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ABSTRACT

Implementation of modal synthesis in MSC/NASTRAN is usually done using structural solution
sequence based Direct Matrix Abstraction Programs, DMAPs. However, moda synthesis in
MSC/NASTRAN without using structural solution based DMAPs is possible. But either method
is tailored towards supporting components that have no non-linearity. Certain components, such
as the solar arrays of the space station, exhibit non-linear behavior in the form of geometric
stiffening. For structures with such components, the standard method of modal synthesis does not
work. Special DMAPs need to be developed for these components. Realizing that the only
difference between components with no geometric stiffening and those with geometric stiffening
is in the method of obtaining the stiffness matrix, a simple solution is provided in this paper. The
solution is to use the procedure for modal synthesis for components with no geometric stiffening
by replacing the stiffness matrix with the one obtained from geometric stiffening. This approach,
along with the recommended check runs, has been shown to work successfully in this paper. The

method is also shown to be extremely efficient.



INTRODUCTION

In today’'s world, the design and construction of large structures often requires the combined
effort of several organizations. The International Space Station (ISS) is one such structure and is
shown in Figure-1. It is an international joint venture and countries across the globe are
participating. It is a giant station that will operate in space, and mankind will use it for research,
commercia production and voyage to outer space. When completed, it will be about 300 feet

long and weigh about a million pounds.

As different organizations build parts of the station, they also generate finite element models of
these parts. MSC/NASTRAN for its inherent advantages is used to develop the finite element
models. These models must be assembled in order to develop atotal system model that could be
used to perform loads analysis. The loads during on-orbit and launch operations are primarily
dynamic in nature. All these factors make the component mode synthesis method an indispensable

tool in the analysis of the space station.

The component mode synthesis method is a technique in finite element analysis. This technique
involves representing a system as an assemblage of components, and is described in Craig, Craig®
and Cook, et al®. In the system model, each component is represented in terms of its boundary
and modal (generalized) degrees of freedom. Any loads applied at the interior of components
need to be transferred to the boundary and generalized degrees of freedom. On the other hand,
the response obtained is in terms of the boundary and vibration degrees of freedom of the
component and needs to be transformed to obtain the response of the desired data recovery items.

There are different techniques of doing this and each technique uses elaborate software.

The ISS is powered by solar energy. There are eight U. S. built solar arrays, each of which is

about 1000 inches long, 360 inches wide and weighs about 2,200 Ibs. A typical solar array is



shown in Figure-2. It consists of amast canister, a deployable mast, two blankets, a top piece and
abottom piece.  The blanket is modeled as plate elements for which the stiffness is a function of

the applied membrane load. So Solution 106 is used to iteratively obtain the stiffness matrix.

THEORY

In finite element analysis, a physical model of a structure with applied loads is represented

mathematically as
(i +[cf{u} + [k} ={ (1)} (1)

[m, [] and [K] are the mass, stiffness and damping matrices, respectively. {u}, {u} and
{u} represent the generalized displacements, velocities and accelerations at the physical degrees of
freedom and {f (t)} represents the generalized forces at the physical degrees of freedom. The

eguations are generated by assembling elements defined mathematically in the physical domain.

For linear elastic structures, the equations in (1) can be transformed to the modal domain and

expressed as follows
[MY{R} +[c[{A} +[K}n} ={F(t} &)

where [M], [C] and [K] are the system modal mass, stiffness and damping matrices. {h} is the
generalized (modal) displacement vector and {F(t)} is the modal load vector. The method of
generating the equations in (2) from the equations in (1) requires an eigensolution of the
undamped free system. That is, in equations (1) [c] is assumed to be a null matrix and {f (t)} is
assumed to be a null vector. The eigenvectors so obtained are used to generate an eigenvector

matrix [F]. For linear systems,

{u =[F]{n}



{d =[F]{h} ©)
{a} =[F]{R}

Then, by replacing {u}, {t} and {} in (1) by right hand sides of (3) and pre-multiplying both
sides by [F]T, one obtains (2). Actually, [C] in (2) comes from test data or other sources. For

details of the method, one can refer to Cook® and Meirovitch®.

The method above is the standard method of solving structural problems and is implemented in
many finite element codes. The modal synthesis method is a dight variation of this method. It is
also referred to as dynamic superelement or substructure analysis. Over the years, the method has
proliferated and has several forms. Some of these are described in Craig* ,Craig” and Cook, et al.

The basic idea (not the detailed theory) behind modal synthesis will be explained below.

The equations in (1) can also be generated by assembling component mode models. In the
standard method, a system model was treated as an assemblage of finite elements. In moda
synthesis, a system mode is treated as an assemblage of components or substructures. The
motion (of the interior) of a component can be represented either in the form of equations (1) or
eguations (2). The motion at the degrees of freedom that are at the boundary of a component is
aways represented in the form of equations (1). Since a component has a boundary and an
interior, a component mode model has both physical (boundary) and generalized (modal) degrees

of freedom. It consists of
[M_] = component mass matrix
[Kc] = component stiffness matrix
[T.]= component data recovery matrix

[Lc] = component load transformation matrix



The details for obtaining the above matrices are based on Reference-7 and are as follows. Simply
stated, it is assumed that the motion of the interior degrees of freedom of a component can be

obtained from the summation of two types of motion as follows:

{ua} =[F o f{ucs} +[Fco]{“co} (4)

where,
[F o] = Component attachment modes

[F CQ] = Component vibration modes

{ues} = Component boundary displacements
{us } = Component interior displacements
{uce} = Component modal displacements

In (4) the part corresponding to [F CT] is from the static equilibrium of the component when there
is motion of the boundary. The part corresponding to [F CQ] is from the dynamic equilibrium of

the component when the boundary is fixed.

