms in the triangular factor. The X's indicate terms which are nonzero in the g

original matrix. The zeros indicate nonzero terms created during the decomposition. The maximum

number of active columns for any pivotal row is only five, and this occurs in only three rows near

the middle of the matrix for the second substructure. A1l other pivotal rows have four or less -

active columns.

Figure 6 indicates the grid point sequencing using substructuring techniques for a square
model, and Figure 7 shows the nonzero terms in the triangular factor.

If the square model were !
sequenced for a band matrix,

the number of nonzero terms in the triangular factor would be 129,

wereas Figure 7 contains only 102 nonzero terms. The tima for the forward/backward substitution

operation is directly Proportional to the number of nonzero terms in the triangular factor.

Consequently, the time for the forward/backward substitution operation when the square array is

ordered as shown in Figure 7 is only about 80% of that when the array is ordered for a hand matrix.

| The number of multiplications for a decomposition when ordered for a band is 294, whereas the

number indicated in Figure 7 is only 177. This indicates that the time for the decomposition when Lol

ordered as shown in Figure 6 is only 60% of that when ordered for a band.

a | R A Sl S I A AU
A RIS AR ST AL R LA At L

Although scalar points are defined only in vector space, the pattern of the connections is

BT R R K

used in a manner similar to that of geometric grid points for sequencing scalar points among 1
themselves or with geometric grid peints.

.

Since scalar points introduced for dynamic analysis

(extra points) are defined in connection with direct input matrices, the sequencing of these points

is determined by direct reference to the positions of the added terms in the dynamic matrices.
1.2.2.2 Automatic Grid Point Resequencing Using the BANDIT Procedure

A user desiring reduced matrix reduction and equation solution times can manually resequence

his grid points by the use of SEQGP cards as per the guidelines outlined in the previous section.

However, in order to relieve the user of the burden of having to do S0, an automatic resequencing

N

capability has been provided in NASTRAN.
in NASTRAN,

This capability involves the use of the BANGIT procedyre
(See Reference 1 for details of the BANDIT procedure and Reference 2 for details of
the manner in which it has been implemented in NASTRAN.)
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STRUCTURAL MODELING

The BANDIT procedure in automatically invoked in NASTRAN for all rums (except those indicated
in Sections 1.2.2.2,2 and 1.2.2,2.3), unless specifically suppressed by the user. (See the
description of the BANDIT options in the next section.) The result of the BANDIT operations is a
set of SEQGP cards that are automatically generated by the program. These SEQGP cards are added to
the user-supplied input data (replacing any SEQGP cards already input, if so specified)} for

subsequent processing by the program.

1.2.2.2.1 BANDIT Options

The execution of the BANDIT operations in NASTRAN is controlled by several parameters. These
paramaters can be specified by means of the NASTRAN card and are fully described in Section 2.1,
A1l of these parameters have default values selected so that a user normally does not have to
explicitly specify any of them.

Currently NASTRAN provides two methods to skip over the BANDIT operations. First, the NASTRAN
BANDIT=-1 option can be used. The second methed is to include one or more SEQGP cards in the Bulk
Data Deck. In this second method, BANDIT would terminate since the user has already stated his
ch&#ggzof SEQGP resequencirg cards. Howaver, the NASTRAN BANDTRUN=1 option can be used fo force
BANDITIfo generate new SEQGP cards to replace the old SEQGP set altready in the {input Buik Data
Deck. 1In all instances when BANDIT is executed, NASTRAN will issue a page of summary to keep the
user informed of the basfc resequencing computations. The user may refer to Reference 1 for the
definition of the technical terms used.

The BANDIT procedure automatically counts the number of grid points used in a NASTRAN job and
sets up the exact array dimensions needad for its internal computations. However, if the user's
structural . model uses more grid points in the connecting elements than the total number of grid
points as hefined on the GRID cards, BANDIT will issue a fatal message and terminate the jobh., In
the case where non-active grid points (that is, grid points defined on the GRID cards but nowhere
used in the model) do exist, BANDIT will add them to the end of the SEQGP cards, and their presence
will not cause termination of a job. (If necessary, the NASTRAN HIC@RE parameter can be used on
the UNIVAC version to increase the amount of open core available for the BANDIT operations.)

MuTtipoint constraints (MPCs) and rigid elements are included in the BANDIT computations only
when the BANDTMPC=1 (or 2) option is selected. (The use of the dependent grid points of MPCs
and/or rigid elements is controlied by the BANDTDEP option.} However, as noted in Reference 1, it

should be emphasized here that oniy in rare cases would it make sense to Tet BANDIT process MPCs
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GRID POINTS

and rigid elements. The main reasons for this are that BANDIT does not consider individuai degrees

of freedom and. in addition, cannot distinguish one MPC set from another.

1.2.2,2.2 Cases for Which BANDIT Computations are Skipped
The BANDIT computations in NASTRAN are unconditionally skipped over if any of the following
conditions is satisfied:
1. There are errors in input data.
2. The Bulk Data Deck contains any of the following types of input:
a. Axisymmetric (CENEAX, TRAPAX or TRIAAX) elements
b, Fluid (FLUIDZ, FLUID3 or FLUIDZ) elements
c. DMI (Direct Matrix Input) data

3. It s a substructure Phase 2 run.

1.2.2.2.3 BANDIT in Restarts

At the beginning of a NASTRAN job, the Preface (or Link 1) modules read apd process the
Executive, Case Control and Bulk Data Decks. The SEQGP cards generated by BANDIT are added
directly to the NASTRAN data base {specifically, the GE@M1 file) at a later stage. Since these
SEQGP cards are not part of the original Builk Data Deck, they are not directly written on to the
NPTP (New Problem Tape) in a checkpoint run and, therefore, are not available as such for use on
the @PTP ((d Problem Tape} in a rastart.

In the Tight of the above comments, the following points about the use of BANDIT in NASTRAN

restarts should be noted:

1. BANDIT is autcmatically skipped if the restart job has no input data changes with respect to
the checkpoint job. However, the previously generated SEQGP cards, if any, are already
absorbed into the NASTRAN data base (data blocks such as EGEXIN, SIL, etc.). A message is
printed to inform the user that the BANDIT computations are not performed. (BANDIT can be

executed if the restart job contains one or more of the appropriate BANDIT options on the
NASTRAN card, e.g., NASTRAN BANDMTH = 2.)

2. BANDIT is executed (except for the cases indicated in Section 1.2.2.2.2) if the restart job
has input data changes with respect to the checkpoint job, unless specifically suppressed

by the user. (The BANDIT = -1 option on the NASTRAN card can be used to stop BANDIT execution
unconditionally. )

1.2.3 Grid Point Properties

Some of the characteristics of the structural model are introduced as properties of grid

points, rather than as properties of structural elements. Any of the various forms of direct

1.2-7 (09/30/83)
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matrix input are comsidered as describing the structural model in terms of

properties of grid
points,

Thermal fields are defined by specifying the temperatures at grid points. The TEMP card is

used to specify the temperature at grid points for use in connection with therma] 1oading and

temperature-dependent material properties. The TEMPD card §s used to specify a default

temperature, in order to avoid a Targe number of duplicate entries on a TEMP card when the
temperature is uniform over a large portion of the structure.

The TEMPAX card is used for conical
shell problems,

Mass properties may be input as properties of grid points by using the concentrated mass

element (see Section 5.5 of the Theoretical Manual). The CONMI card is used to define a 616 matrix

of mass coefficients at a geometric grid point in any selected coordinate system. The CONMZ card
is used to define a concentrated mass at a geometric grid point in terms of its mass,

coordinates of its center of gravity,

the three

the three moments of imertia about its center of gravity, and

its three products of inertia, referred to any selected coordinate system.

In dynamic amalysis, mass, damping and stiffness properties may be provided, in part or

entirely, as properties of grid points through the use of direct input matrices. The DMIG card is

used to define direct input matrices for use in dynamic analysis. These matrices may be associated

with components of geometric grid points, scalar points, or extra points introduced for dynamic

analysis. The TF card is used to define transfer functions that are internally converted to direct

matrix input. The DMIAX card is an alternate form of direct matrix input that js used for

hydroelastic problems (see Section 1.7).
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Figure 1. Displacement coordinate systems.
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Figure 3. Grid point sequencing for surfaces.
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Figure 6. Grid point sequencing for square model
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1.3 STRUCTURAL ELEMENTS
1.3.1 Element Definition

Structural elements are defined on connection cards that identify the grid points to which 1
the elements are connected. The mnemonics for all such cards have a prefix of the letier °C",
followad by an indication of the type of element, such as CBAR and CRD. The order of the grid
point identification defines the positive direction of the axis of a one-dimensional element and
the positive surface of a plate element. The connection cards include additional orientation
information when required. Except for the simplest elements, each comnection card references a
property definition card. If many elements have the same properties, this system of referencing

eliminates a large number of duplicate entries. y

The property definition cards define geometric properties such as thicknesses, cross-section-
al areas, and moments of inertia. The mnemonics for &l11 such cards have a prefix of the letter
“p*, followed by some, or all of the characters used on the associated connection card, such as
PBAR and PRGD. Other included jtems are the nonstructural wass and the Tocation of points where

stresses will be calculated. Except for the simplest elements, each property definition card will

reference a material property card.

In sgme cases, the same finite element can be defined by using different bulk data cards.
These alternate cards have been provided for user convenience. In the case of a rod element, the
normal definition is accomplished with a connection card (CRPD) which references a property card

(PROD). However, an alternate definition uses a CPNR@D card which combines connection and pro~

perty information on a single card. This is more cenvenient if a Targe number of rod elements all

have different properties.

In the case of piate elements, a different property card is providad for each type of ele-
ment, such as membrane or sandwich plates. Thus, each property card contains only the information
required for a single type of plate element, and in most cases, a single card has sufficient shace
for &1l of the property information. In order to maintain uniformity in the relationship between
connection cards and property cards, a number of connection card types contain the same informa-
tion, such as the connection cards for the various éypés of triaﬁgu]aﬁ elements. Also, the pro-~

perty cards for triangular and quadrilateral elements of the same type contain the same informa-

tion.
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STRUCTURAL MODELING

The material property definition cards are used to define the properties for each of the
materials used in the structural model. The MAT1 card is used to define the properties for isg-
tropic materials. The MAT] card may be referenced by any of the structural elements, The MATSI
card specifies table references for isotropic material properties that are stress dependent,

The TABLEST card defines a tabular stress-strain function for use in Plecewise Linear Analysis.
The MATT1 card specifies table references for isotropic material properties that ar

dependent. The TABLEM1, TABLEM2, TABLEM3, and TABLEM4 cards define four different

e temperature

.

types of
tabular functions for use in generating temperature-dependent material properties,

The MAT2 card is used to define the properties for anisotropic materials. The MAT? card
may only be referenced by triangular or quadrilateral membrane and bending elements. The MAT2

card specifies the relationship between the inplane stresses and strains. The material 15 assumed

to be infinitely rigid in transverse shear. The angle between the material coordinate system and
the eTement coordinate system is specified on the connectian cards. The MATT2 card specifies table
references for anisotropic material properties that are temperature dependent,

reference any of the TABLEM1, TABLEMZ, TABLEM3, or TABLEMA cards.

This card may

The MAT3 card is used to define the properties for orthotropic materials used in the modeling

of axisymmetric shells. This card may only be referenced by CTRIARG, CTRIAAX, CTRAPRG, CTRAPAX

and PTBRDRG cards. The MATT3 card specifies table references for use in generating temperature-

dependent properties for this type of material.

L)

The GENEL card is used to define general elements whose properties are defined in terms of

deflection influence coefficients or stiffness matrices, and which can be connected between any

number of grid points. One of the important uses of the general element is the representation of

part of a structure by means of experimentally measured data,
general element.

No output data is prepared for the

Detail information on the general element is given in Section 5.7 of the Theo-
retical Manual.

Dummy elements are provided in order to allow the user to investigate new structural elements

with a minimum expenditure of time and money. A dummy element is defined with a COUMi (i = index

of element type, T < i < 9) card and 1s properties are defined with the PDUMi card. The ADUMS

card is used to define the items on the cannection and property cards. Detail instructions for

ceding dummy element routines are given in Section 6.8.5 of the Progranmer's Manual.
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(4 " 1.3.2 Beam Elements

P!
L
1.3.2,1 Simple Beam or Bar Element

The simple beam or bar element s defined with a CBAR card and its properties (constant over o

the length) are defined with a PBAR card. The bar element includes extension, torsion, hending in

two perpendicular planes, and the associated shears,
the elastic axis.

The shear center is assumed to coincide with '
Any Tive of the six forces at either end of the element may be set equal to zerp c
by using the pin flags on the CBAR card.

The integers 1 to 6 represent the axial force, shearing
force in Plane 1

s shearing force in Plape 2, axial torque, moment in Plane 2, and moment in Plane ,
1, respectively, The structural and nonstructurail mass of the bar are lumped at the ends of the !

element, unless coupled mass is requested with a PARAM COUPMASS card (see PARAM bulk data card).

Theoretical aspects of the bar element are treated in Section 5.2 of the Theoretical Manual, ’

The element coordipate system is shown in Figure la. End a is offset from grid point a an :

amount measured by vector ﬁ; and end b is offset from grid point b an amount meas

ured by vector
-+ -+ -
W,. The vectors Wy and Wy

are measured in the giobal coordinates of the connected grid

’ !
point. The x-axis of the element coordinate system js defined by a Tine co ‘

nnecting end a to end b
of the bar element. The orientation of the bar element is described in terms of two reference |
planes. The reference planes are defined with the aid of vector v.

S T e e

-l s

i
This vector may he definad ‘ 'ﬁ
directly with three components in the global system at end a of the ba

& to a third referenced grid point.

r or by a line drawn from end

The First reference plane (Plane 1) s defined by the x-axis

and the vector v, The second reference plane (Plane 2} is defined by the vector cross product

(§ X ?) and the x-axis., The subscripts 1 and 2 refer to forces and geometric praperties associated

with bending in planes 1 and 2, respectively.

The reference planes are not necessarily principal
The coincidence of the reference planes and the principal

product of inertia (112) on the PBAR card.

planes. planes is indicated by a zero
If shearing deformations are included, the reference

axes and the principal axes must coincide. When pin tlags and offsets are used, the effect of the

pin is to free the force at the end of the element x-axis of the beam, not at the grid point. The

positive directions for element forces are shown in Figure 1b. The following element forces,

either real or complex (depending on the rigid format), are output on request:
1. Bending moments at both ends in the two reference planes.

2. Shears in the two reference planes,

1.3-3 (09/30/83)
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STRUCTURAL MODELING

3. Average axial force.
4, Torque about the bar axis.
The following real element stresses are output on request:

1. Average axial stress.

2. Extensional stress due to hending at four peints on the cross-section at both ends.
{Optional, calculated only if user enters stress recoevery points on PBAR card.)

3. HMaximum and minimum extensional stresses at both ends.

4. Margins of safety in tension and compression for the whole element. (Optional,
calculated only if user enters stress limits on MAT1 card.)

Tensile stresses are given a positive sign and compressive stresses a negative sign. Only the
average axial stress and the extensional stresses due to bending are available as complex stresses.
The stress recovery coefficients on the PBAR card are used to Tocate points on the cross-section
for stress recovery, The subscript 1 is associated with the distance of a stress recovery point
from plane 2. The subsuript 2 is associated with the distance From plane 1.

The use of the BARGR card avoids unnecessary repetition of fnput when a Targe number of bar
elements efther have the same property identification number or have thejr raference axes oriented
in the same manner. This card is used to define default values on the CBAR card for the property

identification number and the orientation vector for the reference axes. The default values are

used only when the corresponding fields on the CBAR card are blank,

1.3.2.2 Curved Beam or Elbow Element

The curved beam or elbow element is a three-dimensional element with extension, torsion and
bending capabilities and the associated shears. HNo offset of the elastic axis is allowed nor are
pin releases permitted to eliminate the connection between motions at the ends of the element and
the adjacent grid points.

The elbow element was initially developed to facilitate the analysis of pipe networks by using
it as a curved pipe element. However, the input Tormat is general enough to allow application to
beams of general cross section. An important asstmption in the devéfopment of the element s that
the radius of curvature is much larger than the cross section depth,

The element is defined with a CELBPW card and its properties (constant over the Tength) are
defined with a PELBEW card. There are siyx degrees of freedom at each end of the element:
transTations in the Tocal X, y, z directions and rotations about the Tocal x, y, z axes. The

structural and nonstructural mass of the element are Tumped at the ends of the element.

1.3-4 (09/30/83)
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The specified properties of the elbow element are its area; its moments of inertia, 11 and
I2 {the product of inertia is assumed to be zero); its torsional constant, J; the radius of
curvature; the angle hetween end-a and end-b; the factors K1 and Kz for computing transverse
shear stiffness; the nonstructural mass per unit length, NSM; the stress intensification factor, C;
and the flexibility correction factors, Kx’ Ky and Kz. The stress intensification factor C
is applied to the bending stress only. The flexibility correction factors Kx, gy and KZ are
generally greater than 1.0 and are used as divisors to reduce the respective moments of fnertia.
These are discussed further towards the end of this section.

The material properties, obtained by reference to a materials properties table, include the
elastic moduli, E and G, density, £, and the thermal expansion coefficient, o, determined at the
average temperature of the element.

The plane of the element is defined by two grid points, A and B, and a vector v from grid
point A directed toward the center of curvature. Plane 1 of the element cross section lies in this
plane. Plane 2 is normal to Plane 1 and contains the vecior v. The area mgments of inertia, I1
and Iz, are defined as for the BAR element. The cross product of inertia, }12, is neglected.
This assumption requires that at least one axis of the element cross section be an axis of
symetry.

The following element forces are output on request:

- Bending moments at both ends in the two reference planes :

- Transverse shear force at both ends in the two reference planes

- Axial force at both ends

- Torque at both ends

The following element stresses are output on request:

“ Averédé aﬁial stress at bhoth ends

- Bending stresses at four prints on the cross section at both ends. The points are
specified by the user.

- Maximum and minimum extensional stresses at both ends.

- Margins of safety in tension and compression (Optional, output only if user enters siress '
1imits on MAT1 card)

Stress Intensification Factor and Flexibility Correction Factors

When a plane pipe network, consisting of both straight and curved sections, is analyzed by
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STRUCTURAL MODELING

simple beam theory as an indeterminate system, the computed support reactions are greater than

actually would be measured in an experiment. The apparent decrease in stiffness in such a case je

due to an ovalization of the pipe in the curved sections. The ovalization also yields a stress

distribution different from that computed by simple beam theory.
When a curved beam or elbow element is used as a curved pipe element, there are two factors
available that can be specified to account for the differences in its behavior compared to curved

beams. These are the stress intensification factor and the flexibiTity correct1on factors.

The maximum stress, o max® in a curved pipe element is given by

Mc
s} =L ~—
max 1

where C is a stress intensification factor,
M = bending moment,

C = fibre distance, and

—
h

plane {area} moment of inertia of the cross section.

In general, the factor C mentioned above may be regarded as a stress correction factor in

curved beam analysis.

The effect of the ovalization of the pipe in curved sections is to reduce the stiffness

parameter EI (£: modulus of elasticity) of the curved Pipe to a fictitious value. Thus, for the

elbow element,

EL,
(EL} =~ , (K > 1.0), and
1 K 'y
Y

E12
(E1,)' ==, (X, > 1.0), and

KZ

There Ky and Kz are the stiffness correction factors corresponding to planes 1 and 2,
respectively. The stiffness correction factor, KZ, corresponds to the torsional behavior and is
generaily taken to be 1.0.
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STRUCTURAL ELEMENTS

1.3.3 Rod Element

The rod element is defined with a CRED card and its properties with a PRED card. The rod
element incTudes extensional and torsional properties. The CBNRPD card is an alternate form that
includes both the connection and property information on a single card. The tube element is a
speciaiized form that is assumed to have a circular cross-section. The tube element js defined
with a CTUBE card and its properties with a PTUBE card. The structural and nonstructural mass of
the rod zre lumped at the adjacent grid points unless coupled mass is requested with the PARAM
CPUPMASS card (see PARAM bulk data card). Theoretical aspects of the rod element are treated in
Section 5.2 of the Theoretical Manual),

The x-axis, of the element coordinate system, is defined by a line connecting end a to end b
as shown in Figure 2. The axial force and torque are output on request in either the real or
complex form. The positive directions for these forces are indicated im Figure 2. The following
real element stresses are output on request:

1. Axial stress

2. Torsional stress

3. Margin of safety for axial stress

4, Margin of safety for torsional stress.
Positive directions are the same as those indicated in Figure 2 for element forces. Only the axial
stress and the torsional stress are available as complex stresses.

Another kind of rod element is the viscous damper, that has extensional and torsional viscous
damping properties rather than stiffness properties. The viscous damper element is defined with a
CVISC card and jts properties with a PYISC card. This element is used in the direct formulation of

dynamic matrices.

1.3-7 (09/30/83)
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STRUCTURAL MODELING

1.3.4 Shear Panels and Twist Panels

The shear panel is defined with & CSHEAR card and its properties with a PSHEAR card. A shear

panel is a two-dimensional structural element that resists the action of tangential forces applied

to its edges, but does not resist the action of normal forces. The structural and nonstructurai

mass of the shear panel are Tumped at the connected grid points. Details of the shear panel

element are discussed in Section 5.3 of the Theoretical Manuai.

The element coordinate system for a shear panel is shown in Figure 3a. The integers T, 2,3,

and 4 refer to the order of the connected grid points on the CSHEAR card. The element forces are

output on request in either the real or compiex form. The positive directions for these forces

are indicated in Figure 3b. These forces consist of the forces applied to the element at the

corners in the direction of the sides, kick forces at the corners in a direction normal to the plane

formed by the two adjacent edges, and "shear Fiows" (force per unit length) along the four edges.

The shear stresses are calculated at the corners in skewed coordinates parallel to the exterior

edges. The average of the four corner Stresses and the maximum stress are output on request in

either the real or complex form. A margin of safety is also output when the stresses are real.

The twist panel performs the same function for bending action that the shear panel performs

for membrane action., The twist panel is defined with a CTWIST card and its properties with a

PTWIST card. 1In calculating the stiffness matrix, a twist panel is assumed to be sotid. For

built-up panels, the thickness in the PTWIST card must be adjusted to give the correct moment of

inertia of the cross-section. If mass calculations are being made, the density will also have to

be adjusted on a MATT card. The element coordinate system and directiens for positive forces are

shawn 1n Figure 4. Stress recovery is similar to that for shear panels.,

1.3.5 Plate and Membrane Elements

NASTRAN includes two different shapes of plate and membrane elements (triangular and quadri-

lateral) and two different stress systems (inplane and bending) which are uncoupied. There are
different forms of elements available that are defined by connection cards as follows:
1. Plate {Bending) Elements

a. L{TRBSC - basic unit fr

om which the bending properties of the other plate elements are
formed.

b. CTRPLT - triangular element with zero inplane stiffness and Tinite bending stiffness,

1.3-8 (12/31/77)
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7 .
c. CTRPLT1 - a higher order triangular element with zero inplane stiffness and finite ; j
bending stiffness. Uses quintic polynomial representation for transverse displace- : i
ments and bilinear variation for temperature and thickness. B
d
d. CQDPLT - quadrilateral element with zero inplane stifiness and finite bending stiffness. : ﬁ
2. Membrane (Inplane} Elements A
a. CTRMEM - triangular element with finite inplane stiffness and zero bending stiffness. : E
b. CTRIM6 - iriangular element with finite inplane stiffness and zero bending stiffness.
Uses quadratic polynomial representation for membrane displacements and bilinear varia- :
tion for temperature and thickness. g 3
¢. CODMEM - quadrilateral element consisting of four overlapping CTRMEM elements.
d. CQDMEMI - an isoparametiric quadrilateral membrane element. .
4 e. CODMEMZ - a quadrilateral membrans element consisting of four nonoverlapping CTRMEM 2
elements. b
f. CISZDB - a quadriparabolic isoparametric membrane element. May be reduced to a ;
triangular element under specified conditions.
3. Plate and Membrane Elements
a. CTRIAl - trianguiar element with both inplane and bending stiffness. It is designed
for sandwich plates which can have different materials referenced for membrane,
bending and transverse shear properties. ‘
b. CTRIAZ - triangular element with both inplane and bending stiffness that assumes a :
solid homogeneous cross-section, i
c. CQUAD]1 - quadrilateral element with both inplane and bending stiffness., If is ‘ &
r designed for sandwich plates which can have different materials referenced for :
| membrane, bending and transverse shear properiies.
d. CQUADZ - quadrilateral element with both inplane and bending stiffness that assumes a '
s01id homogeneous cross-section. : :
Theoretical aspects of these elements are treated in Section 5.8 of the Theoretical Manual. S
The properties for the above elements are defined on their associated Pxxxuxx cards (PTRBSC, -

PTRPLT, etc.). ATl of the properties of the elements are assumed uniform over their surfaces,
except for the CTRIM6 and CTRPLTI elements. Anisotropic material may be specified for all these
elements, Transverse shear flexibility may be inciuded for all bending elements on an optional
basis, except for homogenecus elements (CTRIA2 and CQUAD2), where this effect is automatically
included. Structural mass is calculated only for elements that specify a membrane thickness and is
based only on the membrane thickness. Nonstructural mass can be specified for all plate elements,
except the basic bending triangle. Only Tumped mass procedures are used for membrane elements,
except for the CIS2D8 element. Coupled mass procedures may be requested for elements that include

bending stiffness with the PARAM CPUPMASS card (see PARAM bulk data card). Differential stiffness
1.3-9 (09/30/83)
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; matrices are generated for the following elements:
‘L'*

g.ﬁm;:;;,.... . T 5’_,%,}?;
|
!
:

1
CTRMEM, CTRIA1, CTRIA2, CQDMEM, CQuABI, CQUADZ. j
The following elements may have nonlinear material characteristics in Piecewise Linear Analysis: u
] CTRMEM, CTRIA1, CTRIA2, CGQDMEM, CQUAD1, cquapg,

The element coordinate systems for the triangular and quadrilateral elements are shawn in

Figure 5. The integers 1, 2, 3, and 4 refer to the order of the connected grid points on the ]

; connection cards defining the elements. A similar connection scheme for elements with mid-side

grid points would be defined by six or eight integers on the connection card. The angle @ is the

orientation angle for anisotropic materials.

Average values of element forces are calculated for all plate elements (except the CTRPLT1)

having a finite bending stiffness. The element forces for the CTRPLTI are calculated at the

‘ t
corners and centroid of the element. The positive directions for plate element forces in the

element coordinate system are shown in Figure 6a. The following element forces pey unit of length,

either real or complex, are output on request:
1. Bending moments on the x and Yy Taces.
2. Twisting moment.

3. Shear forces on the x and y faces.

———

The CQDMEMZ is the only membrane element for which element forces are calculated. The

I

2
positive directions for these forces are shown in Figure 3b, and the force output has the same !

interpretation as the force output for the shear palen discussed previously.

Average values of the membrane strasses are calculated for the triangular and quadrilateral
|
|

membrane elements, with the exception of the CQDMEM] and CTRIMS elements.
in which the stress field varies,

P T

For the CQDMEMT eiement,
the stresses are evaluated at the intersection of diagomals (in
a mean plane if the element is warped.} For the CTRIMG element,

the stresses are calculated at the

corners and centroid of the element. The positive directions for the membrane stresses are shown

in Figure 6b. The stresses for the CQDMEMZ element are calculated in the material coordinate

system. The material coordinate system is defined by the material orientation angle on the CQDMEM2

card. The stresses for all other membrane elements are calculated in the element coordinate system.

For the CIS2D8 element, the stresses are computed at the Gaussian quadrature points and

extrapolated to the grid points.

."
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The following real membrane stresses are output on request:

1. MNormal stresses in the x and y directions

2. Shear stress on the x face in the y direction

3. Angle between the x-axis and the major principal axis
4. Major and minor principal stresses

5. Maximum shear stress

Only the normal stresses and shearing stress are available in the complex torm.

If an element has bending stiffness, the average stresses are calculated on the two faces
of the plate for hamogeneous plates and at two specified points on the cross-section for other
plate elements. The distances to the specified points are given on the property cards. The
positive directions for these fiber distances are defined according to the right~hand sequence
of the grid poinis specified on the connection card. These distances are identified in the output
and must be nonzero in order to ohbtain nonzero stress output. The same stresses are calculated

for each of the faces as are calculated for membrane elements.

In the case of composite plate elements (CTRIA1, CTRIAZ, CQUADT and CQUADZ only}, the stresses
mentioned above can also be requested in a material coordinate system which is specified on a MATI
or MAT2 card. In place of the fibre distances, the output in this case identifies the specified
material coordinate system as well as an output code. This latter code is set to 1 or 2 according

as the material x-axis or the y-axis is chosen as the reference axis.

The element siresses in material coordinate system computed above (for CTRIA1, CTRIA2, CQUADI
and CQUADZ elements) can also be requested at the connected grid points. These stresses (at grid
points) are obtained by interpolation. The output code in this case is set to (T0*N + projection
code) where N is the number of independent points used in the interpolation and the projection code

is an integer which is set to 1, 2 or 3 accerding as the matverial x-axis, y-axis or the z-axis is

normal to projection.

In the case of composite plate elements {CTRIAT, CTRIAZ, CQUADY and CQUAD2 only). strains and
curvatures are also output on request. The options available and the output Tormats are similar

to those available in the case of stresses as described above.

The quadrilateral elements are intendad for use when the surfaces are reasonably flat and
the geometry is nearly rectangular. For these conditions, the quadrilateral elements eliminate

the mogeling bias associated with the use of triangular elements, and quadrilaterals give more

1.3-11 (12/29/78)
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accurate results for the same mesh size. If tha surfaces are highly warped, curved or swept,

triangular elements should be used. Undep extreme conditiong quadrilateral elements wili give

a5 nearlTy square as Practicabie,
deteriorate as the aspect ratio of the quadrilateral increases,

kept as nearly equilateral as practicable,

as tha accuracy tends to

Triangular elements should be

1.3-12(12/29/78)
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1.3.6 Axisymmetric Shell Elemants

The properties of axisymmetric shells can be specified with either of two elements, the conical
sheli (C@NEAX) or the toroidal ring (TPRDRG). However, these cannot be used together in the same
model. Also available for thick shells of revolution are the axisymetric solid elements (TRIARG,

TRAPRG, TRIAAX, and TRAPAX) which are described in the next section. Thin shell (TRSHL) modeiing

is described in Section 1.3.72.

The properties of the conical shell element are assumed to be symnetrical with respect to the
axis of the shell. However, the loads and deflections need not be axisymmetric, as they are expand-
ed in Fourier series with respect to the aximuthal coordinate. Due to symmetry, the resulting load
and deformation systems for different harmonic orders are independent, a fact that results in a
large time saving when the use of the conical shell element is compared with an equivalent model

constructed from plate elements. Theoretical aspects of the conical shell element are treated in

Section 5.9 of the Theoretical Manuai.

The conical shell element may be combined with TRIAAX and TRAPAX elements only. The
existence of a conical shell problem is defined by the AXIC card. This card alsc indicates the
number of harmonics desired in the problem formulation. Only a 1imited number of bulk data cards
are allowed when using conical shell elements. The 1ist of allowable cards is given on the

AXIC card description in Section 2.4.2,

The geometry of a problem using the conical shell element is described with RINGAX cards
instead of GRID cards. The RINGAX cards describe concentric circles about the basic z-axis, with
their locations éiven by radii and z-coordinates as shown in Figure 7. The degrees of freadom
defined by each RINGAX card are the Fourier coefficients of the motigon with respect to angular

position around the circle. For example the radial motion, U, at any angle, ¢, is described

by the equation: L N
u, (¢) = u” cosng + u, sinng , m
r ng(] r I'IZO r

where ug and ug* are the Fourier coefficients of radial motion for the n-hamonic. For calcula-
tion purposes the series is limited to N harmonics as defined by the AXIC card. The first sum in
the above equation describes symmetric motion with respect to the ¢ = 0 plane. The second sum
with the "starred" (*) superscripts describes the antisymmetric motion. Thus each RINGAX data

card will produce six times (N+1) degrees of freedom for each series.

1.3-13(09/30/83)
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The seleciion of symmetric or antisymmetric soTutions is controlled by the AXISYM card in the
Case Control Deck. For general ioading conditions, a combination of the symmetric and antisymmetric

solutions must be made, using the SYMCAM card in the Case Control Deck (Section 2.3 of the User's
Manual).

Since the user is rarely interested in applying his loads in terms of Fourier harmonics and
interpreting his data by manually performing the above summations, NASTRAN is provided with special
cards which automatically perform these operations. The PBINTAX card is used 1ike a GRID card to
define physical points on the structure for loading and output. Sections of the circle may be de-
fined by a SECTAX card which defines a sector with two angles and a referenced RINGAX card. The
PAINTAX and SECTAX cards define six degrees of freedom each. The implied coordinate system for these
points is a cylindrical system (r, ¢, z) and their applied loads must be described in this coordi-

nate system. Since the displacements of these points are dependent on the harmonic motions, they

may not be constrained in any manner.

The conical shell element is connected to two RINGAX points with a SCPNEAY card, The proper-
ties of the conical shell element are described on the PCENEAX card. The RINGAX points must be

placed on the neutral surface of the element and the points for stress calculation must be given

on the PCPNEAX card relative to the neutral surface. Up to fourteen angular positions around the

element may be specified for stress apd force output. These values will be calculated midway

between the two connected rings.

The structure defined with RINGAX and CCONEAX cards must be constrained in a special manner.
A1l harmonics may be constrained for a particular degree of freedom on a ring by using permanent
single-point constraints on the RINGAX cards. Specified harmonics of each degree of freedom on a
ring may be constrained with a SPCAX card. This card is the same as the SPC card except that a
harmonic must be specified. The MPCAX, @MITAX, and SUPAX data cards correspond the the MPC, @MIT,
and SUPPRT data except that harmonics must be specified. SPCADD and MPCADD cards may be used to

combine constraint sets in the usual manner.

The stiffness matrix includes five degrees of freedom per grid circle per harmonic when trans-
verse shear flexibility is included. Since the rotation about the normal to the surface is not
included, either the fourth or the sixth degree of freedom {depending upon the situation) must be
constrained to zero when the angle between the meridional generators of two adjacent elements is

zero. When the transverse sheay Flexibility is not included, only four independent degrees of
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freedom are used and the fourth and sixth degrees of freedom must be constrained to zero for ail

rings. These constraints can be conveniently specified on the RINGAX card.

The conical shell structure may be loaded in various ways. Concentrated forces may be des-

cribed by FBRCE and MOMENT cards applied to PRINTAX points. Pressure Joads may be-input in the

PRESAX data card which defines an area bounded by two rings and two angles. Temperature fields

are described by a paired 1ist of angles and temperatures around a ring as required by the TEMPAX

card. Direct loads on the harmonics of a RINGAX point are given by the FORCEAX and MPMAX card.

Since the implied coordinate system is cylindrical, the loads are given in the r, ¢ and z directions,

The value of a harmonic 1oad Fn is the total load on the whole ring of radius r. If a sinusoidal

Toad per unit Tenéth of maximum value a, is given, the value on the FPRCEAX card must be

Fn 2% r a, n=0, {2)

= > .
Fn Troa, n>0

(3)

Displacements of rings and forces in conical shell elements can be requested in two Ways:

1. The harmonic coefficients of disptacements on a ring or forces in a conical element.

2. The displacements at specified
ring. The forces in the elemen
sectors of a conical efement.

points or the average value over a specifiad sector of a
t at specified azimuths or average values over specified

Harmonic output is requestad by ring number for displacements and conical shell element number for

element forces. The number of harmonics that will be output for any request is a constant for any

single execution. This number is controlled by the HARMPNICS card in the Case Control Deck (see
Section 2.3),

The following element forces per unit of width are output either as harmonic coefficients

or at specified locations on request:

1.  Bending mements on the u and v facges

2.  Twisting moments

3. Shearing forces on the u and v faces
The follewing element siresses are caleulated at two specified points an the cross-section of the
element and output either as hammonic coefficients or at specified locations on raquest:

T.  Normal stresses in u and v directions

2.  Shearing stress on the u face in the v direction
1.3-15 (3/1/76)
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STRUCTURAL MODELING

3. Angle between the u-axis and the major principal axis

4. Major and minor principai stresses

f
d
4
5. Maximum shear stress

BNEAX element (as well as for the TRAPAX and s
TRIAAX elements) are processed is described in Section 1.3.7.3,

1.3.6.2 Toroidal Ring (TARDRG) Element
The coordinate system for the toroidal ring is shown in Figure 8. This cylindrical coordinate

system is implied by the use of the toroidal element, and hence, no explicit definition is required

. i

¥
The toroidal element may use orthotropic materials. The axes of orthotropy are assumed to coin- ”

cide with the element coordinate axes. N

of the two grid rings which it Connects. The degrees of freedom in the implicit coordinata system

are:

1. 0~ radial displacement

2 Not defined for toroidal element (must be constrained) Yoo
3. ﬁ - axjal displacement 7

4

w'o= 2 sTope in g-direction

5. u' =

-m': mls

strain in &-direction

Q@ oy A

[
=
X

6, w" =

¢

curvature in zE-plane

—

The displacements o and W are in the basic coordinate system, and hence cap he expressed in other 1

local coordinate systems if desiped. However, the quantities u', w' and w" are always in the

element coordinate system.

8 PTORDRG card and, in the Timit, this element becomes a cap element (see Section 5.10 of the

Thearetical Manual).

The grid points must Tie in the r-
system and they must iie to the right of the axis of symmetry.

Z plane of the basic coordinate

The angles o and ty in Figure 8

are the angles of Curvature and are defiped as the angle measured in degrees from the axis of
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symnetry to a Tine which is perpendicuiar to the tangent to the surface at grid points 1 ang 2

respectively. For conic rings o = o and for cylindrical rings 4 = oy = 90 degrees. Toroidal

elements may be connected to form closed figures in the r-z plane, but slope discontinuities are

not permitted at connection points.
The following forces, evaluated at each end of the toroidal element, are output on request:

1. Radial force
2. Axial force
3. Meridional moment
4. A generalized force which corresponds to the w' degree of fresdom.
5. A generalized force which corresponds to the w" degree of freedom.
The first three forces are referenced to the global coordinate system and the two generalized

forces are referenced to the element coordinate system. For a definition of the generalized forces

see Section 5.10 of the Theoretical Manual.

The following stresses, evaluated at both ends and the midspan of each element, are output

on reguest:

1.  Tangential membrane stress (Foree per unit Tength)
2.  Circumferential membrane stress (Force per unit length)
3. Tangential bending stress {Moment per unit length)
4.  Circumferential bending stress (Moment per unit Tength)

5.  Shearing stress {Force per unit Tength)

The positive directions for these stresses are indicated in Figure 9.

1.3.7 Axisymmetric Solid Elements

Two sets of elements are provided for representing thick axisymmetric shell and/or salid
structures (see Section 5.11 of the Theoretical Manual). The first set, the triangular ring
TRIARG and trapezoidal ring TRAPRG, is restricted to axisymmetric applied Toadings only. The
second set is not restricted to axisymmetric Toadings and, 1ike the conical shell element, their
displacements and Tgads are represented by coefficients of a Fourier series about the circumference.
These elements, the TRIARX and the TRAPAX, also define a trianguiar and a trapezoidal cross section
respectively. The elements of one set may not be used together with elements of the other set nor

with any other elements except the combination of TRIAAX and TRAPAX elements with the conical shell
element {CANEAX).

1,3-17 (09/30/83)
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1.3.7.1 TRIARG and TRAPRG Elements

The triangular and trapezoidal ring elements may be used for modeling axisymmetric thick-

walled structures of arbitrary profile. In the Timiting case only the TRAPRG element may become
a solid core elemant.

) The coordinate systems for the triangular and trapezoidal ring elements are shown in Figures
10 agd 11, respectively. The cylindrical system is implied by the use of these ring elements.
Hence, na explicit definition of the basic cylindrical coordinate system is required. CyVindrical
anisotropy is optional for the material properties in the ring elements. Orientation of the
orthotropic axes in the (r,z) plane is specified by the angle 6. The deformation behavior of the
elements is described in terms of the translations in the r and z directions at each of the
connected brid poin;s. A11 other degrees of freedom must be constrained.

The trianguiar ring element is defined with a CTRIARG card. No property card is used for this
element, The material property reference is given on the connection card. The integers 1, 2 and 3
in Figure 10 refer to the order of the connected grid points on the CTRIARG card. This order must
be counter-clockwisz around the element. The grid points must lie in the r-z plane of the basic
cylindrical coordinate system, and they must lie to the right of the axis of symmetry,

The radial aﬁa axial fcrceg at each connected grid point are output on request. The positive
directions for these forces are shown in Figure 10, These are apparent element forces and they
include any equivaient thermal loads. The stresses at the centroid of an element are output on
request. The available quantities are the normal stresses in the radial, circumferential and axial
directions, and the shear stress on the radial face in the axial direction. Positive stresses are
in the positive direction on the positive face. .

The trapezoidal ring element is defined wi‘h a CTRAPRG card in a manner similar to that for a
triangular element. This element is similar to the triangular ring element. This element has the
additional restriction that the element numbering must begin at the Tower left hand corner of the
efement. Also, the parallel faces of the trapezoid mist be perpendicular to the axis of symmetry
(see Figure 11). This element can be used in the Timiting case where the r coordinates associated
with grid points 1 and 4 are zero. In this special case the element is referred to as a core
element,

The forces at the four connected grid points are provided on request in a manner similar to
that for a triangular element. In addition to providing the stresses at the four connected grid
points of the trapezoid, similar stresses are provided at a point of average radius and average

z~-djstance from the four points.
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1 1,3.7.2 TRIAAX and TRAPAX Elements
The two solid of revolution elements which are provided Tor representing noraxisymmetric
ioadings on axisymmetric structures with thick or solid cross sections are the TRIAAX and TRAPAX
elements. These define a triangle and a trapezoidal cross section of the structure. They are
functionally similar to the conical shell element (see Section 1.3.6) and physically similar to the

TRAPRG and TRIARG axisynmetric ring elements described above {see Figures 10 and 11), )

The elements are connected to RINGAX points which define displacement degrees of freedom

represented by coefficients of a Fourier seriss about the circumference. Due to symmetry, the
resulting load and deformation systems for the different harmonic orders are uncoupled, resuliing
in large time savings compared to a general three-dimensional model. Theoretical aspects of the f .
% solid of revolution elements are treated in Section 5.11 of the Theoretical Manual. Definitions of ; :
f the Fourier serie; representation of the structural displacements and loads are given in Section
E 5.9 of the Theoretical Manual. As in the conical shell formulation, no other element types may he
[ combined with these elements.

The following special case contrel cards, used also with the conicai shell problem, are used
with the solid of revolution elements: _
} AXISYM - Defines whether the cosine series, sine series or combination of displacements u
e are to be calculated. i
HARMPNICS - Limits the output to ali harmonics up to and including the nth harmonic,

default is 0.
The geometry of a problem using these elements is defined by the RINGAX cards. The harmonic

limit in the Fourier expansion is defined by the required AXIC card. The RINGAX card does not

allow a zerp radius. However, a small "hole" may be defined around the axis of revolution., To
avoid inaccuracies, a warning is issued for each element whose inner radius is less than one-tenth
its outer radius. Property cards PTRAPAX and PTRIAAX are used to identify the material and the
circumferential locations for stress output. The material type is limited to MAT1 and MAT3
definitions. The following bulk data cards, also used with the conical shell elements, are

available with the solid of revolution elements:

AXIC - Defines limit of displacement Fourier series.
SPCAX - Defines single point constraints and enforced displacements on specified degrees
of freedom.
—_ MPCAX ~ Defines multipoint constraints connecting specified degrees of freedom.
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STRUCTURAL MODELING

AMITAX - Defines degrees of freedom to be removed bv structural partitioning.
SUPAX

Defines free-body support points.

POINTAX - Defines circumferential location on a RINGAX station for applied loading and/or
output.

SECTAX - Defines a circumferential sector on a RINGAX station for distributed applied
forces,

FPRCE - Defines a concentrated force at a PBINTAX or Joad per length at & SECTAX location
on the structure.

FORCEAX - Defines a generalized force directly on a specified harmonic of a RINGAX statien.

PRESAX - Defines a pressure Joad,

TEMPAX - Defines a temperature distribution at a RINGAX point for thermal loading and

temperature-dependent matrices.

The implied coordinate system for the solid of revolution elements is a cylindrical coordinate

system (r, 6, z). The rotational degrees of freedom {components 4, 5 and 6) must be constrained.

The output quantities for the RINGAX points are the displacement coefficients for each
harmonic. The output for the PPINTAX degrees of freedom are the sum of the harmonics giving the
physical displacements at the point while the output for the SECTAX points are the average
displacements over the circumferential sector. These quantities are availabie only in S@RT1
format.

The stress output for these elements is similar to that for the TRIARG and TRAPRG elements
described above. However, since the stresses vary around the circumference, each element output
includes the Fourier coefficients of stress for each harmonic followed by the stresses at the
angular Tocations specified on the property card. Stresses are calculated at the centroid of the
cross section on the TRIAAX element. Stresses are calculated at the four corners as well as at a

fifth "grid point" on the TRAPAX element, which is located an average radjus and average Tength

from the four corner paints.

1.3.7.3 Data Processing for the CENEAX, TRAPAX and TRIAAX Axisymmetric Elements
The data cards submitied by the user for the CONEAX, TRAPAX and TRIAAX axisymmetric elements

are processed by the NASTRAN Preface to produce equivalent grid point, element conmnection,

constraint and load data card images. Each specified harmonic, n, of the Fourier series solution
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produces a complete set of these special data card images. In order to retain unique internal

identification numbers for each harmonic, the user {or external) identification numbers are encoded
by the following algorithms.

RINGAX Cards
NASTRAN {or internal) grid ID

I}

User (or external) ring ID
+ 1,000,000 x n

L]

(n=1,2,3, ..., N, vhere § highest harmonic defined on the AXIC card)

CBNEAX, TRAPAX and TRIAAX Connection Cards

NASTRAN (or internal) element ID = User (or external) element ID x 1,000 + n
(n=1, 2, 3y «ves N)

The exact manner in which the above data cards as well as other data cards for these elements
are processed by the NASTRAN Preface is fully described in Section 4.6.7 of the Programmer’s
Manual.

The user should use the NASTRAN (or internal) identification numbers (and not the user or

external identification numbers) in specifying the data for pletting purposes. (See, for instance,

the description of the SET card in Section 4.2.2.4.)
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1.3.8 Scalar Elements

Scalar elements are connected between pairs of degrees of freedom (at either scalar or
geometric grid points) or betwsen one degree of freedom and ground. Scalar elements are avail-
able as springs, masses and viscous dampers. Scalar spring elements are useful for representing
elastic properties that cannot be conveniently modeled with the usual metric structural elements,
Scalar masses ave useful for the selective representation of inertia properties, such as accurs

when a concentrated mass is effectively isolated for motion in one direction only. The scalar

damper is used to provide viscous damping between two selected degrees of freefam or between one
degree of freedom and ground. It is possible, using only scalar elements and cmstraints, to con-
struct a model for the linear behavior of any structure. However it is expecter, that these ele-
ments will be used‘only when the usual metiric elements are not satisfactory. Scalar elements are
useful for modeling part of a structure with its vibration modes or when trying to consider

electrical or heat transfer properties as part of an overall structural analysis. The reader is

AR A S BT R
.

referred to Sections 5.5 and 5.6 of the Theoretical Manual for further discussions on the use of
- scalar elements.

The most general definition of a scalar spring is given with a CELAST card. The associated
properties are given on the PELAS card. The properties include the magnitude of the elastic

. spring, a damping coefficient, and a stress coafficient to be used in stress recovery. The CELAS?
. defines a scalar spring without reference to a property card, The CELAS3 card defines a scalar

spring that s connected only to scalar points and the properties are given on a PELAS card, The

CELAS4 card defines a scalar spring that s connected only to scalar points and without reference

to a property card. HNo damping coefficient or stress coefficient is available with the CELASA

7 _ card.

T

) Scalar elements may be connected to ground without the use of constraint cards. Grounded
L/ connections are indicated on the connection card by Teaving the appropriate scalar identification
g number blank. Since the values for scalar elements are not functions of material properties, no
iﬁ references to such cards are needed.

The CDAMPT, CDAMPZ2, CDAMP3 and CDAMP4 cards define scalar dampers in a manner similar to the

scalar spring definitions. The associated PDAMP card contains only a value for the scalar damper,

1.3-22 (3/1/76)

L\

— e~ P e il T -
SRS N AL T § o s kE e - 4. .




3 E
N ORIGINAL PAGE 18 4
k. STRUCTURAL ELEMENTS OF POOR QUALITY P
| 1.3.9 Mass |

Inertia properties are specified directly as mass elements attached to grid points and indirectly
as the properties of matrix structural elements. In addition, dynamic analysis mass matrix
coefficients may be specified that are directly referred to the global cnordinate system. Some
: portions of the mass matrix are generated autamatically while other portions are not. Mass data
may be assembled according to two diffevent kinds of relationships: Tumped mass assumptions or
coupled mass considerations. Additioral information an treatment of inertia properties is given

in Section 5.5 of the Theoretical Manuail.

1.3.9.1 Lumped Mass '

The partitions of the Tumped mass matrix are explained in Section 5.5.3 of the Theorsetical

Manual, but to aid the user the form is repeated here in Equation 1.

Féca?ar st | i;.. : N.._
Homent R : H
: M o= =___%;_m_ (1
: Tst 2nd o T : . ,
? Homent Momenfj W : K

The only portion of the lumped mass matrix that is automatically generated is the scalar

partition. This implies that no first moment and second moment terms for the lumped mass matrix é
are automatically generated. In this context, automatic generation means the calculation of the mass
from the structural elements that are connected to a given grid point, solely from the information
provided on the element connection and property card. A1l of the metric structural elements {rods, bars,
Ly shear panels, twist panels, plates, and shell elements) may have uniformly distributed structural

and nonstructural mass. Structural mass is calculatad from material and goemetric properties. The

R

mass is assumed to be concentrated in the middle surface or along the neutral axis in the case of
;_ rods and bars, so that rotary inertia effects, including the torsional inertia of beams, are
/ absent.
E{ In the Tumped mass method, the mass of an element s simply divided into equal portions and
g; each portion is assigned to only one of the surrounding grid points. Thus, for uniform rods and
; . bars, cne-half of the mass is placed at each end; for umifoprm triangles,'one-third of the mass is
.
g
ﬁ 1.3-23 (3/1/786)
!

b?




EEC L L L

STRUCTURAL MODELING

placed at each corner; quadrilateri?3 are treated as two pairs of overlapping triangles (see the
Theoretical Manual Sections 5.3 and 5.8). The Tumped mass matrix is independent of the elastic

properties of elements. There are no other avtomatic routines for providing mass terms for the

lumped mass approach.

1.3.9.2 Coupled Mass

In the coupled mass approach, properties of mass pertaining to a single structural element
include off-diagonai coefficients that couple action at adjacent grid points. For further amplifi-
cation of the techniques used in the coupled mass approach see Section 5.5.3 of the Theoretical
Manual. To invoke the automatic generation of the coupled mass matrix, the parameter COUPMASS {s
indicated on the PARAM card. If selected coupled mass properties are desired only for certain
element types, this is obtained by a second parameter call specifying the element. For further
details see the PARAM bulk data card. When using CPUPMASS, the nonzero terms are generated in off-
diagonal positions of the mass matrix corresponding generally to nonzero terms of the stiffness
matrix. This implies that a mass matrix generated by the coupled mass approach wiil generally
have a density and topology equivalent to that of the stiffness matrix.

Off-diagonal mass terms may aiso be created during Guyan reduction when the BMIT or ASET
bulk data cards are used to condense the stiffness and mass matrices. Any mass associated with
the omitted degrees of freedom will be redistributed to the remaining degrees of freedom forming
a coupled mass matrix. The use of multipoint constraints (MPC cards) with mass terms on the
dependent degrees of freedom produces a similar effect. The mass on the dependent coordinate will
be transformed to the connected independent coordinates, thereby coupiing them together. Mathemat-

fcally, these operations and the element coupled mass formulations described above are closely

related.

1.3-24 (3/1/76)

. oam e .




e ey

F el ol R e R b o SR el T S 5 a5,

¥ W LR . o R LS s

&

b
yupt’

STRUCTURAL ELEMENTS

1.3.9.3 Mass Input

In many cases it may be desired to add mass terms to the structure in addition to those
generated by the structural elements. For instance, in a lumped mass formulation any additional
masses involving rotational degrees of freedom must be independently calculated and input manually
via bulk data cards.

The concentrated mass eiements CONM1 and CONMZ may be used to add mass terms directly to a
single grid point. The CONM2 element is used to specify a rigid body with mass and inertia
properties that is connected to a single grid point (offsets are allowed). The CONM] element
has a more general input format to allow directional mass terms.

The notation or the CONMI card is explicit, that is, subscripting of each teym spans the
degree of freedom range from 1 through 6. On the CONM2 card, double subscripting is used only for

the second moment partition. Therefore, the correspondence for symbals between C@NM] entries and

" CONM2 entries for the second moment partition is as follows: Iyqe 121, Loy, 131, 132 and 133 on the

CBNMZ card (defined in Theoretical Manual section 5.5.2.2 by the integrals of Equations 13, 14 and
15) correspond to M44, Meqs Mg M54’ M65 and Mﬁﬁ on CHANMI (M54 = 'Ixy’ M64 = -l ,s Mg = -Iyz}
with sign changes on the off-diagonal terms as shown in Equation 10 of the referenced section.
The program multiplies each cross product of inertia term from CANM2 user data by {(-1) before
assembling this data into the mass matrix, to make it correspond to the requirements of Equation
10.

An alternative fo specifying mass information for the Jumped mass method is to use the CMASS]
and the PMASST cards. This allows the option of treating mass as finite elements, one degree of
freedom at a time. A particularly advantageous feature of the CMASSi card is the ability to
couple mass terms between grid points and/or scalar points. When dynamic rigid formats are used,
the direct matrix input (DMIG) may be used to supply grid point mass data. When mass information
is entered via DMIG cards, it will remain dormant until activated by a call from Case Control via
the M2PP card.

When a DMAP sequence is used or a rigid format is ALTERed, another form is available for
presenting mass information via the DMI card. The DHI card is not recognized as a legitimate
source of bulk data for the rigid formats, unless an ALTER is used.

In all cases a combination of mass input can be used. For instance, the translational
inertias can be generated automatically by the element routines, while the first and second moment
praperties can be provided through CBNMZ cards. Some elements can be used o provide coupled mass

properties through the COUPMASS parameter, while other contributions to the same grid points can
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be made by direct matrix input through DMIG cards. The information from these several sources

will be summed in the formation of the final mass matrix,

1.3.9.4 Output from the Grid Point Weight Generator

—- =R o 3
-~ B - - Lk

The Grid Point Weight Generator (GPWG) module computes the rigid body mass properties of an
entire structure with respect to a user specified point and with respect to the center of mass.
Output from the module is requested by a PARAM card in the Bulk Data Deck which specifies

from which grid point mass computations are to be referenced. Optionally, the absence of a !

specific grid point automatically causes the origin of the basic coordinate system to be utilized
i; as a reference. The mass properties are initially defined in the basic coordinate system.

Subsequently, the mass properties are transformed to principal mass axes and to principal inertia :

axes. The actual printout is composed of several elements, These are

L. Title M - RIGID BADY MASS MATRIX IN BASIC CPPRDINATE SYSTEM

This is the rigid body mass matrix of the entire structurs in the basic coordinate system
with respect to a reference point chosen by the analyst.
2. Title S - TRANSF@RMATION MATRIX FPR SCALAR MASS PARTITIGN

S is the transformation from the basic coordinate system to the set of principal axes for the
3 x 3 scalar mass partition of the 6 x 6 mass matrix. The principal axes for just the ; i
4 scalar partition are known as the principal mass axes.

3. Titie X-C.G. Y-C.G. Z-C.G.

It is possible in NASTRAN to assemble a structural model having different vaiues of mass in "

each coordinate direction at a grid point. This can arise for example assembiing scalar mass

: components or from omitting some components by means of bar element pin flags. Consequently ;
three distinct mass systems are assembled one in each of the three directions of the principal %

mass axzes (the S system). This third tabulatfon has five columns. The First column 1ists

Rl il 1 R

the axis direction in-the S coordinates., The second column Tists the mass associated with the
§ appropriate axis direction. The final three columns 1ist the x, y.and z coordinate distances
A
- from the reference point to the center of mass for each of the three mass systems.
g 4. Title I(S) - INERTIAS RELATIVE T C.G.
£
. This is the 3 x 3 mass moment of inertia partition with respect to the center of gravity
2 referrad to the principal mass axes {the S system). This is not necessarily a diagonal watrix
§ because the determination of the S system does not involve second moments. The values of 1
?f :
3
2 ) -
: 1.3-26 (12/31/77) '
3
2

v

=g S : o B N . _m__wﬂw__fV"

R P

Fom 02w ak e Vs e = ke n i b L

T o A AN AT T A2 208,




! 5.%2§?{
&?é %
,,, STRUCTURAL ELEMENTS ‘{1
: . | i
inertias at the center of gravity are found from the values at the reference point by ‘ w
empioying the parallel axes rule. %
5. Title 1{Q)} - PRINCIPAL INERTIAS A
The principal moments of inertia at the center of gravity are displayed in matrix form with ﬂ
reference to the § system of axes. The Q system is obtained from an eigenvalue analysis of
the I{s) matrix. _
6. Title Q - TRANSFARMATION MATRIX --1(Q) = QT*I(S)*Q oot

Q is the coordinate transformation between the S axes and the Q axes.

1.3.9.5 Bulk Data Cards for Mass !

& A summary chart is given in Tabie 1 to help in the selection of the method of input for a

given type of mass information. Descriptions of individual cards for the entering of mass informat-

fon into the bulk data are Tisted here:

1. Element data from the combined sources of C{-), P(-), and MATi cards will automatically

cause the translational mass (scalar) terms of the mass matrix to he generated, provided

a density value andfor a nonstructural density factor is entered.

2. The MASSi cards define scalar masses. CMASSi cards define connections between a pair of

degrees of freedom (at either scalar or geometric grid points) or between one degree of

4
-
2

f
!

freedom and ground. Thus, f] = m(x] - xz) where Xy may be absent. The CMASS! cards

(i = 1 through 4) are necessary whenever scalar points are used, PMASSi cards define

R T
RN T S R

LE

mass property magnitudes. Other applications inciude selective representations of inertia .

properties, such as occur in shell theary where in-plane inertia forces are often ignored.
3. The CENM2 card defines the properties of a solid body: m, its mass, K1s Xps Xgs the three

coordinates of its center of gravity offset with respect to the grid point, 111, 122, 133,
its three moments of inertia and 112, 113, 123, and its three products of inertia, all
with respect to any (selected) coordinate system. If a lacal cylindrical or a spherical
coordinate system is chosen to define the mass properiies, the offset distances of the
mass c.gd. from the grid point are measured along the axes{r,9,z or p,0,%) defined at the
grid point in that local system. Also note, that the mass properties of inertia are

computed relative to a set axes at the mass ¢.g. which are parallel to those v,0,z or P20,

axes at that grid point. The CPNMZ element routine uses the parallel axis theorem to

f
-
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transform inertias with respect to the center of gravity to inertias with respect to the

grid point. Section 5.5.2.1 of the Theoretical Manual describes how to treat the signs of

cross products of inertia terms on CENM? cards.

The CONM1 card defines a 6 x 6 matrix of mass coefficients at a geomeitric grid point in

any selected coordinate system. Since the only restrictions are that the matrix be rea]

and symmetric, there are 21 possible independent coefficients. The CONM] card therefore
permits somewhat more general inertia relationships than those of a solid body which has
only 10 independent inertia properties. This should be remembered in applications requiring
unique centers of gravity, such as in the calculation of centrifugal forces. See Section

5.5.2.5 of the Theoretical Manual for a discussion of inertia properties resulting from
CONMT card input.

name given to the matrix is called from a DMAP statemant. Data defined by this card will

é ' §. The DMIG (or DMIGAX for axisymmetric structures) card accomodates matrix entries by grid
%_? point and component. This is a general card that can be used for mass, stiffness, or

? _ damping matrices. It becomes particularized to mass when the name given o the matrix is
g_; called by an M2PP card in Case Control. Data defined by this card will be recognized as
% admissible only when used with dynamic rigid formats 7 through 12.

%‘A 6. The DI card is used to assign values according to row-column positions in a matrix. This
i ' is @ general card for any kind of matrix which becomes particularlized to mass when the

3

be recognized as admissible only when used in a OMAP sequence or in an ALTER to a rigid

. format.

; 7. The COUPMASS entry on the PARAM card will activate the "consistent” mass matrix algorithms
;I ’ in the element routines which generate mass coupling properties between grid points.

? There are three options available to regulate whether the coupling properties are generated
é;, for all or some types of elements (see PARAM bulk data card). A set of entries for a second

PARAM card of the form CP{element name) are available for use in connection with CPUPMASS

for selecting the element types for which coupTing terms will be computed.

8. The PMIT {or @MITT, or BMITAX for axisymmetric structures, or ASET for obverse operations)
card will cause the initially-generated mass matrix to be condensed from the omitted
degrees of freedom to the remaining degrees of freedom. The condensing process generally

produces a mass term in every matrix position in which there is a nonzero stiffness term

in the corresponding reduced stiffness matrix.

1.3-28 (3/1/76)
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9. The GRDPNT entry on the PARAM card will activate the Grid Point Weight Generator (GPHG)

module previously discussed. It will treat the mass properties of the entire structure

as though the structure were rigid and 7t will determine the translational {scaiar) mass :
properties, the First and second moment properties of the rigid body structure and the ' ﬁ

center of gravity distances with respect to the user specified reference grid points,

It also computes the § % 6 matrix of mass properties with respect to the center of mass
and the orjentation of the principal mass axes.

3
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1.3.10 Solid Polyhedron Elements

Three types of solid polyhedron elements are provided for the general soTid structures (see
Section 1.3.7 for axisymmetric structures with axisymmetric Toads}. These elements {see Figure 12)
are a tetrahedron, a wedge and a hexahedron. The theory is given in Section 5.12 of the Theoret-
ical Manual. These elements can be used with all other NASTRAN elements, except the axisymmetric

elements. Connections are made only to displacement degrees of freedom at the grid points.

The elements are defined by CTETRA, CWEDGE, CHEXAT, and CHEXA? connection cards. The user
should specify grid locations such that the quadrilateral faces are nearly planar. No special
element coordinate system is required. The only properties requiraed are material properties, thus
no PID card is referenced; direct reference is made to a MID card. For thermal stress problems,

the temperature is assumed to be the average of the connected grid points. Differential stiffness,

buckling, and piecewise linear analyses have not been *&%lemented.

The output stresses are given in the basic coordinate system. In addition to the six normal
and shear stresses, output aiso includes the pressure
1
Po = =g lo, * g, * o, )

and the octahedral stress
= _]_[ 2 2 2 2 2 /2
%9 = 3 (cx - ay) + (Uy - uz) + (GZ - Ux) + GTyZ + By, * 5T§y]

The stresses in the tetrahedra are constant. The stresses in the wedge and the hexahedron are

obtained as the weighted average of the stresses in the subtetrahedra. The weighting factor for

each tetrahedra is proportional to its volume.

1.3-31 (3/1/76)
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1.3.11 Isoparametric Solid Hexahedron Elements

Three types of isoparametric solid hexahedron elements are provided for general solid struc-
tures. These elements (see Figure 13) are a linear, & quadratic, and a cubic isoparametric hexa-
hedron. The theory is given in Section 5.13 of the Theoretical Manual. These elements can be used
with alTl other NASTRAN elements, except the axisymmetric elements. Connections are made only to
the transTational degrees of freedom at the grid points. The elements are defined by CIHEX1,

CIHEX2, and CIHEX3 connection cards. A1l three of these cards reference the PIHEX property card.
These elements may use anisotropic materials by reference to a MAT6 card on the PIHEX card.

The isoparametric solid hexahedron elements a"l'low the user to accurately define a structure
with fewer elements and grid points than might otherwise be necessary with simple constant strain
solid elements. The Tinear element generally gives best results for problems involving mostly
shear deformations, and the higher order elements give good results for problems invalving both
shearing and bending deformations. Only a coupled mass matrix is generated to retain the inherent
accuracy of the elements. Temperature, temperature-dependent material properties, displacements,
and stresses may vary through the volume of the elements. The values at interior points of the
element are interpolated using the isoparametric shape function. For best results, the applied
grid point temperatures should not have more than a "gentie" quadratic variation in each of the
three dimensions of the element. If the element has non-uniform applied temperatures, or if it is
not a rectangular parallelopiped, three or more integration points should be specified on the

PIHEX card. Severaly distorted element shapes should be avoided.

Stiffness, mass, differential stiffness, structural damping, conductance, and capacitance

matrices may be generated with these elements. Piecewise linear analysis has not been implemented.

The output stressas are given in the basic coordinate system. The stresses are assumed to
vary through the element. Therefore, stresses are computed at the center and at each corner grid

point of these elements. For the quadratic and cubic elements, they are also computed at the mid-

*

point of each edge of the element. In addition to the six normal and shear stresses, output also
includes the principal stresses (Sx’ Sy, and Sz),the direction cosines of the principal planes,
the mean stress

a, = - %'(Gx + oy + oz) s

and the octahedral shear stress

4

1/2
o, = % [(s, + an)z + (5, + on)z * (s, + an)z] i
1.3-32 {08/30/83)
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1.3.12 Shallow Shell Element

A higher order shaliow triangular shell element (TRSHL) formulatea from the TRIM6 and TRPLTI
elements is avajlable. The inplane and bending properties are coupled and the geometry of the
element iray be curved. If the element is flat and either the inplane or bending properties are

negiigible, the element degenerates to the TRPLTT or TRIM6 element, respectively.

The element has grid points at the vertices and at the midpoints of the sides of the triangle
(see Figure 14). At each grid point, there are five degrees of freedom in the element coordinate
system; viz., the membrane displacements, u and v, parallel to the x and y axes, the transverse
displacement, w, in the z-direction normal to the x-y plane {with positive direction outward from
the paper) and the rotations of the normal to the shell, « and B, about the x-z and y-z planes (with
positive directions following from the right-hand rule). The element, thus, has 30 degrees of free-

dom in the element ceordinate system.

The membrane displacerents, u and v, for the shell are expressed as quadratic polyncmials and
are the same as for the higher order membrane triangular element, TRIMS. The displacement function
for the normal deflection, w, is taken as a quintic polynomial as in the higher order bending
triangular element, TRPLTY. The geometry of the shell surface is approximated by a quadratic
polynomial in basic coordinates. Shallow shell theory is used to include the membrane-bending
coupling effects. Thus, the element should be used only in cases where the shell is truiy shailow.
However, reasonably good accuracy is seen even when the elements are used to analyze shells that
are only marginally shallow. The user is cautioned, however, to be careful while interpreting
results obtained when the shell analyzed is very deep. Due to the excessive computation time
associated with such calculations, the transverse shear flexibility is not taken inte account in
the element formulation. Further discussion of this element is treated in Section 5.14 of the

Theoretical Manual.

The connectivity of this element is described by a CTRSHL card and the properties are defined
by a PTRSHL card. The element may be used in the statics, normal modes, and differential stiffness

rigid formats. Loads may be mechanical er thermal.

Element forces per unit width are output for the following guantities:
1. Bending moments on the x and y faces
2. Twisting moment

3. Shear forces on the x and y faces

1.3-33 (12/31/77)
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The element forces are calculated at the three cormers and the centroid

these forces are the same as previousTy discussed in Section 1.3.5.

Stresses are output for the Tfollowing quantities:

1.
2.
3.
4.
5.

The stresses will be calculated at the specified fibre distances from the elastic axis defined

on the property card and are always calculated at the top and bottom fibres for the centroid of ; !
the element,

1.3.5,
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o

. The sign conventions for

By

—

Normal siresses in the x and y directions
Shear stress on the x face in the y direction
Angle between the x-axfs and the major principal axis

Major and minor principal stresses (zero shear)

Maximum shear stress

The sign conventions for the stresses are the same as previously discussed in Section
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Figure 3. Coordinate system and element forces for shear panel and CQDMEM2 elements.
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Figure 5. Plate and membrane element coordinate systems.
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(b) Membrane element stresses.

Figure 6. Forces and stresses in plate and membrane elements.
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Figure 13. Isoparametric solid hexahedron elements
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1.4 CONSTRAINTS AND PARTITIONING

Structural matrices are initially assembled in terms of all structural grid points, which
excludes only the extra scalar points introduced for dynamic analysis. These matrices are gener-
ated with six degrees of freedom for each geometric grid point and a single degree of freedom for
each scalar point. Various constraints are applied to these matrices in order to remove undesired
singularities, provide boundary conditions, define rigid elements, and provide other desired

characteristics for the structural model.

There are two basic kinds of constraints. Single~point constraints are used to constrain a
degree of freedom to zero or to a prescribed value; multipoint constraints and rigid elements are
used to constrain one or more degrees of freedom to be equal to Tinear combinaticns of the vaiues

of other degrees of freedom. The following types of bulk data cards are provided for the defini-
tion of constraints:

1.  Single-point constraint cards

2.  Multipoint comstraint cards and rigid element connection cards

3. Cards to define reaction points on free bodies
4. Cards to define the omitted coordinates in matrix partitioning

The Tatter type does not produce constraint forces in static anzlysis.

1.4.1 Single-Point Constraints

A single-point constraint applies a fixed value to a translational or rotational component
at a geomeiric grid point or to a scalar point. One of the most common uses of single-point con-
straints is to specify the boundary conditions of a structural model by fixing the appropriate
degrees of freedom. Multiple sets of singte-point constraints can be provided in the Bulk Data
Deck, with selections made at execution time by using the subcase structure in the Case Control

Deck as explained in Section 2.3.3. This procedure is particularly useful in the solution of

probiems having one or more planes of symmetry.

The elements connected to a grid point may not provide resistance to motion in certain
directions, causing the stiffness matrix to be singular. Single-point constraints are used to
remove these degrees of freedom from the stiffness matrix. A typical example is a planar struc-
ture composed of membrane and extensional elements. The transiations normal to the plane and all

three rotational degrees of freedom must be constrained siace the corresponding stiffness matrix

1.4-1 {12/31/77)
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terms are all zero. If a grid point has a direction of zero stiffness, the single-point constraint
need not be exactly in that direction, but only needs to have a component in that direction. This =
allows the use of single-point constraints for the removal of such singularities ragardless of the !
orientation of the global coordinate system. ATthough the displacements will depend on the direc- _

tion of the constraint, the internal forces will bhe unaffected.

One of the tasks performed by the Structural Matrix Assembler (Section 4.27 of the Programmer's
Manual) is to examine the stiffnass matrix for singularities at the grid point level. An input ' 1

NASTRAN card entry STST, to controil the tolerance, is available. Singularities remaining at this

level, following the application of the single-point constraints, are listed in the Grid Point
Singularity Table (BPST). This table is automatically printed ~ 1lowing the comparisen of the i
possible singularities tabulated by the Structural Matrix Assembic> with the single-point constraints
and the dependent coordinates of the multipoint constraint equations provided by the user. The

GPST contains all possible combinations of single-point constraints, in the global coordinate

system, that can be used to remove the singularities. These remaining singularities are treated

only as warnings, because it cannot be determined at the grid point level whether or not the singu-
larities are removed by other means, such as general elements or multipoint constraints in which
these singularities are associated with independent coordinates. See the GPSPC module description !

in Section 5.70 for automatic removal of singularities.

Single-point constraints are definad on SPC, SPCT, SPCADD, and SPCAX cards. The SPC card is
the most general way of specifying single-point constraints. “he £721 card is a less general card 4

that is more convenient when a number of grid points have the same ¢ ponents constrained to a

- zero displacement. The SPCADD card defines a union of single-point conztraint sets specifies wit:

SPC or SPCT cards. The SPCAX card is used only for specifying single-point constraints in proble:

using conical shell eiements.

Single-point constraints can a2lso be defined on the GRID card. In this case, however, the
constraints are part of the model and modifications cannot be made at the subcase level. Also,

only zero displacements can be specified on the GRID card.

1.4.2 Multipoint Constraints and Rigid Elements

MuTtipoint constraints and rigid elements are used to constrain one or more degrees of freedom

to be equal to lirear combinations of the values of other degrees of freedom. In the former case,
1.4-2 (12/31/77)
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the user must explicitly provide the coefficients of the equations. In the latter case, he provides

only the connection data and the program internally generates the required coefficients. "
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W iy 1.4.2.1 Multipoint Constraints

Each multipoint constraint is described by a single equation that specifies a Tinear reia- ' .i
tionship for two or more degrees of freedom. Multiple sets of multipoint constraints can be é
provided in the Bulk Data Deck, with selections made at execution time by using the subcase
structure in the Case Control Deck as expTained in Section 2.3.3. Multipoint constraints are . '

discussed in Sections 3.5.7 and 5.4 of the Theoretical Manual.

Multipoint constraints are defined on MPC, MPCADD and MPCAX cards. The MPC card is the
basic card for dafining multipoint constraints. The first coordinate mentioned on the card is
taken as the dependent degree of freedom, i.e. that degree of freedom that is removed from the
equations of motion. Dependent degrees of freedom may appear as independent terms in other !
equations of the set, however, they may appear as dependent terms in only a single equation. The .
MPCADD card defines a union of multipoint constraint sets specified with MPC cards. The MPCAX
card is used only for specifying multipoint constraints in problems using conical shell elements. f

Some uses of multipoint constraints are:

1. To enforce zero motion in directions other than those corresponding with components of
the global coordinate system. In this case, the multipoint constraint will involve
only the degrees of freedom at a single grid point. The constraint equation relates the
displacement in the direction of zero motion to the displacement components in the
global system at the grid point.

2. To describe rigid elements and mechanisms such as Jevers, pulleys and gear trains. In
this application, the degrees of freedom associated with the rigid element that are in

excess of those needed to describe rigid body motion are eliminated with multipoink

constraint equations. Treatment of very stiff members as being rigid elements elimin-
ates the i11-conditioning associated with their treatment as ordinary elastic elements.
. 3. To be used with scalar elements to generate nonstandard structural elements and other
special effects.
£ 4. To describe parts of a structure by Tocal vibration modes. This application is treated
- in section 14.1 of the Theoretical Manual. The general idea is that the matrix of local
eigenvectors represents a set of constraints relating physical coordinates to modal
coordinates.
The user provides the coefficients in the multipoint constraint equations defined on MPC, MPCADD,

and MPCAX cards.

1.4-3 (12/31/77)
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1.4.2.2 Rigid Elements

Rigid elements provide a convenient means of specifying very stiff connections. The user does
not provide the required coefficients directly. The program internaily generates them from the f

connection data. Rigid elements are discussed in Section 3.5.6 of the Theoretical Manuai. i

Rigid eTements are defined on CRIGDR, CRIGD1, CRIGDZ, and CRIGD3 cards. The CRIGDR card defines

;,[ a pin-ended rod element that is rigid in extension-compression. The CRIGD1 card defines a rigid ele-

) ment connection in which all six degrees of freedom of each of the dependent grid points are coupled to
all six degregs of freedom of the reference grid point. The CRIGD2 card is more general and defines

a connection in which selected degrees of freedom of the dependent grid points are coupled to all

six degrees of freedom of the reference grid point. The CRIGD3 card is the most general and defines $
a rigid element in which selected degrees of freedom of the dependent grid points are coupled to

six selected degrees of freedom at one or more (up to six) reference grid points.

On all of the rigid element connection cards, the user specifies the degrees of freedom that

belong to the dependent set. This specification is implicit on the CRIGDT card and explicit on

the others. It is important to note that a dependent degree of freedom appearing in a rigid ele- o
5 ment may not appear as depencent in any other rigid element or on a MPC card nor may it be con- 7
strained in any other manner. Also, when using the CRIGD3 card, the user must emsure that the : 4

six selected degrees of freedom at the reference grid points together are capable of representing

any general rigid body motion of the element.

When using several rigid elements and multipoint constraints, the user will often find it 2
useful to turn on DIAG's 21 and 22 in the Executive Control Deck to obtain the GP4 definition of

sets of degrees of freadam.

: 1.4.3 Free Body Supports

In the following discussion, & free body is defined as a structura that is capahle of motion
without internal stress, {i.e., it has one or more rigid body degrees of freedom. The stiffness
matrix for a free body is singular with the defect equal to the number of stress-free, or rigid
body modes. A solid three-dimensional body has up to six rigid body modes. Linkages and mechanisms
can have a greater number. No restriction is placed in the program on the number of stress-free

modes, in order to permit the analysis of mechanisms.

1.2-4 (12/31/77)
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( ¥ Free-body supports are defined with a SUPPRT card. In the case of problems using conical
shell elements, the SUPAX card is used. In ejther case, only a single set can be speciftied, and

i
b
if such cards appear in the Bulk Data Deck, they are automatically used in the solution. Free- %

body supports must be defined in the glaobal coordinate system.

In static analysis by the dispTacement method, the rigid body modes must be restrained in

order to remove the singularity of the stiffness matrix. The required constraints may be supplied

with singTe-point constraints, multipoint constraints, or free-body supports. IF free-body
supports are used, the rigid body characteristics will be calculated and a check will be made on

?; the sufficiency of the supparts. Such a check is obtained by calculating the rigid body error

-

5 ; ratio as defined in the Rigid Body Matrix Generatap operation in Section 3.2.2, fthis error ratio

is automatically printed folTowing the execution of the Rigid Body Matrix Generator. The error
ratio should be zero, but may be nonzero for any of the follawing reasons:

1. Round-off error accumulation

2. Insufficient free-body supports have been provided

3. Redundant free-body supports have beep providéd

The redundancy of the supports may be caused by improper use of the free-body supports themselves,

or by the presence of single-point or multipoint constraints that constrain the rigid body motions.

Static analysis with inertia relief is necessarily made on a model having at least ogne rigid

Lot o
e e

body motion. Such rigid body motion must be constrained by the use of free-body supports. These

e

: supported degrees of freedom define a reference system, and the elastic displacements are cal-

culated relative to the motion of the support points. The element stresses and forces will be

independent of any valid set of supports.

TEAT e el w e e

Rigid body vibration mades are calculated by a separate procedure provided that a set of
free-body supporis is supplied by the user. This is done to improve efficiency and, in some

cases, reliability. The determinant method, for example, has difficulty extracting zero Trequen-

A I A AR R e

[
¢y roots of high muitiplicity, whereas the alternate procedure of extracting rigid body modes
is both efficient and reliable. If the user does not specify free-body supports (or he specifies

an insufficient number of them) the (remaining) rigid body modes will be calculated by the method

T T TR TR T Ty e -

selected for the finite frequency modes, provided zero frequency is included in the range of interest.

If the user does not provide free-body supports, and if zero frequency s not included in the range
of interest, the rigid body modes will not be calculated.

P

1.4-5 (12/31/77)

el

—_— -




'cr,__.__—_,-..:;.r.mm-ﬂ LI g 1O -
{

oy iers ia A fom it Y b L1k M kY TR AL E me——— = —

STRUCTURAL MODELING

Free-body supports must be specified i the mode acceleration method of solution improvement
is used for dynamics problems having rigid body degrees of freedom {see Section 9.4 of the
Theoretical Manual). This solution improvement technique invoives a static solution, and although
the dynamic solution can be made on a free-body, the static soTution cannot be performad without

removing the singularities in the stiffness matrix associated with the rigid body motions.

1.4.4 Partitioning

A two-way partitioning scheme is provided as an optional feature for the NASTRAN model. The
partitions are defined by Tisting the degrees of freedom for one of the partitions on the gMIT
card. These degrees of freedom are referred to as the omitted set, The remaining degrees of
freedom are referred to as the analysis set. The @MITT Card is easier to use if a large number of
grid points have the same degrees of freedom in the omitted set. The ASET or ASETT cards can
be used to place degrees of freedom in the analysis set with the remaining degrees of freedom being
placed in the omitted set. This is easier if the omitted set is large. In the case of problems

using conical shell elements, the @MITAX card is used,

Partitioning can be used to improve the efficiency in the solution of ordinary statics
problems where the bandwidth of the unpartitioned stiffness matrix is large enough to cause
excessive use of secondary storage devices during the triangular decomposition of the stiffness
matrix. In this application, the analysis set should be relatively smail and shouid be selected
so that the omitted set will consist of uncoupled partitions, each ha@ing a bandwidth of approxi-
mately the same size and smaller than the original matrix. The omitted set might be thought of as

consisting of several substructures which are coupled to the analysis sat.

Matrix partitioning also improves efficiency when solving a number of similar cases with
stiffness changes in Jocal regions of the structure. In this application, the omitted set is
relatively large, and should be selected so that the structural elements that will be changed are
connected only to points in the analysis set. The stiffness matrix for the omitted set is then
unatfected by the structural changes, and only the smaller stiffness matrix for the analysis set
need be decomposed for each case. In order to aveid repeating the decomposition of the stiffness
matrix for the omitted set, the alter feature must be used to replace the functional module SMP]
with SMP2, The alter feature is described in Section 2.2, and a similar use of SMP2 OCCUrs near

the end of the DMA? sequence used in the rigid format for Static Analysis with Differential Stiff-

ness.
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CONSTRAINTS AND PARTITIONING

One of the more important applications of partitioning is the Guyan Reduction,

described in
Section 3.5.4 of the Theoretical Manuai.

This technique is a means for reducing the number of
degrees of freedom used in dynamic analysis with minimum loss of accuracy.

Its basis is that many
fewer grid points

are needed to describe the inertia of a structure than are needed to describe its
elasticity with comparable accuracy. The error in the approximation is smal] provided that the

set of displacements used for dynamic analysis is judiciously chosen. Its members should ba
eniformly dispersed throughout the structure and all large mass items should be connected to grid

points that are members of the analysis set.

The user is cautioned to consider the fact that the matrix operations associated with this
partitioning procedure tend to create nonzers terms and io i1l what were previously very sparse

matrices. The partitioning option is most effectively used if the members of the omitted set

are either a very large fraction or a very small fraction of the total set. In most of the

applications the omitted set is a Targe fraction of the tetal and the matric

es used for analysis,
while small, are usually fuil.

IT the analysis set is not 4 small fraction of the total, a

solution using the larger, but sparser matrices, may well be more efficient., The partitioning

option can also be used to make modest reductions in the ordey of the problem

by placing a few
scattered grid points in the omitied set,

I the points in the omitted set are uncoupled, the
Sparseness in the matrices will be well preserved.

