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Abstract:

It often seems to be several years after the introduction of a new feature before it gains
recognition among the user community. This paper is intended to provide an introduction to the
new external superelement features introduced in V69 and also provide a DMAP alter which

allows the creation and usage of OTM for them, allowing the creation and usage of “deliverable”
models.



Introduction:

Theidea of external superdements' is an approach used to simplify the model you are working with when
you have a complicated structure and it would be inconvenient (high cpu and/or disk usage) to work with
the entire model. When using external superdements, individual component models are processed
independently and the reduced matrices are saved for usein the ‘assembly’ run. The advantage of this
approach is that components, which may not be of interest to you, but may be important components for
loading or response) do not have to be processed every time you make a change to the modd. Only a small
component (or several components), for which the physical model existsin the final assembly model, needs
to be processed for changes, creating a very efficient approach to optimization, or nonlinear, or any
‘repetitive’ analysis where changes are occurring.

Other approaches include ‘ coupled dynamic analysis %, where component models are processed by
independent contractors and the reduced matrices along with OTM (Output Transformation Matrices) are
passed to a ‘ system integrator’ , who creates the assembly model and solves the problem. In the paper
referenced, DMAP is provided which allows complete data recovery for the component models, along with
loading changes on them at the ‘ system’ level.

This paper shows how to use the new external superelements, along with a DMAP alter (available for
V70.5 from MSC fidld offices or in the sssalter library starting with VV71) which creates and uses OTM for
the external superelements. In the referenced paper, a series of three DMAP alters were used. In this paper,
asinglealter, which isused in all runs (external superelement creation, assembly, and data recovery) is
presented.

Overview:

In versions prior to V70 of MSC/NASTRAN, there was only one way to define external superelements and
that involved the use of the CSUPER entry and manually attaching the matricesto your model. This
approach did allow you to bring in matrices from an external program, or a separate MSC/NASTRAN run,
but it did not allow you to perform data recovery on the component model used to make the external
superdlement. Also, getting the matricesinto MSC/NASTRAN was often difficult to say the least.

Starting with V69 (fully implemented in V70), thereis a new way to define external superelements (you
might even say that there are four new ways to define external superelements). This new approach allows
you to create the matrices for the external superelement from within MSC/NASTRAN, use these matrices
in an assembly run, and then perform data recovery on the external superelement using the original
database files for the component.

This approach is documented in the Release Guide for V70" However, this approach does not use OTM to
allow for data recovery on the external superelementsin the ‘assembly’ run. It only allows data recovery on
the original component models using results from the assembly run. Both are valid approaches, this paper
shows both methods (including a DMAP alter to create and use OTM) for comparison.

Procedure:

Step 1 - Create reduced matrices

The new external superelements are created by separate runs. Each external superelement is created from
theresidual structure of the component model (which may consist of amode with superelements). The
user interface for thisis:

1) ASET (or ASET1), BSET (or BSET1), and/or CSET (or CSET1) entriesidentifying the interface dof
(note: it isnot necessary to use all 6 dof on the interface GRID points).



2)

3)

4)

5)

6)

A QSET (or QSET1) entry selecting the dof which will be used to identify the component modes (only
if component modal synthesisis being performed) and SPOINTSs creating the dof.

A METHOD request in the CASE CONTROL section and an associated EIGRL entry (only if CMSis
being performed).

PARAM,EXTOUT - st to an appropriate value:
a) DMIGDB = store the reduced matrices in the database using DMIG format.
b) MATRIXDB = store the matrices in the database (as "plain" matrices with no dof identifiers).

c) DMIGOP2 = write the reduced matricesinto an OUTPUT2 file (selected by PARAM,EXTOUT |
-wherei isthe unit number with a default is 30)

d) DMIGPCH = write DMIG into the punch file.
If the DMAP alter is used;

a) PARAM,DRMH,YES = ingructs the alter to write OTM matrices in the selected form for
displacements, stresses, element forces, and spcforces as requested by the CASE CONTROL.

b) CASE CONTROL output requests for the information you wish in the OTM.