Let,

Ffr ) ol °
Then,

el °

The equations of motion for the component (neglecting damping at the component level) can be

represented as
mCBB] [mCBI]I:j{UCB}].:,l_‘_ kCBB [kCBI]I:,fI ucs}gzi{fcs}ﬂ
é%] [mer ] {0} ékm] (ke [ {uc 1 {1} 0

The form of (7) is Smilar to that of (1), except that the matrices and vectors of (7) are
partitioned. The subscripts B, | and C represent boundary, interior and component, respectively.
Therefore, [mg, | represents boundary (B) mass of component (C), excited by motion of interior

(I degrees of freedom. Differentiating both sides of equations (6) with respect to time gives
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{Uca}it _
{UCI}I\;‘[FC].{UCQ}%

(8)

{Uca}i _
{UCI}I\;‘[FC].{UCQ}%

Substituting equations (6) and (8) in (7) and pre-multiplying both sides of (7) by [F .]" gives

R S | T 0
where

-ty ] feffe

[Ke]=[Fc]' gi]] Q (10)

] =[F]

For downstream processing (assembling the system model) one needs the component mass,
stiffness and load vectors. For upstream processing (component data recovery), one needs the
data recovery matrix. Here, the word downstream means a later step and the word upstream
means an earlier step. The system model can then be assembled from the component models and

would be as follows

[m){} +[cKn} + )} ={F (1) (1)
where
[M]=a [Mc]
[K]=a [K]
(12

{F(} = a {Fe(v}



The system damping matrix is not needed when integrating the system model from the component

models. It is assumed to be proportional to the mass and stiffness matrices as in Meirovitch®:

[€]=a[m] +b[K] (13

Note that while the system model in the standard method as shown by the equations in (1) has
only physical degrees of freedom, the system model in the modal synthesis method as shown by
the equations in (11) has both moda and physical degrees of freedom. So (11) is the modal
synthesis counterpart of (1) of the standard method and the rest of the anaysis is as in the
standard method. As in the standard method, the equations in (11) can be transformed to the
modal domain and expressed as in (2) which is a set of second-order uncoupled differentia

eguations. The mass, tiffness and damping matrices are, therefore, diagonal.

In modal synthesis, the interior degrees of freedom of a component are not carried upstream to
the system level. Accordingly, no loads can be applied to component interior degrees of freedom
a the system level. At the system level (equations (9)) only the component boundary and
generalized degrees of freedom are available. These are referred to as the analysis (retained) set
degrees of freedom. So one could use the component load transformation matrix, [L;], to
express interior loads in terms of the analysis set degrees of freedom. Similarly, to compute
responses at interior degrees of freedom from the analysis set degrees of freedom responses, one
would use the component (displacement) mode data recovery matrix, [T.|. The elements of [T;]

and [L.] are obtained from component attachment and vibration modeshapes.

METHODOLOGY

While the methodology for generating the reduced model of a linear component has only one step,
the one for geometric stiffening has an additional step. The two step process works as follows:

In the first step, the stiffness matrix from the last iteration of Solution 106 is printed out as a



punched file —i.e. in DMIG form. It isimportant to output the file in this step in DMIG form, as
the stiffness matrix needs to be in terms of physical degrees of freedom. A stiffness matrix
printed out in OUTPUT4 or OUTPUT2 form may not work, as a matrix printed out in this form
isin terms of a set which may not be the same in all solution sequences. The mass matrix is not

printed out, as the iterations ater the stiffness matrix but not the mass matrix.

A smple DMAP that will output the global stiffness matrix from the last iteration in Solution 106
when using Version 70.5 of MSC/NASTRAN are as follows:

BEG N NOTES DATED 8- 18- 98
ALTER I'S FOR SCL 106 FOR VERSI ON 70.5

$
$
$
$
$ ALTER DEVELOPED BY T. K GHOSH OF ROCKETDYNE.
$ TH S ALTER WLL GENERATE A PUNCH (1.E. DM G FILE CONTAI NI NG
$ THE STI FFNESS MATRI X FROM LAST | TERATI ON

X

BEG N NOTES DATED 8-18-98
$
COWPI LE SEKR, SQUI N=MSCSQU, LI ST, REF $
ALTER 64
mat gen eqgexi ns/intext/9/0/lusets $
snpyad intext, knn,intext,,/knnext/3////1////6 $
mat nod knnext, egexins,,,,/mtl,/16/1 $

The second step is similar to the single step process when generating the component mode model
of alinear component in Solution 103. The DMAP used for alinear component is altered to read
the stiffness matrix in DMIG form. The additional DMAP statements needed to do this when
using Version 70.5 of MSC/NASTRAN are as follows:

$

$ ALTER IS FOR SOL 103 OF VERSION 70.5

$ ALTER DEVELOPED BY T. K GHOSH OF ROCKETDYNE.

