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ABSTRACT

Severd improvements have been made to the dynamic analyss capability in the V2001 verson of
MSC.Nadtran with a view to enhancing its user convenience as wdl as functiond cgpability. This
paper discusses the details of these improvements and illustrates them by suitable examples.



INTRODUCTION

The dynamic andyss capability in MSC.Nadran is a very important feature that is widdy used in a
variety of agpplications. Over the years, many users have expressed a desre for the enhancement of
user convenience and the dimination of redtrictions with regard to certain features of this cgpability as
well as a need for the addition of certain functiond features to this cegpability. We a MSC recently
decided to address some of these concerns and have made severa improvements towards this god. In
particular, the following three enhancements have been made to the dynamic anayss capability in
V2001 version:

A amplified way of employing static loading data for specifying dynamic loads
Elimination of restrictions on the usage of DAREA bulk data
An enhanced enforced motion festure

Details of these improvements are described in the paper.

SIMPLIFIED STATIC LOADING DATA USAGE FOR DYNAMIC LOAD SPECIFICATION

Until now, the only way of employing detic loading data for specifying d/namic loads has been via the
use of LOADSET/LSEQ data (see Reference 1). The LOADSET data, which is sdected in Case
Contral, points to LSEQ bulk data. The LSEQ data, in turn, acts as a "bridge" between a DAREA 1D
on the one hand and a static load ID / thermd load ID on the other. In this way, when the user sdects a
dynamic load (RLOADVRLOAD2TLOADVTLOAD2/ACSRCE), al datic loads and thermd loads
that are "connected" with its DAREA ID via the sdected LSEQ hbulk data "bridge' are dso
automdicaly selected.

With the new enhancement, it is no longer necessxy for the user to explicitly specify
LOADSET/LSEQ bridge data in order to employ detic loading data in dynamic andyss.  Instead,
when the user sdects a dynamic load, al gatic loads and therma loads whose IDs are the same as its
DAREA ID ae dso automaticaly sdected. In essence, this new usage is equivaent to the user
automaticaly sdecting LSEQ data wherein the datic load ID and therma load ID dways match the
DAREA ID. Theusage of thisfeature isillustrated below.

Old Usage

CEND

$ THE FOLLOWING REQUEST SELECTSLSEQ ENTRY 1000
LOADSET = 1000

$THE FOLLOWING REQUEST SELECTSRLOAD1 ENTRY 150
DLOAD =150

BEGIN BULK
$THE FOLLOWING ENTRY, WHICH ACTSASA "BRIDGE"



$BETWEEN DAREA 1D 100 AND STATIC LOAD ID 200,
$ CAUSESTHE SELECTION OF PLOADA4,200

L SEQ,1000,100,200

PL OADA4,200,...

RLOAD1,150,100,...

New Usage

CEND

$THE FOLLOWING REQUEST SELECTSRLOAD1 ENTRY 150
DLOAD =150

BEGIN BULK

$ THE FOLLOWING PLOAD4 ISAUTOMATICALLY SELECTED
$BECAUSE ITSID OF 100 MATCHES THE DAREA ID OF THE
$ SELECTED RLOAD1 ENTRY

PLOAD4,100,...

RLOAD1,150,100,...

$ THE ABOVE USAGE ISEQUIVALENT TO THE USER

$ SELECTING AN LSEQ BULK DATA OF THE FORM :-
$LSEQ,SET_1D,100,100,100

In order to support legacy data decks, the LOADSET/LSEQ feature will continue to be honored and
supported as in earlier versons. However, the new design should obviate the need for using it in most
cases. It should aso be pointed out here that the new feature will be effective if and only if the user
has not made a LOADSET/LSEQ sdlection.

IMPROVEMENTSTO DAREA BULK DATA USAGE

The DAREA bulk data is used to specify point loads in dynamic anadyss (see Reference 1). In the
case of grid points, these loads are implicitly assumed to be in the displacement (or local) coordinate
systems of those points.  Until now, the usage of this data in superdement andysis has been restricted
to the resdud. This has meant that, if users want to specify DAREA-type loads for upstream
superdlements, they ae forced to employ equivdent FORCE/FORCE1/FORCE2,
MOMENT/MOMENTLUMOMENTZ2 or SLOAD bulk data (as gppropriate) to specify such loads. In
order to avoid this drawback, an enhancement has been incorporated into the program to autometicaly
convert internaly al DAREA bulk data entries for grid and scdar points to equivdent FORCE /
MOMENT / SLOAD bulk daa entries (as appropriate). This scheme, in conjunction with the
enhancement to dtatic loading usage described in the earlier section, dlows, for the first time, DAREA
bulk datato be used for gpplying dynamic loads to upstream superelements in superdement anadysis.