The modd of the component (as mentioned before, this mode may include superel ements)

Step 2 - assemble components together

Oncetheindividua components have been processed, an assembly run (or series of runs) isdoneto put it
all together. In this run, you may have the physical model of the residual structure (if one exists) plusthe
physical models any other component models (as superelements or as a part of theresidual structure),
which are not being represented by external superelements.

For each of the reduced component models, you need to have the following:

1)

If EXTOUT was DMIGOP2, MATRIXDB, or DMIGDB, you need to use FMS ASSIGN statements to
attach thefile containing the reduced matrices for each superelement you are bringing in as an external
superelement.

a) |If EXTOUT was DMIGOP2, you need to assign the OUTPUT2 file using a statement similar to
the following"

assign inputt2="ext1.0p2', unit=31, for m=for matted

In this statement, the file"ext1.0p" (created in step 1) is attached as unit 31, and the file was
written using the "FORMATTED" option.

b) If EXTOUT was MATRIXDB or DMIGDB, you need to attach the database files from the initial
run using FMS similar to the following:

ASSI GN SE1DB=' exsel. MASTER
ASSI GN  DBAL1=' exsel. DBALL'
dbl ocat e dat abl k=(ext db), convert ( SEl D=1), logical=SE1DB

In the above, "extsel. MASTER" and "extsel.DBALL" are the database files created in theinitial
(external superelement creation) run.



c) If EXTOUT was DMIGPCH, thereisno special FMS required, the DMIG matrices from the
punch file may beincluded in the input section of any superelement, along with CASE
CONTROL requests K2GG, M2GG, and B2GG pointing to the matrices.

2) Inthe Main Bulk Data section (before the first BEGIN SUPER), you need to have a
SEBULK ,id,EXTERNAL
entry (whereid isthe number of the superdement being brought in.) for each external superelement.

3) For each external superelement, you need to create a separate BEGIN SUPER=I (wherel isthe
superdlement id being created using the matrices from the first step) section in your input file. In these
sections, you need to provide the GRID points, SPOINTS, and attachment information for the external
superdlement matrices. Thisis done by:

a) Enter copiesof all GRID points and SPOINTs used as interface points and QSET dof in the origina
(reduced matrix creation) run (it is not required to use exact copies, but it is recommended to use them,
as this makes the process easier with less chance for error). These can all be identified in the printout
generated in step 1 by including PARAM,USETPRT,0 and PARAM,USETSEL,128 in theinput file.
An example of this output is shown below:

USET DEFI NI TI ON TABLE (I NTERNAL SEQUENCE, ROW SORT)
A DI SPLACEMENT SET

-1- -2- - 3- -4- -5- - 6- -7- - 8- -9- - 10-

1= 33-1 33-2 33-3 33-4 33-5 33-6 35-1 35-2 35-3 35-4

11= 35-5 35-6 36-1 36-2 36-3 36-4 36-5 36-6 38-1 38-2

21= 38-3 38-4 38-5 38-6 93-1 93-2 93-3 93-4 93-5 93-6

31= 98-1 98-2 98- 3 98- 4 98-5 98- 6 11001-0 11002-0 11003-0 11004-0
41= 11005-0 11006-0 11007-0 11008-0 11009-0

b) Youwill need to have an EXTRN entry in the partitioned data section. This entry serves different
purposes depending on the method used to bring the data in, but always has the same format. Aslong
asyou are using copies of the GRID and SPOINTs used to create the external superelement, the
EXTRN can be created from the above printout. On the EXTRN, you list all connecting dof in the
order they occur in the matrix (the order is not important for the DMIGDB or DMIGOP2 or
DMIGPCH options, but it isa good idea haveit correct anyway). An example for the above tableis:

EXTRN, 33, 123456, 35, 123456, 36, 123456, 38, 123456,
, 93, 123456, 98, 123456, 11001, 0, 11002, O,
, 11003, 0, 11004, 0, 11005, 0, 11006, 0

c) QSET entriesidentifying the QSET used in the original run (if used)

d) If you areusing DMIGOP2, then you must point to the file containing the data for the superelement.
Thisis done using PARAM,EXTUNIT pointing to the file used as the OUTPUT2 unit in the original
(creation run). Thisrequires using FM S to attach thefile to the current run and PARAM,EXTUNIT in
the partitioned data for the superelement.