' 1.4-6a (12/31/77)

9(
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;é@ ré 1.4.5 The Nested Vector Set Concept Used to Represent Components of Displacement

-

E?. In constructing the matrices used in the Displacement Approach, each row and/or column of a
;}» matrix is associated closely with a grid point, a scalar point or an extra point. Every grid point

has & degrees of freedom associated with it, and hence 6 rows and/or columns of the matrix. Scalar
and extra points oniy have one degree of freedom. At each point {grid, scalar, extra) these degrees
of freedom can be further classified into subsets, depending on the constraints or handling required
for particular degrees of freedom. (For example, in a two-dimensjonal problem, all "z" degrees of

freedom are constrained and hence belong to the s {single-point constraint) set). Each degree of

freedom can be considered as a "point", and the entire model is the collection of these one-dimen-

sional points. R

Nearly all of the matrix operations in displacement analysis are concerned with partitioning,
é merging, and transforming matrix arrays from one subset of displacement components to another. A1l
the components of displacement of a given type (such as all points constrained by single-point
constraints) form a vector set that is distinguished by a subscript from other sets. A given
component of displacement can belong to several vector sets. The mutually exclusive vector sets,

) the sum of whose members are the set of all physical components of dispilacements, are as follows:

u-. points eTiminated by multipoint constraints and rigid elements,

u, points elimipnated by singie-point constraints,

e AL R TR

u_ points omitted by structural matrix partitioning,
u, points to which determinate reactions are applied in static analysis,
uy the remaining structural points used in static analysis (points Teft over),

u, extra degrees of freedom introduced in dynamic analysis to describe control systems, etc.

] e
f The vector sets obtained by combining iwo or more of the above sets are (+ sign indicates the
?’ union of two sets):
: Uy = U, U, the set used in real eigenvalue analysis,
. Ug = U, + u,, the set used in dynamic analysis by the direct method,
;.
= g = Uy * Uy uncenstrained (free) structural points,
if U, = Up + Ugs all structural points not constrained by muitipoint constraint.,
E"’
Eﬂ ug = U * u_, all structural {grid) points including scalar points,
=3 L
d
EE 1.4-7 (12/31/77)
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STRUCTURAL MODELING

up = ug + Ugo all physical points.

In dynamic analysis, additional vector sets are obtained by a modal transformation derived

from real eigenvalue analysis of the set u,- These are:

3

& finite frequency modal coordinates,

o rigid body (zero frequency) modal coordinates,

Ei = EO + Ef, the set of all modal coordinates.

One vector set is defined that combines physical and modal coordinates. That set is

U, = 51 + Ugs the set used in dynamic analysis by the modal method.

The nesting of vector sets is depicted by the following diagram:

o — e mme S—— m— m— m— ua me et e e e — — —

=g = > U

Su

The data bleck USET (USETD in dynamics ) is central to this set classification. Each word of
USET corresponds to a degree of freedom in the problem. Each set is assigned a bit in the word.
I a degree of freedom belongs to a given set, the corresponding bit is on. Every degree of free-
dom can then be classified by analysis of USET. The common block /BITPZS/ relates the sets to bhit
numbers. A table indicating the various sets to which each degree of freedom belongs may be
obtained by setting DIAG 21 in the Executive Control Dack. This table provides a listing of each

grid, scalar, and extra point in the model and shows the assignment of each associated degree of

1.4-8 (12/31/77)
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CONSTRAINTS AND PARTITIONING

freedom (six or one) to the sets L, A, F, N, G, R, @, 5. and M. The S-set is further divided into
the SB and SG "sub" sets to indicate constraints appiied by SPC cards or GRID cards, respectively.
Tables that indicate the membership of A-set, @-set, S-set, and M-set may be obtained by setting
DIAG 22 in the Executive Control Deck. These tables summarize the degree of freedom assignments
for sets M, S, @, and A. The S-set is further divided into the SPC and PERM SPC “"sub" sets to

indicate constraints applied by SPC cards or GRID cards, respectively.

In constructing the matrices used in the Heat Approach, the user must constrain five of the
six degrees of freedom associated with each grid point. Since the only unknown at a grid point is

its temperature, there is only one degree of freedom per grid point.

In constructing the matrices used in the Aero Approach, the aerodynamic degrees of freedom

{including extra points) are added after the structural matrices have been determined. This

introduces the following displacement sets:

1

E Uy aevodynamic box and body degrees of freedom

? Ugp permanently constrained degrees of freedom associated with aerodynamic grid points
; ups the union of up and Uen

% upA the union of u, and ups

g The nesting of the vector sets in the Aero Approach is indicated below:

i T WA _WERE_ IR T LT

Su, [

The upA set replaces the up set for output at grid, scalar, and extra points.

el
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STRUCTURAL MODELING
1.5 APPLIED LOADS

1.5.1 Static Loads

In NASTRAN, static loads are applied to geometric and scalar grid paints in a variety of
ways, including:

1. Lloads applied directly to grid points.
. Pressure on surfaces.

Gravity loads (internally generated).

-

Centrifugal forces due to steady rotation.

Equivalent Toads resulting from thermal expansion

.

Equivalent leoads resulting From enforced deformations of structural elements.

b AN =2 R £ B - S % S 1. )

. Equivalent Toads resulting from enforced displacements of grid points.

Additional information on static loads is given in Section 3.6 of the Theoretical Manual. Any
number of load sets can be defined in the Bulk Data Deck. However, only those sets selected in the
Case Control Deck, as described in Section 2.3, will be used in the problem sofution. The manner

of selecting each type of Toad is specified on the associated bulk data card description in
Section 2.4,

The F@RCE card is used to define a static Toad applied to a geometric grid point in terms of
components defined by a local coordinate system. The orientation of the load components depends
on the type of Tocal coordinate system used to define the ]pad. The directions of the Toad
components are the same as those indicated on Figure 1 of Section 1.2 for displacement components,
The FPRCET card is used if the direction is determined by a vector connecting two grid points, and
a FPRCE2 card is used if the direction is specified by the cross product of two such vectors, The
MPMENT, MPMENT1 and MJMENT2 cards are used in a similar fashion to define the application of a
concentrated moment at a geometric grid point, The SLPAD card is used to define a Toad at a scalar
point. In this case, only the magnitude is specified, as only one component of motion exists at

a scalar point.

The FPRCEAX and MPMAX cards are used to define the Toading of specified harmonics on rings
of conical shell elements. F@RCE and MPAMENT cards may be used to apply concentrated Toads or
moments to conical shell elements, providing that such points have been defined with a PRINTAX

card.
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STRUCTURAL MODELING q¥

Pressure loads on triangular and quadrilateral elements are defined with a PLPAD2 card. o

The positive direction of the Toading is determined by the order of the grid points on the

|
element connection card, using the right hand rule. The magnitude and direction of the load is é
automatically computed from the value of the pressure and the coordinates of the connected grid
points. The Toad is appTied to the connected grid points., The PLPAD card is used in a similar - ‘ J
fashion to define the Toading of any three or four grid points regardless of whether they are |
connected with two-dimensional elements. The PRESAX card is used to define a pressure Toading

on a conical shell element.

Pressure loads on the isoparametric solid elemenis are defined with the PLPAD3 card. The
pressure is defined positive outward from the element. The magnitude and direction of the equiva- 1
lent grid point forces are autamatically computed using the isoparametric shape functions of the p

element to which the load has been applied.

The GRAV card is used to specify a gravity Joad by providing the components of the gravity
vector in any defined coordinate system. The gravity Toad is obtained from the gravity vector and
the mass matrix assembled by the Structural Matrix Assembler (see Section 4.28 of the Programmer’'s
Manual). The gravitational acceleration is not calculated at scalar points. The user is required

to introduce gravity loads at scalar points directly. t

The RFERCE card is used to define a static Toading condition due fo a centrifugal force
field. A centrifugal force Toad is specified by the designation of a grid point that Ties on
the axis of rotation and by the components of rotational velocity in any defined coordinate
system. In the calculation of the centrifugal force, tﬁe mass matrix is regarded as pertaining
to a set of distinct rigid bodies connected to grid points. Deviations from this viewpoint,
such as the use of scalar points or the use of mass coupling between grid points, can result in

errors. :

Temperatures may be specified for selected elements. The temperatures for a R@iD, BAR, C@NR@D

or TUBE element are specified on the TEMPRB data card. This card specifies the average tempera- !
ture on both ends and, in the case of the BAR element, is used to define temperature gradients :
over the cross section. Temperatures for two dimensional plate and membrane elements are specified
on a TEMPPT, TEMPP2, or TEMPP3 data card. The user defined average temperature over the volume is
used to produce in-plane loads and stresses. Thermal gradients over the depth of the bending

elements, or the resulting moments, may be used te produce bending Toads and stresses. SR

1.5-2 (12/31/74)
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‘ If no thermal element data is given for an element, the temperatures of the connected grid |

points given on the TEMP, TEWMPD or TEMPAX cards are simply averaged to produce an average f q

temperature for the element. The thermal expansion coefficients are defined on the material ,:{

bé definition cards. Regardiess of the type of thermal data, if the material coefficients for an Kj

element are temperature-dependent ©+ use of the MATTi card, they are always calculated from the ) %

“"average” temperature of the element. The mere presence of a thermal field does not imply the |
application of a thermal Toad. A thermal Joad will not be applied unless the user makes a specific :

raquest in the Case Control Deck. } 4

tnforced axial deformations can be applied to vod and bar elements. They are useful in the

simulation of misTit and misalignment in engineering structures. As in the case of thermal expan-

sion, the equivalent Toads are calculated by separate subroutines for each type of structural
element, and are applied to the connected grid points. The magnitude of the axial deformation is

specified on a DEFARM card.

Zero enforced displacements may be specified on GRID, SPC or SPC1 cards. Zero displacements
which result in nonzero forces of constraint are usually specified on SPC or SPC] cards. If GRID
cards are used, the constraints become part of the structural model and modifications cannot ba

made at the subcase level.

Nonzera enforced displacements may be specified on SPC or SPCD cards. The SPC card specifies
both the component to be constrained and the magnitude of the enforced displacement. The SPCD card
specifies only the magnitude of the enforced displacement. When an SPCD card is used, the component

to be constrained must be specified on either an SPC or SPCI card. The use of the SPCD card avoids
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STRUCTURAL MODELING

the decomposition of the stiffness matrix when changes are only made in the magnitudes of the

enforced displacements.

The equivalent loads resuiting from enforced displacments of grid points are calculated by
the program and added to the other applied ioads. The magnitudes of the enforced displacements
are specified on SPC cards {SPCAX in the case of conical shell problems) in the global coordinate
system. The application of the load is automatic when the user selects the associated SPC set

in the Case Control Dack.

The L@AD card in the Bulk Data Deck defines a static loading condition that is a linear com-
bination of Toad sets consisting of Toads applied directly to grid points, pressure Toads, gravity
loads and centrifugal forces. This card must be used if gravity Toads are to be used in combina-
tion with ioads applied directly to grid points, pressure loads or centrifugal forces. The
application of the combined loading condition is requested in the Case Control Deck by selecting

the set numbey of the LOAD combination.

Tt should be noted that the equivalent Teads (thermal, enforced deformation and enforced displace-
ment) must have unique set identification nuwbers and be separately selected in the Case Control Dack.
For any particular solution, the total static load will be the sum of the applied loads {grid point

loading, pressure loading, gravity loading and centrifugal forces} and the equivalent Toads.

1.5.2 Frequency Dependent Loads

A discussion of Frequency response calculations is given in Section 12.1 of the Theoreticail
Manual. The DLPAD card is used to define Tinear combinations of frequency dependent loads that are
defined on RLPAD] or RLPADZ cards. The RLBADT card defines a2 frequency dependent Toad of the

form

ween = {acn) + inpyge! (O-2FOL "

where A is defined on a DAREA card, C(F) and D(f) are defined on TABLEDi cards, 6 is defined on a
DPHASE card and T is defined on a DELAY card. The RLPAD2 card defines a frequency dependent load

of the form
wie)y = {as(rel olF)e-anfril (2)

where A is defined on a DAREA card, B{f)} and 4(f) are defined on TABLEDi cards, 8 is defined on a

1.5-4 (12/31/74)

|65

e Py )




S e AT

L.

e

IR B

A

PR BRI |

REEEEI N

APPLIED LOADS

DPHASE card, and T is defined on a DELAY card. The coefficients on the DAREA, DELAY and DPHASE
cards may be different for each loaded degree of freedom. The Toads are appiied to the specified

components in the global coordinate system.

A discussion of random response calculations is given in Section 12.2 of the Theoretical
Manual. The RANDPS card defines Toad set power spectral density factors for use in random analysis

of the form
S;xlf) = (X +ivIa(f) ¢ (3)

where G{f) is defined on a TABRNDi card. The subscripts j and k define the subcase numbers of the
load definitions. (f the applied loads are independent, only the diagonal terms {j=k) need be
defined. The RANDT1 card is used to specify the time lag constants for use in the computation of

the autocorrelation functions.

1.5.3 Time Despendent Loads

A discussion of transient response calculations is given in Section 11 of the Theoretical
Manual. The DLPAD card is used to define linear combinations of time dependent loads that are

defined on TLRADT and TLBAD2 cards. The TL@AD] card defines a time dependent load of the form
{P{t)r = {AF(t - )} s (4)

where A is defined on a DAREA card, T is defined on a DELAY card, and F(t-t) is defined on a

TABLEDY card. The TL@ADZ card defines a time dependent load of the form

{0} , E <0 or E > T2 - T1

P(t)} = ) , (5)
{AEB elt cos(znf§+F)}, o< Elg T, - T

where E = t- T.l -t and A and T are defined as above. The coefficients on the DAREA and DELAY

cards may be different for each loaded degree of freedom. The loads are appiied to the specified

components in the gliobal coordinate system.

Nonlinear effects are treated as an additional applied Toad vector, for which the compenents
are functions of either displacements or velocities. This additional load vector is added to the

right side of the equations of motion and treated along with the appiied 1load vector during

1.5-5 {12/31/77)
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numerical integration. It is required that the points to which the nonlinear Toads are applied

|
!
and the degrees of freedom on which they depend be members of the solution set, i.e., that they 'J

ft‘
cannot be degrees of freedom eliminated by constraints. It is further required, that if & modal K
formulation is used, the points referenced by the nonlinear Toads be members of the set of extra "ﬁ

scalar points introduced for dynamic analysis. . ]

At present, NASTRAN includes four different types of nonlinear elements. For z discussion of

nonlinear elements ses Section 11.2 of the Theoretical Manual. The NBLINT card defines a ronlinear j !
load of the form

P (t) = SiT(xJ-) . (6)

where P, 1s the load applied to X;» §; 1s a scale factor, T(xj) is a tabulated function defined
with a TABLED{ card, and X; is any permissible displacement or velocity component. The NGLIN2

card defines a nonlinear load of the form
Pi(t) = S;x 9 (7)

where xﬁ and Yy are any permissible pair of displacement or velocity components. They may be the ' i

same. The NALIN3 card defines a nonlinear load of the form
Pi (t) = » (8)

where A is an exponent. The NBLIN4 card defines a nonlinear Toad of the form

A
-Si(-xj) 2 %<0
Pi(t) = . (9)

’ s 20
g xa

Nonlinear loads appiied to a massless system without damping will not converge to a steady
state soTution. Use of DIAG 10 (Section 2.2.1) will cause the nonlinear term {Nn+1} to be replaced
by 1/3 {Nn+1 L N1} where LWP N, and N1 are the values of the nonlinear loads at time

steps preceding the solution time step. Section 11.3 of the Theoretical Manual discusses the

- . -7
integration equations. f_“#,)
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1.6 DYNAMIC MATRICES

The dynamic matrices are defined as the stiffness, mass and damping matrices used in either
the direct or modal formulation of dynamics problems. The assembly of dynamics matrices is

discussed in Section 9.3 of the Theoretical Manual. There are thres genaral sources for the

elements of the dynamic matrices.

1. Matrices generated by the Structural Matrix Assembler,

2. Direct input matrices.

3. Modal matrices obtained from real eigenvalue analysis.
The Structural Matrix Assembler generates stiffness terms from the following sources:

1. Structural elements defined on connection cards, e.g., CBAR and CRAD,

2. General elements defined on GENEL cards.

3. Scalar springs defined on CELASS cards,
The Structural Matrix Assembler generates mass terms from the following sources:

1. A 6x6 ﬁatrix of mass coefficients at a grid point defined on a CENM! card.

2. A concentrated mass element defined on a CANM2 card in terms of its mass and moments of
Tnertia about its center of gravity.

3. Structural mass for all elements, except plate elements without membrane stiffness, using
the mass density on the materiai definition card.

4. Nonstructural mass for all elements specifying a value on the property card.

5. Scalar masses defined on CMASS{ cards.,

A discussion of fnertia properties, including the Lumped Mass method and the Coupled Mass method
are given in Section 5.5 of the Theoretical Manual. The Structural Matrix Assembler will use the

Lumped Mass method for bars, rods and plates unless the PARAM card COUPMASS (see PARAM bulk data card)
used to request the Coupled Mass method.

The Structural Matrix Assembler generates damping terms from the Tfollowing sources:
1. Viscous rod elements defined on CVISC cards.
. Scalar viscous dampers defined on CDAMPi cards.

3. Element structural damping by multipiying the stiffness matpix of an individual struc-

tural element by a damping factor obtained from the material properties (MATi) card for
the element.

In addition, uniform structurai damping is provided by multiplying the stiffness matrix generated

1.6-1 {3/1/76)
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|

; in Structural Matrix Assembler by a damping factor that is specified by the user on the PARAM |

1; card G (see PARAM bulk data card). This form of damping is not recommended for hydroelastic problems. : {

: ‘] r

g The direct input matrices are generated by transfer functions (TF cards) or they are supplied %,
; directly by the user (DMIG or DMIAX cards). The tevms of the direct input matrices may be asso-

ciated either with grid points or with extra points introduced for dynamic analysis. . '

| The modal matrices are obtained from real eigenﬁa1ue analysis using the stiffness and mass
3

» matrices generated by the Structural Matrix Assembler.

] 1.6.1 Direct Formulation

In the direct method of dynamic problem formulation, the degrees of freedom are simply the
displacements at grid points. The dynamic matrices are assembled from the direct input matrices
and the stiffness, mass and damping matrices generated by the Structural Matrix Assembler. The

% direct input matrices are generated by transfer functions (TF cards) or they are supplied directly
&
f by the user (DMIG or DMIAX cards).

For Trequency response analysis and complex eigenvalue analysis the complete dynamic matrices

h are: } R
: [K.1 = (1+ig)[K. 21+ ikt 7
: ddd g dd] + [Kdd] * 1[Kdd]’ (1) ;
o 2 *
[8gq] = [B),1+ 83,1 , | (2)

Myl = D1+ 21 (3)

where the subscripts dd indicate the solution set composed of the degrees of freedom remaining
; after all constraints have heen applied and the extra scalar points introduced for dynamic
; analysis. The matrices K, B and M are the stiffness, damping and mass matrices respectively. The
superscript 1 indicates the matrices generated by the Structural Matrix Assembler. The superscript
, 2 indicates the direct input matrices. The matrix [Kgdj is a structural damping matrix obtained ;
| by muTtipiying the stiffness matrix of an individual structural element by a damping factor
obtained from the material properties (MATi) card for the element. The matrix [K;d] is multiplied
by the dampirg factor (g) to provide for uniform structural damping in cases where it is appropri-

| ate. The constant g is specified by the user on a PARAM card (see PARAM butk data card).

. .i;
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For transient response analysis the complete dynamic matrices are:

[kggl = [KigD* K30 (4)
[Bogl = [8gq] * [831 + Skl 1+ Lrhy (5)
[Mdd] = [M;lld] + [Mgd] s (5)

wherg wy is the radian frequency at which the term ﬁ;fkéd] produces the same magnitude of damping
as the term ig[K;dJ in frequency response analysis, and wy is the radian frequency at which the

term %;{Kgd] produces the same magnitude of damping as the term i[Kgd] in frequency response

analysis. The equivalent viscous damping is only an approximation to the structural damping as
the viscous damping forces are larger at higher frequencies and smalier at lower freguencies.

Therefore, the quantities w; and w, are frequently selected by the user to be at the center of

the frequency range of interest. A small value of §/vw; is frequently usefu] to insure stability

of higher modes in nonlinear transient analysis. The user specifies the values of w3 and wy on
PARAM cards W3 and W4 (see PARAM bulk data card). If w; and ws are omitted, the corrasponding
terms are ignored.

1.6.2 Modal Formulatian

In the modal method of dynamic problem formulation, the vibration modes of the structure in a
selected Freguency range are used as degrees of freedom, thereby reducing the number of degrees of
freedom while maintaining accuracy in the selected frequency range. The frequency range is speci-
fied on PARAM cards by either selecting the number of lowest modes abtained from a reat eigenvalue

analysis or selecting all of the modes in a given frequency range {see PARAHM bulk data card).

It is important to have both direct and moda] methods of dynamic problem Tformutation, in
order to maximize efficiency in different situations. The modai method wil] usually be more
efficient in problems where a smail fraction of all of the modes are sufficient to produce the
desired accuracy, provided that the bandsidth of the direct stiffness matrix is Targe. The
bandwidth may be 1arge due either to a compact siructural arrangement or fo dynamic coupling
effects. The direct method will usually be more efficient for probles in which the bandwidth

of the direct stiffness matrix is small and for problems with dynamic coupling in which a large
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fraction of the vibration modes are required to produce the desired accuracy. For problems with-
out dynamic coupling, i.e., for problems in which the matrices of the modal formulation are

diagonatl, the modal method wiil frequently be more efficient, even though a large fraction of
the modes are needed.

The complete dynamic matrices used in dynamic analysis by the modal method include the direct
input mass, damping and stiffness matrices [Mgd}, {Bgd], [st], and the modal matrices [mi], [bij
and [ki]’ obtained from real eigenvalue analysis. The matrix [mi] is the modal mass matrix with
off-diagonal terms (which should be zero) omitted. The modal damping matrix [bi] and stiffness

matrix [k1] are obtained from [mi] by

1]

[b'i] [2'ﬂ'f~i g(f-i) m‘f] s (7)

[k, 1

1

' 2nl (8)

where f} is the frequency of the ith normal mode and g(fi) is obtained by iuterp61ation of a
table supplied by the user to represent the variation of structural damping with frequency. This
table is defined with a TABDMP card. Structural damping will not be used in the modal formula-
tion unless an SDAMPING card is used in the Case Control Deck to select a particular TABDMP1 card.
The specification of damping properties for the modal method is somewhat less general than it is

for the direct method, in that viscous dampers and nonuniform structural damping are not used.

The mode acceleration method of data recovery is optional when using the modal formulation
for transient response and freguency respanse problems, see Section 9.4 of the Theoretical Manual
for details. In this procedure, the inertia and damping forces are computed from the modal
solution, These forces are then added to the applied forces and the combination is used to obtain
a move accurate displacement vector for the structure by static analysis. This improved displace-
ment vector is used in the stress recovery operation. The mode acceleration method is selected
with the PARAM card MPDACC (see PARAM buTk data card).
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1.7 HYDROELASTIC MODELING

.
There are two methods of hydroelastic modeling currently available in NASTRAN. One s the :

:
_ axisymmetric hydroelastic modeling capability and the other is the three-dimensional hydroelastic
' modeling capability,

These are described in Sections 1.7.1 and 1.7.2, respectively.
The NASTRAN axisymmetric hydroelastic modeling capability is designed primarily for the

solution of probiems involving small motion dynamic respanse of model

s with combined structure and
fluid effects,

The options include both rigid and flexibie container boundaries,

free surface
effecis and compressibitity,

A
The fluid is described by axisymmetric finite elements, The
structure is described by conventional nonaxisymmetric elements to fo

rm maiching boundaries with
the fluid.

" ' The NASTRAN three-dimensiona] hydroelastic modeling capability is designed for the solution of

problems invelving interacting, arbitrarily-shaped structures and Fluids, incTuding tilted free ;
surfaces,

- and allows for more efficient methods of obtaining solutions for Targe~order problems.

The fluid is modeled by three-dimensionai solid elements with o

ptions for tetrahedron, wadge and
- hexahedron shapes,

The elements are connected to fluid grid points which define the pressure in

. the fluid at specified locations. The structure may be modeled arbitrarily using conventional

| NASTRAN elements. The fluids are assumed to be incompressibie, irrgtational, and nen-viscous.
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1.7.1 Axisymmetric Hydroelastic Modeiing

1.7.1.1 Solution of the NASTRAN Fluid Mode1

The NASTRAN axisymmetric hydroelastic option allows the user to solve a wide variety of fluid
problems having structural interfaces, compressibility and gravity effects. A complete derivation
of the NASTRAN model and an explanation of the assumptions are given in Section 16.1 of the

Theoretical Manual. The input data and the soTution fogic have many similarities to a structurai

model. The standard normal modes analysis, transient amalysis, complex efgenvalue analysis and

Trequency response solutions are available with minor restrictions. The differences between a

NASTRAN fluid model and an ordinary structural problem are due to the physical properties of a

fluid and are summarized below:

1. The independent degrees of freedom for a fluid are the Fourier coefficients of the

pressure function (i.e. "harmonic pressures") in an axisymmeiric coordinate system. The
independent degrees of freedom for a structure are typically displacements and rotations
at a physical point in space.

2, Much Tike the structural model, the fluid data will produce "stiffness" and "mass®
matrices. Because they now relate pressures and ¥low instead of displacements and
forces, their physical meaning is quite different. The user may not apply loads,
constraints, sequencing or omitted coordinates "directly” on the fluid points involved.
Instead, the user supplies information related to the boundaries and NASTRAN internally
generates the correct constraints, sequencing and matrix terms. Indirect methods,
however, are available to the user for utilizing the internally generated points as
normal grid or scalar points. See Section 1.7.1.4 for the identification code.

3. Uhen a physical structure is to be connected to the fluid, the user supplies a list of
fluid points and a related Tist of special structural grid points. HASTRAN will produce
unsymmetric matrix terms which define the actual physical relations. A special provision

is included in NASTRAN in the event that the structure has planes of symmetry, The user

may, if he wishes, define only a section of the boundary and soive his problem with
symmetric or antisymmetric constraints. The fluid-structure interface will take the

missing sections of structural boundary inte account.

4. Because of the special nature of the fluid problems, various user convenience options are
absent. The filuid elements and harmonic pressures may not be included in the structural

plots at present. Plotting the harmonic pressures versus frequency or time may not be
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"directly” requested. Because mass matrix terms are automatically generated if

compressibility or free surface effects are present, the weight and center of gravity |
caiculations with fluid eTements present may not be correct and should be avoided. Also, ‘é
the inertia relief rigid format uses the mass matrix to produce internal loads and if

fluids are included, these special fluid terms in the mass matrix may produce erroneous o

results.

In spite of the numerous differences between a NASTRAN structural model and a NASTRAN Fluid
model, the similarities allow the user to Tormulate a model with a minimum of data preparation and , !
obtain efficient solutions to large order problems, The similarities of the Tluid model to the

NASTRAN structural model are as Tollows:

1. The fluid is descrihed‘ai points in space and finite element connections. The Tacations : !
of the axisymmetric fluid points are described by rings (RINGFL) about a palar axis, much ; !
Tike the axisymmetric conical shell. The rings are connected by elements (CFLUID{) which

have the properties of demsity and bulk modulus of compressibility. Each fluid ring

e sttt YTty pinded Sl -wr-teiy du v dgny -

produces, internally, a series of NASTRAN scalar paints, P" and Pn* (i.e. "harmonic

pressures"), describing the pressure function, P(4), in the follawing equation: f [

—
‘

o N n N n*
P{¢) = p +EI P cos n¢ +E P sin no 0 <N <100
n= n=1

where the set of harmonics 0, n and n* are selected by the user. If the user desires the
output of pressure at specific points on the circular ring, he may specify them as
"pressure points" (PRESPT) by giving a point number and an angle on 2 specified fluid
ring. The output data will have the values of pressure at the angle, ¢, given in the
above equation. The output of free surface displacements normal to the surface (FREEPT)
ark also available at specified angles, ¢. The Case Control card option "AXISYM=FLUID"
is necessary when any harmonic fiuid degrees of freedom are included.

2. The input data to NASTRAN may include all of the existing options except the axisymmetric
structural element data. AT1 of the existing Case Control options may be included with
some additional fluid Case Control requests. A1l of the structural element and
constraint data may be used (but not connected to RINGFL, PRESPT or FREEPT fluid poinis},
The structure~fluid boundary is defined with the aid of special grid points (GRIDB) which

may be used for any purpose that a structural grid point is presently used,
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3. The output data options for the structural part of a hydroelastic model are unchanged
from the existing NASTRAN options. The output values for the fluid will be produced in
the same form as the displacement vectors, but with format modifications for the harmonic
data. Printed values for the fluid may incTude both real and complex values. Pressures
and free surface displacements, and their velocities and accelerations, may be printed
with the same request (the Case Control request PRESSURESSET is equivalent to DISP=SET)
as structural displacements, velocities and accelerations. Structural plots are
restricted to GRID and GRIDB pofnts and any elements connected to them. X-Y plot and
Random Analysis capabilities are available for FREEPT and PRESPT points if they are
treated as scalar points. The RINGFL point identification numbeps may not be used in any
plot request, instead the special internally generated points used for harmonics may be
reguested in X-Y plots and Random Analysis. See Section 1.7.1.4 for the identification
number code. No element stress or force data is produced for the fluid elements. As in
the axisymmetric conical shell problem, the Case Control request HARMPNICS=N is used to
select up to the Nth harmonic for output,

1.7.1.2 Hydroelastic Input Data

A number of special NASTRAN data cards are required for fiuid analysis prablems. These cards

are compatible with structural NASTRAN data. A brief description of the uses for each bulk data
card follows,

AXIF

This card controls the formulation of the axisymmetric fluid problem. It is a required card
if any of the subsequent fluid-related cards are present. The data references a fluid-related
coordinate system to define the axis of symmetry. The gravity parameter is jncluded on the card
rather than on the GRAV card because the direction of gravity must be paraliel to the axis of
symnetry. The values of density and bulk elastic modulus are conveniences in the event that these
properties are constant throughtout the fiuid. A Tist of harmonics and the request for the
nonsymmetric (sine) coefficients are inciuded on this card to allow the user to select any of the
harmonics without producing extra matrix terms for the missing harmonics. A change in this 1ist,

however, will require a restart at the beginning of the problem.

1.7-4 (09/30/83)
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P

RINGFL

——

The geometry of the Fluid model about the axis of

!
aE
symnetry is defined with the aid of thase 'é
data cards,

me function for
In fact, each RINGFL car
point for each of the various harmonics selected on the

The RINGFL data cards serve somewhat the sa

the fluid as the GRIG cards
serve in the structura] moded.

d will produce, internally, a special grid H

. They may not, however, be
Connected directiy to normal NASTRAN structural elements {see GRIDB and

BDYLIST data cards}), MNo 4
constraints may be applied directly to RINGFL fluid points. a
LrLUIDi o
3 The data on these cards are used to defipe & volume of fluid bounded by the referenced RINGEL }
%E points. The volume s called an element and Togically serves the Same purpose as a structyral :
g. Finite element. The physical properties (density and bulk modulus) of the fluid element may be
EL defined on this card if they are variahles with respect tp the geometry. If g property is not
é defined, the default value on the AXIF card is assumed., Two connected circles (RINGFL) must be :
é used to define fluid elements adjacent o the axis of symmetry. A choice of three or four points o
; ' - is available in the remainder of the flyid,
L :
ERIDB

This card provides an alternative to the

‘ points., It also identifies the structural gri

: hydroelastic problems,

GRID card for the definition of structural grid

d point with a particular RINGFL flyig point for
The particuiar purpose for this

card is to force the yser to place
structural boundary points in exact]

Y the same Tocations as the fluid points on the boundary. The

al to the format of the GRID card except that one additional
point.

If the user desires, ha may use GRIDB ca

format of the GRIDB card is identj

field is used tp identify the RINGFL The GRDSET card, however, is not used Tor GRIDB data.

rds without a flyid moded,
the user wishes taq solve his structura] problem first and to add the flu
canverting GRID cards g GRIDB cards.

baundary 1ist {BDYLIST), see below,

This is convenient in case

id effects later without
The referenced RINGFL point must still pe included in a

and the AXIF card must alvays be present when GRIDB cards are

used. (The Fluid effects are eliminated by specifying no harmonics. )
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FREEPT, PRESPT

These cards are used to define points on a free surface for surface displacement output and

points in the fluid for pressure output. No constraints may be applied to these points. Scalar

elements and direct matrix data may be connected to these points, but the physical meaning of the

elements will be different from that in the structural case.

FSLIST, BDYLIST

The purpose for these cards is to allow the user to define the boundaries of the fluid with

complete freadom of choice. The FSLIST card defines a 1ist of fluid points which lie on a free

surface. The BDYLIST data is a 1ist of fluid points to which structural BRIDB points are

connected. Paints on the boundary of the fluid for which BDYLIST or FSLIST data are not defined

are assumed to be rigidly restrained from motion in a direction normal to the surface.

With both of these lists the sequence of the listed points determines the nature of the

boundary. The following directions will aid the user in praducing a 1ist.

1. Draw the z axis upward and the r axis to the right.

points on the right hand side of z.

Plot the Tocations of the Ffluid

2. If one imagines oneself traveling along the free surface or boundary with the fluid on

one's right side, the sequence of points encountered is used for the list. If the

surface or boundary touches the axis, the word "AXIS" is placed in the Tist. "AXIS" may

be used only for the first and/or Tast point in the T4ist.

3. The free surface must be consistent with static equilibrium. With no gravity field, any

free surface consistent with axial symmetry is zi1lowed. With gravity, the free surface

must be a plane perpendicular to the z axis of the fluid coordinate system.

4. Multiple free surface 1ists and boundary lists are allowed. A fluid point may be

inciuded in any number of Tists.

FLSYM

This card allows the user to optionally model a portion of the structure with pl. .z of

symmetry coniaining the polar axis of the fiuid.

The first plane of symmetry is assumed at % = 0.0

and the second plane of symmetry is assumed at ¢ = 360°/M where M §c an integer specified on the

card. Also specified are the types of symmetry for each plane, symmetric (S) or antisymmetric (A).
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The user must alsg supply the relevant constraint data for the structure,
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The solution is

performed correctly onrly for those harmomic coefficients that are compatible with the symmetry

conditions as illustrated in the following example for quarter symmatry, M = 4,

DHIAX

Series [[Plane Plane 2
1
S A
Cosine 5 0,2,4,... {1,3,5,...
A none hahe
Sine S none none
{*) A 1,3,5,... [2,4,6,...

These cards are used for Direct Matrix Input for special purposes such as surface friction

effects. They are eguivalent to the DMIG cards,

specify the harmonic numbers for the degrees of freedom:

the only difference being the capability to
A matrix may be defined with either OMIG

or DMIAX cards, but not with both.

1.7.1.3

Rigid Formats

The characteristics of the fiuid analysis problems which cause restrictions on the type of
solution are:

1.

The fluid-structure interface is mathematically described by a set of unsymetric
matrices. Since the first six Rigid Formats are restricted to the use of symmetric
matrices, the Fluid-structure boundary is ignorad. Thus, for any of these Rigid Formats,
the program solves the problem for a fluid in_a rigid container with an optional free
surface and an uncoupled elastic structure with no fluid present.

No means are provided for the direct input of applied 1cads on the fluid. The only

direct means of exciting the fluid is through the structure-fiuid beundary. The fluid

problem may be formulated in any rigid format. However, only some will provide

nontrivial solutions.
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The suggested Rigid Formats for the axisymmetric fluid and the restrictions on each are [
described beloy:

Rigid Format No. 3 - Normal Modes Analysis -

The modes of a Fluid in a rigid container may be extracted with a conventional solution ' ;

request. Free surface effects with or without gravity may be accounted for. Any structure data in

the deck will be treated as a disjoint problem. (The structure may also produce normal modes.)

NormaTization of the eigenvectors using the PPINT option will cause a fatal error.

Rigid Format No. 7 - Direct CompTex Eigenvalue Analysis

The coupled modes of the fluid and structure must be solved with this rigid format. If no

damping or direct input matrices are added, the resulting complex roots will be purely imaginary

ii numbers, whose values are the natural frequencies of the system. The mode shape of the cambination
s

may be normalized to the maximum quantity {harmonic pressure or structural displacement) or %o a
specified structural point displacement,

Rigid Format No. 8 - Direct Frequency and Random Response

This solution may be used directly if the loads are applied only to the structural points.

The use of overall structurai damping (parameter g} is not recommended since the fluid matrices

will be affected incorrectly. Output restrictions are listed in Section 1.7.1.1,

y
!
¢
i
1
i
i

Rigid Format No. 9 - Direct Transient Respanse

Transient analysis may be performed directly on the fluid-structure system if the following
ruies apply.
1. Applied lcads and initial conditions are only given to the structural points.
2. AN quantities are measurad relative to static equilibrium. The initial values of the
pressures are assumed to be at equilibrium,
3. Overall structural damping (parameters wg and g) must not be used.

4. Output restrictions are listed in Section 1.7.1.1.
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Rigid Formats 10, 11 and 12 - Modal Formulations )

Although these rigid formats may be used in a fluid dynamics problem, their practicality is
limited. The modal coordinates used to formulate the dynamic matrices will be the normal modes of
both the fluid and the structure solved as uncoupled systems. Even though the range of natural S
frequencies would be typically very different for the fluid from that for the structure, NASTRAN
will select both sets of modes from a given Tixed frequency range. The safest method with the :
present system is the extraction of all modes for both systems with the Tridiagonalization Method.

This procedure, however, resuits in a dynamic system with Targe full matrices. Direct formulation

would be more efficient in that case. At present, the capability for fluid-structyre boundary ' 1

coupling is not provided with Rigid Formats 10, 11 and 12. However, the capability may be provided

by means of an ALTER using the same logic as in the direct formulations.

1.7.1.4 Hydroelastic Data Processing

The fluid related data cards submitted by the user are processed by the NASTRAN Preface to
produce equivalent grid point, scalar point, element connection and constraint data card images.
Each specified harmonic, N, of the Fourier series solution produces a complete set of special grid
and connection card images. In order to retain unique internal jdentification numbers for each

harmonic, the user (or external) identification numbers are encoded by the algorithm below:

RINGFL points:

NASTRAN (or internal) grid ID = User (or external) ring ID + 1,000,000 x IN

where

[

IN N+ cosine series
I

N N+ 1/2 sine series

CFLUIDi connection cards:

NASTRAN (or internal) element ID = User {or external) element ID x 1000 + Iy

where IN is defined above for each harmanic N.

For example, if the user requested all harmonics from zero to two, including the sine(*)

series, each RINGFL card will produce five special grid cards internally. If the user's

w
Y
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Identification number (in field 2 of the RINGFL data card) were 37, the internally generated grid

|
|
points would have the following identification numbers: o l

-
Harmonic I : L
0 1,000,037 N
1* 1,500,037 'i
1 2,000,037
| 2% 2,500,037 : {
2 3,000,037
These equivalent grid points are resequenced automatically by NASTRAN to be adjacent to the i

original RINGFL jdentification number. A RINGFL point may not be resequenced by the user.
The output from matrix printout, table printout, and error messages will have the fiuid points
labeled in this form. If the user wishes, he may use these numbers as scalar points for Random
Analysis, X-Y plotting, or for any other purpose.
In addition to the multiple sets of points and connection cards, the NASTRAN Preface also may
generate constraint sets. For example, if a free surface (FSLIST} is specified in a zero-gravity ‘ }
field, the pressures are constrained by NASTRAN to zero. For this case, the internaily generated
set of single point constraints are internally combined with any user defined structural

constraints and will always be automatically selected.

S e e,

If pressures at points in the fluid {PRESPT} or gravity dependent normal displacements on the
free surface (FREEPT) are requested, the program will convert them to scalar points and create a
set of multipoint constraints with the scalar points as dependent variables. The constraint set
will be internally combined with any user defined sets and will be selected automatically.

The PRESPT and FREEPT scalar points may be used as normal scalar points for purposes such as
plotting versus frequency or time. Although the FREEPT values are displacements, scalar elements

connected to them wiil have a different meaning from that in the structural case.
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1.7.2 Three-Dimensional Hydroelastic Modeling

1.7.2.1 Solution Approach

The three-dimensional hydroelasticity capability in NASTRAN allows for the solution of
problems invoiving interacting, arbitrarily-shaped structures and fluids. It s iptended for the
vibration analysis of fluid-filled tanks in an acceleration field where the fluid motions interact
with the structure displacements. Both free surface sloshing modes and higher frequency coupled
modes may be obtained from the analysis.

The method used to formuTate the fluid/structure equations is described in Reference 1. The
basis for defining the fluid is three-dimensional finite elements connected to F)yuid grid points
defining the Eulerian pressure at. a point fixed in space. The use of a single degree-of-freedom
pressure at each point rather than three displacements aliows a finer mesh of elements with a
reasonable matrix order.

In the formulation of the fluid/structure system, the interior fluid degrees of freedom are
transformed and removed from the solution matrices. The eigenvalues of the combination are
extracted from small, fully dense, symmetric mass and stiffness matrices, efficiently processed
with the "Givens" method. The solution matrices are defined only by the free surface displacements
and the reduced structure coordinates.

A1l NASTRAN modeling options are available for the definition of the structure. A1l options
for the Executive Control and Case Control data for normal modes analysis are aiso available for
the hydroelastic problems. In addition to the normal NASTRAN data, a hydroelastic problem requires
the addition of a Tinite element fluid model, the specification of ts boundaries and the addition
of special control data.

For three-dimensional hydroelastic analysis, the Fluid is modeled with three-dimensional
finite elements having shapes defined by tetrahedra (CFTETRA), wedge (CFWEDGE) and hexagonal
(CFHEX1 or CFHEX2) volumes. The fluid is assumed to he locally incompressibie and non-viscous with

small motions relative to the overall free body displacements of the system. The following options
are provided for defining the fluid boundary conditions.

1. The default boundary is a rigid wall.

2. Pure free surfaces are defined with single point constraints.

3. Free surfaces with gravity effects are specified with CFFREE data cﬁrds.

3

. Fluid/structura boundaries are defined by CFLSTR data cards,
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Several altermate paths are available for the execution of the problem and the formulation of the
solution equations. These are:

1. Direct versus Moda] Structure Formulation

In "direct" formulation, the solution matrices are defined by the structure degrees of

freedom (after constrained and omitted points are removed} plus one degree of freedom for

each free surface point defined on CFFREE data, The alterrate “modal" formuTation

calculates the modes of the empty structure and uses the generalized dispiacements of

these modes with the free surface degrees of freedom in the solution matrix formelation.
Although the modal formulation requires the additional cost of another eigenvalue
extraction pracess, the combination system matrices will be smalier. This method is
recommended for problems where several different fluid models are used with the same
structure model. The structure modes need only be calculated once. Different fluid

models may be analyzed using the NASTRAMN restart procedure to recover the structure mode
data.

Compressibility Options

Two methods are provided for defining the compressible fluid effects. The overali

compressibility of the enclosed volume may be specified as a parametric number which, in
effect, provides a stiffness factor applied to the total volume change, The alternate
method produces zero volume change by automatically constraining one degree of freedom in

the system. The latter method is not allowed in the "modal" formuTatian option.,

Differential Stiffness Effects {UlTage Pressure)

An option has been provided for including the effects of ullage pressure on the structure
stiffness. These additional stiffness terms are calculated in a Separate structure-only
Rigid Format 4 analysis with pressures defined by static Toads., The differential

stiffness is transferred to the problem with the NASTRAN checkpoint/restart procedure and

is controlled by two parameters, DISTIF and DIFSCALE.

In the following sections, the actual NASTRAN input is described, The section on the

Exacutive Control Deck describes the overall system control and the available parametric

data. The section on the Case Control Deck describes the control of optional input cases

and output requests. The Bulk Data Deck section describas the detailed formats for each
buTk data card.
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1.7.2.2 Executive Cantrol Deck

The hydroelastic Executive Control Deck is similar to that for the standard norma) modes

analysis, Rigid Format 3. Yhen running the hydroelastic analyses, the user must insert one of the

special DMAP ALTER packages into his Executive Control Deck,
with the NASTRAN system.

These ALTER packages are delivered

Two special DIAGs are provided for the hydroelastic analysis.

%

DIAG 32 ~ Prints a list of degrees of freedom including fluid point definitions.

For each point, an indication is made identifying the sets to which
it belongs.

DIAG 33 - Prints the contents of selected displacement sets. For each set, a list of ali

degrees of freedom belonging to the set is given.
These two DIAGs produce output similar to that provided by DIAGs 21 and 22 except that the
following hydroelastic sets are inciuded oy modified:
- Ux = Structure point
Uy = Fluid point
Ufr

Free surface point

Uz = Ux + Ufr

Uab = a bits (structure only)
Ui = Interior fluid points

Ua = Uab + Usp
Hydroelastic DMAP ALTERs

Two sets of DMAP ALTERs to Rigid Format 3 are
hydroelastic analysis,

provided to perform the three-dimensionai

The ALTERs obtadin the hydroelastic solution with ejther direct or modal
Fformulation.

1.7.2.3 Case Control Deck
The Case Control data for normal modes analysis, Rigid Format 3, is not modified for direct

hydroelastic solutions. For modal formulation, the data is similar except that two sets of

subcases must be provided. The first set must select an EIGR caprd (by means of the METHED card) to

1.7-13 (09/30/83)

ES




STRUCTURAL MODELING -

define eigenvalue extraction for the structure-only mode]. Several subcases may be used to . X
define output requests for different vectors with the MADES card. A second set of subcases is also 4
NS

needed to define eigenvalue extraction and output requests for the combined Fluid/structure model, ; i

If the NEWMPDE or QLDSTR parameter is used with medaj formulation, only the second set of subcases,

i
used for the complete model, is required. Three sample Case Contrg] Decks are shown balow, :

Direct Formulation:
TITLE =
SPC = 10

. METHED = 50

2. DISP = ALL

Modal Formulation:
TITLE =
SPC = 10
SUBCASE 1

LABEL = MPDES OF EMPTY STRUCTURE

- METHED = 10

i DISP = NgNE

§ SUBCASE 2

5 LABEL = M@DES WITH FLUID INCLUDED ’
; METHED = 20

| DISP = ALL

Modal Formulation with Selective Output Requests:
TITLE =

SPC = 10
SUBCASE 1
LABEL = STRUCTURE M@DES 1 & 2

METHED = 10
DISP = ALL
. MPDES = 2
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(- SUBCASE 3 : {
LABEL = STRUCTURE MgDES 3 g 4 T
DISP = NgNE -
SUBCASE 5

LABEL = FLUID/STRUCTURE M@DES 1-3 :

METHED = 20

DISP = gi|, ‘ ,

MEDES = 3 ﬁ l
SUBCASE 8

LABEL = FLUID/STRUCTURE MPADE 4

DISP = NPNE

In the third and last exampie above, the eigenvectors fop only the first tyo structure mode
the first three combined modes will pe printed.

Hydroelastic Qutput Controt

The structure printout and plotting Case Control requests are used to control hoth the fluid
and structure outputs. The following data is available:

1. Structure-related data such as displacements, forces and stresses are processed with
normal NASTRAN controi.

, 2. Fluid internal pressures are output hy including theip grid point identification numbers
s

in the DISP = output request, If the fluid point is on a free surface defined by CFFREE
data, the actual free surface displacements will be printed,

deformed shapes,

4. The deformed shape of the frae surface may be plotted using the “SHAPE" gp "VECTER® plot
options. It is recommended that PLETEL elements be used to define the free surface. If
the fluid elements CFHEX1, CFHEX2, etc., are used in the requested plot set, all of theijr

beundaries wilt pe plotted and will result in a confused plot.

5. The use of the MPDES card to control output requests is described under the Case Controi

E Deck section.
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1.7.2.4 Bulk Data Deck

The bulk data cards that pertain specifically to three-dimensional hydroelastic modeling are:
CFFREE, CFHEXi (i = 1 or 2), CFLSTR, CFTETRA, CFWEDGE and MATF.
2.4 along with al1 other NASTRAN bulk data cards.
fluid/structure interface.

These are all described in Section
These cards are used to define the fluid and
The tank walls and supporting structure are defined with NASTRAN

structural elements. The actual tank walls must be defined by two-dimensional membrane,

panel or
plate elements.

In addition to the special cards mentioned above, the following NASTRAN bulk data
used for special hydreelastic purposes:

cards are

1. GRID cards are used to define the fluid points, Fluid points contain only one degree of

freedom and may not be connected to the structural elements.

GRAV cards are used to define the magnitude and direction of the gravity field. The set

identification numbers are referenced by the fluid boundary data cards.

SPC and SPC1 data cards may be used to define constraints on the fluid grid points,
These constraints ave used to define regions of zero pressure in the fluid, such as &
free surface without gravity effects or anti-symmetric boundary condition on a plane of

symmetry. Only degree-of-freadom number 1 may be specified for a fluid grid point.

In addition, as indicated in Section 1.7.2.2, several opticnal parameters may be specified by

the user for both direct and modal formulations. These parameters are in addition to those already

provided in Rigid Format 3 and are entered in the Bulk Data Deck using the PARAM card, The
parameters are described below. They are used to:

1. Control the optional computation paths,

2. Specify numerical factors to be used in the formuTation, and

3. Allow blocks of DMAP statements to be turned "off" for restart from a previous checkpoint

run.

Direct Formuiation Parameters:

1. C@MPTYP {optional) default = -1

Controls the type of compressibility calculations performed. A negative integer will
cause finite compressibility as defined by the KCOMP parameter. A positive integer

will cause constraint equation to be generated to provide pure incompressibiTity.
2, KCPMP (optional)} default = 1.0
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The real value of this parameter defines the overall compressibility of the fluid volume. [
The definitton is fluid buik modutus divided by total volume. ‘ ‘é
3. DIFSTIF (optional) default = 1 o

A negative integer value causes the differential stiffness matrix to be inciuded for '

ullage pressure effects. This matrix is available from the checkpoint file of a Rigid

L]
Format 4 solution run of the structure model.

4, DIFSCALE {optional) default = 1.0

Tke differential stiffness matrix may be multiplied by the real value of this paramater,

A 5. NEWMPDE (optional) default = 1 ;
;? A negative integer will cause all DMAP statements and ALTERs up to the ejgenvalue %
%'f extraction to be skipped. This allows the user to restart the origiral solution to 1
E- obtain different eigenvectors without changing the DMAP ALTER deck.

gg 6. QLOSTR (optional) default = 1

3 A negative value will cause most structure-related processing to be skipped. This aliows

E the user to restart a previous solution,

either hydro or strycture only, and change the !
fiuid model without recomputing the unchanged structure, :

3 Modal Formulation Parameters:

i 1. KC@MP (optional) default = 1.0

é (same as direct formuTation parameter)
E 2. DIFSTIF (optional} defauilt =1

% (same as direct formulaticn parameter)
E 3. DIFSCALE (optional) default = 1.0

? (same as direct formulation parameter)
f 4. NEWMPDE {optional) default = 1

: (same as direct formulation parameter)
g 5. PLDSTR {optional) default = 1

; (same as direct formulation parameter)
g 6. LMPDES (optional) default = 1

{

This integer value specities the number of the lowest structure modes to be used when

formulating the hydroelastic matrices. A negative value indicates all available modes

. are to be used,
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1.8 HEAT TRANSFER PROBLEMS .

1.8.1 Introduction to NASTRAN Heat Transfer 5 @

NASTRAN heat flow capability may be used either as a separate analysis to determine o
temperatures and fluxes, or to determine temperature inputs for structural problems. Steady and
transient problems can be soTved, including heat conduction (with variable conductivity for static

analysis), film heat {ransfer, and nonlinear (fourth power law) radiation. A

The heat Tlow problem is similar, in many ways, to structural analysis {(Figure 1}. The same
grid points, coordinate systems, elements, constraints, and sequencing can be used for bot. pro-
biems. There are several differences, such as the number of degrees of freedom per grid point,
the methods of specifying loads, boundary film heat conduction, and the nonlinear elements. For
heat flow problems, the anly unknown at a grid point is the temperature {cf. structural analysis
with three translations and three rotations). and hence, there is one degree of freadom per grid
point. Additional grid or scalar points are introduced for fiuid ambient temperatures in convective
Tiim heat transfer. If radiation effects are inciuded or the conductivity of an element js temperaturs
dependent, the problem becomes nonlinear (cf. structural analysis with temperature dependent materials

which only regquires looking up material properties and computing thermal loads).

The heat conduction analysis of NASTRAN is compatible with structural agnalysis. I the same
finite elements are appropriate, then the same grid and connection cards can be used for both
problems. As in structural analysis, the choice of a finite element model is Teft to the analyst.

Temperature distributions can be output in a format which can be input into structural probiems.

Heat flow analysis uses many structural NASTPAN Bulk Data cards. These include (where i means
there is more than one type): CBAR, CDAMPi, CELASi, CHEXAi, CIHEXi, CANRED, CORDi§, TODMEM,
CQUADT, CR@D, CTETRA, CTRAPRG, CTRIAi, CTRIARG, CTRMEM, CTUBE, CVISC, CWEDGE, DAREA, DELAY, DLGAD,
OMI, DMiG, EP@INT, GRDSET, GRID, L@AD, MPC, MPCADD, NPLINi, PMITi, PARAM, Piii (for elements re-
quiring properties), PL@TEL, SEQiP, SL@AD, SPCi, SPCADD, SP@INT, TABLEDi, TABLEMi, TEMPi{, TF,
TL@ADi, and TSTEP.

1.8-1 {12/31/77) .
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1.8.2 Heat Transfer Elements !
[
The basic heat conduction elements are the same as NASTRAN structural elements. These ele- ¢
: ments are shown in the Tollowing table: 'i
:Ef l Heat Conduction Elements o
Fﬁ [ Type Elements A
-‘:‘E L
: Linear BAR, RPD, CONRED, TUBE
W‘.,
?f Membrane TRMEM, TRIAT, TRIAZ, QDMEM, S
§ QUADT, QUAD2 S
L‘.E ;
o Solid of Revolution TRIARG, TRAPRG S
+i Solid TETRA, WEDGE, HEXA, HEXAZ, ‘
- IHEXT, IHEX2, IHEX3
ﬁ Scalar CELAST, CDMAP§
i

{ A connection card (Cxxx) and, if applicable, a property card (Pxxx) is defined for each of these

elements. Linear elements have a constant cross-sectional area.

The offset on the BAR is treated

as a perfect conductor (no temperature drep). For the membrane elements, the heat canduction

thickness is the membrane thickness. The bending characteristics of the elements do not enter

into heat conduction problems. The solid of revoTution element,

accept general quadrilatera] rings {i.

TRAPRG, has been generalized to

e., the top and bottom need pot be perpendicular o the

z-axis for heat conduction). These heat conduction elements are composed of constant gradient

lines, triangles, and tetrahedra. The quadrilaterals are composed of overlapping triangles, and

the wedges and hexahedra from subtetrahedra. Scalar spring elements are used for transient

analysis temperature constraints and scalar damping elements are used to add thermal mass. Gra-

dients and fluxes may be output hy requesting ELF@RCE.

Thermal material conductivities and heat capacities are given on MAT4 (isotropic) and MATS

(anisotropic) Bulk Data cards. Temperature dependent conductivities are given on MATT4 and MATTS

bulk data cards, which can only be used for nonlinear static analysis.
volume is specified

The heat capacity per unit

> Which is the product of density and heat capacity per unit mass (pcp). Lumped

conductivities and therma] capacitance may he defined by the CELASi and CDAMPi elements, respectively.

1.8-2 (12/31/77)
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]
| . A special element (HBDY) defines an area for boundary conditions.
calied PAINT, LINE, REV, AREA3, and AREA4.

There are five basic types,

A sixth type, ELCYL, is for use only with QVECT radia-
tion. The HBDY is considered an element, since it can add terms to the conduction and heat capa-

city matrices. There is a CHBDY connection and PHBDY property card. When a film heaf transfer
condition is desired, film conductivity and heat capacity per unit area are specified on MAT4 data
cards. The ambient temperature is specified with additional points (GRID or SPPINT} Tisted on the

CHBDY connection card. See Figure 2 for geometry.

Radiation heat exchange may be included between HBDY elements. A Tist of HBDY elements must
be specified on a RADLST Bulk Data card.

Stefan-

The emissivities are specified on the PHROV cards. The

Boltzmann constant (SIGMA) and absoluie reference temperature (TABS) are specified on PARAM

i? Bulk Data cards. Radiation exchange coefficients (default is zero) are specified on RADMTY Bulk
%j Nata cards.

3

E; The several types of power input to the HBDY elements can be output by the ELFERCE request.
E

3 1.8.3 Constraints and Partitioning

i‘ Constraints are applied to provide boundary conditions, represent “perfect" conductors, and
;f provide other desired characteristics for the heat transfer mode],

.

f} Single point constraints are used to specify the temperature at a point. The grid or scalar
# points are Tisted on SPC or SPC1 bulk data cards, ngt GRDSET or GRID cards. The companent on the
1 -

§ data card must be "0" or "1". This declares the degree of freedom to be in the ug set. The method
. of specifying temperature is dependent upon the problem type.

- In linear statics analysis, the SPC or.SPCI card is used to constrain grid points at a fixed

temperature. In nonTinear statics analysis, the SPC or SPCT card s used to designate the grid
point ID which is to be constrained.

hiJ

The actual value of the temperature is indicated onm a TEMP
card, selected by TEMP(MATERIAL) in the Case Control deck.

Mt

In transient analysis, the SPC or 5PCI
card may be used to fix the temperature of a grid point only when the tamperature is zero. When

LA TS b

the temperature is non-zero a large conductive coupling to a "ground" at absolute temperature must

be defined. From the structurai relationship F=Kx, the thermal analogy is made where K is the

- Bt b e e R L

conductive coupling, F is an applied load, and % s the Tixed temperature. In this case, % is

adjusted to the desired temperature by defining the spring constant, K, of a CELAS{ element, which

1.8-3 (12/31/77)
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is connected to "ground”, and a load, F, which is applied to the grid point in question. The
numerical value of K should be several orders of magnitude greater than the numerical value of

the conductances prescribed for the rest of the mods].

MuTtipoint constraints are linear relationships betwsen temperatures at severa] grid points,
and are specified on MPC cards. The first entry on an MPC card will be in the U, set. The type
of constraint is limited if nonlinear elements are present. If a mamber of set U, touches a non-
linear (conduction or radiation) element, the constraint relatfonship is restricted to be an
“equivalence”. The term “equivalence” means that the value of the member of the u, set will be
equal to one of the members of the u, set (2 point not multipoint constrained). Those points not
touching nonlinear elements are not so limitad. The user will be responsible to satisfy the

equivalence requirement, hy having only two entries an the MPC data card, with equal (but opposite
in sign) coefficients.

1.8.4  Thermal Loads

Thermal "loads" may be boundary heat fluxes or volume heat addition. As in the case of

structural analysis, the method of specifying loads is different for static and transient analysis.

The HBDY element is used for boundaries of conducting regions. Surface heat flux input can be

specified for HBDY elements with QBDYT and (BDY2 data cards. These two cards are for constant and

{spatially) variable flux, respectively. Flux can be specified without referepce to an HBDY elemen

with the QHBDY data card. Yector flux, such as solar radiation, depends upon the angle between the

flux and the element normal, and is specified for HBDY elements with the QVECT data card. This
requires that the orientation of the HBDY element be defined. Volume heat addition into a conduc-

tion element is specified on a QVPL data card.

Static thermal Toads are requested in Case Control with LPAD card. A1l of the above Joad

types plus SLPAD's can be requested. Transient loads are requested in Case Control with a DL@AD

card, which selects TLPAD time functions. Transient thermal loads may use DAREA (as in structural

transient), and/or the QBGYT, gBDY?2, QHBB?, QVECT, QVpL, and SLPAD cards. The resultant thermal Toad

will be the sum of all Joads applied. This means the LPAD SIDs and DAREA SIDs must be the same when
referenced on a TLPADi card.

1.8.5 Linear Static Analysis

Linear static analysis uses APProach HEAT, SOLution 1. The rigid format is the same as that
used for static structurai analysis. This jmplies that several loading conditions and constraint
1.8-4 (12/31/77)
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sets can be solved in one job, by using subcases in the Case Control deck.

1.8.6 Nonlinear Static Analysis

Nonlinear static analysis uses APProach HEAT, SPLution 3. This rigid format will allow
temperature dependent conductivities of the elements, nonlinear radiation exchange, and a Timited
use of multipoint constraints. There is no Tooping for lcad and constrainis. The solution is

jterative. The user can supply vatues on PARAM Bulk Data cards For:

MAXIT (integer} Maximum number of iterations {default 4).

EPSHT (real) £ convergence parameter (default .001).
TABS (real) Absolute reference temperature (default 0.0).
SIGHA {real) Stefan-BoTtzmann radiation constant (default 0.0).

IRES (integer) Request residual vector output if positive (default -1).

The user must supply an estimate of the temperature distribution vector {u]}. This estimate
is used to calculate the reference conductivity plus radiation matrix needed for the iteration.
{ul} is also used at all points in the u, set to specify a boundary temperature. The values of

{u]} are given on TEMP Bulk Data cards, and they are selected by TEMP(MATERIAL) ir Case Control.

Iteration may stop for the following reasons:

1. HNormal convergency: €7 < EPSHT, where et is the per unit error estimate of the
temperatures calculated.

2. Number of iterations > MAXIT.

3. Unstable: ]l1| < 1 and the number of iterations > 3, where Ay is a stability estimator.

4. Insufficient time to perform another iteration and output data.

The precise definitions are given in the NASTRAN Theoretical Manual, Section 8.4. Error estimates
€ Aq» and e Tor all iterations may be output with the Executive Control card DIAG 18, where ¢

is the ratio of the Euclidian norms of the residual (error) loads to the applied Toads on the uncon-

strained degrees of freedom.

1.8.7 Transient Analysis

Transient analysis uses APProach HEAT, SPLution 9. This rigid format may include conduction,

film heat transfer, nonlinear radiation, and NASTRAN nonlinear elements. Extra points are used as

1.8-5 (12/31/77}
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in structural transient analysis. A1l points associated with nonlinear 1oads must be in the

Loads may be applied with TLEAD and DAREA cards as in structural analysis.

the thermal static load cards can pe modified by a function of time for use in transient an
If the static Joad data is used to define a transient load, %
referenced on the TLPAD card in the DAREA field.

solution set. Also,

he static Toad set identification is

Loads are requested in Case Contro} with DL@AD,

Inftial temperatures are specified on TEMP BuTk Data cards and are requested by IC. Previoys

static or transient solutions can be easily used as initial conditions,

An estimate of the temperature {u'} i
for transient with radiation,

since they can be punched

$ specified on TEMP Buik Data cards
and is requesed by TEMP(MATERIAL).

in the correct format,

The parameters available are:

TABS (real) Absolute reference temperature (default 0.0).

SIGMA (real) Stefan
BETA (real)

-Boltzmann radiation constant (default 0.0),
Foreward difference integration factor (default .B5),
RADLIN {integer) Radiation is Tinearized if positive (default -1).

Time steps are specified on TSTEP data cards.

7.8.8 Compatibiiity with Structural Analysis

Grid point temperatures for thermal stress analysis {static structu

ral analysis) are specified
on TEMP Bulk Data capds.

If punched output s requested in a heat conduction analysis fop Rigid

s the same grid, connection,

and the temperature cards for the structural analysis
are produced by the heat conduction analysis.

and property cards can be used for both,

The output request in Case Control s THERMAL (PUNCH).

1.8-6 (12/31/77)
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Grid Point
Sequence
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CARD{

Coordinate
System
Definition

Grid Point

CONSTRAINTS

Single-Point
Multipoint
{(Omitted Points)

GRID

Grid Point
Definition

CONSTANT FACTORS

Load Scale

Load Delay

i

STATIC THERMAL LOADS

Internal Heat Generation
Boundary Heat Fluxes
Directional Heat Source

DYNAMIC THERMAL LOADS

Time Dependent
Thermal Loads

TABLED{
Table (Time)

Figure 1.

1.8-7 (12/31/77)

Properties

Cxxx
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Definition

Prax

Property
Definition

MATxx

Materiai
Definition

TABLEM]

J TabTle (Temperature)
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Type = PRINT - o

: f

y

:

The unit normal vector is given by n = V/|V], where ¥ is given in the basic system at the ‘ “ﬁ
referenced grid point (see CHBDY data card, fieids 16-18),

Type = LINE o End2 o

The unit normal 1ies in the plane of 7 and T

T n 0 i nt » 1s perpendicuiar +o f, and is given by
n = (T x (WT))/IT x (VxT)].

Type = ELCYL

The same logic is used +to determine n as for type = LINE. The “radius® R

1 is in the n direction,
and R2 is perpendicular to n and T (see fields 7 and 8 of PHBDY card).

= z
] Iype = REY Gy

ﬁrn
N

¥

: The unit normal lies in the x~z plane, and is given by n = (éy X fjlléy X ?I. e, is the unit

vector in the y direction. ¥

Type = AREA3 or AREA4

The unit normal vector is given by n = (f12 X 'T'h()ll"i"]2 X T]xl’ where x = 3 for triangles and
X = 4 for guadrilaterals.

Figure 2. HBDY Element Orientation {for QVECT flux).
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1.8 ACOUSTIC CAVITY MODELING

[
.
1.9.1 Data Card Functions d

The NASTRAN structural analysis system is used as the basis for acoustic cavity analysis. f»-‘
. |
Many of the structural analysis options such as selecting boundary conditions, applying Toading E

conditions, and selecting output data are also available for acoustics.

The data cards specifically used for acoustic cavity analysis are described below, The card
formats are exhibited in Section 2.4. Their purposes are analogous to the use of structural data
car?., A gridwork of points is distributed over the longitudinal cross section of an acoustic

cavity and Tinite elements are connected between these points to define the enciosed volume, f

The points are dafined by GRIDF data cards for the axisymmetric central fluid cavity and by

GRIDS data cards for the radial slots. The GRIDF points are interconnected by finite elements via

the CAXIF2, CAXIF3, and CAXIF4 data cards to define a cross sectional area of the hody of rotation.
The CAXIFZ element data card defines the area of the cross section between the axis and iwo points
off the axis (the GRIDF points may not have a zero radius). The CAXIF3 and CAXIFA data cards define
triangular or quadrilatera] tross sections and connect three or four GRIDF points respectiveiy,

The density and/or bulk modulus at each Tocation of the enclosed fluid may alsc be defined on these
cards,

The GRIDS points in the slot region are interconnected by finite elements via the CSL@T3 and
CSLPT4 data cards. These define finite elements with triangular and quadrilateral cross-sectiona]
shapes respectively. The width of the siot and the humber of sTots may be defined by default
values on the AXSLPT data card, If the width of the slots is a variable, the vaiue is specified
on the GRIDS cards at each point. The number of stots, the density, and/or the hulk modulus of
the fluid may alsc be defined individually, for each element on the CSL@T3 and CSL@T4 car&s.

The AXSLOT data card is ysed to define the overal] parameters for the system. Some of these
parameters are called the "defay]t” values and may be selectively changed at particular cross
sections of the structyre. The values given on the AXSLOT card will be used if a corresponding
value on the GRIDS, CAXIFi, or CSLATi is Teft blank. The parameters p (density) and B (bulk
moduTus) are properties of the fluid. If the value given for Bulk HModulus is zero the fluid is
considered incompressible to the program. The parameters M (Number of slots} and W (sTot width)

are properties of the geometry. The parameter M defines the number of equally spaced slots

1.9-1 (6/1/72)
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around the circumference with the first sTot Jocated at $ = 0°. The parameter N {harmonic number) '

is selected by the user to analyze a particular set of acoustic modes. The pressure is assumed }
to have the following distribution K

p(r.z,6) = p(r,z) cos Ng BN

If N =0 the breathing and Tongitudinal modes will result. If N =1 the pressure at ¢ = 18p°
will be the negative of the Pressure at ¢ = 0°. If N = 2, the pressures at ¢ = 90° and ¢ = 27p°

will be the negative of that at ¢ =0° Values of N larger than M/2 have no significance,

The interface between the central cavity and the siots is defined with the SLBDY data cards,

The data for each card consists of the density of the fiuid at the interface, the number of radial

slots around the circumference, and a 1ist of GRIDS points that are listed in the sequence in
which they occur as the boundary is traversed. In order to ensure continuity between GRIDF and
GRIDS points at the interface, the GRIDF points on the boundary between the cylindrical cavity
and the slots are identified on the corresponding GRIDS data cards rather than on GRIDF cards,

Thus, the Tocations of the GRIDF points will be exactly the same as the Tocations of the corre-
sponding GRIDS points.

Bl S

Various standard NASTRAN data cards may be used for special purposes in acoustic analysis.
The SPC1 data card may be used to constrain the pressures o zero at specified points such as at
a free boundary. The formats for these cards are incTuded in Section 2.4, Dynamic Toad cards,
direct input matrices, and scalar elements may be introduced to account for special effects. The

reader is referred to Sectiens 1.4 and 1.5 for instruction in the use of these cards.

1.9.2 Assumptions and Limitations

The accuracy of the acoustic model will be dependent on the selection of the mesh of Finite
: elements. The assumption for each element is that the pressure field has a Tinear variation over
- the cross section and a sinusoidal variation around the axis in the circumferential direction. In
areas where the pressure gradient changes are large, such as near a sharp corner, the points in

the mesh should be placed closer together so that large changes in flow may be defined accurately
by the finite elements.

The shape of the finite elements play an important part in the accuracy of the resulis. It

has been observed that long narrow elements produce disproportionate errors. Cutting a Targe

1.9-2 (6/1/72)
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square into two rectangles will not improve the results whereas dividing the square into four

smaller squares may decrease the local error by as much as a factor of ten.

The sTot portion of the cavity is Timited to certain shapes because of basic assumptions in
the atgorithms. The cross section of the cavity normal to the axis must have a shape that is
reasenably well defined by a central circular cavity having equally spaced, narrow slots., Various

shapes are shown in Figure T in the order of increasing expected error.

It is recommended that shapes such as the cloverleaf and square cross section be analyzad
with a full three dimensional technique. The assumption of negligible pressura gradient in the

circumferential direction within a slot is not valid in these cases.

The harmonic orders of the solutions are alsc limited by the width of the slots. The
harmonic number, N, should be no greater than the number of slots divided by two. The response
of the higher harmonics is approximated by the slot width correction terms discussed in the

NASTRAN Theoretical Manual, Section 17.1.

The cutput data for the acoustic analysis consists of the values of prassure in the displace-
ment vector selected via the case control card "PRESSURE = i". The velocity vector components
corresponding to each mode may be optionally requested by the case control card “STRESS = i,
where i is the set number indicating the element numbers to be used for outpui, or by the words

"STRESS = ALL". The “SET =" card 1ists the element or point numbers to be output.

Plots of the finite element model and/or of the pressure Tield may be requested with the
NASTRAN plot request data cards. The central cavity cross section will be positioned in the XY
plane of the Basic Coordinate System of NASTRAN. The slot elements are offset from the XY plane
by the width of the slot in the +Z direction. The radial direction corresponds to X and the
axial direction corresponds to the Y direction. Pressures will be piotted in the Z direction for
both the slot points and the central cavity points. The case control data cards for plotting are
documented in the User's Manual. The PLETEL elements are used for plotting the acoustic cavity

shape. The plot request card “SET n INCLUDE PLBTEL" must be used where n is a set number.

1.9-3 (12/29/78)
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(" 1.10 SUBSTRUCTURING

4
o
Substructuring is ap analytical technique used to facilitate the solution of structural prob- © o

Tems by subdividing the struciural models into smaller, more manageable components. The most

elementary component, or basic substructure, is modeled separately just as any finite element mode]

would be., These basic substructures are combined to build more complex substructures which, in

turn, can he progressively combined with other substructures in stages to eventuaily arrive at the

Final desired solution model. Once the solution model is analyzed, the results at each stage of % !

the combination process may be recovered untif, uitimately, the detaiied soTution data are recoverad

for sach of the original basic substructures. In effect, substructuring is an extension of basic

Tinite element theory itself whereby the usual simpTe beam,

.y

plate, and solid elements are replaced

[/
by basic substructures which themselves may be viewed as camponents of aven more complex !
substructures.

; Substructure analysis is Togically performed in at jeast three phases as follows:

Phase 1 ~ Analysis of each individual substructure by MNASTRAN to produce a description, in matrix P
terms, of its properties as seen at the boundary degrees of freedom, Uy Cod

i Phase 2 - Combination of the matrix praperties from Phase T and the inclusion, if desired, of
( additional terms to form a “pseudostructure," which is then analyzed hy NASTRAN.

|
i

Phase 3 - Completion of the analysis of individual substructures using the {ua} vector produced
in Phase 2. .

To provide maximum program flexibility, both the manua] and automated approaches to substruc-
turing are available. The manuai approach requires user-generated DMAP aiters and can be used in
all Rigid Formats except for Piecewise Linear Analysis. The procedures for single-stage, manual
substructuring are discussed and iNlustrated with a complete and fully annotated exampie of the

input in Section 1.10.7. 1In Section 1.10.2, the automated multi-stage substructuring capabilities
available for Rigid Formats 1, 2,3, 8 and 9 are presented.

Unlike the manua?l substructuring procedures, the automated capabiTities provide for:

:
E_
1
?v.
;a
g
h
.
4
3
!
i
|
]
1
i
E
F

1. Simple commands to control execution and data recovery at all stages of analysis.
2. Automatically generated DMAP alters.

3. Automated procedures to contral and maintain the extensive data files required,
Data storage on single direct access file {minimizes or eliminates checkpoint/restart tapes).

5. Data transfer among IBM, CDC, or UNIVAC computers at any stage in the analysis.

A%
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6. No restrictions on grid point and element numbering.

7. Modeling only one of two or more identical substructure components.

It should be noted that cyclic symmetry is available as an alternate formulation for substruc-

turing structures with rotational or dihedral symmetry. This capability is described in

Section 1.12. The more general approaches are described below starting with the manual, single-

stage substructuring, followed by the automated mutti-stage substructuring capabilities.

1.10.7 Manual Singie-Stage Substructuring

The theoretical basis for NASTRAN manual substructuring is giben in Section 4.3 of the Theo-

retical Manual. This technique may be used with any of the rigid formats,
Analysis.

except Piecewise Linear
The following sections present instructions, including Series § DMAP alters for use with

two of the rigid formats, Static Analysis and Normal Modes Analysis.

Manual substructure analysis, as here defined, is a procedure in which the structural modal is

divided into separate parts which are then processed in separate computer executions to the point
where the data blocks required to join each part to the whole are generated. The subsequent opera-
tions of merging the data for the substructures and of obtaining solutions for the combined probiem

are performed fn one or more subsequent executions, after which detailed information for each

substructure is obtained by additional separate executions.

The NASTRAN Data Deck for each of the substructures is constructed in the same manner as

& NASTRAN analysis without substructuring. The following restrictions sust be considerad when

forming the NASTRAN Data Deck for each of the substructures:

1. A1l points on boundaries between substructures which are to be joined must have

their free (uncunstrained) degrees of freedom placed in the a-set.

The sequance of internai grid point identification numbers along the boundary between
any two substructures must be in the same order. The internal sequence is the
external sequence modified hy any SEQGP cards. For example, if one substructure

had boundary grid point internal identification numbers of 3, 4,9, 27, and 31,

the adjoining substructure could have a corresponding set of internal grid point
identification numbers of 7, 11, 21, 22, and 41, but not 7, 11, 22, 21, and 41.

This restriction is automatically satisfied if the same grid point numbers, without

SEQGP cards, are used on the boundaries for comnected substructures.

1.10-2 (12/31777)
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SUBSTRUCTURING

3. The displacement coordinate system for each group of connected grid points on the

boundaries between substructures must be the same.
4. Elements Tocated on the boundary may be placed in efther adjacent substructure.

The Toads applied to boundary points may be arbitrarily distributed between the adjoining

substructures. Care should be exercised not to duplicate the Toads by placing the entire
load on each substruciure.

6. The constrained stiffness matrix, [Knu]’ for each substructure must be nonsinguiar.
This requirement is automatically satisfiad in mos# cases, since usually there are
enough degrees of freedem on the boundary of the substructure o account for its rigid
body motions. 1In exceptional cases, such as when the substructure is a hinged appendage,

it may be necessary for the user to assign additional degrees of freedom to uss rather
than u, via ASET cards.

Although the fb]wafng discussion is Timited to single-stage substructiring, there is no

inherent restriction on the use of multi-ctage substructures in NASTRAN. In
turing,

multi-stage substruc-
some of the substructures are precombined in Phase 2 to form intermediate substructures,

The final combination in Phase 2 then consists of joining two or more intermediate substructures.

This procedure will be useful if there are several substructures in the model, and changes are

made in only one or a fey substructures. In this tase, the amount of effort and computer time
required for changes in the model can be substantially reduced iFf the unchanged substructures

are initially combined into a single intermediate substructure.

1.10.1.1 3Basic Manual Substructure Analysis

Basic manual substructure amlysis will be described with reference to the simple beam structure

shown in Figure 1. The bean is arbitrarily separated into two substructures, referred t¢ as

substructure 1 and substructure 2, with a single boundary point being Tocated at grid point 3.

The beam is supported at grid points 1 and 6. No loads are applied to substructure 1. A single

load is applied to substructure 2 at grid point 4, and a single load is applied at the boundary

to grid point 3.

The complete MASTRAN Data Decks for all three phases of a substructure analysis for the beam

shown in Figure 1 are presented in Tables 1, 3, 5, 7, and 9. The integers in the left-hand column

are used to relate the respective discussions in Tables 2, 4, 6,
NASTRAN Data Decks.

8, and 10 to the cards in the

1.10-3 (12/31/77}
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1. If the user wishes to have a plot of the undeformed structure for checking the model, a Plot

.J
Package can be inserted in the Case Control Deck in the usual way, as described in Section 4.2,

L
the a-set matrices generated in Phase 1 and the external grid point component definition given on ; '
the GRID cards that are input to Phase 1 as modified by any SEQGP cards. The same internal
indices in Phase 1 for the a-set are redefined in Phase 2 as the indices for the g-set. The

i
word “pseudostructure” is associated with the g-size matrices used in Phase 2.

The Partiticning matrix for the problem under consideration is given as follows:

PARTITIONING MATRIX

3 External Grid-Component
- Internal Index

> Substructure | Substructure 2
+ 1 31 3-1
B 2 3-2 3-2

3 3-6 3-6

The procedure for constructing a partitioning matrix is asg follows:

f 1. Select any one of the substructures and list the components of the a-set in sequence by
‘ grid point and component number as modified by any SEQGP cards {internal sequence),

These
are the nonzero entries in the partitioning vector for the L

intermediate rows in the previously formad columns of the matrix,

Build the remaining columns of the partitioning matrix, one for each substructure,

following a similap procedurs for afl remaining substructures. In each case, First

| enter all components that are connected to the previously selected substructure or

1.10-4 (12/31/77) o
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SUBSTRUCTURING

substructures, followed by the remaining unconnected components in their internal sequence.

5. The rows of the partitioning matrix are associated with the sequence of the internal
indices for the scajar points in the pseudostructure. Any sequential set of integers may
be used to identify these scalar points in Phase 2.

6.

The columns of the partitioning matrix {one vector fop each substructure) are input with

Direct Matrix Input (DMI) cards. The input matrix contains real 1°

s in all locations in
the partitioning matrix having grid point-c

omponent entries. See Section 2.4 for DMI card
format.

The DMI cards (121 and 122 in Table 1} in the sample problem give the name E

1 to the partition-
ing vector for substructure 1.

The first card defines the partitioning vector as being rectangular

and consisting of real single-precision entries, The next to the last entry on the first card

-set matrices input to Phase 2,

the second card indicates that the first internal index is associated wi
in substructure 1

indicates there are three rows in the g The second integer 1 on

th one of the components

5 in this case, grid point 3, component 1. The three real 1.0's indicate the

First three internal indices are associated with components in substructure 1; in this case, grid

this particular case, orly the initial two steps are required
to construct the partitioning matrix and the partitioning vector for s

cal to that for substructure 1.

point 3, components 1, 2, and 6. 1In

ubstructure 2 will be identi-

This results from the fact that the single boundary point in this
problem is a part of both substructures.

The partitioning vectors are not needed until Phase 2. Thay ware arbitrarily input to Phase

T so they could be included on the User Tape, along with the output matrices from Phase 7.

The NASTRAN Data Deck for substructure 2 is given in Table 3. For identification purposes,

the cards are arbitrarily numbered beginning with 150.

The Phase 2 operations are concerned with merging the a-set matrices generated in Phase 1
which define the g-size pseudostructure in Phase 2,

The NASTRAN Data Deck for Phase 2 is given
in Table 5.

The cards are arbitrarily numbered beginning with 207.

Although the data deck shown in Table § is prepared for two substructures, it was constructed

in such a manner that it could be easily extended to mere than two substructures. If there are

more than two substructures, cards similar to 216 tp 222, 232, and 233 need to be addad to0 the

NASTRAN data deck for each additional substructure,

1.10-5 (12/31/77)
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The final part of a substructure analysis is to perform data recovery for cach substructure
of interest. These runs are made as a restart of the Phase 1 runs.

Any of the normal rigid
format output can be requested

» including both undeformed and deformed structure plots. All of

the output will be in terms of the eiements and grid points defined in the Phase ] Bulk Data

Decks. The NASTRAN Data Deck for the Phase 3 analysis of substructure 1 is given in Table 7.

The NASTRAN data deck for the Phase 3 analysis of substructure 2 is given in Table 9.

Comments are restricted to cards that are different from those presented for
substructure {.

the Phase 3 run of

1.710.1.2 Loads and Boundary Canditions

The single Toad and the singte boundary conditien for the sample problem defined in Section

1.10.7.1 were introduced in Phase 1. It is also possible to introduce Toads and boundary conditions

in Phase 2. In this case, the loaded and/or constrained degress of freedom must be included in the

a-set for Phase 1, so they will be a part of the pseudostructure in Phase 2.

Loads are applied to
the pseudostructure in Phase 2 with the SLPAD card.

This Vimits the type of load that can be

applied in Phase 2 to directly applied loads. Other loading conditions depending on element pro-

perties or connection data, such as thermai Toads,

applied in Phase 1.

gravity toads, and pressure loads, must be

Loads may be introduced in both Phases 1 and 2, as the suggested DMAP sequence

will add contributions to the Joad vector from both phases. The Tack of generality for the appii-

cation of loads in Phase 2 will often dictate that static loads be applied in Phase 1.
The Toads and boundary conditions for the sample probiem can be applied in Phase 2 if the

modifications shown n Tables 17 and 12 are made to the NASTRAN Data Decks presented in Section
1.10.1.1.

1.10-6 (12/31/77)
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The modified partitioning matrix with grid points 1, 3, 4, and 6 in the a-set is shown below.

PARTITIONING MATRIX

External Grid-Component

Internal Index Substructure ] Substructure 2

1 1-1

2 1-2

3 1-6

4 37 3-1
5 3-2 3-2
6 3-6 3-6
7 4-1
8 4-2
9 4-6
10 6-1
1 6-2
12 6-6

The moditied partitioning matrix contains twelve scalar points, with six in substructure 1,
nine in substructure 2, and three common to both substructures. The loads are now Tocated at
scalar points 5 and 8, as indjcated on card 246a. The single~-point constraint: are located at
scalar points 1, 2, and 11, as indicated on card 246h. The modified partitionine vector for
substructure 1 indicates there are twelve degrees of freedom in the pseudostruct.re, and that,
beginning with the first scalar point, there are six scalar points associated with substructure 1,
The modified partitioning vector for substructure 2 indicates the First entry is associated with

scalar point 4, and that there are a total of nine scalar points associated with substructure 2.