The above enhancement aso has two other very important advantages. These are described below.



When peforming dynamic anadyss usng the moda approach, it is very often desrable to employ
resdud vectors to improve the response.  In addition to specifying PARAM,RESVEC,YES in the
bulk data, this normaly requires the user to explicitly specify ddic loads at those points that are
dynamicdly excited. However, with the above automatic converson fediure, it is no longer
necessary for the user to explicitly specify datic loads for the purpose of resdua vector
caculations since such loads are automeatically generated by the program.

Until now, the usage of the DAREA bulk data has been redtricted to dynamic andysis. The above
automatic converson feature permits it, for the firgt time, to be usad in gatic andyss as well. This
is particularly advantageous in cases wherein the user may wish to gpply loads at grid points in the
displacement (or local) coordinate systems of those points.

In order to ensure that the user is kept informed of the above conversion, a message is issued a the end
of the Preface informing the user of the converson. This message adso outputs a card image not only
of each DAREA bulk data entry that is converted, but aso of the corresponding FORCE / MOMENT /
SLOAD hulk data entry to which it is converted.

It should be pointed out here that the above converson will not be performed if there is any LSEQ bulk
data in the input. This is because converson in such a case will lead to potentidly wrong answers.
Accordingly, the program in this case will issue an user information message indicating that the
conversion is not being performed because of the presence of LSEQ bulk datain the input.

ENHANCED ENFORCED MOTION FEATURE

Until now, the only way of smulating enforced motion in dynamic anadyss in MSC.Nastran has been
via the use of large masses or the Lagrange Multiplier Technique (see Reference 2). These methods,
while theoreticdly valid, are rather inconvenient and cumbersome for the user. The large mass method
very often leads to computational and numerica problems due to round-off errors and pseudo rigid
body modes. The Lagrange Multiplier Technique requires the usage of extensve DMAP dters which
are difficult to maintain as newer versons of the program are released. In order to overcome these
drawbacks, a new method of specifying enforced motion has been implemented. This feature permits
the user to specify enforced motion in dynamic andyss directly and degantly via SPC1/SPC/SPCD
data without the need for employing large masses or the Lagrange Multiplier Technique. The program
will then utilize this enforced motion information to ensure tha it is properly taken into account in the
andyss.

The above feature is currently implemented in Solution Sequences 108, 109, 111, 112 and 200. It will
be extended to nonlinear dynamic andyssin afuture release of MSC.Nastran.

User Interface and Specification of Enforced M otion

Currently, the TYPE fidd (fiedd 5) in TLOAD1 and TLOADZ2 bulk data is used to indicate if the
specified excitation is a force or enforced motion. This fiddd accepts only integer vaues, with the
following meanings:

0 (Default) Force
1 Enforced displacement using large mass



2 Enforced velocity using large mass
3 Enforced accderation using large mass

In order to support existing legacy data decks that employ the large mass method, the above usage has
been retained. However, in order to support the new usage involving the use of SPC1/SPC/SPCD data
to define enforced motion, a new TYPE fied (field 8) has been added to the RLOAD1 and RLOAD2
bulk data. This new fidd, which will indicate if the specified excitation is a force or enforced motion,
will serve the same purpose as the existing TY PE fied in the TLOAD1 and TLOAD?2 bulk data.

Further, in order to enhance user convenience, the new TYPE field in RROADL/RLOAD?2 bulk data as
well as the exising TYPE fidd in TLOADYTLOAD2 bulk data will be alowed to accept not only
integer values, but dso character descriptors to indicate if the specified excitation is a force or enforced
motion. The meanings of the expanded TY PE field vaues will be asfollows:

0, F, FO, FOR, FORC or FORCE (Default) Force
1,D, DI, DISor DISP Enforced displacement using

large mass or SPC1/SPC/SPCD data
2,V,VE, VEL or VELO Enforced velocity using

large mass or SPC1/SPC/SPCD data
3,A,AC, ACCor ACCE Enforced acceleration using

large mass or SPC1/SPC/SPCD data

With the new desgn, if the TYPE fidd specifies that the excitation is a force, then the DAREA fied
(fiedld 3) in RLOADY/RLOAD2 and TLOADVTLOAD?2 hulk data refers to a force and the program
will therefore look only for DAREA and various déatic loading data However, if the TYPE fidd
specifies that the excitation is enforced motion, then the DAREA fidd refers to enforced motion.  In
this case, foo RLOADVRLOAD2 bulk data, the program will look only for SPC/SPCD data
However, for TLOADLTLOAD?Z2 bulk data, the program will initially look for SPC/SPCD data. If
such data is not found, then the program will assume that the excitation is enforced motion using large
mass and will therefore look for DAREA and various datic loading data just as in the case of force
excitation. The above design ensures tha legacy data decks using the large mass approach are handled

properly.