$ TH S ALTER WLL READ A PUNCH (I.E. DM G FILE CONTAI NI NG

$ THE STI FFNESS MATRI X.



$
COWPl LE SEM5 SOUI N=MBCSQU, LI ST, REF $

YR
ALTER 110

MIRXI N , , MATPOOL, EQEXI NS, SI LS, / KNNEXT, , / LUSETS/ $ AD081998
PURCEX [/KJJZ,,,, $ AD081998
EQUI VX  KNNEXT/ KJJZ/ ALWAYS $ AD081998
S

As Reference-4 shows, even after geometric stiffening, a detailed solar array model will have
severa hundred vibration modes in the frequency range of interest. It is necessary to identify and
retain the dominant vibration modes. As in Reference-4, the strain energy of vibration will be
used to identify the dominant modes. This is done by using the STRAIN option in CASE
CONTROL to punch out the strain energy of a set of elements by vibration modes. Then the
FORTRAN program of Figure-3 can be used to recreate the reduced matrices using only the
retained modes. The FORTRAN program can do the additional task of eiminating unwanted
data recovery items such as loads at interior sections of beam elements. The program can also
add additional data recovery items such as longeron and batten loads of the solar array, which are

functions of the mast base element loads.

Note that the method of this paper does in only three steps essentially what Reference-4 does in

nine steps. Also, the method of this paper will work with that of Reference-8.

Generation of the system model from the component models, when one or more of the
components has geometric stiffening, is the same as for when all the components have no
geometric stiffening. The same alters (DMAPS) used for the synthesis and checking of the system

model made from linear components can be used.



MODEL CHECKING

It is always a good practice to check the reduced matrices. A system model consisting of only the
reduced mass and stiffness matrices, and fixed at the boundary degrees of freedom, should give
the same vibration modes as the physical (unreduced) model. This verifies the mass and stiffness
matrices of the component mode model. A free-free frequency run using the reduced mass and
stiffness matrices may be used to check if there is any grounding. To check the data recovery
(also known as output transformation) and load transformation matrix columns corresponding to
the vibration modes, simply run Solution 103 using the DM AP statements described above to read
in a stiffness matrix saved in Solution 106. Do not use the DMAP statements used to generate
the reduced matrices. To check the data recovery matrix and load transformation matrix columns
corresponding to the attachments modes, simply run Solution 101 using the following DMAP

statements to read in a stiffness matrix saved in Solution 106
$

$ ALTER IS FOR SOL 101 OF VERSION 70.5

$ ALTER DEVELOPED BY T. K GHOSH OF ROCKETDYNE.

$ TH S ALTER WLL READ A PUNCH (I.E. DM G FILE CONTAI NI NG
$ THE STI FFNESS MATRI X.

$

COW| LE SEM5 SOUI N=MBCSQU, LI ST, REF $

ALTER 53

MIRXI N , , MATPOOL, EQEXI NS, SI LS, / KNNEXT, , / LUSETS/ $

PURGEX [/KJJZ,,,, $
EQUI VX KNNEXT/ KJJZ/ ALWAYS $

The data recovery items of the matrices should match the data recovery using the unreduced

model in Solutions 101 and 103.

Checking the mass properties of the reduced model is much more difficult, and can be performed
in one of two ways. One method is to use the DMIG form of the reduced mass and stiffness

matrices that are also printed out along with the OUTPUT4 form. The MSC/NASTRAN
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provided alter to generate the system model can be used to obtain the component mass matrix.
An dternative method is to use the method of Reference-9 to develop a DMAP that would give

the mass properties of the component model.

TEST CASE

A sample problem consisting of a cantilever beam, modeled using plate elements was used as a
test case. The data deck for Solution 106 is shown in Figure-4. The first ten frequencies with
geometric stiffening using Solution 106 are shown in Figure-5. The stiffness matrix from Solution
106 was saved and reused in altered Solution 103 to generate the component mode meatrices. The

frequencies from this step are shown in Figure-6 and they agree with those of Figure-5.

A sample data deck to post-process the reduced matrices in OUTPUT4 form using the computer

code of Figure-3 is shown in Figure-7.

DISCUSSION

The test case shows that the method of this paper correctly generates the component mode model
of a component with geometric stiffening. This method is much simpler than the one in
Reference-4. When the method of this paper was used to generate a reduced model of the solar
array of Figure-2, it took less than half the time required when the method of Reference-4 was
used. The method of this paper was developed, because it was too time consuming and difficult
to update the DMAPSs of Reference-4 which are based on Version 67.5 of MSC/NASTRAN. Itis
much simpler to modify the smple DMAPs to read and write a stiffness matrix than it is to modify
the DMAPs of Reference-4 with the new verson of MSC/NASTRAN. The absence of any

elaborate user developed software demonstrates the simplicity of the new method.