If muitiple loading conditions are used in the solution, the subcase structure must be
established in Phase 1. In order to perform the matrix operations in Phase 2, the same case
control structure must be used for all substructures. This means that the same number of sub-
cases must be defined for each substructure, even though seme of the subcases will not contain
a Toad selection or any other entries. NASTRAN will generate a null column in the Toad matrix

for all subcases for which no load set is selected. If any loads are applied in Phase 2, the

1.10-7 (12/31/77)
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Same subcase structure must be used in Phase 2. In any avent, the subcase structure established ip

Phase 1 must be used in Phase 3. The contents of each subcase in Phase 3 will relate to output

selections, rather than Joad and boundary condition selections,

Consider adding two additional lToading conditions to the sampie problem in Section 1.10.1.1.
If one additional loading condition were applied to substructure i

» identified as 202, and one
additional loading to substructure 2

» identified as 203, the subcase structyre established in
Phase 1 would appear as follows:

Substructure 1 Substructure 2

SPC = 101 SPC = 200
SUBCASE 1 SUBCASE 1
LPAD = 201
SUBCASE 2 SUBCASE 2
LPAD = 202
SUBCASE 3 SUBCASE 3
L@AD = 203

Load case 202 would have to be defined with some form of static loading in the Bulk Data

Deck for Phase 1 of substructure 1. In addition, load set 203 would have to be defined with

some form of static loading in the Bulk Data Deck for Phase 1 of substructure 2.

The DMAP sequence for the sample probiem in Section 1.10.1.1 will not support multiple

boundary conditions i Phase 1. If multiple boundary conditions are introduced in Phase 1,

it is necessary to generate a separate partitioning vector for use in Phase 2 for each of

the unique boundary conditions. In some sense, this results in the definition of a number

of separate problems equal to the number of unig
sequence

ue boundary conditions. Although a DMAP

could be developed to support muTtiple boundary conditions in Phase 1, it is not

recommended that multipie boundary conditions be introduced into Phase 1.

Multiple boundary conditions may be introduced in Phase 2 without any difficulty.

However, in order tg handle the internal looping for each boundary condition, it is more
convenient if the loads are also introduced in Phase 2. As indicated earlier, the introduction

of loads in Phase 2 does 1imit the manner in which the static loads can pe defined. If the

1.70-8 (12/31/77)
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loads and huﬁndary conditions are introduced in Phase 2, all of the case controi options for com-

bining subcases, including symmetry combinations, may be used in the usual manner. L

It is possible to introduce the loads in Phase 1 and multiple boundary conditions in Phase 5
2. However, provision must be made to generate ali loading conditions in Phase 1, which will }
automatically take place if one subcase is defined for each Toading condition and no boundary
conditions are mentioned in the Phase 1 Case Control Deck. It is then necessary in Phase 2 to :

partition out the proper columns of the loading matrix for each Toop or boundary condition in

s,

;.
¥

Phase 2. This requires that the user construct the proper partitioning vector for each boundary

condition. Also, appropriate modifications would have to be made to the suggested DMAP sequence f% f
S for Phase 2.

1.10.7.3 Normal Modes Analysis

Substructuring for normal modes analysis is performed in much the same way as that for static

analysis. A NASTRAN Data Deck for use in Phase 1 of a Normal Modes Analysis (Rigid Format 3)
is shown in Table 13.

] ﬁ _ Note that the BUTPUTT module writes the mass matrix, as well as the stiffness matrix and

; E partitioning vector on User Tape 1. The Case Control Deck is simiTar to the Phase 1 deck for

- static analysis. It must include a constraint selection if the boundary conditions are applied
in Phase 1. The Bulk Data Deck is also similar o that used in Phase T for static anmalysis. In

general, it includes all the cards associated with the definition of the model and the DMI cards

for the definition of the partitioning vector. It will also include cards for the definition of

the a-set and other constraint cards if the boundary conditions are applied in Phase 1. As in

static analysis, one such deck must be prepared for each substructure.

The NASTRAN Data Deck for Phase 2 of Normail Modes Analysis with two substructures is shown

a in Table 14.
/. The Phase 2 NASTRAN Data Deck for Normal Modes Analysis is similar to that used for Static
. Analysis. The following comments are related o differences in the two decks:

..

1. Since there are no Joads associated with a normal modes analysis, the medule GP3 is
not executed,

2. The same operations are performed on the mass matrix as are performed for the stiffness
matrix.

1.10-9 (12/31/77)
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3. The data block LAMA {Eigenvalue Summary) is written as the First data block on User 3 ‘ ﬂ
Tape 3. This is foTTowed by the appropriate partitions of the eigenvectors for each -
of the substructures. g{
&
4. The Case Contro} Deck must include a method selection for etgenvalue exiraction.

The Phase 3 data deck for Normal Modes Analysis, given in Table 15
for Static Analysis.

» 15 similar to that used .
The first reference to madule INPUTTT s to read the data block LAMA, which F

is the first data block on User Tape 3. The second reference to INPUTT? is to read the proper

partition of the eigenvectors. The zerp parameter at the end of the statement should be incre-.

i
1
i
[}
.

mented one for each substructure in order to point to the proper eigenvector partition.

1.10.7.4 Dynamic Analysis
Manual substructuring may be used with any of the other dynamics rigid formats. The NASTRAN

Data Decks will be simitar to those used for Normal Modes Analysis. A17 dynamic Toads must be

applied in Phase 2, If the SUPGRT card is needed to define free b

a8 whole, it must he included in Phase 2.

ody motiens for the structure as

In dynamic analysis, the a-set will include, in addition to all points on the boundary of the

substructure, a number of points within each substructure sufficient to define the dynamic response.

This is a serious consideration because, due to the

high density of Kaa’ the time to perform most of the significant matrix operations in Phasa 2

increases nearly as the cube of the number of degrees of freedom in uy- The situation can be

greatly improved by a second stiffness reduction in Phase 2, in which u, is partitioned into a

set, Ugs that will be retained in dynamic analysis, and a set, Up» that will be eliminated. The

U, set includes the excess degrees of freedom on the interior baundaries. The second stiffress

reduction in Phase 2 is defined by listing the members of the u, set that will he eliminated on

BMIT cards. These omitted degrees of freedom must reference the scaiar points associated with

the pseudostructure,

In Phase 3 for dynamics, each NASTRAN substructure is restarted with the partition of the

Phase 2 solution vactor, or eigenvector, for each substructura. A77 normal data veduction =

1.10-10 (12/31/77)
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SUBSTRUCTURING

Procedures may then be applied. In dynamic analysis, Phase 3 cap be omitted if output requests

are restricted to the response quantities for the scalar points of the pseudostructure. In this

case, the output and partition modules can be omitted from the Phase 2 runs, as their only purpose

is to serve as input for the Phase 3 runs. If output is desired fop dependent response quantities

or element stresses ang forces, a Phase 3 run must be made for each substructure of interest,

1.10.1.5 DMap Loops for Phasa 2

The DMAP sequences for the substructure example in Section
of code for each substructure.

1.10.1.7 uses repeated blocks
Cards 209 through 215 are associated with input for substructure 1.

Cards 216 through 222 perform the same operations for substructure 2, Likewise, cards 23p and 231

are assgciated with output for substructure 1, and cards 232 and 233 are associated with output for

substructure 2, If a large number of substructures are used, it is more convenient to use a DMAp

Toop, rather than repeating biocks of code, OMAP loops are constructed by placing a LABEL state-

ment at the beginning of the loop and an REPT statement at the end of the loop. The number of

times the REPT statement must pe executed is set by an integer constant.

with the following sequence of pMAP operations:
PARAM /1 CN.NBP / v N, INP=1 $
LABEL BLACK %
INPUTTY  / E,KGGA,PGA,, / CNL,=3 / VN, INP §
MERGE, »2sKGBA,E, / KGGTA §
ADD KGG,KGGTA / KTA $
EQUIV KTA,KGG / TRUE $
MERGE, sPGA,,,,E / PGTA / C,N,1 ¢
ADD PGT,PGTA / PTA §
EQuIV PTALPGT / TRUE §
PARAM /7 C,NLADD / VN, INP / VNLINP 7 CNLT 8
REPT BLACKT,T §

The LABCL, BLECKT, is shown at the beginning of the Toop, and the REPT statement is shown

at the end,

The integer in the REPT statement is set o one Jess than the number of substructures,

];10-]1 {12/31/77)

/52

R T T T

e f




e T BT TS,

o ALLET LT

STRUCTURAL MODELING

which in this case is one. The PARAM statement preceding the REPT stztement is used to increment
the second parameter of INPUTT] by ane each time through the loop. This causes the information to
be read from a different tape each time through the loop. This DMAP loop does not check the label
before reading the information on the input tapes. The fact that the same names are used for the

matrices each time through the Toop does not cause any difficuity, as the matrices are located by

their position on the tape, rather than by name.

If a OMAP Toop is used for the input sequence, consideration must be given to its effect on
the output sequence. Since the partitioning vectors were nnt saved on each pass through the DMAP
loop for the input sequence, it is necessary to recover this information for use in the output
sequence, This might be done by rerunning INPUTT1 to reread the partitioning vectors as needed,
or perhaps by inserting the DMI cards for the partitioning vectors in the Bulk Data Deck for

Phase 2. If Phase 3 runs are not required, no output sequence is necessary.
1.10.7.6 Identical Substructures

In the case of identical substructures, the substructuring procedurss can be ercanized to
take Tull advantage of the repetitive parts. The substructures only have to appear identical in
Phase 1. The Toading conditions and boundary conditions used in Phase 2 may be quite different
for the otherwise identical substructures. The Phase 1 substructures must have identical geometry,

including the global® coordinate systems used on the boundary grid points.

Only a single Phase 1 run is made for each group of identical substructures. Since the iden-
tical substructures will be coupled in different ways during Phase 2, a different partitioning
vector must be generated for each use of the identical substructures in Phase 2. These multiple
partitioning vectors can be placed on the same output tape from Phase 1, which also contains the

single set of structural and Toading matrices for the group of identical substructures.

The user may choose to make one or more Phase 3 rups for the members of a group of identical
substructures. I the loading conditions and boundary conditions are also identicai for the group
of identical substructures, a single Phase 3 vun will give all information of intersst. However,
if the boundary conditions and/er Toading conditions are different for the various members of the
group of jdentical substructures, it will probabiy be desirable to make a separate Phase 3 run for

each of the substructures used in the complete structural model.
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SUBSTRUCTURING

The use of identical substriuctures not only saves time in computer runs for Phase ] and

perhaps for Phase 3, but also substantially reduces the effo

rt associated with the preparation
of the structural model ip the Bulk Data Deck,

-

In some sense, substructuring procedures with

S
identical substructures can be thought of as being a form of data generation. Although sub-
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STRUCTURAL MODELING %z
Table 1. Data Deck for Phase ] of Substructure 7.

100 NASTRAN FILES = {INPT,NPTP) s
101 1D PHASE,GNE $ SUBSTRUCTURE T
102 TIME 2

103 CHKPNT  YES

_ 104 APP Bisp
= 105 s 1.9 !
E 106 ALTER nl § {where nl = DMAP statement number of EQUIV KAA,KLL/REACT

107 Jump LBL7 $
4 108 ALTER  n2 § (where n2
102 FBS LB, UpR,PR/UGDY $
110 CHKPNT  Ugpv §
111 QUTPUTT  ET,KLL,PL,,//C,N.-1/C,N,0/C,N,USERTPT §

112 ALTER n3,n4 § (where n3 = DMAP statement number of S$563 module and
n4 = DMAP statement number of REPT L@pPTAP,360)
113 ENDALTER

DMAP statement number of LABEL LBL10)

- 114 CEND
3 115 TITLE = PHASE GNE - SUBSTRUCTURE 1
. 116 SPC = 101

T17 BEGIN BULK

1 2 3 4 5 6 7 8 9 10
N8 |aser |3 126
19 |ceAR |1 10 1 2 1.0 1
120 | cBAR |2 10 2 3 1.0 1
; 121 | DI El 0 2 1 1 3 ]
; 122 | DMI 1 1 1 1.0 1.0 1.0
: 123 [aRID |1 345
? 124 {GRID |2 240. 345
: 125 [GRID |3 a0, 345
: 126 |MATT (11 30.46
§ 127 [PBAR (10 11 60.  |s00.
| 128 | spC 101 1 12
| 129 | ENDDATA e
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Table 2. Comments for Phase 1, Substructure 1 Data Deck,

Eﬂ;ﬂ Refer to Table 1 for input_cards described below. f
103 This run will be checkpointed, so that a8 restart can be made for Phase 3. The user
must allocate space fop the checkpoint file, NPTP. (The NPTP file is presumed to he
copied to tape at the end of the job.)
105 Rigid Format 1, Static Analysis, will pe used for this prohlen without property
optimization,

106 Insert the following statement after DMAP statement EQUIV KAA,KLL/REACT.

107 Jump around the Rigid Body Matrix Generator modyles. The solution for {ua} will be
performed in Phase 2.

108 Insert the following three statements after DMAP statement LABEL LBLI0,

109 Use the module FBS to solve for {ug} the displacement of the o-set relative to the
a-set points.

116 Write dispiacement vector UBBV on the New Problem Tape.

m Use the module PUTPUTT to write the DMI matrix given on cards 121 and 122, along with
the stiffness matrix KLL, and the Toad vector PL on User Tape 1 (USERTP1), The user
must allocate space for the User Tape Tile, INPT. (The INPT File is presumed to be
copied to tape at the end of the Job.) The detaiis of the call for puap module
BUTPUTT and othap DMAP information are given in Section 5.

112 Delete the data recovery modules (SSG3 thru REPT LApPTAP,360),

116 Select single-point constraint set 107,

118 Defines grid point 3 as a boundary point between substructuyres,

119) . - .

120] Connection cards defining bar elements in substructure 1,

121 Direct Matpix Input cards that define the partitioning vector fop use in Phase 2.
122 The entries on these cards are discussed belay.

123

124 These cards define the grid points in substructura 1.

125

(Continued)
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STRUCTURAL MODELING .
Table 2. Comments for Phase 1, Substructure 1 Data Deck (continued). P ,
+ ‘.!
4
N ‘f
Card .- P
No. Refer to Table 1 for input cards described below. g
126 Defines the material for the elements in substructure 7. fo
127 Defines the properties of the elements in substructure 1. 1 i
128 Defines single-point constraint set 10T. Components 1 and 2 are constrained at grid ‘ i

point 1 in substructure 1, ;

1.10-16 {12/31/77)
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SUBSTRUCTURING
Takle 3. Data Deck for Phase 1, Substructure 2.

FILES = (INPT,NPTP)

150b ID PHASE,BNE $ SUBSTRUCTURE 2
151 TIME 2
152 CHKPNT YES
153 APpP DIAP
154 S@L 1,9
165 ALTER nl § (where nl = DMAP statement number of EQUIV KAA,KLL/REACT)
156  JUMpP LBL7 §
157 ALTER n2 § (where n2 = DMAP statement number of LABEL LBL10)
158 FBS Lop,upd.Pa/ugpv $
159 CHKPNT ugpy % _
160 BUTPUTT E2,KLL,PL,,//C,N,-1/C,N,0/C,N,USERTP2 $
161 ALTER n3,nd § (where n3 = DMAP statement number of $SSG3 module and
nd = DMAP statement number of REPT L@@PTEP, 360)
162 ENDALTER
163 CEND
164 TITLE = PHASE gNE - SUBSTRUCTUREIZ
165 SPC = 201
166 LPAD = 202
167 BEGIN BULK
1 2 3 4 5 6 7 8 9 10
168 | ASET 3 126
169 | CBAR 3 10 3 4 1.0 1
170 | CBAR 4 10 4 5 1.0 1
171 | CBAR 5 10 5 o 1.0 1
172 1 DT E2 0 2 1 1 3 1 A
173 | DM E2 1 1 i.0 1.0 1.0
174 | FBRCE 202 3 1000. ~1.0
175 | FRRCE 202 4 1000, ~1.0
176 | GRID 3 ' 480. 345
177 } GRID 4 '720. 345
(Continued)
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STRUCTGRAL MODELING

Table 3. Data Deck for Phase 1, Substructure 2 (continued).

J

1 2 3 4 5 6 7 8 9 10 :J

178 [GRID |5 960. 385 4
179 |er0 |6 1200. 315 -
180 | AT 1 30.46 .

181 | PBAR 10 1 £0. 500.
182 | spc 201 6 2 , '

.L
183 | ENDBATA

LSRN

R

a4

B SRR SR

ol T DRSO R L
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SUBSTRUCTURING

Table 4. Comments for Phase 1., Substructure 2 Data Deck.

Card
No.

Refer to Table 3 for input cards described below.

160

165
166

172)
173}
174)

182

1751'

The partitioning vector for substructure 2 is written on User Tape 2 and is named E2.

The user must allocate space for User Tape file, INPT. (The INPT file is presumed to

be copied o tape at the end of the job.) It is possible to change the BUTPUTT state-
ment and write the results for substructure 2 on the same tape as for substructure 1,

if desired.

Selects single-point constraint set 201.

Selects Toad set 202.

Other than the name E2, the partitioning vector is identical to that for substructure 1.

Defines the external loads in load set 202. The load applied to grid point 3 has
arbitrarily been placed in substructure 2.

Defines single-point constraint set 201 at grid point 6, component 2.

1.10-19 (12/31/77)
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200
201
202
203
204
205
206
207
208
209
210
21
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

229  QUTPUTT,

NASTRAN
ID
TIME
APP
SpL
ALTER
PARIM
ALTER
ALTER
INPUTTT
MERGE,
ADD
EQUiy
MERGE,
ADD
EQUIV
INPUTT]
MERGE,
ADB
EqQuiv
MERGE,
ADD
EQuIv
ALTER
ALTER
S5G61
ADD
EQUIV
ALTER

2 3

STRUCTURAL MODELING
Table 5. Data Deck for Phase 2

FILES = (INPT,INPI,INPZ)

PHASE, Tug

2

DIsp

1.9

n0 $ (where n0 = pMAp statement number of the BEGIN statement)

//C,N,NBP/V,N,TRUE=-] L3

ni,n2 $ {where ni DMAP statement number of module GP2 and

n3,nd § (where 2§ = gﬁﬁg §§§§§$§ﬂ§ 25$E:: g? #EEE# gigt before TAI and
nd = DMAP statement number of LABEL LBL11A)

/EO],KGGU1,PGDI,,/C,N,-]/C,N,]/C,N,USERTP1 $

»2,KGE0T,E0T,/KGGTOT §

KGE,KGGTO1/KT0T $

KT01,KGG/TRUE §

-PE0T,,.,E01/PGTOI/C,N, 1 §

PGT,PGTOT/PTOT $

PTO1,PGT/TRUE §

/EOZ,KGGOZ,PGDE,,/C,N,-1/C,N,2/C,N,USERTP2 $

»»+KGG02,E02, /KGGTO2 5

KGG, KBGETO2/KT2 $

KT02,KGG/TRUE §

,PGOZ,,,,EOZ/PGTUE/C,N,] ]

PGT,PGT02/PT02 $

PTGZ,PET/TRUE $

n5,n6 $ (where ns

n6
n7,n7 $ (where n7

nn

DMAP statement number oF COND LBL4,GENEL and
DMAP statement number of LABEL LBL4)
DHAP statement number of module SSG1)

LI I ]

SLT,BGPDT,CSTM,SIL,,MPT,,EDT,,CASECC,DITYPG/V,N,LUSET/V,N,NSKIP $
PGT,PG/PGY § -
PGX,PG/TRUE $

n8,n9 § (where n8 = pMAP statement number of the first SDR2 module and
nd = DMAP statement number of BFP just before XYTRAN)
ss;,//C.N,-l/C,N,OIC,N,USERTP3 $

(Continued)
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.

Table 5. Data Deck for Phase 2 (continued).

Tl 2

230 PARTN UGy, ,E01/,0LV¥01,,/C.N,1 $
231 PUTPUTT  ULYOT,,,.//C,N,0/C.N,0/C,N,USERTP3 $
232 PARTN UGV, ,E02/,ULV02,,/C,N,1 $
233 QUTPUTT  ULVe2,,,.//C,N,0/C.N,0/C,N,USERTP3 §

AP o

234 SDR2 CASECC,CSTM,MPT,DIT,EQEXIN,SIL , , ,BGPDT ,PGE,QG,UGY, ./
#pa1,P061,0UGv1, , ,/C,N,STATICS $

[t
235 @Fp PUGY1,BPG1,0061,,,//V,N,CARDNG $

236 ALTER nl0,nil $ (where nl0 = DMAP statement number of CBND LBLOFP,C@UNT and
nll = DMAP statement number of @FP Jjust before LABEL DPLPT)
237 ALTER nlZ,n13 $ (where nl2 = DMAP statement number of CEND P2,JUMPPL@T and
. nl3 = DMAP statement number of REPT LBPPTAP ,360)
1 238 ALTER n14,n15 § {where nl4 and nl5 are the DMAP statement numbers of LABEL ERRPR2
Y and the PRTPARM moduie fmmediately following it, respactively)
: ALTER ni6,ni7 § (where nl6 and nl7 are the DMAP statement numbers of LABEL ERRER4
» and the PRTPARM module immediately following it, respectively)
& 239 ENDALTER

240 CEND
241 TITLE = PHASE TWp
242 BEGIN BULK

| 1 2 3 4 5 6 7 8 9 10

: 243 | DMI ka6 0 6 1 2 3 3

244 | DM Kag 1 1 0.0

245 | DI PGT [0 2 1 2 3 1

’ 245 | pHI paT  p 1 0.0

’ 247 { SPRINT (1 THRU |3

i 248 | ENDDATA !

S D PR T TR FRREEETT e v
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%

Table &. Comments for Phase 2 Data Deck. -

i

B

< Card .8
i No. Refer to Table 5 for input cards described below. '

%=j 204 Rigid Format 1, Static Analysis, will be used for this problem. 1 '%

%, 205 Insert the following statement after DMAP statement No. 1. ‘
3 206  Define the parameter TRUE = -T. _

%' 207 Delete the DMAP statements associated with the preparation of the Element Connection : [

F.

- Table and structure plots (module GP2 thru LABEL P1).

o 208 Delete the DMAP statements associated with matrix assembly (PARAM just before TAl thru v
AN LABEL LBL11A). !

Bl 209 Insert the DMAP module INPUTTT to read the partitioning vector, the stiffness matrix,

and the load vector from User Tape 1. These matrices have been renamed EOT, KGGOT,

;_ . and PGOT, respectively. The user must arrange to have the tape mounted that was pre-

: pared at the end of Phase 1 run on substructure 1 copied to a file designated as INPT.

210 Insert the module MERGE to change the a-set size of the stiffness matrix from Phase 1
to g-size for Phase 2, and designate the output as KGGTO1. In this particular case,

. i no change will take place, since the a~size from Phase 1 is the same as the g-size

o in Phase 2.

211 Insert the module ADD to add the nuil matrix KGG, defined in the Bulk Data Deck, to

~ KGETO01, and designate the output as KTO1.

212 Insert the module EQUIV to equivalence X701 to KGG.

213 Insert the module MERGE to change the a-size of the Toad vector from Phase 1 to g-size
for Phase 2, and designate the output as PGTO1. In this case, no change in size will
take place.

214 Insert the module ADD to add the null matrix PGT, defined in the Bulk Data Deck, %o

- PGTO1, and designate the output as PTOY.

215 Insert the module EQUIV to equivalence PTO1 to PGT.

216 Insert the moduie INPUTTY to read the partitioning vector, the stiffness matrix, and

A

the load vector from User Tape 2. These matrices which were generated for substructure

o

2 in Phase 1 are redesigned as E02, XBG02, and PGO2, respectively. The user must

te

S ML Y,

-

arrange to have the tape mounted that was prepared at the end of the Phase 1 run for

substructure 2 copied to a file designated as INP2.

(Continued)
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SUBSTRUCTYRING

Table 6. Comments for Phase 2 Data Deck {continued).

Insert the module MERGE to change the stiffness matrix for substructure 2 from a-size

Insert the module ADD to add the stiffness matrix for substructure 2 to the stiffness

Insert the module MERGE to change the load vector from a-size in Phase 1 to g-size in

Insert the module ADD to add the loads applied to substructure 2 to the load vector

insert the module ADD to cambine the load vector from Phase 2 with the load vectors
Insert the module EQUIV to egquivalence #3X to PE. The data block PG now includes ali

Delete data recovery and @FP modules (the Tirst SDR? thru the @FP just before XYTRAN).
Insert the module GUTPUT] to rewind User Tape 3 and place the label USERTP3 on this

Cﬁ;? Refer to Table 5 for input cards described beloy.

217
in Phase 1 to g-size in Phase 2 and designate the output as KGGT0Z.

218
matrix for substructure 1, and designate the output as KT02.

219 Insert module EQUIV to equivalence KT02 to KGG. The matrix KGB now represents the
stiffness matrix for the pseudostructure, and will be used for input to Phase 2.

220
Phase 2.

221
for substructure 1, and designate the output as PTO?.

222 Insert the moduTe EQUIV to equivalence PT02 to PGT.

223 Delete the DMAP statements associated with the Grid Point Singularity Processor
(CAND LBLA,GENEL thru LABEL LBL4).

224 Delete the 5561 module.

225 Insert the module SSG1 with the calling sequence modified o remove parts not
associated with directly applied loads. Since, for this particular probiem, all
loads were applied in Phase T, there will be no output from SSG1.

226
generated in Phase 1, and designate the output as PGY.

227
loads from both Phase 1 and Phase 2, and will be used as input to Phase 3.

228

229
fite. The user must arrange a third file allocated which is designated as INPT.
(It is presumed the INPT file will be copied to a tape at the end of the Job.)

230

Insert the module PARTN to separate that part of the solution vector UGY associated

with substructure 1, and designate the output as ULVO].

{Continued)
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Table 6. Comments for Phase 2 Data Deck (continued).

Card ¥
No. Refer to Table 5 for input_cards described below. '

231 Insert the moduie PUTPUTT to write the partition of the
substructure 1 on User Tape 3.

selution vector associated with

232 Insert the modute PARTN to separate that part of the solution vector associated with ot
substructure 2, and designate the output as ULVOR.
233 Insert the module BUTPUTY to write that part of the solution vector associated with
: substructure 2 on User Tape 3. This witl place the solution vectors for both sub-
: structures on Usep Tape 3. (A second tape could be used for the solution vector for
substructure 2 by changing the DMAP statement for #uTPUT, )
. 234 Insert the module SDR2 with the calling Sequence modified to remove those parts
o associated with element output.
235 Insert the module BFP with the calling sequence modified to remgve those parts
e associated with element output,
- ? 236 Remove PFP and additional DMAP statements {CEND LBL@FP,CAUNT thry the PFP just before
- LABEL DPL@T).

- 237 Remove the DMAP statements assaciated with the
: plots (CEND P2,JUMPPLAT thry REPT LﬁﬁPTEP,3GU).

preparation of the deformed structure

238 Remove the statements associated with ERR@R2 and ERR@R4,
243’
DMI cards used to define the null matrix KGG.
244[
245
DMI cards used o define the null matrix PGT,
246
‘ 247 Definition of the three scalar points for the pseudostructura,
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2
(¢ Table 7. Data Deck for Phase 3, Substructure 1, i J
. ol
300 NASTRAN  FILES = (INPT,PPTP) : %
301 Ip PHASE,THREE % SUBSTRUCTURE 1 P
02 TME 2 o
303 App Disp
304 soL 1,9

305 ALTER nl,n2 $ (where nl = pMaAp statement number of modyle GP3 and t
n2 = DMAP statement number of LABFL LBL9)
306 INPUTTY /,,,,/C,N,-T/C,N,D/C,N,USERTP3 §

307 INPUTTY JULY 5 45,/C,N,0 §

308 ALTER n3,n4 $ (where n3 = OMAP statement number of COND LBLS8,REPEAT and
n DMAP statement number of LABEL L8BL8)

309 ALTER n5,n6 % (where ng DMAP statement number of JUMP FINIS and
n

310 ENDALTER

I

n

DMAP statement number of LABEL FINIS)

31 (Include Restart Dictionary from Phase 1)
312 CcENp

313 TITLE = PHASE THREE - SUBSTRUCTURE 1

314 DISP = ALY

315 ELF@RCE = ALL

316 OLPAD = ALL

317 SPCFRRCE = ALL

318 BEGIN BULK

319 (No Bulk Data)

320 ENDDATA

CX{ Sty SR Iy
—

AL TN
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Table 8. Comments for Phase 3, Substructure 1 Data Dack.

it L5 S e - e e e e et T T e D

Eglgge all parts of the rigid format, except the data recovery modules (GP3 thru LABEL
arrange to have the tape mounted that was prepared at the end of the Phase 2 run copied

Insert module INPUTT1 to read the solution vector for substructure 1 from User Tape 3.

Insert the Restart Dictionary punched during the Phase 1 run of substructure 1. The

user nust arrange to have the checkpoint tape from the Phase 1 run for substructure 1

Request printed output of the load vector for substructure 1. In this particular case,

Request printed output for all nonzero single-point forces of constraint on substruc-

No bulk data cards should be included in the Phase 3 vun. However, the BEGIN BULK and

ng? Refer to Table 7 for input cards described below.
304 Rigid Format 1, Static Analysis, will be used for this problem.
305
306 Insert module INPUTTT to rewind and check the label on User Tape 3. The user must
to a file designated as INPT.
307
The solution vector is designated as ULV for input to module SDRI.
308 Remove additional DMAP statements not associated with data recovery operations
300 (COND LBL8,REPEAT thru LABEL LBLS8 and JUMP FINIS thru LABEL FINIS).
m
copied to a file PPTP for the restart.
314 Request printed output for all dispTacements of substructure 1.
315 Request printed output of forces for all elements in substructure 1.
316
no gutput will result because no Toads were applied to substructure 1.
n7
ture 1.
318 Beginning of Bulk Data Deck.
319
ENDDATA cards must be present.
320 End of NASTRAN Data Deck.
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Table 9. Data Deck for Phase 3, Substructure 2

|
|
T
!
i

350a NASTRAN  FILES = (INPT,PPTP)

350b ID PHASE,THREE $ SUBSTRUCTURE 2 f
/1 TIME 2 o
352 AP DISP '
33 sl 1,9

354 ALTER nl,n2 where nl = DMAP statement number of module GP3 and
n2 3 n2 = DMAP statement number of LABEL LBLY)
355 INPUTTT  /,,,./C,N,-1/C,N.0/C,N,USERTPS $

356 INPUTTT  /ULV,,,,/C,N,1 §
357 ALTER n3,nd § (where 23
358 ALTER n5,n6 $ (where n5
359 ENDALTER "

DMAP statement number of CPND LBLE,REPEAT and
DMAP statement number of LABEL LBLS)

OMAP statement number of JUMP FINIS and

DMAP statement number of LABEL FINIS)

It

nmn

360 {(Include Restart Dictionary from Fhase 1)
361 CEND
362 TITLE = PHASE THREE - SUBSTRUCTURE 2
363 DISP = ALL
' 364 ELF@RCE = ALL
365 QLPAD = ALL
366 SPCF@RCE = ALL
367 BEGIN BULK
368 (No Buik Data)
369 ENDDATA
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STRUCTURAL MOBELING

Table 10. Comments for Phase 3, Substruciure 2 Data Deck.

Card
No.

Refer to Table 9 for input cards described beluﬁ.

355

356

365

Insert module INPUTTT to rewind User Tape 3. The user must arrange to have the tape

mounted that was prepared at the end of the Phase 2 run copied to a file, INPT, i it
1s not already available as a result of the previous run on substructure 7.
Insert module INPUTTT ta skip over the solution vector for substructure 1 on User Tape

3, and read the solution vector for substructure 2.

The request far printed output of the Toad vectors will show nonzero loads applied to
grid points 3 and 4.
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SUBSTRUCTURING

Table 11. Instructions for Modificd Phase 2 Data Deck.

g.
10.

11.

Remove card 116, SPC set selection for Phase 1 substructure 1 and request SPC set 207
after card 247.

Replace card 118 as shown in Table 12 to redefine the a-set for substructure 1.

Replace cards 121 and 122 with cards 121, 122, and 122a shown in Table 12 to redefine the
partitioning vectors for substructure 1.

Card 128 is not required, SPC set definition for substructure T (see item 1 above).

Remove cards 165 and 166, SPC and Toad set selection for Phase 1, substructure 2 (see also
item 1 above}. Select LPAD set 202 and place after card 241.

Replace card 168 as shown in Table 12 to redefine the a-set for substructure 2.

Replace cards 172 and 173 with cards 172, 173, and 173a shown in Table 12 to redefine the

partitioning vectors for substructure 2.

Cards 174, 175, and 182 are not required, Toad definition and SPC definition for
substructure 2 (see item 1 above).

Replace cards 243 and 245 as shown in Table 12 to conform to new size for pseudostructure.
Insert the cards 246a and 246b as shown in Table 12 in the Bulk Data Deck for Phase 2

for definition of the loading condition and boundary condition.

Replace card 247 as shown in Table 12 to modify the definition of the pseudostructure to
contain 12 scalar points,
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Table 12. New Data for Modified Phase 2

1 2 3 4 5 6 7 8 9 10 g
118 |ASET) 126 T . 3

121 |pMI E1 0 2 1 1 12 1 o
; 122 (oM E1 1 1 1.0 |i.o 1.0 1.0 .0 [N |
122a [+£11 E1 1.0
168 [ASETT  |i26 3 4 5
172 oM E2 0 2 1 1 12 1

173 [oMI E2 1 4 o o he o [0 |
173aj+E21 |2 .0 o f1.o e
243 o K& [0 6 1 2 12 12
: 245 |DMr PeT (o 2 1 2 12 1

‘ 246a{SLgAD 202 5 1000. {8 1000.
: 246b [SPCT 201 1 2 1
247 |sppINT |1 THRU |12
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e Table 13. Phase 1 Normal Modes Analysis Data Deck.

NASTRAN  FILES = (INPT,NPTP)

B L e - siC s -
‘-“-:;""* R . P

1D PHASE.ONE $ NZRMAL MPDES d
TIME 2 S
CHKPNT  VES |
APP DISP

spL 3,0

ALTER n1,n2'$ (where nl = DMAP statement number of CEND LBLG,REACT and
n2 = DUAP siatement number of LABEL P2)

GUTPUTT  E10,KAA,MAA, ,//C,N,~1/C.N.0/C.N,USERTPT § B
| ENDALTER a
" CEND

P T o

(Case Control Deck)
BEGIN BULK

(Bulk Data Deck) -
ENDDATA

S e — Lt e o2
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NASTRAN
D
TIME
APP
SpL.
ALTER
PARAM
ALTER
INPUTTT
MERGE,
ADD
EQUIV
MERGE,
ADD
EQUIV
INPUTTY
MERGE,
ADD
EQUIV
MERGE,
ADD
EQUIV
ALTER
ALTER
UTPUT?
PARTN
AUTPUTT
PARTN
UTPUTT

STRUCTURAL MODELING
Table 14. Phase 2 Normal Modes Analysis Data Deck.

FILES = (INPT,INPT,INP2)

PHASE,THA $ NBRMAL MJDES

2

pisp

3.0

R0 § {where n0 = DMAP statement number of the BEGIN statement)
J/CM,NBP/V M, TRUE=-1 §

ni,nZ § {where nl = DMAP statement nuwber of module GP2 and

nZ = DMAP statement number of module SMA3)

/EOI,KGGU1,MGGU1,,/C,N,-]/C,N,I/C,N,USERTP] $
»»»KGEO0T,EOT, /KGGTOT $

KBG,KGRTO1/KTOT $

KTOT,KGG/TRUE $

»5-MGE0,EQT,/MGGTOT $

MGG, MEETO1/MTOT §

MTO1,MGG/TRUE $
/EOZ,KGGOZ,MGGOZ,,/C,N,-]/C,N,Z/C,N,USERTPZ $
»»5HGEO2,E02,/KGGTOZ %

KGE,KGET0Z/KT02 $

KT02,KBG/TRUE §

» 5 MGG02,E02, /MGGTOZ ¢
MGGE.MEGT02/MT02 $
MT02,MGG/TRUE $

n3,nd4 $ (where n3 = DMAP statement number of COND LBL4,GENEL and

n DMAP statement number of LABEL LBL4)
n5,n6 § (where n5 = DMAP statement number of module SDRZ2 and
n6 = DMAP statement numbber of LABEL p2}
LAMA:: sQ/IC:N,"]/CgN,OICgN,USERTP3 $
PHIG, ,EQ1/,PHIAOT,,/C,N,1 $
PHIAO1,,,,//C,N,0/C,N,0/C,N,USERT®3 $
PHIG, ,E02/,PHIA02,,/C,N,1 §

PHIA0Z,,,.//C,N,0/C,N,0/C ,N,USERTP3 $

H o v

(Continued)
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Table T4. Phase 2 Normal Modes Analysis Data Deck {continued),

" SDR2 CASECC,CSTH,HPT,DIT,EQEXIN,SIL,,,BGPDT,LAMA,QG,PHIG,,/

0061 . APHIG, ,,/C,N,REIG §
arp @PHIG.BOGT,,,.//V,N.CARDNG $
ALTER n7.n8 $ (where n7 and n8 are the DMAP statement numbers of LABEL ERR@R1 and
the PRTPARM module immediately following it, respectively)

ENDALTER
CEND

(Case Control Deck)
BEGIN BULK

(Bulk Data Deck) !
ENDDATA
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Table 15. Phase 3 Normal Modes Analysis Data Deck.

NASTRAN  FILES = {INPT,@PTP)

ip PHASE, THREE $ NPRMAL M@DES
TIME 2

APP DISP

SPL 3,0

ALTER nl,n2 § (where nl = DMAP statement number of module GP3

number of the BFP module Just prior

INPUTT?  /LAMA, ,,./C,N.-1/C,N,0/C,N USERTP3 $
INPUTTT  /PHIA,,,,/C,N,0 $
ALTER n3,nd $ {where n3
ENDALTER

DMAP statement number of JUMP FINIS

{Include Restart Dictionary from Phase 1)
CEND

(Case Control Deck)
BEGIN BULK

(No Bulk Data)
ENDDATA
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Figure 1. Manuai substructuring problem,
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1.710.2 Automated Multi-Stage Substructuring

Large and complex structural analysis problems can be solved for static and dynamic response
and/or normal mode shapes using the automated multi-stage substructuring features of NASTRAN. As
with all substructuring approaches, the user subdivides the intended model into a set of smallar,
more elementary partitions called basic substructures. The components of the whole structure can
be modeled independently, checked for acciyacy, and then assemb]ed automaticaily all at once or

in stages to form a composite model répresenting the whole structure for final soiution.

In order to effectively employ this automated substructuring capability of NASTRAN for
static and normal modes analyses, the user shoyld gain an overall understanding of the basic
program design concepts, the data base on which it operates, and the control functions provided,
These topics are discussed in the sections which follow. Suggestions, recommendations, and

cautions to be observed when using automated substructuring are presented in Section 1.10.2.6.

A detailed description of the substructuring control cards and a summary of pertinent bulk
data cards is provided in Section 2.7 of this manual. A detailed description of each of these
bulk data cards is included alphabetically along with ail other bulk data cards in Section 2.4.
The basic design concepts used in developing this automated substructuring capability are

described below. The theory is presented in Section 4.6 of the Theoretical Manual.

1.10.2.71 Basic Concepts

Automated substructuring analysis is available for use with NASTRAN Rigid Fromats 1, 2, 3, 8,
and 9. This provides capability for static analysis, static analysis with inertial relief for
unsupported structures, and normal modes, frequency response, and transient response analyses.

The capability allows an unlimited number of substructures to be combined and/or reduced in any
Sequence desired. Each substructure is represented by its mass, stiffness, and damping matrices.
A reduction in size or condensation of these matrices is accomplished using the Guyan reduction

technique or reduction to normal or conpiex modal coordinates.

Although the NASTRAN substructuring system may be used for smalil and moderate size problems,
several features are available to accommodate very large probiems. The most important of these

features is the automated data base management system used to maintain the Substructure Operating
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File {SPF) on which al1 pertinent matrix and substructurai loading data and associated control files
are stored. This SBF carries all the information needed from vun to vun throughout a substructuring

analysis.

Processing automated substructuring analyses is subdivided into three phases similar to those
described sarlier for manual substructuring. The usual analysis proceeds as follows. First,
several separate Phase 1 executions are performed, one for each basic substructure. Second,
one or more Phase 2 executions may be performed. In a Phase 2 run, any number of substructure
reductions and/or combinations, resulting in higher level {meaning more complex) pseudostructiures.,
may be performed. Phase 2 processing may be halted at any stage of model assembly and restarted
in a subsequent Phase 2 execution. The results at each step in the operation are stored on the SOF
so as to be available for subsequent execution. The final steps of a Phase 2 operation would be
the solution step for the highest level structure and the data recovery steps with Timited output
capability (dispiacements, forces of constraint, modal energies, and applied 1oads oniy) for any
lower level substructure. Complete and detailed data recovery for the basic substructures must
be obtained by separate Phase 3 executions, one for each basic substructure. This Tevel of data

recovery may inlcude any or all of the NASTRAN output normal for a non-substructure analysis.

Automated substructuring allows éach basic substructure to be defined independently. This

concept is represented by three key features of the system.

1. There are no restrictions as to duplication of grid point or element identification
numbers, load sets, individual coordinate systems, etc. All data for a given su?struc-
ture is associated with an assigned unique name for that structure. The only data
restriction is one of proper modeling, i.e., common boundaries require grid points to be

located at the same point in space for each connecting substructure.

2. MNo substructure may appear as a comporent of another substructure more than once; and
no degrees of freedom within a substructure may be connected ("combined") to other
degrees of freedom in that same substructure except by multipoint constraints imposed

at the solution step operation.

3. A1l pertinent substructure data are stored on the S@F, an expandable direct access file,
This Tfile may be selectively edited and/or dumped to tape and transmitted to another user

who may have need for the data. Provision is made for automated tape conversion among
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CDC, IBM, UNIVAC and DEC VAX computers te facilitate such data transmittal between
different users. Use of this file is described in Section 1.10.2.4.

Control of the automated substructuring system is obtained through the use of linguistic
comnands ., similar to those of Case Control. These commands are placed in the Substructure
Control Deck shown in Figure 2. This Substructure Cantrol Deck is situated between the Executive

ControT and Case Control Decks.

Each substructure control command is automatically transiated into appropriate DMAP ALTER i
cards to augment the requested Rigid Format sequence. The user may alse include his own DMAP '
ALTER commands, or he may modify a previously defined DMAP sequence. A description of how the

user may interface with this NASTRAN-generated substructuring DMAP is presented in Section 2.7.2.

Listings of the DMAP ALTERs generated by each substructure command are presented in Section 5.9.
Descriptions of the corresponding modules provided for substructuring are found in the NASTRAN

Programmer's Manual,
1.10.2.2 Substructure Operations and Control Functions

User control of the automated multi-stage substructuring system is abtained via the
Substructure Control Deck commands. The key terms used to describe these commands and their
functions are defined in Table 16. A summary of the substructuring command options is presented
in Table 17. Some of these commands require specific bulk data cards which are Tisted for easy
reference in Tabie 18. The user should also refer to Section 2.7 for a complete description of
the Substructure Control Deck commands and to Section 2.3 for detailed descriptions of the

corresponding buik data cards.

The operation and control functions of automated substructuring analysis are best i1lustrated
and explained using the "tree" structure presented in Figure 3. This figure defines the geneology
of all the component substructures used in building a final model. Basic substructures are
created at the Phase 1 level. Substructures "A," "B," and "E" are shown in solid hoxes indicating
they were formed from actual data deck submittals and are physically different models. The dotted
boxes are called "image" substructures and are the result of an EQUIVALENCE operation rather than
an actual Phase 1 data deck submittal. The EQUIVALENCE operatien defines a new substructure
which is a duplicate of an existing substructure and automatically creates all equivalent Tower
level component substructures. Thus, space is savéd on the data files by eliminating storage of

redundant matrix data. A four-bladed propeller, for example, could be sesn to consist of four

-
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& identical components and, hence, only one nsed by explicitly modeTed. The other three blades could

be defined solely by using the EQUIVALENCE command.

The image substructures exist in name only. Note in Figure 3 that the names of the image
structures are identical to the equivalent parent structure, with the exception of a prefix <

character. The new namas would be created automatically by NASTRAN with the use of the PREFIY !

subcommand to EQUIVALENCE. These new prefixed names would then be used to reference the appro-

priate component substructure as if it were created iridependently.

: Note., the term "lower level" refers to the Tess camplex of the component substructures which

are used to create a higher level, or more compiex substructure. L

From the user point of view, all substructures shown in Figure 3, with either solid or ditted
boxes, are separate and distinct substructures. They may have different applied loads, boundary
conditions, and responses. For example, though enly A, B, and E represent actual Phase i executions,
Phase 3 data recovery executions may be made for A, B, E, XA, XB, YA, YB, YXB, and YE, each of

which generally would have different results.

The CEMBINE command (see Table 17) with its numerous subcommands, offers flexibitity in the
assembly of substructures into a higher Tevel substructure. The CEMBINE capability allows
component substructuras to be translated, rotated, and/or symmetrically transformed via mirror

image transformation for proper positioning in space.

j For example, the right wing of an aircraft is first modeled and an EQUIVALENT operation is
performed to define an identical duplicate wing. Then, in the C@MBINE operation. a SYMTRANSFORM
is applied so that the wing now appears as the actual left wing (a mirror image of the right
wing), and a TRANSFERM is applied to properly position it on the left side of the aircraft.
Caution is advised in that the symmetry transformation (SYMTRAN) is always applied to the component
in its own basic coordinate system before the usual translation and rotation (TRANS) for final

positioning (see Section 4.6 of the Theoretical Manual).

The REDUCE command causes a Guyan reduction to he performed on an existing substructure.
The user specifies which degrees of freedom are to be retained using the BDYC and BDYS (or BDYS?)
bulk data cards provided. The degrees of freedom retained are all called boundary degrees of
freedom although they all need not ever appear on the boundary with another substructure.
Obviously, all degrees of freedom eventually needed for boundary connections must pe retained,

P i.e., they must not be reduced out, However, care must be taken to retain in this boundary set
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all the appropriate degrees of freedom needed to represent the dominant displacement patterns for ,.-)

accurate caleculation of eigenvalues and eigenvectors for norma] modes analyses.

The MREDUCE and CREDUCE commands provide a modal synthesis capability to automated multi ~stage
substructuring. With these comrands the user defines boundary degrees of freedom to identify
degrees of freedom retained as physical coordinates. The remaining degrees of freedom are replaced
by a smailer set of normal (MREDUCE) or complex (CREDUCE) generalized modal coordinates. MREDUCE
may be used when real symmetric mass and stiffness matrices are used to define the model. CREDUCE

provides a general modal reduction capability when damped modes are desired or complex or unsym-

metric matrices are present.

The user may also define constraints for the structure to be appiied only for the purpose of

calculating the modes. BDYC and BDYS (or BDYS1) bulk data cards are used to define these degrees
of freedom and are requested by the subcommand FIXED.

Note that for both the REDUCE and MREDUCE substructure commands, the damping matrd ces, B and
K4, and the load vectors, P, are transformed to the reduced set of coordinates. The reduced sub-
structures may be processed with any of the other substructure operations. However, substructures
generated with the compiex modal reduction, CREDUGE, may not be processed with any commands re- i

quiring real arithmetic, namely REDUCE, MREDUCE, or SBLVE with Rigid Formats 1, 2, 3, or u,

As many EQUIVALENCE, COMBINE, REDUCE, MREDUCE, or CREDUCE commands as desired may be usad in
one or more Phase 1 or Phase 2 executions. Hoviever, oniy one SGLVE‘cummand is allowed in any single
Phase 2 execution, and the SPLVE command is r'mt allowed in Phase 1 executions. As indicated in the
definitions of Table 1, the SPLVE command requests a solution for structural response to applied
static Toads (Rigid Formats 1 and 2}, the calculation of noymal modes {Rigid Format 3), or struc-

tural response to frequency dependent or time dependent Toads (Rigid Formats 8 and 9) of the

substructure named in the command.

The RECHVER command is used in Phase 2 to recover the solution data for Succassively lower
level substructures. Only the displacements, forces of constraint, modal energies, and applied
toads can be selectively output for any component substructure during these Phase 2 operations.
The BRECOVER command is then used in a Phase 3 execution to obtain alil the detail response output
novmally provided by NASTRAN for each desired basic substructurs. The command, MRECBVER, is used

to recover mode shape data for modal reduced substructures.

’ -, .'i.v.
—
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Using the PL@T command, only undeformed plots may be requested in a Phase 2 P ’
= R
execution. Deformed plots can only be obtained fram a Phase 3 execution. LT o
6]
The user controls each step in the analysis by specifying the appropriate commands to be Y
executed and the substructure names, such as A, B, YC, etc. (see Figure 3), of each substructure O
: to be used in that step. o
n To reduce the potential for input error and to simplify the bookkeeping tasks, all specific
references to loadings and grid points for connection, boundary sets, and constraints, etc. are L

made with respect to the basic substructure name only. For these reasons, no component substruc~

ture may be used more than once while building the solution structure. That is, every component N

named in any substructure must be unique. IF the same component substructure is to be used more
than once, e.g., jdentical components are to be used to create the full model, the EQUIVALENCE
operation should be used as described earlier to assign unique names to alil substructures cam-

prising that component.

Substructure names are allowed no more than eight alphanumeric characters. MNotice in the
EQUIVALENCE operation shown in Figure 3, the required subcommand PREFIX generates an additional
character which is placed ahead of the existing name as a prefix to the parent substructure name.
Care must be taken with successive EQUIV operations to monitor the growth of image substructure
names so as not to exceed the eight-character Timit. If the limit is exceeded, the right-most
character will be truncated. Therefore, it is possible to inadvertently create duplicate sub-
structure names as more prefixes are added. It is recommended, therefore, that the entire tres
structure for the analysis be prepared ahead of time to help avoid these prablems. This pre-
planning also will be an invaluable aid to the task of data preparation and proper sequencing of

the individual steps in the analysis.
1.10.2.3 Input Data Checking and Interpretation of Output

/ The automated substructuring system provides several methods for input data checking,

- diagnostic output, and substructure-oriented data ocutput.

A principal facility for input data checking is the RUN=DRY command. This option aliows the

P

e e gt 4}

]

user to validate the command structure and data without actually performing the more time consuming
matrix operations. Assuming the input is found to be consistent, the run may be resubmitted with

the RUN=Gf@ option to complete the matrix processing.

1.10-21 (12/29/78)
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' ¢ Also available is a RUN=STEP option (the default option) which first checks the data and then ! j
{

executes the matrix operations one step at a time. If errors are detected in the data, the matrix O

operations are skipped and the remainder of the processing sequence is executed as & DRY run only. ‘3.

The user also is aliowed to pracess only selected matrix data. 1f, for example, after having

assembTed the solution structure, new Toading conditions are to be added or normal modes are

desired but the mass matrix is not available, the necessary sequence of matrix operaticns can be
requested using the RUN=GP option to process the new load or mass matrix data only. The BPTI@NS
E‘ command, described in Section 2.7, causes selective processing of mass (M), damping (B) or (K4),
: stiffness (K), or Toad (P) data only. The PA option (load append) is used when new Phase 1 load

vectors are to be added to the set of existi ng Toad vectors. Note that when using the @PTIPNS !

command, if existing substructure data jtems are to be recreated (see Table 19), the old data
must be removed using the EDIT or DELETE commands as described in the next secticn. This is neces-

sary because only one item of a given type may be allowed on the SBF for any particular substructure.

Al1l the relevant substructuring data generated by the program may be displayed with the
BUTPUT command described in Section 2.7. The CPMBINE, REDUCE, MREDUCE, and CREDUCE operations
invalve specification of grid point and degree of freedom data related to the basic substructures
ine 'ved. The automatically generated oy manualiy specified connectivities are critical to the
CPMBINE operation. Using these output options, the information can be chtained to explicitly
verify all connectivities. The REBUCE, MREDUCE, and CREDUCE operations require the user tg
specify the degrees of freedom to be retained. These also are identified by basic substructure

grid point numbers. If desired, these same output options can be used to obtain lists of all the

retained degrees of freedom of the resul ting pseudostructure to help verify the resulting mode].

The following paragraphs describe examples of the possible autput that can be requested.

The table shown below may be used to verify all substructure connactivities. This, and the

| other examples of diagnostic output to be described later, are reporductions of actual problem

output requested under the CUMBINE command used to create a pseudostructure named WINDMILL from

companent substructures RING and VANR.

PRECEDING PAGE BLANK NOT FILMED

Fl
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SUMMARY §F PSEUD@BSTRUCTURE CONNECTIVITIES : %

.; INTERNAL INTERNAL DEGREES @F

PRINT Ng DRF N FREEDPM RING VANR . ={
: 3 67 12 RING '
----- s | e 12 RING ' 1

36 71 1 12 - R]ﬂ'-‘-'eé-

O 0 ok L e e O B ke ke e o i s g

37 73 12 RING VANE
———— S T VANE

S » | w | G VANE
50 ) 79 ---—--12 T GégE

e | a | 1w | | e

The column headipg "INTERNAL PBINT NP" references the equivalent of internally generated
“grid points" for the resulting pseudostructure. “INTERNAL DPF Mp" references the internally
sequenced Tirst degree of freedom (row or column number) in the matrices of WINDMILL for the
designated internal grid point. “DEGREES @F FREEDPM" references the comporent degrees of freedom
in the global coordinate system of the assembled structure associated with the internal grid

point. In the example above, the following may be observed:

1. Degrees of freedom 1 and 2 from grid point 109 of basic substructure RING and grid
point 3 of basic component VANE in substructure VANE are connected and assigned to
internal point 39 of pseudostructure WINDMILL.

2. Displacement components 1 and 2 at internal point 39 are the 77th and 78th degrees of
freedom for the matrices of WINDMILL.
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Note that only basic substructure names appear in association with grid points. In this
example, RING and VANR are the substructures referenced by the CAMBINE command. VANR exists as

a higher Tevel substructure with VANE as the basic substructure.

Substructure items EQSS and BBSS, which are created by the CAMBINE or REDUCE aperations, are
helpful in checking the results of these substructure commands. They are stored along with the
other items on the S@F {see Table 18} and can be accessed at any time with the SPFPRINT command.

The display of these items, however, is normally requested by the BUTPUT subcommand of efther the

COMBINE, REDUCE, MREDUCE, or CREDUCE commands at the time of theip execution.

The EQSS item provides data for each basic substructure relating external or basic substruc-
ture grid point numbers #o pseudostructure internal grid point numbers. In the exampie shown

below, degrees of freedom 1 and 2 of grid point 102 of basic substructure RING have been assigned

to internal grid point 2 of pseudostructure WINDMILL.

EQSS ITEM FBR SUBSTRUCTURE WINDMILL COMPBNENT RING

GRID PAINT INTERNAL CPMPENENT
i PRINT N@ DF
102 2 12
105 4 12
108 6 i2
111 8 12
114 1 i2
117 i3 12
120 15 12
123 17 i2
126 20 12
129 22 12
132 24 12
135 26 12
138 29 12
141 31 12
144 33 12
147 35 12
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{ In addition to the above data for each basic substructure, the EQSS item also contains \ ‘,i

summary data for the resultant pseudostructure. A sample is shown below,

EQSS ITEM - SCALAR INDEX LIST FOR SUBSTRUCTURE WINDMILL C 'M

INTERNAL INTERNAL COMP@NENT : 1
PRINT 1D SIL ID DBF
2 3 12

5 g 12 :

8 15 12 : !

1 21 12 : '
14 27 12
17 33 12
20 39 12
23 45 12
} 26 51 12
; 29 57 12
32 63 12
35 69 12

In the above table, the relationships of the internal grid point numbers to the internal
degree of freedom numbers (referenced as "INTERNAL SIL ID"} and to the component degreas of
freedom are defined for pseudostructure WINDMILL. The internal degrees of freedom are referenced
as a Scalar Index List {SIL) because all substructure problem degrees of Treedom are converted to %
scalar points for purposes of Phase 2 processing. IT desired for special purposes, therefore,
these internal degrees of freedom may be referenced as scalar points for use with any of the

nonsubstructuring Bulk Data cards to be input to the SELVE step operations in Phase 2.

The EQSS items and the summary of pseudostructure connectivities tabie are related. For
example, by cross referencing each table it can be seen that internal grid point 35 of substruc-
ture WINDMILL has degrees of freedom 1 and 2 assigned to it. These degrees of freadom numbers

in the SIL 1ist are 69 and 70, respectively, and these degrees of freedom come from grid

point 147 of basic substructure RING.

Speciai treatment is required for the EQSS item for substructures which are modal reduced.
For example, if basic substructure A is reduced to MA using MREDUCE ar CREDUCE, the EQSS for MA
indicates that pseudostructure MA has two component substructures, A and MA. The EQSS for com-
ponent A contains the boundary point definitions. The EQSS for component MA contains definitions
for the newly created modal coordinates. Ipertia relief coordinates are assigned Grid Point ID's
of 1 through 6 to MA, and flexible mode coordinates are assigned GRID Point ID's of 107 through
100+N where N is the number of Flexible modes used. Refer to Sections 4.6.2 and 18 of the -

Theoretical Manual and Section 2.7 of this manual for definitions of the modal coordinates. if "}
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The modal degrees of freedom of component substructure MA {both inertia relief and flexible

mode coordinates) may be referenced for application of censtraints in the SELYVE operation. They
may also be referenced as boundary coordinates in subsequent reduction operations.

CAMBINE or reduction operations alse create the BGSS item. A sampie is shown below. The

BGSS item cantains internal grid point Tocations for the substruc
the BGSS item disp?

ture modet. In this example,

dys all the internal point numbers for the pseudostructure WINDMI)LL along with
its corresponding Tocation coordinates in that pseudostructure's basic system.

The "CSTM ID Np~

column indicates the existence {(if any) of Tocal coordinate Systems associated with those internal

points, If the entry is "g"

» the displacement components will be in that pseudostructure basic

BGSS ITEM FgR SUBSTRUCTURE WINDMILL

r
-

INTERNAL CSTM ID CABRDINATES

PAINT ID NG X1 l X2 X3
. 1 1} -0.500000E+07 0.100000E+02 | Q.E+00
- 2 0 -0.500000E+07 0.150000E+02 { 0.F+Q0
i 3 0 0.E+00 0.100000E+02 | 0,E+0Q
\ 4 0 0.E+00 0.150000E+02 | 0.E+00
] 5 o (+-500000E+07 0.700000E+02 | @.F+0Q
- 6 0 0.500000E+07 0.150000E+02 | 0.F+00
| 7 0 0.750000E+01 0.750000E+0T | 0.E+0D
. 8 0 0.700000E+02 | 0.100000E+02 0.E+00
. 9 0 0.125000E+02 | 0.1250008+02 0.E+00
- 10 0 0.100000E+02 | 0.500000E+0] 0.E+00

L ]

system. Otherwise, they will be in a ‘ocal system which may be verified with the optional

printout of the coordinate systenm trans ‘ormations { a 3x3 matrix of direction cosines) as stored

in the "CSTM* item for that pseudostructure.

Modal coordinates are indicated in the Bgss by a CSTM 1D N
of X1 =0,0, x2 = 0.0, and X3 = 0.0.

point.

B of -1 and a coordinate Tocation
The CSTH ID Ng of -1 is NASTRAN convention for a scalar
Note that scalar points will naver he combined wit

h any other points using the automatic
g COMBINE operation.

Anothar usefuyi output item $s5 the SUBSTRUCTURE @PERATI

NG FILE TABLE @F CANTENTS (Tac), as
shown in Figure 4.

In this figure, the substructure tree has been added to the TOC output to

help visualize the sample probiem,

This output is obtained with the command ;
The Tac 1ists by

SPFPRINT Tg@C.
» 1ists the current items available

describe the hierarchy of substpuc-
The SBF pointer scheme is described by defining the indivi
headings shown in the ToC:

ture relatiansh_ips. dual column
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TYPE Defines the substructure type: i :
B - basic substructure J
€ - combined substructure
R - Buyan reduced substructure
M - real modal reduced substructure

CM - complex modal reduced substructure
Any of the above types will have prefix "I" if it is an image substructure
resulting from an EQUIY operation.

SS Points to a substructure which is secondary to the current subsiructure. 1In the

case where many secondary substructures have been EQUIVed to a single primary sub-

structure, the SS entries form a chain starting with the primary substructure and
ending with an S5 pointer of zero.

Ps Points to the substructure which is primary to the current substructure. PS is
non-zero for secondary substructures oniy.

LL Points to a substructure at the next lower {simpler) level tv the current
substructure.

Cs Points to a substructure which has been combined with the current substructure.
The €S entries form a circular chain.

HL Paints 6 the substructure at the next higher (complex) level to the current

substructure.

A1l normal NASTRAN output for each basic substructure, primary or image substructure, is

available via a Phase 3 execution. Also, certain output may be recovered in Phase 2 for any or
all of the substructures in the solution structure's tree. However, this output is Timited to
displacements, applied loads, and forces of single-point constraint. The output requested in

Phase 2 is labeled by both the pseudostructure and its component basic substructure names.

Some discussion of the forces-of constraint, which may be reguested as output in both Phase 2
and Phase 3, 15 required. The Phase 3 calculations for forces of constraint are computed in the
normal NASTRAN convention (refer to Section 3.7 of the Theoretical Manual). In a Phase 2 execu-
tion, however, the forces of constraint incliude additional terms. The equations used for the
calculations are shown below and are identified by rigid format application. In these equations,

{0} are the forces of constraint, {P} are the applied Yoads, {u} is the displacement vector, {K]
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é; ( L is the stiffness, [B] is the damping, [M] is the mass, w? are eigenvalues from a real modes analy-
g o sis, and p are complex eigenvalues from a complex modal reduction,
:
2
?gg;:t Equation for Forces of Constraint
! and 2 {Q} = [K}{u} - P}
g 3 {Q} = [KI{u} ~ [MI[w?Hu}
3 {Q} = [KMu} + [BI[p1{u} + [MI[p2T{u}
8 and 9 Q - [KHu} + [BI}  + [MI{6} - (p}
The force vectors 10} contain all the terms due - -
1. Inertia forces
2. Damping forces
3. Single-point constraints
- 4. Multipoint constraints
5. Forces transferred from pther connected substructures
6. Residual forces due to camputer round-off
The eguations presented above for calculation of forces of constraint provide especially
usetul information, i.e., the forces of substructure interconnection as shown below.
“F Fa
o -
B
c
Substructure A Substructure BC
Forces F] and Fé, recovered as forces of constraint for substructure A and for pseudostruc-
ture BC, represent the forces of interconnectivity. Force F2 répresents the sum of two component
forces, one from cach component substructure B and C, acting at their common grid point. The
separate contributions %o F2 from each B and C may be determined by using tine RECBVER command for
5?33* the component substructures B and C individually, as shown below.
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1.10.2.4 Substructure Operating File (SpF)

The data required for each basic substructure and for all subsequent combinations of sub-

structures are stored on the Substructure Operating File (S@F). The SPF data are stored in

direct access format on disk or drun during a NASTRAN execution. Thesa data may also be stored

on tape between runs for backup storage or for subsequent input to other computers. Schematic

diagrams of data flow for gach of the three phases of execution are given in Figure 5.

The S@F file, which contains the data jtems Tisted in Table 19, 15 used to comunicate all

required data between each phase of operation and between each step of the Phase 2 operation.

Thus, the user is allowed to develop his analysis in separate steps without requiring the

checkpoint/restart feature of NASTRAN. A Phase 1 rum is required to build each basic substructure

and place its data on the SPF prier to any Phase 2 reduction or combinati
Using that data,

on using that substructure.
component pseudostructures may be assembled in stages from these basic substruc-

tures and added later to other component substructures already on the SOF file. Also, the same

SPF may be used to build the data files for more than ene solution structure at a time.

Once the final solution model js estabiished, the solution may be obtained and resyits

recovered for any Jevel, camponent pseudo- or basic substructure. However, detail element stresses

and element forces or support reactions specified with the basic su
only in Phase 3.

bstructure can be recovered
These Phase 3 resuits may be recovered either by using the original data deck
or by restarting from a checkpointed Phase 1 execution.

The SPF is structured as a single Togical file used +o store a1l data necessary for a complete

multi-stage substructuring analysis. Howsver, the SBF may actually reside an from one to ten phy-

sical files. These physical Files would be chained together to form the single Togical file for use

in the analysis of larger problems. The figure below shows the basic arrangement of
or drum.

an SPF on disk
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Each physical file comprising the SPF is a direct access file. These disk or drum files are not
used by NASTRAN GING operations. NASTRAN treats them as external user files.

analysis, NASTRAN stores data on the SPF which must be savéd from run to run.

[etfe

SUBSTRUCTURING

--------------- -2" SPF(2) :“"\\

ot e v " — - ——

ORIGINAL PARE 13
OF POOR QuALiry

D

|
— ] 1}
NSOE(3) -
N

In a substructure

user's responsibility to maintain the physical files comprising the S@F from one execution to the

next. For large disk files which may arise in some substructuring problems, it may be advisable

to store the SGF on tape for backup protection between executions. The user should refer to the

DUMP, RESTORE,

SPFAUT, and SPFIN commands for this capability or use operating system utilities.

The SQF declaration in the Substructura Control Deck is used to define the physical files

which make up the S@F.

See Section 2.7 for a complete description of the S@F declaration. An

SPF composed of only one physical file which already exists would be declared as follows:

SPF(1)=5pF1,200,4LD

(CDC example)

A new SPF composed of three physical files could be declared as follaws on the First execution

with this particular S@F logical File:

The parameter "NEW"

SEF{1)=5@F1,200,NEY
SPF(2)=s@F2,200
S@F(3)=S@F3,400

is never used again on any Subsequent execution with this SPF. I it were

used, all data an that SPF Togical Tilz would be Tost. For exampie, to add a new physical file

on a subsequent execution, simply add its declaration, i.e., SPF(4)=5@F4,600. Again, do not

declare this as a "NEW" file or the whole Togical SPF file will be re-initialized and all existing

data will be lost.

1.10-49 (12/31/77}
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A1l data stored on the SOF is accessed via the substructure name. Fop each substructure, i )
various types of SPF data may be stored. These types of data are called items and are accessed
via their item names. Thus, the substructure name and item name are all that is required to , .
access any block of data on the SPF. The jgems which can be stored for any substructure are é g
described in Table 19. The program avtomatically keeps track of the data, stores the data as it ; y
is created, and retrieves these data when required. The user's only responsibility is to maintain
the file. It must be accessible by the system when needed. The user must remove items generated
from data containing input errors and/or 1 that data is no longer needed for subsequent analyses,

Also, data may be selectively storad on a backup tape for later retrieval, thus releasing needed

space for subsequent operations.

1.10.2.5 The Case Control Deck for Automated Substructure Analyses

The Case Control Deck for substructuring analysis controls Toading conditions, constraint

set selection, output requests, and method of analysis just as in any non-substructuring analysis.

However, in a substructuring analysis, there are very important relationships among the Case

|
§
i
!
|
I
;’

Control Decks to be input for each of the three Phases of substructuring. Compatibility among

the substructuring phases must be maintained for load sels, constraint sets, and subcase z
definitions.

The following requirements must be satisfied by the Case Control Deck in Phase 1:

1. Constraint set selection (MPC, SPC) must be above the subcase level. That is, only one

set of constraints is allowed in Phase 1 for ail loading conditions.

2. One subcase must be defined for each Toading condition which is to be saved on the SgF.
The loading condition may consist of any combination of external static Toads, thermal
loads, element deformation loads, or enforced displacements. Loading conditicns which

are not saved on the SBF in Phase | cannot be used in any solution in Phase 2.

The Phase 2 Case Contro} Deck is exactly Tike the Case Control used in g non-substructuring
analysis. Only the TITLE and BEGIN BULK cards are needed except when plots are requested or when
there is a SPLVE command in the Substructure Controi Deck. In this latter case, the subcase

definitions, load and constraint set selections, etc. are usad in the usual fashion to control the
soTution process.

1.10-50 (12/31/77)
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Output requests in Case Control are honored only iFf there is a PRINT subcommand under the
RECOVER command in the Substructure Control Deck. If a RECOVER command with a PRINT subcommand
is used, the Case Control shauld be identical (except For output requests) to that used to obtain

the soTution being printed.
The following requirements must be satisfied by the Case Control Deck in Phase 3:

1. Constraint sets (MPC, SPC) must be identical to those used in Phase 1 for this

substructure.

2. The subcase definition for load set IDs must be identical to those used in Phase 1
for this substructure including those for appended loads, if any. AlT load

definitions must appear in the order generated.

3. The subcase definition for the Phase 3 output requests for solution vectors generated
in Phase 2 must be merged with the above subcase definition for load set IDs. Note,
the PLPAD output requested in Phase 3 will correspond to the load factors defined

during Phase 2 solution, not those defined by Phase 3 Case Control.

The number of Phase 3 subcases required is the maximum of those defined in either Phase 1
or Phase 2. A1l output requests will correspond to the Phase 2 subcase sequence, starting with
the first subcase defined in Phase 3. It is essential to assign the same thermal and element
deformation loadings to the same subcases in both Phase 1 and Phase 2 in order to provide the

correct load correction data to the Phase 3 output processing of element forces and stresses.

1.10.2.6 User Aids fop Automated Substructure Analyses

The folTlowing suggestions, recommendations, and cautions should be considered when using
automated multi-stage substructuring, The automated substructuring capability offers the user
Tlexibility in the performance of an analysis. To take advantage of this capability, it is recom-
mended that the new user carefully review both the Theoretical and User's Manual sections on sub-

structuring and execyte the sampie problem which is documented in the following Section 1.10.2.7.

Simulation Analyses - The user is advised to simulate large structural model analyses with

simplified models using the substructuring system. Using this technique, a1l deck structures,
including operational commands and contral of the SPF, may be tested using small matrices at low

cost. In addition, any special features such as user DMAP operations may be tested at this time.

1.10-51 (12/29/78)
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Reduction - Generally, the most economical analyses ay be performed using relatively smal]

basic substructuras or by performing significant reductions in Phase ] {using @MIT or ASET buik

either reduce most degrses of freedom (many more than
half) or very few degrees of freedom (many less than half) if possible,

data cards), When using Guyan reduction,

Note that the resulting

matrices are usually dense and, hence, may take Up more space on the SPF thap the original

matrices,

» Such as rigid body shapes at zerg frequency, are auto-

tructure, The rigid body shapes are not

needed because the boundary points, by definition, must provide the rigid body description of the

structure.

Load Append - In the event that additional new Toading conditions are required, the L@DAPP

(Load Append) features may be used. Thig feature, described in Section 2.7, allows the user to

avoid performing redundant Phase 2 computations.

. However, if these

arid points are later transformed to a ney cutput coordinate system during a C@MBINE operation,

the singularity may be re-introduced to the problem, NASTRAN suhstructuring transforms grid point

degrees of Treedom in groups of three transiations and three rotations,

Thus, if gne or Iore

translational and/or rotational degrees of Treedom exist for a grid point and a general trans-

formation (not 90°, 180°, gr 270°) is applied, 3 transTational and/or rotationail degrees of freg.

structure for that grid point. Howaver,
be singular, and this must be considered in subsequent operations

dom will exist for the resulting the stiffness matrix will

.+ For example, in future reduc-

tion operations some of these degrees of freedom must be kept in the boundary set sg that the

interior point stiffness matrix is non-singular. The extraneous singularities are finally removed

at the s@LVE operation using SPCS or MPCS cards.

1.70-5Ta (12/29/78)
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£ . ’ User Modes -~ The user may define a substructure in terms of modal datz obtained from another R

source such as test data for example. To use this capability the user creates a Phase 1 job with

|
I
an MREDUCE command as shown below. g

SUBSTRUCTURE PHASET -
{SBF control cards)
NAME = name
MREDUCE name
NAME = r-name
USERMZDES = j

Y -

Two options are allowed, j =1 or 2, If js= 1, a structural model is defined as usual with bulk
data cards, However, the modal data, i.e. the eigenvalue data and mode shape data, are defined by
using direct input tables énd matrices in the bulk data deck. Table LAMAR must be input using DTI
cards using the format specified for the LAMA data block described in the Programmer's Manuaf.

Only the modal mass and frequency (HZ) need be defined in LAMAR. The mede shapes must be input
using DMI cards and the matrix name PHIS. The PHIS matrix must be the NASTRAN F-set size, i.e. the

fixed degrees of freedom must be described with i1l rows.

If j = 2, the model is completely defined with matrix data. As is done for j = 1, a LAMAR
table and PHIS matrix must be input. In addition, a matrix named QSM, which contains the modal
reaction forces for degrees of freedom Fixed in mode extraction, is input using OMI cards, Matrix
QSM has one row for every degree of freedom (as does PHIS) and one column for every mode. NuTl
row entries exist for degrees of freedom not ixed in mode extraction. Note that the numbeyr of
modes must exceed the number of degrees of freedom for this option (see Section 18 of the Theoreti-
cal Manual), For the j = 2 option, the bulk data deck must inciude Grid cards to define the
degrees of freedom represented by the rows of PHIS and QSM. In addition, a dummy element should
be included in the data deck so that NASTRAN parameter values are properly set. The user may also
input boundary mass and stiffness matrices. Thase data may be defined using CONMi, CELAS1, and
GENEL cards. in which case dummy elements are not required, or may be input using DMI or DMIG
cards. For the Tatter case, the user must insert the correct Executive Control Deck alters to

equivalence the input mass and stiffness data to MGG and KGG respectively.

-’

1.10-5Tb (12/29/78)




SUBSTRUCTURING

Boundary set definitions are required using BDYC, BDYS and BDYS] cards for both user mode

options. Note that all degrees of freedom defined for the j = 2 options must be specified as boun-

dayy degrees of freedom.

01d Modes and 01d Boundaries - The {LOM@DES and @LDBPUND subcommands to the MREDUCE command

allow the user to modify the new, modal coordinate substructure without performing all new caicu-
latiuns,

The @LDMZDES subcommand requests that the mode shapes and frequencies computed in a previous
MREDUCE be reused to define the modified structure. This is possible because all modes computed
are saved on the SPF even if they are not currently used to describe the substructure. The user
may request the previously used set of modes or a new subset of the previously calculated modes by
his use of the NMAX or RANGE subcommands. Use of OLDMODES alone (without PLOBRUND)} implies that
a new boundary set is to be defined for the reduced substructure. Use of this subcommand requires

the additional subcommands BBUNDARY and NMAX or RANGE.

The PLDBBUND subcommand requests that the boundary set definition not change for the modifi-
cation to the substructure. For this case, a new set of modal data will be computed. Use of this

subcommand requires the additional subcommands METHED, NMAX or RANGE, and optionally FIXED, RNAME,
and RGRID,

The use of both PLOMPDES and @LDBAUND implies only a change in the number of modes used fram

the previously computed set of modes. The use of both commands requires only a new NMAX or RANGE

card as additional subcommands,

When using these subcommands the user must EDIT conflicting data from the SPF. Refer to the
descriptions of MREDUCE and CREDUCE in Section 2.7 for details. Also note that both @LDMBDES and

@LDBPUND are subcommands for MREDUCE, but enly PLDMPDES is allowed for CREDUCE. The equivalent

operation of @LDBAUND for CREDUCE requires complete redefinition of the reduced substructure.

Solution Items - It should be remembered that due to the data base protection features, at no

time are there any SPF items destroyed by NASTRAN without a specific user command in the Substruc-

on
ture Control Deck. In addition, NASTRAN does not allow more than one substructure jtem {see Table

19) to exist for each substructure at any one time. As a result, some operations such as a

repeated SPLVE might require the user to manually edit oyt previously generated soiution data

items or any recovered solution data items before the operation could be repeated. That is, S@ALN

1.10-51d (12/29/78)
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and UVEC items (the Toad factor or eigenvalue data tables and displacement vectors respectively)
created in an eartier SPLVE operation should be deleted if a new solution with new leads or fre-
quency range is desired for the same substructure. These same jtems must also be edited out from
each Tower Tevel substructure for which the new solution data will be recoverad. SPLN and UVEC

items are also created by MRECPVER and must be deleted prior to a SPLVE and RECBVER for the same

structure.

By using the EQUIVALENCE operation to create an ident'cal structure, a new solution may he
obtainad for the same structure without deleting the older solution data items, as required in

the example above.

Structural Design Considerations - Substructures which may change due to design iterations
should be combined with other structures as Tate in the sequence of CPMBINE operations as possible.
This will minimize the cost of creating a new solution structure. Also, if the design iteration
changes are minor and their impact on other substructures in the model can be neglected, then
RECOVER operations need be performed only from the lowest level of substructure affected by the
changes. Frequently, these design changes can be evaluated using only the Phase 3 recovery calcu-
lations. Of course, care must be taken to maintain compatibility with the degree of freedom 1ist
defining the solution displacement vector. That is, the boundary grid points and connections

should not be changed.

o,

1.10-52 (12/29/78)
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Table 16. Definitions of Substructure Terminology.

Basic Substructure

Boundary Set

Combine Operation

Component Substructure
Connection Set

Eguivalence Operation

Image Substructure

Phase {1, 2, or 3}

Primary Substructure

Pseudostructure

Reduce Operation

Secondary Substructure

S@F

SoTution Structure

. Solve Gperation

A structure formuTated from finite elements in Phase T.

Set of degrees of freedom to be retained in a reduce
operation.

Merge two or more structures by connecting related degrees of

freadom. The matrix elements for connected degrees of freedom
are added to produce the combined structure matrices, and the

substructure load vectors are processed and stored for subse-

quent combination at solution time.

Any basic or pseudostructure comprising a part of an assembled
substructura.

Set of grid points and their component degrees of freedom to he
connected in adjoining structures.

The creation of a secondary substructure equivalent to a primary
substructure. Also creates image substructures back to the basic
substructure level

A substructure equivalent to an existing component substructure.
May have different app)ied loads and/or solution vectors but

has identical stiffness and mass matrices. Image substructures
are automatically created as a resuit of an equivalence gperation.
Basic steps required for multi-stage substructure processing with
NASTRAN - creation, combination, reduction, solution and recovery,
and detail data recovery.

Any basic substructure or any stubstructure resulting from a
combine or reduce operation.

A combination of component substructures.

Structural matrix and load vector Guyan or modal reduction process
to obtain smaller matrices.

A substructure created from an equivalence operation.

Substructure Operating File. Contains all data necessary to
define a structure at any stage, including soiutions.

The resulting substructure to be used in the solve cperation.

To obtain solutions using the present structural matrices and
user-defined input data.

-
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Table 17. Summary of Substructure Commands. ; 4

Phase and Mode Control

# SUBSTRUCTURE - Defines execution phase {1, 2, or 3)
NAME* - Specifies Phase 1 substructure name
; SAVEPLOT - Requests plot data be saved in Phase ] y
: PPTIANS - Defines matrix options (K, B, K4, M, P, or PA)
f RUN - Limits mode of execution (DRY, G, DRVGP, STEP)
; # ENDSUBS - Terminates Substructure Control Deck

SOF Controls

¥ SpF

Assigns physical file for storage of the S@F
PASSHARD*

Protects and ensures access to correct file

SAFRUT or S@FIN Copies SGF data to or from an external file

. PASITION - Specifies initial position of input file
i NAMES - Specifies substructure name used for input
. ITEMS - Specifies data items to be copied in or out
' SPFPRINT - Prints selected items from the SOF
DUMP - Dumps entire 5@F to a backup File
RESTARE - Restores entire SPF from a previous DUMP operation
CHECK - Checks contents of external file created by SGFAUT
DELETE - Deletes out selected groups of items fram the SPF
EDIT ~ Edits out selected groups of items from the S@F
g DESTR@Y - Destrays all data for a named substructure and all
the substructures of which it is a component
i # Manditory Control Cards * Reguired Subcommand
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é (.« Table 17.  Summary of Substructure Commands (continued). - J
$

i Substructure Operations

| CAMBINE - Combines sets of substructures . f
¥ NAME* - Names the resulting substructure !
TELERANCE* - Limits distance between autematically connected grids
CENNECT - Defines sets for manually connected grids and releases
@GUTPUT - 3pecifies optional output results
CAMPENENT ~ ldentifies component subsiructure for special processing

TRANSFARM - Defines transformations for named component substructures
SYMTRANSFPRM -~ Sepcifies symmetry transformation

SEARCH - Limits search for automatic connects
’ EQUIV - Creates a new equivalent substructure
| PREFiX* - Prefix to rename equivalenced lower level substructures
REDUCE - Reduces substructure matrices
NAME* - Names the resulting substructure
i BEUNDARY#* - Defines set of retained degrees of freedom
. RSAVE - Indicates the decomposition product of the interior point
stiffness matrix s to be saved on the SPF
auTPuT - Specifies optional output requests
MREDULE - Reduces substructure matfi using a normal Wodes
transformation faal
NAME* - Hames the resulting substructure
BAUNDARY* - Defines set of retained degrees of freedom
FIXED - Defines set of constrained degrees of freedom for modes
caiculation
RHAME - Specifies basic substructure to define reference point
for inep¥ia relief shapes
RGRID - Specifiss grid point in the basic substructure to define
reference point for inertia relief shapes. Defaults to
origin of basic substructure coordinate system
METHBD - Identifies EIGR Bulk Data card
RANGE - Identifies frequency range for retained madal coordinates
NMAX - Identifies number of lowest frequency modes for retained
modal coordinates
ALDMEDES - Flag to identify rerunning probiem with previously com-
puted modal data
BLDBAUND - Flag to identify revunning problem with previously defined

boundary set

* Required Subcommand
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Table 17. Summary of Substructure fommands (continued).
Substructure Operations
USERMPADES Flag to indicate modal data have been input on bulk
) data
puUTPUT Specifies optional output requests
RSAVE Indicates the decomposition product of the interior
point stiffness matrix is to be stored on the SPF.
CREDUCE Reduces substructure matrices using a complex modes
transformation
NAME* Names the resulting substructure
BAUNDARY Dafines set of retained degrees of freedom
FIXED Defines set of constrained degrees of freedom for modes
calculation
METH@D Identifies EIGC Bulk Data card
RANGE Identifies frequency range of imaginary part of the root
for retained modal coordinates
NMAX Identifies number of lowest frequency modes for retained
modal coordinates
PLOMBDES Flag to ideptify rerunning probiem with previousiy com-
puted modal data
GPARANM Specifies structural damping parameter
BUTPUT Specifies optional output requests
RSAVE Indicates the decomposition product of the interior point
stiffness matrix is to be stored on the S@F
MRECQVER - Recovers mode shape data from an MREDUCE or CREDUCE
operation
SAVE Stores modal data on S@F
PRINT Stores modal data and prints data reguested
SPLVE Initiates substructure solution (statics, normal modes,
fraquency response, or transient response)
RECBVER Recovers Phase 2 solution data
SAVE Stores solution data on S@F
PRINT Stores solution and prints data requested
BRECBVER Basic substructure data recovery, Phase C
PLGT Initiates substructure undeformed plots

* Required Suwucommand
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Table 18. Substructure Bulk Data Card Summary.

