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PURPOSE

• Descr ibe method for  solving dynamic problems using normal
modes data

• Show how to expor t the necessary data from a NASTRAN normal
modes run using DMAP

• Show that the calculation of dynamic response using modal data
can be easily implemented outside of NASTRAN

• Provide examples of solving frequency response problems using a
MATLAB like code called Octave
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Frequency Response - Equations
Basic equation of motion (ignoring damping)

(1)

We can define a transform based on the system eigenvectors as

(2)

If we use the transform shown in (2) and pre-multiply by [φ]T , then we can
write (1) as

(3)

If the eigenvectors are mass-normalized (which is typically the case), then
(3) can be written as

(4)

If we include modal damping, then we can write the full dynamic equation
of motion using generalized coordinates based on the system eigenvectors as

(5)

Each row of equation (5) represents the equation of a series of single DOF
systems which can be written as

(6)

where i = 1…Number of Modes
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We can use standard methods for solving a second-order differential
equation and write the solution to each of the single DOF systems given in
equation (6) as

(7)

We can solve equation (7) very easily using matrix methods to solve for the
generalized acceleration response as

(8)

We can use equation (8) to calculate the physical responses using the
transform given in equation (2).

(9)

Equation (9) is fairly straightforward to implement in a simple program or
even easier to write a small script for MATLAB/Octave.  The information
required from a NASTRAN normal modes run are the eigenvalues (ω2) and
the eigenvectors (φ) for the system that you wish to excite.  This info can be
output from NASTRAN using some fairly simple DMAP statements.
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Base Drive - Equations
Write the dynamic equation of motion (without damping) in terms of
boundary (r) dof and internal (l) dofs.

(10)

The lower part of equation (10) can be re-written as

(11)

If we break up the response of the internal degrees of freedom into rigid
body motion and elastic response, we can write ul  as

(12)

We can now rewrite equation (11) using the relationship defined in (12).

(13)

Now we can show from statics that

(14)

And that the coupling terms of M l r are typically small so that we can rewrite
equation (13) as

(15)

Equation (15) relates the internal elastic response of the structure to the
prescribed acceleration at the boundary.

We can use the same modal transform shown in equation (2) using the fixed
base eigenvectors to decouple the equations of motion given in equation (15)
to write

(16)
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or if we include damping

(17)

Once again, each row of equation (17) is the equation of a single dof system.   Using
standard methods, the solution to each single dof system can be written as

(18)

We can use matrix methods to solve equation (18) for the physical elastic acceleration
responses as

(19)

The total physical response is given by

(20)

Equations (19) and (20) write the total physical response of the structure in terms of the
input acceleration at the boundary.  Once again, this problem can be solved externally
from NASTRAN.  In addition to the eigenvalues (ω2) and eigenvectors (φ), you will
also need to extract the mass participation factors and the rigid body vector.   All of
these quantities are easily extracted from a normal modes run with simple DMAP.
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Software Used to Run Example Problems

• MSC/NASTRAN Solution 3 and DMAP alter  to wr ite out frequencies,
mode shapes, r igid body vectors, and mass par ticipation factors

• C program “ nas2mat”  which conver ts NASTRAN binary output4 data to
binary MATLAB data

• Octave - Open source program for  numer ical computation and matr ix
math.  I t is MATLAB compatible and freely available at
http://www.octave.org .  Runs under  UNIX and Windows OS.

• Octave scr ipt files for  each test case
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NASTRAN DMAP
$* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
$ DMAP modal _dat a. dmp – Out put  modal  dat a af t er  sol v i ng nor mal  modes pr obl em
$ under  MSC V2001 Sol ut i on 3
$ Wr i t t en:   Scot t  Gor don 5/ 1/ 02 ( Based on mpf _v707. dmp wr i t en by
$           Bi l l  Case at  Swal es)
$
$ Par amet er s  Used ( def aul t  val ues i n par ent heses can be over r i den on Bul k
$ Dat a PARAM car ds) :

$     1)  MPFPNT    :  Gr i d poi nt  about  whi ch t o cal cul at e r i gi d body mass
$                    and di spl acement  pr oper t i es t o use i n gener at i ng t he
$                    MPF' s.
$
$ I T I S I MPORTANT TO REMEMBER THAT THE MPF' S ARE CALCULATED FOR A
$ STRUCTURE WI TH A BASE MOTI ON THAT I S I N 6 DOF' S AT GRI D POI NT MPFPNT WI TH
$ ALL OTHER SPC' D DOF' S ( EXCEPT THOSE SPC' D BECAUSE OF SI NGULARI TI ES)  MOVI NG
$ THE SAME AS THAT AT GRI D POI NT MPFPNT.