11



This paper basically generalizes the method used in MSC/NASTRAN to generate a component
mode model when there is no geometric stiffening so that it can be used even if there is geometric
stiffening. This is implemented through a simple writing of the stiffness matrix in Solution 106 to
afile and reading it back in Solution 103. In other words, the elaborate method of Reference-4

has been replaced by a smple read and a simple write.
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%

0000000000000 00000000000000O00000000000000000O0000000000000000000000000O0

DESCRI PTI ON:  POST- PROCESS REDUCED MATRI CES GENERATED BY ALTERLIG
DATE/ VERSI ON: - SEPTEMBER 1998
AUTHOR: TARUN GHOsH
PROGRAM TO BE RUN W TH FI LES OF MSC/ NASTRAN VERSI ON 70.5 AND ABOVE
COVMPUTER: ON HP 750 SERI ES AND ABOVE ( OR COMPATI BLE)
DOCUMENTATI ON: - AS FOLLOWS
NOTES:
- TH'S PROGRAM | S TO BE USED TO POST- PROCESS REDUCED MATRI CES GEN-
ERATED BY ALTERLG I N QUTPUT4 FORM AS FOLLOWS:
(1) UPDATE REDUCED NMATRI CES BY ELI M NATI NG MODES BASED ON
STRAI N ENERGY (OR USER SELECTED)
(2) UPDATE DATA RECOVEY MATRI CES BY ELI M NATI NG OR ADDI NG
DATA RECOVERY | TEMS

- ROWS ARE ADDED TO OTM BY MULTI PLYI NG OTM W TH [ COEFF] WHERE [ COEFF]
HAS SI ZE NROAADD BY NUMBER OF RETAI NED DOF | N COVPONENT MODEL.

- ROANS ARE REMOVED FROM OTM BASED ON THE CONTENTS OF COLUMN MATRI X [ ROW .
ELEMENT VALUE OF 1 MEANS KEEP AND O MEANS DELETE.

- THE | NPUT DATA MUST BE PREPARED BASED ON THE CONTENTS OF THE MATRI X
CONTAI NI NG REDUCED MATRI CES.

- FOLLOW NG ARE THE | NPUT/ OUTPUT FI LES:
UNI'T 11: | NPUT DATA
UNI'T 12: OUTPUT
UNI'T 13: STRAI N ENERGY BY VI BRATI ON MODES
UBI T 15: I NPUT FI LE CONTAI Nl NG REDUCED MATRI CES | N QUTPUT4 FORM
UBI T 16: OUTPUT FI LE CONTAI Nl NG REDUCED MATRI CES | N OQUTPUT4 FORM

- FOLLON NG ARE THE USER | NPUT DATA:
CARD 1: NUMATTM NUMVI BM NUMBU2Q NUMGU2T, NUMDI S, NUMFORC,
NUVBTRS, NUMSPCF, NUMVPCF
(81 10)
NUMATTM  NUVBER
NUMVI BM  NUVBER
NUMBL2Q  NUMBER
NUMBU2T: NUVBER

ATTACHVENT MODES
VI BRATI ON MODES

FRAARIARARR

NUMDI S: NUMBER N [DI §]

NUMFORC:  NUMBER ROWS | N [ FORC]
NUMSTRS: NUMBER ROWS | N [ STRS]
NUVMSPCF:  NUMBER ROWS | N [ SPCF]
NUMWPCF:  NUMBER ROWS | N [ MPCF]

CARD 2: PERCENT
(F10. 5)
PERCENT: PERCENT OF STRAI N ENERGY

CARD 3: NCOLRD
(110)
NCOLRD: NUMBER OF USER DEFI NED MODE SELECTI ON CARDS

CARD 4: JTHCOL, COL( JTHCOL)
(21 10)
JTHCOOL: COLUMN NUMBER
COL(JTHCOL): 1 TO KEEP, 0 TO ELI M NATE
(NOTE THAT NUMBER OF CARD 4 | S EQUAL TO NCOLRD ON CARD 3)

CARD 5: MATNANE, MATTYPE, NROWADD, NROWREM
NOVEGAL, NOVEGA2, MATRI X1, MATRI X2, MATPRT
(A8, 518, 2A8, | 8)
MATNAME: MATRI X NANE
MATTYPE: MATRI X TYPE

-1: STI FFNESS
O DAMWPI NG OR NMASS
1. OIM
2: LTM ASSCCI ATED W TH ATT DOF, [ GU2T]
3: LTM ASSCCI ATED W TH VI B DCF, [ GU2Q

NROMADD: NUMBER OF ROWS TO BE ADDED
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102

103

101

1

FIGURE-3: PROGRAM LISTING

NROAREM NUMBER OF RONS TO BE REMOVED

NOVEGAL: GREATER THAN 0 TO CREATE MATRI X1
NOVEGA2: GREATER THAN 0 TO CREATE MATRI X2

MATRI X1: NAME COF MATRI X W TH COLUMNS Tl MES OVEGA

MATRI X2: NAME OF MATRI X W TH COLUMNS Tl MES OVEGA**2

MATPRT: DO NOT PRINT IF .NE. O

(NOTE THAT ENTRI ES NROWADD THRU MATRI X2 ARE USED ONLY W TH arM

CARD 6: | ROW JCOL, DUMMY
(21 10, F10. 5)
| RON ROW NUMBER
JOOL: COLUMN NUMBER
DUMMY: VALUE OF COEFF (I ROW JCOL)