With the new enhancement, enforced motion data is supplied via SPCI/SPC/SPCD bulk data. (Note
that components specified in SPCD data must be aso be referenced in an SPC1 or SPC entry.) It is
perfectly vdid for the user to specify enforced motion soldy via SPC bulk data without either SPC1
daa or SPCD data; the program most definitely supports such a specification.  However, we
discourage such a practice since SPC data is sdlected as a condraint in Case Control. Instead, we
highly recommend that the user specify enforced motion via explicit use of SPC1I/SPCD bulk data
This usage has the advantage that SPC1 data is selected explicitly as a condraint and SPCD data is
sdected explicitly as excitation as indicated above. This usage is more degant and less confusng than
the use of sole SPC data.

Residual Vector Usagein Modal Dynamic Response Analysis

When enforced motion is employed in modd dynamic response andysis, the use of the resdud vector
feature is highly recommended in order to get good results. Without the use of this fegture, the results
obtained in many cases may be quite unacceptable. Residuad vector usage is triggered by specifying



PARAM,RESVEC,YES in the bulk data The datic loads necessary for the computations are
automaticaly generated by the program.

I mpr oved Diagnostic M essages

As pat of this effort, severd improvements have been made to the diagnogics resulting from a
dynamic response andysis execution. These are described below.

A new us information message indicates the types of excitation specified by the user (gpplied
loads, enforced displacement, enforced velocity or enforced acceleration usng SPC/SPCD data or
large mass gpproach or a combination of these).

A new usr warning message is issued if any of the individud dynamic loading data results in a
null loading condition.

The execution is terminated with a user fad eror if the tota exdtation is null in a frequency
reponse andyss, thereby implying a null solution. Such a fata error has dways occurred in
trangent response andyss.

Procedurefor Using the Enhanced Enforced M otion Feature

In the light of the above discussion, the procedure for employing the enhanced enforced motion feature
can be summarized asfollows:

1. Specify the type of enforced motion to be applied viathe TYPE fiddd in RLOAD1/RLOAD?2 (fied
8) or TLOADY/TLOAD? (field 5) bulk data, as appropriate.

2. Definethe desired enforced motion using SPCD bulk data. The set 1Ds of these SPCD data must
match the IDs appearing in the DAREA fidlds of the corresponding dynamic load data of Step 1
above.

3. Ensure that the components referenced in the SPCD data above are aso specified in SPC1 bulk
data selected via Case Control.

4. If theandysisinvolvesthe moda approach, make sure that resdud vectors are employed by
gpecifying PARAM ,RESVEC,YES in the bulk data

The above enforced motion usage is illusrated beow for both frequency response and trangent
response analyses.



Enhanced Enforced Motion Usage in Frequency Response Analysis

SOL 108

CEND

TITLE = SPECIFICATION OF ENFORCED DISPLACEMENT

$ THE FOLLOWING REQUEST SELECTS SPC1 ENTRY 1000
SPC = 1000

$THE FOLLOWING REQUEST SELECTSRLOAD1 ENTRY 100
DLOAD =100

BEGIN BULK

$THE FOLLOWING SPC1ENTRY ISSELECTED

$VIA CASE CONTROL

SPC1,1000,1,70,80,90

$THE TYPE FIELD IN THE FOLLOWING RLOAD1 ENTRY
$ SPECIFIESENFORCED DISPLACEMENT. ACCORDINGLY,
$DAREA ID 200 HERE REFERS TO SPC/SPCD DATA.
$RLOAD1,SID,DAREA,DELAY ,DPHASE, TC,TD,TYPE
RLOAD1,100,200, , , 300, ,DISP

$THE FOLLOWING SPCD ENTRY ISSELECTED BY THE
$RLOAD1 DATA ABOVE

$NOTE THAT GRID POINT 80 - COMPONENT 1 SPECIFIED
$HERE ALSO APPEARSIN THE SELECTED SPC1 DATA.
$NOTE ALSO THAT THE VALUE OF 1.1 SPECIFIED HERE
$ REPRESENTSDISPLACEMENT