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
COMPI LE SUBDMAP=SOL3, SOUI N=MSCSOU, NOREF, LI ST
ALTER 629 $ 2001 Sol  3 af t er  c r eat i on of  UGV
$ $
LAMX,    , LAMA/ LMAT/ - 1/ $ CONVERT EI GENVALUES TO MATRI X
MATMOD LMAT, , , , , / RLAM, / 1/ 1 $ STRI P OUT EI GENVALUES ( COLUMN 1)
$ $
$
$- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - $
$ Gener at e r i gi d body modes i n gl obal  coor di nat es
  VECPLOT,  , BGPDT, EQEXI N, CSTM, , / RBGLT/ V, Y, MPFPNT=0/ / 4                  $
  TRNSP     RBGLT/ RBGL                                                 $
$ Gener at e par t i t i oni ng vect or  f or  G t o A set  par t i t i on
  VEC       USET/ VGRC/ ' G' / ' A' / ' COMP'                                    $
$ Par t i t i on r i gi d body modes t o A- set  s i ze
  PARTN     RBGL, , VGRC/ RBAA, , , / 1                                       $
$ I nver t  gener al i zed mass t er ms
  DI AGONAL  MI / I MI / ' SQUARE' / - 1. 0                                       $
$ For m t he pr oduct  [ M] * [ PHI ]
  MPYAD     MAA, PHI A, / MPHI                                              $
$ For m t he pr oduct  [ M* PHI ] * [ PHI ^t * M* PHI ]
  MPYAD     MPHI , I MI , / MMPHI / 0                                          $
$ Sum r i gi d body component  cont r i but i ons
  MPYAD     RBAA, MMPHI , / MPF/ 1                                   $
$ Pr i nt  modal  par t i ci pat i on f ac t or s     $
    MATPRT MPF/ /                                                         $
$
$ - - - - - - -  USE USER SET U1 ( I F DEFI NED)  TO PARTI TI ON G- SET I NFO - - - - - - $
$
PARAM    / / ' NOP' / S, N, NOUSET=1                $          LOOP FOR U2 AND
PARAML   USET/ / ' TRAI LER' / / / / S, N, NOUSET/ / ' U1'  $          LTM,  U1 AND G
PRTPARM  / / 0/ ' NOUSET'                         $          SET MODESHAPES
$ $
I F ( NOUSET >- 1)  THEN

VEC  USET/ PVEC/ ' BI TI D' / / / / ' U1' $
PARTN UGV, , PVEC/ , UGV1, , / 1 $
PARTN RBGL, , PVEC/ , RBGL1, , / 1 $

ELSE
EQUI VX  UGV/ UGV1/ ALWAYS $
EQUI VX RBGL/ RBGL1/ ALWAYS $

ENDI F
$ $
$ - - - - - - - - - - - -  OUTPUT DATA TO FI LE - - - - - - - - - - - - - - - - - $
$
OUTPUT4  RLAM, UGV1, , , / / - 1/ 21    $ OUTPUT EI GENVALUES AND EI GENVECTORS
OUTPUT4  MPF, RBGL1, , , / / - 1/ 22 $ OUTPUT MASS PARTI CI PATI ON DATA
$
ENDALTER
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General Octave Scripts for Frequency Response

f unct i on H=sdof t f ( l ambda, zet a, f r )

% y=sdoftf(lambda,zeta,fr)

%

% by S. Gordon, July 1999

omega=sqrt(lambda);

fn=omega/(2*pi);

freq=(fr(1):fr(2):fr(3));

rat1=freq.’*(1./fn).’;

rat2=rat1.*rat1;

H=1-rat2+i*2*zeta*rat1;

H=-rat2./H;

Funct i on r esp=ssr ( phi g, f r eq, l am, zet a, gf ) ;
% resp=ssr(phig,freq,lam,zeta,gf)
%
% by S. Gordon, July 1999

H=sdoftf(lam,zeta,freq);
gf1=diag(gf);
mp=H*gf1;
resp=mp*phig.’;



May 22, 2002 FEMCI Workshop Page 8

Mechanical Systems Analysis Branch/Code 542

Goddard Space Flight Center

Example NASTRAN Data Deck

ASSI GN OUTPUT4=’ bar _modes_l am. nas’ , STATUS=unknown, UNI T=21

ASSI GN OUTPUT4=’ bar _modes_mpf . nas’ , STATUS=unknown, UNI T=22

I D Bar , Modes

SOL 3

TI ME 3

DI AG 8, 14

I NCLUDE ’ modal _dat a. dmp’

CEND

  ECHO = NONE

  METHOD = 1

  SPC = 1

  DI SP( PLOT) =ALL

$

BEGI N BULK

PARAM, AUTOSPC, YES

PARAM, WTMASS, . 00259

PARAM, GRDPNT, 0

$

EI GRL          1                      10

SPC            1       1  123456      0.