(NOTE THAT | ROW LESS THAN ZERO SI GNI FI ES END OF CARD TYPE 6)

CARD 7: | ROW JROW I NCR
(31 10)
| ROW FROM ROW TO BE REMOVED
JROW TO ROW TO BE REMOVED
INCR | NCREMENT

(NOTE THAT | ROW LESS THAN ZERO SI GNI FI ES END OF CARD TYPE 7)

REPEATE CARD TYPE 5, 6 AND 7 TO READ IN ALL MATRI CES

IMPLICI T REAL*8 (A-H O 2)

COMMVON/ AA/ SPCFD( 1000, 1000) , COEFF( 100, 1000)
CHARACTER*8 MATNAME, MATRI X1, MATRI X2
CHARACTER*56 Tl TLEL

| NTEGER COL(1000) , ROW 1000)

DI MENSI ON MODES( 1000) , OVEGA2( 1000)

READ( 11, 1001) NUMATTM NUMVI BM NUMBU2Q NUMBU2T, NUMDI S, NUMFORC,
& NUMVBTRS, NUMSPCF, NUMVPCF
VR TE( 12, 1001) NUMATTM NUMVI BM NUMGU2Q, NUMGU2T, NUMDI S, NUMFORC,
& NUMVBTRS, NUMSPCF, NUMVPCF
READ( 11, 1002) PERCENT
VR TE( 12, 2002) PERCENT
NCOL=NUMATTM-NUMYI BM
DO 102 |1=1, NCOL
coL(I1)=1
CONTI NUE
| F( PERCENT. GT. 0. 001) THEN
CALL ENERGY( PERCENT, NMODES, MODES)
| F( NUMVI BM NE. NMODES) GO TO 9001
DO 103 |1 =1, NMODES
COL( NUMATTM# |) =MODES( | 1)
CONTI NUE
ELSE
ENDI F
READ( 11, 1001) NCOLRD
VR TE( 12, 1001) NCOLRD
| F(NCOLRD. GT. 0) THEN
DO 101 |1 =1, NCOLRD
READ( 11, 1001) JTHCOL, COL( JTHCOL)
WRI TE( 12, 1001) JTHCOL, COL(JTHCOL)
CONTI NUE
ELSE
ENDI F
WRI TE( 12, 1003) (11, COL(I1),11=1, NCOL)

READ( 11, 1004, END=9999) MATNAME, MATTYPE, NRONADD, NROAREM
NOVEGAL, NOVEGA2, VATRI X1, MATRI X2, MATPRT
WRI TE(12, 1004) MATNAME, MATTYPE, NROWADD, NROAREM
NOVEGAL, NOVEGA2, VATRI X1, MATRI X2, MATPRT
| F(MATTYPE. LE. 1) CALL MATOPT4( MATNAME, NCOL, COL, MATTYPE, 0,
NEWACCOL, NEWNROW TI TLE1, MATPRT)
I F(MATTYPE. GT. 1) CALL MATOPT4( MATNAME, NCOL, COL, MATTYPE, NUVMATTM
NEWANCCOL, NEWNROW TI TLEL, MATPRT)

R0

R _R_R

| F( NROMADD. GT. 0) THEN

17



Cc

C

NROWENEVWNROW
DO 108 JJ=1, NROW

FIGURE-3: PROGRAM LISTING (CONTD.)

DO 108 |1 =1, NROAADD
COEFF(11,3J)=0.0

108 CONTI NUE
5 READ( 11, 1005) | ROW JCOL, DUMWY

106

WRI TE( 12, 1005) | ROW JCOL, DUMMY
| F(1 RONLT.0) GO TO 6

COEFF( | ROW JCOL) =DUMWY

G TO 5

CALL MATADDR( MATNAME, NROW ROA MATTYPE, NUMATTM
&  NCOL, NEWKROW TI TLEL, NROWADD)
ELSE
ENDI F
| F(NROAREM GT. 0) THEN
NRONENEVWRROW
DO 106 | 1=1, NROW
ROWI1)=1
CONTI NUE

4 READ( 11, 1001) | ROW JROW | NCR

107

3

105

10

111

112

WRI TE(12, 1001) | ROW JROW I NCR
| F(IROWLT.0) GO TO 3
DO 107 11 =1 ROW JROW | NCR

CONTI NUE
CALL MATREMR( MATNAME, NROW ROW MATTYPE, NUMATTM
& NCOL, NEWNROW Tl TLE1)
ELSE
ENDI F

| F( MATPRT. NE. 0) GO TO 10

WRI TE( 16, 1022) NEWNCOL, NEWNROW Tl TLEL
| ROAEL

NVWENEWNROW

DO 105 | COL=1, NEWNCOL
WRI TE( 16, 1033) | COL, | ROW NW

& (SPCFD(I, | COL), | =I ROW | ROMNW 1, 1)
CONTI NUE
VR TE( 16, 1033) NEWKNCOL+1, NEWNROW-1, NEWNCOL/ NEWKICOL, DUMVY
CONTI NUE