Bulk Data Used By Substructure Commands
REDUCE, MREDUCE, and CREDUCE

BDYC

BDYS -
BDYS1 -

Combination of substructure houndary sets of retained degreed of
freedom or fixed degrees of freedom for modes calculation

Boundary set definition

Alternate boundary set definition

Bulk Data Used By Substructure Command CPMBINE

CANCT -

CONCTT -
RELES -

GTRAN -
TRANS -

Specifies grid points and degrees of freedom for manually specified
connectivities - will be overridden by RELES data

Alternate specification of connectivities

Specifies grid point degrees of freedom to be disconnected - overrides
CANCT and avtomatic connectivities

Redefines the output coordinate system grid point displacement sets

Specifies coordinate systems for substructure and grid point
transformations

BuTlk Data Used by Substructure Command S@LVE

LPADC -
MPCS -
sPCs -
SPCST -
SPCSD -
DAREAS -
DELAYS -
DPHASES-
TICS -

Dafines loading conditions for static analysis

Specifies mulitpoint constraints

Specifies single-point constraints

Alternate specification of single-point constraints

Specifies enforced displacements for single-point constraints
Specifies dynamic Toadings

Specifies time delays for dynamic loads

Specifies phase lead terms for dynamic loads

Specifies transient initial conditions
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Table 19. Substructure Ttem Descriptions.

o T T TR R e T TR

EQSS
BGSS
CSTH
LADS
LPAP
PLTS
KMTX
LHTX
MATX
PAPP
PVEC
P@AP
PAVE
UPRT
HBRG
UVEC
QVEC
SHLN
LAMS
PHIS
GIMS

KaHX
BMTX
PHIL

HLFT

External grid point and fnternal point equivalence data
-Basic grid point coordinates

Local coordinate system transformation matrices

Load set identification numbars

Load set identification numbers for appended Toad vectors
Plot sets and other data required for Phase 2 plotting
Stiffness matrix

Decomposition product of REDUCE aperation

Mass matrix

Appended Toad vectors

Load vectors

Appended 1oad vectors on omitted points

Load vectors on points omitted during matrix reduction
Partitioning vector used in matrix reduction

N or G transformation matrix

Displacement vectors or eigenvectors

Reaction force vectors

Load factor data or eigenvalues used in a solution
Efgenvalue datz from modal reduce oparation

Eigenvector mairix

G transformation matrix for interior points from a modal
reduction

Structural damping matrix
Viscous damping matrix

Left side eigenvector matrix from unsymmetric CREDUCE
operation

Left side H transformation matrix from unsymmetric
CREDUCE operation
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Bulk Data

i Dack (ENDDATA

Case Control

Deck fBEGIN BULK
( TITLE =
Substructure Control ENDSUBS :
Deck
SBF
[SUBSTRUCTURE
) Executive Control CEND , j
Deck
Zi_ (optional)
RESTART ; r
(APP DISP,SUBS ;
i)
(NASTRAN ' :

TR e e e

[Job Control Deck

Figure 2. Substruciuring input data deck.
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ggg;ﬂggck l » ot | Printout and Piots
PHASE 1

NPTP and S@F for
gﬂ:g;ﬁgg Input to Phase 2
Run on Other Computer
@) Substructure Operating File

NASTRAN g P
Data Deck

Printout and Plots

L]

' PHASE 2 ‘
S@F's from Prior S@F for Input to
Phase 1 or Other Computer Phase 2
Phase 2 Runs on or Phase 3 Runs
Other Computers
SPF Substructure Operating File
NASTRAN .
a SPF from Prior Phase 2
Data Deck I T ‘Q Run on Other Computer
PHASE 3
@PTP from
TP fron 'Q_. _{) NPTP
Printout of -
Final Results Substructure Operating File
and Plots

Note: If all processing is performed on the same computer, SPF tape output is not required.
A1l communication may be carried out using the same SPF disk/drum throughout.

Figurs 5, Data file ormanization for NASTRAN mylti-stage substructuring.
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1.17  AEROUELASTIC MODELING
1.11.1 Introduction

The NASTRAN aeroelastic capability is intended for the study of stability and response of aero-
elastic systems. It is compatible with the general structural capability, but it is not designed
for use with other special capabilities such as conical shell elements, hydroelastic option, and
acoustic cavity analysis. The structural part of the probTem will be modeled as described in other

sections of this manual. This section deals with the aerodynamic data and the connection between

structural and aerodynamic elements.

Section 1.11.2 deals with the aerodynamic data. The selection of a good aerodynamic model will
depend upon @ knowledge of the theory (see Section 17.5 of the Theoretical Manual). Several choices

of aerodynamic theary are avaiiable. ATl assume small amplitude sinuseidal motions. Transient aerg-

dynamic forces are obtained by Fourier methods.

Section 1.11.3 deais with the interconnection between aerodynzmic and structural degrees of
Treedom, The interpolation methods include both Tinear and surface splines. These methods are
superior to high order polynomials since they tend to give smooth interpolation. They are based

upon the theory of uniform beams and plates of infinite extent (see Section 17.3 of the Theareticai

Manual).
Section 1.11.4 describes modal flutter analysis by the three available methads.

Section 1.11.5 gives instructions for modal aeredynamic response analysis. This includes
frequency response, transient response and random analysis. The excitation may consist of applied

forces or gusts (Doublet-Lattice theory only).
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1.711.2  Aerodynamic Modeling

Aerodynamic elements define the interaction between the structure and an airflow. Since the
elements usually occur in regular arrays, the connection cards are designed to specify arrays. The
grid points associated with the elements in an array are generated within the program. Spline

methods are used to interpolate for aerodynamic grid point deflection in terms of structural points.

For every aerodynamic problem, basic parameters are specified on the AERQ bulk data card. A
rectangular aerodynamic coordinate system must be identified, The flow is in the positive x~-direc-
tion in this system. The use of symmetry (or antisymmetry) is recommended te analyze symmetric
structures, to siwulate ground effects, or to simuTate wind tunnel walls. Any consistent set of

units can be used for the dimensional quantities.

The types of elements available are shawn in Table 1. Every CAER@7 element must reference a

PAER@i data card, which is used tor additional parameters. Lists of real numbers are sometimes

required, which are given on AEFACT Tists. These lists may include division points (for unequal

box sizes) and parameter valyes.

1.11.2.1 Doublet-Lattice Panels

The 1ifting surfaces are idealized as planes parailel to the Flow. The configuration is divided

into plane panels (macro-elements), each of constant dihedral. These panels are further subdivided

into "boxes" (see Figure 1), which are trapezoids with sides paralle] to the airflow direction. If
an airfoil Ties in (or nearly in) the wake of another, then the spanwise divisions should Tie along
the same streamline. The boxes should be arranged so that any fold or hinge Tines 1ie along the hox
boundaries. The aspect ratic of the boxes should be roughly unity or less. The chord length of the
boxes should be less than 0.08 times the velocity divided by the greatest frequency of interest, but

no less than four baxes per chord should be used. Boxes should be concentrated near wing edges and

hinge Tines or any other Place where downwash is discontinuous. A further discussion of the choice
of modeTs is found in Reference }. Aerodynamic panels are assigned to groups. All panels within a
group have aerodynamic interactian. The purpose of the groups is to reduce the time to compute

aerodynamic matrices when it is known that aerodynamic interference is unimportant, or to allow the

analyst ta investigate the effects of aerodynamic interference.

1.11-2 (12/29/78)
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Each panel is described by a bulk data CAERG! card. A property card PAER@T may be used to
identify associated interference bodies. It is recommended that a body be identified if the panel
is Tess than one body diameter from the body. The box divisions along the span are determined
either by specifying the number of equal boxes (NSPAN) or the identity (LSPAN) of an AEFACT data
card which gives a 1ist of division points in terms of a fraction of the span. A similar arrange-
ment is used in the chord direction. The Tocations of the two Teading edge points are specified
in any coordinate system (CP) defined by the user (including BASIC}. The lengths of the sides
are specified by the user, and they are in the airstream direction, assuring that the panel is
paraiiel to the flow. Every panel must be assigned to some group (IGID). IF ali panels interact,

then select IGID = T for all panels.

There will be many degrees of freedom associated with each aerodynamic panel. There is an
aerodynamic grid point associated with each box within a given panel. These points are located
at the center of each box and are automatically numbered and sequenced by the program. The Towest
aerodynamic grid point number for a given panel is assigned the same number specified for the panel
designation. The grid point numbers increase in increments of 1 (see CAER$l data card figure)
over all boxes in the panel. The user must be aware of these internally generated grid points
and ensure that their numbers are distinct from structural grid points. These aerodynamic points
are used for output including displacements, plotting, matrix prints, etc. The local displace-
ment coordinate system has component T1 in the flow direction and component T3 in the direction

normal to the panel (the element coordinate system of CAER@1).
1.11.2.2 STender and Interference Bodies

The bodies are idealized as either “"slender" or “"interference” elements. The major purpose
of the slender body elements is to account for the forces arising from the motion of the body,
while the "interference” elements account for the effects of the body upon the panels and other
bodies. Bodies are further classified as to the type of motion allowed. In the aerodynamic
coordinate system, y and z are perpendicular to the flow. In general, bodies may move in both the
y- and z-directions. Frequently, a body {e.g., a fuselage) Ties on a plane of symmetry and only z
(or y) motion is allowed. Thus, any model may contain z-bodies, zy-bodies, and y-bodies. One or
two planes of symmetry or antisymmetry may be specified. Figure 2 shows an idealization with bodies
and panels. This example case is the one used to illustrate the DoubTet-Lattice program in Ref. 2.

It has a body (on the midplane), a wing, pylon and nacelle.

1.11-3 (12/29/78)
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The Tocation of a body is specified on a CAER@2 data card. The location of the nose and the ’
/
length in the flow direction are given. The slender body elements and irterference elements are -]

distinct quantities and must be specified separately. At Teast two slender body elements are

required for every aerodynamic body, while interference elements are optional. The geametry is .
given 7n terms of the element division points, and the width and height of the assumed elliptical )
cross section. The Tocations of the division points may be given in dimensionless units or, if
the lengths are equal, only the number of elements need be specified. The semi-width of the two
types of elements may be specified separately and are given ir units of length. Usually the
slender body semi-width is taken as zero at the nose and is a function of x, while the interference

body semi-width is taken to be constant. The height-to-width ratio must be constant for each body. ' '

These body elements are primarily intended for use with Doublet-Lattice panels. The interfer- : 1
ence elements are only intended for use with panels, while slender body elements can stand alone.
Grid points will be generated anly for the slender body elements. The first grid point will be as-
signed the ID of the body and other grid points will be incremented by ona. The user must ensure

that the IDs of these generated grid points are distinct from all other grid points in the model.

There are some rules about bodies which have been imposed. ATl z-only bodies must have Tower 1D

numbers than zy-bodies. which in turn must have Tower ID numbers than y-only bodies. The total

number of jnterference bodies associated with a panel is Timited to six. The user shauid be cau-

tious about the use of associated interference bodies since they tend to increase computing time

significantly,

1.11.2.3 Mach Box Theory

Mach box aerodynamics may be used %o compute unsteady supersonric aerodynamic forces for a
flat, isolated wing at supersanic speeds, The surface (see Figure 3) may have a Teading and/or
trailing edge crank (change of angle}. There may be one or two adjacent (to each other) trailing

edge control surfaces. The "inboard® edge {side 1-2 on the connection card) must be a plane of

agrodynamic symmetry or antisymmetry,

The geometry of the planform is specified an the CAFR@3 data card. Two leading edge corners
(points 1 and 4 of Figure 3) are located by the user, using any NASTRAN coordinate system. These,

along with the Flow direction, define the plane of the wing. Up to ten additional points are per-

mitted to specify cranks and controls; these are dimensional quantities using a coordinate system

in the plane of the wing and with origin at point 1.
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The aeradynamic grid points for interconnection are in the plane of the element. The user
must specify a list of x,y pairs for the wing. These are located using the coordinate system
shown in Figure 3. There must be at least three points. Additional Tists of at Teast three points
are neaded for each control surface which is used. The T3 component of these aerodynamic grid
points is normal to the plane of the element. Interpolation for deflections and slopes at Mach
box lacations is done by surface spline routines within the program. Thus the contral point loca-
tions can be held Tixed, even when the Macn number is changed. These aerodynamic grid points will

be numbered, starting with the element ID, and must be distinct from all other grid points.
The following restrictions must be satisfied:
1. The leading edge and hinge Tine sweepback angles must be greater than or equal to zerp.

2. A11 control surface sides must be parallel to the flow, or else the aft point of the
control surface side must be inboard of the forward point.

3. 1If a leading edge crank is not present, then X5,Ys do not have to be input.
4. If a trailing edge crank is not present, then #gs¥g do not have to be input.

5. A trailing edge crank cannot be Tocated on a control surface. It must be located inboard,
outboard, or exactly at the junction of the two control surfaces.

6. Points 8, 10, and 12 are used with points 7, 9, and 11 respectively to define the control
surface edges. They must be distinct from points 7, 9, and 11, but they do not have to
Tie on the wing trailing edge. The program will calculate new points 8, 10, and 12 for
the wing trailing edge. However, points 8, 10, or 12 must be Tocated on the trailing
edge 1f the trailing edge crank is located at the Teft corner of control surface one {1)
or the right corner of control surface two (2) or between the two control surfaces.

For example, set xg = xg and Yg = ¥g if the crank is at the left corner of control sur-
face one.

7. \Vhen only one control surface is present, it must be control surface one (1).

8. If control surface two (2) is not present, then X112¥11 and X1p:¥yp ATE not required as
input.

9. If no control surfaces are present, then X3s¥; (1 =7 through 12) are not required as
input.
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10. No aerodynamic balance for the control surfaces has been included in the Mach Box Theory.

’ 1. The number of chordwise boxes used as input (NBBX) to the program should be carefully H
L: selected. Note that NB@X is the number of chordwise divisions from the most forward §
:f point to the most aft point on the lifting surface, as shown in Figure 4. If the maxi- ‘ 4
ﬁ mum number of ailowabie boxes (200 on the main surface, 125 on each control surface) is - ﬁ
" k

: exceeded, the program will reduce the number of chordwise boxes one at a time until the
: number of boxes is under the allowable limit. Expenditure of excessive computer time
may occur during this process,

12. The edge 1-2 will be taken as a plane of symmetry unless SYMXZ=-1 (see AER@ data card). T

1.11.2.4 Strip Theory

:é Modified strip theory can be ysed for unsteady aerodynamic forces on a high aspect ratio P
_ Tifting surface. Each strip may have two or three degrees of freedom. Plunge and pitch are

always used, and an aerodynamically balanced control surfaced is optional. If a control surface

is present, either a sealed or an opean gap may be used.

The planform (which may have several strips in one macro-efement) is specified on a CAER@4
buTk data card. A sample planform is shown in Figure 5. The user supplies the two leading adae
corner locations and the edge chords as dimensional quantities. Edge cﬁnrds are assumed parailel

: to the flow. A1l additional geometry (box divisions, hinge Tocations, etc.) are given in dimen-

; sionless units. Several CAER@4 cards may be used if there are several surfaces or cranks.

; A grid point is assigned to each strip, and will be assigned an ID starting with the“ﬁaenq;x_
: element 1D and incrementing by one for each strip. The plunge (T3} and pitch (R2) degrees of

freedom have the conventional definition. When a control surface is5 present, the R3 degrae of

freedom has a nonstandard definition, which is the relative control rotation. When interconnecting
with the structure, the ordinary {surface or Tinear) splines can be used for T3 and R2, but a

special method {see SPLINE3 data card) is used for the relative control rotation.

. The parameters such as 1ift curve slope or lag function may be varied to account for tip

effects (three~dimensional flow) and Mach number by AEFACT data card selection from PAERZ4. The

R

AEFACT data card format used by strip theory is shown in the remarks on the PAERP4 data card. The

user may request 2 Prandtl-Glauert (compressibility and sweep) correction to the value of the

B i B 2 A ULVS SN NS B N N
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curve slope. The lag Function depends upon the Tocal (i.e., using the chord of the strip) reduced

frequency. For incompressibie flow, it is the Theordorsen function C(k). An approximate form for
this function is given by

N {1
n
C(k) ‘E:m";/"k :
n=0

where B, = 0, may be selected for computing lags. The choice of parameters b, and Bn is left to

the user so that he may select values suitable for his requirement. Reference 3 gives values for

various Mach numbers and aspect ratios.

1.11.2.5 Ppiston Theory
Piston theory in NASTRAN is a form of strip theory. The aerodynamic forces are-computed
from third order piston theory, which is valid for high Mach numbers m »> 1,

or sufficiently high
reduced frequency mekZ 5> 1.

Although the Tatter condition may be met in subsonic flow, the primary
application of piston theory is in supersonic flow.

The coefficients of the point pressure function (relating Tocal pressure to local dovwnwash)

may be modified to agree with the Van Dyke theory and to account for sweapback effects. The re-

sulting strip parameters will depend upon the wing thickness distribution and spanwise variation

of initial angle of attack, which must be supplied by the user.

given by Cp = -(4/m)[§i ¥ 252 mg, + 3C3m2 (gi +t!%)] v, where

The point pressure function is

Coefficient Van Dyke theory with Sweep Piston Theory
T, m/m? - $2)1/2 1
g, [n* (v#1) - 452 (n - $2)7/4(n-52)2 fr+1)/4
Cy (v+1)/12 fr+1)/12
and where

Cp  local pressure coeificiant {pressure rise divided by dynamic pressure)

9y derivative of airfeil semi~thickness in the flow direction

m Mach number

s sech, secant of sweepback angle

1.11-7 (12/29/78)
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v unsteady dimensionless downwash
@, initial angle of attack

Y ratio of specific heats = 1.4

Geometry specification and interconnection points follow the same rules as for strip theory
(see Section 1.11.2.4). The additional information about angle of attack and thickness is given
on AEFACT data cards which are referenced by the CAER@5S and PAER@S data cards. The AEFACT data
card format used by piston theory is shown in the remarks on the PAER@S data card. If thickness

integrals are input on AEFACT data cards, see the thickness integral definitions on the CAER@S
data card.

1.11.3 The Interconnection Between Structure and Aerodynamic Models

The interpolation between the structural and aerodynamic degrees of freedom is based tpon
the theory of splines (Figure 6). High aspect ratio wings, bodies, or other beamlike structures
should use Tinear splines. Low aspect ratio wings, where the structural grid points are distribu-
ted over an area, should use surface splines. Several splines can be used to interpolate to the
boxes an a panel or elements on a body; however, each peint can refer to only one spline. Any
box or body element not referenced by a spline will be "fixed" and have no motion. For any point,

especially a control surface degree of freadom, a Tinear relationship (1ike an MPC) may ba

specified.

For all types of splines, the user must specify the structural degrees of freedom and the
aeradynamic points fnvolved. The structural points, called the g-set, can be specified by a 1ist
or by specifying a volume in space and determining all the grid points in the volume. The degrees
of freedom retained at the grid points include only the normal displacements for surface splines.
For linear splines, the normal displacement is always used and, by user option, torsional rota-

tions or slopes may be included. Tha global transformation at structural points is automatically

applied for surface and linear splines,

The SPLINE1 data card defines a surface spline. This can interpolate for any "rectangular"
subarray of boxes on a panel. For example, one spline can be used for the inboard end of a panal
and another for the outboard end. The interpolated grid points (k-set) are specified by raming
the lowest and highest aerodynamic grid point numbers in the area to he splined. The two methods

for specifying the grid points use SETT and SET2 data cards. A parameter DZ is used to allow some

1.11-8 (12/29/78)
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( : smoothing of the spline fit. If DZ = 0 (the usual value), the spline will pass through all de-

|
flected grid points. If DZ > 0, then the spline (a plate} is attached to the grid defiections via ' ﬁ
springs, vhich produce a smoother interpolation that does not necessarily pass exractly through any ';

of the points. The flexibility of the springs is proportional to DZ.

The SPLINE2 data card defines a 1inear spline. As can be seen from Figure 6, this is really
a generalization of a simple spline to allow for interpolation over an area. It is similar to
the method often used by aeronautical engineers who assume that an airfoil chord is rigid. The
portion of a panel to b2 interpolated and the set of structural points are determined in the same

manner as with SPLINE1. A NASTRAN coordinate system must be supplied to determine the axis of

the spline. Since the spline has torsion as well as bending flexibility, the user may specify . ;
the ratio of flexibilities; the default value for this ratie is 1.0. The attachment flexibilities,
D55 Dgys and D&y’ allow for smoothing, but usually all values are taken o be zero. An ex-

ception would occur if the structural model does not have slopes defined, in which case the flexi-

E\
i
*
3
I
it
?l
b
'
i
i
L
3
3
;-

bility DTHX must be infinite; the convention DTHX = -1.0 is used in this case. When used with

bodies, there is no torsion and the spline axis is along the body.

There are certain cases with splines where attachment flexibility is either required or

SRR e 5 A

should not be used. The following special cases should be noted.

i Two or more grid points, when projected onto the plane of the element (or the axis of a
body) may have the same location. To avoid a singular interpolation matrix, a positive
attachment flexibility must be used.

2. With Tinear splines, three deflections with the same spline y-cobrdinate would overdeter- ‘ é
mine the interpolated deflections since the perpendicular arms are rigid. A positive DZ Lo

% is needed to make the interpolation matrix nonsingular.

3. UWith Tinear splines, two slopes (or twists) at the same y-coordinate would lead to a
singular interpolation matrix. Use DTHX > O (or DTHY > 0) to allow interpolation.

- 4. For some modeling techniques, i.e., those which use only displacement degrees of freedom,
the rotations of the structural model are constrained to zero to avoid matrix singularities.

B AP

If a linear spline is used, the rotational constraints should not be enforced to these zero
. values. When used for panels, negative values of DTHX will disconnect the siope, and nega-
; tive values of DTHY will disconnect the twist. For badies, DTHY constrains the slopes
. since there is no twist degree of freedom for body interpolation. For a linear spline, if
~

all of the structural points Tie on a straight line, the use of infinite (negative DTHX or
DTHY) rotational flexibility results in a kinematically unstable idealization.
For linear splines used with wings, the parameter DT@R should be selected as a representative

H
i

value of EI/Gd.
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1.71.4 Modal Flutter Analysis

The purpose of modal flutter analysis is to study the stability of an aeroelastic system with
a minimum number of degrees of freedom. A prerequisite to modal flutter analysis is the calcula-
tion of an aerodynamic matrix with a transformation to modal coordinates. This operation is often
very costly and care should be taken to avoid unnecessary computations. One method is to compute
the modal aerodynamic matrix at a few Mach numbers and reduced frequencies and interpolate to others.
Matrix interpolation is an automatic feature of the flutter rigid format. The MKAERB1 and MKAERQZ
data cards allow the selection of parameters for the aerodynamic matrix calculation an which the

v

interpolation is based.

The method of flutter analysis is specified on the FLUTTER bulk data card. The FLUTTER card
is selected in case control by an FMETHUD card. Three methods of flutter analysis are available;

K, KE and F¥. These are shown in Table 2.

The K-method allows looping through three sets of parameters: density ratio {(p/ Oref3 P ref
is given on an AER@ data card); Mach number m; and reduced frequency k. For example, if the user

specifies iwo values of each, there will be eight Toops in the following order.

LBBP {CURVE) DENS MACH REFREQ
] 1 1

O~ M wh—
PO et PN o [\ =t

B P DS N — ot e
PO D e =2 PO RS —

Values for the parameters are listed on FLFACT bulk data cards. Usually, one or two of the para-
meters will have only a single value. Caution: do not set up a large number of loops; it may

take an excessive time to execute.

A parameter VREF may be used to scale the output velocity. This can be used to convert from
consistent units {(e.g., in/sec) to any units the user may desire (e.g., knots), determined from

Vout = V/Vpgp. Ancther use of this parameter is to compute the flutter index, by choosing Vppp =

wa,/ s

1.11-10 (12/29/78)
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If physical output (grid point deflections or element forces, plots, etc.) is desired rather
than modal amplitudes, this data recovery can be made upon a user selected subset of the cases.

The selection is based upon the velocity; the method is discussed in Section 3.20.4.

The KE-method is similar to the K methed. By restricting the option, the KE-method s a
more efficient K-method. The two major restrictions are that no damping (B) matrix is allowed
and no eigenvector recovery is made. This means that the KE-method is not suitable for a control
system, but it is a go-d method for producing a large number of points for the classical V-g curve.
The KE-method also sorts the data for plotting. A plot request for one curve gives all of the re-
duced frequencies for a mode while a similar request in the K-method gives all of the modes at one

k value.

The PK-method treats the aerodynamic matrices as fraquency dependent springs and dampers.
A frequency is estimated and the eigenvalues are found. From an eigenvalue, a new frequency is
found. The convergence to a consistent root is very rapid. The major advantage of the methed is
that the damping values obtained at subcritical flutter conditions appear to be more representa-
tive of the physical damping. Another advantage occurs when the stability at a spscified velocity

is required since many fewer eigenvalue analyses are needed to find the behavior at one velocity.

The input data for the PK-method also allows Tooping, as in the K method. The inner loop of
the user data is velocity, with Mach number and density on outer Toops. Thus, the effects of

varying any or all of the three parameters on one run is possible.

Subsets of flutter analysis for checking data are Tisted under the dascription of the SPL card
in Section 2.2.3.

1.11-11 (12/29/78)
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1.11.5 Modal Aevoelastic Response Analysis

The purpose of the modal aeroelastic response analysis is to study the behavior of an aero-
elastic system resulting from applied loads and gusts. One rigid format can solve freguency re-
spons2, random response, and transient response problems. The capability includes control systems
(using NASTRAN Extra Points and Transfer Functions), multiple loading conditions (with SUBCASES),
and rigid body modes.

The input data deck is the same as for the flutter analysis, except for load requests and
output selection. The point Toads are applied with standard RLPAD (fraguency response) or TL@AD
(transient response) data cards. For gust Tields, which are only implemented for the Doublet-
Lattice/Body Aerodynamic theory, the vertical stationary gust velocity can be specified with
either RLAAD or TLPAD cards. In this manner, the response to either random or time~dependent

gusts may be obtained.

For random response analysis, the power spectral densi ty of the Toad must be suppiied. For
gusts, either the Von Karman or the Dryden formula can be selected. The output power spectral
defisity is requested by the XYBUT Case Control cards. The r.m.s. value and No’ the expected fre-

quency, are autumatically printed when PSDF information is requested.

The user must supply the basic flight conditions. The velocity is specified by the AER®

data card, while Mach number and dynamic pressure (q) are supplied on PARAM bulk data cards.

The damping must be modal damping. Ordinarily, a modal viscous damping is assumed, as in the
NASTRAN modal dynamic rigid format. A parameter KDAMP=-1 can be used to substitute modal structural

damping, the modal stiffness is multipiied by [T+ig(w)].
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*fero (free stream di rection)

Figure 1. An aerodynamic Doublet-Lattice panel subdivided into hoxes.
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Uil Sactor ) x-z plane is a

plane of symmetry

Slender body
elements

(fuselage)

slender body elements
(nacelle)
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Y —eimm—

2) Showing boxes and slender body elenents

Figure 2. NS5KA example with three panels (ten boxes), two bodies (nine
slender body elements), and seven interference elements.
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FINVRINI N AL, B 3

——

Leading Edoge Crank
(Optional)

Interconnection
Points (at least
three per wing
and each control)

; sweep back > 0

4
Trailing Edge Up to Two
Crank .
(Optional) Adjacent Control 3

Surfaces

I il

Figure 3. Mach box surface.
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a) Surface as idealized

GRAPHIC DISPLAY OF REGIONS ON MAIN SEMISPAN
MACH NUMBER  1.300 BOX WIDTH .052064 BOX LENGTH

SS
SS.
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§§SS..
$SSS...
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§55S8S....
$55SsS....
$5555S.....
$SSSSSS.....
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§5555555555SS......
SS555555555555Scvansn
55555555555555. ...
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§511111222255S....
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Ssi111122222sS..

225S.

S

b) Surface as generated b} proaram

By

.043248

S MAIN

1 CNTRLY

2 CNTRL2

. DIAPHRAGM
: WAKE

rigure 4. Mach box surface showing Mach boxes and diaphragm.
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Percent Chord
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Interconnection
Grid Points

One macro-element
with five sub-elements

Figure 5. Strip theory example 1ifting surface.
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(b) Linear spline
: Figure 6. Spiines and their coordinate systems.
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Table 1. Aerodynamic elements.
Doublet
Lattice LiTEing Body Mach Box Strip Piston
Type Panel {Interference) Surface Theory Theory
Data Cards CAER® CAERP2 CAERQ3 CAERA4 CAER@5
PAERGT PAER@2 PAERG3 PAERPA PAERGS
Mach Number Subsonic | Subsonic Supersonic A1l regimes Hypersonic
Symmetry Options 2 planes | 2 planes 1 plane None None
y=0 y=0 required
z2=0 z=0
Interaction Paneis and bodies Baxes on None None
in the same group one surface
Commants One or two Control surface | A strip theory,
controi allowed. User |coefficients
surfaces may vary from piston or
parameters. Van Dyke theorwv,
Control surface
Interconnection Box Stender body |User Strip Strip
to Structure centers glement specified 1/4-chord 1/4~chord
centers locations
Displacement 3.5 3,5 z-bodies |3 3,5 No control 3,5 No control
Components Used 2,6 y-bodies 3.5,6 Control 3,5,6 Control
at Connection Points
1.11-~19 (12/29/78) -
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Table 2. Flutter analysis methods.

" Kll IIKEII CIPKII

Structural Matrices K (compTex) K (compiex) K (real)

B (complex) B {real)

M {complex) M (compiex) M (real)

Aercdynamic Matrices M (compTex) M {compiex) K {real)
B (real)

User Input Loops p-density p-density p-density
m-Mach number m-Mach number m-Mach number
k-reduced frequency | k-reduced frequency | V-velocity

Output ¥Y-g curve V-g curve V-g curve
CompTlex modes Complex modes
Displacements Displacements
Deformed plots Deformed plots

Method Compute roots for

Eigenvalue Method

user input p, m, k.

Several methods
avaitable, selected
by user via CMETH@D
in case control.

Compute roots for
user input p, m, k.
Reorder output so a
"curve" refers to a
mode.

Complex Upper*
Hessenberg

For each p, m, V,
iterate on each root
to find consistent
results. (Details
in the Theoretical
Manuai.)

Real Upper+®
Hessenberg

* No CMETHQD card is used.
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1.12 CYELIC SYMMETRY o

Many structures, including pressure vessels, rotating machines and antennae for space com-
munications, are made up of virtually identical segments that are symmetrically arranged with t%
respect to an axis. There are two types of cyclic symmetry as shown in Figures 1 and 2: simple f‘_.
rotational symmetry, in which the segments do not have pianes of reflective symmetry and the ‘

boundaries between segments may be general doubly-curved surfacess and dihedral synmetry, in

which each segment has a plane of reflective symmetry and the boundaries betwsen segments are
planar. The use of cyclic symmetry allows the user to model only one of the identical sub- L

;f structures. There will also be a large saving of computer time for most problems. The theoret- |
i ical treatment for cyclic symmetry s given in Section 4.5 of the Theoretical Manual.

‘The total model consists of ¥ ideniical segments which are numbered consecutively from 1 to ﬂ

f N. The user supplies a NASTRAN model for one segment, using regular elements and standard !
modeling techniques, except grid points are not permitted on ihe polar axis. A1l other segments
and their coordinate systems are automatically rotated to equally spaced positions about the

polar axis by the program. The boundaries must be conformable, i.e., the segments must

coincide. This is easiest o insure if a cylindrical or spherical coordinate system is used, but

Ak oy

such is not required. The PARAM card, CTYPE, 1is used to specify either rotational symnetry or oo

el
e

ditedral symmetry and the number of segments, N, in the structural model s specified on the

IHRSIL-
e

PARAM card, NSEGS. As indicated in Figure 2, dihedral symmetry provides solutions for each segment ﬁz

and its reflected image. This requires application of both symmetric and antisymmetric boundary ? !
conditions.

In rotationai symmetry the basic transformation equation between the structure segments n = |

2, etc. and the harmonic indices k = 0, 1, 2, ete. is
KMAX

=%+ Z [5<Ccos(n-1)ka + TSsin(n-1)ka] (1)

where k=1

u" s any displacement, load, stress, etc., on the nth segment (n = 1, 2...NSEGS),

a0 . ﬁkc, iiks are the corresponding cyclic coefficients used in the solution which
define the entire structure,

k is the cyclic index (i.e., KINDEX),

KMAX is the Timit (KMAX < —J of k. (I all values of k are used, the transformation
is exact),

and

: . _2u . : ;
C ' a4 = yerps 15 the circumferential angle for each segment.
.-
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In dihedral symmetry the repeated request may be divided into two half segments divided by a plane
of symmetry. The solution is obtained for symmetric motions (S) and antisymmetric motions {A) of

the right half segment modeled by the user. Thus, for each cyclic index, k, four coefficients are

obtained defining the variable, n, i.e., <55, gkesS, gks,A ke.A

and u In the right hand segment

the terms are added

Right side: kS = kssS , gks,A (2)
In the teft hand mirror image the antisymmetric solution is subtracted.
Left Side: kS = gkssS | pks.A )

The reason for using dihedral symmetry is to reduce the size of the model by one half. However
in static amalysis, this procedure requires twice as many soTutions as in rotational cyclic
symmetry. In normal modes analysis only the modes for the symmatrical components ﬁkc’s and ﬁkS’A

are obtained. The modes for the other two terms are identical and correspond to a onz sagment

rotation of the structure.

The two boundaries are called sides 1 and 2. 1In the case of rotational symmetry, side 2 of
segment n is connected to side 1 of segment ntl, as shown in Figure 1. In the case of dihedral
symmetry, side 1 is on the boundary of the segment and side 2 is on the plane of symmetry for
the segment, as shown in Figure 2. In either case the grid point numbers on sides 1 and 2 must

be specified on the bulk data card, CYJPIN.

As indicated in the Theoretical Manual Section 4.5, the cyclic symmetry analysis uses a

finite Fourier transformation. Hence, the use of cyclic symmetry procedures does not introduce any

additional approximations beyond those normaily associated with finite element analysis. In the
case of static analysis, a shortened approximate method may be used where the maximum value of the
harmonic index is specified on the PARAM card, KMAX. The default procedure is to inciude all
harmonic indices. The use of a smaller number of harmonic indices is similar to truncatina a
Fourier series. The stiffness associated with the higher harmonic indices iends to be large,

so that these components of displacements tend to be smali. in the case of vibratiaon analysis,
the solutions are performed separately for each harmonic index. The harmonic index for each

solution s specified on the PARAM card, KINDEX. The standard restart procedures can be used to

caiculate vibration modes for additional harmonic indices.

No restrictions are placed on the use of the single point constraint, the multipoint con-
straint, or the @MIT feature of NASTRAN, other than that the constraints must be the same for

each segment. Constraints between segments are automatically applied to the degrees of freedom

1.12-2 {3/1/78)
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at grid points specified on CYIPIN bulk data cards which are not otherwise constrained. The SPCD
bulk data card may be used to vary the magnitude of enforced displacements for each of the seg-
ments. In the case of static analysis, the PMIT feature may be used to remove all degrees of
freedom at internal grid points without any loss of accuracy. Since this reduction is applied

to a single segment prior to the symmetry transformations, it can greatly reduce the amount of
subsequent calculation. In the case of vibration analysis, the PMIT feature is used in the usual

way to reduce the size of the analysis set and involves the usuzl approximations. The SUPERT card
for free bodies cannot be used with cyclic symmetry,

Static loads are applied to the structural model in the usual way. A separate subcase is
defined for each segment (half segment for dihedral symmetry) and loading condition. The subcases

for static Toading must be ordered sequentially, according to the segment numbers. MuTtipie load-

ing conditions for each segment must be in consecutive subcases. In the case of rotational symmeiry,

there will be a mmber of subcases equal to the number of segments in the structural fodel for each
loading condition. In the case of dihedral symmetry, there will be twice as many subcases as for
rotational symmetry because of the two symmetric components. IF there is more than a single load-

ing condition, the number of loading conditions must be specified on the PARAM card, NL@AD.

An alternate procedure for specifying the static loads may be used if the transform vajues
of the forcing functions are known. In this case, the transform values of the Toads are specified
directly on the usual loading cards. The PARAM card, CYCI@, must be included in the Bulk Data
Deck to indicate that cyclic transform representation rather than physical segment representation
s being used for the static loads. If this option is used, the subcases must be ordered accord-
ing to the symmetrical components with the cosine cases preceding the sine cases for each Sym-

metrical component., The cutput quantities will also be prepared in terms of the symetric com-
ponents,

If the loading is specified in terms of the physical segments, the data reduction will also
be done in terms of the physical variables. Al7 of the normal output, including structure plots,
are available. No provision is made to recover physical segment data in vibration analysis. The
available cutput data does, however, includs the synmetrical components of dependent displacements,
internal forces and stresses.

For purposes of minimizing matrix bandwidth, the equations of the solution set are normaliy
sequenced with the cosine terms alternating with the sine terms. The user may request an alternate
sequence on the PARAM card, CYCSEQ, which orders all cosine terms before all sine terms. The Tatter

may improve efficiency when all of the interior points have been omitted.
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Segment 2

Segment 1

Segmant

Conformable Interface

The user models one segment.

fach segment has its own coordinate system which rotates with the segment.

Segrent boundaries may be curved surfaces. The Tocal displacement
coordirate systems must conferm at the Joining points. The user gives
a paired 1ist of points on Side 1 and Side 2 which are to be joined.

Figure 1, , Rotational symmetry
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(¥ CRIGINAL PASE I
. OF POCR QuaLiTY
Segment 2L Segment 2R B
Segment 1L
@ i
!
‘k”_,,fSegment 1R q
Planar
" Interface
Segment hL ;

i

x N

| G

‘.

I T

l
1. The user models one-half secment (an R segment). The L half segments S

| are mirror images of the R half segments.

E 2. Each half segrent has its own coordinate sysiem which rotates with the j

; sceent,  The [ half segments use Teft hand coordinate systems. 5

3. Segrent boundaries must be planar. Local displacciment systems axes,
assgcicind with inter-segment boundaries, mu:i be in the plane or

: normal to the plane. The user lists the points on Side 1 and Side 2

? which are to bz joined.

et

Figure 2. Dihedral symmetry
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1.13 FULLY STRESSED DESIGN

The fully stressed design option is part of the static analysis rigid format for structural
analysis. Functional medules (@PTPR1 and BPTPR2) are provided to automatically adjust the pro-
perties based on maximum stress Teveis, and to control the number of desiga jterations based on
user-supplied convergence criteria. All elements using a common property are sized together, i.e.,
a plate with uniform thickness remains uniform. If the user wishes to scale the properties for
each element separately, each element must have its own property card. After a sufficient number
of iterations, the element properties will be adjusted to the minimum values necessary to carry

the prescribed Toads,

The process begins by performing a static analysis for all loading conditions using the initial

values for all element properties. A new property, Pa» will be scaled such that

- Q
P2 =P [—(_a ¥ 1-a)‘f] ' )
vhere P] s the current property vaiue and v is an iteration factor with a defauit value of unity.

The scale factor, o, is defined as follows:

o = Max (ci;'-) s (2)

where ¢ is a stress value and a, is a stress Timit. The maximum value of o is taken for all
loading conditions. Values of y smaller than unity 1imit the property change in a single itera-
tion, and thereby tend to improve the stability of the process. The maximum change in any property

is Timited by
P2 .
Kpin < ﬁ; < Kax o (3)

where P1 is the initial value of the property and Kmin and Kmax are user-supplied Timits.

Cenvergence is achieved by completing the user-specified number of iterations, by having all
selectad element properties reach the user-specified 1imits, or by satisfying the following con-

vergence criterias

2l < (4)
where e is a user-supplied convergence Timit.
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The following actions are required by the user in order o utilize the fully stressed design R : 4
{
capability:

1. The user must select stress output in the Case Control Deck for all elements that will
participate in the fully siressed design.

2. Al1 required stress 1imits must be specified on the structural material cards associated

}
with element properties that will participate in_the fully stressed design. !

3. The property optimization parameters must be specified on the bulk data card PPPT. This 1 :
card contains user-specified values for the maximum number of iterations, the convergence
criteria (e), the iteration factor (y), and output options to print and/or punch the :

: ¢
calculated values of the element properties., '

4. The property optimization limits (Kmin and Kmax) must be specified on the PLIMIT bulk

data card if the user wishes to limit the maximum and minimum values of the element
properties.

The detailed definitions of the scale factors for each of the element types are given in
Table 1. The symbaols 4, 0, and Og represent the 1imiting stress values in tension, compression

and shear, given on the structural material cards. A1l of the properties listed for each element

are scaled in the same way, i.e., both the area and torsional constant for the RED are modified

using the same scale factor.
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Table T, Scale Factors for Fully Stressed Design .
" IJ
Element Stress Value Used Scale Factor (o) Properties Changed r:'
Axial Tension {oq) o1
1 a c T u
ROD | pxial Compression (02) Max(al s 6—2 s -&—) Area.(A)
TUBE | Topsion () t € 5 Torsional Constant {J)
Fiber Stress {End a (o 'I) %1 % Area (A)
. a Max _al bl . i
BAR Tension End b (cb-l) o, ' oy ’ Torsional Constant (J)
| Fiber Stress {End a (9,5} G0 Tpo Moments of Inertia
Compression  {(End b (oy,5) g ° ?c" (13s Tps 112) '
i
Trmgn | Principal Tensien (O‘-[) o o T
Principal Compression (crz) Max{z-» 5 » 5 Thickness (t)
QUHEM | paximum Shear {r) b s
TRPLT Same as Above ;
QDPLT Same as Above Moment of Inertia (I) i
- rese | (Fiber Distances zy & z,) 1
; ‘
N -
T TRIA] Moment of Inertia (I) 5
: Same as Abaove Same as Above ;ﬁ
QUAD Membrane Thickness (t1) 3
TRIA2 o
Same as Abave Same as Above Thickness (t) 4
quapz v i
TH'I
SHEAR | Maximum Shear (Tm) R Thickness ()
s

i

'{-—m‘ 1A R - R SR B B g T S W | S

!
i
i
'
t
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¥
[
i
3
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1,14 THE CONGRUENT FEATURE
1.14.1 Introduction

An important step in any NASTRAN problem is the generation of element matrices (stiffness,
mass and damping matrices, as required) in the EMG (Element Matrix Generator) module. In many
cases, this step can represent a significant portion of the total problem activity. Because of the
differences in algorithms and procedures, the cost of generating the element matrices for an
element depends on the element type, its configuration and its properties. However, this cost is
associated primarily with CPU activity and is not significantly affected by core size or 1/0
transfers {see Section 14,3.2 of the User's Guide).

Normally, the element matrices are generated in the EMG module once for each element in the
model. However, when two or more elements in the model have the same element matrices, there is no
reason why the same matrices should be computed separately for each such identical element. By
declaring such elements as congruent, it is possible to cause their element mairices to be computed
only once for all elements in the congruent set instead of their being computed repeatedly for each
of the individual elements in the set. This resuits, in general, in a saving of CPU time in the
EMG module. In many cases, judicious formulation of the problem to facilitate the use of the
congruent feature can result in substantial savings in the computational effort, In some problems,

over 99 percent reductions in EMG module CPU times have been obtained.

1.14.2 Congruent Feature Ysage

The congruent feature is specified in NASTRAN by means of one or more CNERNT cards in the Bulk
Data Deck (see Section 2.4}. Any number of such cards may be employed.

The CNGRNT bulk data card is an open-ended card and requires the specification of a primary
element identification number and one or more secondary element identification numbers. The terms
primary and secondary as used with regard to congruent data are purely relative and have no real
significance. Generally, the primary element is the Towest numbered element in the congruent set,
but this need not be so. The element matrices are actually computed in the EMG module only for the
lowest numbered element in a congruent set (even though this element may not be the primary
element). The element matrices for the rest of the elements in the congruent set are then derived
from these computed matrices,

When using CMNGRNT cards, the user should be aware of the following important characteristics

of the congruent capability software design n NASTRAN:

1.14-1 {09/30/83)
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- User Responsibility for Congruency Specification

The elements declared as congruent must have characteristics (such as their orientation and
geometry) that cause their element matrices in the global coordinate system to be truly identical.
The program cannot test the validity of this structural specification. It is, therefore, the
user's responsibility to ensure that element cangruence specifications are valid. Improper
congruence specifications will result in an improper structure definition and will in turn lead to
erroneous results. It should be emphasized that the praper use of the congruent feature will not
cause the answers to be any different from those obtained without the use of the feature, but will
only result in a saving of CPU time in the EMG module.

- Flexibility in Specifying Congruencies

Clearly, congruency by its very definition can apply only to elements of the same type. Thus,
for instance, a bar element can be congruent only to another bar element snd not to a plate
element, However, because of the effective manner in which the congruent feature has been
incorporated into NASTRAN, elements of different types can be specified on the same logical CNGRNT
card without in any way making the different element types congruent. Thus, on the same logical
CNGRNT card, several bar elements can be deciared as belonging to a congruent set and several plate
elements can be specified as belonging to a separate congruent set. However, the user should

ensure that such specifications do not lead to erroneous declarations when elements of Jifferent

types have the same identification numbers,

- Provision of "Phantom" Element Identification Numbers

As a corollary to the above, it may be noted that the element identification numbers {primary
or secondary) specified on a CNGRNT card need not ail exist in a model, This greatly facilitates
the use of the THRU option on the card. However, the user shouid be cautioned that, if too many
non-existent elements are specified in the CNGRNT data {as may be the case when the THRU option is
used), the EMG module may not have enough core to process all the CNGRNT data. In that case, an

appropriate message is issued and those elements whose CNGRNT data cannot be processed will have

their element matrices computed separately.

1.14,3 Factors Affecting Congruent Feature Efficiency

As indicated earlier, the use of the congruent feature results in increased computational
efficiency. The degree of efficiency obtained depends on the following factors some of which can

be influenced by the user input specifications:
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‘.

= MNumber of Congruent Elements 4%

A,

Clearly, the Targer the number of elements in a congruent set and the larger the number of GJ
sets, the higher the savings in CPU time. é

- Type of Elements Specified as Congruent

Larger savings in CPU time are obtained for certain elemant types than for other element

types. Thus, for instance, declaring two IHEX3 elements as congruent will result in more savings

than declaring two IHEX1 elements as congruent. O

A
-~ Type ¢ JAnalysis

For a specified congruent set, larger savings are obtained in dynamic analysis than in static

analysis since, in the former, mass and/or damping matrices need to be computed in addition to 1

‘r
stiffness matrices,
~ Numbering of Grid Points of the Congruent Elements .

Processing is slightly more efficient if the relative order of the numbering of the grid -

points rf the congruent elements is the same. Thus, for instance, two congruent quadriiateral

plate elements are processed more efficiently if their grid points are numbered 1-7-4-§ and

12-23-16-20, respectively, than if they were numbered 1-7-4-6 and 11-14-27-15, respectively. In g
the former case, the grid paint numbers of the two congruent elements increase or decrease in the

same order as we go around the elements,

In the Tatter case, the grid peint numbers of the two
congruent elements increase or decrease in different orders as we go around the elements,

b S RN

1.14.4 Examples of Congruent Feature Usage

[ ronral, R

The congruent feature s currently employed in fifteen (15) of the NASTRAN demonstration
problems.

A comparison of the EMG module CRU times (on IBM S5/360-95 computer) for these problems

with and without the congruent feature is presenied in Table 1. The savings resuTting from the use

of the congruent capability are quite apparent from this table. The most dramatic savings are

obtained in NASTRAN Demonstration Problem Nos. 3-1-2 and 8-1-2 1in which the EMG moduie CPU times f

are reduced by more than 99 percent.
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( : 1.15 MAGNETIC FIELD PROBLEMS ;
. |

1.15.1 Introduction ';

The determination of the magnetic fields in and about ferromagnetic bodies is an important
step in the design of many structures and components. In commercial applications, knowledge of the
fields in and near transformers and electrical machinery is often desired because of their effect

on performance. This is discussed further in Reference 1.

1.15.2 Theory

The governing equations of classical electromagnetic wave theory are Maxwell's equations:

v-D=0p (1)
V.B=0 (2)
aB
V-E=- — (3)
ot
ab ;
P+H=J+— (4) !
ot :

.

where = electric displacement vector, :
= magnetic flux density vector,

= electric field intensity vector,

D
B
E
H = magnetic field intensity vector,
d = current density vector, 3
P = charge density, and

t = time.

Additional relations are:

b = ek
J = oF
and B = uH
where
£ = permittivity,
¢ = conductivity, and

n o=

magnetic permeabiiity.

1.15-1 (09/30/83)
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The present work is corcerned only with time-independent fietds, theraby decoupiing Equations 1
through 4 into one pair of eguations governing the electrostatic field (Equations 1 and 3) and a
second pair governing the magnetostatic fiald (Equations 2 and 4). Interest here is in the latter

pair and the appropriate constitutive equations: T

VeB=0 (5) !
veH=J (6) ‘
wWith = uH (7)

Numerical techniques for solving Equations 5 through 7 include integral equations and

differential equations. The present work uses the differential equation approach incorporated into .
NASTRAN. S

In the theoretical aspects of the analysis, ¢ is defined as the scalar potential of the i

magnetic field anomaly Hm i.e.,

Hm =Vg¢ (8)

where Hm is the modification, or anomaly, due to the presence of ferromagnetic material, to a

Biot-Savart field. It is # that is solved for by using the heat transfer approach in NASTRAN,
In the anticipated applications of this method, accurate values of % will be required in both
the near field and far field. A major drawback of using the finite element method for solving :

magnetostatic problems is that the infinite domain surrounding the ferromagnetic material must be

modeled (at least, to the point at which ¢ may be considered smail). These accuracy and modeling

ERaIAr St

requirements mean that the finite element mesh must be very fine in all regions. In addition, the
results near the finite element boundary may not be as precise as desired because of the imposed ¢
= 0 boundary condition.

Two methods which could aveid the need for modeling the vast majority of the exterior domain

are the use of infinite elements and the coupling of integral and differential techniques. These

methods are presently being investigated, but, meanwhile, a third method, harmonic expansions, is

-

being used to avoid fine modeling to "infinity". 1In the present applications, all ferromagnetic
material and sources are enclosed by a suitably shaped surface, usually spherical or prolate
spheroidal. Then, NASTRAN is used to solve for the potentials at the grid points on the enclosing
surface. Finally, Laplace's equation

vZs = 0 (9)

may be solved, in the proper coordinates, using the potentials on the enclosing surface as an

e e L B T L7 ety

interior boundary condition,

1.15-2 {09/30/83)
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1.15.3 Prolate Spheroidal Harmonic Expansion

Most applications require only prolate spheroidal cogrdinates,

equation in these coordinates is

R e
$(E;n,8) = 22 [Amn cos (m3) + an sin (m&)] p:(n) r_“._...._

The solution of Laplace's

m
n=0 @) an(go)
¢ = reduced magnetic scalar potential
where 6,18 =-prolate spheroidal coordinates (10)
E’o = coordinate of the interior prolate sphercidal surface
PE,Q: = Legendre functions of the first and secand kinds, respectively
mn € 2n 1 .
= B {o-m)1 cos gyp™ d
B } I (20+1) (n_,_m)!f sin (mﬁ)dﬂf ¢D(Tl. )Pn (M) dn
mn i) -1
€= Lm=09p
2, m>0

$,(n,8) = distribution of potential $ on prolate spheroidal surface £ = €,
Hith the use of this expansion, the finite element model can become coarser as the distance

from the prolate spheroidal reference surface increases. In addition, the model need not extend

"too far", since the concept requires an accurate potential distribution only on the reference

surface, which is placed as close as possible to the ferromagnetic material, However, the
discretization of the reference surface itself must be fine enough to allow for an accurate

representation of the integrals in the computation of the coefficients Amn and an.

1.15.4 Input Data far Magnetostatic Analysis

This section provides user information needed to perform a magnetostatic analysis with

NASTRAN. This information is divided into six parts: NASTRAN card, Executive Control Deck, Case

Control Deck, Buik Data Deck, Data cards with Different Meanings and Output.

1.15.4.1 NASTRAN Card

In magnetostatic problems, functional module SSG61 (Static Solution Generator - Phase 1)
generates a data block, HCFLD, that contains the source magnetic Field at each grid point for each

subcase resulting from specified fields on the SPCFLD bulk data card (see Section 1.15.4.4). Since

1.15-3 (09/30/83)

250

2l a3 T
—— . - A e .
KA1 LWL R T BT T R L e ST P

e e N




—=T T DD T .

J;) T

v
L ey e

STRUCTURAL MODELING

HCFLD 1is not used in subsequent functional modules and is generated only for informational

purposes, the costlier computation of grid point source magnetic fields due to current coils anpd

dipoles is left as an option to the user. If these fields are to be computed for HCFLD, the

NASTRAN card must contain MADCAM (9) = 1,

1.15.4.2 Executive Control Deck

Magnetostatic anmalysis is performed by using the steady-state heat transfer capability (Rigid

Format 1, Approach HEAT) in NASTRAN. Therefore, the Executive Control Deck must contain the

following two cards:
1. APP HEAT
2. SpL1

In addition, there are three functional modules that pertain specifically to magnetostatic

analysis, but are net incorporated into the Rigid Format,
1.

These are briefly described below:

ModuTe EMFLD computes the total field intensity and flux density of user-selected finite

elements. It reads the anamal y field information (temperature gradients) which NASTRAN

computes in element coordinate systems, transforms it to the basic coordinate system, and

adds the results to the element centroidal source magnetic fields computed in functional
madule SSG1.
2. Module MAGBDY processes bulk data card PERMBDY (see Section 1.15.4.4) and converts the
grid points on the card to a form more readily usable by functional module $581.
Module PROLATE computes the prolate spheroidal harmonic coefficients to be used by an
interactive graphics program,
In order to execute the above modulas and perform certain tasks related to the data blocks output
from functional module SSG1, the following ALTER statements to the Rigid Format are required:
ALTER nl $ (where nl = DMAP statement number of LABEL HLBL7, just before SSG1 moduie)
MAGBDY GE@M1, HEQEXIN/PER/V,N,IPG $
ALTER n2 $ (where n2 = DMAP statement number of SDR1 module)
SDR1, SHCFLD, 544,554/, HCFLDG, /Y, N, NSKIP/STATICS $
SDR1, sHCCEN,, 5 5555 44,7 ,HCCENG, /V ,N,NSKIP/STATICS $
SDR1, sREMFLD, 45555454/ REMFLG, /V, N, NSKIP/STATICS $
ALTER n3 § (where n3 = DMAP statement number of SBRZ moduTe)
EMFLD HﬁEFl,HEST,CASECC,HCFLDG,MPT,DIT,REMFLG,GEﬂMl,CSTM,HCCENG/H@EHl/V,N,HLUSET $

1,15-4 {09/30/83)
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ALTER n4 $ (where n4 = DMAP Statement number of @FP module, Just after SDR2 moduTe) : d
grp HPEN],,,,,//S,N,CARDNG $ i
é.

PRALATE GEﬂMl,HEQEXIN,BGPDT,CASECC,NSLT,HUGV,REHFLG,HEST,MPT,DIT/PREC%F $ ¢

puUTPUTZ  PR@CEF,,,,//0/11 §
TABPT PROCOF,,,.// %
ENDALTER §

The BUTPUT2 functional module writes prolate spheroidal coefficient information to FBRTRAN~readable *

file UT1, which can be used as input to an interactive graphics post-

instruction prints that file for user inspection,

processor. The TABPT

1.15.4.3 Case Control Deck

The FARCE {or ELFPRCE) card is an optional request used to output the finite element anomaly !

and total magnetic fields. The anomaly field is output in the element coordinate system, the total

field intensity is output in the basic coordinate system, and the total flux density is output in

the coordinate system given on the BFIELD buik data card (see Section 1.15.4.4). The hasic :
coordinate system is the default. !

In ordei to output the total magnetic field for an element, the source and anomaly magnetic :

fields must be computed for the element, usually at the centroid. Since the number of elements in

& magnetostatic analysis is usually large, care should be taken in requesting this output for a

significant number of elements.

The AXISYMMETRIC (or AXISYM) card s used in conjunction with the PROLATE buik data card (see
Section 1.15.4.4) to indicate symmetric or antisymmetric baundary conditions (or Jack thereot).

Symmetry and antisymetry conditions refer to the source magnetic field (applied to a symmetric

finite element model) and, therefora, to the anomaly potential with respect to the X-Y plane of the

coordinate system which must be used when prolate spheriodal harmonic coefficients are to be

computed. The options for AXISYM ara:

g Option Meaning

H SYMH Symmetry conditions, and the source magnetic field for this subcase
g will be included in the prolate spheroidal harmonic expansion.

g SYMMANGM Symmetry conditions, and the source magnetic field for this subcase
% e will not be included in the prolate spheroidal harmonic expansion.
; é. .

) 1.15-5 (09/30/83)
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ANTI Antisymmetric conditions, and the source magnetic field for this
subcase will be included in the prolate spheroidal harmonic
expansion.

ANTIANDM Antisymmetric conditions, and the source magnetic field for this
subcase will not be included in the prolate spheroidal harmonic
expansion.

ANGM Neither symmetry nor antisymmetry. Also, the source maghetic field
for this subcase will not be included in the prolate spheroidal
harmonic expansion.

No option (card Neither symmetry nor antisymmetry. Alsu, the source magnetic Field

does not appear) for this subcase will be included in the prolate sphergidal harmonic

expansion,

The specification of SYMM, SYMMANEM, ANTI or ANTIANGM implies that the structure is symmetric
with respect to the X-Y plane of the required coordinate system and that only one half, or 180°, of
the structure and surrounding medium is modeled. If ANGM or no specification is made, then full
360° modeling is assumed.

The use of ANGM, with or without SYMM gnd ANTI, means that only the anomaly potential and
anomaly field will be available for that subcase from the prolate spheroidal harmonic expansion.
Requiring only the anomaly results is often the situation when the Earth's magnetic field is the

source field. When a current coil is the source, the total potential and field are usually needed,

in which case ANBM would be omitted.

1.15.4.4 Bulk Data Deck

There are eight bulk data cards that pertain specifically to magnetostatics anaiysis. A brief

description of each card follows.
1. The BFIELD card specifies a coordinate system ijdentification number in which the total
flux density for selected elements will be output. (The basic coordinate system is the
default.) The anomaly field intensity is output in the element coordinate system, the

total field intensity in the basic coordinate system, and the total #lux density in the
coordinate system specified by BFIELD.

1.15-6 (09/30/83)
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The CEMLAPP card defines a circular current coil. The orientation of the coil is defined
by specifying coordinates of the center of the coil and coordinates of two points on iis
circumference. The magnetic field due to the coil is computed from the Biot-Savart Taw
using an elliptic integral formulation.

The GEMLOAP card defines a general current coil in piecewise linear segments hy
specifying the coordinates of the endpoints of the segments. At most, 14 Tinear segments
are allowed on one Togical GEML@QP card, but the segments can be continued on ancther
card.

The MDIPOLE card defines a magnetic dipote moment by specifying the coordinates of the
location of the dipole and the components of its moment. The resulting magnetic field
intensity s computed only at those points whose distances from the dipole are within
ranges defined on the MDIPALE card.

The PERMBDY card specifies points on boundaries of dissimilar magnetic permeability. The
purpose of this card is two-fold: to reduce computer run time and to avoid numerical
errors which may occur due to Timited orders of numerical integration, nonuniform
madeling, use of CTETRA elements, etc. Such numerical errors may occur as follows: the

magnetic equivalent Toading at a point, resulting from a single finite element, is given

by the eguation:

£i = f(vui)T uH _dv (11)
v

It can be shown that, if a point is surrounded by elements of the same magnetic
permeability u, then fi at the point must be 0. (The integral of Equation 11 is
obtained from an integration by parts of _f Ni(Vu'Hc)dV » which is zero in areas

of uniform permeability.) However, due tou various combinations of circumstances
involving both numerical and modeling techniques, fi may be nonzero in areas of uniform
permeability, and, in fact, may be significant compared with the leading at points which
are connected to elements of different permeabilities, thus degrading the results, The
presence of PERMBDY causes NASTRAN to compute equivalent loads only at the grid points of
the PERMBDY card. Therefore, if this card is used, it must contain all appropriate

points. 1In this way, the presence of PERMBDY improves numerical accuracy as well as

computational efficiency.
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» Which
is used to compute coefficients of a prolate spheroidal harmenic expansion of the anomaly

|

. X

6. The PRULATE card defines a prolate spheroidal surface in the finite element model J
i

or total scalar potential, 4

When the PROLATE card is used, NASTRAN assumes an orientation of the generating ellipse

O
!
of the prolate spheroidal surface with respect to the basic coordinate system. |

Therefore, the center of the ellipse is assumed to coincide with the origin of the basic

coordinate system, the major axis of the eliipse is assumed to coincide with the X-axis

of the basic coordinate system, and the minor axis is assumed to coincide with the Y-axis

of the basic coordinate system. In addition, the aximuthal original of the _ component

g of the prolate spheroidal coordinate system is the X-Y plane, with the direction of

: rotation following the right-hand rule about the X-axis. This assumption does not

i ek o

preclude the definition of other right-handed coordinate systems with which the locations
of grid points may be defined,

: The REMFLUX card specifies remanent flux density for selected elements. Since NASTRAN
; handles only Tinear materials, it cannot follow the hysteresis loop of a magnetization ?
curve., However, as long as the section of interest of the magnetization curve is E
approximately linear, REMFLUX may be used to specify nonzero remanence, . b -%
| 8. The SPCFLD card is used to specify components of source magnetic field intensity at ' .?

selected grid points. One use of this card is to specify the Earth's magnetic fields.

1.15.4.5 Data Cards with Different Meanings A

In a standard NASTRAN steady-state heat transfer analysis, the basic unknown in the probiem is
the temperature at each grid point. 1In a magnetostatic analysis, the basic unknown is the anomaly
potential Vm' Therefore, any NASTRAN data card or output which refers to degrees-of-fresdom
refers to the anomaly, or reduced, scalar potential. Some examples are bulk data cards SPC and

SPC1, Case Control card THERMAL (or DISPLACEMENT, which is a carryover from struc
and TEMPERATURE output,

tural analysis),

Two other buTk data cards for which the meanings are different are material cards MATZ apd

MATS. In heat transfer, these cards contain thermai conductivity values. In magnetostatics, they

specify magnetic permeabiTity.
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1.15,4.6 Output

The output available from a magnetostatic amalysis is similar to that from a heat transfer
analysis. The temperature output obtained from a DISPLACEMENT or THERMAL request must be
interpreted as anomaly potential output. The Toad vector output obtained from the BLEAD request is
the magnetic equivalent load. The temperature gradient and flux output resulting from a FERCE or
ELF@RCE request should be interpreted as anomaly magnetic field intensity and anomaly flux demnsity,
respectively. These vectors are output in the element coordinate system. In addition, the FPRCE
or ELFPRCE request also generates total finite element magnetic field and induction output. The
magnecic Tield intensity is output in the basic coordinate system, and the magnetic flux density or
induction is output in a coordinate system specified on a BFIELD bulk data card.

Finally, the file of prolate sphercidal harmonic coefficient information is available for
inspection. This file is contained in data block PRACAF. The TABPT statement needed to print
PRACPF is given in Section 1.15.4.2.
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1.16 DYNAMIC DESIGN-ANALYSIS

1.16.1 Introduction

The Dynamic Design-Analysis Method (DDAM) §s the standard procedure for shock design of
equipment. Often, the equipment is first analyzed using NASTRAN. The data and results must then
be converted into other forms for use in DDAM. Incorporating DDAM into NASTRAN has enabled the

entire process to be performed more efficiently. (The details of the implementation of DDAM into
NASTRAN are described in Reference 1.}

1.16.2 Theory

The steps of the DDAM procedure are described here very briefly. A more complete description
i5 given in Reference 2.

Step 1. Compute natural frequencies and mode shapes. (Rigid Format 3, Approach DISP)
Step 2. Compute the participation factor for each mode:
i ; M Xiq
Py = S 7 (1)
i M X
where Mi is the mass of the ith degree-of-freedom and xia is the ith
component of the ath mode shape.
It is assumed that only those terms of {Xa} that correspond to a particular direction are
used in Equatijon 1. That is, the ath mode may have three participation factors asseciated with
it, one for each orthogonal direction.

The numerator of Equation 1 may be written as (considering al computed modes):
(61" (M1 [v] (2)

where [¢] = matrix of eigenvectors (mode shapes), order n x m, with n = order of the problem,

m = number of modes computed;

[M1 = mass matrix, order n x n; and

[v]

I

direction cosine matrix, order n x & with & = 1, 2, or 3, the number of desired

directions.

1.16-1 (09/30/83)
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Typicaltly, [V] may consist of 1's and 0°s which "pick off" desired directions. However, that form
is not necessary and any consistent set of direction cosines may be used.

The denominator of Equation 1 may be written as (considering a1l computed modes)
[61" [M] [e] (3)

which is the diagonal modal mass matrix. Therefore, Equation 1 may be written as

[PoJnge = [diag (Le1MILeD T [o17 ] [v] (4)
Step 3. Compute the "effective mass® in each mode:
M, = PaZM,i Xs (5)
i

Thus,
M1 = [P]x [[¢]T [M] m] (6)

where the x on the right side indicates the so-called matrix outer product, in which a term-by-term

multiplication is performed. For example, if

[c] [A] x [B] (7)

then
i3 2 bij (8)

Step 4. Compute the "effective weight" [Na] in each mode by multiplying [Ma] by g, the

acceleration due to gravity.
Step §. Compute the direction-dependent velocity spectrum design values [Va] from [wa].
Step 6. Compute the effective static load at each mass, due to the ath mode, by

Fia =M X5 Py ¥y “a (9)

h

where W, is the at

natural radian frequency.
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The matrix of Toads is computed as follows: The matrix product [MJ[¢] is of order n x m and
corresponds to the product ”ixia of Equation 9. (Here, only terms of [M][¢] in the desired

directions are used,) The ath column of [MI[¢] corresponds to the ath mode. MuTtiplying the
ath column by Wy and by Pava Tor the first desired direction gives a matrix of luad vectors
of order n x m, If Pava's for other desired directions are used, then other n x m sets of
Toads are created and appended to the first set. A final Toad matrix [F], of order n x m&, is thus
created, where & is the number of desired directions: i.e., there will be m2 static load cases.
(In practice, dinstead of the product Va“a in Equation 9, the term actually used {s
min (VamaD ag), where Aa is an acceleration spectrum design value in g's and g is the
acceleration due to gravity.)

Step 7. Perform static analyses to compute direction-dependent maximum responses, using the

Toad cases from Step 6, and calculate element stresses.

The computation of the effective static load at each mass in Step 6 and the static analyses of Step

7 may be replaced as follows: For the ath mode {¢a], Equation 9 may be written as

{Fa} = [M] {¢a} Pa Va y (10)
Solving,

[K] {u} = {F.} {11)
where [K] is the stiffness matrix and {Ua} is the vector of grid point displacements, yields
- -1
{ua} = [K]™" [M] {¢a} Pa Va Wy (12)

However, from dynamics,

2
[-ma M+K] {e.}

= 0 {13)
or
-1 i
K] [M] {6} = — (o) (14)
2
U3
Using Equation 14 in Equation 12 yields
PV
- a_'a
{ua} = {¢a} (15)
g

{As in Step 6, rather than Va/ma, min (Va/ma,Aag/ma) is used.)

1.16-3 {09/30/83)
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Equation 15 s used to compute the direction-dependent maximum response. :

Step 8. For each of the 2 desirad directions, compute the NRL (Naval Research Laboratory)

sums of strasses (see Reference 3} for each element as follows:

i/ "2
’ b#zm gp) (16)

where Sjm = maximum stress at the jth point (taken over the modes under consideration in one

Sj =

Sjm

desirad direction) and Sjb = stresses (other than the maximum) at the jth point corresponding

to the modes described for Sjm‘

1.16.3 DDAM Implementation in NASTRAN

Since DDAM requires the determination of naturail frequencies and mode shapes, a NASTRAN/DDAM
analysis involves the use of Rigid Format 3 (Approach DISP) with ALTERs. These ALTERs are required
in order to compute the various quantities described in the previous section. Mmong these ALTERs
are instructions for NASTRAN to execute eight functiomal modules that pertain specifically to DDAM,

These modules are briefly described in the following sections.

1.16.3.1 GENCPS

GENC@S generates the direction cosine matrix [V] in Equation 2. The user may specify a

coordinate system which defines the shock directions. A PARAM bulk data card giving the value of
parameter SHECK passes to GENCPS the coordinate system identification number of the shock system.,
If the user does not inciude such a card, the basic coordinate system will be used. (The value of
parameter SHOCK should, in most cases, correspond to the displacement coordinate system
identification number for the grid points in the problem. However, to allow for possible
exceptions, no check for this correspondence is made.) Parameter DIRECT must also be specified, .
defining the directions of the shock system which are to be considered. The options for DIRECT are

1, 2, 3, 12, 13, 23 and 123. For example, if DIRECT is 23, then the second and third directions of

the shock coordinate system will be used. If the user does not define DIRECT, the default is 123,

i.e., al1 three directions will be considered. f

The DMAP statement for GENC@S is

GENC@S BGPDT,CSTM/DIRCES/C,Y,SHECK=O/C,Y,DIRECT=123/
VN, LUSET/V,N,NSCALE $

. ;;.}
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1.16.3.2 DDAMAT .

DDAMAT ca1cu1ate§ a matrix outer product such as that in Equation 6, and multiplies the result
by parameter GG. For example, to compute effective weights, Steps 3 and 4 are performed, and
GG = g = 386.4 is specified, if units of pounds and inches are used.
The DMAP statement for DDAMAT is
DDAMAT  A,B/C/C,Y,GG §

Parameter GG must be given a value on a PARAM bulk data card or in the DMAP statement itself,

1.16.3.3 GENPART

It is assumed that, in the eigenvalue analysis, the lowest N modes were computed. If, jn the
static anmalyses (or equivalent static analyses), fewer modes are to be used, say, the Towest M,
where M < N, then the orders of a number of matrices must be truncated. GENPART generates the
sartitioning vectors required by functional module PARTN to partition the necessary matrices.

The DMAP statement for GENPART is

GENPART  PF/RPLAMB,CPLAMB,RPPF,CPMP/C,Y,LMBDES/V N, NMADES §

Parameter LM@DES is the integer value of the mumber of lowest modes to be used in the static

anaiyses. The value of this parameter must be specified on a PARAM bulk data card, or else a fatal

error will result.

1.16.3.4 DESVEL

DESVEL computes design velocity and acceleration spectra. The assumed form for vel ocity is

Vb-!-H
v = Vf LA (17)
Vv, +U
C
where V = velocity computed from modified effective weight W,
Vf = factor usually associated with a desired direction,
va,vh,vc = factors usually associated with various ship types and parameters, and
W = effective weight/1000,

Items V and Va are in units of length/second, and Vb and VC are in units of effective weight
Y.
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AcceTeration spectrum values may be expressed in one of two forms. The first form i5 the same
as that for velocity

Ab + Y
A=hch (18)
A +U
c
The second form is
A= R (A + W) (A, +W)/(A, + W)? (19)

where A = acceleration is in g's for modified effective weight W, Af, Aa’ Ab’ Ac and Ad

are factors defined similarly to factors Vf, Va, Vb and Vc' If Ad = 0, then the form of

Equation 18 s used. In addition, values of Vu/g are computed and are output along with

acceleration values A for comparison purposes. Also, a matrix of minimum values of Vu and Ag is

output for use in Equation 9, i.e.,

X
n

in min {Vw,Ag) {20)
Finally, the matrix

1
A min = > Anin (21)
w
is output for use in Equation 15.

Note that the natural frequency must not be zero. However, this
is not a resiriction for DDAM since a fixed base is assumed.

The DMAP statement for DESVEL is:

DESVEL EFFW,QMEGA/SSDV,ACC,VWG,MINAC,MIN%HZ/C,Y,GG = 386.4/
C,V,VELIIC,Y,VELZ/C,Y,VEL3/C,Y,VELA/C,Y,VELB/
C,Y,VELC/C,Y,ACCI/C,Y,ACCZ/C,Y,ACC3/C,Y,ACCA/

C,Y,ACCB/C,Y,ACCC/C,Y,ACCD §
Parameter GG is the acceleration due to gravity. A default value of 286.4 is supplied. Any other
value must be specified on a PARAM bulk data cai'd. Parameters VELI, VEL2 and VEL3 correspond to

the factor Vf in Cguation 17, in the first, second and third desired directions, respectively.

If fewer than three directions are desired, then anly VEL1, or VEL1 and VELZ, are specified. For
example, if only one direction is specified, say direction 3, than VEL1 correspands to direction 3,
the first (and only) desired direction. Parameters VELA, VELB and VELC correspond to Va, Vb
and VC, respectively, in Equation 17. These velocity parameters, VEL1 through VELC, must appear

1.16-6 (09/30/83)
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DYNAMIC DESIGN-ANALYSIS

on PARAM buTk data cards, or else a fatal error will result. If VEL2 or VEL3 1s not used, then
values of 0. must be specified.

Acceleration parameters ACCl through ACCD are similar to VEL1 through VELC and refer %o
Equations 18 and 19,

1.16.3.5 DDAMPG
DDAMPG creates the static load vectors of Equation 9 or the maximum responses of Equation 15.

For the former, the matrix [MP] = [M][¢] is input to DDAMPG and is operated on by a matrix

[PVi] = [Pa] X [Amin

1 (22}

where [Pa] is the matrix of participation factors defined by Equation 4 and [Amin] is computed
from Equation 20, Thke order of these matrices is m x £, where m is the number of modes to be used
and £ is the number of desired directions. [PVW] is formed by functional module DDAMAT.

The columns of [PVW] correspond to desired directions. Within a column, each row term
corresponds to a mode. The matrix [MP] is of order n x m. where n is the number of
degrees-of-freedom in the problem. Each column of [MP] corresponds toc a mode, and in each column
of [PVH], the i™ row term of [PWW] multiplies the ith column of [MP]. After all colums of
[PVH] have been considered, the resulting static load matrix is of order n x (mg).

To compute the maximum response of Equation 15, the same operations just described are

performed, except that matrix [PHIG] = [¢] veplaces [MP] and

1
[Pvp] = T [Amin] (23}
[11]
replaces [PYW], where uw = w, for the ath row of [Aminl'

The DMAP statement for DDAMPG for static loads is
DDAMPG  MP,PVW/PG/V ,N,NMBDES/V N,NDIR $
For maximum responses, the DMAP statement is

DDAMPG ~ PHIG,PV@W/UGY/V,N,NMADES/V ,N,NDIR §
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1.16.3.6 CASEGEN

The static load and maximum response vectors created in DDAMPG are considered individual load
cases by NASTRAN and must, therefore, be selected in the Case Control Deck., The number of cases
then is m2. For example, the use of 30 modes and 3 directions gives a total of 90 cases. Rather

than having the user generate the SUBCASE cards, CASEGEN generates a new Case Control Data Table

which jncludes the required cards.
The DMAP statement for CASEGEN is:
CASEGEN CASECC/CASEDD/C,Y,LMEDES/V,N,NDIR/V,N,NMﬁDES $

Parameter LMPDES has the same meaning here as in functional module GENPART and must appear on

a PARAM bulk data card, or else a fatal error will resuTt.

1,16.3.7 NRLSUM

Functional module NRLSUM computes the NRL stresses and forces over the m maximum responses for

a given direction for each requested element. The NRL sum stress for a given component is

k| (24)

where Sj is the stress component for the jth mode and Smax is the maximum of these stress
components taken over all modes under consideration. The Case Control request for stresses and
forces are made in the usual way, except that S@RTZ format must be specified. The output device
for the NRL sums (printer, punch or both) will be the same as that for the standard stresses and
forces. IF principal stresses are computed for an element, they will be computed on the basis of
the NRL sum of the normal stresses. For the BAR element, the element axial stress in a mode will
be added to each of the extensional stresses due to bending in that mode. The NRL sums will then
be computed for these new extensional stresses. The NRL sums corresponding to the printed columns

headed by AXIAL STRESS, SA-MAX, SB-MAX, SA-MIN, and SB-MIN will be set to 0.

In seismic analyses, the square root of the sums of the squares (SQRSS) is used rather than
the NRL sums of the stresses and forces. The user may select the latter method.

The DMAP statement for NRLSUM is

NRLSUM EESZ,QEFZ/NRLSTR,NRLFER/V,N,NMQDES/V,N,NDIRIC,V,DIRECT = 123/C,Y,S5QRSS = 0 §
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Parameter DIRECT has the same m~3ning here as in functional module GENC@S. Integer parameter SQRSS

indicates whether the summing process should use NRL sums or the SQRSS method. A value of 0 (the

default) indicates NRL sums; & value of 1 indicates SQRSS.

1.16.3.8 CgMBUGV

C@MBUGY combines the direction-dependent maximum response in a number of ways. The method
used s intended for DDAM analyses, but seismic analyses, which make use of similar theory, may
also be run. In seismic analysis, unlike DDAM, the maximum responses in the three directions for
each mode are comhined into one total response for the mode. This combination may be performed by
simply adding the absolute values of the maximum component responses for the mode, or by computing
the square root of the sum of the squares (SQRSS) of the component responses. In both cases, the
result is a matrix in which each column represents a total response due to a mode. These responses
are then combined by the SQRSS method over the modes to give a final response vector. Finally, the
NRL sums of the displacements are also computed.
The DMAP statement for CAMBUGY is
CoMBUGY  UGV/UGVADD,UGYSQR,UGVADC,UGYSQC UGYNRL/V N ,NHBDES/V N, NDIR $

Data block UGVADD is obtained by adding, for sach mode, the absolute values of the component
responses for that mode. Date block UGVSQR is obtained by using the SQRSS method, rather than by
adding. Data blocks UGVADC and UGVSQC are obtained from UGVADD and UGVSQR, respectively, by
combining the total modal responses using the SQRSS method. Data block UGVNRL contains the NRL

sums of the displacements.

1.16.4 Input Data for DDAM

A compiete ODAM analysis with NASTRAN is performed in ome normal modes analysis run with a set
of DMAP ALTERs, This section describes the input detajis for such a run.
1.16.4.1 Executive Control Deck

In addition to standard Executive Control Deck cards, the Executive Control Beck for the
normal modes analysis must include the proper Rigid Fermat selection, SPL 3,0 {Approach DISP) and
the following DMAP ALTER package. (The numbers to the Teft of each card are for explanatory

purposes only and are not actually entered on the card.)

1.16-9 (09/30/83)
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3 1. ALTER  n $ (where n = DMAP statement number of LABEL p2)
2. GENC@S  BGPDT,CSTH/DIRCES/C,Y,SHECK =
0/C,Y,DIRECT = 123/LUSET/S,N,NSCALE $ g

DIAGPNAL MI/MID/*SQUARE*/~1.

MPYAD MGG, PHIG,/MP/0 § <

MPYAD  MP,DIRCES,/PMD/1 § o

MPYAD  MID,PMD,/PF/0 $

DDAMT  PF, PMD/EFFW/C,Y,G6 = 386.4 §

LAMX,  LAMA/LAMB/-1 $

GENPART  PF/RPLAMB,CPLAMB,RPPF ,CPMP/C, Y ,LMBDES/S N ,NMADES §

10. PARTN  LAMB,CPLAMB,RPLAMB/,, ,OMEGA/1 $

11. PARAM  //*GE*/TEST/C,Y,LMPDES/NMPDES §

12, CpND DDAM, TEST §$ i

13. PARTN  PF,,RPPF/,PFR,,/1 $ :

14. EQUIV  PFR,PF § S

15. PARTN  EFFW,,RPPF/,EFFUR,,/1 $

16. EQUIV  EFFHR,EFFW §

17. PARTN  MP,CPMP,/,,MPR,/1 §

18. EQUIV  MPR,MP §

19. PARTN  PHIG,CPMP,/,,PHIGR,/1 § |

? 20. EQUIV  PHIGR,PHIG §

E 21, LABEL  DDAM §

| n.mm.nwmmmmmmmmmmwmwmmwmmmu
C.Y¥,VEL2/C,Y,VEL3/C,Y,VELA/C, Y ,VELB/C,Y,VELC/C, Y, ACC1/
C,Y¥,ACC2/C,Y,ACC3/C, Y ,ACCA/C, Y ,ACCB/C, Y, ACCC/C, Y ,ACCD §

23. DDAMAT  PF,MINAC/PVW/1. §

24. DDAMAT  PF,MINGW2/PVON/1.$

25. DDAMPG  PHIG,PYBW/UGV/S,N,NMPDES/S,N,NDIR §

26. DDAMPG  MP,PVW/PG/NMPDES/NDIR $

27. CASEGEN CASECC/CASEDD/C,Y,.MPDES/NDIR/NMADES $

28, EQUIV  CASEDD,CASECC §

29, SDR2 CASECC,CSTM,MPT,DIT,EQEXIN,SIL , , ,BGPDT, (&, UGV, EST, ,/, 0063
PUGV3,PES3 ,BEF3, /*STATICS*/S N ,NASPRT2 = -1/-1 §

30. SDR3 pueva, ,p063,0EF3,PES3, /BUGYS, 1064 ,PEFA , JESE,

31. NRLSUM  BES4,BEF4/NRLSTR,NRLFAR/NMBDES/NDIR/C,Y,DIRECT = 123/C,Y,SQRSS = 0 §

32. @FP NRLSTR,NRLF@R,,,,//S,N,CARDNE $

33. COMBUBV  UGV/UGVADD,UGVSQR ,UGVADC, LGYSQC,, UGYNRL /NMADES/NDIR §

34. CASEGEN CASECC/CASEEE/1/MDIR/NMPDES $

35. SDR2 CASEEE,CSTM,MPT,DIT,EQEXIN,SILg,,BGPBT,,QG,UGVNRL,EST,,/,,QUGUS,,,/
*STATICS*/S ,N,NPS@RT2Z/-1 §

36. gFp BUGYS, ,,,,//S,N,CARDNG $

37. ENDALTER $ .
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it

|

\ . 1
‘ The following notes on the functional module executions are keyed to the cards with the : .
corresponding numbers. ! ﬁ

o

2. Computes direction cosine matrix [V] in Equation 2. 4

3. Creates a diagonal matrix, consisting of the diagonal of the medal mass matrix, and
inverts it. The new matrix is used in Equation 4. o
Computes [M1[4] for later use. '
Computes [¢]T[M][V} as described in Eguation 2.
Computes matrix of participation factors [Pa] (Equation 4}.
. Computes effective masses and weights in Equation 6.
Creates a matrix of the information on the Real Eigenvalue Table for Tlater use in
Equation 9.
9. Creates partitioning vectors which will be used to create a vector of natural circular
frec 2ncies from a matrix of miscellaneocus eigenvalue results. Additiomally, if the
number of modes to be used {in computing maximum responses is less than the number
computed in the normal modes analysis, other partitioning vectors are created to reduce
the orders of a number of matrices.
10. Creates the vector of natural circular frequencies.
11. Compares the number of desired modes (LMBDES) and the number of computed modes (NM@DES).
12, If LMZDES = NMGDES, skips to 21. :
13-20, Reduce orders of several matrices from NMPDES to LMBDES. ‘
22, Computes shock spectrum design velocities and accelerations as given in Equations 17
through 19. In addition, matrices corresponding to Equations 20 and 21 are created for
use in Equations 9 and 15, respectively. If Equations 17 through 20 do not represent the
desired forms for velocities and accelerations, matrix MINAC or MIN@YZ may be directly
specified on DMI bulk data cards and functional module DESVEL may be deleted., MINAC and
HINGW2 must be of order LM@DES x L; LMPDES is explained in Section 1.16.3.3 above, and L .
is the number of desired directions. A

23, Creates the outer product of Equation 22. ERR

24, Creates the matrix of Equation 23.