For each external superelement (which was created using PARAM,EXTOUT,DMIGOP?2) brought in
using this method you would have a statement similar to the following:

assign inputt2="extl.op2', unit=31, formformatted
and in the partitioned data section you would have PARAM,EXTUNIT, similar to:

param extunit, 31



€) If you wish to perform data recovery on the external superelement using the original database, you
need to include PARAM,EXTDROUT s&t to the correct value:

1) If you wish to use the database to pass the boundary solution to the component model, set
PARAM,EXTDROUT, MATRIXDB (or DMIGDB - | recommend that you use the same value
used for EXTOUT in the creation run).

Or:

2) If you wish to use an OUTPUT2 file to pass the interface solution back to the component modedl,
set PARAM,EXTOUT,DMIGOP2. Also assign afile to be used for the interface solution using an
ASSIGN statement similar to:

assi gn out put 2=" ext 1out 103. op2', unit=41, formefornmatted, delete

and set PARAM,EXTUNIT,41 (the unit on the ASSIGN statement) in the partitioned input. This
will create an OUTPUT?2 file (named ext1lout103.0p2 in this example FMS), which contains the
boundary solution and other information necessary to perform data recovery on the component.

f) If you wish to perform data recovery on the component in the solution run, you need to have set
PARAM,DRMH,Y ES and included alteri.v705 in the creation run, and you need to place the desired
output requests for this component in the CASE CONTROL section for it, and add 'include alteri.v705'
in the EXECUTIVE CONTROL section.

STEP 3 Solve the Assembly Problem

Thisisastandard MSC/NASTRAN run (and may be done as a part of step 2). Include output requests for
the desired output quantities for any superelements which physically exist in the current mode, plus any
external superdements created usng PARAM,DRMH,Y ES with alteri.v705 in the creation run.

STEP 4 - Data Recovery on The External Superelement

If you did not use PARAM,DRMH,YES and include alteri.v705 in the creation run, data recovery is till
available for external superelements. It is performed using the original database (the one created when
generating the reduced matrices) and either the database from the assembly run (if PARAM,EXTOUT was
set to MATRIXDB or DMIGDB) or the OUTPUT?2 file created in the assembly run (if PARAM,EXTOUT
was set to DMIGOP2). It is done by performing a RESTART run using the creation database and the
results data at the interface.

Thisrun will look like atypical restart run for data recovery, with the addition of statementsinforming
MSC/NASTRAN whereto find the boundary solution.

In the FMS, you will need to ASSIGN the original MASTER database and inform the program that you are
performing a RESTART:

ASSI GN EXT10='runl_sel0. MASTER
RESTART, LOC4d =EXT10

The above FM S statements instruct MSC/NASTRAN to attach the database files from the run named
runl_sel0 and perform aread-only restart (not necessary , aregular restart isalso fine - thisisjust away to
avoid any possible contamination of the original database if a mistake is made).



Always set PARAM ,EXTDR,YES n thefileto perform data recovery on an external superelement using
the boundary sol ution.

a)

Or;
b)

If you used PARAM,EXTDROUT,MATRIXDB or DMIGDB in the assembly run, FMS similar to the
following must be added:

ASSI GN SYSTEME' run2_se10i n. MASTER
DBLOCATE DB=( EXTDB), WHERE( SEl D=10),
LOG =SYSTEM

In the above, the assembly database is attached as the logical file set, "SY STEM" (the word
"SYSTEM" can be any non-reserved name you wish) is attached and the program isinstructed to
locate the boundary solution for superelement 10 (in the system run) and use it as the boundary
solution for the current component. In addition to this, you need to specify PARAM,EXTDR,YES as
mentioned earlier.