| F(NOVEGAL. GT. 0) THEN
VRl TE( 16, 2044) NEWKNCOL, NEVWNROW MATRI X1
| ROA:L
NV NEVWNROW
DO 111 | COL=1, NEWNCOL
VR TE( 16, 1033) | COL, | RON NW
& (SQRT(OVEGA2(| COL))*SPCFD(1, | COL), | =I ROW | ROMNW 1, 1)
CONTI NUE
VR TE( 16, 1033) NEWKNCOL+1, NEWNROW-1, NEWNCOL/ NEWKICOL, DUMVY

| F( NOVEGA2. GT. 0) THEN

VRl TE( 16, 2044) NEWKNCOL, NEVNRON MATRI X2
| ROA:L

NV NEVWNROW

DO 112 | COL=1, NEWNCOL

VR TE( 16, 1033) | COL, | RON NW

& ( OVEGA2( | COL) * SPCFD( |, 1 COL) , | =I RON | ROMNW 1, 1)
CONTI NUE
VR TE( 16, 1033) NEWKNCOL+1, NEWNROW-1, NEWNCOL/ NEWKICOL, DUMVY
ELSE
ENDI F
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109

1022

100

1

1033

102
101

| F(MATTYPE. LT. 0) THEN

DO 109 | COL=1, NEWNCOL

| F(1 COL. LE. NUMATTM OVEGA2( | COL) =0. 0

| F(1 COL. GT. NUMATTM OVEGA2( | COL) =SPCFD( | COL, | COL)
CONTI NUE

FIGURE-3: PROGRAM LISTING (CONTD.)

WRI TE( 12, 2011) (OVEGA2( 1), I =1, NEWNCOL)
ELSE
ENDI F

G TO1

FORMAT( 81 10)

FORMAT( 4F10. 5)

FORMAT( 21 10)

FORMAT( A8, 51 8, 2A8, | 8)

FORMAT( 21 10, F10. 5)

FORMAT( 1 8, | 8, A56)

FORMAT(1 8, 18, | 8/ (5E16. 9))

FORMAT( 21 8, ' 2 1',A8,' 1P, 5E16.9')
FORMAT( T5, ' PERCENT=', F10. 5)

FORMAT( 5E16. 5)

VR TE( 12, 2901)

FORMAT(' FATAL ERROR QOQL********x')
STOP

END

SUBROUTI NE MATOPT4( MATNAME, NCOL, COL, MATTYPE, NUMATTM
&NEWNCOL, NEWKROW TI TLEL, MATPRT)

IMPLICI T REAL*8 (A-H O 2)

COMMVON/ AA/ SPCFD( 1000, 1000) , COEFF( 100, 1000)

| NTEGER COL( NCOL)

CHARACTER*56 TI TLEL

CHARACTER*8 MATNAVE

| NTEGER COLREM 1000) , ROAREM 1000)

READ( 15, 1022, END=9002) NCOL, NROW Tl TLE1

FORMAT( | 8, | 8, A56)

WRI TE( 12, 1022) NCOL, NROW TI TLEL

| F(MATPRT. EQ - 1) WRI TE(16, 1022) NCOL, NROW Tl TLE1
DO 100 |1=1, NROW

DO 100 JJ=1, NCOL

SPCFD( 1 1, JJ)=0.0

CONTI NUE
NEWKNCOL=NCOL
NEWNROWENROW
CONTI NUE
READ( 15, 1033, END=9006) | COL, | ROW NW

& (SPCFD(I, | COL), | = ROW | ROMNW 1, 1)
| F(MATPRT. EQ - 1) WRI TE(16, 1033) | COL, | ROA NW

& (SPCFD(I, 1 COL), | =I ROW | ROMNW 1, 1)

FORMAT(18, 18, | 8/ (5E16. 9))

| F(1 COL. LT. NCOL) GO TO 1

READ( 15, 1033, END=9007) | COL, | ROW NW DUMVY
| F(MATPRT. EQ - 1) WRI TE(16, 1033) | COL, | ROW NW DUMWY
| F(MATTYPE. EQ 2) GO TO 2

1J=0

DO 101 JJ=1, NCOL

| F( COL(JJ+NUMATTM . EQ 0) GO TO 101
1J=1J+1

DO 102 |1=1, NROW

SPCFD( I I, 1) =SPCFD( I I , JJ)

CONTI NUE

CONTI NUE

NEWNCOL=I J

| F(MATTYPE. GT. 0) GO TO 2

1J=0

DO 103 |1 =1, NROW

I F(COL(11).EQ 0) GO TO 103

1J=1J+1
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DO 104 JJ=1, NEWNCOL
SPCFD( 1 J, J3) =SPCFD( | |, JJ)
104 CONTI NUE
103 CONTI NUE
NEVNROWE| J
2 CONTI NUE
| ROM:L
NV NEVWNROW

FIGURE-3: PROGRAM LISTING (CONTD.)