25, Computes the LMPDES x L matrix of direction-dependent maximum responses.

26. Creates the LMIDES x L static Toad matrix as in Equation 9.

27. Generates a new Case Control Data Table which includes the (LMPDES x L) subcases.

29. Computes stresses due to each maximum response.

30. Converts stresses in 29. from SPRT1 to SPRTZ.

31. Computes the NRL sum or SQRSS stresses and forces for each requested element.

32. Qutputs the NRL sum or SORSS stresses and forces to the printer and/or punch, as
requested in the Case Control Deck.

33. Computes various combinations of the component maximum responses.

34-36. Prepare and print file of NRL sum displacements.

M~ o N &
. .

EASASNOXIAS: [ o b
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1.16.4.2 Case Control Deck
Although the usual selectians may be made, two requirements are imposed:
1. No subcases are to be specified.
2. Stress and force selections must request SPRT2 format.
This last requirement will force all output selections; e.g., displacements, applied loads, etc.,
to be in SPRTZ format. Also, the NRL sum (or SQRSS) stresses and forces will be printed and/or
punched, as requested in the corresponding STRESS and F@RCE requests.

1.16.4.3 Bulk Data Deck

The values of a number of parameters special to DDAM must be specified. For those parameters
with no default values and for parameters for which the default values are to be overridden, PARAM
buTk data cards will be required. The parameters are as follows:

1. SHPCK - The nonnegative integer value of this parameter is the identification number of
the coordinate system which defines the shock direction. A non-zero value requires
definition of the system on a CORDij card. A zero value impiies the basic coordinate
system with shock directions X, Y and Z. The default value is zero. The value of SHPCK
should, in most cases, be the same as the displacement coordinate system identification
number for the grid points,

2. DIRECT - This parameter may have ane of the following integer vaiuves: 1, 2, 3, 12, 13,
23 or 123. The default value is 123, The value of DIRECT indicates which directions of
coordinate system SHECK are to “e considered. For example, if DIRECT = 123, then all
three directions will be used. I* DIRECT = 13, only two directions will be used, the

first and the third.

3. GG - The real value of this parameter is the acceleration due to gravity. The default
value is 386.4.

4. LMPDES - The integer value of this parameter is the number of Towest modes to be used in
the static analyses. This number may be less than the number of modes computed in the
normal modes analysis. No default value is provided so the value of this parameter must
be given on a PARAM bulk card or else a fatal message will resuit.

5. VELl,VEL2,VEL3,VELA,VELB,VELC,ACCI,ACCZ,ACCS,ACCA,ACCB,ACCC,ACCD ~ The real values of
these parameters control the computation of the shack spectrum design values for velocity

and acceleration. These parameters are defined by Equations 17 through 19 and further

1.16-12 (09/30/83)
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; ( explained in Section 1.16.3.4. No default values for any of these parameters are
‘ provided, so a PARAM bulk data card for each parameter must ba included in the Bulk Data
Deck,
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1.17 PIEZOELECTRIC MODELING

1.17.1 Introduction

The analysis of sonar transducers requires accounting for the effects of their piezoelectric
materials. The theory for these materials couples structural displacements to electric potentials,
This theory has been incorporated into the finite element formulations of the TRAPAX and TRIAAX
elements in NASTRAN. {(See Reference 1 for details of the implementation.) These elements,

trapezoidal and triangular in cross-section respectively, are solid, axisymmetric rings whose

degrees-of-freedom are expanded into Fourier series, thus atlowing nonaxisymmetric loads.

1.17.2 Theary

The constitutive relations of a piezoelectric material may be written as

{e) [cF1 [e] {e}
= (1)
{0} [el” -[e3] {E}
where {a} = stress cemponents = | o o g o T
P L rr? Yzz? Ygg Opz? °re’°zoJ :
{D} = components of electric flux density = lPrr, Dzz’ DeeJ
{e} = mechanical strain components,
{E} = electric field components,
[cE] = elastic stiffness tensor evaluated at constant electric field,
[e] = piezoelectric tensor, and
[es} = dielectric tensor evaluated at constant mechanical strain.
The dispiacemant vecter of a point within an element is taken to be
u
- v
{u}l = W (2)
¢

where u, v and w are the ring displacements in the radial, tangential, and axial directions,
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respectively, and ¢ is the electric potential. The latter degree-of-freedom is taken to be the

fourth degree-of-freedom at each ring. Each of these quantities is expanded into a Fourier series

with respect to the aximuth position ©, The Fourier series for the electric potential ¢ has the

same form as the Fourier series for radial displacement u, as given in Section 5.11.1 of the
Theoretical Manual,

The "stiffness® matrix for the Nth harmonic is

[F1 [e]

k(W) . nff[a(“)]"f 87 rardz (3)
rz [el” -[5]

where [B(N)] is the matrix of “strain®-“displacement" coefficients for the Nth harmonic.

Equations 2 and 3 indicate that the matrix equation to be solved for static analysis may he
partitioned as Tollows:

[K“] D(MJ {6} {FG}

(4)

[K¢6] £K¢¢] {9} {F¢}

where {5} = l?l’ Vis Wps eens U, Vs wnJ T

{d} = P17 s qanT
{Fa} = vector of structural forces, and
{F¢} = vector of electrical charges,

Note, however, that the pragram assumes that the electric potential ¢% is the fourth

degree-of-freedom of grid point 1§,

Both Tumped and consistent mass matrices are available and are of standard structural form;

i.e., the mass matrix does not coupie the structural and electrical unknowns. The structural

damping matrix also is of standard structural form. Both point charges and surface charges are

also available.

1.17.3 Input Data for Piezoeiectric Hodeling

Piezoelectric modeling requires some special input data. These include the specification of a

1.17-2 (09/30/83)
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parameter on the NASTRAN card as well as the use of one or more of four bulk data cards that
pertain specifically to piezoelectric modeling. In addition, some other bulk data cards are

treated differently when used in piezoelectric modeling, The details are discussed in the

following sections.

1,17.3.1 NASTRAN Card
The MASTRAN card allows the user to override various NASTRAN system parameters by defining

specific words in the /SYSTEM/ C@MMEN block (see Section 2.1}, The 78th word of /SYSTEM/, that
is, SYSTEM (78), has been set aside to indicate the use of piezoelectric materials. The default
value for SYSTEM(78) is zero, implying that no piezoelectric materials are allowed. If SYSTEM(78)
= 1, piezoelectric materials are allowed and coupling occurs between the structural and electric
degrees-of-freedom. If SYSTEM(78} = 2, piezoelectric materials are ailowed, but no coupling occurs
and electrical effects are not taken into account.
Setting SYSTEM(78) to its proper value is ymportant for several reasons:
1. 1f SYSTEM(78) = 0, no piezoelectric materials are expected, and MATPZ1 and MATPZ2 cards
(see Section 1.17.3.2) will not be searched.
2, IF SYSTEM(78) # 1, a negative ring identiffcation number is not allowed on the PRESAX
card (see Section 1.17.3.2).
3, If SYSTEM(78) # 1, NASTRAN will automatically constrain degree-of-freedom 4 {the electric
potantial) at each ring for the zero harmonic in the AXISYMMETRIC = CHSINE case.
4. If SYSTEM(78) = 2, some time will be saved in generating the “"stiffness" matrix compared
to the time for the SYSTEM(78) = 1 case.
5. If SYSTEM(78) # 1, degrees-of-freedom 4, 5 and 6 must be removed from the probiem via
SPCAX or RINGAX cards. If SYSTEM(78) = 1, only degrees-of-freedom 5 and 6 must be

removed.

1.17.3.2 Bulk Data Deck
There are four bulk data cards that pertain specifically to piezoelectric modeling. A1l these

cards define piezoelectric material properties. These properties are usually described by the

following matrices:

1.17-3 {09/30/83)
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where - -
566 = 2(Sp; - 87,)

[d] =

[e3]

431

[efg

[e]

and [ss] is given by Equation 7.
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E
S12

E
S11

E
13

0

S

£
Sz 0 0
5%3 0 0
E
S 3 0 0
E
o sf o
E
0 0 9
0 0 g
0 dy 0
3 00
0 0]
s
511 0
s

The matrices in Equation 1 are computed as follows:

[d]rcE]
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Two of the bulk data cards, MATPZ1 and MATPZ2, describe the
in two different wWays.

0

(5)

(6)

(7)

(8)

(9)

piezoelectric materia] properties
MATPZ1 is used to specify the parameters in Equations 5 through 7. MATPZZ

is more general and allows the user to erter the full matrices [cE], [e] and [eS]. The only
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assumption concerning these matrices is that [cE] and [es] are symmetric. CAUTION:
Piezoelectric electric material properties are usually specified with respect to a standard set of
material axes 1, 2, 3. For axisymmetric solids, direction 1 coincides with the Z-axis and
direction 2 coincides with the 6-axis. Polarization direction 3 may vary in the R-Z plane and, for
vadial polarization, coincides with the R-axis. When a user specifies properties on a MATPZI card,
the transformation from the 1, 2, 3 directions to the R, Z, © directions is performed by NASTRAN.
However, such a transformation is not performed by NASTRAN when the MATPZZ card is used. Also, the
ordering of the components of the stress and sirain vectors is somewhat different for conventional
piezoeiectric specifications and Ffor NASTRAN, The difference is that the ardering of the Z-9 and
R-Z shears is interchanged, Once again, NASTRAN performs the transformation for MATPZ1, but not
for MATPZZ.

The other two data cards, MWTTPZ1 and MTTPZ2, allow the values on the MATPZ1 and MATPZ2 cards
to be temperature-dependent. (However, the TRAPAX and TRIAAX elements have not yet been modified
to handle the combination of thermal laods and piezoelectric materials.)

Point and surface charges may be spacified in piezoelectric modeling. These charges are
analogous to structural point loads and pressures, respectively, and are entered into {F¢} in
Equation 4. Since the electric potential is assaciated with degree-of-freedom 4, point charges may
be applied to specific harmonics with M@MAX bulk data cards or may be specified by MPMENT, MOMENTL,
or MPMENTZ cards appiied to PPINTAX points. In the Tatter case, the direction of the "moment" must
L2 about the radial direction, i.e., degree-of-freedom 4. The MKS unit of the point charge is
coulombs.

The PRESAX bulk data card is wsed to specify surface charges. However, in order to
distinguish between surface charges and structural pressure loads within the same problem, the
Tirst-specified ring jdentification number on the PRESAX card (field 4) must be made negative if a
surface charge is desirad. A negative ring identification number is, howsver, allowed only when

the parameter SYSTEM(78) is set to 1 on the NASTRAN card.

1.17.4 Notes on Piezoelectric Modeling

The following notes summarize the important points about piezoelectric modeling and should
prove heipful to the user.
1. In order to use piezoelectric materials, SYSTEM{78) must be set to 1 or 2 on the HASTRAN

card. (The default value is 0.) A value of 1 indicates electrical-structural coupling

1.17-5 {09/30/83}
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and a value of 2 allows the use of piezoelectric materials, but does not take into

account any electrical effects, The latter case requires that the degrees-of-freedgm

Corresponding to the electric potential be constrained.

2. The electric potential at each ring is considered to be degree-of-freedom 4.
Degrees-af-freedom 5 and 6 always have zero stiffness an
problem with SPCAX op RINGAX cards. (Degree-of-

d must be removed From the
freedom 4 must alsg he removed if
SYSTEM(78) = 2.) ETectroded surfaces {surfaces of consta
with MPCAX cards.

nt potential) may be specified

3. Only TRAPAX and TRIAAX elements may reference piezoelectric material.cards MATPZ1 and
MATPZZ,

4. Standard material cards MATI and MAT3 are allowed in problems which also contain
piezoelectric materials,

5. The SE and d values on MATPZ1 cards will ke multiplied by 10'12 by NASTRAN. Also,
the value of <) is Fixed in NASTRAN as 8.g54 x 10-12 farad/meter,

6.

As may be seen from Equation 3, the Tower right-hand portion of the stiffress matrix is
negative-definite. This situation does not affect NASTRAN execution except that grid
7. To specify surface charge loads, the first ring identification number on the PRESAX card
(field 4) must be negative., This format change will allow NASTRAN to distinguish between
electrical charges and structural pressures within a piezoelectric run.

change is allowed only when SYSTEM{78) = 1.

However, this

Lumped mass and consistent mass are available for TRAPAX and TRIAAX elements, The mass

associated with the electric potential degree-of-freedom is zero, Therefore, if a normal

modes analysis by GIVENS method is run, ali unconstrained electric
on @MIT cards,

potentials must appear

probiem, the terms of the resulting structural damping matrix Corresponding to electric

potentials will be zara, The uniform structurai damping parameter @& in direct frequency

response problems should not be used, since its use will result ip structural damping

terms torresponding to the electric potentials,

1.17-6 (09/30/83)
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Earlier versions of NASTRAN could not handie stresses or forces, whether real or complex,
in axisynmetric (AXIC) dynamics problems. However, NASTRAN can now handle alil such cases
for the TRAPAX and TRIAAX finite elements,

Material properties specified on MATPZ1 cards are transtormed by NASTRAN from the
standard 1, 2, 3 material directions to the R, Z, ® directions. Also, the transformation
required due to a switch in the order of the R-Z and Z-0 shears between conventional
specifications and NASTRAN 4§s performed for MATPZ1 properties. However, material
properties on MATPZ2 cards are used by NASTRAN as they appear on the card. Therefore,

any required transformation must be performed by the user.
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2. NASTRAN DATA DECK

2.0 GENERAL DESCRIPTION OF DATA DECK

The input deck begins with the required resident operating system control cards. The type and
number of these cards will vary with the installation. Instructions for the preparation of these
control cards should be obtained from the programming staff at each jnstailation.

The operating system control cards are followed by the NASTRAN Data Deck (see Figure 1), which
is constructed in the following order (depending on the particular job requirements):

1. The NASTRAN Card (optional)

2. The Executive Control Deck (required)

3. The Substructure Control Deck {required only in substructure analyses)

4. The Case Control Deck (required)

5. The Bulk Data Deck (required)

6. The INPUT Module Data Card(s) (required only if the INPUT module is used)

The NASTRAN card is used to change the default values for certain operational parameters, such
as the buffer size and the machine configuration. The NASTRAN card is optional, but, if present,
it must be the first card of the NASTRAN Data Deck. It is described in detail in Section 2.1.

The Executive Control Deck begins with the NASTRAN ID card and ends with the CEND card, It
jdentifies the job and the type of solution to be performed. It also declares the general
conditions under which the job is to be executed, such as, maxfmum time aTlowed, type of system
diagnostics desired, restart conditions, and whether or not the Job is to be checkpointed. If the
job is to be executed with a rigid format, the number of the rigid format §s declared along with
any alterations to the rigid format that may be desired. IFf Direct Matrix Abstraction is used, the
complete DMAP sequence must appear in the Executive Control Deck. The executive control cards and
examples of their use are described in Section 2.2,

The Substructure Control Deck begins with the SUBSTRUCTURE card and terminates with the
ENDSUBS card. It defines the general attributes of the Automated MuTti-stage Substructuring
capability and establishes the control of the Substructure Operating File (S@F). The command cards
are described in Section 2.7.

When Automated Multi-stage Substructuring is not inciuded, then the Case Control Deck begins
with the first card following CEND and ends with the BEGIN BULK card. It defines the subcase
structure for the probiem, makes selections from the Bulk Data Deck, and makes output reguests for

printing, punching and plotting. A general discussion of the functions of the Case Control Deck

2.0-1 {09/30/83)
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Executive Control Deck
NASTRAN Card

Figure 1. General construction of NASTRAN data deck.
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and a detailed description of the cards used in this deck are given in Section 2,3. The special
requirements of the Case Control Deck for each rigid format are discussed in Secticn 3.

The Bulk Data Deck begins with the card following BEGIN BULK and ends with tie card preceding
ENDDATA. It contains all of the details of the structural mode! and the conditions for the
solution, A detailed description of all of the bulk data cards is given in Section 2.4. The BEGIN
BULK and ENDDATA cards must be present even though no new bulk data is being introdiced into the
problem or all of the bylk data is coming from an alternate source, such as User's Master File or
user generated input. The format of the BEGIN BULK card is free field. The ENDDATA card must
begin in column 1 or 2. Generally speaking, only one structural model can be defined in the Bulk
Data Deck. However, some of the bulk data, such as cards associated with loading conditions,
constraints, direct input matrices, transfer functions and thermal fields may exist in multipie
sets. ATl types of data that are available in muTtiple sets are discussed in Section 2,3.1. Only
sets selected in the Case Control Deck will be used in any particular solution.

If the INPUT module is employed, ane or two additional data cards are required following the
ENDDATA card. For specific cases, see Section 2.6,

Comment cards may be inserted in any of the parts of the NASTRAN Data Deck. These cards are

identified by a $ in column one. Columns 2-72 may contain any desired text.

2.0-3 (09/30/83)
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2.1 THE NASTRAN CARD

Many of the important operational parameters used in NASTRAN, such as the buffer size and the

machine configuration, are contained in the /SYSTEM/ C@MMBN block. These and other operational

parameters are initially assigned values by the program. However, the program does provide a means

by which the default values initially set for some of these operational parameters can be redefined

by the user at execution time. The card that provides this capability is called the NASTRAN card.

The NASTRAN card is optional, but, if used, it must be the first card of the NASTRAN data

deck, that is, it must precede the Executive Control Deck. The NASTRAN card s a free-field card

(similar to the cards in the Executive and Case Control Decks). The format of the card is as

follows:

NASTRAN keyword1 = value, keyword2 = vatue, ....
The Tist of applicable and acceptable keywords is as follows:

1. BANDIT - Changes the 77th word in /SYSTEM/. This parameter specifies whather the BANDIT
operations in NASTRAN are to be performed or not, @[+ BANDIT = 0 (the default), the BANDIT

operations are performed if there are no input data errors. If BANDIT = -1, the BANDIT
operations are skipped unconditionally.

2. BANDTCRI - Manipulates the 77%h word in /SYSTEM/. This parameter specifies the
criterion for-evaluation in the BANDIT operations. Acceptable values and their meanings
are shown below. (See Reference 1 for the definitions of the terms used here.)

BANDTCRI valye Criterion for evaluation

(characteristic of matrix selected

for reduction)

(default) RMS (root mean square) wavefront
Bandwidth
Profile
Maximum wavefront

B

3. BANDTDEP - Manipuilates the 77th word in /SYSTEM/. This parameter is meaningful only
when the BANDTMPC parameter is set to 1 or 2. It indicates whether the dependent grid
points specified by multipoint constraints (MPCs) and/or rigid elements are to be included

{BANDTDEP=0, the defauTt) or are to be excluded (BANDTDEP=1) from consideration in the
BANDIT computations.

4. BANDTDIM - Manipulates the 77th word in /SYSTEM/. This parameter defines the dimension
(in number of words) of a scratch array used in the BANDIT computations. Any one of the
integers 1 to 9 may be specified, resulting in a dimension of 100 x m words for the
scratch array {m = the value specified for this parameter). If this parameter is not
specified, a value of 150 words is used as the default dimension for the scratch array.

5. BANDTMPC - Manipulates the 77th word in /SYSTEM/. This parameter indicates whether

2.1-1 (09/30/83)
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multipoint constraints (MPCs) and/or rigid elements are to be considered in the BANDIT y s
computations. Acceptable values and their meanings are shown beiow. P ' H
BANDTMPC value Meaning ¥
W
0 (default) Do not consider MPCs or rigid elements "
in the BANDIT computations. 1
: . h
1 Consider only rigid elements in the BANDIT q
computations. :
2 Consider both MPCs and rigid elements in '

the BANDIT computations.

e

As noted in Reference 1, it should emphasized be here that only in rare cases would it
make sense to let BANDIT process MPCs and rigid elements. The main reasons for this are
that the BANDIT computations do not consider individual degrees of freedom and, in
addition, cannot distinguish one MPC set from another.

BANDTIMTH - Manipulates the 77th word in /SYSTEM/. This parameter specifies the method ! f
to be used by the BANDIT operations for the reseguencing of grid points. (See Reference i : ’
for details of these methods.) Acceptable values and their meanings are shown below. : !

BANDTMTH value Method{s) to be used in the BANDIT operations .
1 Cuthill-McKee method :
2 (default) Cuthill-Mckee method and ’

Gibbs-Poolae-Stockmeyer method i
3 Gibbs-Poole-Stockmeyer method

BANDTPCH - Manipulates the 77th word in /SYSTEM/. This parameter specifies the punching !
of the SEQGP cards generated by the BANDIT procedure. Acceptable values and their ;
meanings are given below. ‘ } )

it g

BANDTPCH value Meaning ; i
| o

0 {default) Do not punch the SEQGP cards generated :

by BANDIT and let the NASTRAN job
continue normally.

1 Punch out the SEQGP cards generated
by BANDIT and terminate the NASTRAN job.

BANDTRUN ~ Manipulates the 77th word in /SYSTEM/, This parameter specifies the

conditions upder which the BANDIT operations in NASTRAN are to be performed. A value of O
(the default) indicates that the BANDIT computations are to be performed if there are no
input data errors and the user has not already included one or more SEQGP cards in the
Bulk Data Deck. A value of 1 specifies that the BANDIT operations are to be performed if
there are no jnput data ervors and new SEQGP cards are to be generated unconditionally to
replace any old SEQGP cards that may have been initially included in the user input.

BUFFSIZE - Changes the first word in /SYSTEM/. This word defines the number of words in a
GING (gen?ra1 purpose input/output routines used in NASTRAN) buffer. The default values
are as Tollows:

Machine GING Buffer Size {(words)
coc 1042
1BM 1826
UNIVAC 1795
DEC VAX 1408
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E (_ The desired value at a particular instailation may be different from the default value.
y In any event, related runs such as restarts and User's Master File {UMF) runs must use
‘ the same BUFFSIZE for all parts of the run.
10. BULKDATA - Changes the 77th word in /SYSTEM/. This parameter specifies whether NASTRAN
) is to run normally (BULKDATA=0, the default) or if NASTRAN is to terminate after the
i Preface {or Link 1) operations (BULKDATAZ0).
' Important note about the BANDIT, BANDTxxx and BULKDATA Parameters
Note that the BANDIT parameter, the BANDTxxx parameters {as a group) and the BULKDATA
parameter all correspond to the same word {the 77th word) in the /SYSTEM/ COMMON block. Hence,
these parameters are mutually exclusive. That is, the user can specify either the BANDIT
parameter, any one or more of the BANDTxxx parameters or the BULKDATA parameter, but he cannot
: specify more than one of these three parameters.

11. C@PNFIG - Changes the EBth word in /SYSTEM/. For a given machine type {which is
automatically determined by NASTRAN), this word defines the model number of the
configuration for use in the timing equations for matrix operations. Currently, entries
exist for the following configurations:

Machine CONFIG Model No.

CDC 6000 (no default; see ] 6400/6500
discussion helow) 16 6600
CDC CYBER 170 (no default:; see 0 175
discussion below) 12 174
14 173
: 15 176

#

* 1BM 360 0 (default) 91,95
% 4 65
' 5 75
: ] 85
7 195
IBM 370 {no default) 3 3033
g 156
10 165
| 131 148
; 12 158
; 13 168
5 UNIVAC 1100 0 (default) 1110
% 14 1108
DEC VAX 0 (default) 11/780

It is important to indicate the proper canfiguration on the NASTRAN card; otherwise, all
time-dependent matrix decisions will be incorrect. If the model number 3s the default,
the CANFIG keyword is not needed on the NASTRAN card. (On the CDC version, if the CONFIG
keyword is not specified on the NASTRAN card, the model number is automatically determined
by NASTRAN by means of certain timing tests.)

12. DRUM - Changes the 34th word in /SYSTEM/. This word defines the drum allocation of
— dynamic assigns on the UNIVAC version. The default is DRUM = 1. This causes dynamic

2.1-3 (09/30/83)
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13.

14,

15.

16.

17.

18.

19.

20.

21.

OF POOR QUAL;:
NASTRAN DATA DECK

assigns for all units not assigned by the user to be of the following form:
@ASG,T XX,F17//P@S/30.

This assign card allows a maximum of 1,920 tracks, or approximately 3,500,000 words for
each file. The F17 refers to a mass storage device. P@S requests that 64 contiguous
tracks be assigned at once. The value 30 causes the run to be terminated if more than
30 x 64 tracks of data are written on any one file,

The drum allocation of dynamic assigns can be changed from P@S (positions) to TRK (tracks)
by setting DRUM = 2. This results in files being assigned in the following form:

BASG,T XX,F17//TRK/1920,
TRK requests that 64 sectors (28 words/sector) be assigned at one time,

FILES - Establishes the specified NASTRAN files as executive files. The files that may be
specified are P@PL, NPTP, PPTP, UMF, NUMF, PLT2, INPT, INP1, INP2,....,INP9. Multiple
file names must be specified by enclosing them in parantheses, such as FILES = (UMF,
NPTP). 1If an executive file is assigned to tape rather than disk, then it need not be
specified with the FILES parameter. The FILES parameter, if used, must be the last
keyword on the NASTRAN card.

HICPRE - Changes the 31st word in /SYSTEM/. This word defines the amount of core (in
decimal words) available to the user on the UNIVAC 1100 series machines. The default is
65K decimal words. The ability to increase this value may be installation 1imited.

MAXFILES - Changes the 29th word in /SYSTEM/. This word defines the maximum number of
files to be placed in CPMMAN /XFIAT/ by subroutine GNFIAT. The default value is 35,

MAX@QPEN - Changes the 30th word in /SYSTEM/. This word defines the maximum number of
files that may be open at any one time in the program. The default value is 16.

MPDCPM(I) - Changes the (56 + I)th word (1 < I =9) in /SYSTEM/. Defines one of the
words in a nine-word array. Currently, only M@DC@M(1) is supported. If MADCEM(1) = 1,
diagnostic statistics from subroutine SDCPMP are printed. The default is M@DCAM(1) = 0,
resulting in no diagnostic prints from SDC@MP.

NLINES - Changes the gth word in /SYSTEM/. This word defines the number of data lines
per printed page. The smallest acceptable value is 10. The default value is 42 for the
CDC and IBM versions, 50 for the DEC VAX version and 55 for the UNIVAC version.
Alternatively, the number of data Tines per printed page can also be defined by means of
the LINE card in the Case Control Deck (see Section 2.3).

STST - Changes the 70th word in /SYSTEM/. This word defines the singularity tolerance
for use in the EMA module. The default value is 0.01. The singularities remaining are
written onto the GPST data block output from EMA.

SYSTEM(J) - Changes the It vord (1 =J =100) in /SYSTEM/. This is the general form of
defining any word in /SYSTEM/. Note, for instance, that BUFFSIZE and SYSTEM(1) are
equivalent and CANFIG and SYSTEM(28) are equivalent. The contents of /SYSTEM/ are
described fully in Section 2.4.1.8 of the Programmer's Manual.

TITLEPPT - Defines the option for obtaining the title page in the NASTRAN output. The
values of this keyword and their meaning are as follows:

TITLEQPT Meaning
<0 Print a short title page.
0 Do not print any title page.
1 Print one copy of the full title page.
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2 (default) Print two copies of the full title page. ‘ ﬁ
' .
3 Print a one-line comment (which can be modified ﬂ
by the user by updating subroutine TTLPGE) ’ "
followed by the short title items on the same page. %

4 Read another card immediately following the NASTRAN

card, print its contents on one Tine and follow it
by the short title items on the same page.

>4 Do not print any title page {same as TITLEGPT = 0).
As can be seen, when TITLEPPT = 4 is specified on the NASTRAN card, the user must supply
another card inmediate?; following the NASTRAN card to be read by the program. The user can

therefore utilize this feature to print one-line individual comments (aTong with the short title) ;
for individual runs.

Examples | 4
Following are some exampies of the use of the NASTRAN card. .
Example 1 | 3

NASTRAN BUFFSIZE = 900, SYSTEM(2) = 3, CONFIG = 3 |

The above card changes the 1st, 2nd and 2Bth words of /SYSTEM/, SYSTEM(2) = 3 changes the
system output unit from 6 (default) to 3.

Exampie 2 : ;
NASTRAN SYSTEM(4) = 4, NLINES = 40 : i
The above card changes the ath and and 9t words of /SYSTEM/. SYSTEM{4) = 4 changes the

system izput unit from 5 (default) to 4, This means that al} subsequent input data must be present
on unit 4,

Exampie 3
NASTRAN TITLEQPT = -1, FILES = {UMF, NPTP)

T AR

ame NI,

The above card requests a short title page and establishes the UMF and NPTP files as executive
files.

Example 4
NASTRAN SYSTEM(14) = 30000, SYSTEM(79) = 16384

The above card changes the 14th and 79th words in /SYSTEM/. SYSTEM(14) = 30000 thanges
the maximum number of output lines from 20000 (default) to 30000. (See the description of the
MAXLINES card in Section 2.3.) SYSTEM(79) = 16384 turns on DIAG 15 thereby requesting the tracing
of GING PPEN/CLESE operations. (See the description of the DIAG card in Sectjon 2,2.)

Example 5
NASTRAN BANDTPCH = 1, BANDTRUN = 1 :

The above card requests the punching of the new SEQGP cards unconditionally generated by the
BANDIT procedure and the subsequent termination of the NASTRAN Job,

Example 6
NASTRAN BANDIT = -1

The above card reguests the unconditional skipping of the BANDIT operations.

2.1-5 (09/30/83)
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2.2 EXECUTIVE CONTROL DECK

2.2.1 Control Selection

The format of the Executive control cards is free field. The name of the operation (e.g.,

CHKPNT) is separated from the operand by one or more blanks. The Fields in the operand are sepa-

rated by commas, and may be up to 8 integers or alphanumeric as indicated in the control card

descriptions. The first character of an alphanumeric field must be aiphabetic follaowed by up to

7 additional alphanumeric characters. Blank characters may be placed adjacent to separating

commas if desired., The individual cards are described in Section 2.3.3 and examples follow in

Section 2.2.2,

The following Executive Control cards are mandatory:

1. APP - seiects a Rigid Format approach or a user provided Direct Matrix Abstraction
Pragram (DMAP).

2. LCEND - defines the end of the Executive Control deck.
3. ID - defines the beginning of the Executive Controi deck.

4. TIME - defines the maximum time in minutes allotted to the execution of the NASTRAN
program.

The following Executive Control cards are required under certain circumstances:

1. BEGINS - defines the beginning of user provided DMAP statements.

Z. END$ - defines the end of user provided DMAP statements.

3. EMDALTER - defines the end of user provided changes to a Rigid Format.
4. RESTART - defines the beginning of a restart dictionary.

5. 5@l - selects the solution number of a Rigid Format.

6. UMF - selects a data deck from a User Master File.

7. UMFEDIT - controls execution as a UMF editor.
The foliowing Executive Control cards are optional:

1. ALTER - defines the Rigid Format statement(s) at which the user makes alterations.
2. CHKPNT - requests the execution to be checkpointed.

3. DIAG - requests diagnostic output to be provided or operations to be effected.

4. NUMF - requests a User Master File to be created.
5

$ - defines a non-executable comment.
2.2-1 (12/29£78)
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2.2.2 Executive Control Deck Examples

1.  Cold start, no checkpoint, rigid format, diagnostic output.

ID MYNAME, BRIDGE23
APP DISPLACEMENT

SpL 2,0

TIME 5

DIAG 1,2

CEND

2.  Cold start, checkpoint, rigid format.

ID PERSPNZZ, SPACECFT
CHKPNT YES

APP DISPLACEMENT

SBL 1,3

TIME 15

CEND

3. Restart, no checkpoint, rigid format. The restart di jonary indicated by the brace is

automatically punched on previous run in which the CHKPNT option was selected by the user.

ID JPESHMBE, PREJECTX
( RESTART PERSONZZ, SPACECFT, 05/13/67, 18936,
1. XVPS, FLAGS=0, REEL=1, FILE=6
2, REENTER AT DMAP SEQUENCE NUMBER 7
! 3, GPL, FLAGS=0, REEL=1, FILE=7

’ .

\$ END @F CHECKPPINT DICTIBNARY

APP DISPLACEMENT
SpL 3,3

TIME 10

CEND

4.  Cold start, no checkpoint, DMAP. User-written DMAP program is indicatad by braces.

ID 1AM007, TRYIT
App DMAP
BEGIN $

{DMAP statements go here}

END %
TIME 8
CEND

5. Restart, checkpoint, altered rigid format, diagnostic output.

ID BEAM, FIXED

( RESTART 3EAM, FREE, 05/09/68, 77400,

1, XVPS, FLAGS=0, REEL=1, FILE=6
2, REENTER AT DMAP SEQUENGE NUMBER 7
3, @PL, FLAGS=0, REEL=1, FILE=7

\$ END BF CHECKP@INT DICTIPNARY
2.2-2 (12/29/78)
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CHKPNT YES \ ;
DIAG 2,4 .

APP DISPLACEMENT : 5
SgL 3,3 :
TIME 15 é&
ALTER 20 % i
MATPRN KGBXassal/ &

TABPT GPST,,4s// § o
ENDALTER i
CEND '

2.2.3 Executive Control Card Descriptions

The format of the Executive Control cards is free-field. In presenting general formats for

each card embodying all options, the following conventions are used:

1. lpper-case letters and parentheses must be punched as shown.

. Lower-case letters indicate that a substitution must be made.

Braces { } indicate that a choice of contents is mandatory.

Brackets [ ] contain an option that may be omitted or included by the user.

Underlined options or values are ths default values.

mm;r-wm

. Physical card consists of information punched in columns 1 thru 72 of a card. Most
Executive Control cards are Timited to a single physical card.

7. Logical card may have more than 72 columns with the use of continuation cards. A
continuation card is honored by ending the preceeding card with a comma.

2.2-3 (12/29/78)
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Executive Control Card ALTER - DMAP Sequence Alteration Request

Description: Requests Direct Matrix Abstraction Program (DMAP) sequence for a Rigid Format to be
changed by additions, deletions, or substitutions.

Format and Example(s):

ALTER {K1[K2]} $
ALTER 22 §

ALTER 5,5 $

ALTER 38,45 §

Option Meaning
Kl and K2 First and last DMAP instruction statement numbers of series to he deleted

and replaced with any followir, AP instructions.

K1 only Input following DMAP instructions after statement number K1.

Remerks: 1. ALTER statement numbers must be in increasing order.

2. For a 1ist of the Rigid Format DMAP sequences, see Section 3.

3. See Secticn 3.1.5 for the manner in which ALTERs are handled in restarts.

2.2-4 {09/30/83)
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Executive Control Card APP - Rigid Format or DMAP Declaration

Description: Selects a Rigid Format approach or a user provided Direct Matrix Abstraction
Program (

Format and Example(s):

L ade e b il A i |

. DISPLACEMENT

DISPLACEMENT, SUBS

app { HEAT

AER@
DMAP
DMAP, SUBS

APP HEAT
APP DMAP

Option
DISPLACEMENT

DISPLACEMENT, SUBS

HEAT
AERP
DMAP
DMAP, SUBS

Meaning
Indicates one of the Displacement Approach rigid formats.

Indicates Automated Multi-stage Substructuring with one of the Displacement
Approach rigid formats.

Indicates one of the Heat Transfer Approach rigid formats.
Indicates one of the Aeroelastic Approach rigid formats.
Indicates Direct Matrix Abstraction Program (DMAP) Approach.

Indicates Direct Matrix Abstraction Program (DMAP) Approach which includes
Automated Multi-stage Substructuring modules.

Remarks: 1. This card is mandatory.

-

2.2-5 (12/29/78)
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Executive Control Card BEGIN - DMAP Sequence Initiation
Description: Defines the beginning of a Direct Matrix Abstraction Program (DMAP) sequence.

Format and Example(s):
BEGIN §
BEGIN @PTI@NAL NAME BF DMAP SEQUENCE §

Remarks: 1. This card is required at the beginning of a OMAP sequence. It must be the first
card. The statement is included at the beginning of the DMAP sequence defining
a Rigid Format. The user must provide the card as part of a user supplied DMAP
sequence when using the DMAP approach.

2. This statement, 1ike a1l DMAP statements, is terminated with the $ character
delimiter.

3. This statement is a non-executable instruction for the DMAP compiler. {See
Section 5.7 for an alternate Module XDMAP.)

4. For specific instructions related to DMAP useage, see Section 5.2.

2.2-6 (12/29/78)
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f.".q. EXECUTIVE CONTROL DECK

o Executive Control Card CEND - Executive Control Deck Terminator T

Description: Defines the end of the Executive Control deck.

1
Format and Example(s): '
CEND

Remarks: 1. This card is mandatory and must be Tast in the Executive Control Deck.

S OSRNATET LA AL L o e
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Executive Control Card CHRPNT - Checkpoint File Request

Description: Requests data blocks to pe written to a checkpoint file for a later restart.

Format and Exampie{s):

YES
CHKPNT Ng
CHKPNT YES

Remarks: 1. This card is optional but when used, the check
by the user via operating system controi cards

2. The restart dictionary deck is automatically punched for use in a later restart
execution,

point file must be made available

2.2-8 (12/29/78)
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«
( Executive Control Card DIAG - Diagnostic Output and Operation Request ' J

Deseription: Requests additional information to be printed out or requests executive operatians
to be performed.

v f‘
; Format and Example(s): '1

‘ DIAG {n}
DIAG 14 !
DIAG 8,11,13 L

e Option Meaning :
% n » Integer to choose type of diagnostic {see Remarks } 3
% Remarks: 1. One or more diagnostics may be chosen from the following table: ;
: n Diagnostic
i
% 1 Dump memory when fatal message is generated.
: ;
: 2 Print File Allocation Table (FIAT) following each call to the File Allocator. :
F H
E 3 Print status of the Data Pool Dictionary (DPD) following each call 3 the Data {
| Pool Housekeeper. ‘
{ 4 Print the Operation Sequence Control Array (BSCAR). See also Remark 3. § é
5 Print BEGIN time on-line for each functional moduie. P
6 Print END time on-Tine for each functional module. _: i
7 Print eigenvaiue extraction diagnostics for real and complex determinant
methods., :
8 Print matrix and table data block trailers as they are generated. ;-E
9 Suppress echo of checkpoint dictionary. Q
10 Use alterrate nonlinear loading in TRD. (Replace {Nn+l} by %'{Nn+1 N, # Nn_1}) E
11 Print a1l active row and coiumn possibilities for decomposition algorithms.
12 Print eigenvalue extraction diagnostics for compiex inverse power or FEER g
methods. bt
13 Print open core Tength. &
14 Print_the DMAP sequence that js compiled (NASTRAN SGURCE PREGRAM COMPILATION).
See also Remarks 3 and 5.
15 Trace GIN@ PPEN/CL@SE operations.
16 Trace real inverse power eigenvalue extraction operations or eigensoTfution
diagnostics for FEER tridiagonalization.
17 Punch the DMAP sequence that is campiled. See also Remark 3.

41

2.2-9 (12/29/78)
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19
20

21
22
23
24
25

26
27
28

29
30
31
32

33

NASTRAN DATA DECK
Trace Heat Transfer iterations (APP HEAT) or print grid point ID conversions
from SETZ card (APP AER).
Print data for MPYAD method selection.

Generate de-bug printout (for NASTRAN programmers who inciude CALL BUG in their
subroutines),

Print GP2 set definition.

Print GP4 degree of freedom definition.

Print the DMAP alters generated during Automated Multi-state Substructuring.
Punch the DMAP alters generated during Automated Multi-stage Substructuring.

Print a cross reference tisting of the DMAP program that is compiled, See
also Remarks 3 and 5.

Not used.
Input FiTe Processor (IFP)} table dump.

Punch the FORTRAN code for the 1ink specification table (subroutine XLNKDD).
See Remark 4.

Process link specification table update deck. See Remark 4.
Punch FORTRAN alters to the XSEMi decks {1 set via DIAG 1-15). See Remark 4.
Print Tink specification table and module properties Tist data. See Remark 4.

Print a 1ist of degrees of freedom including fluid point definitions. For each
degree of freedom, the sets to which it beiongs are identified.

Print the contents of various displacement sets. For each set, a 1ist of
degrees of freedom belonging to that set is given.

Multiple options may be selected by using muitiple integers separated by commas or
by using multiple DIAG cards.

See the description of the XDMAP card in Section 5.7 for alternate means of
controlling the DMAP compiler options.

Refer to Section 6.11.3 of the Programmer's Manual for the description and use of
DIAGs 28 through 31.

DIAG 14 is automatically turned on when DIAG 25 is requested,

2.2-10 (09/30/83)
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Executive Control Card END - DMAP Sequence Terminator
Description: Defines the end of a Direct Matrix Abstraction Program (DMAP) sequence.

Format and Example{s):
ENDS

Remarks: 1. This card is required at the end of a DMAP sequance. It must be the Tast card.
The statement is included at the end of the DMAP sequence defining a Rigid Fornat.
The user must provide the card as part of a user supplied DMAP sequence when using
the DMAP approach.

2. This statement, 1ike all DMAP statements, is terminated with the $ character de-
Timiter.

3. For specific instructions related to DMAP useage, see Section 5.2,

4. The END § statement cannot be altered into a Rigid Format at intermediate steps.
To schedule an early termination, use either the EXIT § statement or the
JUMP, FINIS § statement.

2.2-11 {12/29/78)
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Executive Control Card ENDALTER - Rigid Format DMAP Alier Terminator }

Description: Defines the end of a user supplied a2lter to a Rigid Format Direct Matrix Abstraction
Program (DMAP) sequence.

Format and Example(s):

ENDAL TER

Remarks: 1. This card is required when an alter to a Rigid Format DMAP sequence is supplied.

2. The card is required only once but must be the last card for all alters,

3. For specific instructions related to DMAP useage, see Section 5.2,
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Executive Control Card 1D -~ Job Identification ) !
i

Description: Provides an alphanumeric identification of the job and estabiishes the beginning of J
the Executive Control deck. ' 4
Format and Example(s}: . &
ID §A1,A2} o

ID  A1234557,B7654321

Option Heaning L

Al Any alphanumeric field chosen by the user for identification.

A2 Any alphanumeric field chosen by the user for identification. ‘
%
§

Remarks: 1. This card is mandatory and must be first in the Executive Control deck.

2. The ID used during a checkpoint is automatically written to the checkpoint file
and is placed on the restart card.

3. The first character of each field must be alphabetic and may be followed by up
to seven aiphanumeric characters.
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Executive Control Card NUMF - New User Master File Declaration
Description: Defines a bulk data deck to be placed on a User Master File.

Format and Example(s):

NUMF {tid, pid}
NUMF 20012,6

NUMF 150,0

Option Meaning

tid User specified tape identification number assigned during the creation of a
User's Master File.

pid User specified problem identification number assigned during the creation of

a User's Master File.

Remarks: 1. This card is required when the UMF Editor is in the write mode,

2. For specific instructions related to the UMF, see Section 2.5.

2.2-14 (12/29/78)
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Executive Control Card RESTART - Restart Dictionary Initiator

Description: Befines the beginning of a restart dictionary deck when reading data blocks from the
previously checkpointed file.

L
Format and Example(s): i

RESTART {A1,A2,K1/K2/K3,K4,}
RESTART A1234567,87654321,03/01/76,32400,

Option Meaning

Al, A2 Fields taken from ID card of previously checkpointed probiem. )
K1/K2/K3 Month/Day/Year that Probiem Tape was generated. ;
Ka Number of seconds after midnight at which XCSA begins execution. ;

Remarks: 1. The complete restart dictionary comsists of this card followed by ane card for each
file checkpointed. The restart dictionary is automatically punched when aperating
in the checkpoint mode. A1l subsequent cards are continuations of this logical
card. The entire dictionary deck is required for a restart.

2. Each continuation card begins with a sequence number. There are two types of
continuation cards which are required and one that is not. _ {

Basic continuation card:

i, DATABLACK ,FLAG=Y,REEL=Z ,FILE=W

where: NB is the sequence number of the card. The entire dictionary must be in e
sequence by this number.

DATABLACK is the name of the data block refarenced by this card.

FLAG=Y defines the status of the data block where ¥ = 0 is the normal case and
Y = 4 implies this data block is equivalenced to another data block. In this
case (FLAG=4) the file number points to a previous data block which is the
"actual” copy of the data.

REEL=Z specifies the reel number as ithe Problem Tape can be a multi-reel tape.
Z =1 is the normal case.

FILE=W specifies the GING (internal)} file number of the data block on the Probiem
Tape. A zero value indicates the data block is purged. For exampie:

1,GPL,FLAGS=0,REEL=1,FILE=7 says data block GPL occupies file 7 of reel 1.
2,KGG,FLAGS=4,REEL=1,FILE=20 says KGG is equivalenced to the data block
which occupins file 20. (Note that FLAGS=4 cards usually occcur in at
least pairs as the equivalenced operation is at least binary).

3,UUSETD, FLAGS=0,REEL=1,FILE=0 fmplies USETD s purged.

-4
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Reentry point card:

N@,REENTER AT DMAP SEQUENCE MUMBER N
where: NP is the sequence number of the card.
N is the sequence number associated with the DMAP instruction at which an unmodified restart will

resume execution. There may be {generally, there are) several reentry cards in a restart
dictionary, but only the last such eard is operative. (See Sections 3.1.3 and 3.1.4.)

End of dictionary card:

$ END @F CHECKPRINT DICTI@NARY

This card is simply a comment card but is punched to signal the end of the dictionary fer user
convenience. The program does not need such a card, Terminations associated with non-NASTRAN
failures {operator intervention, maximum time, ete.) will not have a card punched.

3. The previously checkpointed file must be made available by the user via operating system
control cards,

4, A restart card of the form
RESTART Al,A2, 0/0/0, 0

can be used to read and process the Old Problem Tape (BPTP) of any previousiy checkpointed
problem whose IU card fields match the Al,A2 fields on this card.

5. A restart using the checkpointed file and dictionary created on a previous release of NASTRAN
may not always be successful. First, the BUFFSIZE (the number of words in a GING buffer; see

Section 2.1) used on the Tater release may be different from that used on the earlier release.

second, any changes that might have been made to the rigid formats may effectively destroy the
validity of the restart dictionary,

6. See Sections 3.1.3, 3.1.4 and 3.1.5 for a detailed discussion of restarts,
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EXECUTIVE CONTROL DECK
Executive Control Card 58L - Solution Number Selection
Description: Selects the solution number which defines the Rigid Format.

Format and Example{s):

(2]
SPL 5

SPL 1,6

SgL 1,6,7,8,9
SPL STEADY STATE

Option Meaning

K1 SoTution number of Rigid Format (see Remarks below ard Section 3).
K2 Subset numbe-s for solution K1, default value = Q.

A Name of Rigid Format {see Remarks below}.

Remarks: 1. When a Direct Matrix Abstraction Program (DMAP) is not used, the solution is manda-
tory. The subset associated with a solution is optional.

2. For Displacemeni Approach Rigid Formats, the integer value for K1 or the alphabetic
characters for A must be selected from the following tabie:

A

-~
il

STATICS

INERTIA RELIEF

MPDES or NGRMAL MPDES or REAL EIGENVALUES
DIFFERENTIAL STIFFNESS

BUCKLING

PIECEWISE LINEAR

DIRECT CPMPLEX EIGENVALUES

DIRECT FREQUENCY RESP@NSE

DIRECT TRANSIENT RESPANSE

MPDAL COMPLEX EIGENVALUES

MBDAL FREQUENCY RESPPNSE

MPDAL TRANSIENT RESPEZNSE

NPRMAL M@DES ANALYSIS WITH DIFFERENTIAL STIFFNESS
STATICS CYCLIC SYMMETRY

MPDES CYCLIC SYMMETRY

TP WN=0Wo~NO U Bwp—

R R RUE R "

3. For Heat Approach Rigid Formats, the integer value for K1 or the alphabetic char-
acters for A must be selected from the following tabie:

K A
1 STATICS
3 STEADY STATE
9 TRANSIENT

2.2-17 (12/29/78)
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HASTRAN DATA DECK

For Aero Approach Rigid Formats, the integer value for K1 or the alphabetic characters
for A must be selected from the following table:

K A
10 MEDAL FLUTTER ANALYSIS
n MBDAL AERPELASTIC RESPPNSE

Subsets cause a reduction in the number of statements in a Rigid Format. The use

ofha subset is optional. The integer value(s) may be selected from the following
table;

I:":
™

Subset Numbers

Delete loop control.

Delete mode acceleration method of data recovery
(modal transient and modal frequency response).
Combine subsets 1 and 2.

Check all structural and aerodynamic data without
execution of the aercelastic problem.

Check only the aerodynamic data without execution
of the aercelastic problem.

Not used,

Delete structure plotting and X-Y plotting.
Delete Grid Point Weight Generator.

Delete fully stressed design (static analysis).

O 0~ th (4] BN T Py —

Multiple subsets may be selected by using muTtiple integers separated by commas.

2.2-18 (09/30/83)
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Executive Control Card TIME - Maximum Execution Time Declaration

Description: Establishes the maximum time in minutes allotted to the execution of the NASTRAN

progranm.

Format and Example(s):

TIME {n}

TIME §

TIME 60

Option Meaning

n Integer number of minutes for execution.

Remarks: 1. This card is mandatory.

2. The time allotted via this card should be less than the time allotted the entire

EXECUTIVE CONTROL DECK

exectution via operating system declaration.

2.2-19 (12/29/78)
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NASTRAN DATA DECK
Executive Control Card UMF - User Master File Selection
Description: Selects a bulk data deck stored on a User Master File.

Format and Example{s):

UMF {tid, pid}
UMF 20012.6

UWF 150,0C

Option Meaning

tid Previousiy assigned tape jdentification number to access a Bulk Data Deck
when using a User's Master File.

pid Previously assigned problem identification number to access a Bulk Bata Deck

when using a User's Master File.

Remarks: 1. This card is required when the UMF Editor is in the read mode.

2. For specific instructions related to the UMF, see Section 2.5.

2.2-20 (12/29/78)
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EXECUTIVE CONTROL DECK

Executive Control Card UMFEDIT - User Master File Editor Selection

Description: Selects the UMF Editor and 1imits execution to the Preface only.

Format and Example(s):

UMFEDIT

Remarks: 1.

2.

3.

0%

This card is required to utilize the UMF Editor in a read or write mode.

Selaction of the UMF Editor automatically 1imits execution to the Preface only,
i.e., no computations may be performed when the Editor is used.

For specific instructions related to the UMF, see Section 2.5,

2.2-21 (12/29/78)
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- NASTRAN DATA DECK
% Executive Control Card § - Comment Indicator
5  Description: Declares the character string is a non-exc:sutable comment.
o Format and Example(s):
$ [any BCD string]
$ CBMMENTS MAY APPEAR IN ANY CALUMNS
$ SPECIAL CHARACTERS MAY BE INCLUDED ( )Y+ ./
Remarks: 1. The § character is a delimiter which allows comments to be written on the same
physical card,
£
‘

2.2-22 (12/29/78)
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NASTRAN DATA DECK

2.3 CASE CONTROL DECK
2.3.1 Data Selection

The Case Control cards that are used Tor selecting items from the Bulk Data Deck are Tisted
below in functional groups. A detailed description of each card is given in Section 2,3.4. The

first four characters of the mnemonic are sufficient if unique.

The following Case Control cards are associated with the selection of applied loads for both
static and dynamic analysis:

1. DEFPRM - selects element deformation set.

2. DL@AD - selects dynamic loading condition.

3. DSCPEFFICIENT - selects Toading factor for normal modes with differential stiffness.

4. LPAD - selects static structural Toading condition or heat power and/or flux.

5. NPNLINEAR - selects noniinear loading condition for transient response.

6. PLCBEFFICIENT - selects loading increments for piecewise Tinear amalysis.

The following case control cards are used for the selection of constraints:

1. AXISYMMETRIC - selects boundary conditions for conical shell and axisymmetric solid elements
or specifies the existence of Fluid harmonics for a hydroelastic problem.

2. MPC - selects set of multipoint constraints for structural dispTacement or heat transfer
boundary temperature relationships.

3. SPC - selects set of single-point constraints for suructural displacements or heat trans-
fer boundary temperatures.

The following case contro] cards are used for the selection of direct input matrices:
1. B2PP - selects direct input structural damping or thermal capacitance matrices,

2. K2PP - selects direct input structural stiffness or thermal conductance matrices.
3. M2PP - selects direct input mass matrices,
4

» TFL - selects transfer functions.
The following case contre] cards specify the conditions for dynamic analyses:

1. CMETHBD - selects the conditions for complex eigenvalue extraction.

2. FREQUENCY - selects the frequencies to be used for frequency and random response calcuia-
tions,

3. IC - selects the initial conditions for direct transient response.
4. METHPD - selecis the conditions for real eigenvalue analysis.

5. RANDGM - selects the power spectral density functions to be ysed in random analysis.
2.3-1 (12/31/717)
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NASTRAN DATA DECK

6. SDAMPING - selects table to be used for determination of modal damping.
7. TSTEP - selects time steps to be used for integration in transient response problems.
8. FHMETHPD - selects method to be used in aeroelastic flutter amalysis.

9. GUST - selects aerodynamic gust Toading in aercelastic response analysis.
The following case control cards are associated with the use of thermal fields:

1. TEMPERATURE(LGAD) - selects thermal field to be used for determining equivalent static
loads.

2. TEMPERATURE(MATERIAL) ~ selects thermal field to be used for determining structural

material properties or an estimate of the temperature distribution for heat transfer
iterations.

3. TEMPERATURE - selects thermal field for determining both equivalent static loads and
material properties.

2.3.2 Qutput Selection

Printer output requests may be grouped in packets following PUTPUT cards or the individual
requests may be placed anywhere in the Case Control Deck ahead of any structure plotter or curve
plotter requests. Plotter requests are described in Section 4. The Case Control cards that are

used for output selection are 1isted belew in functional groups. A detailed description of each

~card is given in Section 2.3.4,

The following cards are associated with output control, titling and bulk data echoes:

1. TITLE - defines a text to be printed on first 1ine of each page of output.

2. SUBTITLE - defines a text to be printed on second 1ine of each page of output.

3. LABEL - defines a text to be printed on third Tine of each page of output.

4. LINE - sets the number of data lines per printed page, default is 50 for 1T-inch paper.
5. MAXLINES - sets the maximum number of output Tines, default is 20,000.

6. ECHZ - selects echo options for Bulk Data Deck, default is a sorted bulk data echo.

Z.3-2 (12/29/78)
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CASE CONTROL DECK

calculated quantities:

SET - defines Tists of point numbers, elements numbers,
requests.

( The following cards are used in connection with some of the specific output requests for

or frequencies for use jin output

BFREQUENCY - selects a set of frequencies to be used for output requests in frequency
and aeroelastic response problems (default is all frequencies) or flutter velocities.

TSTEP - selects a set of time steps to be used for output requests in transient response

probiems.

PTIME - selects a set of times to be used for output requests in transient analysis

problems (default is all times).

2.3-2a (12/29/78)
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HASTRAN DATA DECK !

The following cards are used to make output requests for the calculated response of com- ' 1
ponents in the SPLUTIPN set (components in the direct or modal formulation of the general K
system) for dynamics problems:

1. SACCELERATI@N -~ requests the acceleration of the independent components for a selected ;
set of points or modal coordinates.

2. SDISPLACEMENT - requests the displacements of the independent components for a selected
set of points or modal coordinates or the temperatures of the independent components for
a selected set of points in heat transfer.

3. SVEL@CITY - requests the velocities of the independent components for a selected set of 1
points or modal coordinates or the change in temperature with respect to time of the
independent components for a selected set of points in heat transfer.

4. NLL@AD - requests the nonlinear loads for a seiected set of physical points (grid points
and extra points introduced for dynamic analysis) in transient response problems.

The following cards are used to make output requesis for siresses and forces, as well as the
calculated response of degrees of freedom used in the model:

1. FPRCE or ELFARCE - requests the forces in a set of structural elements or the temperature
gradients and fluxes in a set of structural or heat elements in heat transfer.

2. STRESS or ELSTRESS -~ requests the stresses in a set of structural elements or the veloc-
ity components in a fluid element in aceustic cavity analysis.

3. SPCF@RCES - requests the single-point forces of constraint at a set of points or the ther-
mal power transmitted to a selected set of points in heat transfer.

&, @LPAD - selects a set of applied Toads for output. #

5. ACCELERATI@N - requests the accelerations for a selected set of PHYSICAL points (grid,
scalar and Tluid points plus extra points introduced for dynamic analysisg.

6. DISPLACEMENT - requests the displacements for a selected set of PHYSICAL points or the :
temperatures for a selected set of PHYSICAL points in heat transfer or the pressures i
for a selected set of PHYSICAL points in hydroelasticity.

7. VELPCITY - requests the velocities for a selected set of PHYSICAL points or the change in
temperatures with respect to time for a selected set of PHYSICAL points in heat transfer.

8. HARMBNICS - controls the number of harmonics that will be output for requests associated
with the conical shell, axisymmetric solids and hydroelastic problems.

9. ESE - requests structural element strain energies in Rigid Format 1.

10. GPFPRCE - requests grid point force balance dug to element forces, forces of single point
constraint, and applied loads in Rigid Format 1.

11. THERMAL-- requests temperatures for a set of PHYSICAL points in heat transfer.
12. PRESSURE - requests pressures for a set of PHYSICAL points in hydroelasticity.
13. VECT@R - requests displacements faor a selected set of PHYSICAL points.

14. MPCFARCES - requests multipoint Torces of constraint at a set of points in Rigid Formats
1, 2, 3, 14, and 15,

FYE
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2.3.3 Subcase Definition

CASE CONTROL DECK
NCHECK ~ requests significant digits to indicate numerical accuracy of element stress
and Torce computations.

AEROFPRCE - requests frequency dependent aerodymamic laods on interconnection points in .
aeroelastic response analysis.

STRAIN - requests the strains/curvatures in a set of structural elements (applicable T
to TRIA1, TRIAZ, QUAD1, and QUAD2 only).

and frequency response separate subcases are defined for each unique set of direct input matrices. !
Subcases may be used in connection with output requests, such as in requesting different output

for each mode in a real eigenvalue problem.

5 one ievel of subcase definition is necessary.

load is involved, the responses due to mechanical and thermal Toads may be recovered as shown in

-
)
3
H
b 15.
S 16.
17.
K
{
A}
i subcase.
T
b
¥
example 1.
recoverad.
;ﬂ
2
=
2
S
E; .

L

In general, a separate subcase js defined for each loading condition.

separate subcases are also defined for each set of constraints.

ﬁ The Case Control Deck s structured so that a minimum amount of repetition is required. Only

the first subcase) will be used for all following subcases, unless overridden within the individual

In statics problems, subcases may be combined through the use of the SUBCAM feature.
vidual Toads may be defined in separate subcases and then combined by the SUBC@M.

afe mechanical, the responses are combined as shown in example 2, which follows. 17 a thermal o

In statics probiems

In complex eigenvalue analysis

A1l items placed above the subcase level (ahead of

Indi-
IT the loads

L EPAIS ST
Cmn L e -
ST

By redefining the thermal Toad(s) at the SUBCEM level, stresses and forces may be LT
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In static problems, provision has been made for the combination of the results of several
subcases. This is convenient for studying various combinations of individual leading conditions

and for the superposition of solutions for symmetrical and antisymmetrical boundaries.

Typical examples of subcase definition are given following a brief description of the cards

used in subcase definitions.
The following case control cards are associated with subcase definition:

1. SUBCASE - defines the beginning of a subcase that is terminated by the next subcase
deTimiters encountered.

2. SUBCAM - defines a combination of two or more immediately preceding subcases in
statics problems. Output requests above the subcase level are used.

3.  SUBSEQ - must appear in a subcase defined by SUBCEM to give tue coefficients fo. making
the Tinear ccmbination of the preceding subcases.

4. SYM - defines a subcase in statics problems for which only output requests within the
subcase will be honored. Primarily for use with symmetry problems where the individual
parts of the solution may not be of interest.

5. SYMCEM - defines a combination of two or mbre jmmediately preceding SYM subcases in
static problems. Ouiput requests above the subcase level are used.

\

] H
| 6. SYMSEQ - may appear in a subcase defined by SYMCPM to give the coefficient for making

| The Tinear combination of the preceeding SYM subcases. A default value of 1.0 is used ;
if no SYMSEQ card appears. ;

7.  REPCASE - defines a subcase in statics problems that is used to make additional output
requests for the previous real subcase. This card is required because multipie ocutput il
requests for the same item are not permitted in the same subcase. Quiput requests above 3
the subcase ievel are still used. ;
8. M@DES - controls the outpui for a given subcase as specified by the number of modes, :
otherwise all modes will be used. .
The following examples of Case Control Decks indicate typical ways of defining subcases: :
1. Static analysis with multipie loads.
@uTPUT
DISPLACEMENT = ALL
MPC = 3
SUBCASE 1
SPC = 2
i TEMPERATURE (LGAD} = 101
; LEAD = 11 ;
; SUBCASE 2 : |
5 SPC = 2 .
- DEF@RM = 52
L@AD = 12
SUBCASE 3
SPC =4
- LpAD =12
. SUBCASE 4
; MPC = 4
r SPC = 4 )
? 2.3~4 {12729/78)
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.o Four subcases are defined in this example., The displacements at al) grid points will be printed

for all four subcases, MPC = 3 wiil be used for the first th
by MPC = 4 in the last sukbcase,

ree subcases and will be overridden :
Since the constraints are the same for subcases 1 ang 2 agnd the

subcases are contiguous, the static solutions will be performed simultaneously. In subcase 7,

themmal load 101 and external foad 171 are internally superimposed, as are the external and defor-

mation loads in subcase 2. In subcase 4 the static loading wili result entirely from enforced

displacements of grid points,

2.  Linear combination of subcases,

SPC =2 '
guTPUT i
SET 1 = 7 THRU 10,20,30
DISPLACEMENT = ALL ;
STRESS = 1
SUBCASE 1
L@AD = 101
OLBAD = AtL
SUBCASE 2
LPAD = 200
BLPAD = ALL
SUBCgM 57
SUBSEQ = 1.0,7.0
SUBCEM 52
SUBSEQ = 2.5,1.5

e

; i
Two static Toading conditions are defined in subcases 1 and 2. SUBCEM 51 defines the sum of syb- .

cases 1 and 2, SUBCEM 52 defines a linear combination consisting of 2.5 times subcase 1 plus 1.5

times subcase 2, The displacements at a7] grid points and the stresses for the elements numbers

in SET will be printed for all four subcases. In addition, the nonzero components of the static j

load vectors will be printed for subcasas 1 and 2.

3. Staties problem with gne plane «f symmetry.

pUTPUT
| SET 1 =1,
SET 2 = ]
DISPLACEME
ELFRCE =
M ]

SPC = 11

LPAD = 2]

Plgip = ALL
Syt 2

SPC = 12

LOAD = 22
SYMCEM 3 |,
SYMCEM 4

SYMSEQ 1.0,-1.0

11,21,31,51

THRU 10, 101 THRU 110
NT = 1]

2

Two SYM subcases are defined in subcases 1 and 2. SYMCEM 2 defipes whe sum ang SYMCEM 2 the

2.3-5
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difference of the two SYM subcases. The nonzero components of the static Toad will be printed

for subcase 1 and no output is requested for subcase 2. The displacements for the grid point

numbers in set 1 and the forces for elements in set 2 will be printed for subcases 3 and 4.

4. Use of REPCASE in statics problems.

SET 1 = 1 THRU 10, 101 THRU 110, 201 THRU 210
SET 2 = 21 THRU 30, 121 THRU 130, 221 THRU 230
SET 3 = 31 THRY 40, 131 THRY 140, 231 THRU 240
SUBCASE 1
LBAD =70
SPC = 11
DISPLACEMENT = ALL
SPCF@RCE = 1
ELFBRCE = ]
REPCASE 2
ELFARCE = 2
REPCASE 3
ELFPRCE = 3

This example defines one subcase for solution and two subcases for output controi. The displace-

ments at all grid points and the nonzero components of the single-point forces of constraint

atong with forces for the elements in SET 1 will be printed for SUBCASE 1. The forces for ele-

ments in SET 2 will be printed for REPCASE 2 and the forces for elements in SET 3 will be printed
for REPCASE 3.

5. Use of M@DES din eigenvalue probiems

METHAD = 2
SPC = 10
SUBCASE 1
DISPLACEMENT
STRESS = ALL
MPDES = 2
SUBCASE 3
DISPLACEMENT

ALL

fi

ALL

In this example the displacements at al] grid points will be printed for al] modes. The stresses

in all elements will be printed for the first two modes.

2.3.4 Case Control Card Descriptions

The format of the Case Control cards is free-fieid. 1In presenting general formats for each

card embodying all uwptions, the following conventions are used:

1.  Upper-case letters and parentheses must be punched as shown.

2. Lower-case lettars indicate that a substitution must be made.

3. Braces { } indicate that a choice of contents is mandatory.

2.3-6 (3/1/76)
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4, Brackets [ 1 contain an option that may be omitted or inciuded by the user.

5. Underlined options or values are the default values.

6. Physical card consists of information punched in columns 1 thru 72 of a card. Most W
case controi cards are limited to a single physical card.

7. Logical card may have more than 72 columns with the use of continuation cards. A
continuation card is honored by ending the preceding card with a comma.

I B kbt SR

The structure plotter output request packet and the x-y output request packet, while part of

the Case Control Deck, are treated separately in Sections 4.2 and 4.3, respectively. 1

o

2.3-7 (3/1/76)
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Case Control Data Card - ACCELERATION - Acceleration Output Requast.

Format and Example{s):

ACCELERATIPN (%9RT1 PRINT  REAL )

SPRTZ> PUNCH °*TMAG

Description: Requests form and type of acceleration vector output.
PHASE
ACCELERATION = 5

ALL
n
NENE
ACCELERATI@N(SPRTZ, PHASE) = ALL
ACCELERATION(SPRT1, PRINT, PUNCH, PHASE) = 17

Option Meaning
SPRT1 Qutput will be presented as a tabular Tisting of grid points for each load,

frequency, eigenvalue, or time, depending on the rigid format. SPRT1 is not
available in Transient problems (where the default is SPRTZ).

S@RT2 Output will be presented as a tabular listing of frequency or time for each grid
point. S@RT2 is available only in Transient and Frequency Response problems,

PRINT The printer will be the output media.

PUNCH The card punch will be the output medfa.

?ﬁﬁé or Requests real and imaginary output on Frequency Response problems.

PHASE Requests magnitude and phase (0.0° < phase < 360.0°) on Frequency Response
problems.

ALL Accelerations for all points will be output.

n Set identification of a previously appearing SET card. Only accelerations of

points whose identification numbers appear on this SET card will be output
(Integer > 0}.

NANE Accelerations for no peints will be output.

Remarks: 1. Both PRINT and PUNCH may be requested.
2. A3 uutput request for ALL in Transient and Frequency response problems generally
produces large amcunts of printout. An alternative to this would be to define a
SzT of interest.
3. Acceleration output is only available for Transient and Frequency Response problems.

4, In a frequency Response problem any requesti for SORT2 output causes all output to
be S@RT2.

5. ACCELERATIBN = NBNE allows overriding an overall output request.

2.3-8 (3/1/76)
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CASE CONTROL DECK

. Case Contro? Data Card AERPF - Aerodynamic Force OQutput Regquest

Description: Requests the aerodynamic loads on the interconnection points.

Format and Example(s):

- AERGF = n
AERGF = ALL
AER@F = 5
Option Meaning
n Set identification of a previously appearing SET card. Only aerodynamic forces
- on points referencad will be output.
; ALL Aerodynamic forces on all points wil] be output.
:

: Remarks: 1. Only fre§uency-dependent forces may be requested (frequency response or random
! analysis).

The point identification numbers are the box or body element IDs.

The dimensions of the output are force (or moment) per unit dynamic pressure.

T

wtotilu

|
4
s‘
f
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Case Control Data Card AXISYMMETRIC - Boundary Conditions or Hydroelastic Harmonics. o W

Description: Selects boundary conditicns for problems containing CCPNEAX, CTRAPAX or CTRIAAX .
elements or specifies the existence ot fluid harmonics for hydroelastic problems. a4

Format_and Example(s): o

SINE ]
AXISYMMETRIC = { CASINE

FLUID
AXISYMMETRIC = C@SINE
[}
Option Meaning
SINE Sine boundary conditions will be used. {
CASINE Cosine boundary conditions will be used. ;
FLIID Existence of fluid harmonics. ;

Remarks: 1. This card is required for problems containing the elements named above.

2. If this card is used for hydroelastic problems, at least one harmonic must be
specified on the AXIF card. ;

3. See Section 1.3.6 of User's Manual for a discussion of the conical shell problem.
4, See Section 1.3.7 of User's Manual for a discussion of the axisymmetric solid problem. %
5. See Section 1.7.1 of User's Manual for a discussion of the hydreelastic formulation.

6. The sine boundary condition will constrain components 1, 3 and 5§ at every ring for
the zero harmonic.

[P LT

7. The cosine boundary condition will constrain components 2, 4 and 6 at every ring for
the zere harmonic.

8. SPC and MPC case control cards may also be used to effect additional constraints.

2.3-8b (3/1/76)
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-
W Case Control Data Card BEGIN BULK - End of Case Control Deck j‘
i : |
*‘ Description: Terminates the end of the Case Control Deck directives and controls. Cards ‘+
appearing after this card are assumed to be Bulk Data Deck cards. ‘i.‘
Format and Example(s): -
ENDDATA
]
Remarks: 1. The ENDDATA card must begin in column 1 or 2.
H
1
1
i
- .
; ﬁ
i
i
g !
;

2.3-9 (12/29/78)

324

—_— a— .u—‘_r,’-\.;-a..-d-l‘ T T

AL b L TR RS PR TR F i vk LA T L




PR BREAERSES VAP, o

R -

12 TX U NN

B S (i b TEIEUE DS X S~ S IS M S AT i ROy

Case Control Data Card B2PP - Direct Input Damping Matrix Selection.

NASTRAN DATA DECK

Description: Selects a direct input damping matrix.

Format and Example(s}:

B2PP = name
B2PP = BDMIG
B2PP = B2PP

Option Meaning
name BCD name of [ng] matrix that is input on the DMIG or DMIAX bulk data card.

Remarks: 1. B2PP is used only in dynamics problems.

2. ;DMIG and DMIAX matrices will not be used unless selected.

RSN ST
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- CASE CONTROL DECK 4
N s Case Control Data Card CMETH@D - Complex Eigenvalue Extraction Method Selection. ‘
a (
Description: Selects complex eigenvalue extraction data to be used by moduTe CEAD, “
g 7
Format_and Exampie(s):
{
CMETHOD = n '
CMETH@D = 77
Option Meaning
Y
n Set identification of EIGC {and EIGP) card (Integer > 0).
Remarks: Eigenvalue extraction data must be selected when extracting complex eigenvalues [
using Functional Module CEAD. : © oy
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NASTRAN DATA DECK

Case Control Data Card Mmm—ﬂwmt%hmumn%u%me

Description: Selects the Element Deformation Set to be applied to the structural model.

Format and ExamETegs!:

DEF@RM = p
DEFPRM = 27
Option

n

Remarks: 7.

Meaning
Set identification of DEFPRM cards (Integer > 0).

DEFEUM bulk data cards will not be used unless selected in the Case Contyrol Deck.

DEFBRM 1s only applicable in |statics, inertia

relief, differential stiffness, and
buckling problems,

The total Toad appiied will be the sum of external, (LPAD), theymal (TEMP(LPAD)),
element deformation {DEFPRM) and constrained dispTacement oads (spc)

Static, thermal and element deformation loads should have unique identification
numbers,

2.3-12
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CASE CONTROL DECK a&

Case Control Data Card DISPLACEMENT - Displacement Output Request,

Description: Requests form and type of displacement vector outputi.

Format and Example(s):

ALL -
S@ART1 PRINT REAL ~
DISPLACEMENT (W, PUNCH® THAG ) = {NENE} |
PHASE
DISPLACEMENT = 5
DISPLACEMENT{REAL) = ALL
DISPLACEMENT{S@RT2, PUNCH, REAL} = ALL !
Option Meaning .
t
SPRT1 Output will be presented as a tabular listing of grid points for each load, ‘

frequency. eigenvalue, or time, depending on the rigid format. SPRT1 is not :
available in Transient problems (where the default is SPRT2). :

S@RT2 Output will be presented as a tabular Tisting of Tead, frequency, or time for
each grid point. S@RTZ {s available only in Static Analysis, Transient and
Frequency Response problems.

PRINT The printer will be the output media.

PUNCH The card punch will be the output madia.

REAL or Requests real and imaginary output on Complex Eigenvalue or Frequency Response

IMAG problems.

PHASE Requests magnitude and phase (0.0° < phase < 360.0°) on Complex Eigenvalue or ; i
Frequency Response problems. :

ALL Displacements for all points will be output.

NONE Displacements for no points will be cutput. i

n Set identification of previously appearing SET card. Only dispiacements of L

points whose identification numbers appear on this SET card will be output
{Integer > 0).

Remarks: 1. Both PRINT AND PUNCH may be requested.

2. An output request for ALL in Transient and Frequency response problems generally
produces large amounts of printout. An alternative to this would be to define a
SET of interest.

3. In Static Analysis or Frequency Response problems, any request for S@RTZ causes
all output to be S@RT2.

4. VECTPR, PRESSURE and THERMAL are alternate forms and are entirely equivalent to
DISPLACEMENT.

5. DISPLACEMENT = NPNE aillows overriding an overall output request.

2.3-13 (3/1/76)
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NASTRAN DATA BECK %y

Case Control Data Card DLBAD - Dynamic Load Set Selection.

Description: Selects the dynamic load to be applied in a Transient or Frequency Response problem.

Format and Example{s}:

DLEAD = n
DLRAD = 73
Option Meaning
b
n Set identitication of a DLPAD, RLPADT, RLPADZ, TLPADT, or TLBADZ card
{Integer > 0).
Remarks: 1. The above loads wil) not be used by NASTRAN unless selected in Case Control. 3
2, RLOADT and RLBADZ may only be selected in a Frequency Response problem. .
3, TLPAD1 and TLBAD2 may only be selected in a Transient Response problem,
4. Either RLEAD or TLPAD (but not both) may be selected in an Aeroelastic Response
problem. IFf RLPAD is selected, a Frequency Response is calculated. If TLPAD is
selected, then Transient Response is computed by Fourier Transform.
. i
|
i
>
A
i
/
J
éﬁ,
-
i :
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CASE CONTROL DECK E

- Case Control Data Card DSCGEFFICIENT - Differential Stiffness Coefficient Set. |

Description: Selects the coefficient set for a Normal Hodes with Differential Stiffness Problem. i

: Format and Example(s): d
- 't
* DSCEEFFICIENT = aUEFﬁULTf ;
- DSCPEF = DEFAULT

' Option ) Meaning
g DEFAULT A single default coefficient of value 1.0.
2 n Set identification of DSFACT card (Integer > 0). !

Remarks: 1. DSFACT cards wil? not be used unless selected.
2. DSC@EFFICIENT must appear in the 2nd Subcase of a Normal Modes with Differential

Stiffness problem.

i
i
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NASTRAN DATA DECK ‘ !

Case Control Data Card ECHP - Bulk Data Echo Request,

|
Description: Requests echo of bulk data deck. , #

{
Format and Example{s): . éJ
SORT ,}
UNSERT . %
ECHP® = | BETH | (see Remark 1 for default values) K
NANE
PUNCH
ECH® = B@TH

ECHD = PUNCH, S@RT

Option Meaning |
SORT Sorted echo will be printed. f
LUNSPRT Unsorted echo will be printed. ?
BATH Both sorted and unsorted echo will be printed.

NENE No echo will be printed.

PUNCH The sorted bulk data deck will be punched onto cards. :

REMARKS: 1., 1If no ECHP card appears, ECHP = B@ATH is assumed for restart runs and for runs
employing the UMF, For all other runs, ECHP = SPRT is assumed.

2. If CHKPNT YES is specified, a sorted echo will be printed unless ECHE = N@NE. it
3. Unrecognizable options will be treated as S@RT.

4. Any option overrides the default, Thus, for exampie, if both print and punch are
desired, both S@RT and PUNCH must be requested on the same card,

5, The NENE option cannot be combined with the PUNCH option. If punch gutput only is
desired, ECHE = PUNCH will suffice.

p

2.3-16 (09/30/83)
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f " X
- Case Control Data Card ELFPRCE - Element Force Output Request. -
B -
A v
. Description: Requests form and type of element force output. §
Format and Example(s): ‘ ;
ergrce | (SERTL PR rem \| AL
$ SPRT2® PONCH® IMAG NPNE
< PHASE
j ELFPRCE = ALL
. ELFBRCE(REAL, PUNCH, PRINT) = 17 t
s ELFPRCE = 25
Option Meaning .
E SPRT Output will be presented as a tabular Tisting of elements for each oad, ;
1 frequency, eigenvalue, or time, depending on the rigid format. S@RTI is not
available in Transient problems (where the defauit is SPRT2).
; S@RT2 Output will be presented as a tabular 1isting of load, frequency, or time for
- each element type. SPRT2 is available only in Static Analysis, Transient and
Frequency Response problems . )
PRINT The printer will be the output media. _;
PUNCH The card punch will be the output media. -
; : REAL or Requests real and imaginary output on Complex Eigenvaiue or Frequency Response i,
. IMAG - problems, §1
3 PHASE Requests magnitude and phase (0.0° < phase < 360.0°) on Complex Eigenvalue or f
: Frequency Response probiems. - ;
ALL Forces for all elements will be output. i
NBNE Forces for jno elements will be output. ;i
n Set identification of a previousiy appearing $ET card. Only forces of elements ?l;
whose identification numbers appear on this SET card will be output (Integer > 0).
Remarks: 1. Both PRINT and PUNCH may be requested. ' ;
2. An output reguest for ALL in Transient and Frequency response problems generally :

. produces large amounts of printout. An alternative to this would be to define a
SET of interest.

3. In Static Analysis or Frequency Response probiems, any request for SPRT2 output
causes all output tc be SARTZ.

4. FPRCE is an alternate form and is entirely equivalent to ELFBRCE.

5. ELF@RCE = NPNE ailows overriding an overall request.

6. In heat transfer analysis, ELFPRCE output consists of heat flow through and out
of the elements.

2.3-17 (12/31/77)
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NASTRAN DATA DECK k

\
|
|
Case Control Data Card ELSTRESS - Element Stress Output Reguest. . J

Description: Requests form and type of element strass output.

Format and Example{s): o

[
ALL !
SPRTT PRINT REAL - _
| ELSTRESS (EEET'" PUNCH* TMAG ) NDNE
% PHASE
R
¥ ELSTRESS = 5 :
£ ELSTRESS = ALL
)
- ELSTRESS(SPRTT, PRINT, PUNCH, PHASE) = 15

1
OEt'i on Mean'ing . i
;é SPRTY Output will be presented as a tabular Tisting of elements for each Toad, '

frequency, eigenvalue, or time, depending on the rigid format. SPRT1 is not
available fin Transient problems (where the default is SPRT2).

S@RTZ2 Output will be presented as a tabular Tisting of load, frequency, or time for

each element type. SPRT2 is available only in Static Analvsis. Transient and
Frequency Response problems,

X PRINT The printer will be the output media. :
. |
§ PUNCH The card punch will be the output media.
3 REAL or Requests real and imaginary printout on Complex Eigenvalue or Frequency Response ) :
: IMAG problems. j
i PHASE Requests magnitude and phase (0.0° < phase < 360.0°) on Complex Eigenvalue or
- Frequency Response problems. -
% ALL Stresses for all elements will be output, :
{ n Set identification of a previously appearing SET card (Integer > 0). Only ' ;
i stresses for elements whose identification numbers appear on this SET card will

be output.
] NPNE Stress for no elements will be output.
? Remarks: 1. Both PRINT and PUNCH may be requested.

2. An output reguest for ALL in Transient and Freguency response problems generally

produces large amounts of printout. An alternative to this would be to define a
SET of interest.

3. In Static Analysis or Freguency Response problems, any request for SPRTZ output
causes all output te be SPRTZ.

4. STRESS is an alternate form and is entirely equivalent to ELSTRESS.

5. ELSTRESS = NPNE allows overriding an overall output request.

| 6. If element stresses in material coordinate system are desired (only for TRIA), TRIAZ,

| QUAD1 and QUAD2 elements and only in Rigid Format 1), the parameter STRESS (see the
description of the PARAM bulk data card in Section 2.4.2) should be set to he a posi-
tive integer. If, in addition to element stresses in material coordinate system,

siresses at the connected grid points are also desired, the parameter STRESS should b
be set to 0. }

2.3-18 (]2/29/78)
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CASE CONTROL DECK g

i Case Contrei Data Card ESE -~ Element Strain Energy Output Request !

Description: Requests strain energy cutput and per cent of totai strain energy with respect to !
all elements.

Format and Example(s):

PRINTY| _ JALL
= ()] - Lt
ESE (PUNCH) = 5

};
ESE (PRINT,PUNCH) = ALL

M
%

Gption Meaing ,
PRINT The printer will be the output media. %
PUNCH The card punch will be the output media. =
_ ALL S:g:;n energies will be output for all elements for which stiffiess matrices
; NONE Strain energies for no elements will be output.
n Set identification of previousTy appearing SET card (Integer >0). Only

strain energies for elements whose identification numbers appear on this
SET card will be output.

Remarks: 1. Element strain energies are output from Static Analysis (Rigid Format 1) only.

2. The output will be in SPRT 1 format.
- "3.  Both PRINT and PUNCH may be requested.
4. ESE = NONE allows overriding an overall output request. ;
i;
i
;
z .
4
I

2.3-18; (3/1/76)
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MNASTRAN DATA DECK
?1 Case Control Data Card  FMETHOD -Flutter Analysis Method
1 Description: Selects the FLUTTER parameters to be used by the fiutter module (FA1).
: Format and Example(s):
{ FMETHPD = n
i FMETHED = 72
Option Meaning
n Set identification number of a FLUTTER card (integer > 0).
Remarks: 1. A FMETHPD card is requived for flutter analysis.

£
5
?
:;
3 2.3-18b (12/31/77)
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CASE CONTROL DECK

Case Control Data Card FPRCE - Element Force Quiput Reguest.

Description:

Requests form and type of element force output.

Format and Example(s):

\ | ALL

SPRT1 PRINT REAL
SPRT2* PUNCH® IMAG

PHASE

= 4n
J NENE

FPRCE{REAL, PUNCH, PRiNT) = 17

FPRCE

FQRCE_ = ALL

FPRCE = 25

Option

SPRTI

SPRT2

PRINT

PUNCH

REAL or

IMAG

PHASE

ALL

n

NANE

Remarks: 1.
2.
3.
4.
5.
6.

-

produces large amounts of printout.
a SET of interest.

Meaning

Output will be presented as a tabular listing of elements for each load,
SERTT is not

frequency, eigenvalue, or time, depending on the rigid format.
available in Transient problems (where the default is SPRT2}.

Output will be presented as a tabular Tisting of Toad, frequency, or time for
each element type. SPRT2 is available only in Static Analysis, Transient and

Frequency Response probiems,
The printer will be the output media.

The card punch will be the output media.

Requests real and imaginary printout on Complex Eigenvalue or Frequency Response

problems.

Requests magnitude and phase (0.0° < phase < 350.0°) on Complex EigenvaTEe or

Frequency Response problems.