If you used PARAM,EXTOUT,DMIGDB in the assembly run, use FM S to attach the OUTPUT2 file
created and specify PARAM,EXTDRUNIT,xx, pointing to the file. For this, the FM S statement would
be similar to:

assign i nputt2="selObndry.op2', unit=31

and the following parameter would bein the input file (along with PARAM,EXTDR,YES);

par am ext drunt, 31

Therest of the input fileisanormal data recovery file. Be careful to be sure that the SOL number is correct
(that it matches the SOL used in the assembly run).

Sample Problem

The sample modd is the “two-headed flyswatter” model used in the MSC/NASTRAN Superelement
seminar notes?. For demonstration purposes, | am calculating the assembly modesin SOL 103, and
performing arestart to perform amodal transient solution using the modes from SOL 03. The model is
divided into 7 superelements and a residual structure as shown below in figure 1.
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Figure 1 - the model and superelement definitions.

Separate models are created for each superelement and each one is processed to create reduced matrices,
which will be used as an external superdement in the assembly run. In this example, | used
PARAM,EXTOUT,DMIGOP2 for al of the components. Thisis not arequirement, in fact, different
methods could be used for each component. | simply used a single approach for clarity. | suspect that this
will be the most commonly used approach, in that there is no need to transfer database files or to be sure
that the matrix terms are in the correct order. Also, when using the OUTPUT2 options, the files can be
written using the neutral format, and easily transferred across computer types.

Runs 1-7 - create reduced matrices for each component

A separate model was created for each component and reduced to boundary matrices. For purposes of
clarity, each model was reduced to the interface dof with the rest of the model, plus selected GRID points,
which were on the corners of the component, so that PLOTEL elements could be used to provide an outline
in the final assembly. Without these additional GRID points, there would only be the single e ement
(dlement 5) and the interface pointsin the residual structure, which would makeit hard to visualize what is
happening in plots.

| believe that by including these additional points, the results are easier to visualize and confirm. (Note that
only the interface points are needed)

Thefollowing input file (runpart1.dat) is an example of thiswith the appropriate input itemsin bold.



assi gn out put 2="ext1.o0p2', unit=30, delete
idrunpartl.dat $

SOL 103

include "alteria.v705

CEND

TITLE = 1999 Aero Conference exanpl e problem- runpart 1. dat
SUBTI TLE = Create external superel ement nodel - reduced matrices
DI SP = ALL

$

PARAM WIMVASS, . 00259
| oadset = 99

subcase 1

nmet hod = 1
stress = all

$

$

BEG N BULK

par am resvec, yes
eigrl,1,,,6

| seq, 99, 1001, 101

| seq, 99, 1002, 201

| seq, 99, 1003, 301

$

$ main bulk data section

$

par am ext out , dm gop2

$ create OTM

$

par am dr mh, yes

$

$ define nodal coordinates for CMS

$

$ define g-set for component nodes and residual vectors
SPO NT 11001 THRU 11009

GET1 0 11001 THRU 11009

$

$ define which dofs will be retained (i.e. whichdofs will formthe
$ attachnent to the system nodel)

$

ASET1 123456 93 98 33 35 36 38
$

$ print dof map for connecting the external superelenent to the
$ system nodel, with EXTRN entry.

$ usetsel =128 will print only ASET dof

$

PARAM USETPRT 0

PARAM USETSEL 128

$

i nclude 'l oadprtl. dat’

i nclude 'part 1. dat

$

enddat a

In the abovefile, the "ASSIGN" statement is creating afile (ext1.op2) which will be used to store the
reduced matrices and OTM.



The"include' statement isinserting the dmap alter which will create OTM for the items requested in the
CASE CONTROL (STRESSes and DISPlacements).

The METHOD command selects EIGRL number 1, which requests the first 6 modes.

PARAM,EXTOUT,DMIGOP2 is the controlling parameter for the creation of an external superdement. In
this case we wish to write the reduced matrices (and OTM) into an OUTPUT2 file using DMIG (and DMI)
format.

PARAM,DRMH,Y ESinstructs the alter to create the OTM.
The SPOINT and QSET1 entries define the dof which will be used to represent the component modes.