DO 105 | COL=1, NEWNCOL
105 CONTI NUE

RETURN

9002 WRI TE( 12, 2902)

2902 FORVAT(' FATAL ERROR 900Q2*****x*x*xx! )
RETURN

9006 WRI TE( 12, 2906)

2906 FORVAT(' FATAL ERROR 9006********xx! )
RETURN

9007 WRI TE( 12, 2907)

2907 FORVAT(' FATAL ERROR 90Q7***xxxxxx! )
RETURN
END

SUBROUTI NE MATADDR( MATNANE, NROW ROW MATTYPE, NUMATTM
&NCOL, NEWNROW T1 TLEL, NROWADD)

IMPLICI T REAL*8 (A-H O 2)

COMMVON/ AA/ SPCFD( 1000, 1000) , COEFF( 100, 1000)

| NTEGER ROW NROW

CHARACTER*56 Tl TLEL

CHARACTER*8 MATNAVE

DO 101 |1 =1, NROADD

DO 101 JJ=1, NCOL

SPCFD({ NROM |, JJ) =0. 0

DO 101 KK=1, NROW

SPCFD({ NROWH |, JJ) =SPCFD({ NROWH |, JJ) +COEFF( | |, KK) * SPCFD( KK, JJ)
101 CONTI NUE

NEVNROWENROW-NROWADD

RETURN

END

SUBROUTI NE MATRENR( MATNANE, NROW ROW MATTYPE, NUMATTM
&NCOL, NEWNROW TI TLE1)
IMPLICI T REAL*8 (A-H O 2)
| NTEGER ROW NROW
COMMON/ AA/ SPCFD( 1000, 1000) , COEFF( 100, 1000)
CHARACTER*56 TI TLEL
CHARACTER*8 MATNAVE

1J=0
DO 103 |1=1, NROW
| F(ROW11).EQ 0) GO TO 103
1J=1J+1
DO 104 JJ=1, NCOL
SPCFD( 1 J, J3) =SPCFD( | |, JJ)
104 CONTI NUE
103 CONTI NUE

NVWENEWNROW

DO 105 I COL=1, NCOL
105 CONTI NUE

RETURN

END

SUBROUTI NE ENERGY( PERCENT, NSET, MODES)
IMPLICIT REAL*8 (A-H, O 2)

CHARACTER*1 DCOLLAR

REAL PERCNT
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DI MENSI ON X(2000) , Y(2000) , Z( 2000) , V( 2000) , W 2000) , MODES( 2000)
PERCNT=PERCENT

READ THE | NPUT FI LE

o000 O

NTCOM=0
DO 100 J=1, 9999999
READ( 13, 1, END=991) DOLLAR
1 FORMAT( Al)
| F(DOLLAR EQ ' $' ) NTCOMENTCOM#1

FIGURE-3: PROGRAM LISTING (CONTD.)

100 CONTI NUE
991 NDATA=J-1
REW ND 13

NCOME=O

DO 200 J=1, 9999999

READ( 13, 1, END=291) DOLLAR

| F(DOLLAR. EQ ' $' ) NCOVENCOM+1

| F(DOLLAR NE. ' $' ) GO TO 291
200 CONTI NUE
291 CONTI NUE

REW ND 13

NSET=NTCOM NCOM
NDAT=NDATA/ NSET- NCOM
WRI TE(12, 1661) NCOM NTCOM NSET, NDATA, NDAT

1661 FORMAT(//,' NCOM =',15,/
* ' NTCOME', 15,/
* ' NSET =',15,/
* ' NDATA=',I5,/
* ' NDAT =',15,//)
VR TE( 12, 4999)
4999 FORMAT(3X, ' MODE MODES' | ! TOTAL STRAIN ',
* 6X,' STRAI N ENERGY' ,
6X,' PERCENT',/,4X ' NO SELECTED , 10X, ' ENERGY' ,
* 13X,' IN SET', 13X, ' ENERGY', /)

READ NONLI NEAR STRAI N ENERA ES

[eXeXe]

| K=0
DO 2100 K=1, NSET
DO 201 JJ=1, NCOM
201 READ(13, 1) DOLLAR
ENSUM=O. 0
ENPCT=0. 0
DO 202 KK=1, NDAT
READ( 13, 203) X( KK) , Y( KK)
203 FORMAT( 18X, 2F18. 0)
ENSUM=ENSUM#X( KK)
ENPCT=ENPCT+Y( KK)
ENTOT=ENSUM 100. 0/ ENPCT
202 CONTI NUE
V( K) =ENSUM
C Z( K) =ENPCT
W K) =ENTOT
Z(K) =V( K) *100. 0/ W K)
ENPCT=Z( K)
| F( ENPCT. GT. PERCNT) | K=l K+1
| F( ENPCT. GT. PERCNT)
*WRI TE( 12, 3999) K, | K, W K) , V(K) , Z( K)
3999 FORMAT(I5, | 11, 9%, 1PE12. 4, 9X, 1PE12. 4, 7X, 1PE12. 4)
| F( ENPCT. LT. PERCNT)
*WRI TE( 12, 3998) K, W K) , V(K) , Z(K)
3998 FORMAT(I 5, 20X, 1PE12. 4, 9X, 1PE12. 4, 7X, 1PE12. 4)
| F( ENPCT. GT. PERCNT)
* MODES( K) =I K
| F( ENPCT. LT. PERCNT)
* MODES( K) =0
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2100 CONTI NUE
RETURN
END