$SPCD,SID,G,C,VALUE

SPCD,200,80,1,1.1

Enhanced Enforced Motion Usage in Transient Response Analysis

SOL 109

CEND

TITLE = SPECIFICATION OF ENFORCED ACCELERATION

$ THE FOLLOWING REQUEST SELECTS SPC1 ENTRY 1000
SPC = 1000

$THE FOLLOWING REQUEST SELECTSTLOAD1 ENTRY 100
DLOAD =100

BEGIN BULK

$ THE FOLLOWING SPC1ENTRY ISSELECTED

$VIA CASE CONTROL

SPC1,1000,3,75,85

$THETYPE FIELD IN THE FOLLOWING TLOAD1 ENTRY

$ SPECIFIESENFORCED ACCELERATION. ACCORDINGLY,
$DAREA ID 300 HERE REFERS TO SPC/SPCD DATA.
$TLOADL,SID,DAREA DELAY, TYPE,TID
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TLOAD1,100,300, ,ACCE, 500

$THE FOLLOWING SPCD ENTRY ISSELECTED BY THE
$TLOAD1 DATA ABOVE

$NOTE THAT GRID POINT 85 - COMPONENT 3 SPECIFIED
$HERE ALSO APPEARSIN THE SELECTED SPC1 DATA.
$NOTE ALSO THAT THE VALUE OF 25 SPECIFIED HERE
$REPRESENTSACCELERATION

SPCD,300,85,3,2.5

Examples of Enforced M otion Usage

In order to demongtrate the enhanced enforced motion feature, we are presenting the results of two test
caes.  The firg one is the frequency response andyss of an antenna tower with an enforced
accderation gpplied to the base as shown in Figure 1.1. The second one is the trandent response
andyss of a car with an enforced acceeration gpplied to the base as shown in Figure 2.1. In both
cases, the andyss was peformed usng both direct and moda approaches. The modd approach
executions employed residud vectors to get improved response as recommended earlier.  The complete
M SC.Nastran data decks employed for the andyses are available from the authors.

For the antenna tower modd, the direct frequency response results are shown in Figures 1.2A for the
SPC/SPCD method and in Figure 1.2B for the Lagrange Multiplier Technique. The corresponding
results for the modd frequency response are shown in Figures 1.3A for the SPC/SPCD method and in
Figure 1.3B for the Lagrange Multiplier Technique.

For the car modd, the direct transent response results are shown in Figures 2.2A for the SPC/SPCD
method and in Figure 2.2B for the large mass approach. The corresponding results for the moda
trandent response are shown in Figures 2.3A for the SPC/SPCD method and in Figure 2.3B for the
large mass gpproach.

The results presented demondrate the vaidity of the enhanced enforced motion method described in
the paper when compared to both the large mass gpproach and the Lagrange Multiplier Technique.

CONCLUSIONS

We bdieve that the enhancements described in this paper will be of tremendous help to users of the
dynamic andyss cgpability in MSC.Nagtran.  We are currently involved in developing additiond
improvements as pat of an ongoing effort to enhance user convenience. These features will be
publicized at alater date.
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Mode 1001 is located on top of the tower
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Mode 1000 is located on the base
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Figure 1.1. Enforced Acceleration Applied to Base of the Antenna Tower M odel
(Grid Point 1000, Component 1)
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Figure 1.2A. Acceleration Response at Top of the Antenna Tower Model
(Grid Point 1001, Component 1)
(Direct Frequency Response Analysis Using SPC/SPCD Method)
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Figure 1.2B. Acceleration Response at Top of the Antenna Tower M odel
(Grid Point 1001, Component 1)
(Direct Frequency Response Analysis Using L agrange Multiplier Technique)
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Figure 1.3A. Acceleration Response at Top of the Antenna Tower Model
(Grid Point 1001, Component 1)

(Modal Frequency Response Analysis Using SPC/SPCD Method)
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Figure 1.3B. Acceleration Response at Top of the Antenna Tower Model
(Grid Point 1001, Component 1)
(Modal Frequency Response Analysis Using L agrange Multiplier Technique)
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Node 691 is on top of the frame

!
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Node 1059 is on the base and rigidly connected to four corners
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Figure2.1. Enforced Acceleration Applied to Base of the Car M odel
(Grid Point 1059, Component 2)
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Figure2.2A. Displacement Response at Top of the Car Modd (Grid Point 691, Component 2)
(Direct Trandent Response Analyss Usng SPC/SPCD Method)
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Displacement (in.)
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Figure 2.2B. Displacement Response at Top of the Car Model(Component 691, Component 2)
(Direct Transient Response Analysis Using L arge M ass Appr oach)
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Figure 2.3A. Displacement Response at Top of the Car Model
(Grid Point 691, Component 2)
(Modal Transient Response Analysis Using SPC/SPCD Method)
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Dusplacement (in.)
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Figure 2.3B. Displacement Response at Top of the Car Model
(Grid Point 691, Component 2)
(Modal Transient Response Analysis Using Large Mass Approach)
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