Forces for ALL elements will be output.

Set jdentification of a previously appearing SET card. Only forces whose element

identification numbers appear on this SET card will be output (Integer > D).

Forces for no elements will be output.

Both PRINT and PUMCH may be requested.

ELFPRCE is an alternate form and is entirely equivalent to FERCE.

FPRCE = NGNE allows overriding am overall request.

2.3-19 (12/31/77)
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An output request for ALL in Transient and Frequency response problems generally
An alternative to this would be to define

In Static Analysis or Frequency Response prohlems, any request for SERT2 output
causes all output to be SPRTZ.

In heat transfer analysis, ELFBRCE output consists of heat flow through and out
of the elements.
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NASTRAN DATA DECK

Case Control Data Card FREQUENCY - Frequency Set Selection

Description: Selects the set of freguencies to b= solved in Frequency Response problems.

Format and Example(s):

FREQUENCY = n
FREQUENCY = 17

" Option Meaning
n Set identification of a FREQ, FREQT or FREQ2 type card {Integer > 0),

Remarks: 1, The FREQ, FREQI or FREQZ cards will not be used unless selected in Case Control.

2. A frequency set selection is required for a Fraquency Response problem.
3.

2.3-20 (12731477
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CASE CONTRCL DECK

Case Contrpl Data Card GPFPRCE - Grid Point Force Balance Output Request

Description: Requests grid point force balance output from applied loads, single-point
constraints, and element contraints.

Format and Exampie (s}:

ALL
PRINT
GPFPRCE (1————— =¢n
\PUHCH) {NﬂNE},

option
PRINT
PUNCH
ALL

NANE

n

Remarks: 1.

S TC R A

Meaning
The printer will be the cutput media.
The card punch will be the owtput media.

Force balance will be output for all elements connected to grid points or
scalar points.

Force balance for no grid points will be output.
Set identification of previously appearing SET card (Integer >0). Only
force balance for points whose identification numbers appear on this SET
card will be output.
Grid point force balance is output from Statics Analysis (Rigid Format 1) only.
The output will be in SERT 1 format.
Both PRINT and PUNCH may be requested.
GPFARCE = NPNE allows overriding an overall output request.

2.3.20a (12/31/77)
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NASTRAN DATA DECK

Case Control Data Card GUST - Aerodynamic dust Load Request
Description: Selects the gust Tield in an AevoeTastic Response problem.

Format and Example(s):

GUST = n

GUST = 73

Option Meaning

n Set identification of a GUST bulk data card (Integer > 0).

Remarks: 1. The above gust wiil not be used by NASTRAN unless selected in Case Control.

2. The choice of transient or frequency response gust depends upon the type of
TLPAD or RLAAD referenced on the selected GUST card.

2,3-20b (12/28/78)
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\ CASE CONTROL DECK ;

i Case Control Data Card HARMBNICS - Harmonmic Printout Control.

Description: Controls number of harmonics output for problems containing CCENEAX, CTRAPAX or CTRIAAX
elemen%s.

Format and Example(s): .-

PO - T, .
PR ey e S iie-o - radi N i

: | ALL
Hanwonics = {MONE
]
Option . Meaning ' \
| ALL AT1 Harmonics will be output.
! NNE No Harmonics will be output. |
L: n Available harmonics up to and-'inc'lud'ing n will be output (Integer _>_ 0}. '
:] Remarks: If no HARMONICS card appears in Case Control, only 0 harmonic output will be printed. _
1
|
i
i
i. i
i
#
e
2.3-21 (3/1/76)
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. NASTRAN DATA DECK 4
ff Case Control Data Card IC - Transient Initial Condition Set Selection. W
;1
o Description: To select the initial conditions for Direct Transient problems. bt
Y

Format and Exampie(s):

IC=n

IC = 17

Option Maaning }
3 Set identification of TIC card {(Integer > 0) for structural analysis.
L n Set identification of TEMP and/or TEMPD card (Integer > 0) for heat transfer

analysis.

Remarks: 1. TIC cards will not be used (hence no initial conditions) unless selected in Case ;
Control. :

2. Initial conditions are not allowed in a Modal Transient problem.

't
.-
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CASE CONTROL DECK

Case Control Data Card K2PP - Direct Input Stiffness Matrix Selection.

Description: Selects a direct input stiffness matrix.

Format and Example(s):

2. DHIG and DMIAX matrices will not be used unless selected,

2.3-23 {9/1/70)
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K2PP = name

KZPP = KDMIG

K2PP = Kopp

Option Meaning

name BCD name of a [Kgg] matrix that is input on the DMIG or DMIAX bulk data card.
Remarks: 1. K2PP is used only in dynamics probiems.
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NASTRAN DATA DECK

Case Control Data Card LABEL - Output Label.

Descrription: Defines a BCD label which will appear or the third heading line of each page of
NASTRAN printer output.

Format and Example(s):

LABEL
LABEL

{ Any BCD data }
SAMPLE @F A LABEL CARD

1]

Remarks: 1. LABEL appearing at the subcase Jevel will label output for that subcase only.

2. LABEL appearing before all subcases wil] label any outputs which are not subcase
dependent.

3. If no LABEL card is suppiied, the Tabel Tine will be blank.
4. LABEL information is also placed on NASTRAN plotter output as applicable.

2.3-24 (12/31/77)
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Remarks: 1.

CASE CONTROL DECK

By
Case Control Data Card LINE - Data Lines per Page.

Description: Defines the number of data Tines Per printed page.
Format and Example{s):

LINE = {ﬁ‘@} 1BM and CDC

LINE = 29} UNIVAC and DEC VAX

Option

n

Meaning
Number of data Jines per page {Integer >10).

If no LINE card appears, the appropriate default is used.

2. Far 11 inch paper,

50 is the recommended number;
recommended number,

for 8-1/2 inch paper, 35 is the

3. Alternatively, the number of data 1ines

" Per printed page can also be defined by means
of the NLINES keyword on the NASTRAN car

d (see Section 2.1).

2.3-25 (09/30/83)
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NASTRAN DATA DECK OF POOR QUALITY

Case Control Data Card L@AD - External Static Load Set Selection.

Description: Sefects the external static load set to be applied to the structural model.

Format and Example(s):

LPAR = n

L@AD = 15

Option Meaning

n set identification of at Teast one external Toad card and hence must appear on at

least one FARCE, FPRCET, FPRCEZ, MBMENT, MBMENTT, MEMENTZ, GRAV, PLOAD, PLPADZ,
PLAAD3, RFPRCE, PRESAX, F@RCEAX, M@MAX, SLEAD, or L@AD card {Integer > 0).

Remarks: 1. The above static load cards will not be used by NASTRAN unless selected in Case

ControT.

2. A GRAV card cannot have the same set identification number as any of the other

loading card types. IF it is desired to apply a gravity lead along with other static
Toads, a LPAD bulk data card must be used,

3. If nis to be the set identification number of a bulk data L@AD card (see description
in Section 2.4), then it must be different from the load set jdentification numbers
of all external static load sets in the Bulk Data Deck.

4, LPAD is only applicable in statics, fnertia relief, differential stiffness, buckling
and piecewise 1inear problems,

5. The total load applied will be the sum of external (L@AD), thermal (TEMP(L@AD)),
element deformation (DEFBRM) and constrained displacement {SPC) Loads.

6. Static, thermal and element deformation loads must have unique set identification
numbers. '

7. The rigid formats that accept a static lead card expect it to appear in the Case

Control Deck in a certain place with respect to subcase definitions. See Section
3 for specific instructions.

2.3-26 {09/30/83)
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Case Control Data Card M2PP - Direct Input Mass Matrix Selection. i I\
; : | g
5':‘. Description: Selects a direct input mass matrix. %J
Foymat and Example(s}: ' '.
M2PP = name '
MZPP = MDMIG
s M2PP = M2PP
: !
3 Uption Meaning

name BCD name of a [Mﬁg] matrix that is input on the DMIG or DMIAX hulk data card. ;
_ 1
- :
B Remarks: 1. M2PP is supported only in dynamics problems. :
2. DMIG and DMIAX matrices will not be used unless selected. !

1
i
i
j !
Fl
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/
g
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NASTRAN DATA DECK
Case Control Data Card MAXLINES - Maximum Number of Qutput Lines,
Description: Sets the maximum number of output lines to a given value,

Format and Example(s):
MAXLINES = ;392'4%

MAXLINES = 50000

Option Meaning

n Maximun number of output lines which the user wishes to allow (Integer » 0).
Remarks ;

1. Any time this mmber is exceeded, NASTRAN will terminate thru PEXIT.

2. This card may or may not override system operating centrol cards.

Users should check
with the Tocal operations staff.

2,3-28 (3/1/76)
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CASE CONTROL DECK
Case Control Data Card METH@D - Real Eigenvalue Extraction Method Selection.
Description: Selects the Real Eigenvalue Parameters to be used by the READ module.

Format and Example(s):

METHBD = n ]
METHPD = 33

Option Meaning ;
n Set identification number of an EIGR card (normal modes or modal formulation) or

an EIGB card (Buckling). (Integer > 0}

Remarks: 1. An eigenvalue extraction method must be selected when extracting real eigenvalues

using Functional Module READ.

2. Each of the rigid formats that accept an eigenvalue method card expect it to appear
in the Case Control Deck in a certain place with respect to subcase definitions.

See Section 3 for specific instructions.

2.3-29 (12/31/77}
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£ Case Control

Description:
probiems,

NASTRAN DATA DECK
Data Card MPDES - Duplicate Case Control.

Repeats case control MPDES times - to allow contrel of output in eigenvalua

Format and Example(s):

MPDES
MPDES

It

n
1

]

Option
n

Remarks: 1.

3

Meaning

Number of modes, starting with the first and proceeding sequentially upward,
for which the case control or subcase control is to apply. (Integer > 0).

This card can be illustrated by an example. Suppose stress output is desired for the

Tirst five modes only and Displacements only thereafter. The folTowing example would
accomplish this:

SUBCASE 1

MPDES = 5

PUTPUT

STRESS = ALL
SUBCASE 6

PUTPUT
DISPLACEMENTS = ALL
BEGIN BULK

The MPDES card causes the results for each eigenvalue to be considered as a separate,

successively numbered subcase, beginning with the subcase number containing the MADES
card.

IT the MPDES card is not used, eigenvalue results are considered to be a part of a

single subcase. Hence, any output requests for the single subcase will apply for
all eigenvalues.

A1l eigenvectors with mode rumbers greater than the number of vrecords in Case
Control are printed with the descriptors of the 1ast Case Control record. For.
example, to suppress all printout for modes beyond the first three, the following
Case Contro} deck could be used:

SUBCASE 1
MPDES = 3
DISPLACEMENTS
SUBCASE 4
DISPLACEMENTS
BEGIN BULK

n

ALL
NBNE

2,3-30 (3/1/1)
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CASE CONTROL DECK

Case Controt Data Card MPC - Multipoint Constraint Set Selection.

Bescription: Selecis the multipoint constraint set to be applied to the structura] model.

Format and Example(s):

MPC = p

MPC = 17

Option Meaning

n Set identification of a Multipoint-Constraint Set and hence must appear on

at least one MPC, MPCADD, MPCAX, or MPCS card. (Integer > 0).

Remarks: MPC, M?CADD, MPCAX, or MPCS cards will not be used by NASTRAN unless selected in Case
Control.

2.3-31 (12/31/77)
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NASTRAN DATA DECK
Case Control Data Card MPCFIRCES - Multipoint Forces of Constraint Qutput Request

Description: Requests muTtipoint force of constraint vector output.

Format and Example(s):

ALL

PRINT

MPCFORCES [ (SﬂRT'I,—-—— )] = n
PUNCH NGNE

MPCFARCE = 10

1
MPCF@BRCE(PRINT ,PUNCH} = ALL
MPCFARCE = M@ENE

Option Meaning

SART1 Qutput will be presented as a tabular Tisting of grid points for each subcase
or frequency, depending on the rigid format. SPRTZ is not available.

PRINT The printer will be the output media.

PUNCH The card punch will be the output media.

ALL Multipoint forces of constraint for ail points will be output (only nonzero
entries).

NENE Multipoint forces of constraint for no points will be output.

n Set identification of previously appearing SET card. Only multipoint constraint

forces for points whose identification numbers appear on this SET card will be
output (Integer > 0).

Remarks: 1. Both PRINT and PUNCH may be requested.

2. MPCFPRCE = N@NE allows overriding an overall output request.
3. Only valid for statice and real ejgenvalue amalyses.
4,

A request for MPCFPRCE is not allowed for axisymmetric elements.

2.3-31a {12/29/78)
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CASE CONTROL DECK

d Case Control Data Card MNCHECK - Stress and Element Forces Numerical Accuracy Check

Bescription:

Format and Examplie(s):

NCHECK [= n]

NCHECK

NCHECK = 6

Option
n

Remarks:

S

Mzaning

Requests stress and element force numerical accuracy check.

A printout of the number of significant digits accuracy is issued for each
element having an entry with less than n significant digits in the stress or

force calculation.

1. All the elements requested on the STRESS and/or FBRCE card (or their equivalent
ELSTRESS and/or ELFBRCE card) are checked.

2. The default for n is five (5) when n is not specified.

3. These checks measure the quality of the computations to obtain element stresses and
element forces. They do not measure the quality of the model being analyzed.

4. See Theoretical Manual Section 3.7.2 for a description of the accuracy check.

. The printout jdentifies the element types, identification number and the subcase.

The entries checked are as follows.

Element Type
R@D ,CANRAD , TUBE
BAR
TRMEM ,QDMEM, QDMEMT
TRPLT,QDPLY,TRIAT,TRIA2 ,QUADT ,QUAD2, TRBSC
HERAT ,HEXA2 ,WEDGE , TETRA
SHEAR

THIST
QbMEM2

IHEX1, IHEX2, IHEX3

Eptries

FA,T,UA,UT

FpaTaM g oMy Mog oMo Ve 5¥ps9

Oy a0y Tyy
Ux]’UyT’nyT’GXZ’GyE’TxyZ’Mx’My’Mxy’vx’vy
Oy 20y 305 Tyaa Ty Tyy

Ouax>Opyps> corner forces, kick forces, and

shears.

max-OavesH-3:Ma-4
Ux,Uy,Txy, corner forces, kick forces, and
shears.

norMAL® “suear® @ Spprncrpar Or
each divection, grid point, and centroid.

2.3-31b {12/29/78)
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NASTRAN DATA DECK

Case Control Data Card NLLPAD - Nonlinear Load Output Request.
Description: Requests form and type of nonlinear load output for Transient problems.

Format and Example{s):

ALL
MLPAD [(pien)] = {ﬂamz}
NLL@AD = ALL
Option Meaning
PRENT The printer will be the output media.
PUNCH The card punch will be the output media.
ALL Nonlinear lpads for all solution points will be output.
NBNE Nonlinear loads will not be output.
n Set identification of previously appearing SET card. (Integer > 0), Only non-

linear loads for points whose identification numbers appear on this SET card
Will be output.
Remarks: 1. Both PRINT and PUNCH may be used.
2. MNonlinear loads are output only in the solution (D or H) set.
3. The output format will be SPRT2.

4, An output request for ALL in Transient response problems generally produces large
amounts of printout. An alternative to this would be to define a SET of interest.

5. THERMAL = NBNE allows overriding an overall output raquest.

2.3-32 (3/1/76)
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CASE CONTROL DECK

Case Contrel Data Card NPNLINEAR - Monlinear Load Set Selection,

Description: Selects nonlinear load for transient problems.

Format and Example{s):

NGNLINEAR = n
NPNLINEAR L@AD SET = 75

Option Meaning
n Set identification of NBLIN cards {Integer > 0).

Remarks: NPLIN7 cards will not pe used uniess selected in Case Contral,
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NASTRAN DATA DECK
Case Control Data Card @FRF - .. - Output Frequency Set.

Description: Selects from tr. . olution set of freguencies a subset for outpur requests in
airec% or modal frequency analysis. In flutter amalysis, it selects a subset of velocities.

Format and Example(s):
prREQUENCY = {ALLY

n
$FREQUENCY = ALL

OFREQUENCY SET = 15

Option ifeaning
AL Output for all frequencies will be printed out.
n Set identitication of previously appearing SET card. {Integer > 0). Output

for frequencies closest to those given on this SET card will be nutput.

Remarks: T. @FREQUENCY is defaulted to ALL if it is not supplied.

2. In flutter analysis, the selected set 1ists velocities in input units. If there

are n velocities in the 1ist, the n points with velocities closest to those in
the 1ist will be seiected for output.

3. This card is used in conjunction with the MPDACC module to limit the fraquencies

for which mode acceleration computations are performed.

4. In Flutter Analysis, the selected set refers to the imaginary part of the complex

eigenvaluas.

K or KE methed: Velocity (input units)
PK method: Frequency

§. In Aercelastic Response (with RLGAD selection), the selected set refers i the
frequency (cycles per unit time).

2.3-34 {12/31/77)
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CASE CONTROL DECK

Case Controt Data Card PLPAD - Appiied Load Qutput Request

Description:

Requests form and typr of appiied Toad vector output.

Format and Example(s):

ALBAD

BLPAD = ALL

I:(stanﬂ’ PRINT REAL )] ) {“;L }
SpRTZ® PONCH® THAG
PHASE NPRE

PLPAD(SPRTT, PHASE) = 5

Option
SPRTT

SART2

PRINT
PUNCH
REAL or
IMAG
PHASE
ALL

NPNE

Remarks: 1.

if2aning

Qutput will be presented as a tabular Tisting of grid points for each load,
frequency, eigenvalue, or time, depending on the rigid format. S@RT1 is not
available in Transient problems {where the default is SPRTZ).

Output will be presented as a tabular Tisting of load, frequency, or time for
gach grid point. S@PRT2 is available only in Static Analysis, Transient and
Frequency Response probiems.

The brinter will be the output media.

The card punch will be the output media.

Requests veal and imaginary output on Complex Eigenvalue or Frequency Response
problems,

Requests magnitude and phase (0.0° < phase < 360.0°) on Complex Eigenvalue or
Frequency Response problems.

Applie? Toads for all points will be output. (SPRT1 will only output nonzero
values).

Applied loads for no points will be output.

Set identification of previously appearing SET card. Only loads on points
whose identification numbers appear on this SET card will be output (Integer > 0).

Both PRINT and PUNCH may be requestec.

An output request for ALL in Transient and Frequency response prablems generally
produces large amounts of printout. An alternative to this would be to define a

SET of interest.

In Static Analysis or Frequency Response probiems, any request for S@RTZ output
causwes all output to he SPRTZ.

A request for SORT2 causes loads (zero and nonzero) to be output.
OLAAD = NEHE allows overriding an overall output reguest.

2.3-35 (3/1/76)

35%

— e P
AT JE M M AT PAZTS T RO F L g Py £ trxas pr b riner Chs




TR

SR AU RAgL 1 T

[

CASE CONTROL DECK
Case Control Data Card PTIME - Qutput Time Set
Description: Selects from the solution set of times a subset for output vequests.

Format and Example{s):

= JALL
ﬁTIME-! ni

@TIME = ALL

PTIME = 15

Option Meaning

ALL Qutput for all times will be printed out.

n Set fdentification of previously appearing SET card. (Integer > 0). Output

for times closest to those given on this SET card will be output.

Remarks: 1. @TIME is defaulted to ALL if it is not supplied.

2. The BTIME card is particularly useful for restarts to request a subset of the
output (7.e., stresses at only peak times, etc.).

3. This card can be used in conjunction with the MADACC module to Timit the times
for which wode acceleration computations are performed.

PRECEDING PAGT BLANK NOT FEMOR
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NASTRAN DATA DECK
Case Control Data Card QUTPUT - Output Packet Delimiter. ’ 1

Description: Delimits the various output packets, structure plotter, curve plotter, and
priniar/punch.

Format and Example(s):

[@PLﬁT 2]
gurpuT | XvpuT
XYPLET

pUTRUT

PUTPUT{PLAT)

QUTPUT {XYPUT) ;
i

Option Meaning ;

No qualifier Beginning of printer output packet - this 1s not a required card.

PLOT Beginning of structure plotier packet. This card must preceed all structure

plotter control cards.

XYQuT or Beginning of curve plotter packet. This card must precede all curve plotter f

AYPLET control cards. XYPLBT and XYPUT are entirely equivalent. !
4

Remarks:

T. The structure plotter packet and the curve plotier packet must be at the end of the

Case Control Deck. Either may come first. o ﬁ

2, The delimiting of a printer packet is completely optional.

2.3-36
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: CASE CONTROL DECK

J

' Case Control Data Card PLCAEFFICIENT - Piecewise Linear Coefficient Set.

- Description: Selects the coefficient set For Piecewise Linear problems.
i 3
Format and Example{s):

PLCPEFFICIENT = n

PLCPEFFICIENT = 25

‘ Option Heaning

n Set identification of PLFACT card {Integer » 0), |

Remarks: 1, PLFACT cards will not be used uniess selected. ;

I
1

/

s I

s
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. NASTRAN DATA DECK i
A - -@
Case Control Data Card PLATID - Plotter Identification. d
- .
i
]

Description: Defines BCD identification which wifl appear on the first frame of any

NASTRAN pTotter output,

A
Format and Examgle(s!:

PLRTID = { Any BCD data }
PLBTID = RETURN Tp B.J, SMITH, RgpM 201,

BLDG 85, ABC cgMPANY

Remarks: 1. PLATID must appear before any QUTPUT(PLET),

2. The presence of PLATID caus
supplied identification

BUTPUT(XYAUT) or QUTPUT(XYPLET) cards,

85 a special header frame to be plotted with the
Plotted several times Tr

- This allows for easy identification - t

. of the NASTRAN plotter output, .

: 3. If no PLOTID card appears, no ID frame will be plotted. ;
' 4. The PLZTID header frame wiil hot be generated for the table plotters. )

T R U

oo g R M e e

Ll A b Lo e

Y
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CASE CONTROL DECK
{ Case Control Data Card PRESSURE - Hydroelastic Pressure Qutput Request.
Description: Requests form and type of displacement and hydroelastic pressure vector output.

Format and Example{s):

ALL ) ;
SPRT1 PRINT REAL - o
PRESSURE { Sgirz pONCR® THAG || ° { ’ } :
NENE E

|

PHASE

PRESSURE = &
PRESSURE(IMAG) = ALL !
PRESSURE{S@RT2, PUNCH, REAL} = ALL

Option Meaning ;
t
SPRTY Output will be presented as a tabular listing of grid points for each load, i

frequency, eigenvalue, or time, depending on the rigid format. SPRTT is not i

available in Transient problems problems (where the default is SPRT2). 3

; SPRTZ Output will be presented as a tabular 1isting of frequency or time for each
z grid point. SPRTZ is available only in Transient and Frequency Response
I problems.
{

i PRIN The printer will be the output media. |
! PUNCH The card punch will be the output media. ;
} ' REAL or Requests real and imaginary output on Compiex Et¥genvalue or Frequency Response :
i IMAG problems. S
j PHASE Requests magnitude and phase (0.0° £ phase < 360.0°) on Complex Eigenvalue or S
: Freguency Response problems.
E ALL Displacements and pressures for all points will be output. _

NONE Dispiacements and pressures for no points will be output. ;

n Set identification of previously appearing SET card. Only displacements and ;

pressures of points whose identification numbers appear on this SET card will be
output {Integer > 0}.

TR YT L

Remarks: 1. Both PRINT and PUNCH may be requested. %

2. An output request for ALL in Transient and Frequency response problems generally
produces large amounts of printout. An alternative to this would be to define a

SET of interest.

3
¥
3
i
-
v

3. In a Frequency Response problen any request for SPRT2 causes ali output to be SPRTZ.
4. DISPLACEMENT and VECT@R are alternate forms and are entirely eguivelent to PRESSURE.

5. PRESSURE = NPNE allows overriding an overall output request.

NP L BT PRE T B R S BRSNS
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CASE CONTROL DECK

Case Control Data Card RANDAM - Random Analysis Set Salection

Description: Selects the RANDPS and RANDTi cards to be used in Random Analysis,

Format_and Example(s):

1. RANDPS cards must be selected to do Random Analysis.

2. RANDPS must be selected in the first subcase of
reference subcases in a different laop.

FRECEDING PAGE BLANK NOT FEMET

2.3-39 (4/1/73)
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RANDEM = n

RANDEM = 177

Option Meaning

n Set identification of RANDPS and RANDTF cards to be used in RANDAM analysis
{Integer > 0),

Remarks :

the current Toop. RANDPS may not

. ALY S s FUTSTeEITd FTEDTTY T




NASTRAN DATA DECK
Case Control Data Card REPCASE - Repeat Case Subcase Delimiter.

Description: Delimits and identifies a repeated subcase.

Format and Exampie(s):

REPCASE n
REPCASE 137

Option Meaning

n Subcase number (Integer > 1).

Remarks: 1. "n" must be strictly increasing (i.e. greater than all previous subcase set identi-
fication numbers).

2. This case will only re-output the previous real case. This allows additional set
specification.

3. REPCASE may only be used in Statics or Inertia Relief.

4. One or more repeated subcases (REPCASEs) must immediately follow the subcase
(SUBCASE) to which they refer. (Sees example 4 in Section 2.3.3).

2.3-40 (7/1/70)
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Case Control Data Card SACCELERATIGN - Solution Set Acceleration Qutput Request

Description: Requests form and type of solution set acceleration output.

; Format and Example(s):

. ALL %
:% sz (B0, (o - {i )
‘ PHASE NPNE ¥
SACCELERATION = ALL :
SACCELERATION(PUNCH, IMAG) = 142
;
Option Meaning i
SPRT1 Qutput will be presented as a tabular Tisting of grid points for each ioad, ?
frequency, eigenvalue, or time, depending on the rigid format. SPRTT is not 4
available in Transient problems {where the default is 5PRT2). i

- S@RT2 Output will be presented as a tabylar Tisting of frequency or time for each

grid point (or mode number). SPRTZ is available only in Transient and Frequency
Response prablems.

PRINT The printer will be the output media.
. PUNCH The card punch will be the output media.
. i ?ﬁﬁé or Requests real and imaginary output on Frequency Response probitems.

PHASE Requests magnitude and phase {0.0° < phase < 360.0°) on Frequency Response I .
praoblems. ‘-

ALL Acceleration for all solution points (modes} will be output. %

NANE Acceleration for no solution points (modes) wi1l be output.

n Set identification of a previously appearing SET card. Only accelerations of

points whose identification numbers appear on this SET card will be output
(Integer > 0)

Remarks: 1. Both PRINT and PUNCH may be requested.
i 2. An output request for ALL in Transient and Frequency resRunse problems generally

produces large amounts of printout. An alternative to this would be to define a
SET of interest.

SN

_ 3. Acceleration outpyt is only available for Transient and Frequency Response prablems.
- 4. In a Frequency Response problem any request for SPRT2 output causes ali output to

/ be S@RTZ,

E"? 5. SACCELERATION = NENE allows overriding an overall output request.

=

|

<

2]
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NASTRAN DATA DECK o
* |
= Case Control Data Card SDAMPING - Structural Damping. : |
b
{
- Bescription: Selects table which defines damping as a function of frequency in Modal Fermulation :j
2 i probTems. 4
n Format and Exampie(s): : '
= SDAMPING = n
- SDAMPING = 77
Option Meaning !
n Set identification of a TABDMPT table (Integer > 0).
Remarks: If SDAMPING is not used BHH = [0]. :
1
:
it
.
/
?__, 3
it
2] 2.3-42
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CASE CONTROL DECK

Case Control Data Card SDISPLACEMENT - Solution Set Displacement Output Request,

Description: Requests form and type of solution set displacement output,

Format and Example(s):

ALL
soispLacemenT | (SBRTL, FRME REAL A1 < n
PHASE NGNE
SDISPLACEMENT = ALL
SDISPLACEMENT(S@RT2, PUNCH, PHASE) = NONE
Option Meaning
SPRT] Qutput will be presented as a tabular Tisting of grid points for each Toad,

frequency, eigenvalue, or time, depending on the rigid format. SPRT1 is not
available in Transient problems (where the default is SPRT2).

SPRT2 Qutput will be presented as a tabular Tisting of frequency or time for each
grid point (or mode number). S@RT2 is available only in Transient and Freguency
Response problems,

PRINT The printer will be the output media.

PUNCH The card punch will be the output media.

REAL or Requests real and imaginary output on Complex Eigenvalue or Frequency Response

IMAG probiems.

PHASE Requests magnitude and phase (0.0° < phase < 360.0°) or Complex Eigenvalue or
Frequency Response praoblems.

ALL Displacements for all points (modes) will be output.

NENE Displacements for no points (modes} will be output.

n Set identification of previously appearing SET card. Only displacements of

points whose identification numbers appear on this SET card will be output
{Integer > 0).

Remarks: 1. Both PRINT and PUNCH may be raquested.

2. An output request for ALL in Transient and Trequency rasponse problems generaily
produces large amounts of printout. An alternative to this would be to define a
SET of interest.

3. In a Frequency Response problem any request for SPRT? causes ali output to be SPRT2.
4. SVECTAR is an alternate form which is entirely equivalent to SDISPLACEMENT.
5. SDISPLACEMENT = NPNE allows overriding an overal] output request.

2.3-43 (3/1776)

344

— e e Lot

Radd et e, FL T ¥ ] L R T e )




R L A

o,

- R % I S

28 k- Y i

i

2

NASTRAN DATA DECK

Case Control Data Card SET - Set Definition Card.

Description: 1) Lists identification numbers (point or element) for output requests.

1
2) Lists the freguencies for which output will be printed in Frequency Response
Problems.

Format and Example(s):

1) SETn = {i][,iz, i3 THRU i4 EXCEPT is, 16’ 17, 18 THRU ig]}

SET 77 = 5§
SET 88 = 5, 6, 7, 8, 9, 10 THRU 55 EXCEPT 15, 16, 77,
78, 79, 100 THRU 300
SET 99 = 1 THRU 100000
2) SETn = {r; [, ry, ry, ry0}
SET 101 = 1.0, 2.0, 3.0
SET 105 = 1.009, 10.2, 13.4,
14.0, 15.0
Option Meaning
n Set identification {Integer > 0), Any set may be redefined by reassigning its
identification number. Sets inside SUBCASE delimiters are local to the SUBCASE.
i], 12 etc. Element or point identification number at which output is requested. (Integer > @)
If no such identification number exists, the request is ignored.
13 THRU i4 Output at sei identification numbers 13 thru 14 (14 > i3).
EXCEPT Set identification numbers follawing EXCEPT will be deleted from output Tist as
Iﬁgg as they are in the range of the set defined by the immediately preceding
THRU.
rys 1y ete. Frequencies for output (Real > 8.0). The nearest solution frequency will be out-

put. EXCEPT and THRU cannoi be used.

Remarks :

1. A SET card may be more than one physical card. A comma (,) at the end of a physicai
card signifies a continuation card. Commas may not end a set.

2. Identification numbers Tallowing EXCEPT within the range of the THRU must be in ascending
order.

3. In the first format, iB must be greater than i4, f.e., the THRU must not be within
an EXCEPT range.

2.3-94 (12/31/77)

e I, —— .
XL B PE T I A v A vl d 2w £ Lar Bah e kT SRR PY R s




A

CASE CONTROL DECK J

Case Contirol Data Card SPC - Single-Point Constraint Set Seiection. |

Description: Selects the single-point constraint set to be applied to the structural model. J

i

Format and Example(s): o
SPC = n
SPC =10

Option Meaning i

n Set identification of a single~-point constraint set and hence must appear on

an SPC, SPC), SPCADD, SPCAX, SPCS, or SPCS1 card (Integer > 0).

Remarks: SPC, SPCT, SPCADD, SPCAX, SPCS, or SPCS1 cards will not be used by NASTRAN unless
selected in Case Control.
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NASTRAN DATA DECK &
Case Control Data Card SPCFPRCES - Single-Point Forces of Constraint Qutput Request. !

|
Description: Requests form and type of Single-Point Force of constraint vector output. 4

Format and Example(s): o

ALL
SPRT1 PRINT REAL -
SPCF@RCES (W_T_R s FONCH® THAG G) = NBNE
PHASE

SPCFPRCES = 5
SPCFARCES (SPRT2, PUNCH, PRINT, IMAG) = ALL
SPCFPRCES(PHASE) = NPNE

Option Meaning ;
SPRT1 Qutput will be presented as a tabular 1isting of grid points for each Toad, ;

frequency, eigenvalue, or time, depending on the rigid format. S@RTT is not 4
available in Transient problems (where the default is SPRT2).

S@RT2 Output will be presented as a tabular Tisting of load, frequency, or time for

each grid point. SPRT2 is available only in Static Analysis, Transient and

Frequency Response problems. %
PRINT The printer will be the output media.
PUNCH The card punch will be vie output media, '
REAL or Requests real and imaginary output on Compiex Eigenvalue or Frequency Response ‘ :
IMAG problems. ij
PHASE Requests magnitude and phase (0.0° < phase < 360.0°) on Complex Eigenvalue or

Frequency Response problems, -
ALL Single~Point forces of constraint for all points will he output. (SBRT1 will

only output nonzero values.) 3
NBNE Single point forces of constraint for no points will be output.
n Set identification of previously appearing SET card. Only single-point forces of

constraint for points whose identification numbers appear on this SET card will
be output (Integer > 0}.

Remarks: 1. Both PRINT and PUNCH may be requested.
2. An output request for ALL in Transient and Frequency response problems generally
produces Tlarge amounts of printout. An alternative to this would be to define a
SET of interest.

3. In Static Analysis or Frequency Response problems, any request for SPRT2 output
causes all output to be SPRTZ,

4. A reguest for SPRT2 causes loads (zerc and nonzero) to be output.
5. SPCF@RCES = NPNE allows overriding an averall output request.

6. 1In heat transfer analysis, SPCF@RCE output is the power necessary to maintain
a8 grid point at a fixed temperature.

2.3-46 (12/31/77)

Eol

— . P ek -t

Fedisd, TR I | DL LWL S A LT TS g i 2ttt vy s & F e n e e




» CASE CONTROL DECK
% ol . Case Control Data Card STRAIN - Element Strain/Curvature Output Request

Description: Requests element strain/curvature output.

Format and Example(s):

ALL)
STRAIH (P—R”‘—T)] = { n
[ PUNCH NemeS

STRAIN (PUNCH) = 5
STRAIN (PRINT,PUNCH) = ALL

Option

PRINT

PUNCH

ALL

NONE

n

i Remarks: 1.

2.
3.
4.
5.
6.

e

i

B

- 1
% .

,@«-mmﬂ»ﬂ." paet — " T R B TR A% - T NERM

?
4
|

Meaning
The printer will be the output media.
The card punch will be the output mdeja.
Strains/curvatures for al] efements will be output. See Remark 5.
Strains/curvatures for no elements will be output,
Set identification of previously appearing SET card (Integer > 0).
Only strains/curvatures for elements whose identification numbers
appear on this SET card witl be output. See Remark §.
Element strains/curvatures are output from Static Analysis (Rigid Format 1) only.
The output will be in SPRT1 format.
Both PRINT and PUNCH may be requested. )
STRAIN = NPNE allows overriding an overall output request.
Strains/curvatures are computed only for TRIAT, TRIA2, QUADT, and QuUAD? elements.
If element strains/curvatures in material coordinate system are desired, the para-
meter STRAIN (see the description of the PARAM buTk data card in Section 2,4.2)
shouTd be set to be a positive integer. If, in addition to element strains/curvatures

in material coordinate system, strains/curvatures at the connected grid points are
also desired, the parameter STRAIN should be set to 0
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CASE CONTROL DECK

o Case Control Data Card STRESS - Element Stress Output Request.

Description: Requests form and type of element stress output,

Format and Example(s):

ALL

SPRTT PRINT REAL =

STRESS SPRTZ* PUNCH® THAG ) R
PHASE

STRESS =

STRESS = ALL

STRESS(SPRT1, PRINT, PUNCH, PHASE) = 15

Option Meaning

SPRTI Output will be presented as a tabular 1isting of elements for each load,
frequency, eigenvalue, op time, depending on the rigid format. SPRTT is not
available in Transient problems (where the default is SPRTZ).

SPRT2 Output will be presented as a tabylar Tisting of load, frequency, or time for
each. element type, S@RTZ is available only in Statie Analysis, Transient and
Frequency Response praobTems.

PRINT The printer will be the output media.

PUNCH The card punch will be the output media.

i REAL or Requests real and imaginary printout on CompTex Eigenvalue op Frequency Response
E IMAG prablems,

PHASE Requests magnitude and phase (0.0° < phase < 360.0°) on Complex Eigenvalue or
Frequency Response problems.

ALL Stresses for all elements will be output.

n Set identification of g previously aprearing SET card {Integer > 0), Only
stresses for elements whose identification numbers appear on this SET card wil]
be output.

NENE Stresses for no points will be output.

Remarks: 1. Both PRINT and PUNCH may be requested.

2.  An autput request for ALL in Transient and Frequency response problems generally
produces Targe amounts of printout. An altarpative to this would be %o define a
SET of interest.

3. In Static Analysis or Frequency Response problems, any request for SPRTZ output
causes all output to be SPRT2.

4. ELSTRESS is ap alternate form and is entirely equivalent to STRESS.

5. STRESS = NPNE allows overriding an overalil output request.

6.

If element stresses in material coordinate system are desired {only for TRIA1, TRIAZ,
QUADT and QUAD? elements and only in Rigid Format 1), the parameter STRESS {see the
description of the PARAM bulk data card in Section 2.4.2) should be set to be a
positive integer. If, in addition to element stresses in material coordinate system,

stresses at the cornected grid points are also desired, the parameter STRESS should
be set to 0,
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NASTRAN DATA DECK 4

Case Control Data Card SUBCASE - Subcase Delimiter. J
Description: Delimits and identifies a subcase. IJ‘
]

Format and Example(s): j
.t

SUBCASE n d

SUBCASE 101

Option Meaning
i
n Subcase identification number (Integer > 0}.

Remarks: 1. The subcase identification number, n, must be strictly increasing (i.e., greater
than all previous subcase identification numbers).

2. Plot requests and RANDPM requests refer to n. ‘
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CASE CONTROL DECK ',
‘!‘ - )
ﬁ Case Control Data Card SUBCPM - Combination Subcase Delimiter. )
i ¥
‘.' Description: Delimits and identifies a combination subcase. ¢

Format and Example(s): .

SUBCAM n
SUBCAM 125
Option Keaning [
n Subcase identification mumber (Integer > 2).
Remarks: 1. The subcase identification number, n, must be strictly increasing (i.e., greater !

than all previous subcase identification numbers ). ‘
2, A SUBSEQ card may appear in this subcase. ;
3. SUBCOM may only be used in Statics or Inertia Relief probiems.

- 4. Qutput requests above the subcase Jevel will he utilized.

I IR
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NASTRAN DATA DECK
Case Control Data Card SUBSEQ - Subcase Sequence Coefficients,
Description:

Gives the coefficients for forming a Tinear combination of the previous subcases,

Format_and Example(s);

SUBSE] = Ry [, Ry, Ras o v 1y RN]

SUBSEQ = 1.0, -1.0, 0.0, 2.0

Option Meaning

R] to RN Coefficients of the previously occuring subcases (Real).

A SUBSEQ card must only appear in a SUBCEM subease.

2. A SUBSEQ eard may

be more than one physical card.
continuation card,

A comma at the end signifies a

3. SUBSEQ may only be used in Statics or Inertia Relief problems,

4. A dgfau]t value of 1.0 is used for all of the coefficients #¥ ns SUBSEQ card is
used.
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CASE CONTROL DECK

Case Control Data Card SUBTITLE - Output Subtitle,

Description:

Defines a

NASTRAN printer output.

Format and Example(s):

SUBTITLE
SUBTITLE

Remarks:

1,
2,

BCD subtitle which wiil appear on the second heading Tine of each page of

{ Any BCD data }
NASTRAN PR@BLEM NP, 5-1A

SUBTITLE appearing at the subcase Tevel will title output for that subcase only.

SUBTITLE a
dependent.

ppearing before all subcases will title any outputs which are not subcase

If no SUBTITLE card is supplied, the subtitle line will be blank.

SUBTITLE information is alse placed on NASTRAN plotter cutput as applicable.
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¥ NASTRAN DATA DECK {
. ’ ;
: |
. Case Control Data Card SVECTAR - Solution Set Displacement Output Reguest.
& ' '
i= Description: Requests form and type of solution set displacement output. 4
T
q‘u
Format and Exampte(s): !
SVECTER spRT1 pRINT peaL || . JAL i
SPRTZ2* PUNCH® TMAG NONE y
; PHASE ;
3 SVECTPR = ALL
! SVECTPR(SPRT2, PUNCH, PHASE) = NONE
1;
Option Meaning
SPRT1 Qutput will be presented as a tabular listing of grid points for each Toad, :
: frequency, eigenvaiue, or time, depending on the rigid format. SPRT] 1is not t
: available in Transient problems (where the default is SPRT2). t
| SPRT2 Output will be presented as a tabular Tisting of frequency or time for each '
grid point (or mode number). SPRT2 is available only in Transient and Frequency
. Response problems.
: PRINT The printer will be the output media.
A PUNCH The card punch will be the output media. |
REAL or Requests real and imaginary output on Complex Eigenvalue or Frequency Response )
IMAG problems. i
. |  PHASE Requests magnitude and phase {0.0° < phase < 350.0°) on Complex Eigenvalue or ; ;
: Frequency Response problems. ;
¢
f ALL Displacements for all points (modes} will be output.
f NANE Displacements for no points (modes) will be output.
§ n Set identification of previously appearing SET card. Only displacements of ;
i points whose identification numbers appear on this SET card will be output E
| (Integer > 0). :
Remarks: 1. Both PRINT and PUNCH may be requested.
<. A0 outpui request for ALL in Transient and Frequency response probiems generally
produces large amounts of printout, An alternative to this would be to define a
SET of interest.

‘3. In a frequency response probiem any request for SPRT2 causes all output to be SPRT2.
4. SDISPLACEMENT is an alternate form and is entirely equivalent to SYECTER.

5. SVECTPR = NPNE allows overriding an overall output request.
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CASE CONTROL DECK
Case Control Data Card SVELACITY - Solution Set Velocity Output Request

Description: Requests form and type of solution set velocity output,

Format and Example(s}:

ALL

SPRTT  PRINT REAL =

SVELACITY [(W PUNCH Tﬂhﬁ)] {nENE }
PHASE

SVELACITY = 5
SVELPCITY(SPRT2, PUNCH, PRINT, PHASE) = ALL

Option Meaning
SPRT1 Dutput wiTl be presented as a tabular listing of grid points for each load,

frequency, gigenvalue, or time, depending on the rigid format. S@RT] is not
available in Transient probiems (where the default 3s S@ERT2).

SPRT? Output will be presented as a tabular listing of frequency or time for each

grid point {or mode number), S@RT? is available only in Transient and Frequency
Response probiems.

PRINT The printer will be the output media,

PUNCH The card punch will be the output media.

?ﬁﬁé or Requests real and imaginary output on Frequency Response probiems.

PHASE Requests magnitude and phase (0.0° < phase < 360.C°) on Frequency Response |
problems. -

ALL

Velocity for all solution points (modes) will be output,

NBNE Velocity for no solution points (modes} wiTl be output,

n Set identification of a previously appearing SET card. Only velocities of

points whose identification numbers appear on this SET card will be output
(Integer > 0).

Remarks: 1. Both PRINT and PUNCH may be requested,

2. An output request for ALL in Transient and Frequency response problems generally

Prouuces large amounts of printout. An alternative to this would be to define a
SET of interest.

(43

Valacity output is only available for Transient and Frequency Response problems.

4. 1In a Frequency Response problem any request for SPRT2 output causes all output to
be S@RT2,

5. SVELPCITY = NgNE allows overriding an overa]l output request.
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NASTRAN DATA DECK
Case Control Data Card SYM - Symmetry Subcase Delimiter.
Description: Delimits and identifies a symmetry subcase.

Format and Example(s):

SYM n

SYM 123

Option Meaning

n Subcase identification number (Integer > 0),

Remarks: 1. The subcase identification number, n, must be strictly increasing (i.e., greater

than all previous subcase identification numbers ).

2. Plot requests and RANDPM requests should refer to n.

3. Overall output requests will not propagate inte a SYM subcase {i.e. any output

desired must be requested within the subcase).

4. SYM may only be used in Statics or Inertia Relief.
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Remarks: 7. The subcase identification number, n, must be strictl

CASE CONTROL DECK

Case Control Data Card SYMCEM ~ Symmetry Combination Subcase Delimiter.

Description: Delimits and identifies a symmetry combination subcase.

Format and Example(s):
SYMCBM n
SYMC@M 123

Option Meaning
h Subcase identification number (Integer > 2).

y increasing (i.e., greater
thar all previous subcase identification numbers ),

2. SYMCPM may only be used in Statics or Inertia Relief problems.
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794

i - . e
. e, P P
— o -
> AT i v s L TR P A5 YRy g, - L

PO N




L s e

A

)

e

Tetmmadl

Ve e e P AR S T TS

-l MRLL R } 1 T

NASTRAN DATA DECK

Case Control Data Card SYMSEQ - Symmetry Sequence Coefficients.

Description: Gives the coefficients for combining the symmetry subcases into the total structurz.

Format and Exampie(gl;x

ssEQ = Rqls Rys Ry =-- R ]
SYMSEQ = 1.0, -2.0, 3.0, 4.0
Option

Ry to Ry

Meaning

Remarks: 1. A SYMSEQ card may only appear in a SYMCEM subcase.

2
3. A SYMSEQ card may consist of more than one physical card.
4

SYMSEQ may only be used in Statics or Inertia Relief.

2.3-56
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CASE CONTROL DECK
Case Cortrol Data Card TEMPERATURE - Thermal Properties Set Selection,

Description: Selects the temperature set to be used in either material property calculation or
thermal Toading.

Format and Examp1é(s):

MATERIAL
TEMPERATURE || L2AD = n

BETH
TEMPERATURE(L@AD) = 15
TEMPERATURE{MATERIAL) = 7
TEMPERATURE = 7

Option Meaning

MATERIAL The selected temperature table will be used to determine temperature-depeﬁdent
material properties iﬂ#ﬁcatéﬁ,°"‘Eﬁéqﬁﬁffi~f¥99 cards.

LPAD {ggd?e1ected temperature table witl be used to determine an equivalent static

BFTH Both options, MATERIAL and LPAD will use the same temperature table.

n Set identification number of TEMP, TEMPD, TEMPP1, TEMPPZ, TEMPP3, TEMPRB, or

TEMPAX cards (Integer > 0).

Remarks: 1. Only one temperature-dependent material request may be made in any problem and must

be above the subcase level.

2. Thermal loading may only be used in Statics, Inertia Relief, Differential Stiffness,
and Buckling praoblems.

3. Temperature-dependent materials may not be used in Piecewise Linear problems.

4. The total Toad applied will be the sum of externa] (L@AD), thermal (TEMP(LBAD)),
element deformation (DEFPRM) and constrained displacement (SPC) Toads.

5. Static, thermal and element deformation loads should have unique set identification
numbers.

6. In heat transfer analysis, the TEMP data is used for the following special purposes:

a) The Case Control card TEMP(MATERIAL) will select the initial estimated temperature
field for nonlinear conductivity and radiation effects. See Section 1.8 (APP HEAT,
Rigid Formats 1, 3, and 9).

b) In Rigid Format 3, heat boundary temperatures are defined by the specified Case
Contro? card TEMP(MATERIAL). These points are specified with SPC data.

2.3-57 {12/31/77)
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4

Case Control Data Card TFL - Transfer Function Set Selection. ' j
|

Description: Selects the Transfer function set to be added to the di rect input matrices,

Format and Exampie{s):

TFL = n
TFL = 77

Option Meaning

n Set identification of a TF card (Integer > 0).

Remarks: 1. Tramsfer functions will not be used unless selected in the Case Control Deck. !
2. Transfer functions are supported on dynamics problems only.

3. Transfer functions are simply another form of direct matrix input.

z
F

:) |
>
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CASE CONTROL DECK

l
Case Control Data Card THERMAL - Temperature Output Request. i
L
Bescription: Requests form and type of temperature vector output.

Format and Example(s): .

ALL
PRINT ~ SERT1{ .
THERMAL [Wg‘ : SQRTZ] ;NBNE}

THERMAL = 5
{ THER(PRINT ,PUNCH) = ALL

Option Meaning !

PRINT The printer will be the output media. f
PUNCH The card punch will be the output media.

ALL Temperatures for all points will be output.

NBNE Temperatures for no points will be output.

n Set identification of previousily appearing SET card. Only

temperatures of points whose identification numbers appear
on this SET card will be output {Integer > 0).

Remarks : f

1. Both PRINT and PUNCH may be requested. The punched output will consist of double field
TEMP* Bulk Data cards defining the temperatures at the grid points.

2. THERMAL output request is designed for use with the Heat Transfer option. The printed
output will have temperature headings and the punched output will be TEMP bulk data
cards, The SID on a bulk data card will be the subcase number (= 1 if no defined
subcases). The output formai will be SPRT1 Ffor Static problems and S@RT2 for Transient
problems.

3. An output reguest for ALL in Transient response problems generally produces large amounts
of printout. An alternative to this would be to define a SET of interest.

DISPLACEMENT and VECT@R are alternate forms and are entireiy equivalent to THERMAL.

-

THERMAL = NPNE aTlows overriding an overall output request.
The output format will be SRT1 for Rigid Formats 1 and 3; S@RTZ for Rigid Format 9,

~N o

If punched output is desired in Rigid Format 9 for subsequent use in the other Rigid
Formats, S@RT1 Tormat must be selected.

2.3-58a (12/31/77)
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CASE CONTROL DECK

Case Control Data Card TITLE - Output Title.

Description: Pefines a BCD title which will appear on the first heading 1ine of each page of
NASTRAN printer output.

Format and Example({s):

TITLE { Any BCD data }
TITLE **§// ABCDEFGHI .... $

Remarks: 1. TITLE appearing at the subcase level will title output for that subcase only.

2. TITLE appearing before all subcases will title any outputs which are not subcase
dependent.

3. If no TITLE card is supplied, the title 1ine will contain data and page numbers
only.

4. TITLE information is also placed on NASTRAN plotter output as applicabie.

ERECEDING PAGE BLANK NOT FELMED
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NASTRAN DATA DECK

Case Control Data Card TSTEP - Transient Time $tep Set Selection.
Description: Selects integration and output time steps for Transient problems.

Format and Example{s):

TSTER = n

TSTEP = 731

Option Meaning

n Set identification of a selected TSTEP bulk data card (Integer > 0).

Remarks: 1. A TSTEP card must be selected to execute a Transient probiem.

2, Only one TSTEP card may have this value of n.

2.3-60
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CASE CONTROL DECK

Case Control Data Card VECTPR - Displacement Qutput Request.

Description: Requests form and type of displacement vector output,

Format and Example(s):

ALL
SPRT1 PRINT REAL =
VECTQR ( S@RT2* PUNCH” ) NBNE

[:

VECTAR = 5
VECTPR(REAL) = ALL
VECTBR{SPRT2, PUNCH, REAL} = ALL

Option Meaning
SPRT1 OQutput will be presented as a tabular listing of grid points for each Toad,

frequency, eigenvalue, or time, depending on the rigid format. S@RTT is not
available on Transient problems (where the default is SPRTZ),

SPRT? Output will be presented as a tabulay Tisting of frequency or time for each
grid point. S@RT? is available onTy in Transient and Frequency Response
problems,

PRINT The printer wil] be the output media.

PUNCH The card punch will be the output media.

REAL or Requests real and imaginary output on Complex Eigenvaiue or Frequency Response

IMAG probiems,

PHASE Requests magnitude and phase (0.0° < phase < 360.0°) on Complex Eigenvalue or

Frequency Response problems,

ALL Displacements for alj points will be output,
NANE Displacements for no paints will be output,
n Set identification of a previously appearing SET card. Oniy displacements of

points whose identification numbers appear on this SET C

ard will be output
{Integer > 0).

Remarks: 1. Both PRINT and PUNCH may be requested,

» On a Frequency Response problem any request for SPRT2 causes all output to be SPRTZ,

DISPLACEMENT and PRESSURE are alternate forms and are entirely equivalent to VECTER,

4 W M

VECTER = NPNE allows overriding an overall output request.

2.3-61 (9/1/70)

3 Q0

—— wer PR

R A L L L LT

o d . T

o




I
l

NASTRAN DATA DECK
Case Control Data Card VELRCITY - Velocity Output Request.
Description: Requests form and type of velocity vector output,

Format and Example(s):

ALL
SPRTT PRINT REAL —

VELRCITY (SﬂRTZ’ BUNCH® THAG ) g,

PHASE
VELACITY = 5
VELACITY (S@RT2, PHASE, PUNCH) = ml
Option Meaning
SPRT] Output will be presented as a tabuiar listing of grid points for each Toad,

frequency, eigenvalue, or time, depending on the rigid format., SPRT1 is not
available in Transient problems (where the default is S@RT2).

SPRT? Output will be presented as a tabular 1isting of frequency or time for each grid
point. S@RT2 is available only in Transient and Frequency Response problems,

PRINT The printer will be the output media.

PUNCH The card punch will be the output media.

?ﬁgé or Requests real and imaginary output on Frequency Response problems.

PHASE Requests magnitude and phase (0.0° < phase < 360.0°) on Frequency Response
problems.

ALL Velocity for all solution points will be ouptut.

NBNE Velocity for no solution points will be output,

n Set identification of a previously appearing SET card. Only velocities of

points whose identification numbers appear on this SET card will be output
(Integer > 0).
Remarks: 1. Both PRINT and PUNCH may be requested.

2. An output request for ALL in Transient and Frequency response problens generally
produces large amoun*s of printout. An alternative to this would be to define a
SET of interest.

3. Velocity output is only available for Transient and Frequency Response problems.

4. gn aﬂFrequency Response problem any request for SERT2 output causes all output to
e SERT2,

5. VEL@CITY = NONE allows overriding an overall output request.
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| CASE CONTROL DECK

Case Control Data Card § - Comment Card.

Description: Defines a comment card by specifying a $ in column one with commentary text appearing
in columns 2-80.

Feormat and Examplels):

$ {Any BCD data}
$--=THIS IS AN EXAMPLE OF A COMMENT CARD.

Remarks: Unlike other Case Control cards which are free field, the comment card must have the §
in column 1.

§

2.3-63 (3/1/76)
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NASTRAN DATA DECK
( 2.4 BULK DATA DECK

The primary NASTRAN input medium is the Bulk Data card. These cards are used to define the 1
structural model and various pools of data which may be selected by Case Control at execution

time.
For large problems the Bulk Data Deck may consist of several thousand cards. In order to

minimize the handling of large numbers of cards, provision has been made in NASTRAN to store the

bulk data on the Problem Tape, from which it may be modified on subsequent runs. A User's Master

File (Section 2.5) is also provided for the storage of Bulk Data Decks.

For any cold start, the entire Bulk Data Deck must be submitted. Thereafter, i¥ the original
run was checkpointed, the Bulk Data Deck exists on the Problem Tape jn sorted form where it may be i

modified and reused on restart. On restart the bulk data cards contained in the Bulk Data Deck

R AT RCR b { sl b

are added to the bulk data contained on the 01d Problem Tape. Cards are removed from the 01d

SR A BT

Problem Tape (or the User's Master File) by the use of a delete card. Cards to he deleted are

indicated by inserting a bulk data card with a / in column one and the sorted bulk data seguence

mumbers in fields two and three., ATl bulk data cards in the range of the sequence numbers in

fields two and three will be deleted. In the case where only a siagle card is deleted, field E]

i
?

three may be 1eft blank.

ek e R

The Bulk Data Deck may be submitted with the cards in any order as a sort is performed prior

to the execution of the Input File Processor. It should be noted that the machine time to per-

[aaiind il Slnasi b i L bt

form this is minimized for a deck that is already sorted. The sort time for a badly sorted deck

will become significant for large decks. The user may obtain a printed copy of either the un-

sorted or sorted bulk data by selection in the Case Control Deck. A sorted echo is necessary in
order to make modifications on a secondary execution using the Problem Tape, This echo is auto-

matically provided unless specifically suppressed by the user.

2.4.1 Format of Bulk Data Cards

The bulk data card format s variable to the extent that any quantity except the mmemonic can
be punched anywhere within a specified 8 or 16-column field. The normal card uses an 8-column

field as indicated in the following diagram:

- PRECEDING PAGE BLANK NOT, FILMED
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NASTRAN DATA DECK

Smalt Field Bulk Data Card

g 10z

e e R

The mnemonic is punched in field 1. Fields 2-9 are for data items. The only Timitations on data

items are that they must Tie completely within the designated field, have no imbedded blanks,
must be of the proper type, i.e., blank

and
» integer, real, double precision, or BCD*, A1l real

numbers, including zero, must contain a dacimal point. A blank will be interpreted as a real zerp

or integer zero as required. Real numbers may be encel=d in various ways. For example, the rea]

number 7.0 may be encoded as 7.0, .7E1, 0.7+1, 70.-1, ., #1, etc. A double precision number must

contain both a decimal point and an exponent with the character D such as 7.000, Double precision

data values are only allowed in a few situations, such as on the PARAM card. BCD data values

consist of one to eight alphanumeric characters, the first of which must be alphabetic.

Normally fieid 10 is reserved for optional user identification. However, in the case of con~

tinuation cards field 10 (except column 73 which s not referenced) is used in corjunction with

Tield 1 of the continuation card as an identifier and hence must contain a unique entry. The

continuation card contains the symbal + in column 1 followed by the same seven characters that
appeared in columns 74-80 of field 10 of the card that is E2ing continued.

to be submitted as an unsorted decyk.

This aliows the data

The small field data card shoulq be more than adequate or the kinds of data ne: ali: -ssoci-

ated with structural engineering problems. Since abbreviated forms of floating point nur’ = . are

allowed, up to seven significant decimal digits may be used in an eight-
ally,

character field. . :zzsion-
however, the input is generated by another computer program or is available in a form where
£

a wider field would be desirabie. For this case, the larger field format with a 16-character

data field is provided. Fach logical card consists of two physical cards as indicated in the

following diagram:

*See SEQGP and SEQEP for exceptions.

2.4-2 (09/30/83)
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BULK DATA DECK OF POOR GULALITY

Large Field Bulk Data Card

10a

Fﬂig—-’l‘k ?5 —slee ?a o 16——¢w{m——?5———a+l—8——-j

10b

[«a——lg—n}n——?s———slaﬁ 16—t ?5 —worcg ?s—uh—a—-l

The large field card is denoted by placing the symbol * after the mnemonic in Tield la and some
unique character configuation in the last 7 columns of field 10a. The second physical card con-
tains the symbol * in column 1 followed by the same seven characters that appeared after column
73 in field 10a of the first card. The second card may in turn be used to point to a large or

small field continuation card, depending on whether the continuation card contains the symbol *

or the symbol + in column 1. The use of multiple and Jarge field cards are illustrated in the

following examples:

small Field Card with Small Field Continuation Card.

TYPE QED123
+ED123

Large Field Card

TYPE* QED124
*ED124

Large Field Card with Large Field Continuation Card

TYPE* QED301
*ED301 QED302
*ED302 QED305
*ED305

Large Field Card Followed by a Small Field Continuation Card and a large Field Continuation Card

TYPE* QEDA62
*EDAG2 QED42]
+ED42] | | QED361
#ED361 QED291
+ED29T

2.4-3
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o NASTRAN DATA DECK k
. | #
Small Fieid Card with Large Field Continuation Card § |1
. b
. TYPE QED&32 4
o *ED632 QED204 . J
*ED204 1

i In the above examples column 73 arbitrarily contains the symbol Q in all cases where field 10 is

used as a pointer. However, colum 73 could have been Teft blank or the same symbol used in

column 1 of the following card could have been used (i.e., the symbols * or £).

2.4.2 Bulk Data Card Descriptions

rmay o e——

The detailed descriptions of the bulk data cards are contained in this section in alphabetical

order. For details pertaining to the use of each card and for a discussion of the cards in func-

tional groups, the user is referred to Section T - Structural Modeling. Small Field examples are

given for each card along with a description of the contents of each field. In the Format and

C
Example section of each card description, both a symbolic card format deseription and an example of !

an actual card are shown. Literal constants are shown in the card format section enclosed in - .

quotes (e.g., "0"). Fields that are required to be blank are indicated in the card format section } :

o 5
h hene t 1 d blank 1 1 i
y wnenever they are followe by nenblank fields op whenever such notation wi clarify P
the card description.

The Input File Processor wil] produce error messages for any cards that do

not have the proper
format or which contain illegal data.

Continuation cards need not be present unless they contain required data. In the case of

multiple continuation cards, the intermediate cards must be present (even though fields 2-9 are

blank) i one of the following cards contains data in fields 2-9. 1Ip addition, a double field

format requires at Teast two cards (or subsequent muliiples of twa)
included,

so that 10 data fields are
Thus one or more doubie Tield cards may contain no data.

2.4-4 (3/1/76)
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BULK DATA DECK

AT L
-

i Input Data Card §$ Comment

Description: For user convenience in inserting commentary material into the unsorted echo of his

input Bulk Data Deck. The % card is otherwise ignored by the program. These cards will not

appear in a sorted echo nor will they exist on the New Problem Tape.
= Format and Example:
| 1 2 3 4 5 6 7 8 9 10 L
; $ ' followed| by any legitimatq characters in capd columnp 2-80
i $ THIS IS{A REMARK|(*,'$$)-4/ '
{ ﬁ
; ;
. !
‘ '
i
;. |
o !
i
. c

1

- i
’“
g
”
:
d
b i
A
5
? 2.4-5 (7/1/70)
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‘ |
NASTRAN DATA DECK ORIGINAL PAGE 19 4
OF POOR QUALITY |
Input Data Card / Delete ;
.
Y
Description: Delete cards are used to remove cards from either the 01d Probiem Tape on restart “
or the User's Master File.
i
Format and Example: ]
1 2 3 4 5 6 7 8 9 10
/ K1 K2 <
/ 4 :
Field Contents
K1 Sorted sequence number of first card in sequerce to be removed !

K2 Sorted sequence number of last card in sequence to be removed

Remarks: 1. The delete card causes bulk data cards having sort sequience numbers K1 thru K2 %o be
removed from the Bulk Data Deck.

2. If KZ is blank, only card K1 is removed from the Bulk Data Deck.

3. If neither an 01d Problem Tape nor a User's Master File are used in the current : ]
execution, the delete cards are ignored. '

—

2.4-6 (3/1/71)
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BULK DATA DECK

Input Data Card ADUMi Dummy Element Attributes

Description: Defines attributes of the dummy elements (1<1i=<8).

Format and Example:

1 2 3 4 5 6 7 10
ADUMi NG NC NP ND
Abumz 8 2 1 3
Field
NG Number of grid points connected by DUMi dummy element (Integer > 0)
NC Number of additional entries on CDUMi connection card {Integer > 0)
NP Number of additional entries on PDUMi property card (Integer_i 0)
ND Number of displacement components at each grid point used in generation of

differential stiffness matrix (Integer 3 or 6)

2.4-7 (6/1/72)
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Input Data Card AEFACT

Description:

NASTRAN DATA DECK
Aerodynamic Spanwise Divisions

Used to specify box division points for flutter analysis.

Format and Example:

1 2 3 4 5 6 7 8 9 10
AEFACT |SID D1 nz D3 g * Ds D6 D7 ABC ,
AEFACT fo7 .3 .7 1.0 |
[+BC D8 D9 ~—etc.-

Alternate Form:
AEFACT Sib D1 THRY DND Np DMID
AEFACT 201 200 THRU .100 11 .133333
Field Contents
SID Set identification number (Unigque Integer > 0}.
Di Division point (Real).
Remarks: 1. These facters

must be selected hy a CAER@i or PAER@i data card to be used by
NASTRAN,

2. Imbedded blank fields are forbidden.

3. IF used to specify box division points, note that there is one more division puiat
than the number of boxes,

For the alternate form, ND must be greater than 1. Dmid nust Tie between D1 and

Dyp» otherwise Dmid will be set to (D1 + DND}IZ. Then

D. = DI(DND- m‘idJ(ND—i) + DND(Dmid"Dl)“"l)
D OBy (-) + (Dpg~Dp ) (i-1)

i=1,2,...,ND

The use of Driq (middle point selection) allows unequal spacing of the points.

Dmfd = ZDIDND/(DI+B

ND) gives equal values to increments of the reciprocai
of D

1-

2.4-8 (09/30/83)
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,_ BULK DATA DECK | p W
';l.z, e"f ! j
e i .
‘ | Input Data Card AERD Aerodynamic Physical Data § J
¢ ' iJ
- Description: Gives basic aerodynamic parameters. 4
)
Format and Examples: ;
1 2 3 4 5 6 7 8 9 10
AERG ACSID VELACITY|REFC RHOREF | SYMXZ SYMXY
AERp |3 1.3+ [100. 1.-5 1 :
Field Contents :
'
AcsIp Aerodynamic coordinate system identification (Integer 2 0). See Remark 2. E
VEL@CITY Velocity (Real).
REFC Reference length (for reduced frequency) {Real).
RHAREF Reference density (Real). L
SYMXZ Symnetry key for aero coordinate x-z plame (Integer) (+1 for sym, =0 for no sym, '
-1 for anti-sym). oo
C SYMXY Symmetry key for aero coordinate x-y plane can be used to simulate ground ! .
o effects (Integer), same code as SYMXZ. ¥
' o
Remarks: 1. This card is required for aerodynamic response problems. Only one AER@ card is j \
allowed. :
2. The ACSID must be a rectangular coordinate system. Flow is in the positive x ;
direction. g
i
;
.1
1
i
f,m
L
\v‘_.
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NASTRAN DATA DECK

Input Data Card ASET Selected Coordinates

oescrigtinn: Defines coordinates {degrees of freedom) that the user desires to place in the
analysis set. Used to define the number of independent degrees of freedom.

Format and Example:

1 2 3 4 5 6 7 8 9 0
ASET D C D C ib ID C
ASET 16 2 23 3516 1 4
Field Contents
iD

Grid or scalar point identification number (Integer > 0)

C Companent number, zero or blank for §ca1ay points, any unique
combination of the digits 1-6 For grid points

Remarks: 1. Coordinates specified on ASET cards ma

as_dependent coordinates in multipoint
constraint relations (MPC) or as rigid elements (CRIGD1, CRIGDZ, CRIGD3, CRIGDR)
or as permanent single-point constraints on & GRID card.

2. Bs many as 24 coordinates may be placed in the analysis set by a single card.

3. When ASET and/or ASET? cards are present, all degrees of ireedom not otherwise
constrained or referenced on a SUPBRT card, wi

s Will be placed in the f-set.
4. ASET of @MIT data are not recammended for use in heat transfer analysis with
radiation effacts.

2.4-10 (12/31777)
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BULK DATA DECK ORIGINAL. PALE 1
S OF POOR QUALI
Input Data Card  ASETI Selected Coordinates
é Description: Defines coordinates (degrees of freedom) that the user desires to place in the
E analysis set. Used to define the number of independent degrees of fraedom.
Format and Example:
1 2 3 5 10
ASET] C G G G G G G G abc
ASETT 35 | 2 1 3 10 9 6 5 ABC
+be G G G -etc, -
+BC 7 8
Alternate Form -ete. -
ASET] c 53] " THRU® Ip2 =
ASET1 | 123456 7 THRU 109
Field Contents
C Component number (any unique combination of the digits 1-6 [with no imbedded
blanks] when point identification numbers are grid points; must be null or
zero 1f point identification numbers are scalar points).

G.ID1,ID2 Grid or scalar point identification numbers (Integer > 0, ID1 < 1D2)

Remarks: 1. A coordinate referenced on this card may not appear as a dependent coordinate in a
multipoint constraint relation (MPC card} or as a degree of freedom on a rigid ele-
ment (CRIGDT, CRIGD2, CRIGD3, CRIGDR), nor may it be referenced on an SPC, SPC1,
@MIT, @MIT1, or ASET card or on a GRID card as permanent single-point constraints.

2. When ASET and/or ASET1 cards are present, all degrees of freedom not otherwise
constrained or referenced on a SUPPRT card will be placed in the P-set.
3. If the alternate form is used, all of the grid {or scalar).points ID] thru ID2
are assumed,
. 4. ASET or PMIT data are not recommended for use in heat transfer analysis with
radiation effects.
;
i
i -
[
{
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. NASTRAN DATA DECK %
% ORIGINAL PAGE {4 r{
:. OF POOR QUALITY . ,
; Input Data Card AXIC Axisymmetric Problem "Flag" ‘ Q ! '
, I
" -q
. Description: Defines the exisfence of a model containing CCONEAX, CTRAPAX or CTRIAAX elements. F!J
Format and Example: ?I
1 2 3 5 6 7 8 9 10
AXIC H ]
Xic 15 N
Fieid Contents,
H Highest harmonic defined for the problem (0 £ Integer < 998} o
A
Remarks: 1. Only one {1) AXIC card is aliowed. When the AXIC card is present, most other cards !
are not aliowed. The types which are allowed with the AXIC card are Tisted below.
CCANEAX GRAV RLEADT
CTRAPAX L@AD RLPAD2 :
CTRIAAX MAT1 SECTAX } 1
DAREA MATT1 SPCADD T
DELAY MpPMAX SPCAX o
DLPAD MBMENT SUPAX Co
oMI MPCADD TABDMP1 oo
DMIG MPCAX TABLEDT g } P
DPHASE N@LINT TABLED2 . o
DSFACT N@LIN2 TABLED3 ol
EIGB NBLIN3 TABLEDZ P
EIGC NALINA TABLEM] -
EIGP BMITAX TABLEMZ i
EIGR PARAM TABLEM3 -
EPBINT PCENEAX TABLEMA
FBRCE PEINTAX TEMPAX 4R
F@RCEAX PRESAX TF e
FREQ PTRAPAX TiC T
FREQ1 PTRIAAX TLOAD] P
FREQ2 RFARCE TLEAD2 -
RINGAX TSTEP -
.
- 2, rIj]or' a1d'iscussion of the conical shell problem, see Section 5.9 of the Theoretical !
dnual . i
. 3. For a discussion of the axisymmetric solid probiem, see Section 5.11 of the Theoret-
- ical Manual. .
A
¥ 4
- .8
] ) -
ﬁ bR
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ORIGINAL PAGE I
BULK DATA DECK OF POCR QUALITY

Input Data Card AXIF Fluid Related Axisymmetric Parameters

Description: Defines basic parameters and the existence of an axisymmetric fluid analysis.

Format and Exampie:

1 2 3 4 5 6 7 8 9 10
AXIF CID & DRHP DB NASYM F abe
ANIF 2 32.2 g.12 2.545 YES CARD-1
H+be N1 N2 N3 N4 N5 N6 N7 N8 def
+ARD-1 1 2 3 4 7 10

~-etc.-
Alternate form of continuation card:
+he N1 UTHRU" Ni def
+HARD-1 0 THRU 10
~-etc, -
Alternate form of continuation card:
+be ] "THRUY Ni “STEP" NS def
+ARD-1 0 THRU g STEP 3 |
-etc. -
Field Contents
CID Fluid Coordinate System identification number {Integer > 0)
G Valuz of gravity for fluid elements in axial direction (Real)
DRHP Default mass density for fluid elements (Real > 0.0 or blank)
DB Default bulk moduius for fluid elements (Real)
NASYM Reguest for nonsymmeiric {sine) terms of series (BCD: "YES" or "NO™)
F Ftag specifing harmonics {Blank - harmonic specified, or BCD ~ “NPNE")
Nn Harmonic numbers for solution, an increasing sequence of integers. On the

standard continuation card blanks are ignored. On the alternate form continua-
tion cards, “THRU" impiies all numbers including upper and lower integer (Blank,
or integer, 0 2 Nn < 100, or BCD: "THRU" ar V"STEP")

NS Every NSth step of the harmonic numbers specified in the "THRU" range is used for
solution (Integer if field 5 is "STEP", Ni = I+NStN1 where I is an integer)
Remarks: 1. Only one {1) AXIF card is allowed,
2. CID must reference a cylindrical or spherical coordinate system.

3. Positive gravity (+G) implies that the direction of free fall is in the -Z direction
of the Fluid Coordinate System.

4. The DRH@ value replaces blank values of RHP on the FSLIST, BDYLIST and CFLUIDi cards.

5. The DB value replaces blank values of B on the CFLUIDi cards. If the CFLUIDi entry
is blank and DB is zero or blank, the fluid is incompressible.

6. If NBSYM=YES, both sine and cosine terms are specified. If NPSYM=NB, only cosine
terms are specified.

{Continued)

2.4-13 {9/1/70)
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ORIGINAL FAGE & :{
NASTRAN DATA pck ~ OF POOR QUALITY

AXIF (cont.) :

7. If F = NPNE, no harmonics are specified, no fluid elements are necessary, and no
continuation cards may be present.

I
' L.
.
Example:
1 2 3 4 5 6 7 8 9 i0
AXIF 109 -386.0 0.0 Ng !
+1 0 THRU 50 STEP 5 -2 ]
+2 52 -3
+3 sS4 THRU 57 0
+4 61 THRU 65 5 ;
+5 68 71 72 75 k6 ;
6 81 92 END

2.4-14 (9/1/70)
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Input Data Card AXSLOT

BULK DATA DECK

Axisymmetric slot analysis parameter

Description: Defines the harmoric index and the default values for acoustic analysis cards.

Format and Example:

11 2 3 4 5 6 7 8 g 10
AXSLAT RH@D BD N WD MD
AXSLAT 0.003 1.5+2 3 0.75 6
Field Contents
RH@D Default density of fluid-mass/volume {Real # 0.0 or blank)
8D Default bulk modulus of fluid = (force/voTume ratio change) (Real 2 0.0 or blank)
N Harmonic index number (Integer 2 0)
WD Default slot width (Real 2 0.0 or blank)
MD Default number of slots (Integer 2 0 or blank)
Remarks: 1. No mowve than one AXSLET card is parmitted.

2. The default values are used on the GRIDS, SLBDY, CAXIFi, and CSLUTi data cards and
must be nonzero as noted ¥ these cards use the default,

3. The harmonic index number N must be entered on this card.

4. If the number of slots, M, is different in different regions or the cavity, this fact
may be jndicated on the CSLPTi and SLBDY cards. If the number of slots is zero, no
matrices for CSLATi elements are generated.

5. A zero entry for bulk modulus is treated as if the fluid was incompressible,

2.4-15 (6/1/72)
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ORIGINAL PAGE (8 |
1 NASTRAN DATA DECK - OF PGOR QUALITY ,‘{1‘
% input Data Card BAR@R Simple Beam Orieniation Default ‘
; i
j Description: Defines default values for fields 3 and 6-9 of the CBAR card. ‘J
#]
i 4
; Format and Example: .
} 1 2 3 4 5 6 7 8 g 10 i
E BARPR PID X1.60 X2 X3
i BARGR 39 0.6 2.9 -5.87 1
!
Field Contents t
PID Identification number of PBAR property card {Integer > 0 or blank)
X1, X2, X3 Vector components measured in displacement coordinate system at GA to determine
(with the vector from end A to end B) the orientation of the element coordinate !
system for the bar element (Real or blank; see below) i
G0 Grid point identification number (Integer > 0; see helow) '
F Flag to specify the nature of fields 6-8 as follows:
; 6 7 8 '
! F=l 1 X2 43
’ F=2 | 60 | blank | blank 4
3 |
: Remarks: 1. The contents of fields on this card will be assumed for any CBAR card whose o
: corresponding fields are blank. oo
_. 2o
‘- 2. Only one BARAR card may appear in the user's Bulk Data Deck. 3
3. For an explanation of bar element geometry, see Section 1.3.2.
4. If F=2, G0 must be given even though it may be overriden on every CBAR card. ;
|
i
i
i
1'
!
E
'i
b
g
1
|
|
|
| )
| ")
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Input Data Card BDYC

BULK DATA DECK

Combination of Substructure Boundary Sets

Description: Defines a combination of boundary sets by basic substructure to define a set of
grid points and components which may be used in a REDUCE operation.

Format and Example:

1 2 3 4 5 6 7 8 g 10
80YC I NAMET SIN NAME2 5102 NAME3 SID3 ghi
BDYC 157 WINGRT 7 MIDWG 15 FUSELAGE 32 GHI
+hi NAME{ SIDj ete. ki
i PADT | 175 | WINGRT | 15 CABIN [ 16
Field Contents
1D Identification number of combination boundary set (Integer > 0)
NAME { Name of basic substructure which contains the grid points defined by boundary set
SIDi (BCD)
SIDi Identification number of the boundary set associated with basic substructure NAME]
(Integer > 0)
Remarks:

Boundary sets must be selected in the Substructure Control Peck (BOUNDARY=ID) to be

used by NASTRAN. MNote that ‘BOUNDARY' is a subcommand of the substructure REDUCE
command. ' ’

The same substructure name M2y appedr more than once per set.

The SIDi numbers need not be unique. The same number could appear for different
component structures.,

The SIDi numbers reference the set ID's of BDYS and BDYS] cards.

The ID number must be unique with respect to all other BDYC data cards.

After two or more basic substructires are combined, the connected degrees of free-

dom are actually the same and may be referenced with any one of the substructure
names. Redundant specification is allowed.

2.4-17 {3/1/76)
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RASTRAN DATA DECK {1
Input Data Card BDYLIST Fluid Boundary List
Dascription: Defines the boundary between a fluid and a structure. o
h
Format and Example: ‘ ,
3
1 2 3 4 5 6 7 8 9 10
BOYLIST RHD IDF1 IDF2 10F3 IDF4 IDF5 1DF6 IDF7 fabe
BDYLIST .037 432 325 416 203 256 178 153 13454
+be IDF8 ete. def
+A5A 101 05 | AXIS '
-etC.~ :
Fiald Contents “
1
RHP Fluid mass density at boundary (Real 2 0.0 or blank. Default on AXIF card is ‘
used if blank) :
IDFi Identification number of a RINGFL point (Integer > 0 or BCD. "AXIS" may be ;
first and/or last entry on the logical card)
Remarks: 1. This card is allowed only if an AXIF card is also present.
2. Each logical card defines a boundary if RHP # 0.0. The order of the points must be ;
sequential with the fluid on the right with respect to the direction of fravel. |
3. The BCD word, AXIS, defines an intersection with the polar axis of the fluid '
coordinate system.
4. There may be as many BDYLIST cards as the user requires. If the fluid density T
varies along the boundary there must be one BDYLIST card for each interval between :
fluid points. L
5. The BDYLIST card is not required and should not be used to specify a rigid boundary
where structural points are not defined. Such a boundary is automatically implied C
by the omission of a BDYLIST. ;4
6. If RHP is 0.0, no boundary matrix terms will be generated to connect the GRIDB
points to the fiuid. This option is a convenience for structural plotting purposes.
GRIDB points may be Tocated on a fluid ring (RINGFL) only if the rings are included
in a BDYLIST. !
!
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BULK DATA DECK

Input Data Card BDYS Boundary Set Defimition

Description: This card

i undary set of grid points and degrees of freedem for
a basic substructure. The boundary set is use

operations.

s used to define a ho
d in the substructure REDUCE, CREDUCE and MREDUCE

Format and Example:

1 2 3 4 5 6 7 8 9 10
BDYS SID &1 C1 G2 c2 G3 c3
BDYS 7 13 123456 15 123 17 123456
Field Contents
SID Identification number of BDYS set (Integer > 0)
i

Remarks: 1.

Grid or scalar point identification number of a basic

Ci Component number - Any unique combination of
blanks) when the Gi are grid points, or null

substructure (Integer > ()

the digits 1 - 6 (with no imbedded
if they are scalar points.

The set of houndary points defines the degrees of freedom which are to be retained
in the matrices after the substructure REDUCE, CREDUCE or MREDUCE operation has been
performed. An alternate input format is provided by the BDYS1 card,

The SID need not be unique.

The BDYS card must be referenced by the BDYC card in order to attach the basic
substructure name to the boundary set specitied on the BDYS card. Note that the
same BDYS houndary set may be attached to more than one basic substructure name.

2.4-19 (3/1/76)
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. NASTRAN DATA DECK 4

Input Data Card BDYS) Boundary Set Definition

Lo

- Description: This card is used to define a boundary set of grid points and degrees of freasdom for
" a basic substructure. The boundary set is used in the substructure REDUCE, CREDUCE and MREDUCE d
‘ operations,

Format and Examples: .t

1 2 3 4 5 6 7 8 9 10
BDYS1 SID C G1 G2 G3 G4 G5 G6 abc
BOYS? 15 123456 | 275 276 THRU 457 589 102 |ABC
t
+bc 67 G8 etc. GN
+BC 103 105 1275
!
Field Contents 1]
SID Identification number of BDYS1 set (Integer > 0) ;
Ci Component number - Any unique combination of the digits 1 - 6 {with no imbedded
blanks) when the Gi are grid points, or null if they are scalar points.
Gi Grid or scalar point identification number of a basic substructure (Integer > 0)

Remarks: 1, The set of boundary points defines the degrees of freedom which are to be retained
: in the matrices after the substructure REDUCE, CREDUCE or MREDUCE operation has been
' performed. An alternate format is provided by the BDYS card.

2. The "THRU" may appear in any field other than 2 and 9. * 3
- 3. The SID need not be unique. ;_ J
i 4. The BDYS1 card must be referenced by the BDYC card in order to attach the basic

substructure name to the boundary set specified on the BDYS card. WNote that the
same BDYS boundary set may be attached to more than one basic substructure name.
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BULK DATA DECK

Input Data Card BFIELD - Magnetic Induction Output

Description: Specifies coordinate system for magnetic induction output.

Format and Example:

1

2

ORIGINAL PAGE g
OF POOR QUALITY

computed in the basic coordinate system.
if CID = 0 for all elements.

2. If the first alternate form of the card is used, all element identification numbers
b?tween EID1 and EID2 n
2

3. The second alternate form of the card implies that the magmetic induction values of

Therefore, no BFIELD cards are necessary

4 5 6 7 8 9 10
BFIELD CID EID1 EID2 EID3 EID4 EIDS EID6 EID?
BFIELD 3 12 5 ]
First Alternate Form:
BFIELD CID EID1 “THRU® EID2
BFIELD 5 8 THRU 27
Second Alternate Form:
BFIELD CID -1
BFIELD 7 -1
Field Contents
1] Coordinate system identification number (integer > 0 or hlank)
EID4 Element fdentification numbers of those elements whose magnetic induction are
to be output in coordinate system CID {Integer > 0)
Remarks: 1. The magnetic jnduction of any element not specified on a BFIELD card will be

eed not exist, but sufficient core must be available for
EID2 - EID1 + 1) words.

all elements in the problem will be computed in courdinate system CID,

2.4-21 (09/30/83)
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NASTRAN DATA DECK

Input Data Card CAERH

Descrigtion: Defines an aerodynamic macro element (panel) in terms of iwo leading edge Tocations
and side chords for Doublet-Latice Theory,

Aerodynamic Panel Element Connection

ORIGINAL PAGE 9 g:
OF POOR QUALITY 1

f
4
Format and Example: 2
1 2 3 4 5 6 7 8 10
CAER@1 |EID | PID CP NSPAN NCH@RD | LSPAN LCH@RD | IGID ABC
CAERP1 | 1000 1 3 2 i ABC ] t
+BC X1 Y1 71 X12 %4 Y4 74 %43
+BC 0.0 0.0 0.0 1.0 0.2 1.0 0.c 0.8 .
1
‘
Field Contents p
EiD Element identification number (unique Integer > 0).
PID Identification number of property card (Integer > 0) to specify associated
bodies.
cp Coordinate system for locating points 1 and 4 (Integer > C}.
}
MSPAN Number of spamwise boxes; if a positive vajue is given, equal divisions are .
assumed; if zero or blank, a 1ist of division points follows (Integer > 0). -
NCH@RD Number of rierdwise boxes (same rule as for NSPAN}. ii
LSPAN ID of an AEFACT data card containing a list of division points for spanwise s
boxes. Used only if field 5 is zero or blank (Integer > 0 jf NSPAN is zero or
bTank).
l.CHGRD ID of an AEFACT data card containing a 1ist of division points for chordwise {4
boxes. Used only if field 6 is zero or blank (Integer > 0 if NCHARD is zero P
or blank).
IGID Interference group identification (aerodynamic elements with different IGID's

are uncoupied ) (Integer > Q).