The ASET1 entry selects the "boundary" dof. In this case, only GRID points 35 and 36 will be used for
attachment, GRID points 33,38,93, and 98 are for graphical display (to outline the component in the
assembly mode by using PLOTELS). Any dof sdlected on ASET1 (ASET, BSET, or BSET1) entries will
be held constrained when the component modes are calculated. Any dof selected on CSET (or CSET1)
entrieswill bein the reduced matrices, but will not be constrained when the component modes are

cal cul ated.

PARAM,USETPRT and USETSEL are used in this model to print the A-set dof. Thisisagood idea so that
you have arecord of the dof in the reduced matrices.

Run 8 - Create assembly model

In thisrun, the physical mode of the residual structure, plus the reduced models are combined into an
assembly for the calculation of the assembly modes.

The component models are combined in a singlefile (readthem.dat). Excerpts from thisfile are shown
bel ow:

$ file readthem- read in external se and find system nodes
$
$ attach files with reduced matrices

$

assign inputt2="extl.op2', unit=31
assign inputt2="ext2.o0p2', unit=32
assign inputt2="ext3.0p2', unit=33
assign inputt2="ext4.op2', unit=34
assign inputt2="ext5.0p2', unit=35
assign inputt2="ext6.0p2', unit=36
assign inputt2="ext7.o0p2', unit=37
$

$ create files for boundary solution - if wi sh detailed data recovery
$

assi gn out put 2=" ext 1out 103. op2', unit=41, delete
assi gn out put 2=" ext 2out 103. op2', unit=42, delete
assi gn out put 2=" ext 3out 103. op2', unit=43, delete
assi gn out put 2=" ext 4out 103. op2', unit=44, delete
assi gn out put 2=" ext 5out 103. op2', unit=45, delete
assi gn out put 2=" ext 6out 103. op2', unit=46, delete
assi gn out put 2=" ext 7out 103. op2', unit=47, delete
$

SOL 103

include "alteria.v705



CEND

TITLE = S. E. SAMPLE PROBLEM r eadt hem dat
SUBTI TLE = External superelenents - read in matrices
DI SP = ALL

$

$ set defaults for all se

$

PARAM GRDPNT, 0

PARAM WIMASS, . 00259

| oadset = 99

subcase 1

spc = 10

met hod = 1

stress = al

$

out put (pl ot)

$

$ plots

$

seuppl ot O

set 1 = al

ptitle = full structure
axes Xx,ne,y

find scale, origin 1, set 1
pl ot set 1 |abel both

pl ot nodal deformation set 1 origin 1
$

BEG N BULK

$ residual structure node

i ncl ude 'partO.dat’
eigrl,1,,,5

| seq, 99, 1001, 101

| seq, 99, 1002, 201

| seq, 99, 1003, 301

spcl, 10, 123456, 1, 2

$

$ provide a SEBULK entry for each external se
$

SEBULK 1 EXTERNAL

SEBULK 2 EXTERNAL

SEBULK 3 EXTERNAL

SEBULK 4 EXTERNAL

SEBULK 5 EXTERNAL

SEBULK 6 EXTERNAL

SEBULK 7 EXTERNAL

$

GRI D 1 -.4 0. 0.

$..CRID entries coincident with boundary points for the externa
$ superel ement s

GRI D 104 5.2 10. 0.
$

$

$ PLOTEL'S TO QUTLI NE COVPONENTS

$

pl otel, 101, 33, 35

$ plotel elenmenments for outline of assenbly
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pl otel, 704, 14, 2

$

begin super =1

param extunit, 31

$

$ set flag for data recovery
$

PARAM  EXTDROUTDM GOP2
par am ext drunt, 41

| seq, 99, 1001, 101

| seq, 99, 1002, 201

| seq, 99, 1003, 301

@

$ conection points = exterior points frominitial run

$ based on the ASET entries in the initial run for this conponent

$

$ ASET1 123456 93 98 33 35 36 38
$

&R D 33 -5.2 6. 0.
&R D 35 -3.6 6. 0.
&R D 36 -2.8 6. 0.
&R D 38 -1.2 6. 0.
&R D 93 -5.2 10. 0.
&R D 98 -1.2 10. 0.
SPO NT 11001 THRU 11006