FIGURE-3: PROGRAM LISTING (CONTD.)
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I D GHOSH, SOL106

TI ME 100

Dl AG 8, 14, 56

SOL 106 $ NonLinear Statics

CEND

TI TLE = CANTI LEVERED BEAM MADE OF PLATES
SET 100 = 1, 2, 3

SET 101 = 101, 201

SET 102 =1, 2

SET 103 = 101, 201, 111, 211

ESE = 100
SPCF= 101
ELFO= 102
DI SP= 103
METHOD = 888
SUBCASE 10601 $ NonLinear Statics
LOAD = 10601
NLPARM = 10602
SPC =1
BEG N BULK
$....... 2. ... 3. 4. . ..... 5....... 6....... 7. 8....... 9....... 0
$
$ Canti |l evered Beam Made of Pl ates Model
$
$ \201 202 203 204 205 206 207 208 209 210 211
$ Y N K ee e Rk ko _k_ ko ko _k____k____%
$ \| | | | | | | | | | |
$ | \\'1 ]2 |3 |4 |5 |6 |7 |8 |9 | 10]
$ | Y | | | | | | | | | |
$ +--->X N Fem e LRk ko _k_ ko ko _k____k____%
$ \101 102 103 104 105 106 107 108 109 110 111
$
$....... 2. ..., 3. 4. ...... 5....... 6....... 7. 8....... 9....... 0
GRI D 101 0 0 0
GRI D 102 1. 0 0
= *1 = *1. ==
=8
GRI D 201 0 1. 0.
GRI D 202 1. 1 0.
= *1 = *1. ==
=8
$
CQUADA 1 1 101 102 202 201
= *1 = *1 *1 *1 *1
=8
MAT1 1 10. E6 .3 2.588-4 1.E-6 0.
PSHELL 1 1 .1 1
FORCE 10601 111 1. 0. 0. 1.
NLPARM 10602 2 AUTO

PARAM  LGDI SP +1
PARAM TI NY, 0. 0
PARAM COUPMASS, 1
PARAM DBDI CT, 2
PARAM GRDPNT, 0
PARAM NMLOCP, 2
PARAM USETPRT, 11
PARAM NSPQ NT, 010
El GRL, 888, ,, 10
SPC1, 1, 123456, 101, 201
ENDDATA

FIGURE-4: SAMPLE PROBLEM
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1 CANTI LEVERED BEAM MADE OF PLATES
3, 1998 MsSC/ NASTRAN 4/ 28/ 98

SEPTEMBER

0

MODE EXTRACTI ON

NO

10

ORDER

10

El GENVALUE

. 027513E+04

. 617668E+06

. 154381E+06

. 342324E+07

. 571083E+07

. 639206E+07

. 408952E+08

. 651239E+08

. 729998E+08

. 175458E+08

PACE

307

REAL E I

RADI ANS

. 006866E+02

. 271876E+03

. 038230E+03

. 663774E+03

. 963689E+03

. 509464E+03

. 186993E+04

. 285006E+04

. 315294E+04

. 043394E+04

GENYV

ALUES
CYCLES

. 194027E+01

. 024253E+02

. 243943E+02

. 831077E+02

. 308407E+02

. 195168E+03

. 889158E+03

. 045150E+03

. 093355E+03

. 252162E+03

FIGURE-5: FREQUENCIES FROM SOLUTION 106
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1 CREATE EXTERNAL SUPERELEMENT MODEL OF S. E. 10
3, 1998 MsC/ NASTRAN 4/ 28/ 98

SEPTEMBER

TEST RESI DUAL VECTCRS

SUPERELEMENT 10

0
SUBCASE 1

MODE EXTRACTI ON

NO

10

CRDER

10

El GENVALUE

. 027414E+04

. 617667E+06

. 154380E+06

. 342324E+07

. 571084E+07

. 639206E+07

. 408952E+08

. 651239E+08

. 729998E+08

. 175458E+08

PACE

347

REAL E I

RADI ANS

. 006842E+02

. 271875E+03

. 038230E+03

. 663774E+03

. 963690E+03

. 509464E+03

. 186993E+04

. 285006E+04

. 315294E+04

. 043394E+04

CBAR1G

GENYV

ALUES
CYCLES

. 193988E+01

. 024253E+02

. 243943E+02

. 831077E+02

. 308408E+02

. 195168E+03

. 889158E+03

. 045150E+03

. 093355E+03

. 252162E+03

FIGURE-6: FREQUENCIES FROM SOLUTION 103
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12 10 6 6 24 16 0

0
34.0
3
13 1
14 0
17 1
KAA 1
MAA
BAA
aRQ 3
aRT 2
DS 1 00 00 01 01 VEL ACC
FORC 1 02 10
1 1 0.5
1 2 0.5
2 3 0.5
2 4 0.5
-99
01 05 01
06 10 01
-99

FIGURE-7: INPUT DATA FOR SAMPLE PROBLEM)
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