X1,Y1,Z1:%4,Y4,Z4 Location of points 1 and 4, in coordinate system CP {Real).

X12; X43
zera).

ikam e vl S AP SN E e 2t

(Continued)
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Remarks:
elem

BULK DATA DECK

CAER@AT (Cont.)

oRIGINAL PAGE i3
OF POOR QUALITY

elem

1000
1001

1002

1003
1004

1005

1006

o

Toos

%

X

aero = Xelem

1. The boxes are numbered sequentially, beginning with EID.
that all box numbers are unique, and different from structural grid ID's,

o

The user shouid be careful to ensure

2. The mmber of division points is one greater than the number of bowes. Thus, if NSPAN = 3,
the division points are 0.0, 0.333, 0.667, 1.000. If the

Tirst and Tast points need not be 0. and

the reference points).

3. A triangular element is formed if X12 or X43 = Q.

user supplies division points, the

1. (in which the corners of the panel would not be at

4. The element coordinate system (right-handed) is shown in the sketch.

5. The continuation card is required,

2.4-23 (3/1f76)
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ORIGINAL PAGE (3

NASTRAN DATA DECK
OF POOR QUALITY

Input Data Card CAER@2 Aeradynamic Body Connection
Description: Defines an aerodynamic body for Doublet-Lattice aerodynamics.

Format and Example:

1 2 3 - 4 5 6 7 8 9 10
CAER®2 |EID PID cp |nsB INInT .58 LINT IGID ABC
CAER@2 11500 2 100 4 9 1 abe
+BC X1 Y1 71 xe
+he -1.0 100. -30. 175.

Field Contents

EID Element identification number (Integer > 0).

PID Property identification number (Integer > 0).

cP Coordinate system for locating point 1 (Integer > 0).

NSB Number of sTender body elements; if a positive number is given, NSB equal

divisions are assumed; if zero or blank, see field 7 for a list of divisions
(Integer = 0}.

NINT Number of interference elements; if a positive number is given, NINT equal
divisions are assumed; if zero or blank, see field 8 for a 1ist of divisions
{Integer 2 0).

LSB ID of an AEFACT data card for slender body division points; used only if field &
is zero or blank (Integer = 0).

LINT Ip of an AEFACT data card containing a 1ist of division points for interference
elements used only if field 6 is zero or blank {Integer z 0).

IGID Interference group identification (aerodynamic elements with different IGID's
are uncoupled) (Integer > 0).

X1,Y1,21 Location of point 1 in coordinate system CP (Real).

X12 Length of body in the x-direction of the aerodynamic coordinate system (Real > 0).

Remarks: 1 Point 1 is the leading point of the body.

2. A11 CAERP1 (panels) and CAER@2 (bodies) in the same group (IGID) will have
aerodynamic interaction.

3. Interference elements are optional, but if used at least one element is required
for each aerodynamic body specified by this card.

4. Ejement identification numbers on the aerodynamic bodies must have the following
sequence:

{a) CAERP1 Panels first (lowest number)
{b) Z-bodies {see PAER@Z2 BRIENTation flag)
(c) ZY¥-bodies )

(d) Y-bodies (highest number)

(Continued)

2.4-24 (12/29/78)
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BULK DATA DECK
CAERB2 {Cont.)

and they must be unique with respect to all structural grid ID's,
The total number of interference bodies associated with a panel is limited to

six.

At Teast two slender body elements are required for every aerodynamic body
specified by this card.

2.4-25 (12/29/78)
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it :
o | ORIGINAL PAGE I3 |
T
. NASTRAN DATA DECK OF POOR QUALITY {4
. W
|
e Input Data Card CAER@3 Aerodynamic Mach Box Surface Connection .
. J
B Descripifon: Defines the aerodynamic edges of a Mach Box 1ifting surface. If no cranks are .;
- present, this card defines the aerodynamic Mach Box 1ifting surface. p
3 “
format and Example: '
: 1 2 3 4 5 6 7 8 9 10 |
L CAER@3 | EID PID cp LISTH JLISTCT | LISTC2 | —>< RBC
: CAERP3 2000 2001 0 22 33 B be
: +BC X1 Y1 A X12 X4 Y4 i) x43 g
ﬁ +bc 1.0 0.0 0.0 100, 17. 130. c. 100,
- Field Contents |
; i
: EID Element identification number (Integer > 0). ;
PID Property identification number (Integer > 0). )
g cp Coordinate system for locating points 1 and 4 {Integer z 0).
: LISTH The 1D of an AEFACT data card which lists {x,y) pairs of structural interpelation
; grid points of the wing (Integer > 0).
. LISTCT The ID of AEFACT data cards which 1ist (x.y) pairs for controls (if they exist) ;
; LISTC2 (Integers > 0).
- X1,Y1,71 Location of points T and 4 in coordinate system CP (Real). [ B
X4,v4,24 - i
E X12,X43 Edge chord lengths (in aerodynamic coordinate system) Real 2 0, X12 # 0.). f
. Remarks: 1. The x,y pairs of LISTW, LISTC1, and LISTC2 (AEFACT) data cards are in the aero

element coordinate system.

2. If cranks and/or control surfaces exist, their locations are given on the PAERA3
data card.

3. The numbering system and coordinate system are shown on the next page.

S

R

L2 R USE LA N

(Continued)

el |
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BULK DATA DECK

CAERG3 (Cont.) ORIGINAL pasx i<
2, OF POOR of;4: 1
1 on Yotem ? L‘ALE e
+ + ’

LISTC2
LISTCY

R

arid noints

LISTW
grid points

grid points < (if control surfaces exist)

The following twelve points are defined for each Wiaeh Bax 1i7Ting surface.

Planform Corners

1.

j 2.

3.
4,

Cranks

5.
6.

Control

7.
8.
9.
10,

Leading edge, inboard
Trailing edge, inboard
Trailing edge, outboard

Leading edge, outboard

Leading edge

Trailing edge

Hlinge line, inboard
On inboard edge (usually at trailing edge)
Hinge 1ine, outboard

Or outboard edge

Control (if two)

9.
10.
1.
12.

T

Hinge 1ine, jinbeard
On inboard edge {usuaily at trailing edge)
Hinge 1ine, outboard

On outboard edge {usually at trailing edge)

2.4-27 (12/29/78)
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*._ ORIGINAL PAGE 5
| OF POOR QUALITY
;‘ NASTRAN DATA DECK
= Input Data Card CAERPA Aerodynamic Macro-Strip Element Connection
: Description: Defines an aerodynamic macro element for strip theary.
Format and Example:
; 1 2 3 4 5 6 7 8 9 10
% CAERp4 EID ! PID cp NSPAN LSPAN ABC
-‘ CAERP4 | 6000 | 6001 | 100 315 abe
+BC X1 Y1 7] X12 X4 ¥4 i X43
+he 0.0 0.0 0.0 1.0 0.2 1.0 0.0 0.8
Field Contents
EID. Element identification number (Integer > 0)
PID Property identification number {Integer > 0)
CP Coordinate system for locating points 1 and 4 {Integer > 0)
NSPAN Number of strips; if a positive value is given, NSPAN equal strips are
assumed. If zero or blank, use LSPAN field {Integer > 0).
LSPAN ID of an AEFACT data card containing a list of division points for strips.
Used only if field 5 is zero or blank (Integer > 0 if NSPAN is zero or blank).
X1,¥1,21 Location of points 1 and 4 in coordinate system CP {Real)
X4,Y4,24 P Y
X12,%43 Edge chord langths in aerodynamic coorginate system (Real > 0, and not both zero).
1 P
Zelem ﬁ?n“-“‘r--.“_ Yelem
A2 ;
%43
) {
| Xaero ~ Xalem
Remarks: 1. The strips are numbered sequentially, beginning with EID, The user must ensure that
o all strip numbers are unique and different from structural grid ID's.
- 2, The number of division points is one greater than the number of boxes, Thus, if
NSPAN = 3, the division points are 0.0, 0.333, 0.667, 1.000. If the user supplies
/ division points, the first and last peints need not be 0. and 1, (in which case the
-, cornevs of the panel would not be at the reference points).
ﬁgé 3. A triangular element is formed if X12 or X43 = 0.
7

V

e agKLR
"

SR 5

|
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| Input Data Card

Description:

CRIGINA :
BULK DATA DECK OF FOORL 5525153

CAERDS Aerodynamic Macro-Piston Theory Element Connection

Pefines an aerodynamic macro-element for Piston Theory.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CAERAS EID PID cp NSPAN LSPAN NTHRY NTHICK ABC
CAERDS 6000 6001 100 315 0 0 abc
+BC L1 ¥i Y| X2 X4 Y4 4 X43
+be 0.0 0.0 0.0 1.0 0.2 1.0 0.0 0.8
Field Contents
EID Element identification number (Integer > 0}.
PID Property identification number (Integer > 0).
CP Coordinate system for locating points 1 and 4 (Integer 2 0).
NSPAN Number of stripsy if a positive value is given, NSPAN equal strips are assumed.
If zero or blank, use LSPAN field.
1.SPAN ID of an AEFACT data card containing a 1list of division points for strips.
Ucwd anly if field 5 is zero or blank (Integer > O if NSPAN is zero or blank).
NTHRY Parameter to select the theory (Integer 0, blank, 1, or 2). See Remark 4.
0 - Use Piston Theory.
1 - Use Van Dyke Theory (no sweep correction, sech = 1.).
2 - Use Van Dyke theory with sweep correction.
NTHICK Parameter to select thickness integrals input {Integer > 0 or blank).
0 - Thickness integrais are computed internally.
>0 - Thickness integrals are input directly and is the ID number of
AEFACT data card which 1ists the I and/or J integrals,
X1,Y1,21 Location of points 1 and 4 in coordinate system CP (Real).
Xa,Y4,724 .
X12,%43 Edge chord lengths in aerodynamic coordinate system (Real > 0, and not both zero).

2 1§§=:;__-_1 -
elem - \\) ' Yelem
\ 4 -_T_
A3
) | 1
X = ¥
2Ero elem
{Continued)
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Lo Remarks: 1. The strips are numberad sequentially, beginning with EID.

NASTRAN DATA DECK

CAER@5 (Cont.)

3. A triangular element is formed §f X12 or X43 = 0,

5. I and J thickness integral definitions:

[ S Th Hinge Line
[
Tm \JWL—L Y f

greater than the number of boxes.
points are 0.0, 0.333, 0.667, 1.00D.
the first and last points need pot

ORIGINAL PAGE 5
OF POOR QUALITY

The user must ensure
differant from structural grid ID's,

formulations are available (see Section 1.11.2.5).

— &

o 7t
‘Eh -

e=1 -

gE @ - slope of airfoil semithickness

-
T
L that a1l strip numbers are unique and
j 2. The number of division points is one
: NSPAN = 3, the division
division points,
; corners of the pa
4. Three separate "piston theary"
| T
Flow
: _dg
1
I1 -df; gng
1
I, = ! d
3= [ g9
J|
= 2
I4 fo gng
I = ! 2d
s'fo EQEE
> = g2g2de
- 6 0 g
,f
;
4
L
g
;
ﬂ
-1

1

3, = f;h gpdE
3y = J';h £,
= fe,

Jg = J';h EgZde

1
Jg = £*gZdE
6 ﬁ;h :
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BULK DATA DECK OF PooR QUAI;SW

Input Data Card CAXIF{ Fluid Element Connections

Description: Defines an axisymmetric fluid element which connects i =2, i =3, ori =4 fluid

points.

Formats and Examples:

1 2 3 4 5 6 7 8 g 10
CAXIF2 EID IDF1 1DF2 RHB B
CAXIF2 1 23 25 .25E-03
CAXIF3 EID IDFT IDF2 IDF3 RHP B !
CAXIF3 105 31 32 33 6.7E4 )
CAXIF4 EID IDFY IDF2 IDF3 IDF4 RH@ B :
CAXIF4 524 421 425 424 422 .5-3 2.5+3 .
Field Contents
EID Element identification number (Integer > 0)
I1DFj Identification numbers of connected GRIDF points, j = 1,2,...1 {Integer > 0)
RHP Fluid density in mass units (Real > 0.0 or blank)
B Fluid buTk medulus (Real > 0.0 or blank)
Remarks: 1. This card is allowed only if an AXSLPT card is also present.

The element identification number (EID) must be unique with respect to all other
fluid or structural eiements.

If RHP, or B are "blank" the corresponding values on the AXSL@T data card are used,
in which case the default must not be blank (undefined).

Plot elements are generated for these elements. Because each plot element connects
two points, one is generated for the CAXIF? element, three are generated for the
CAXIF3 element, and four plot elements are generated for the CAXIF4 element. In the
last case the elements connect the pairs of points (1-2), (2-3), (3-4) and {4-1),

If B = 0.0, the fluid is considered to be incompressible.

2,4-31 (6/1/72)
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: b
i RIGINAL Fﬂﬁu!:‘* '1
- NASTRAN DATA DECK OF POOR QUALITY 1
8 Input Data Card CBAR Simple Beam Element Connection |
T Description: Defines a simple beam element (BAR) of the structural model. ‘ r,'
3 Format and Example: : é
1 2 3 4 5 6 7 8 9 10
- AR EID PID GA GB § X1,60 X2 X3 F abc .
CBAR 2 39 7 3 13 2 123 o
_ +he PA PB Z1A 224 Z3A Z1B 228 Z3B
+23 513 :
: !
Field Contents k
EID ' Unique element identification number (Integer > 0) A
PID Identification number of a PBAR property card (Defauit is EID uniess BARER card :
has nonzero entry in fieid 3) {Integer > 0 or blank*) ;
~ GA,GB Grid point identification numbers of connection points (Integer > 0; GA # GB) :
X1,X2,X3 Components of vector V, at end a, (figure 1(a) on page 1.3-15) measured at end a, :

parallel to the components of tha displacement coordinate system for GA, to deter-
mine (with the vector from end a to end b) the orientation of the element coordinate
system for the bar element (Real, X12 + X22 + X32 > or blank*, see below).

L G0 Grid point identification number to optionally supply X1, X2, %3 {(integer > 0 or j : }
' blank*) (see helow) a
F Flag to specify the nature of fields -8 as follows: L
6 7 8 .
o
F = blank* 3 &
F=1 X1 X2 X3 i

F=2 G0 |blank/0 |biank/o :

PA.PB Pin flags for bar ends a and b, respectively, that are used to insure that the bar

cannot resist a force or moment corresponding to the pin flag at that respective
end of the bar. (Up to 5 of the unique digits 1-6 anywhere in the field with no
imbedded blanks; integer > 0) {These degree of freedom codes refer to the element _
forces and not global forces. The bar must have stiffrness associated with the .

L pin flag. For example, if pin flag 4 is specified, the bar must have a value for o
. J, the torsional constant.) :

fo
ZIA,Z2R,73R  Components of offset vectors ﬁa and Gb, respectively, (see figure 1(a), page Co

2 18,228,738 1.3-15) in displacement coordinate systems at points GA and GB, respectivaly,
a (Real or bTank?

_a {Continued)

*See the BARPR card for default options for fields 3, 6, 7, 8 and 9.

2.4-32 { 3/1/75)
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Remarks: 1.

>

R N

A oA R B I e e e B g b

3

ARSI I xos, Tea a oy Sasry

BULK DATA DECK

CBAR (Cont.)

Element identification numbers must be unique with respect to all other element
identification numbers.

For an explanation of bar element geometry, see Sectien 1.3.2.

Zero (0) must be used in fields 7 and 8 in order to override entries in these
fields associated with F = 1 in fieid 9 on a BAR@R card,

If there are no pin flags or offsets, the continuation card may be omitted.

2.4-33 (3/1/76)
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ORIGINGL PACT Q
NASTRAN DATA DECK OF PGOR QUALITY

Input Data Card CC@NEAX Axisymmetric Shell Element Connection

Description: Defines the connection of a conical shell element.

Format and Example:

1 2 3 4 ] g 7 8 9 10
CCONEAX ID PID RA RB
CCONEAX 1 2 3 4
Field Contents
EID

Unique element identification number (1 < Integer < 9999)

PID Identification number of a PCBNEAX card (Default is EID) (integer >0)
RA Identification number of a RINGAX card (Integer > 0; RA # RB)
RB Identification number of a RINGAX card (Integer > 0; RA # RB)

Remarks: 1. This card ig allowed if and only if an AXIC card ts also present.

2. For a discussion of the conical shell problem, see Section 5.9 of the Theavetical
ManuaTl,

2.4-34 (12/31777)
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. 4
‘w BULK DATA DECK 1
. o
Input Data Card CDAMP] Scalar Damper Connection i
-
Description: Defines a scalap damper element of the structural mode]. %
o
; Format and Example: ‘ '
'
i 1 2 3 4 5 6 7 8 g 10
: CDAMPI § EID PID | @ ci 62 c2
g CDAMP1 19 6 0 23 2 g
3 Field Contients
3 EID

Unique element jdentification number {(Integer > 0)

i

PID Identification number of a PDAMP property card {Default is EID) {Integer » 0) ;

L G1, G2 Geometric grid point identification number (Integer > 0) A ;
cl, c2 Component number (6 > Integer > 0)

- Remarks: 1. Scalar points may be used for @1 and/or G2 in whic
g CZ must be zero or biank. Zerg or blank may be us

terminal 61 or G2 with a corresponding blank or zero C1 or C2, If only scalar points
and/or ground are involved, it is more efficient to use the CDAMP3 card.

2, Element identification numbers

must be unique with respect to all other element
Tdentification numbers.

3. The two connection points, (G1, CT) and (62, C2), must be distinct. ol

¥
For a discussion of the scalar elements, see Section 5.6 of the Theoretical Manuai. :

In heat transferaanalysis, the CDAMPT ecard may be used to define a Tumped therma?l _ :
capacitance (Q=BT) if connected to grid point S1.

*A grounded‘terminaT is a scalar point or coordinate of a geometric grid point whose displacement
15 constrained to zero.

Il e L R T
o
.
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Input Data

Description: Defines a scalar damper element of the structurai
property value,

NASTRAN DATA DECK

Card CDAMP2 Scalar Damper Property ang Connection

model without reference to g

Format and Example:
1 2 3 4 5 6 7 8 9 10
DAMP2 EID B Gl C1 _GZ c2
CDAMPZ 16 ~2.98 32 1
Field Contents
EID Unique element identification mumbep (Integer > )
B The value of the scalar damper (Real)
GT, G2 Geometric grid point identification number (Integer 2 0)
€1, c2

Remarks: 71,

6.

mmmthMW(szmm@rzm

Scalar points may be used for @] and/
C2 must be zerp op blank. Zero or b1
terminal GI or G2 With a co q . If only scalar points
and/or ground ape involved, it is more efficient to yse the CDAMPA card.

Element identitication numbers must be urique with réspect to all other element
identification numbers.

——

This single card completely defines the element since no material or geometric
Properties are required.

The iwo connection points, (61, 1) and (62, €2), must be distinct,
For a discussion of the scalar elements, see Secti

on 5.6 of the Theoretical
Manual,
In heat transfer analysis the ¢

. DAMP2 card may be used
Capacitance (Q=BT) if Connecied to grid point S1.

*A grounded terminai is a scalar point or coordinate of a geometric grid point whose displacement
is constrained tg Zera, ) :

i i et DI

2.4-36 (12/31777)
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BULK DATA DECK
Input Data Card CDAMP3 Scalar Damper Connection

Description: Defines a scalar damper element of the structural model which is connected only
to scalar points.

Format and Exampie:

ww
1 P 3 4 5 b 7 8 9 10
. CDAMP3 EID PID 51 52 EID PID Si Sz
ii COAMP 3 16 978 24 36 17 978 24 37
ti Field : Contents
: EID Unique element identification number {Integer > Q)
ig PID Identification number of a PDAMP property card {Default is EID) (Integer > 0)
: ST, s2 Scalar point identification numbers (Integer > Oj S1 # S2)

, Remarks: 1. 31 or S2 may be blank or zero indicating a constrained coordinate.
1 2. Element identification numbers must be unique with respect to all other element
identification numbers.

3. One or two scalar damper elements may be defined on a single card.

, 4. ﬁor a1discussion of the scalar elements, see Section 5.6 of the Theoretical
_ . anual.

5. In heat transfer.anaiysis the CDAMP3 card may be used to define a Tumped thermal
capacitance {Q=BT) if connected to grid point Si.

TR AT RN P

o b LR o R P il R pas e
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NASTRAN DATA DECK 3

Input Data Card CDAMP4 Scalar Damper Property and Connection

Description: Defines a scalar damper element of the structural mode) which is connected only
to scaiar points. )

|

Format and Example: : Q
ﬁ i 2 3 4 5 6 7 8 9 10
. CDAMPA EiD B 51 52 EID B 51 s2

CDAMP4 16 -2.6 4 9 17 +8.6 3 7 '
¥
: Field Contents
' EID Unique element identification number (Integer > 0) ;
. B The scalar damper value (Real) y
‘ $1, s2 Scalar point identification mumbers (Integer > 03 S1 # 52) ‘

Remarks: 1. S1 or S2 may be blank or zero indicating a constrained coordinate.

1 2. Element identification numbers must be unique with respect to all other element
. 1dentification numbers.

3. This card compietely defines the element since no material or geometric properties
are required.

P ALA,

4. One or two scalar damper elements may he defﬁned on é single card.

e

f 5. For a discussion of the scalar elements, see Section 5.6 of the Theoretical : i
3 Manuai ., i

% 6. In heat transfer analysis the CDAMP4 card may be used to define a Tumped thermal

5 capacitance (Q=BT) if connected to grid point S1. .
4 A
? =

o

T

2.4-38 (12/31/77)

7 g

PR o i L S M A e B B el o 1T N T LTS b b g R -

- - 4 o . VI .ﬁ"y-_-‘\.”; oot . -
G it T G RIS ARG il o’ atE dew kil Tl . -




i o L
N ORIHeAL FATT 1
: BULK DATA DECK s T,
. ) OF FOOR CULALTY
- Input Data Card CDUMi Dummy Element Connection
L Description: Defines a dummy element {1 < § < 9),
Format and Exampie:
1 2 3 4 5 6 7 8 9 10
CDUMi EiD PID Gl G2 G3 G4 -gtC.- GN abc
coumM2 114 108 2 5 6 8 11 ABC
+bc Al A2 -etc,- AN
+BC 2.4 3.E4 2 50 .
Field Contents
Eld ETement identification number (Integer > 0)
PID Identification number of a PDUMi property card (Integer > 0)
G61...GN Brid point identification numbers of connection points (Integer > 0,
Gl # G2 ... # GN)
AT...AN Additional entries (Real or Integer)
Remarks: 1. The user must code the associated element routines for matrix generation, stress
recovery, etc., and perform a 1ink edit to replace the dummy routines.
2. If no property card is required, field 3 may contain the material identification
number,
3. Additional entries are defined in the user written element routines.
2
.
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NASTRAN DATA DECK

Input Data Card CELAST Scalar Spring Connection

Description: Defines a scalar spring element of the structural model.

Fzrmat and Example:

1 2 3 4 5 € 7 8 9 10
CELAST EID PID Gl c1 G2 c2
CELAS] 2 6 8 1
Field Contents
EID Unique element identification number (Integer > 0)
PID Identification number of a PELAS property card (Default is EID) (Integer > 0)
61, G2 Geometric grid point identification mmber (Integer > 0)
£1, ¢2 Component number (6 > Integer > 0)
Remarks: 1. Scalar points may be used for Gl and/or G2 in which case the corresponding €1 and/or

C2 must be zero or blank. Zero or blank may be used to indicate a grounded#*
terminal Gl or G2 with a corresponding blank or zero C1 or C2. If only scalar points
and/or ground are involved, it is more efficient to use the CELAS3 card.

2. Element jdentification numbers must be unique with respect to all other element
identification numbers,

3. The two connection points, (61, C1) and (G2, €2), must be distinct.

4, For a discussion af the scalar elements, see Section 5.6 of the Theoretical
Manual.

5. In heat transfer analysis the CELAS] card may be used to define a conduction or
convection between two points or to ground (Q= KAT).

*A grounded terminal is a scalar point or coordinate of a geometric grid point whose displacement
is constrained to zero.

2.4-40 (12/31/77)
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- BULK DATA DECK

e T Input Data Card  CELASZ Scalar Spring Property and Connection

Descriptien: Defines a scalar spring element of the structural model without reference to a o
property value. “

’ Format and Example:
: 1 2 3 4 5 6 7 8 9 10
. CELAS? EID K Gl C1 G2 £2 GE 5
: CELAS2 28 £.2+3 32 . 19 4
Field Contents
EID Unique element identification number (0 < Integer 5_107 if acoustic)
K The value of the scalar spring {Real)
681, G2 Geometric grid pofnt fdentification number {Integer > 0)
c1, c2 Components number (6 > Integer > 0)
’ GE Damping coefficient (Real)
S Stress coefficient (Real)
Remarks: 1. Scalar points may be used for G and/for G2 in which case the corresponding C1 and/or
i C2 must be zero or blank. Zero or blank may be used to indicate a grounded*
. terminal Gi or G2 with a corresponding blank of zero C1 or C2, If only scalar
points and/or ground are involved, it is more efficient to use the CELASS card.
2. Element identification numbers must he unique with respect to 2]l other element
identification numbers.
3. This single card completely defines the element since no material or geometric
properties are required.
4. The two connection points, (GBI, C1) and (G2, C2), must be distinct.
5. For a discussion of the scalar elements, see Section 5.6 of the Theoretical Manuai.
6. 1In heat transfer analysis the CELAS? card may be used to define a conduction or
convection between two points or to ground {Q=KaT).
ff *A grounded terminal is a scalar point or coordinate of a geometric grid point whose displaéement
s is constrained to zera.
Lﬁ
t
5
=
5 {
[ g_n'
:.: 2.4-41 {12/31/77)
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NASTRAN DATA DECK
Input Data Card CELAS3 Scalar Spring Connection

Description: Defines a scalar spring element of the structural model which is connected only
to scaiar points,

Format and Example:

M — s ™ AT e ||
1 2 3 4 5 & 7 8 9 10
CELAS3 EID PID 51 s2 EID PI1D sl 52
CELAS3 19 2 14 15 2 K] 0 28
Field Contents
EID Unique element identification number (Integer > 0)
PID Identification number of a PELAS property card (Default is EID) {Integer > G)
51, s52 Scalar point identification numbers (Integer » 0; S1 # 52)

Remarks: 1. S1 or 52 may be blank or zero indicating a constrained coordinate,

2. Element identification numbers must be unique with respect to ail other element
identification numbers.

3. Orne or two scalar springs may be defined on a single card.

4. For a discussion of the scalar elements, see Section 5.6 of the Theoretical
Manuatl.

5. 1In heat iransfer analysis the CELAS3 card may be ﬁséd to define a conduction or
convection between two points or to ground {Q=KAT).

2.4-42 (12/31/77)
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BULK DATA DECK
Input Data Card CELAS4 Scalar Spring Property and Connection

Description: Defines a scalar element of the structural model which is connected oniy to
scalar points without reference to a property value,

Format and Example:

MFM

] 2 3 4 5 6 7 8 9 10
CELASY EID K 51 52 Eid K S1 S2
CELASA 42 6.2-3 2 13 16.2-3 0 2
Field Contents
EID Unique element identification number (Integer > 0)
K The scalar spring value (Real)
§1, s2 Scalar point identification numbers (Integer > 0; §1 # 52)

Remarks: 1. S or 52 but not both may be blank er zero indicating a constrained coordinate.

2. Element identification numbers must be unique with respect to 211 other element
identification numbers.

3. This card completely defines the element since no material or gecmetric properties
are reguired.

4. No damping coefficient is available with this form. {Assumed to be 0.0)
5. No stress coefficient is available with this form.

6. One or two scalar springs may be defined on a single card.

7.

for a]discussion of the scalar elements, see Section 5.6 of the Theoretical
Manuz]l .

8. In heat transfer analysis the CELAS4 card may he used to define a conduction or
convection between two points or to ground (G=KAT).

2.4-43 (12/31/77)
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ORIGINAL PAGE 19 d

NASTRAN DATA DECK OF PCOR QUALITY ]

Input Data Card CELBPW - Curved Beam or Elbow Element

|
Description: Defines a curved beam or elbow element of the structural model. A

Format and Example: !
1 2 3 4 5 6 7 8 9 10 }

CELB@W EID PID GA 6B X1 X2 X3 1

CELB@Y 29 2 3 45 -1.0 0.0 0.0 1

Field Contents é

EID Etement identification number (Integer » 0) ;

PID Identification number of a PELBEW property cavd (Inteper » 0) : E

GA,GB Grid point identification numbers of coennection points {Integer > 0; GA # GB) ;

X1,X2,%3 Components of vector v at end A (see figure below), measured at end A, parallel

to the components of the displacement coordinates for GA. Vector points the ;
direction from GA to C (center of curvature), and s used to orient the element :
coordinate system for the ELBBW (real, X12 + X22 + X32 - 0). :

T
b ‘R\‘ Fxb

M

2h
o) Vo
b i
Center of Curvature ,/,/’, X o
’ M )
7 *
-y ey a V - 5
Mz 1a
a Fra

et
EACI SR
R Sl i

<y
B

T oW

©i

Element Local Coordinate System l T
a

Remarks: 1. The product moment of inertia is neglected (112 = 0). This assumes that at least i

~ one axis of symmetry of the element cross section exists, e.g., tube, I-beam,
' channel, tee, etc.

2. Element identification numbers must be unique with respect to ail other element

< identification numbers.

. 3. There are no pin flags or offsets permitted with the ELBAW element.

g 4. The local element coordinate system is shown in the figure above. Plane 1 cantains

" the points GA and GB and the vector v. Plane 2 s normai ta Plane 1 and contains

4 the vector v.

3

3 {Continyed) .

-

: )

7 2.4-44 (09/30/83) ‘

! P
: z

i }
.

LR B N ‘ T, T S

R T T Ty L re T y 'xt LM KP I ik dvetor vamitwr S BE O I by




BULK DATA DECK

CELBEW (Cont.)

5. Element forces and stresses are
A-end, and in a rotated coordina
curved beam at the B-end.

T 6. Field 9 must always have an integer value

;
:
-3
3

R

2.4-45 (09/30/83)
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ORIGINAL PAGE 19
NASTRAN DATA DECK OF POOR QUALITY

Input Data Card CEML@GP - Circular Current Loop

Description: Defines a circular curreat loop in magnetic field problems.

Farmat and Example:

1 2 3 4 5 6 7 8 8 10
L CEML@AP SID I AXI X1 ¥1 Z1 X2 y2 +a
| CEMLggP 3 2.5 1 5.2 0.0 2.25
+a 2 XC YC ZC Cip
Field Contents
SID Load set identification number {Integer > 0)
1 Current through loop (units of positive charge/sec) (Real > 0.0)
= 0, nonaxisymmetric problem
AXT = 1, axisymmetric problem; TRAPRG and TRIARG elements are implied (Integer)
XI,YI,Zlf Coordinates of two points through which the Toop passes (given in coordinate
X2,v2,72 system CID) (Real)
Xc,yc,z¢ Coordinates of center of Taop {given in coordinate system CID) (Real)
CID Coordinate system identification number (Integer > 0)
Remarks: 1. Load sets must be selected in the Case Control Deck (LPAD=SID)} to be used by
NASTRAN.
2. If AXI=1, Y1 must be 0.0 or blank, and all data fields after 71 must be 0.0 or
blank. (Continuation card need not be present. }
3. CID must presently be 0 or blank.
- 4. Points 1 and 2, (X1, Y1, Z1) and (X2, V2, 72), must be distinct and must be
- equidistant from the center of the circle. Also, the center of the circle and the
two points must be non~collinear.
28 5. The direction of current is assumed to be from point 1 fo point 2.
- 6. These computations involve elliptic integrals computed by an iterative process with
a default convergence criterion of 1.E-6, The criterion can be changed with a PARAM
4 bulk data card. At most 15,000 iterations are performed, MWith these parameters,
- convergence will occur when an integration or grid point is no closer to the Toop
" - than an amount equal %o 2% of the radius. A convergence criterion of 1.E-5 will
s allow the point to be much cioser to the loop. I convergence fails, a message is
g&ﬁ output, and the computations continue with the last iterated value.

ANy
v

- 4T

8
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OF POOR QUALITY
Input Data Card CFFREE - Free Fluid Surface

Description: Defines the fiuid elements composing the free fluid surface in a hydroelastic
analysis.

Format and Exampie:

1 2 3 4 5 6 7 8 9 10
CFFREE EIDF GRAVID FACE EIDF GRAYID FACE
CFFREE 100 100 3 101 100 4
Field Contents
EIDF Fluid element identification number (Integer > 0) (see Remark i)
GRAVID Identification number of a GRAV gravity vector set (Integer > 0)
FACE Identification number of the face of the fliud element, EIDF, forming the free

surface (0 < Integer = 6) {see Remark 2)

Remarks: 1. Allowable fluid element types are CFHEX1, CFHEX2, CFTETRA and CFWEDGE,

2. The numbering conventions for solid faces are defined in fluid element connection
bulk data card descriptions.

2.4-47 (09/30/83)
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N ORIGINAL PAGE 19 4

: A DECK - |

NASTRAN DAT OF POOR QUALITY \

1 : :

2 Input Data Card CFHEXi - Fluid Hexahedral Element Connection J
! I

k

Description: Defines two types of fluid hexahedral elements (three-dimensional solids with eight i

vertices and six quadrilateral faces) to be used in hydroelastic analysis.

Format and Example:

1 2 3 & 5 6 7 8 9 10

CFHEX{ EI0 | MID | GI 62 63 a4 65 66 |ahc .

fi CFHEX2 15 100 1 2 3 4 5 6  |ABC -
;

+he G7 G8 i

s8c 7 8 o

| Field Contents " |
| CFHEXi CFHEXL or CFHEX2 (BCD) (see Remark 4) o
[ EID Element identification number {Integer > 0) : !
MID Material identification number (Integer » 0) , :

G1,...,68 Grid Pg;?t identification numbers of connection points (Integer > 0, &1 # G2 7 ; ; é

Y ow Bt e

Remarks: 1. Element identification numbers must be unique with respect to ail other efement
jdentification numbers.

2, The numbering and order of the grid points and faces, required for specifying free
fluid surfaces, are defined in the figure zbove.

3. The quadrilateral faces must he nearly planar,

4, CFHEX1 is developed by 5 tetrahedra, CFHEX2 by 10 overlapping tetrahedra.

5. Material identification number must reference a MATF bulk data card.

2,4-48 (08/30/83)
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BULK DATA DECK

( Input Data Card CFLSTR - Fluid/Structure Interface

4
1
!
4 Format and Example:
1 2 3 4 5 6 7 8 9 10
% CFLSTR EIDF GRAVID EIDS1 EIDS2 EIDS3 EIDS4 EIDSS EIDS6 |abc
'*- CFLSTR 100 10 1 2 11 12 21 22 |ABC
‘; +be EIDS7 EIDS8 etc. dcf
: +BC 31 32
; Alternate Form:
:
i CFLSTR EIDF GRAVID EID1 STHRU" EID2
CFLSTR 200 100 101 THRU 106
Field Contents
EIDF Fluid element {identification number (Integer > 0) (see Remark 3)
GRAVID Identification number of a GRAV gravity vector set (Integer > 0)
EIDSi,EID4 Structural element identification numbers (Integer > 0)
Remarks: 1. As many continuation cards as desired may appear when "THRU" is not used.
2. R11 element {dentification numbers between EID1 and EIZ2 must exist when using the
"THRU* option.
3. Aliowable fluid element types are CFHEX!, CFHEX2, CFTETRA and CFWEDGE.
;
d
.
5 2.4-49 {09/30/83)
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Description: Defines fluid/structure interfaces in hydroelastic analysis.




ORIGINAL PAGE 13 g}
s NASTRAN DATA DECK OF POOR QUALITY k
Input Data Card CFLUIDS Fluid Etement Connections l
Description: Defines three types of fluid elements for axisymmetric fluid model. ;
Format and Example:
1 2 3 4 5 6 7 B 9 10
CFLUID2 EID I0F1 1DF2 RHP B
lcFLuID2 100 11 14 .025 0.0
CFLUID3 EID IDF1 IDF2 IDF3 RH@ B l
CFLUID3 110 15 13 12 1.2
CFLUTDA EiD IDF1 IDF2 IDF3 IDF4 RHP B
CFLUIDS 120 11 15 12 14 !
1
Field Contents
EID Element identification number (Integer, 0 < Id, < 105)
IDFi Identification number of RINGFL card (Integer > 0; IDF1 # IDF2 # IDF3 # IDF4)
RHp Mass density (Real > 0.0 or blank; If blank, the AXIF default value is used)
B Bulk modulus, nressure per volume ratio (Real or blank. Default value on AXIF
card is used if blank) 1
Remarks: 1. This card is allowed only if an AXIF card is also present. ! ,

2. Element identification number must be unique with respect to all other fluid, scalar
and structural elements.

3. The volume defined by IDFi is a body of revolution about the polar axis of the Fluid
Coordinate System defined by AXIF. CFLUIDZ defines a thick disk with IDF1 and IDF2
defining the outer corners as in the sketch.

15

Polar & 15
axis |

1r 12 3 Radius

4. A11 interior angles nust be less than 180°,

5. The order of connected RINGFL points is arbitrary.

6. If the bulk modulus value is zero the fluid is assumed incompressible. :

2.4~50 (9/1/70)

L =78 b aad 4t LB APETT PR mr " O




4

T S

l
L

LR U

-
gt

R B S

z

. “n

OWIAL BALT 0T
BULK DATA DECK ORICHL IS 4
OF PCUR CUrLITY

Input Data Card CFTETRA ~ Fluid Tetrahedral Element Connection

Description:
four triangular faces) to be used in hydroelastic analysis,

Defines a fluid tetrahedral element (three-dimensional solid, with four vertices and

Format and Exampie:

1 2 3 4 5 6 7 8 9 10
CFTETRA EID MID Gl G2 G3 G4
CFTETRA 25 6 1 2 3 4
Field Contenis
EID ETement identification number (Integer > 0)
MID Material identification number (Integer > 0)
G1,62,63,64 Grid point identification numbers of connection points (Integer > O,
Gl # 62 # G3 # G4) 4
3
1
Remarks: 1. Element identification numbers must be unique with respect to ail other element
identification numbers,
2. The numbering of the grid points and faces, required for specifying free fluia
surfaces, are defined in the figure above.
3. Material identification number must reference a MATF bulk data card.

2.4-51 {09/30/83)
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y NASTRAN DATA DECK |
% ORIGIHNAL PAGE ' : o
i

¥ Input Data Card CFWEDGE - Fluid Wedge Element Connection OF POOCR QUALITY ; rJ
4 i
g b
- Description: Defines a fluid wedge element (three-dimensional solid, with three quadrilateral P

faces and two opposing triangular faces) to be used in hydroelastic analysis.

. Lot
- Format and Example: 1
1 2 3 8 5 6 7 8 9 10

CFYEDGE EID MID Gl G2 G3 G4 Gb G6 ,
CFWEDGE 25 10¢ 1 2 3 4 5 6
!
Field Contents !
EiD ETement identification number (Integer » o) ]
| MID Material jdentification number (Integer > 0)
L; G1,...,G6 Grid point identification numbers of comnection points (Integers > 0;
' Gl # G2 # ... # Gb)

® I
§ S
1 Remarks: 1. Element identification numbers must be unique with respect to all other element > f
; ' identification numbers, :
: 2. The numbering of the grid points and faces, required for specifying free fluid
; surfaces, are defined in the figure above. ;
3. The quadrilateral faces must be neariy planar, . E
4. Material identification number must reference a MATF bulk data card, ' E
/
4
E
1
2.4-52 (09/30/83) B
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BULK DATA DECK ORI 1AL e ~»
OF POD;{ I\“\-'{'\h—l' 7

Input Data card CHBDY Heat Boundary Element

Description: Defines a boundary element for heat transfer analysis which is used for heat flux,
tl

ermal vector flux, convection and/or radiation.

Format and Example:

1 2 3 4 5 6 7 8

CHBDY EID PID TYPE 81 G2 G3 G4

CHBDY 721 100 LINE 1071 98 +BD721

+abc GA1 | @Az GA3 GA4 Vi v2 3| T>S<T

+BD721 102 102 1.00 0.0 0.0

Field Contents

EID Element identification number (Integer > 0)

Pin Property identification number {Integer > 0)

TYPE Type of area invelved (must be one of "P@INT", “LINE", “REV", “AREA3",
"AREA4" or “ELCYL")

G1,G62,G3,64 G?idk§oint identification numbers of primary connected points (Integer > 0 or
blan

GA1,6A2,6A3,8A4 Grid or scalar point identification numbers of associated ambient points
(Integer > 0 or blank)

vi,v2,v3 Vector (;n the basic coordinate system) used for element orientation (real
or blank

1. The continuation card is not required.
2. The six types have the following characteristics:

a. The "PRINT" type has one primary grid point, reguires a property card, and the
normal vector {V¥1,Y2,V3} must be given if thermal vector flux is to be used.

b. The "LINE" type has two primary grid points, requires a property card, and the
vector is required if thermal vector flux is to be used.

¢. The "REV" type has two primary grid points which must lie in the x-z plane of
the basic coordinate system with x > 0. The defined area is a conical section
with z as the axis of symmetry. A property card is required for convection,
radiation, or thermal vector flux.

d. The "AREA3" and "AREA4" types have three and Four primary grid points, respec-
tively. These points define a triangular or quadrilateral surface and must be
ordered to go around the boundary. A property card is required for convection,
radiation, or thermal vector flux.

e. The "ELCYL" type {elliptic cylinder) has two connected primary grid points, it
requires a property card, and if thermal vector flux is used, the vector must
be nonzero.

(Continued)

2.4-53 (4/1/73)
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NASTRAN DATA DECK

CHBDY {Cont.)

A property card, PHBDY, is used to define the associated area factors, the emissivity,
the absorbtivity, and the principal radii of the elliptic cylinder. The material co-

efficients used for convection and thermal capacity are referenced by the PHBDY card.

See this card description for details.

The assoctated points, GA1, BA2, etc., may be either grid or scaiar points, and are
used to define the fluid ambient temperature when a convection field exists. These
paints correspond to the primary (CHBDY element) points GI, 62, etc., and the number
of them depends on the TYPE option, but they need not be unique. Their vaTues may be
set in statics with an SPC card, or they may be connected to other elements. If any

Eie?d 1s blank, the ambient temperature associated with that arid point is assumed fo
e zero,

Heat flux may be applied to this element with QBDYT or QBDVZ cards.

Thermal vector flux from a directional source may be applied to this element with a
QVECT card. The orientation of the normal vector must be defined. The grid point
ordering establishes the normal vector direction as end "a" to end "b" For line ele-
ments and "right hand ruie" for cross product elements. See Section 1.8 for the
definition of the normal vector for each element type.

2.4-54 (12/31/77)
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ORIGINAL PAGE i

BULK DATA DECK OF POOR QuUALITY

Inpui Data Card CHEXAi Hexahedron Element Connection

Description:

Defines two types of hexahedron elements (3 dimensional solid with 8 vertices and 6

quadrifateral faces, HEXAi) of the structural model.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CHEXAi EID MID G] G2 63 G4 G5 B6 abc
CHEXA2 15 2 7 8 9 10 15 16 ABC
+Hhe c7 GB
+BC 17 18
Field Lontents
CHEXA1 CHEXAT or CHEXA2 (see Remark 7)

EID Element identification number (Integer > 0)
MID Material identification number (Integer > 0)
G1,...,08 Grid point identification numbers of connection points (Integers > 0,
Bl # G2 # ... # G3)
18
Remarks: 1. Element identification numbers must be unique with respect to all other element
identification numbers.

2. The order at the grid points is: Gi, G2, G3, G4 in order around one quadrilateral
face. G5, 66, 67, GB are in order in the same direction around the opposite quad-
rilateral, with G1 and G5 along the same edge.

3. The quadriiateral faces must be nearly planar.

4. There is no nonstructural mass.

5. For structural problems, material must be defined by MAT] card.

6. Stresses are given in the basic coordinate system.

7. CHEXA1 represents the element as 5 tetrahedra, CHEXA2 repressnts the element as 10

overlapping tetrahedra.

8. For heat transfer problems, waterial may be defined with either a MATA or

MATS card.

2.4-55 (6/1/72)
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E% ORIGINAL PAGE 18 3j
OF POOR QUALITY 4
3 NASTRAN DATA DECK

Input Data Card CIHEX] Linear Isoparametric Hexahedron Elemant Connection

i
Rt !
v

Description: Defines a linear isoparametric hexahedron element of the structural mode]

¥

i
1)
- a
#

Format and Example:

1 2 3 4 5 6 7 8 9 10

CIHEX1 EiD PID G1 G2 &3 G4 G5 G6 fabc J

CIHEX1 137 5 3 8 ] 4 9 14 IABC ‘

+be G7 G8

+BC 11 10

1

i £
= Field Contents ;
; EID Element identification number (Integer > 0)
- PID Identification number of a PIHEX property card (Integer > o)

Gl,...,G8 Grid point identification numbers of connection points (Integer > 0,

Gl # G2 # ... # GB)

: Remarks: 1. Element identification numbers must be unique with respect to 211 other element
; identification numbers.

2. @rid points G1, 62, G3, G4 must be given in counter-clochwise order about one
quadrilateral face when viewed from inside the glement, Gb, G6, 67, G8 are in

order in the same direction around the opposite gquadrilateral, with 61 and G5
along the same edge.

3. There is no non-structural mass.

4. The quadrilateral faces need not be planar.

5. Stresses are given in the basic ccordinate system.

2.4-56 (12/31/74)
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ORIGINAL PAGE 8

UALITY, i
*, BULK DATA DECK  OT | OOR @ {

Input Data Card CIHEX? Quadratic Isoparametric Hexahedron Element Connectian J
‘.
. Description: Defines a quadratic isoparametric hexahedron element of the structural medel, ﬂ

Format and Example: ﬁ

1 2 3 4 5 6 7 8 9 10

? CIHEX2 EID PID Gl G2 63 G4 G5 G6 | ahc
CIHEX2 110 7 3 8 12 13 14 9 | ABC 3

+bhe G7 G8 &9 G10 G11 G12 G13 614 |def
+8C 5 4 16 19 20 17 23 27 ) DEF S
+ef G15 G16 G17 a8 G19 G20 ;
+EF 31 32 33 28 25 24 ;

field Contents

EID Element identification number (Integer > 0) ‘
PID Identification number of a PIHEX property card (Integer > 0) :
|

G1,...,620 Grid point identification numbers of connection points (Integer > 0,

Gl # 62 # ... # G20)
32 31 5
27,
919
7 24 23 ;
T%_ —_——— —— L :
” 3 T2
f3 16
; : X
- Remarks: 1. Element identification numbers must be unigue with respect to all other element

- identification numbers.

2, Grid points G1,...,88 must be given in counter-clockwise order about one quadri-
lateral face when viewed from inside the element, G9,...,612 and G13,...,620 are
in the same direction with 81, G9 and G13 along the same edge,

3. There is no nonstructural mass.
4. The quadrilateral faces need not be planar,

5. Stresses are given in the basic coordinate system,

2.4-57 (12/31/74)
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Input Data Card CIHEX3

Descrigtion:

Format and Example:

ORIGNAL PACY 13
NASTRAN DATA DECK OF POOR QuUALITY

Cubic Isoparametric Hexahedron Element Connection

Defines a cubic isoparametric hexahedron element of the structural mode?.

1 2 3 4 5 6 7 8 9 10
CIHEX3 EID PID G? G2 63 G4 G5 G6 |abc
CIHEX3 15 3 4 9 12 17 18 19 148¢
+be &7 68 @9 G10 G11 G12 &13 G14 | def
+BC 20 13 10 7 6 5 22 25 | DEF
+ef Gi5 G16 G17 Gi8 G19 G20 G21 G22 1§ ghi
+EF 26 23 28 n 32 29 36 41 | GHI
+hi G23 G24 G25 G26 G27 G28 G29 B30 1 ki
+HI 44 49 50 51 52 45 42 39 | JKL
+k1 G31 G32
+KL 38 37
Field Contents
EID Element identification number {Integer > 0)

PID Identification number of a PIHEX property card {Integer > 0)
Gl,...,G32 Grid point identification number of connection points (Integer > 0,

B1 # G2 # ... # 6G32)

{Continued)
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> BULK DATA DECK . ! 31
. CIHEX3 (Cont.) T
f? S Remarks: 1. Element identification numbers must be unique with respect to all other element o
: identification numbers. ‘
T "

. 2. @rid points G1,...,G12 must be given in counter-clockwise order about one quadri- ﬁ
"~ lateral face when viewed from inside the element. G13,...,616; GI17,...,620; and
: G21,...,632 are in the same diraction with G1, GI13, G617, G27 along the same edge.

3. There is no nonstructural mass.
4. The quadrilateral facesneed not be planar.

5. Stresses are given in the basic coerdinate system.

A
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ORIGINAL PAGE S

é NASTRAN DATA DECK OF POOR QUALITY

. .

a3

: Input Data Card CISZD8 - Quadratic Isoparametric Element Connection

by DE%Q%iggjgg: Dafines a quadriparabolic isoparametric membrane element (I1S2D8) of the structural
5 modeT.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CIszps EID PID 61 G2 G3 G4 G5 G6 +abe
15208 16 2 12 10 15 18 1 22 3 +ABC
+abt G7 G8 p1 TH
+ABC 7 11
Field Contents
EID Etement identification number (Integer > 0)

PID Identification number of a PIS2D8 property card {Integer > 0)

Gl,G2,...,GB Grid point identification numbers of connection points {Integers > 0; Gi thru
G8 must be unique)

ID1 Number of Gauss quadrature points (INi=2 or 3--default is 2)

TH

Remarks: 1

Material property orientation angle in degrees {Real).

The sketch below gives
the sign convention for TH.

A o7
84*<; 63
a8 G6
TH
&1 G5 G2 >

Element identification numbers must be unique with respect to all other element
identification numbers,

Grid points G1 thru G8 must be ordered as shown above,
This element is a planar element, i.e., G thru G8 must be in a plane.
Stresses are computed in the element coordinate system,

The element may be collapsed to a triangle by having coincident grid points or by
making two edges collinear {which is the preferred method).

(Continued)
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BULK DATA DECK

CIS2D8 (Cont.)

coincident, the only choices are G2, G6 and 63 or G3, G4 and G7. Grid points Gl,
G5 and G2 wmay not be coincident, nor may grid points G1, G8 and G4

The midpoints G5, G6, 67 and G8 should be placed as close to the mid-side as
possible, except for unusual circumstan

Ces, e.g., when the element is tg be used as
a crack element.

2.4-61 (09/30/83)
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NASTRAN DATA DECK

Input Data Card CMASSI Scalar Mass Connection

Description: ODefines a scalar mass element of the structural modeT,

Format and Example:

1 2 3 4 5 6 7 8 9 10
CMASST EID PID G1 cl G2 £2
CMASS1 32 6 2 1 2 3
Field Contents
EID Unique element identification number {Integer >.0)
PID Identification number of a PMASS property card (Default is EID) (Integer » 0)
Gi1, 62 Geametric grid point identification number (Integer > 0)
c1, c2 Component number {6 > Integer > 0)

Remarks: 1. Scalar points may be used for @1 and/or G2 in which case the corresponding C1 and/or
C2 must be zero or blank. Zero or blank may be used to indicate a grounded*
terminal G or G2 with a corresponding blank or zero C1 or C2. If only scaiar points
and/or ground are involved, it is more efficient to use the CMASS3 card.

2. Element identification numbers mus € be unique with respect to all other element
identification numbers.

3. The two connection points, (G1, C1) and (B2, C2), must be distinct,

4., For a discussion of the scalar elements, see Section 5.6 of the Theoratical
Manual.

* A grounded terminal is a scalar point or coordinate of a geometric grid point whose displacement
is constrained to zerg.

a
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Input Data Card CMASS2

BULK DATA DECK

Scalar Mass Property and Connection

Description: Defines a scalar mass element of the structural model without reference to a pro-
perty vatue.

Format and Example:

1 2 3 4 5 6 7 8 g 10
CMASS2 EID M &1 C1 G2 cz2
CMASS2 32 9.25 ] 1 7
Field Contents
EID Unique element identification number (Integer > Q)
M The value of the scalar mass (Real)
Gl, G2 Geometric grid peint identification number (Integer > 0)
€1, c2 Component number {6 > Integer > 0)
Remarks: 1. Scalar points may be used for G] and/or 62 in which case the corresponding €1 and/or

€2 must be zevo or blank., Zero or blank may be used to indicate a grounded*
terminal Gt or G2 with a corresponding blank or zero CI or C2. If only scalar points
and/or ground are invoived, it is more efficient to use the CMASS4 card.

2. Element identification numbers must be unique with respect to ail other element
identification numbers.

3. This card completely defines the element since no material or geometric properties
are required.

4. The two connection points, (61, C1) and (G2, C2), must be distinct.

5, ;or aldiscussiun of the scalar elements, see Section 5.6 of the Theoretical
anual,

* A grounded terminal is a scalar point or coordinate of & geometric grid point whose displacement
is constrained to zero.

2.4-63 {3/1/70)
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NASTRAN DATA DECK N

Input Data Card CMASS3 Scalar Mass Connection " '

Descripticn: Defines a scalar mass element of the structural model which is connected anly to
scalar points,

Format and Example:

e ——

M

1 2 3 4 5 6 7 8 9 10 ]
MASS3 EID PID 51 52 EID PID 51 52 ‘ 1
| CMASS3 13 42 62 1 . |
Field Contents "
- - 1
EID Unique element identification number (Integer > 0) 4
PID Identification number of a PMASS property card (Default is EID) (Integer > 0) 5

s1, s2 Scalar point identification numbers (Integer > 0; ST # s2)

Remarks: 1, S5i or S2 may be blank or zero indicating a constrained coordinate.

2. Element identification numbers must be unique with respect to all other element
identification numbers.

i
One or two scalar masses may be defined on a single card.

4, ﬁor a]discussion of the scalar elements, see Section 5.6 of the Theoretical : }
anual,
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BULK DATA OECK ‘

y

Input Data Card CMASS4 Scalar Mass Property and Connection 4

i

Description: Defines a scalar mass element of the structural model which is connected only to A
scalar points without reference to a property value,

Format and Example:

T ™ ek T i L e~ L N
i 2 3 4 5 6 7 8 9 10

CMASSA EID M Sl s2 EID M 51 S2 L

CHASS4 23 14,92 6 23 2 -16.3 0 29

Field Contents . !
[}

EID Unique element identification number {Integer s 0) k

M The scalar mass value (Real) 4

S1, s2 Scalar point jdentification numbers (Integer > 0; S1 # s2)

Remarks: 1. ST or S2 may be blank or zero indicating a constrained coordinate,

2, Element identification numbers must be unique with respect to all other element
identification numbers.

3. This card completely defines the element since no material or geemetric properties
are required.

4. One or two scalar masses may be defined on a single card, !

5. gor a1discussion of the scalar elements, see Section 5.6 of the Thepretical
anual,
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ORIGINAL PAGE 9

OF POOR QuALITY
NASTRAN DATA DECK

Input Data Card CNGRNT Identical (Congruent) ETements Indicator

Description: Designates secondary element(s) identical {(or congruent} to a primary element.

Format and Example:

1 2 3 4 .5 6 7 8 9 10
CNGRNT PRID | SECIDI SECID2 SECID3 SECID4 SECIDS SECID6 SECID? |abc
CNGRNT n 2 17 34 35 36
+be SECIDS SECID9 -etc.-

Alternate Form

CNGRNT PRID SECIDT “THRU" SECID2

CNGRNT 7 10 THRU 55

Field Contents -

PRID Identification number of the primary element {not necessarily the lowest number)
SECIDi Identification number(s) of secondary element(s) whose matrices will be identical

{or congruent) to those of the primary element.

Remarks: 1. Orientatian, geometry, ete. must be truly identical such that the same stiffness,

mass and damping matrices are generated in the global coordinate system.

2, This feature is automatically used by the INPUT moduie.

3. The CNGRNT feature cannot be used when an AXIC card is present in the Bulk Data Deck.

4. An element that has been 1isted as a primary ID on a CNGRNT card cannot bs Tisted as
a secondary ID on another CNGRNT card. However, if the element is Tisted as a
secondary ID on the same card, then such secondary IDs are ignored.

5. The samz secondary IDs cannot be listed as congruent to two or more different
primary IDs.

6. Redundant specifications on CNGRNT cards are jgnored.

7. The element IDs (primary or secondary) specified on a CNGRNT card need not ail exist
in a model. This greatly facilitates the use of the THRU option on the card.
However, the user should be cautioned that, if too many non~existent elements are
specified in the CNGRNT data (as may be the case when the THRU option is used), the
EMG (Element Matrix Generator) module may not have enough core to process all the
CNGRNT data. In that case, an appropriate message is issued and those elements
whose CNGRNT data cannot be processed will have their element matrices computed
separately.

{Continued)
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BULK DATA DECK

CNGRNT (Cont.)

The stiffness, mass and damping matrices are actually calculated for the lowest

numbered element in the congruent set (even through this element may not be the
primary ID).

See Section 1.14 for a detailed discussion of the congruent feature.

2.4-67 |(09/30/83)
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Input Data Card CENCT

Description:

ORIGINAL PAGE {3

NASTRAN DATA DECK OF POOR QUALITY

Substructure Connectivity

Defines the grid point and degree of freedom comnectivities between two substruc-

tures for a manual COMBINE operation.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CANCT SID C SUBA SUBB def
CENCT 307 1236 WINGRT |FUSELAGE DEF
+ef GAl GB1 GAZ GB2 GA3 GB3 GA4 GB4 hij
+EF 201 207 958 214 97 216 982 HIJ
Field Contents
SID Identification number of connectivity set (Integer > 0)
c Component number - Any unique combination of the digits 1 - 6 (with no imbedded
bianks) when the Gi are grid points, or null if they are scalar points.
SUBA, SUBB Names of basic substructures being connected (BCD).
BAj, GBj Grid or scalar point identification numbers GAj from SUBA connects to GBi frun

Remarks: 1.

Pseudostructures

(321 o+ (0 ] ]
. . .

SUBB by the degrees of freedom specified in C {Integer > Q)

At least one continuation card must be present.

Cumponents specified on a CPNCT card will be overridden by RELES cards.

Several CPNCT and CONCT] cards may be input with the same value of SID.

An alterpate format is given by the CPNCT1 data card.

Cannectivity sets must be selected in the Substructure Control Deck (C@NNECT=SID)
to be used by NASTRAN., Nec*2 that 'CPNNECT' is a subcommand of the substructure
CAMBINE command.

SUBA and SUBB must be comporient basic substructures of the pseudostructures being

combined as specified on the substructure CHBINE command card. SUBA and SUBB must
not be components of the same pseudostructure.

In the figure below, a substructure "tree"” and a set of substructure command cards
are shown. The CONNECT subcowmand references the example CHNCT card above. In this
example, pseudostructure PSUBT and PSUB2 are combined and connected only at points
in their respective basic component substructures WINGRT and FUSELAGE.

e
|

(Continued)
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BULK DATA DECK
CONCT (Caont.)

COMBINE(MANUAL) PSUB1,PSUB2

NAHE = PPSUB
TPLER = 0.01
CANNECT = 307

2.4-89 {3/1/76)
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ORIGINAL PARE 19
NASTRAN DATA DECK OF POOR QUALITY

Input Data Card CENCT] Substructure Connectivity

Description: Defines the grid point and degree of freedom connectivities between two or more
substructures for a manuai CPMBINE operation.

Format and Example:

1 2 3 4 5 6 7 8 g 10
CENCT1 SID NAMET NAME2 NAME3 NAME4 NAMES NAMEB NAME7 )def
CENCTY 805 WINGRT |FUSELAGE| MIDWG PAD DEF
+ef €1 &N G12 G13 GT4 G15 G16 G17 hij
+EF 123 528 17 32 106 HIJ
+ij c2 G21 G22 G23 G24 G25 G26 G27
+I4d a5 518 etc.
Field Contents
SID Identification number of connectivity set {Integer > 0)
NAMET Basic substructure name (BCD)
Ci Compenent number - Any unique combination of the digits 1 - 6 (with no imbadded
blanks) when the Gi are grid points, or null if they are scalar points.
Gij Grid or scalar point identification number in substructure namej with components
Ci (Integer > 0)
Remarks: 1. At Teast one continuation card must be present.
2. Components specified on CONCT1 card will not be overridden by RELES cards.
3. Several CONCT and CBNCTI cards may be input with the same value of SID.
4. An alternate format is given by the CPNCT card.
5. Connectivity sets must be selected in the Substructure Control Deck {CBNNECT=SID)
to be used by NASTRAN. Note that 'CONNECT* is a subcommand of the substructure
COMBINE command.
6. The NAMEi's must be the names of basic substructure components of the pseudostructures
named on the COMBINE card in the Substructure Control Deck. See the CONCT card for
a more complete discussion related to the combination of two substructures.
7. This card and its continuations effectively describe a map of connectivities. Grid

points entered in the corresponding field of a substructure name define the con-
nectivity pariicipation for that substructure. Each continuation card defines the
connection relationships among the participating substructures for the components
entered.

2.4-70 (12/29/78)
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BULK DATA DECK OF PCOR GUAL )

Input Data Card CPNMI Concentrated Mass Element Connection

Description: Defines a 6x6 symmetric mass matrix at a geometric grid point of the structural i
model.

Format and Example: .

1 2 3 4 5 6 7 8 9 10
CENAT EID G CiD M1 M21 Mez M31 M32 dabc
CONMT 2 22 2 2.9 6.3 +1
the M33 Ma1 M2 M43 M4a M51 MB2 M53 pdef B
1 4.8 28.6 +2
ref M54 M55 M6l M62 M63 Me4 MB5 66 :
+2 28,6 28.6 : ;
Field Contents i
EID Unique element identification number (Integer > Q)
it Grid point identification number {Integer > 0)
CiD Cogrdinate system jdentification number for the mass matrix (Integer > 0) ‘
Mij Mass matrix values (Real) i

Remarks: 1. For a less general means of definirg concentrated mass at grid points, see CPNMZ,

2. Element identification numbers must be unique with respect to ali other element
identification numbers.

2.4-71 (371470}
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Input Data Card C@NM2

NASTRAN DATA DECK

ORIGINAL PAGE (3
OF POOR QUALITY

Concentrated Mass Element Connection

Description: Defines a concentrated mass at a grid point of the structural mode].

Format and Example:

i

2

identification numbers.

4 5 5 7 8 10
Conm2 EID & CID M X1 X2 X3 abe
CONME 2 15 6 49.7 123
Hhe n 121 122 131 I32 133
+23 16.2 16.2 7.8
Field Contents
EID tlement identification number (Integer > 0)
G Grid point identification number (Integer >0)
CID Coordinate system identification number {Integer > 0)
M Mass Value {Real)
X1,X2,X3 Offset distances for the mass in the coordinate system defined in tield 4 (Real)
Iij Mass moments of inertia measured at the mass c.g. in coordinate system defined
by field 4 (Real)
Remarks: 1. Element identification numbers must be unique with respect to all other element

2. For a more general means of defini ng concentrated mass at grid points, see CANMI.

3. The continuation card may be omitted.

4. The form of the inertia matrix about 1ts c.g. is taken as:

L hIA L CURR DA TIHR s e

1

SYH.

AR a i die e o

0 2 -yM
-2M 0 XM
yioo-xM 0
IT1 -121 -I31
122 -132

133
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% BULK DATA DECK ﬁﬁ
i o Input Data Card CONRGD Rod Element Property and Connection |
\
| ,
; Description: Defines a rod element of the structural model without reference to a property card, fj
| &
Format and Example:
) 2 3 & 5 6 7 8 9 10
CONRBD EID @1 G2 MID A J C NSM
CONRGD 2 16 17 23 2,69
Field Contents !
EID Unique element identification mmber {Integer > 0)
G1, G2 Grid point identification numbers of connection points (Integer > 0; G} # G2)
MID Material identification number (Integer > 0) E
Area of rod (Real) ;
Tarsional constant (Real) :
Coefficient for torsional stress determination (Real)
NSM Nonstructural mass per unit length (Real)
Remarks: 1. Element identification numbers must be unique with respect to all other elemant
identification numbers.
2. For structural problems, CANRAD cards may only reference MAT1 material cards.
3. For heat transfer problems, CPNRED cards may only reference MAT4 or
MAT5 material cards. b
)

(Y00
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Remarks: 1. Coordinate system identification numbers on all CARDIR, €@RDIC, C

ORIGINAL PAGE 1S

NASTRAN DATA DECK OF POOR QUALITY

Input Data Card CORDIC Cylindrical Coordinate System Definition

Description: Defines a cylindrical coordinate system by reference to three grid points, These
points must be defined in coordinate systems whose definition does not involve the coordinate
system being defined. The first point is the arigin,

the second Ties on the Z-axis, and the third
ties in the plane of the azimuethal origin. '

Ug
Uy
Format and Example:
w‘ M‘-.,_
1 2 3 [} 5 6 7 8 9 10
@ROIC CiD G1 G2 G3 Cib a1 G2 G3
CORDC 3 16 32 19
Field Contents
CID Coordinate system identification number (Integer > Q)
61, G2, G3

Grid point identification nunbers (Integer > 0; G1 # 52 # G3)
PRD1S, CPRDZR,
CORD2C, and CARDZS cards must all be unique.
2. The three points 61, G2, 63 must be noncollinear.

3. The location of a grid point (P in the sketch

) in this coordinate system is given by
(R, 0, Z) where 0 is measured in degrees.

4. The displacement coordinate directions a

t P are dependent on the Tocation of P as
shown above by (

Ur, UB, uz .

5. Points on the z-axis may not have their displacement directions defined in this
coordinate system since an ambiguity results.

6. One or two coordinate systems may be defined on a single card.

2.4-74 (3/1/70)
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Remarks: 1. Coordinate system iden

URIGINAL PASE 9
OF POOR QUALITY
BULK DATA DECk

Input Data Card CBRDIR Rectanguiar Coordinate System Definition

Description: Defines a rectangular ceordipate system by veference tg three grid points., These
potnts must be defined in toordinate systems whose definition does not involve the coordinate
sysiem being defined. The Fipgt

point is the origin, the second 1ies on the z-axis, and the third
Ties in the x-z plane.

z
b
GZf
P
Py u.y
P
- u
- X
63?(
y A z
| i
|
i X
/ v
X
Formiat and Exampie:
M M
1 2 3 4 5 B 7 8 9 10
CARDIR Cip G1 G2 G3 CID G1 G2 £3
CARD1R 3 16 32 19
Field Contents
CID

Coordinate system identification number (Integer > ()
Grid point identification numbers (Integer > 03 6] # 62 # G3)

Tm——

G1, G2, @3

—_—

Lification mumbers on a1 CpROIR, cpRniC, CARDIS, CPRDZR,
CARD2C, and CPRD2S cards must ail be unique.

The three points @1, G2, G3 must be noncollinear.

coordinate system ig given
by (X, v, z),

4, The displacement coordinate directions at P are shown above by ("x’ u,, uz).

5.

One or two coordinate systems may be defined on a single card.

2.4-75 (3/1/70)
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NASTRAN DATA DECK Cp POOR QUALITY -
|
Input Data Card CPRDIS Spherical Coordinate System Definiticn ]
Description: Defines a spherical coordinate system by veference to three grid points. These i
points must be defined in coordinate systems whose definition does not involve the coordinate 4
system being defined. The first point is the origin, the second lies on the z-axis, and the third '
Ties in the plane of the azimuthal origin,
y
1
t
[
.
i
i
!
g
Format and Example: ‘
et ™ e ST e, R e ™ KT
1 2 3 4 5 ] 7 8 g 10
CARD1S CID G1 G2 G3 CID G1 G2 G3 : ;
CARD1S 3 16 32 19 L
Field Contents ‘
CID Coordinate system identification number (Integer > 0) :
61, G2, G3 Grid point identification numbers {Integer > 0; Gl # G2 # 63)
Reparks: 1. Coordinate system identification numbers on ail CPRDTR, CPRDIC, CHRDIS, CBRDZR,
- - CPRD2C, and CPRD2S cards must ail be unique.
2. The three points G, G2, @3 must be noncollinear.
3. The location of a grid point {P in the sketch) in this coordinate system is given
by (R, @, ¢) where @ and ¢ are measured in degrees.

4. The displacement coordinate directions at P are de
shown above by {u_, u_, u,).
r* e g
5. Points on the polar axis may not have their dis
coordinate system since an ambigutty results.

pendent on the Tocation of P as

placement directions defined in this

6. One or two coordinate systems may be defined on a single card.

2.4-76 (3/1/70)
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OF POOR CUALIYY 4
BULK DATA DECK
Input Data Card C@RDZC Cylindrical Coordinate System Definition !
i
Description: Defines a cylindrical ceordinate system by reference to the coordinates of three ﬁ
points. The first point defines the origin. The second point defines the direction of the z-axis.
The third 1ies in the plane of the azimuthal origin. The reference coordinate must be independ-
ently defined.
!
Yg
u '
r B
|
Format and Example: . :
!
1 2 3 4 5 6 7 8 9 10
CORD2C CID RID Al A2 A3 Bl B2 B3 ABC \ !
CERDZC 3 17 -2.9 1.0 0.0 3.6 0.0 1.0 123 i
+BC €1 cz €3
+23 5.2 1.0 -2.9
Field Contents f
Cib Coordinate system identification number (Integer > 0)
RID Reference to a coordinate system which s defined independently of naw coordine
ate system (Integer > 0 or blank) :
ATl,A2 A3 i
B},BZ,BB Coordinates of three points in coordinate system defined in field 3  (Real) !
ci,c2,c3

(Continued)
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NASTRAN DATA DECK t

€ARD2C (Cont.)

Remarks: 1. Continuation card must be present.

2. The three points (A1, A2, A3}, (B1, B2, B3), (€1, €2, C3) must be unigue and mon-
collinear. Noncollinearity is checked by the geometry processor.

2. Coordinate system identification numbers on all CRRDIR, CARDIC, CPRD1S, CARDZR,
CPRD2C, and CPRD2S cards must all be unique.

4, An RID of zero references the basic coordinate system.

j 5. The location of a grid point (P in the sketch) in this coordinate system is given |
: by (R, ©, Z) where © is measured in degrees. '

6. The displacement coordinaie directions at P are dependent on the Tocation of P as
shown above by (ur, Ug> uz).

7. Points on the z-axis may not have their displacement direction defined in this i
coordinate system since an ambiguity results. :

>
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BULK DATA DECK

Input Data Card CPRDZR Rectangular Coordinate System Definition

Description: Defines a rectangular coordinate system by reference to the coordinates of three
points, The first point defines the origin. The second point defines the direction of the z-axis.
The third point defines a vector which, with the z-axis, defines the x-z plane, The reference
coordinate must be independently defined.

4
Uy
B
p
u
¥
//’
” u
c ?,’ * z
% A B ¥
i
I
i
*’ﬂ’,—— Y
x A
Format and Example:

1 2 3 4 5 6 7 8 9 10
CPRD2R CiD RID Al A2 A3 Bl B2 B3  #ABC
CARDZR 3 17 -2.9 1.0 0.0 3.6 0.0 1.0 123
HBC c1 c2 C3
23 5.2 1.0 -2.9
Field Contents
CID Coordinate system identification number {Integer » 0)

RID Reference to a coordinate system which is defined independently of new coordin-
ate system {Integer > 0 or blank)

A1,A2,A3

B1,B2,B3 Coordinates of three poinis in coordinate system defined in field 3 (Real)

c1,c2,c3

Remarks: 1. Continuation card must be present.

2. The three points (AT, A2, A3), (B1, B2, B3), (C1, C2, £3) must be unigue and non-
collinear. Noncollinearity is checked by the geametry processor,

3. Coordinate system identification numbers on all CPRDIR, C@RDIC, CPRDIS, CERD2R,
CBRD2C, and CERD2S cards must all be unique,

14. An RID of zero references the basic coordinate system,

5, Ehe 1ucg§ion of a grid point (P in the sketch) in this coordingte system is given by
X, ¥, Z).

6. The displacement coordinate directions at P are shown hy (ux, gy, uz).

2.4-79 (3/1/70) -
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Input Data Card CPRD2S Spherical Coordinate System Definition

Description: Defines a spherical coordinate system by reference to the coordinates of three
points. The first point defines the origin. The second point defines the direction of the z-axis.

The third Ties in the plane of the azimuthal origin. The reference coordinate must be independ~
ently defined,

r4

Format and Example:

1 2 3 4 5 6 7 8 9 10
CORD2S CID RID A1 A2 A3 B1 B2 B3 ABC
CHRD2S 3 17 -2.9 1.0 0.0 3.6 0.0 1.0 123
j:BC Cl c2 €3
§23 5.2 o | -2.9
Field Contents
CID Coordinate system identification number {(Integer > 0)
RID Reference to a coordinate system which is defined independently of new coordin-
ate system {Integer » O or blank)
Al1,A2,A3
B},BZ,BB Coordinates of three points in coordinate system defined in field 3 {Real)
C1,cz,c3

{Continued)

2.4-80 (371/70)
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Remarks:

BULK DATA DECK

CPRD2S (Cont.)

Continuation card must be present.

The three points (A1, A2, A3), (B1, B2, B3), (C1, C2, C3) must be unique and non-
collinear. Noncollinearity is checked by the geometry processor.

Coordinate system identification numbers on all CARDIR, CERDIC, CPARDIS, CORD2ZR,
CARDZC, and CPRD2S cards must all be unique.

An RID of zero references the basic coordinate system.

The Tocation of a grid point (P in the sketch) in this coordinate system is given
by (R, 0, &) where © and ¢ are measured in degrees.

The displacement coordinate directions at P are shown above by (“r’ Ugs u¢).

Points on the polar axis may not have their displacement directions defined in this
coordinate system since an ambiguity results.

2.4-81 (3/1/70)
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Input Data Card

Description:

Defines a quadrilateral membrane element {
of four overlapping TRMEM elements.

anT 13
N OR'tG&NﬁL Ph’-'...:m ‘:91
T PR PR oF POOR QUALIYE

CODMEM Quédri]atera? Element Connection

QDMEM) of the structural model consisting

Format and Exampie:

1 2 3 4 5 6 7 8 9 10
CODMEM EID PID a1 G2 63 G4 - TH
! CQDMEM 72 13 13 14 15 16 29.2
f%
E Field Contents
| — =
A EID Element identification number (Integer > 0)
PID Identification number of a PQDMEM property card (Default is EID) (Integer > 0}
G1,62,G3,64 Grid point jdentification numbers of connection poinis {Integer > 03

TH .

Remarks: 1. Element i

2.

Gl # G2 #6G3# G4)
Material property crientation angle in degrees (Real)
The sketch below gives the sign convention for TH.

64 ¢

dentification numbers must be unique with respect to all other element

identification numbers.

Grid points GI thru G4 must be ordered consecutively around the perimeter of the

element.

3.

Db haut . keI Uihwe AR Pr aem me

A1l interior angles must be less than 180°.

2.6-82 (4/1/73)
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BULK DATA DECK )

Input Data Card CODMEMI Isoparametric Quadrilateral Element Connection

Description: Defines an isoparametric quadrilateral membrane element (QDMEM1) of the structural
model.

Format and Example:

1 2 3 4 5 6 7 8 9 10

CQDMEM] EID PID G1 G2 G3 G4 TH

CQDMEM] 72 13 13 14 15 16 29.2

Field Contents

EID Element identification rmber {Integer > 0)

PID Identificatioa number of a PGDMEM1 pvoperty card (Default is EID)
(Integer > 0)

G1,62,63,64 Grid point identification numbers of connection points (Integer > 0);
Gl # 62 # G3 # 6G4)

TH Material property orientation angle in degrees {Real)

The sketch beiow gives the sign convention Tor TH

Remarks: 1. Elemen? identification numbers must be unique with respect to all other element
jdentification numbers,

2. @&rid points G through G4 must be ordered consecutively around the perimeter
of the element.

3. AlT dinterior angles must be Tass than 180 degrees.

4, In a HEAT formulation, element type CODMEM] is automatically replaced by glement
type CQDMEM.

2.4-83 (12/31777)
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FAPSDEEANE |

L
N UALITY
Input Data Card CQDMEM2 Quadrilateral Element Connection

Pescription: Defines a quadrilateral membrane element {QDMEM2) of the structural model
consisting of four nonoverlapping TRMEM elements.

Format and Example:

1 2 3 4 5 6 7 8 9 10
QDMEM2 EID PID G1 G2 &3 G4 TH
CQDMEME 72 13 13 14 15 16 29.2
Field Contents
EID Element identification number {Integer > 0)
PID Identification number of a PQDMEM2 property card (Default is EiD) (Integer > 0)
61,62,63,64 Grid point identification numbers of connmection points (Integer > 0;
Gl # G2 # 63 7 64)
TH Material property orientation angle in degrees (Real)

The sketch below gives the sign convention for TH

G4

TH
G2 el

&

Remarks: 1. Element jdentification numbers must be unique with respect to all other element

identification numbers.

2. Grid points 6] through €4 must be ordered consecutively around the perimeter
of the element.

3. A1l interior angles must be less than 180 degrees.

4. In a HEAT formulation, elemsnt type CODMEMZ is automaticaily replaced by element
type CQDMEM.

2.4-84 (12/31/77)
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. BULK DATA DECK OF POOR QuaLty

1 2 3 4 5 6 7 8 g 10
CQDPLT EID PID G1 G2 B3 G4 TH
CQDPLT 72 13 13 14 15 16 20.2
!
Field Contents
EID Element identification number (Integer > 0)
:f PiD Identification number of 3 PQDPLT property card (Default is EID) (Integer » 0) ;
| G1,62,63,64 Grid point identification numbers of connection points (Integer > 0; B
G1 # G2 # 63 # g4) ?
TH Material property orientation angle in degrees {Real)

ORIGINAL PACE 55 a!]

e Input Data Card COQDPLT Quadrilateral Element Connection

Description: Defines a quadrilateral bending element (QDPLT) of the structural mode].

Format and Example:

The sketch below gives the sign convention for TH.

Remarks: 1. Element identification numbers must be un

ique with respect to all other element
fdentification numbers.

2, Grid points Gl thru 64 must be ordered consecutively around the perimeter of the
element.

o
3. Al interior angles must be Tess than 180°. |

4. No structural mass is generated by this element. l

2.4-85 (6/1/72)
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; Input Data Card CQUADI Quadrilateral Element Connection ' 1
" Description: Defines a quadriiateral membrane and bending element (QUAD1) of the structural model. é
| Format and Example: : ﬂ
; 1 2 3 - 4 5 6 7 8 9 10 |
- CQUADT EID PID Gl 62 G3 G4 TH
! CQUADT 72 13 13 14 15 16 29.2
1. !
; Field Conienis
EID Element identification mumber {Integer > 0) .
PID Identification number of a PQUAD] property card {Default is EID} (Integer > 0) 2
G61,62,63,64 Grid point identification numbers of comnection points {Integer > 0; "
Gl # B2 # G3 # G4) ;
TH Material property orientation angle in degrees {Real)

The sketch below gives the sign convention for TH.

RN

Remarks: 1. Element identification numbers must be unique with respect to all other element
identification numbers.

2. Grid points G1 thru G4 must be ordered consecutively around the perimeter of the
element.

3. AN dnterior angles must be less than 180°.

;
k
!
i
f
.
i
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Input Data Card cquap2 Quadrilateral Element Connection

Description: Defines a homogeneous quadrilateral membrane and bending element (QUAD2) of the
structural model. _

Format and Example: o

i 2 3 4 5 6 7 8 9 10

QUAD2 EID PID Gl G2 @3 G4 7H

CQUAD2 72 13 13 14 15 16 29.2
!

Field Contents

EID Efement identification mmber {Integer > 0) S
PID Identification number of a PQUAD2 property card (Default is EID) (Integer > 0) -t
G1,62,63,64 Grid point identification numbers of connection points (Integer > 0; i
G1 # G2 # 63 # G4) i
TH Material property orientation angle in degrees {Real) '

The sketch below gives the sign convention for TH.

Remarks: 1. Element identification numbers must be unique with respect to all other element
identification numbers.

2. @rid points G1 thru G4 must be ordered consecutively around the perimeter of the
element.

3. A1l dnterior angles must be less than 780°.

2,4-87 (6/1/72)
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i Input Data Card  CRIGDI Rigid Element Connection

Description: Defines a rigid element in which all six degrees of freedom of each of the .
dependent grid points are coupled to all six degrees of freedom of the reference grid point. 4

Format and Example:

1 2 3 4 5 6 7 8 g 10
- CRIGD1 EID 1G @1 G2 G3 G4 35 [15) abc
CRIGD1 101 15 18 43 9 26 35 a1 123 ,
+hc G7 G8 G8 etc. 7
+23 8 63 :
!
Alternate Form: f
CRIGD1 EID iG GID? "THRU™ | GID2 .
CRIGDT 201 25 71 THRU 80 :
Field Contents j
!
EID Element identification number {Integer > Q) |
16 Identification number of the reference grid point (Integer > 0) . :
Gi, GID{ Identification numbers of the dependent grid points (Integer > 0) g % %

Remarks: 1. Element identification numbers must be unique with respect to all other element ‘
tdentification numbers.

2. Only one reference grid point is allowed per element. It must appear before
any of the dependent grid points.

3. Any number of dependent grid points may be specified.

4, When the alternate form is used, no continuation card is permitted and all grid
points implied by GID1 thru GID2 (GID1 < GID2) must exist.

5, Dependent degrees of freedom defined {implicitly} in a RIGD1 element may not appear ;
on PMIT, EMI?I, SPC, SPCI or SUPERT cards nor may they be redundanily implied on o

- ASET or ASET1 cards. They also may not appear as dependent degrees of freedom in s
RIGD2, RIGD3 or RIGDR elements or on MPC cards.

6. Rigid elements are not allowed in heat transTer analysis.

"~

7. For a discussion of rigid elements, see Section 3.5.6 of the Theoretical Manual.

wEERE Y

2.4-88 (09/30/83)

" 14

et
i
¥
> S
=




C o A . T

OREMNAL PABE I
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BULK DATA DECK o
|
Enput Data Card CRIGD2 Rigid Element Connection i}
1

Bescription: Defines 2 rigid element in which selected degrees of freedom of the dependent grid
points are coupied te all six degrees of freedom of the reference grid point.