QGET1 0 11001 THRU 11006

$

$ extrn entry is mandatory for external superel ements
EXTRN, 33, 123456, 35, 123456, 36, 123456, 38, 123456,

, 93, 123456, 98, 123456, 11001, 0, 11002, 0,

, 11003, 0, 11004, 0, 11005, 0, 11006, O

, 11007, 0, 11008, 0, 11009, O

$

begi n super = 2

data for external superelenents 2-7
enddat a

In the above excerpts from thefile, the input which isrequired to bring in the external superdlementsis
shown in BOLD. In selected parts, theinput for all external superdementsis shown, asin the FMS, where
the ASSIGN statements are shown for all of the external superelements. Sometimes the input for only one
superdlement is shown, asin the partitioned input section for superelement 1. The sections for the others
are similar and would take up excessive space to shoe, so they are not shown.

Since the external superelements were created using EXTOUT=DMIGOP2, the OUTPUT?2 files need to be
attached to the run. That is the purpose of the "ASSIGN" statements attaching units 31-37. Thefiles
attached by these statements are the ones created in the "creation” runs, (runs 1-7).

The additional "ASSIGN" statements are optional - they are to create files for the boundary solution for
each external superelement. These files can be sent back to the person who created the reduced matrices
and can be used to perform data recovery for the components (shown in run9). These fileswill be used as
units 41-47 and each will contain the boundary solution information for a different component. Which
information iswritten in each of these is controlled by PARAM,EXTDRUNT,ii (where"ii" isthe unit
number for thefile used). And PARAM EXTDROUT, which sdlects the format of the data written to the
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file. In this case, EXTDROUT is set to DMIGOP2, so the boundary solutions will be written to the
OUTPUT?2 filesusing DMIG format.

The"include alteria.v705" statement is used to add the alter referenced in this paper. When this alter is
included and the OTM were created in the runs which created the reduced matrices, the program will honor
output requests for the external superelementsin thisrun asif the models were available (with the
exception of plot requests, asthe geometry is not available). Any results, which are contained in the OTM
(requested in the creation run) and are requested in the current case control will be printed in the output file.
The case control has no SUPER command, so it appliesto all superelements.(expanded case control with
different output requests for each superelement can be used if desired). Requests are made for
displacements and stresses. If the alter were not included, results for only the points and element, which
belong to the residual structure would be printed. Since the alter isincluded, displacements will be printed
for all pointswhich exist in theresidual structure, plus any in the OTM, and stresses will be printed for the
elementsin theresidual structure, plus any which exist in the OTM. The plot requests are for an
undeformed plot of the model (recommended for checking), shown in figure 1, and deformed plots of the
mode shapes (a sel ected one shown in figure 2). These plots are the reason for keeping the corner points on
each component as exterior pointsin thismode. By doing this, PLOTEL eements can be used to draw an
outline of the modd in the assembly run, so that the assembly modes may be viewed. If the corner points
were not included, only the interface points would be available for plotting and the plots would not be
nearly asinformative.

The bulk datais divided into the Main Bulk Data section and the BEGIN SUPER sections, defining the
external superelements (note: Conventional PART and Main Bulk Data superelements may also be defined
in the input in addition to the external superelements. Thismode contains only external superelements and
aresidual structure). |

In the Main Bulk Data section, thereis the model for the residual structure. This section containsthe
physical modd of theresidual structure, plus (for this demonstration problem) the interface and corner
points for the external superelements, along with PLOTEL elements to provide an outline plot of the
assembly.

The physical modd of theresidual structure is brought in by the "include part0.dat” command. It consists
of asingle CQUADA4 entry with its associated GRID points and properties.

The additional GRID pointsin the Main Bulk Data are copies of the exterior points of the external
superelements (once again, thisis not arequirement, it is done only for the plotsin this model) and
PLOTELSs connecting them. Figure 1 shows the assembly mode, with a single CQUAD4 e ement and the
additional GRID points connected by PLOTELSs.

Thereisa SEBULK entry for each external superelement. On this entry, you ssmply provide the
superdlement id and theword EXTERNAL, indicating that it is an external superelement.

In the partitioned superelement input (beginning with BEGIN SUPER=1) we have the information for each
of the external superelements.

Since the input matrices are on an OUTPUT2 (INPUTT2) file from the initial run, PARAM,EXTUNIT
must be set to the proper value for thefile (in the case of superdement 1, thefile is attached as unit 31).

In this section, we have copies of the GRID points and SPOINTs which were used as exterior pointsin the
original component models (the Ids and rel ative geometry should beidentical to be sure of proper
attachment and answers - NOTE thereis no checking of geometry of coordinate systems for external
superelements, so it is best to copy the GRID, SPOINT, and COORDiI entries from the original mode file)
and the QSET entry indicating the SPOINTs used to represent the component modes.

The EXTRN entry is mandatory for external superelements. It should be alist of the A-set from the
component creation run, in the correct order (NOTE: The order isnot so important when DMIGPCH,
DMIGDB, or DMIGOP2 is used, as the matrices contain the dof identifiers, but when MATRIXDB is used,
the order on the EXTRN entry indicates the order of the termsin the matrices and is very imprortant).
PARAM,EXTDROUT (set to DMIGOP2 for superelement 1) and PARAM,EXTDRUNIT (set to 41 for
superdlement 1) are to request that the boundary solution be written to a file which can be used with the
database from the creation run for superelement 1 to perform stand-al one data recovery using the assembly
solution. Thisfile (ext1out103.0p2) can be sent back to the people who created the component model for
data recovery without the assembly model being required.
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Figure 1 - undeformed plot of the assembly mode showing the PLOTEL e ements connecting the points

Figure 2 shows an example of the plots created by this run for the modes. In this figure, mode 3 is shown.
Notethat if the additional GRID points had not been retained, this plot would show only the single

CQUAD4 dement.
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Figure 2 - Deformed plot of assembly model - mode 3

Thefinal input fileis one which shows how to perform data recovery on a component model using the
boundary solution file created by this run.

Run 8 - Restart to Perform a Modal Transient Solution

Thisfileisincluded to show how to perform arestart using external superelements. The original system
solution was donein SOL 103 and found the modes of the assembly. Now we are going to apply the
loadingsin amodal transient restart. The following file performs this operation.

$ file restart.dat = restart from nornmal nodes to perform nodal

transi ent
$

14



$ attach naster database files
$
assi gn ol drun='readt hem MASTER
restart, |ogical =oldrun
$
$ create files for boundary solution - if wi sh detailed data recovery
$
assi gn out put 2=" ext lout 112. op2'
assi gn out put 2=" ext 2out 112. op2'
assi gn out put 2=" ext 3out 112. op2'
assi gn out put 2=" ext 4out 112. op2', unit=44, delete
assi gn out put 2=" ext 5out 112. op2', unit=45, delete
assi gn out put 2=" ext 6out 112. op2', unit=46, delete
assi gn out put 2=" ext 7out 112. op2', unit=47, delete
$
$dbdi ct
dbdi ct dat abl k=(ext db),
sel ect =(nane, si ze, xnane, sei d, dat abase, vers) $
idrestart.dat $
SOL 112
di ag 8, 15, 56
include "alteria.v705
$ correction for error 35206...
conpi | e phase0
alter 'I NVOKE ALL RESTART DELETI ONS HERE , "'
i f(setype<>' EXTRNA' ) RESTART ,,, Hl STS/ TLI ST/ TRUE $
CEND
TITLE = S. E. SAMPLE PROBLEM readt hem dat
SUBTI TLE = External superelenents - read in matrices
DI SP = ALL
$
$ set defaults for all se
$
par am post, -1
PARAM GRDPNT, 0
PARAM WIMASS, . 00259
| oadset = 99

uni t=41, delete
uni t =42, delete
uni t =43, delete

subcase 1
spc = 10
sdanp = 12
dl oad = 15
tstep = 20
met hod = 1

set 999 = 43, 67
stress = al

$

$ PLOT RESULTS
$

OUTPUT( XYPLOT)
$SEPLOT 1

XAXI S = YES
YAXI S = YES
XGRID = YES
YGRID = YES
XTI TLE = TI ME
YIITLE= Z DI SP OF GRI D 93

XYPLOT DI SP /93(T3)
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$SEPLOT 2