Format and Example:

i 2 3 4 5 6 7 8 9 10

CRIGDZ EID 16 Gl C1 G2 L2 G3 €3 ahc

CRIGD2 102 20 9 12 a5 123 53 135 123 i

+bc G4 (o} ete.

+23 27 456 gy
i

Field Contents ]

EID Element jdentification number (Integer > 0)

IG Identification number of the reference grid point (Integer > 0)

Gi Identification numbers of the dependent grid points (Integer > 0) i

Ci List of selected degrees of freedom associated with the preceding ;

dependent grid point (any of the digits 1-6 with no imbedded blanks}

—
-

Remarks: ETement identification numbers must be unique with respect to ail other element i

identification numbers.

2. Only one reference grid point is allowed per element. It wust appear before i
the dependent grid point data.

3. Any number of dependent grid points may bhe specified.

4. Dependent degrees of freedom defined in a RIGD2 element may not appear on MIT,
@MIT1, SPC, SPC1 or SUPBRT cards nor may they be redundantly implied on ASET or
ASETL cards. They also may not appear as dependent degrees of freedom in RIGDI, .
RIGD3 or RIGDR elements or on MPC cards. 5

5. Rigid elements are not allowed in heat transfer analysis.

6. For a discussion of rigid elements, see Section 3.5.6 of the Theoretical Manual.

2.4-8% (09/30/83)
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Input Data Card CRIGD3 General Rigid Element Connection

Description:

points are coupled to six selected degrees of freedom at one or more {up to six) reference grid

points,

Defines a rigid element in which selected degrees of freedom of the dependent grid

Format and Exampie

1 3 4 5 6 7 8 9 10
CRIGD3 EID IG1 IC1 1G2 ic2 163 ic3 :::><:::: abe
CRIGD3 103 11 1 12 2 13 4 ARC
the 164 ics IG5 Ic5 166 16 | <] def
+8C 14 35 15 6 DEF
+af "MSET" DG1 DCY DG2 BC2 DGE3 DC3 ghi
+EF MSET 21 123 22 1 23 123486 GHI
+hi DG4 Bca DG5S bCs ete.
+HI 24 456 25 2
Field Contents
EID Element identification number {Integer > 0)

IGj Identification numbers of the reference grid points (Integer > Q)

ICi List of selected degrees of freedom associated with the preceding
reference grid point (any of the digits 1-6 with no imbedded blanks)

MSET* BCD string that indicates the start of the data for the dependent
grid points

DGi Identification numbers of the dependent grid points (Integer > 0)

DCi List of selected degrees of freedam associated with the preceding
dependent grid point (any of the digits 1-6 with no imbedded blanks)

Remarks: 1. Element identification numbers must be unique with respect to all other element

3.

4,

identification numbers.

The total number of degrees of freedom specified for the reference grid points
(IC1 through IC6) must be six. Further, they should together be capable of
representing any general rigid body motion of the element.

The first continuation card is not required if less than four reference grid
points are specified,

The BCD word MSET is required in order to indicate the start of the dependent grid
point data.

Any number of dependent grid points may be specified.

{Continued)

2.4-90 (09/30/83)
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"BULK DATA DECK

CRIGD3 {Cont.)

Dependent degrees of freedom defined in a RIGD3 element may not appear on @MIT,
BMIT1, SPC, SPC1 or SUPBRT cards nor may they be redundantiy implied on ASET or
ASET1 cards. They also may not appear as dependent degrees of freedom in RIGD1,
RIGDZ or RIGDR elements or on MPC cards,

Rigid elements are not allowed in heat transfer analysis.

For a discussion of rigid elements, see Section 3.5.6 of the Theoretical Manual.

2,4-91 (12/31/777)
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Input Data Card CRIGDR Rigid Rod Element Connection

Description: Defines a pin-ended rod element that is rigid in extension-compression.

Format and Example:

1 2 3 4 5 ) 10 |
CRIGDR EID G Gl C1 EID G Gl Cl
CRIGDR 104 5 9 3 302 12 4 2

!

Field Contents
EID Element identification number (Integer > 0)
G identification number of the reference grid point {Integer > 0) 5
61 Identification number of the dependent grid point (Integer > 0; G1 # G) E
¢ Dependant translational degree of freedom of grid point G1 (1 £ Integer < 3)

Remarks: 1. Element identification nuwbers must be unique with respect to all other
element identification numbers.

2. Only one reference grid point and only one dependeni grid point are allowed
per elemant. The two points may not be coincident. i

3. The direction represented by the dependent translational degree of Treedom of :
the dependent grid point may not be perpendicular or nearly perpendicular . :
to the element. " i

4, One or two RIGDR elements may be defined on a single card.

5. Dependent degrees of freadom defined in a RIGDR element may not appear on @MIT,
gMIT1, SPC, SPC1 or SUPART cards nor may they be redundantly implied on ASET or Sl
ASET1 cards. They aisc may not appear as dependent degrees of freedom in RIGDI, .=
RIGD2 or RIGD3 elements or an MPC cards. S

6. Rigid elements are not allowed in heat transfer analysis.

7. For a discussion of vrigid elements, see Section 3.5.6 of the Theoretical Manual.

2.4-92 (09/30/83)
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Remarks: 1. Element identification numbers must be unique v

BULK DATA DECK

Input Data Card CRED Rod Element Connection

Description: Defines a tension-compression-torsion element {(RAD) of the structural model

Format and Example:

Mw
i 2 3 4 5 6 7 8 9 10
CRAD EID PID G1 G2 EID PID Gl _ G2
CRAD 12 13 21 23 3 12 24 5
Field Contents
EID Element identification number (Integer > 0)
PID Identification number of a PROD property card (Default is EID) {Integer > 0)
61, G2 Grid point identification numbers of connection points (Integer » 0; GI # 62)

“ith respect to all other element
identitication numbers.

2. Ses CANR@D Tor alternative method of rod definition.

3. One or two RED elemants may be defined on a single card,

2.4-93 (6/1/72)
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Input Data Card CSHEAR

NASTRAN DATA DECK

Shear Panel Element Connection

Description: Defines a shear panei element (SHEAR)} of the structural model.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CSHEAR EID PID a1 G2 G3 G4
CSHEAR 3 6 1 5 3 7
Field Contents
EID Element identification number (Integer > 0)
PID Identification mumber of a PSHEAR property card (Default is EID) (Integer > 0)

G1, G2, G3, G4 Grid point identification numbers of connection points {Integer > 0

Remarks:

2.

1.

61 # 62 # G3 # G4)

Element identification numbers must be unique with respect to all other element
identification numbers.

Grid points G1 thru G must be ordered consecutively around the perimeter of the
element.,

ATl dinterior angles must be less than 180°,

2.4-94 (6/1/72)
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BULK DATA DECK ORIGINAL FanT r.

Py

CF POOR QuALITY
input Data Card CSL@TH Slot Element Comnectians

Description: Defines an element connecting i = 3 or i =

in two dimensions. Used in the acoustic cavity analysis
radial slots.

4 points which solves the wave equation
for the definition of evenly spaced

Formats and Examples:

1 2 3 4 5 6 7 8 9 10
CSLpT3 EID 1Ds1 ips2 1Ds3 RH@ B M
CSLAT3 100 1 3 2 3.E-3 6
CSLAT4 EID 1081 1Ds2 IDS3 IDs4 RHp B M
CSLATA 101 1 3 2 4 ' 6.2+ 3
Field Contents
EID ETement identification number (Integer > 0)
IDsj

Identification number of connected GRIDS points, j = 1,2,...J (Integer > 0)
Fluid density n mass units (Real > 0.0 or "blank")
B Fluid bulk modulus (Real = 0.0 or blank)

Number of slots in circumferential direction (Integer > 0, or “"btank")

Remarks: 1. This card is allowed only if an AXSLAT card is also present,

2. The element identification number

(IDF) must be unigue with respect to all other
Fluid or structural elements.

3. IFf RHB, B, or M are bTank, the corresponding valuss on the AXSLOT data card are
used, in which case the default value must not be blank (undefined).

4. Plot elements connecting two points at a time are generated for these elements. The
CSLOT3 element generates 3 plot elements. The CSLETA element generates four plot
elements, connecting poinis 1-2, 2-3, 3-4, and 4-1.

5. IfB =

6. IfM

0.0, the sTot is considered to be an incompressible fluid.

H

0 no matrices for CSLOTi elements are generated.

2.4-95 (6/1/72)
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NASTRAN DATA DECK

Input Data Card CTETRA Tetrahedron Element Cohnection

Description: Defines a tetrahedron element (3 dimensional solid with 4 vertices and 4 triangular
faces, TETRA) of the structural model.

Format and Exampie:

1 2 3 4 5 6 7 8 g 10
CTETRA EID MID Gl G2 @3 G4
CTETRA 15 2 4 7 9 1
Field Contents
EID Element identification number {(Integer > 0)
MID Faterial identification number {Integer > 0)
61,62,63,64 Grid point identification numbers of connection points (Integers > 0,

B1 # G2 # 63 # G4)

n

Remarks: 1. Element identification numbers must be unique with respect to 211 other element

identification numbers.
2. There is no nonsiructural mass.
3. For structural problems, material must be defined by MATT card.
4. Output stresses are given in basic coordinate system.

5. For heat transfer problems, materiai may be defined with either a MATA
or MATS card.

2.4-96 (6/1/72)
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BULK DATA DECK : {
{ Input Data Card CTBRORG Toroidal Riny Element Connection -;
Description: Defines an axisymmetric toroidal cross-section ring element (TPRDRG) of the "'
structural model. i
Format and Example: .
1 2 3 4 5 6 i 8 9 10
CTGRDRG EID PID Gl G2 Al A2
CTPRONG 25 2 47 48 30.0 §0.0
I}
Field Contents
EID Element identification mmber (Integer > 0) : )
PID Property identification number (Default is EID) (Integer > 0) ' t
Gl, G2 Grid Point identification numbers of connection points (Integer > 0; G1 # G2) ;
Al Angle of curvature at grid point 1 in degrees (Real; 0° g Al g 180°; A2 2 A1)
A2 Angle of curvature at grid point 2 in degrees (Real; 0° g A2 < 180°; AZ 2 A1)
Z
@ &1 : :
I he 62 i
Ax1s Al
of | k
Symmetry 1 ih
A2 -
]
|
Al )
- ¥
a - !
Remarks: 1. Element identification numbers must be unique with respect to all other element i
identification numbers. - i
: !
2. Grid points G1 and G2 must lie in the x-z plane of the basic coordinate system : ;
and to the right of the axis of symmetry (the z-axis). :
3. If Al = 0, the element is assumed to be a shell cap.
4, Only elements of zero or positive Gaussian curvature may be usec.

a W"

2.4-97 (12/31/74)
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NASTRAN DATA DECK OF POOR QUALITY

Input Data Card CTRAPAX  Trapezoidal Ring Element Connection

Description: Defines an axisymmetric tra?ezoida] tross-section ring element with non-
axisymmetric deformation of the structUral mpdel with reference to property card.

Format and Example:

2.

3.

1 2 3 4 5 6 7 8 9 10
CTRAPAX | EID FID L Rl R? R3 R4 TH
CTRAPAX 15 5 10 1 12 13 30.0
Field Conients
EID Element identification number (Integer > 0)
PID Identification number of a PTRAPAX card {Integer > 0)
R1,R2,R3,R4 Identification numbers of RINGAX cards (Integer > 0; R1 # R2 # R3 # R4)
TH Material property orientation angle in degrees (Real) - The sketch betow
gives the sign convention for TH.
z
|
Axis R4 R3
of
Symmetry TH
Ri R2
T
Remarks: 1. CTRAPAX card is aliowed if and only if an AXIC card is also present.

Element identification numbers must be unique with respect to all other element
identification numbers.

ﬁmmxwmﬁﬁmﬁmnWMNRhR&REmdemt&OMwmcwﬁwﬂmmﬁe
around the perimeter. o

For a discussion of the axisymmetric ring problem, see Section 5.11 of the
Theoretical Manual. .

The Tines connecting RT ta R2 and R4 tg R3 must be parallel to the r axis.

This element cannot be modejed with & grid point on the axis of symmatry.

2.4-98 (3/1/76)
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ORISINAL PacT o .
0 2 Olias e |
8ULK DATA DECK F POOR Quaciry ‘t,
“ .I
; _ Input Data Card CTRAPRG Trapezoidal Ring Element Connection j
KN " L
o l
; Descriptign: Defines an axisymmetric trapezoidal cross-section ring eiement (TRAPRG) of the i
i structural model without reference to 3 property card. &
L 4y
- . |
Format and Example: ;
1 2 3 4 5 6 7 8 g 10
; CTRAPRG EID GI G2 G3 G4 TH MID
E CTRAPRG 72 13 14 15 16 29,2 13
| it
Field Contents
EID Element identification numbey {Integer > 0) ,
G1,62,63,64 Grid point identification number of ¢ ‘3ction points (Integers » 0 1
61 # 62 # G3 # G4) ¥
TH Material property orientation angle in degrees (Real) - The sketch below gives ,-H
the sign convention for TH. o
MID Material property identification number (Integer > 0)
Z

.. ‘L

Axis E

of f

Symmetry i

i ¥ :

Remarks: 1. Element identification numbers must be unique .ith respect to all other ele~ant é :
identification numbers. - :

2. The four grid points must 19e in the x-z plane of both the basic and any Tg
coordinate systems and to the right of the axis of symmetry (the z-axis).

3. Grid points G1, 62, G3 and G4 must be ordered counterclockwise around the perinzter
of the element as in the above sketch.

—

.- 4. The Tine connecting arid points 61 and G2 and the line connecting grid points 63 and
2 G4 must both be parallel to the x-axis.

| 5. Al interior angles must be less than 180°.

v

' 6. For structural problems, the material property identification number must

N reference only a MAT] or MAT3 card.

? 7. For heat transfer problems, the material property identification number must
- reference only a MAT4 or MATS card.

#

n)

S I

g 2.4-99 (6/1/72)
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ORIGINAL PABE i .
NASTRAN DATA DECK OF POOR QUALITY |

Input Data Card CTRBSC Triangular Element Connection

Description: Defines a basic trianguiar bending element (TRBSC) of the structural model.

Format and Example: ‘

] 2 3 4 5 6 7 8 9 10 ‘ %
CTRBSC EID PID &1 G2 &3 TH
CTRBSC 16 2 12 1 3 16.2
Field Contents ‘ /
EID Element identification number {Integer > 0) ' _
PiD Identification number of a PTRBSC property card {Default is EID) (Integer > 0) i
G1,62,G3 Grid point identification numbers of connection points {Integer > 03 ;
61 # G2 # G3 ) '
T Material property orientation angle in degrees (Real) - The sketch below gives i

the sign convention for TH.

[ LT

Remarks: 1. Element identification numbers must be unique with respect to all other element
jdentification numbers.

2. Interior angles must be less than 180°.

3. HNo structural mass is generated by this element.

i o4

2,4-100 (6/1/72)
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ORIGINAL PAGE
OF POOR QUALIYY
BULK DATA DECK

Input Data Card CTRIPI Triangular Element Connection

Description: Defines a triangular membrane and bending element (TRIA1) of the structural modei.

Format and Example:

1 2 3 4 5 & 7 8 9 10
CTRIAL EID PID G1 G2 G3 TH
CTRIAL 16 2 12 1 3 16.2
Field Contents
EID Element jdentification number (Integer > 0)
PID Identification number of a PTRIAT property card (Default is EID) (Integer > 0)
G1,62,63 Grid point identification numbers of connection points (Integer > 0;

Gl # G2 # B3)

TH Material property orientation angle in degrees (Real) - The sketch below gives

the sign convention for TH.

G3

TH

Gl G2 izw»

Remarks: 1. Element identification numbers must be unique with respect to all other element
identification mumbers.

2. Interior angles must be jess than 180°.

2.4-101 (6/1/72)




ORIGINAL PACE [®

NASTRAN DATA DECK OF POOR QUALITY

Input Data Card CTRIAZ Triangular Element Connection

Description: Defines a triangular membrane and bending element (TRIAZ2) of the structural model.

Format and Example:

3 et e B 4

C

Wb b P oA TN o

1 2 3 4 ] 6 7 8 9 10

CTRIA2 EID PID G1 G2 G3 TH
CTRIA2 16 2 12 1 3 16.2
Field Contenis
EID Element identification number (Integer > 0)
PID Identification number of a PTRIA2 property card (Default is EID) (Integer > 0)
G1,62,G3 Grid point identification numbers of comnection points (Integer > O

G1 # G2 # G3)
TH Material property orientation angle in degrees {Real) - The sketch below gives

the sign convention for TH.

ﬂ 3
TH
Gi G2 —

Remarks: 1. Element identification numbers must be unique with respect to #1i othar element
identification numbers. ""'

2. Interior angles must be less than 180°.

2.4-102 (6/1/72)
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ORIGINAL DALY 73
OF POOR GUALIVY
BULK DATA DECK

Input Data Card CTRIAAX  Triangular Ring Element Connection

Description:

AETeySEr,

etric deformation of the structural model with reference to property card.

Defines an axisymmetric triangular cross-section ring element with non-

Format and Exampie:

1 2 3 4 5 6 7 8 9 10
CTRIAAX | EID PID Rl R2 R3 TH
CTRIAAX 20 15 42 43 52 60.0
Field Contents
EID Element identification number (Integer > 0)
PID Identification number of a PTRIAAX card {Integer > Q)
R1,R2,R3 Identification numbers of RINGAX cards (Integer » 03 RT # R2 # R3)
TH Material property orientation angle in degrees (Real) - The sketch
below gives the sign convention for TH.
z
A
R R3
Axis
of NH
Symmetry
R2
Rl
&

Remarks: 1. CTRIAAX card is allewed i and only ¥ an AXIC card is also present.

2. Element identification numbers must be unique with respect to all other element

jdentification numbers.
3. RINGAX identification numbers R1,R2 and R3 must be ordered counterclockwise
around the perimeter.
4. For a discussion of the axisymmetric ring problem, see Section 5.11 of the

Theoretical Maaual.

2.4-103 (12/31/74)
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! . ORIGINAL PAGE 19
NASTRAN DATA DzCK OF POOR QUALITY
=
Input Data Card CTRIARG Triangular Ring Element Connection
Description: Defines an axisymmetric triangular cross section ring element (TRIARG) of the
structural model without reference to a property card.
Foermat and Example:
1 2 3 4 5 6 7 8 9 10
CTRIARG EID g1 G2 G3 TH MiD
CTRIARG 16 12 13 14 29.2 17
Field Contents
EID Element identification number (Integer > 0)
G1, G2, G3 Grid point identification numbers of conmection points (Integers > O;
61 # G2 # G3)
™ Material property orientation angle in degrees {(Real) - The sketch below gives
the sign convention for the TH.
MID Material identification number {Integer > 0)
2
Axis
of
Syrmetry
£ X
Remarks: 1. Element identification numbers must be unique with respect to all other element
identification numbers, —
2. The grid points must lie in the x-z plane of both the basic and any Tocal
coordinate systems and to the right of the axis of symmetry (the z-axis).
) 3. Grid points GI, G2 and 63 must be ordered counterciockwise around the perimeter
of the element as shown in the above sketch.
4 4. For structural problems, the material property identification number must reference
only a MATT or MAT3 card.
‘ 5. For heat transfer problems, the material property identification number must

T TR AT T e RS-t | e

reference only a MAT4 or MATS card.

2.4-104 (3/1/76)
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OF POun v T

BULK DATA DECK
L Input Data Card CTRIMG Linear Strain Triangular Element Connection
. Description: Defines a Tinear strain triangular membrane element (TRIMB) of the structural model.
Format and Example:
-1 2 3 4 5 6 . 7 8 9 10
CTRING EID PID 61 G2 G3__| G4 G5 G6 | +abe
CTRIMB 220 666 100 110 120 210 220 320 AC3
+abe TH
C3 90.0 .
Field Contents
EID Element idenbification number (Integer > 0).
PID Identification number of PTRIM6 property cavd (Default is EID) (Integer >0).
Gl, G2, G3, Grid point identification numbers of connection points {Integers > 0);
G4, G5, G6 A1 # G2 # G3 # G4 # GD # G6).
TH Material property orientation angle in degrees (Real). The sketch below gives the
sign convention for TH.
G5
G6 G4
TH
&1 ) a3
Remarks: 1. Element identification numbers must be unique with respect to all other element
identification numbers.
2. Interior angles must be Tess than 180°.
3. The gridpoints nust be ordered consecutively around the perimeter in a counter
clockwise direction and starting at a vertex.
4. Material properties (if MAT2 card is used) and stresses are given in the material
coordinate system.
' 5. The continuation card must be present.
j 6. Grid points G2, G4, and G6 are assumed to lie at the midpoints of the sides. The
; locations of these points {defined by GRID cards) are used oniy for the global
| coordinate system definition, the Grid Point Weight Generator, centrifugal forces,
| and deformed structure plotting.
2.4-105 (12/31/77)
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- NASTRAN DATA DECK ORIGINAL PAGE IS

OF POOR QUALITY
% Input Data Card CTRMEM Triangular Element Connection

Description: Defines a triangular membrane element (TRMEM) of the structural mode].

Format and Example:
] 2 3 4

g 6 7 8 9 10
CTRMEM Eib PID G1 G2 G3 TH
CTRMEM 16 2 12 ] 3 16.3
Field Contents
EID Element identification number (Integer > 0) .
PID Identification number of a PTRMEM property card (Default is EID) (Integer > 0)
G1,62,63 Grid point identification numbers of connection points (Integer > 0;
G1 # G2 # 63)
TH Material property orientation angle in degrees (Real) - The sketch below gives

the sign convention for TH.

Remarks: 1. Element identification numbers must be unique with respect to alil other element
identification numbers.

2. Interior angles must be Tess than 180°.

2.4-106 (6/1/72)
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- ORIGING -
BULK DATA DECK GINAL pans

. fey
: ; OF L
. POOR quaiiry
s Input Data Card CTRPLT Triangular Element Connection
5} Description: Defines a triangular bending element (TRPLT) of the structural model.
E' Format and Examplie:
y ] 2 3 4 5 6 7 8 9 10
- CTRPLT EID PID &1 G2 G3 TH
X [CTRPLT 16 2 12 1 3 16.2
Field Contents
EID Element identification number (Integer > 0)
PID Identification number of a PTRPLT property card (Default is EID) {Integer > 0)
G1,G2,63 Grid point identification numbers of connection points (Integer > 0;
G1 # G2 # G3)
TH Material property orientation angle in degrees {Real) - The sketch below gives

the sign convention for TH.

G3

TH

&1 &2 S

Remarks: 1. Element identification numbers must be unique with respect to all other element
identification numbers.

2. Interior angles must be less than 180°.

3. No structural mass s generated by this element.

2.4-107 (6/1/72)
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ORIGINAL PAGE i§
NASTRAN DATA DECK OF POOR QUALITY

Input Data Card CTRPLT) Triangular Element Connection

Dascription:

Defines a higher order triangular bending element (TRPLT1) of the structural model.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CTRPLT1 EID PID &1 G2 G3 G4 G5 G6 abc
CTRPLTT 160 20 120 70 30 40 70 110 . ABC
+he H ’ ]
+BC 16.2

Figld Contents
EID Element identification number {Integer > 0)
PID TdentiTication number of PTRPLTI property card

&1, G2, G3,
G4, G5, G6

TH

Remarks: 1.

L xry cessiue

(Default is EID) (Integer > 0)

Grid point identification numbers of connection
points (Integer > 0; G1 # G2 # B3 # 64 # G5 # G6)

Material properiy orientation angle in degrees (Real)}-
The sketch below gives the sign convention for TH.

G5

G6 G4

TH

P
o L

G1 G2 &3

Y

Element fdentification numbers must be unique with respect tv all other element
identification numbers.

Interior angles must be Tess than 180°.

The grid points must be ordered consecutively around the perimeter in counter-
clockwise direction and starting at a vertex,

The continuation card is requirad.

2.4-108 (12/31/77)
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y ORIGINAL PAGE &

* BULK DATA DECK OF POOR QUALITY

‘Z - Input Data Card  CTRSHL Triangular Shell ETement Connection

; Description: Defines a triangular thin shallow shell element {TRSHL) of the structural model.

: Format and Example: o

: 1 2 3 4 5 6 7 8 9 10 '

CTRSHL | _EID PID 61 G2 a3 @ | 65 66 abc

.i CTRSHL 160 20 120 i0 30 a0 10 30 1 ABC

B )

+he TH: '

> +BC 16.2

| Field !

@ . i

! EID Element identification number (Integer > 0} j

‘ PID Identification number of PTRSH. property card )
(Default is EIB} (Integer > 0)

; G1, G2, G3, Grid point identiFication numbers of connection

G4, G5, G6 points (Integers > 05 G1 # G2 # G3 # G4 # G5 # G5)

3 TH Material property orientation angle in degrees (Real) -
¥ The sketch below gives the sign convention for TH.

: e
’ 8 i
; '
| !
] i
= 61 ¢ d
™
i A
% Remarks: 1. Element.idsntification numbers must be unigue with respect to all other element
f identification numbers. "__
' 2. Interior angles must be less than 180°.
3. The grjd points must be 1isted consecutively around the perimeter in counter-
clockwise direction starting at a vertex.
4. The continiation card must be present.
| % :
| = . C
2.4-100 (12/31/77) %
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% Input Data Card CTUBE

Format and Example:

NASTRAN DATA DECK

Tube Element Connection

ORIGIN AL, 48

RN
Th e
T

&5

OF POOR GUALIY

Description: Defines a tension-compression-torsion element (TUBE) of the structura] model,

‘f—“‘———"\_’———\%\
1 2 3 4 5 5 7 8 9 10
CTUBE EID PID 1] G2 EID PID Gl G2
CTUBE 12 13 21 23 3 12 24 5
Field Contents
EID Element identification number (Integer > 0)
PID Identification number of a PTUBE property card (Default is EID) (Integer > 0)
Gi, G2

Remarks: 1.

2. One or two TUEE elements may be defﬁnéd on a single card.

Hmmtﬁmﬁﬁmﬁmnm%mmwt
{dentification numbers.

Grid point identification numbers of connection points (Integer » 0; GI

2,4-110 (6/1/72)
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- BULK DATA DECK
'x’.? v
Input Data Card CIWIST Twist Panel Element Connection
Descriptiorn: Pefines a twist panel element (TWIST) of the structural model.
Format and Example:
i 2 3 4 5 6 7 B 9 10
CTWIST EID PID G1 62 G3 G4
CTWIST 2 6 1 5 3 7
Field Contents
EID Element identification number (Integer > Q)
PID Identification number of a PTWIST property card (Default is EID} {Integer > 0)
G1,62,G3,64 Grid point identification numbers of connection points {Integer > 0;
GT # G2 # G3 # G4)
Remarks: 1. Element identiFfication numbers must be unique with respect to 211 other element
] identitication numbers.
' 2. Grid points G1 thru G4 must be ordered consecutively around the perimeter of the
element.
3. A1l interior angles must be less than 180°.
-
.
3
7
%Z«

L™

3

Ll

2.4-111 (6/1/72)
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Input Data Card CVISC

Description:

Defines a viscous damper element (VISC) of the structural model.

Format _and Example:

m

Viscous Damper Connection

NASTRAN DATA DECK CRINNAL PAGE (3

OF POCR QUALITY

W\

1 2 3 a 5 6 7 8 9 10
CYISC EID PID G1 G2 EID PID Gl G2
CVISC 21 6327 29 3 22 6527 35 33
Field Contents .
EID Element identification number (Integer > 0) ' E
PID Identification mmber of PVISC property card (Default is EID) (Integer > 0) ;
G1, G2 Grid point identification numbers of connection points (Integer > 0; G1 # G2) :

Element identification numbers must be unique with respect to all other element
identification numbers.

One or two VISC elements may be defined on a single card.

Used only for direct formulation of dynamic analyses.

2.4-112 {12/3V/77)
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¥ BULK DATA DECK

Ll

Input Data Card CWEDGE Wedge Element Connection

Description: Defines a wedge element (3 dimensional salid, with three quadrilateral faces and two
0pposing triangular faces, WEDGE) of the structural model.

Format and Example:

1 2 3 4 5 6 7 8 9 10

CWEDGE EID MID Gl G2 G3 G4 GS Go

CWEDGE 15 2 3 6 9 i2 15 18

Field Contents ;
1

EID Element identitication number {Integer > 0) i

MID Material identification number (Integer > 0) ?

G1,...,66 Grid point identiFfication numbers of connection points (Integers > 0, '

Gt # 62 # ... # GB)

12 18

i
i
15 !

Remarks: 1. Element identification n

umbers must be unique with respect to all other element
identification numbers.

2. The order of the grid points is: G1, G2, &3 on ane triangular face, G4, G5, G6 at
the other triangular face. &1, G4 on a common edge, G2, G5 on a common edge. !

3. The quadrilateral faces must be nearly planar.

4. There is no nonstructural mass. :
i

5. i

For structural probiems, material must be defiped by MAT1 card.

e

6. Output stresses are given in the basic coordinate system.

7. For heat transfer problems, material may be defined with either a MAT4 or
MATS card.

o B Bk B b e SR

2.4-113 (6/1/72)
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Input Data Card CYJ@IN

NASTRAN DATA DECK ORIGINAL PAGT g

OF POCR QuaLITY

Description: Defines the boundary points of a segment for cyclic symnetry structural molds,

Format and Example:

1 2 3 4 5 ] 7 8 9 10
CYJRIN SIDE G1 G2 G3 G4 Gh G6 abc
CYJPIN 1 7 9 16 25 33 64 ABC
+he G7 G8 Go -etc.-
+BC 72

Alternate Form

CYJPIN SIDE GID “THRU" | GID2
CYIRIN 2 5 6 THRU | 32 |
Field Contents
SIDE Side identification (Integer 1 or 2)
C Coordinate System (BCD value R,C or S or blank)
Gi,GID{ Grid or scalar point identification numbers (Integer > 0)

Remarks: 1.

CYJPIN bulk data cards are only used for cyclic symmetry problems.
A parameter (CTYPE) must specify rotational or dihedral symmetry.

For rotatioral symmetry problems there must be one Togical card for side 1 and
one for side 2. The two 1ists specify grid points to be connected, hence both
1ists must have the same length.

For dihedral symmetry problems, side 1 refers to the boundary between segments
and side 2 refers to the middle of a segment. A coordinate system must be
referenced in field 3, where R = rectangular C = cylindrical and S = spherical.

A1l components of displacement at boundary points are connected to adjacent
segments, except those constrained by SPC, MPC or @MIT.

2.4-114 (12/31/74)
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ORIGHIAL PACE 1
BULK DATA DECK OF POCR QUALITY

Input Data Card DAREA Dynamic Load Scale Factor

Description: This card is used in conjunction with the RLPADT, RL@ADZ, TLPADY, and TLEAD2
ata carcs and defines the point where the dynamic load is to be appTied with the scale
(area) factor A.

Format and Example:

e ™™ g e R e ™ s
1 2 3 5 7 8 9 10
DAREA SID A P C A
DAREA 3 6 2 8.2 15 1 10.1
Field Contents
SID Identification number of DAREA set (Integer > 0)
p Grid or scalar point identification number (Integer > 0)
Component number (1-6 for grid point; blank or 0 for scalar point)
A Scale (area) factor A for the designated coordinate (Real)

Remarks: One or two scale Factors may be defined on a single card.

=%

2.4-115 (12/31/74)
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Input Data Card DAREAS

Descrip

cards and defines the point where the dynamic load is to be applied with the scale (area) factor A.

tion: This card is used in conjunction with the RLEADI, RLPAD2, TLEAD1, and TLPADZ data

Format and Example:

NASTRAN DATA DECK

Dynamic Load Scale Factor - Substructure Analysis ' "1

1 2 3 4 5 6 7 8 9 10
DAREAS SID NAME p C A P C A
DAREAS 3 SKIN 2 8.2 15 1 10.1 y
Field Contents 1
SID Identification number of DAREA set (Integer > 0) !
NAME Basic substructure name
P Grid or scalar point identification number (Integer > 0)
c Component number (1-6 for grid point; blank or 0 for scalar point)
A Scale (area) factor A for the designated coordinate (Real)
S
Remarks: 1. One or two scale factors may be defined on a single card : ]i
2. Used in substructure SPLVE operation : i
3. Points referenced must exist in the SOLVEd structure.

A, T

2.4-116 (12/29/78)
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Input Data Card DEF@RM Element Deformation

Description:

probliems.

Format and Example:

BULK DATA DECK

Defines enforced axial deformation for one-dimensional elements for use in statics

e el g i g P pp—
1 2 3 & 5 6 7 8 g 10
DEFPRM SID EID D EID D EID D
DEF@RM 1 535 .08 536 -.10
Field Contents
51D Peformation set identification number {Integer > 0) i
EID Element numher (Integer > 0) .
D Deformation {+ = elongation) ({Real) 3
Remarks: 1. The referenced element must be one-dimensional (i.e., a RED (including CONRED), : :
TUBE or BAR). |
2. Deformation sets must be selected in the Case Control Deck (DEFGRM=SID) to be l f
used by NASTRAN. .
3. From one to three enforced element deformations may be defined on a single card. !

ey

o e e e it

2.4-117 (3/1/76) §
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" NASTRAN DATA DECK
3 Input Data Card DELAY Dynamic Load Time Delay

: Description: This card is used in conjunction with the RLPAD1, RLPAD2, TLPAD] and TL@AD2
Lt ata cards and defines the time delay term T in the equations of the loading function.

Format and Example:

1 2 3 4 5 7 8 8 10
DELAY SID p c T C T ;
DELAY 5 21 6 4.25 7 6 8.1
1

SID Identification number of DELAY set (Integer > 0) i
P Grid or scalar point identification number {Integer > 0) :

Component number (1-6 for grid point, blank or 0 for scalar point)
T Time delay t for designated coordinate (Real)
Remarks : One or two dynamic load time delays may be defined on a single card.

2.4-118 (3/1/70)
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" BULK DATA DECK

S Input Data Card DELAYS Dynamic Load Time Delay - Substructure Analysis

; Pescription: This card is used in conjunction with the RL@ADT, RLBAD2, TLPADT and TLEADZ data
cards and defines the time delay term T in the equations of the loading function.

Format and Example:

1 2 3 4 5 6 7 8 g 10
DELAYS SiD NAME P C T P C T
DELAYS 5 SKIN 21 6 4.25 7 6 8.1 !
Field Contents 1
SID Identification number of DELAY set {Integer > Q) ‘
NAME Basic substructure name Do
p Grid or scalar point identification number (Integer > 0)
c Component number (1-6 for grid point, blank or 0 for scalar point)
T Time delay © for designated coordinate (Real)

Remarks: 1. One or two dynamic load time delays may be defined on a single card,
2. Used in substructure SOLVE operation.
3. Points referenced must exist in the SELVEd structura.

=~
o
3

s
Y

2.4-119 (12/29/78)

5(A

-

i
—t, -

© et ian. b L % o e oy a4 B A e e i et =

- R iy S S RS ey -

e e ke Bt B ¢ da Fenn et b e d e o e n mes mreee b skt & R U k& 1O e oar i e, ot T T AL

1§




NASTRAN DATA DECK

Input Data Card DLBAD pynamic Load Combination (Superposition)

Descrintion: Defines a dynamic loading condition for frequency response or transient response
probiems as a linear combination of load sets defined via RLADT or RLPAD2 cards (for frequency
response) or TLEAD] or TLPAD2 cards (for transient respanse).

Format and Example:

1 2 3 4 5 6 7 8 9 i0
DLGAD SID S 51 L1 S2 LZ 53 L3 +abc
DLAAD 17 .1 1.0 2.0 6 -2.0 7 2.0 8 A
tabe 54 L4 ~ete, -

A -2.0 9
-etc,-
Field Contents
SID Load set identification number (Integer > 0)
S Scale Factor {Real)
Si Scale Factors (Real)
Lj Load set identification numbers defined via card types enumerated above

{Iinteger > 0)

Remarks: 1. The load vector being defined by this card is given by
{P} = 5§ ; ST{PLi}'
2. The Li must be unique.

3. SID must bs unique from all Li.

4. MNonlinear transient Toads may not be included; they are selected separately in the
Case Control Dack.

5. Linear load sets must be selected in the Case Control Deck (DL@AD=SID) to bz used
hy NASTRAN.

6. A DL@AD card may not reference a set identification number defined by another DLPAD
card.

7. TLPADT and TLPADZ loads may be combined only thru the use of the DLPAD card.
8. RLPAD1 and RLPAD2 loads may be combined only thru the use of the DLPAD card,
9. SID must be unigue for all TL@AD1, TLPAD2, RLPAD1, and RLPADZ cards,

2.4~120 (3/1/76)
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Input Pata Card

Description:

Used to define matrix data blocks directly.

ORIGENAL 77
OF POOR GUALITY

BULK DATA BECK

)y Direct Matrix Input
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Generates a matrix of the form

where the elements Aij may be real or compiex single-precision or double precision numbers.

Formats and Example:

(The first logical card is a header card.)

] 2 3 4 5 6 i 8 g 10
DMI NAME g FERM TIN TEUT M N
D1 Q0 0 2 3 3 4 2
DI NAME dJ 11 A(11,d} |A{11+1,4d] etc, 12 +abe
DM I [H1]4] 1 1 1.0 2.0 3.0 4.0 3 +1
Fabe A(I12,d) ete.
] 5.0 6.0
DI Qqq 2 2 6.0 7.0 4 8.0 8.0
(etc. for each nonnull calumn)
Field Contents
NAME Any NASTRAN BCD value (1-8 alphnumeric characters, the first of which must be
alphabetic) which will be used in the DMAP sequence to reference the data block
FORM T Square matrix (not symmetric)
2 General rectangular matrix
6 Symmetric matrix
TIN Type of matrix being input as follows:
1 Real, single-precision (One field is used per element)
2 Real, double-precision (One field is used per element)
. 3 Complex, single-precision (Two fields are used per element)
; 4 Complex, double-precision (Two fields are used per element)
- TeUT Type of matrix which will be created
Tl 1 Real, single-precision 3 Complex, single-precision
; 2 Real, double-precision 4 Complex, double-precision
} M “Number of rows in A (Integer > 0)
N Number of columns in A {Integer > 0)
J Column mmber of A (Integer > 0)
11,12,etc. Row number of A ({Integer > 0)
A(Ix,d) Element of A (See TIN) (Real)

e e A i cid e b - e em mam aammrea o AnRha et s arie

(Continued)
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ORIGINAL PATE i3

g NASTRAN DATA DECK .
OF POOR QUALITY

L

DMl (Cont.)

o Remarks: 1. The user must write a DMAP {or make alterations to a rigid format) in order to use

o the DMI feature since he is defining a data block. All of the rules governing the
use of data blocks in DMAP sequences apply. In the example shown above, the data
block QQQ is defined to be the complex, single-precision rectangular 4x2 matrix

feen  fosd
faal = ‘.(510’, sﬁo; (0.0, 0.0)
(0.0, 0.0) (8.0 9.0)

The DMAP data block NAME (QQQ in the example) will appear in the initial FIAT and
the data block will initially appear on the Data Poci File {PBRL).

2. A 1imit to the number of DMI's which may be defined is set by the size of the Data
Pool Dictionary. The total number of DMI's may not exceed this size. :

3. There are a number of reserved words which may not pe used for DMI names. Among
these are P@@L, NPTP, PPTP, UMF, NUMF. PLT1, PLT2, INPT, INP1 through INP9, GE@MI, .
GEGM2, GE@M3, GE@M4, GEQM5, EDT, MPT, EPT, DIT, DYNAMICS, IFPFILE, AXIC, FBRCE, :
MATP@@BL, PCDB, XYCDB, CASECC, any DTI names, and SCRATCH1 through SCRATCHI. f

4. Field 3 of the header card must contain an integer 0.
5. For symmetric matrices, the entire matrix must be input. '

6. Only nonzero terms need be entered.

7. A blank Field on this card is not equivalent to a zero. If zero input is desired,
the appropriate type zero must be punched (i.e., 0.0 or 0.0DC).

8. Complex input must have both the real and imaginary parts punched if either part \
is nonzero.

9. If A (IX,d) is followed by THRU in the next field and an integer row number IY after
the THRU, then & (IX,d} will be repeated in sach row through IY. The THRU must ,
follow an element value. In the example below, 3.14 will be in rows 3 through 6 ;

of column 1 and 2.0 n row 9.

P

oMl QaqQ 0 2 1 1 9 ]
- pHi qaq i 3 3.14 THRU 6 9 2.0

B

'\i‘_(’.hr Tl r.t;--

Wk

b A 3 iy Al
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BULK DATA DECK CRIGINAL PAGE o

OF POOR QuALITY
Input Data Card DMIAX Direct Axisymmetric Matrix Input

Description: Defines axisymmetric (fluid or structure) related direct input matrix terms.

Format and Example:

1 2 3 4 5 6 7 8 9 10
DMIAX [ NAME | 0" I [ TIN | Tp07
MIAX | B2PP 0 1 3 4
DMIAX | NAME 6J Cd NJ +abe
DMIAX | B2pp 3 +8627
rabc Gl cI NI X3 | Yiz rdef
Bez7 | 1027 3 4.35% | 2.27+3

-etc. for each column and row containing nonzero terms-

Field Contents

NAME BCD name of matrix (one to eight alphanumeric characters the first of which is
alphabetic)

IFR 1 Square matrix

2 General rectangular matrix Identification of Matrix Form
6 Symmetric matrix

TIN Type of matrix being input as follows:
1 Real, single-pracision (One field is used per element)
3 Compiex, single-precision (Two fields are used per element)

TAUT Type of matrix which will be created
1 Real, single-precision 3 Complex, single-precision
2 Real, double precision 4 Complex, doubTe-precision
Gd, GI Grid, scalar, RINGFL fluid point, PRESPT pressure point, FREEPT free surface

displacement, or extra point identification number {Integer > 0)

CJd, CI Component number for GJ or GI grid point (0 < Integer £ 6; Blank or zero if GJ or

GI is a scalar, fluid, or extra point)

Nd, NI Harmanic number of RINGFL point. Must be blank if a point type other than RINGFL
is used. Negative number implies the "sine" series, positive implies the "cosine"

series. (Integer)
xij, Yij Real and Imaginary parts of matrix element; row (GI, CI, NI} column (G1,Cd,M)

{Continued)
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Remarks: 1.

A e . L
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NASTRAN LATA DECK
DMIAX (Cont.)

This card is allowed only if an AXIF card is also present.
Matrices defined on this card may be used in dynamics by selection in the Case

Control Deck by K2PP=NAME, B2PP=NAME, or M2PP=NAME for [KZ ], [B2.1, or [M2 ]
respectively. PP pp pp

In addition to the header card centaining IF@, TIN and TQUT, a logical card consist-
ing of two or more physical cards is needed for each nomnuli column of the matrix.

If TIN =1, Yij must be biank.
Field 3 of the headar card must contain an interger 0.

For symmetric matrices, the entire matrix must be input.

Only nonzero terms need be entered.

There are & number of reserved words which may not be used for DMIAX names. Among
these are PGPL, NPTP, @PTP, UMF, NUMF, PLT1, PLT2, INPT, GEQM1, GEPM2, GE@M3, GEQMa,

GEPW5, EDT, MPT, EPT, DIT, DYNAMICS, IFPFILE, AXIC, FARCE, MATP@PL, PCDB, XYCDB,
CASECC, any DTI names, and SCRATCH1 thru SCRATCHO,

2.4-124 (12/31/77)
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| BULK DATA DECK or AT 1y
- £ POOR QuaLTy
1 " Input Data Card DMIG Direct Matrix Input at Grid Points '
Description: Defines structure-related dirvect input mairices.
Format and Example:
1 2 3 4 5 ) 7 8 g 10
PMIG NAME g IFg TIN TRUT
MIG STIF 0 1 3 4
DMIG NAME 6J CJ GI cI Xij Yij  {Xabc ]
IG STIF 27 1 2 3 3.45 3.+3 EKG1
+abe GI CI Xi4 Yis 61 C1 i3 ¥ Acef b
H-KG1 2 4 2.5+10 0. 50 1.0 0. oy
atc. for each column containing nonzero terms !
Field Contents : :
NAME BCD name of matrix (one to eight alphanumeric characters the first of which is
atphabetic)
IF9 1 Square matrix
2 General rectangular matrix
6 Symmetric matrix .
TIN Type of matrix being input as follows: !
o 1 Real, single-precision {One field is used per element)
. 3 Complex, single-precision (Two Tields are used per element) _
. 1 y
i THUT Type of matrix which will be created T
: T Real, single-precision 3 Complex, single-precision P
] 2 Real, double-precision 4 Complex, double-precision P
: 1
j GJ, GI Grid or scalar or extra point identification numbes {Integer > 0) _
- CJ, CI Component number for GJ a grid point (0 < CJ < 6); blank or zero for GJ a :
; scalar or extra point i
Xis Y Real and imaginary parts of matrix element g
Remarks: 1. Matrices defined on this card may be used in dyn%mics by selection_in the Cage K
_ Control Deck by K2PP=NAME, B2PP=NAME, or M2PP=NANE for K;p], [B;p], or [M;p i
F respectively. Ny
g 2. 1In addition to the header card containing IF@, TIN and TPUT, a logical card !
consisting of one or more physical cards is needed for each nonnull column of !
the matrix. ;|
3. IfTIN=1, Yy, must be blank. s
4. Field 3 of the header card must contain an integer 0. ‘
§. For symmetric matrices, the entire matrix must be input. é
i
6. Only nonzero terms need be entered. f
7. The matriz names must be unigue among ail DMIG's.

{Continued)
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ORIGINAL PAGE ¥

NASTRAN DATA DECK
" OF POOR QUALITY

pMIG (Cont.)

8. There are a number of reserved words which may not be used for DMIG names. Among
these are P@@EL. NPTP, GPTP, UMF, NUMF, PLT1, PLT2, INPT, GEQMI, GEPMZ, GEGM3, GEER4, &
GE@M5, EDT, MPT, EPT, DIT, DYNAMICS, IFPFILE, AXIC, F@RCE, MATPP@L, PCDB, XYCDB, “
CASECC, and DTl names, and SCRATCHI thru SCRATCHS.
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" BULK DATA DECK ORIGINAL PAGE 1§

. OF POOR QUALITY
%' L4
- Input Data Card DPHASE Dynamic Load Phase Lead
, Description: This card is used ‘in conjunction with the RLPADT and RLPADZ data cards to define the
pnase |esad term @ in the equation of the loading function.
. .
Format and Example:
1 2 3 4 5 6 7 8 9 10 ‘
DPHASE 51D p C TH P C TH ]
BPHASE & 21 6 2.1 8 6 7.2
Field Contents B ‘
SID Identification number of DPHASE set {Integer > 0) '
P Grid or scalar point identification number (Integer > 0)
¢ Component number (1-6 for grid point, 0 or blank for scalar point)
, TH Phase lead & (in degrees) for designated coordinate (Real)
Remarks: One or two dynamic load phase lead terms may be defined on a single card. i
|
: ;1
i
;
r |
i
i
2.4-127 (3/1/70) I
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CRIGINAL PAGE I8

NASTRAN DATA DECK OF POOR QUALITY

Input Data Card DPHASES Dynamic Load Phase Lead - Substructure Analysis

Description: This card is used in conjunction with the RLEADT and RLEAD2 data cards to define
the phase lead term @ in the equation of the loading function.

Format and Example:

1 2 3 4 5 b 7 8 9 10
DPHASES SID NAME P £ TH P C TH
DPHASES 4 SKIN 21 6 2.1 8 6 7.2
Fieid Contents
SiD Identification number of DPHASE set (Integer > 0)
NAME Basic¢ substructure name
P Grid or scalar point identification number (Integer > G)
C Component number (1-6 for grid point, 0 or blank for scalar point)
TH Phase lead ® (in degrees) for designated coordinate (Real)

Remarks: 1. One or two dynamic Toad phase lead terms way be defined on a single card.
2. Used in substructure SPLVE operation.
3. Points referenced must exist in the SPLVEd structure.

2.4-128 (12/29/78)
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BULK DATA DECK OF FOOR opuAi T

d Input Data Card DSFACT Differential Stiffness Factor

Description: Used to define a scale factor for applied loads and stiffness matrix in a Normal
Fodes with Differential Stiffness Analysis.

Format and Example:

1 2 3 4 5 6 7 8 9 10
NSFACT SID ) '
DSFACT 97 -1.0 !
Field Contents
SID Set identification number {Unique Integer > 0)
B Scale factor (Real)

i m e M e

Remarks: 1. Load sets must be selected in the Case Control Deck (DSCP=SID) to be used by NASTRAN.
2. ATl fields following the entry must be blank.

2.4-129 (12/31/77)
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NASTRAN DATA DECK ORIGINAL PAGE 1§
OF POOR QUALITY

EL

323

Input Data fard DTI Direct Table Input
¢ Description: Used to define table data blocks directly,
;
E
; Format and Example: (The first logical card is a header card)
: 1 2 3 4 5 6 7 8 9 10
: DT1 RANE "o T T2 T3 | 13 T ] 16 +00 -
*;‘ bTI XXX 0 3 4 0% | 32768 | 1 0 '
+00 v ] -etc.~ |ENDREC +07
~etc.~ 1
DTI NAME IREC v v v v v ] +11 K
DTI XXX 1 2.0 -6 ABC | 6.000 | -1 2 11 :
_ +11 v v ¥ v ~ete, - ENDREC +12
: +11 4 -6.2 2.9 ] DEF -1 EMBREC
‘f -etc.-
H I
. Field Contents !
f NAME Any NASTRAN BCD value (1-8 alphanumeric characters, the first of which must !
L be alphabetic) which will be used in the DMAP sequence to reference the data
4 block j o
? Ti Trailer values (65535 > Integer > 0) T ﬁ
3 4 .
i IREC Record Number (sequential integer beginning with 1) bl
g ) Value {(blank, integer, real, BCD {except "ENDREC"), double precision) i
L
: ENDREC The BCD value ENDREC which flags the end of the string of values that con- 3
) stitute logical record IREC .
Remarks: ;
; 1, Records may be made as long as desired via coptinuation cards. i
;
2, Values may be of any type (blank, integer, real, BCD, double precision) with the i
7 exception that a BCD value may not be PENDREC”. i
g i
i 3. A1l fields following ENDREC must be blank. :
1 4. The user must write a DMAP {or make alterations to a rigid format) in order to
4 use the DTI feature since he is defining a data biock. A1l of the rules governing
i the use of data blocks in DMAP sequences apply. ‘
? 5. The DMAP data block NAME (XXX in the example) will appear in the initial FIAT and f
; the data block will initially appear on the PPfL. L
3 6. IF trailer is not specified, T1 = number of records, T2 thru T6 = Q. '
: 7. In addition to the header card, there must be one Togical card for each record |
Q in the table.
i 1
4 (Continued) D 1
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BULK DATA DECK ORIGINAL PAGE (G

OF POOR QUALITY
DTI (Cont.)

There are a number of reserved words which may not be used for DTI names. Among
these are PE@AL, NPTP, @PTP, UMF, NUMF, PLT1, PLT2, INPT, GEPM1, GEGM2, GEPM3, GEGM4,
GEgM5, EDT, MPT, EPT, DIT, DYNAMICS, IFPFILE, AXIC, FBRCE, MATP@PL, PCDB, KYCDB,
CASECC, any DTI names, and SCRATCH thru SCRATCH9.

AP
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NASTRAN DATA DECK . L
ORIGNAL paps 1§

OF POOR QukLITH

Input Data Card EIGB Buckling Analysis Data

Description:

Defines data needed to perform buckling analysis,

Format and Example:

1 2 3 4 5 6 7 8 9 10

EIGB SID METH@D L1 L2 NEP NDP NDN E +abg

TIGR 13 DET 0.1 2.5 2 1 1 0.0 ABC

rabe NORM G C

+BC MAX

Field Contents

SIiD Set identification number (Unique Integer > 0)

METHRD Method of eigenvalue extraction, one of the BCD values “INV", "DET","FEER",
"UINV", or "UDET"
INV. - Inverse power method, symmetric matrix operations
DET - Determinant method, symmetric matrix operations
FEER - Tridiagonal reduction method, symmetric matrix operations
UVINY - Inverse power method, unsymmetric matrix operations
UDET - Determinant method, unsymmetric matrix operations

L1,L2 Eigenvalue range of interest (Real; L1 < L2 > 0.0). For METHOD = “FEER", L1 s
ignored and L2 is the acceptable rejative error tolerance on eigenvalues,
(Default is .1/n where n is the order of the stiffness matrix) (Real > 0.0Q)

NEP Estimate of number of roots in positive range. Desired number of eigenvalues
of smallest magnitude tor METH@D = "FEER". (Default is automatically calculatzad
to extract at Teast one iccurate mode) (Integer > 0)

NDP,NDN Drsired number of positive and negative reots (Default = 3 NEP) (Integer > 0)
Ignored for METH@D = “FEER"

E Convergence criteria (optional) (Real > 0.0)

NORM Method for normalizing eigenvectors, one of the BCD values "MAX" or "PGINT"
MAX - Normalize o unit value of the largest component in the analysis set
PPINT - Normalize to unit value of the component defined in fields 3 and 4

{Defautts to "MAX" if defined component is zero)

G Grid or scalar point identification number {Integer > 0) (Required if and only if
N@RM = “PRINT")

C Component number (One of the integers 1-6) (Required if and only if NERM = "PBINT"

and G is a geometric grid point)

(Continued)
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BULK DATA DECK
EIGB (Cont.)

ORIGINAL PAGE {8
OF POOR QUALITY

) Remarks: 1. Buckling analysis root extraction data sets must be selected in the Case Control
Deck (METHED = SID) to be used by NASTRAN. ,
2. The quantities L1 and L2 are dimensionless and specify a range in which the eigen- CH
values are to be found. An eigenvalue is a factor by which the prebuckling state i
of stress (first subcase) is multiplied to produce buckling. If METH@D = "FEER",
L1 is ignored and LZ represents the maximum upper bound, in percent, on )
| AFEER/ Apxact ° 1 | for acceptance of a computed eigensotution. 3
3. The continuation card is required.
4, See Sections 10.3.6 and 10.4.2.2 of the Theoretical Manual for a discussion of N
convergence criteria. - ’
§. If METH@D = "DET", L1 must be greaier than or equal to 0.0. _
6. 1If NORM = *MAX", components that are not in the analysis set may have values larger i
than unity. : .
7. 1f NgRM = "PAINT", the selected component must be in the analysis set. : K
i
i
{
!
i
i
s_
;
” i
'; ;
. {
i
{
; i
.
i 1
3 ;
i

AN
L
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ORIGINAL PAGE I3

OF POOR QUALITY
NASTRAN DATA DECK

be Input Data Card EIGC Complex Eigenvalue Extraction Data ‘
- Description: Defines data needed to perform complex eigenvalue analysis.
L .
&
al b2
—-—*-—.—
'/ ‘
[}
2 /| & o !
i q—ﬂ.]
a2 Bl
Format and Example:
i
L 2 3 4 5 § 7 8 9 10 :
EIGC SiD METH@D NBRM G C E +abc |
EIGC 14 DET PRINT 27 1.-8 ABC v
. abc %) a1l %1 | b1 % Ne1 Nt +def .
+BC 2.0 5.6 2.0 |-3.4 2.0 4 4 DEF .
? i
+def %2 | Ya %z | “n2 2 1% | M ;
: +EF -5.5 -5.5 5.6 5.6 1.5 6 3 ‘
J (etc.]) ) _
Field Contents
SID Set identification number (Unique integer > 0) :
|
METH@D Method of complex eigenvalue extraction, cne of the BCD values, "INV, i
"DET", “HESS", or IIFEERII ‘
INY - Inverse power method ?
DET - Determinant method }
HESS - Upper Hessenberg method i
FEER - Tridiagonal Reduction method :
{Continued) l
, 1
\ 1 1
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NPRM

(uaj’ fﬂaj)

(ubj’ wbj)

2

Naj

Remarks:

1.

‘BULK DATA DECK o ool L lalf
EIGC (Cont.)
weghﬁgufor normalizing eigenvectobs, one of the BCD values “MAX" or
PRI
MAX - Mormalize to a unit value for the real part and a zero value
for the imaginary part, the component having the largest
magnitude

PPINT - Normalize to a unit value for the real part and a zero value
for the imaginary part the companent defined in fields 5 and 6 -

defaults to "MAX® if the magnitude of the defined component is zevo.

Grid or scalar point identification number (Required if and only if
NPRM=PBINT) (Integer > 0)

Component number {Required if and only if NPRM="PPINT" and G is a
geometric grid point) (0 < integer 2 6)

Convergence criterion (optional) (Real > 0.0)
For method = "FEER", error-tolerance on acceptable eigenvalues
(default value is .10/n, where n is the order of the stiffness matrix).

Two complex points defining a line in the compiex plane (Real)

For method = "FEER", (aaj’ maj) is a point of interest in the complex

plane, closest to which the eigenvalues are computed; Iaajl + lu%jl > 0.
The point (“bj’ mbj) is {ignored.

Width of region in complex plane (Real > 0.0)
Blank for method = "FEER'.

Estimated number of roots in each region (Integer > )
Ignored for method = "FEER".

Desired number of roots in each region (Default is 2N..)} {Integer > 0)
Desired number of accurate roots for method = "FEER" (Default is 1).

Each continuation card defines a rectangular search region. For method = "FEER",
the card defines a circular search region, centered at (“aj’ “aj) and of sufficient

radius to encompass Ndj roots. Any number of regions may be used and they may over-
lap. Roots in overlapping regions will not be extracted more than once.

Complex eigenvalue extraction data sets must be selected in the Case Control Deck
(CMETH@D=SID) to be used by NASTRAN.

Tie units of a, w and & are radians per unit time.
At Teast one continuatien card is required.

For the determinant method with no damping matrix, complex conjugates of the roots
found are not printed.

See Section 10.4.4.5 of the Theoretical Manual for a discussion of convergence
criteria.

{Continued}
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NASTRAN DATA DECK
EIGC {Cont.)
7. For the Upper Hessenberg method, Ndl controls the nuwber of eigenvectors computed.

Only one continuation card is considered and the {o.w) pairs, along with the
parameters 2] and Ne]' are ignored. Insufficient storage for HESS will cause

the program to switch to INV.

|Pi - (“-aj: maj” i}

Ipi = (aaj’ “aj)!

=2 2
Ip.i - (aaj’ Naj) |

2 2
|D - (Cf-aj, ma.}’) I

The error tolerance, E, for the “FEER" method is with regard to

for [B] # [0] and

for [B] = [0],

where p. is a computed eigenvalue and p. an exact eigenvalue.
i i
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ORIGINAL PALT 3
* BULK DATA BECK OF POOR QUALITY
‘;‘1 i)
Input Data Card EIGP Poles in Complex Plane
i
; Description: Defines poles that are used in complex eigenvalue extraction.

Format and Example:

1 2 3 4 5 6 7 8 9 10

: EIGP S1D w M o W M
: EIGP 15 | -5.2 0.0 2 6.3 5.5 3
| Field Contents
! SID Set identification number (Integer > 0)

(o,w) Coordinates of point in complex plane (Real)

M Multiplicity of complex root at pole defined by {asw) (Integer > 0)
Remarks: 1. Defines poles in complex plane that are used with associated EIGC card having same

3
-

set number.
The units of o,w are radians per unit time.
Poles are used only in the Determinant Method.

One or two poles may be defined on a single card.

2.4-137 (3/1/70}
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NASTRAN DATA DECK

Input Data Card EIGR Real Eigenvaluz Extraction Data

Description:

Defines data needed to perform real eigenvalue analysis.

Format and Example:

1

2

3 4 5 6 7 8 9 10

EIGR

* SID

METHAD F1 F2 NE ND NZ E +abhe

EIGR

13

DET 1.8 15.6 10 12 0 1.-3 ABC

+abc

NPRM

G c

+BC

PAINT

32

Field
SID
METHAD

F1,F2

NE

ND

NZ

Set identification number (Unigue integer > 0)

Hethod of eigenvalue extraction, one of the BCD values “INY", "DET", "GIV¥,
"FEER", "UINV", or "UDET".

INV - Inverse power method, symmetric matrix operations.

DET - BDeterminant method, symmefric matrix operations.

GIV - Givens method of tridiagonalization.

FEER - Tridiagonal reduction method, symmetric matrix operations.
UTNV

Inverse power method, unsymmetric mairix operations.
UDET - Determinant method, unsymmetric matrix operations.

Frequency range of interest (Required for METHPD = “DET", “INV", “UDET", or
"UINV") (Real > 0.0; F1 < F2); IF METHOD = GIV, frequency range over which
eigenvectors are desired. The frequency range is ignored if ND > 0, in which
case the eigenvectors for the first ND positive roots are found. (Real, FI
< F2). 1If METHOD = "FEERY, F1 is the center of range of interest (Default is
F1 = 0.0} (Real > 0.0), and F2 is the accepcable relative error tolerance on
frequency-squared, (Default is .1/n where n is the order of the stiffness
metrix) (Real > 0.0}.

Estimate of number of roots in range {Reguired for METH@D = "DET", "INV",
"UDET", or "UINV", ignored for METHPD = “"GIV" and "FEER"} (Integer > 0).

Desired number of roots for METH@D = DET", “INV", "UDET", or "UNIV", (Default is
3 NE) (Integer > 0). Desired number of eigenvectors for METHED = "GIV®
Integer > 0). Desjred number of roots and eigenvectors for METHPD = ©FEER"
(?ezault 150§utomat1ca]1y calculated to extract at least one accurate mode)
nteger > 0}.

Number of free body modes (Optional - used only if METHED = "DET" or "UDET")
(integer > D).

Mass arthogonality test parameter (Default is 0.0 which means no test will be
made) (Real > 0.07.

{Continued)
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Remarks:

1.

2.

BULK DATA DECK
EIGR (Cont.)

Method for normalizing eigenvectors, one of the BCD values "MASS", "HAX" or
PPOINT®

MASS - Normalize to unit value of the generalized mass
MAX - Normalize to unit value of the largest component in the analysis cet

PRINT - Normalize to unit value of the component defined in fields 3 and 4 -
defaults to "MAX" if defined component is zero

Grid or scalar point identification number (Requived i¥ and only if NPRM="PBINT"}
(Integer > 0)

Component number (One of the integers 1-6)} (Requirved if and only if NORM="PAINT"
and G is a geometric grid point)

Real eigenvalue extraction data sets must be selected in the Case Control Desck
(METHBD = SID) to be used by NASTRAN.

The units of F1 and F2 are cycles per unit time. IF METH@D = "FEER", F2 represents the

maximum upper bound, in percent, on l“%EER’“%XACT - 1| for acceptance of a computed
eigensolution.

The continuation card is required.

I

If METH@D = “GIV", ail eigenvalues are found.

If METH@D = "GIV", the mass matrix for the analysis set must be positive definite.
This means that all degrees of freedom, including rotations, must have mass
properties. @MIT cards may be used to remove massless degrees of freedom.

A nonzero value of E in field 9 also modifies the convergence criteria. See
Sections 10.3.6 and 10.4.2.2 of the Thecretical Manual for a discussion of
convergence criteria.

If NPRM = “HAX", components that are not in the anaiysis set may have values larger
than unity.

1f NPRM = "PPINT", the selected component must be in the analysis set.

1f METHED = “GIV" and rigid body modes are present, F1 should be set to zero
if the rigid body eigenvectors are desired.

. The desired number of roots (ND) includes all roots previously found, such as rigid

body modes datermined with the use of the SUPPRT card, or the number of roots previously
checkpointed when restarting and APPENDing the eigenvector File. The APPEND feature

is available in the case of the Determinant, Inverse Power and FEER methods of eigen-
value extraction.
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CRIGINAL PABE 15
NASTRAN DATA DECK OF POOR QUALITY

Input Data Card ENDDATA !

Description: Defines the end of the Bulk Data Deck.

Format and Example:

1 2 3 4 5 6 7 8 9 10
ENDDATA >/
ENDDATA

First Alternate Form:

ENDATA >/ :

ENDATA

Second Alternate Form:

. H
- !
END DATA | > ~ L

END DATA . .
b ;
2 H
Remarks: 1. This card is required even if no physical data cards exist in the deck. ;
2. ENDDATA may begin in column 1 or 2. If the first alternate form is used, ENDATA may |
begin in column 1, 2 or 3. If the second alternate Form is used, END DATA must :
necessarily begin in column 1. 3
3. Failure to include this card will result in job termination caused by an end-of-file [ f
condition being encountered on the input file. . i
4. Extraneous data cards may be stored after this card except when the INPUT module ;
data follows or when the UMF card FINIS follows or when multiple job steps occur i
within the same job submittal on the CDC computer, ;
: i
i
f')
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BULX DATA DECK OF POCR QUALITY

——

Input Data Card EPPINT Extra Point

Description: Defines extra points of the structural model for use in dynamics problems.

Format and Example:

1 2 3 4 5 6 7 8 9 10
EPPINT ib 14] ib 1D 1D ID 1b iD
Z POINT 3 18 1 4 16 2 :
Alternate Form ‘ !
EPPINT () "THRU | 1D2 ;
EPPINT 17 THRU 43 ; |
Fiald Contents j
10,101,102 Extra point identification number (Integer > 03 IDI < ID2) .‘
Remarks: 1. A1l extra point idemtification numbers must be unique with respect to all other
structural, scalar, and fluid points. |
2. This card is used to define coordinates used in transfer function definitions {see ‘ g
TF card). 1
3. If the alternate form is used, extra points ID1 thru 1D2 are defined. i
!
|
;
i
]
i
|
i
]
i
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NASTRAN DATA DECK OF POOR GUALITY

: Input Data Card FLFACT Rerodynamic Physical Data

Used to specify densities, Mach numbers, and reduced frequencies for flutter analysis.

Forimat and Example:

; 1 2 3 4 5 6 I 8 9 10
i FLFACT 51D F1 F2 F3 F4 F5 F6 F7 ABC,
% FLFACT 97 .3 .7 3.5 abg
: +BC F8 F9 wepbg.--
Alternate Form:
FLFACT SID Fi THRU FNF NF FMID
FLFACT 201 .200 THRU L1480 11 . 133333
Fieid Contents
SID Set identification number (Unique Integer > 0).
Fi Aerodynamic factor (Real).

Remarks: 1.
é 2.
3.

These factors must be selected by a FLUTTER data card to be used by NASTRAN.
Imbedded blank fields are forbidden.

Parameters must be Tisted in the order in which they are to be used within the
leoping of flutter anaiysis.

For the alternate form, NF must be greater than 1. F id must Tie between F1 and

Fyg» Otherwise F .. will be set to (Fj + Fy.)/2. Then m

- Pl PO + Ryl e P01
i (Fup~Fiq) (NF-T) + (Frga-F G- 1) 22seies

The use of Fhid (middle factor selection) allows unequal spacing of the factors.

Fmid = ZFIFNF/(F1+FNF) gives equal values to increments of the reciprocal of F].

2.4-142 (12/29/78)
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BULK DATA DECK ORIGINAL 22728 O
: OF PGOR QUALITY

i

Input Data Card FLSYM Axisymmetric Symmetry Control

Description: Defines the relationship between the axisymmetric fluid and a structura) boundary

having symmatric constraints. The purpose is to allow fluid boundary matrices to conform to
structural symmetry definitions.

Format and Example:

1 2 3 4 5 6 7 8 9 10
FLSYM M S1 s2
FLSYH 12 S
Field Contents
M Number of symmetric sections of structural boundary around circumference of fluid
being modeled by the set of structural elements (Integer > 2, even)
S1, §2 Description of boundary constraints used on structure at first and second planes

of symmetry. ({BCD: "S" => symmetric, "A" => antisymmetric)

Remarks: 1. This card s allowed only if an AXIF card is also present,
2. Only one (1) FLSYM card is allowed.
3. The card is not required if no planes of symmetry are involved.
4

. First plane of symmetry is assumed to be at ¢ = 0. Second plane of symmetry s
assumad to be at ¢ = 360°/M.

5. Symmetric and antisymmetric constraints for the structure must, in addition, be
provided by the user.

6. The solution is performed for those harmonic indices listed on the AXIF card that
are compatibie with the symmetry conditions.

Example: If a quarter section of structure is used to model the boundary, M = 4. If the boundary
constraints are S-S, the compatible cosine harmonics are: 0, 2, 4, etc. If S-A is used
the compatible cosiite harmonics are 1, 3, 5, ..., etc.

2.4-143 (3/1/76)
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o Y

Input Data Card  FLUTTER Aerodynamic Flutter Data OF POUR Clie

Description: Defines data needed to perform flutter analysis.

Format and Examplie:

1 2 3 4 § 6 7 8 9 10
FLUTTER |SID METHPD | DENS MACH RFREQ IMETH NVALUE |EPS
FLUTTER |19 K 119 219 319 S 5 1.-4 :
Field Contents
t
SID Set identification number (Unique Integer > 0). i
WMETH@D Flutter analysis method, "K" for K-method, "PK" for P-K method, "KE" for the

K-method restricted for efficiency.

DENS Identification number of an FLFACT data card specifying density ratios to be
used in fiutter analysis (Integer > 0).

MACH Identification number of an FLFACT data card specifying Mach numbers (m) to be
used in flutter analysis (Integer > 0).

RFREG {or VEL) Identification number of an FLFACT data card specifying reduced freguencies (k)
to be used in flutter analysis (Integer > 0); for the p-k method, the velocity.

IMETH Choice of interpolation method for matrix interpolation {BCD: L = lipear, § i
§ = syrface). i
* i
NVALUE Number of eigenvalues for output and plots (Integer > 0).
EPS Convergence parameter for ki used in the P-K method (Real){default = 10-°).

Remarks: 1. The FLUTTER data card must be selected in Case Control Deck (FMETHOR = SID).

2. The density is given by DENS - RHPREF, where RHPREF is the reference value given on
the AERE data card.

3. The reduced frequency is given by k = (REFCew/2-V), where REFC is given on the AERG
data card, w is the circular frequency and V is the velocity.

4. An eigenvalue is accepted in the P-K method when |k - kestimatel < EPS.

2.4-144 {12/29/75)
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BULK DATA DECK
Input Data Card FPRCE Static Load
Description: Defines a static load at a grid point by specifying a vector.

Format and Example:

1 2 3 4 5 6 7 8 9 10

FPRCE SID G CiD F N1 N2 N3
FBRCE 2 5 & 2.9 0.0 1.0 0.0

[}
Field Contents
siD Load set identification number {Integer > 0) p
G Grid point identification number (Integer > 0) 5
CID Coordinate system identification number {Integer z 0) )
F Scale factor (Real) :
N1,N2,N3 Components of Yector measured in coordinate system defined by CID (Reals

NI2 + N2 + N32 > 0.0)

Remarks: 1. The static load applied to grid point G is given by

F-FR

where ﬁ is the vector defined in fields 6, 7 and 8.

2. Load sets must be selected in the Case Control Deck (LOAD=SID) to be ;
used by NASTRAN. !

3. A CID of zero referances the basic coordinate system.

B bbbl

:
!
;
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NASTRAN DATA DECK

>
Input Data Card FZRCEI] Static Load
o
Description: Used to define a static load by specification of a value and two grid points which
etermine the direction.
Format and Example:
1 2 3 4 5 6 7 8 9 10
FORCE1 sID G F Gl G2
F@RCE1 6 13 -2.93 16 13
Field Contents
SiD Load set identification number (Integer > 0)
] Grid point identification number (Integer > 0) ‘
F Value of load {(Real) Ee
61, G2 Grid point identification numbers (Integer > 0; GI # G2) ?ﬂ
Remarks: 1. The direction of the force is determined by the vector from G1 to G2, _ 7
2. load sets must be selected in the Case Control Deck (LPAD=SID) to be used by NASTRAN. ;
|
[
|
i
b
;
;
-;4
k
i
|

.
LN
¥
3
q

)
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BULK DATA DECK

Input Data Card F@RCE2 Static Load

Description: Used io define a static load by specification of a value and four grid points which
determine the direction.

Format and Example:

1 2 3 4 5 B 7 8 9 0
FPRCEZ Si1D G F G1 G2 G3 G4
FPRCE2 b 13 -2.93 16 13 17 13
Field Contents
SIiD Load set identification number (Integer > 0)
G Grid point identification number (Integer > 0)
F Value of Joad (Real)
G1,62,63,64 Grid point identification numbers {Integer > 0; G1 3 G2; G3 # 64)

Remarks: 1. The direction of the force is determined by the vector product whose factors are

veciors from G1 to G2 and G3 to G4 respectively.

2. Load sets must be selected in the Case Control Deck (LPAD=SID) to be used by NASTRAN.

2.4-147 (3/1/70)

540

o y P Tiry T+ e T e

[l

-
Lo

e 8 ddeta e e E Y A e s e ae A km i bW ma w ek imas A



e R

NASTRAN DATA DECK

.Q'
o Input Data Card FORCEAX Axisymmetric Static Load
8 Description: Defines a static loading for a model containing CCENEAX, CTRAPAX or CTRIAAX elements.
- .
i Format and Example: ;
1 2 3 4 5 6 7 8 9 10
FARCEAX SID RID HID S FR FP FZ
FPRCEAX 1 2 3 2.0 0.1 0.2 0.3 ;
Field Contents
SID Load set jdentification number (Integer > 0) é
RID Ring identification number (see RINGAX) (Integer > 0) !
k HiD Harmonic identification number (Integer >0 or a sequence of harmonics, see note 4) :
f S Scale factor for load {Real)
: FR
i FP } Load components in v, ¢, 2 directions {Real).
L FZ
i i
é Remarks: 1. This card is allowed if and enly if an AXIC card is also present. i
? 2. Axisymmetric Toads must be selected in the Case Confrol Deck (L@AD=SIB) to be .
: used by NASTRAN. S
? 3. A separate card is needed for the definition of the force associated with each ¢

harmonic. 3

4, If a sequence of havmonics is to be placed in HID the form is as follows: .
“Sn1Tn2" where nl is the start of the seauence and n2 is the end of the sequence,
i.e., harponics O through 10, the Tield would contain “SOTIO".

S e bidde .

5. ;nr a]discussiun of the conical shell problem, see Section 5.9 of the Theoretical
anual.

6. Ffor a discussion of the axisymmetric solid problem see Section 5.11 of the Theoret-
jecal Manual.

]
e e o e el

N S il e | R T

S PR - M AL

1+
";‘Ej‘)

2.4-148‘{3/1/76)

4]

P o
Fod B .




gi BULK DATA BECK

e o Input Data Card FREEPT Fluid Free Surface Point

Description: Defines the location of points on the surface of a fluid for recovery of surface
; isplacements in a gravity field,

Format and Example:

P - S N e g B, T e P,
1 2 3 4 5 6 i 8 9 10
FREEPT IDF IDP $ Inp [ ipp ¢
FREEPT 3 301 22.5 302 90.0 303 370.0
1

Field Contents
IDF Fluid point (RINGFL) identification number (Integer > 0) Lo
IDp Frea surface point identification number (Integer > 0) Co
¢ Azimuthal position of FREEPT om fluid point (RINGFL), in Fluid Coordinate 4

System (Real)

Remarks: 1. This card 1s allowed only if an AXIF card is also present.

2. All free surface point identification numbers must be unique with respect to other
scalar, structural and fluid points. }4

3. The free surface points are used for the identification of output data only.

4., Three points may be defined omp a single card.

5. The referenced fluid point (IDF) must be included in a free surface 1ist (FSLIST). ﬁJ
]

6. Output requests for velocity and acceleration can be made at these points.

B N ]

R L
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o NASTRAM DATA DECK

L

ég Tnput Data Card FREQ Frequency List

> Description: Defines a set of frequencies to be used in the solution of frequency response
: problems. :

Format and Exampie:

1 2 3 4 5 6 7 8 9 10
FREQ SID F F F F F F F abc
FREQ 3 2.98 3.05 17.9 21.3 25.6 28.8 31.2 §ABC
e F 3 F F F F F F i
BC 29,2 | 22.4 | 19.3 !
-gtc.- .
Field Contents :
t
SID Frequency set identification number (Integer > 0) i
F Frequency value {Real > 0.0) 4

Remarks: 1. The units for the frequancies are cycles per unit time.

2. Frequency sets must be selected in the Case Control Deck (FREQ=SID) to be used by
NASTRAN.

3. A'IIbFREQ, FREQ] and FREQ2 cards must have unique frequency set identification
numbers.
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BULK DATA DECK

Input Data Card FREQ] Frequency List

@

L

Description: Defines a set of frequencies to be used in the solution of frequency response
probiems by specification of a starting frequency, frequency increment, and number of increments

desired,

Format and Example:

1 2 3 4 5 6 7 8 g 10
|FREQT SID F1 DF NDF
FREQT 6 2.9 0.5 13
Field Contents
SID Frequency set identification number {Integer > 0)
F1 First frequency in set (Real 2 0.0}
DF Frequency increment (Real > 0.0)
NDF Number of frequency increments (Integer > 0)

. Remarks: 1. The units for the frequency F1 and the freguency increment DF ave cycles per unit
2 time,
2. The frequencies defined by this card are given by

f; = F1 4 (f~-1)DF, i = 1, NDF+1

3, Frequency sets must be selected in the Case Control Deck {FREQ=SiD) to be used by
NASTRAN.

4, A11 FREQ, FREQ1 and FREQZ cards must have unique frequency set identification
numbers.

-
-
.
e
!
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NASTRAN DATA DECK

Input Data Card FREQ2 Frequency List

Description: Defines a set of frequencies to be used in the solution of frequency response

prableds By

problems by specification of a starting frequency, final frequency, and number of 1ogarithmic
increments desired.

: Format and Example:
1 2 3 4 5 6 7 B 9 10
{FREQ2 SID F1 F2 NF . 1
1 FREQ2 6 1.0 1.E5 5
A
‘ Field Contents
51D Frequency set identification number (integer > 0)
| Fi First frequency {Real > 0.0)
- F2 Last frequency (Real > 0.0; F2 > F1)
| NF Number of logarithmic intervals (Integer > 0)
;. Remarks: 1. The units for the frequencies F1 and F2 are cycles per unit time.
? 2. The frequencies defined by this card are given by
i f; = Fl-e(i'”d R §=7,2,....0F + 1
: = 1 E2
4 where d = Tog,, 7
3 For the example shown, the 1ist of frequencies will be 1.0, 10.0, 100.0, 1000.C,
- 10000.0, and 100000.0 cycles per unit time.
3 ) 3. Frequency sets nust be selected in the Case Control Deck (FREQ=SiD} to be used by
. NASTRAN.
; 3. A1l FREQ, FREQ] and FREQ2 cards must have unique frequency set jdentification
) numbers .
=
Fy
g

M
4

v
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BULK DATA DECK

Input Data Card FSLIST Free Surface List
|
Description: Declares the fluid points (RINGFL) which 1ie on a free surface boundary. *§
Format and Example: o
1 2 3 4 5 6 7 8 9 10 ?
FSLIST RHP 1DF1 IDF2 1DF3 1DF4 IDF5 iDF6 IDF7 labe
FSLIST 1.0-4 1 3 5 [ 2 7 6 +12FS
bt 1DF8 10F9 | -etc.~- def i
+12FS 8 9 10 11 AXIS _
-efc.-
1
Field Contents i
RHO Mass density at the surface (Real > 0.0 or blank; if blank the AXIF default value %
must not be blank) :
1DFi Tdentification number of RINGFL point {Integer > 0 or BCD, "AXiS." The first
and/or last eniry may be AXIS)
Remarks: 1. This card is allowed only if an AXIF card is also present.

2. Fach logical card defines a surface. The order of the points must be sequential
with the fluid on the right with respect to the direction of travel.

3. The BCD word, AXIS, defines an intersection with the polar axis of the Fluid
Coordinate System. ot

4. There may be as many FSLIST cards as the user requires. If the fluid density varies i
along the boundary there must be one FSLIST card for each interval between fluid

points.
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Input Data Card GEML@@P - General Current Loop

Description:

NASTRAN DATA DECK

Defines a general current loop in magnetic field probiems.

Format and Example:

1 2 3 4 5 6 7 8 9 10

gEMgpP | SID 1 ¢ X1 Vi 71! X2 Y2 |+

GEML@AP 5 5.2 0 8.1 10.2 3.5 12.5 9.1 +A

+a 72 X3 Y3 13 +b

+A 1.3 ENDT

Field Contents

SID Load set identification number (Integer > 0)

I Current through loop (Real > 0.0)

) Coordinate system identification number {Integer > 0 or blank)

Xi,Yi,21 %oor?;nates of points defining linear sections of coil in coordinate system ciD
Rea

Remarks: 1. Load sets must be selected in the Case Control Deck (LPAD=SID) to be used by

NASTRAN.
In order for the coil to be closed, XN, YN, ZN must be equal to X1, Y1, Z1.

ENDT must be specified in the field immediately after ZN.

N should be such that 2 = N < 15,

If a loop has more than 14 segments, another GEMLEPP card may be specified with the
first point coincident with the last point of the previous card.

CID must presently be O or blank.

2.4-154 {09/30/83)
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Input Data Card BENEL General Element

Description: Defines a general element using either:

1. The stiffnecs approach:

fs K | s u,
Yar Gl oc-Ta i ul I iy GRS

2. The flexibility approach:

u z |8 (s

i i
K=+ - __} ' here
fd 'S I 0 ud

T
{ugh = Lugratiggs- e oatigy ]
Ky Koy - -0 K,
° Kzaz LI Y a T
[KZ1 = IK] or [Z] = . . . and [KZ]' = [KZ] ,
sz_l L] - - -] - a - » l{zmn‘l—

s_rlnosou.oas]n

(1= 13 .
[_sm]..-ooonnsmn

The required input is the {ui} list and the lower triangular portion of [K] or [Z].

Additiomal Input may include the fugl Tist and [S]. If [S] is imput, {uy} must also be input.
If {ud} is input but [S] is omitted, [S] 1s internally calculated. In this case, {ug} must have

six and only six degrees of freedom. If [S] is not required, both {uy} and [S] are omitted.

{Continued)
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» NASTRAN DATA DECK OF POOR QUAUW

GENEL {Cont.)

Format: (An example is given on the following page.)

w

- o) 4 3 4 5 6 7 8 9 10
: GENEL EID uI1 cIl u12 c1z2 UI3 c13 X1
+1 UI4 CI4 UIs CIS uI6 CI6 uIz CI?7 X2
+2 Ete. X3
+3 UL, - The Tast item in the UI-1ist will appear in X4
one of fields 2, 4, 6, or 8.
+4 hupe Ub1 CD1 up2 cD2 un3 Cb3 X5
+5 Etc. X6 .'
t
+6 UDrl - The Tast ftem in the UD list will appear in X7 ;
one of fields 2, 4, 6, or 8, i
+7  pKYor©Z" KZ11 Kz21 KZ31 Etc. KzZ22 KZ3z2 %8 :
+8 Etc. KZ33 KZ43 Etc. X9 _
+9 Etc. X10 ‘
i
+10 KL - The last item in the K or Z matrix, will appear X1 i%
in one of fields 2 through 9. i
+11 nge 51 812 Etc. 521 Etc. X12 ;
+12 Sun - The last item in the S matrix will appear in b
one of fields 2 through 9. .k
1y
Field Contents <
EID Unique element identification number, a p