XAXI S = YES

YAXI S = YES

XGRID = YES

YGRID = YES

XTI TLE = TI ME

YIITLE= Z DI SP OF GRI D 104

XYPLOT DI SP /104(T3)

$

BEG N BULK

$ SID DAREA DELAY TYPE T1 T2 F  PHASE
TLOAD2 15 1001 0. 5. 10. 90.
$ SID  N(1) DT(1) NO(1)

TSTEP 20 600 .01 5

tabdnpl, 12, crit
,.0,.01,100.,.01, endt
enddat a

With the exception of the ASSIGN statementsin the FMS, thisis a standard restart run. The loadings were
actually defined in the initial runs of the components. In theinitial run for superelement one, three static
loadings were defined using the LOADSET-LSEQ method. In fact, residual vectors were created for these
loadings to help improve the accuracy. These loads are processed as the component modd is processed and
are stored along with the reduced matrices. When the reduced matrices are read in, these reduced loads are
stored and are available for application in the transient solution.

Theresults of thisrun areidentical to those from a standard superelement solution for this modd and
include displacement and stress output for all GRID points and elementsin the modd (aslong asthe OTM
were created in theinitial run for the component).

Since alteria.v705 isincluded in thisrun, data recovery using the OTM created earlier isavailable. Thisrun
produces displacements and stress results for all GRID points and el ementsin the component models, along
with the points and elements available in this assembly model.

The ASSIGN statements are providing files to be used by the subcontractors for data recovery. Thesefiles
will contain the boundary solution plus the time interval information from the assembly transient response.

Run 9 - Data Recovery on the Component Model

In this run, the boundary solution from the assembly run will be used to perform data recovery on the
model for superelement 1. The OUTPUT2 file from the previous run (extlout112.0p2) will be used on a
restart to perform data recovery.

Theinput file, which does this, is:

assign inputt2="extloutl112.o0p2', unit=31
ASSI GN EXT1='runpart 1. MASTER

RESTART, LOd =EXT1

$

$

SOL 112

CEND

TITLE = S.E. SAMPLE PROBLEM 1

SUBTI TLE = S.E. data recovery on an external superel enment
DI SP = ALL

stress = all

$

$ set defaults for all se

$

PARAM GRDPNT, 0

PARAM WIMASS, . 00259
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| oadset = 99

subcase 1
nmethod = 1
stress = all
$

$

BEG N BULK

par am post, -1

par am ext drunt, 31
param extdr, yes
enddat a

Thisfileisarestart from "runpartl.dat”. Thefirst line attaches the file containing the boundary solution for
superdlement 1 from the assembly run. The next two lines attach the database from the original run
(creating the reduced matrices for superelement 1) and performs a "read=only" restart.

Therest of the fileis a standard data recovery file, with the exception of the addition of
PARAM,EXTDR,YES and PARAM,EXTDRUNT,31. These entries instruct the program to perfrom data
recovery using the boundary solution, and which file (unit 31) contains the boundary solution.

Theresults from this run are standard output for this part and include displacements (the eigenvectors) and
stresses. Since PARAM,POST is set to -1, the results are written to an OUTPUT 2 filefor usein
MSC/PATRAN.

Conclusions

The purpose of this paper was a simple one, to demonstrate the new external superelementsin
MSC/NASTRAN. These external superelements are availablein all superelement solutions and allow data
recovery by using restarts and the original databasefiles.

In addition, aDMAP alter (available starting with V71 in the sssalter directory or by request from any MSC
office) is discussed. Thisalter creates OTM and allows for data recovery during the assembly run in
frequency response or transient response analysis.
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