$ FEMAP Pr oper t y  1 :  Round Bar

PBAR           1       1 3. 14027  0. 7854  0. 7854 1. 56947

$ FEMAP Mat er i al  1 :  6061- T651 Al

MAT1           19900000.             0. 332. 539E- 4
70.

$ Bul k dat a Fol l ows

.

.

.

ENDDATA
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Test Case 1

%st ar t

%

% Get  Modal  Dat a

l oad " bar _modes_l am. mat "

l am=RLAM;

phi g=UGV1;

[ nr , nc] =si ze( phi g) ;

%

% Conver t  t o Cycl es Per  Second ( CPS)

f n=1. / ( 2* pi ) * sqr t ( l am) ;

%

% Def i ne I nput  Par amet er s

%10 t o 1000 Hz i n 1Hz i ncr .

f r eq=[ 10, 1, 1000] ;

% Use 5 per cent  dampi ng ( Q=10)

zet a=. 05f or ce=zer os( nr , 1) ;

%I nput  1l b f or ce at  dof  92

f or ce( 92) =1. 0;

%

gf =phi g. ’ * f or ce;   %Cal cul at e gener al i ze f or ce

%

r esp=ssr ( phi g, f r eq, l am, zet a, gf ) ;

%

% Save Resul t s

f v=( f r eq( 1) : f r eq( 2) : f r eq( 3) ) ;

save - mat - bi nar y t est _case1_r es. mat  f v  r esp
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Results - Test Case 1
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Test Case 2

%st ar t

% Load f r equeci es and ei genvect or s

l oad bar _modes_l am. mat

l am=RLAM;

phi g=UGV1;

c l ear  RLAM UGV1;

%

% Get  mass par t i ci pat i on i nf o

l oad bar _modes_mpf . mat

mpf =MPF;

r bvec=RBGL1;

c l ear  MPF RBGL1;

%

mhb=mpf . ’ ;

%

%Conver t  ei genval ues t o Hz

f n=1. / ( 2* pi ) * sqr t ( l am) ;

%I nput  f r om 10 t o 1000 Hz @ 1Hz I ncr .

f r eq=[ 10, 1, 1000] ;

zet a=. 05;  %Use 5 per cent  dampi ng ( Q=10)

%

% Def i ne I nput  For ce

f or ce=zer os( 6, 1) ;

f or ce( 2) =1. 0;

gf =- 1. 0* mhb* f or ce;

%
% Sol ve f or  Fl ex i bl e Response
r esp=ssr ( phi g, f r eq, l am, zet a, gf ) ;
%
% Sol ve f or  Ri gi d Body Response
[ r , c ] =s i ze( r esp) ;
r b=r bvec* f or ce;
r br =di ag( r b) * ones( c, r ) ;
%
%Tot al  r esponse i s  sum of  f l ex i bl e + r i gi d body
t ot al =r br +r esp. ’ ;
%
% Save Out put
f v=( f r eq( 1) : f r eq( 2) : f r eq( 3) ) ;
save - mat - bi nar y t est _case2_r es. mat  f v  t ot al
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Results - Test Case 2
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Test Case 3

%st ar t

l oad swi f t 20_obs_l am. mat

l am=RLAM;

phi g=UGV1;

c l ear  RLAM UGV1;

%

l oad swi f t 20_obs_mpf . mat

mpf =MPF;

r bvec=RBGL1;

c l ear  MPF RBGL1;

%

mhb=mpf . ’ ;

f n=1. / ( 2* pi ) * sqr t ( l am) ;

[ nr , nc] =si ze( f n) ;

%

f r eq=[ 5, 0. 1, 75. ] ;

zet a=. 05;

%

f or ce=zer os( 6, 1) ;

f or ce( 2) =1. 0;

gf =- 1. 0* mhb* f or ce;

% Sol ve f or  Fl ex i bl e Response

r esp=ssr ( phi g, f r eq, l am, zet a, gf ) ;

% Sol ve f or  Ri gi d Body Response

[ r , c ] =s i ze( r esp) ;

r b=r bvec* f or ce;

r br =di ag( r b) * ones( c, r ) ;

t ot al =r br +r esp. ’ ;

%

%Wr i t e Out  Resul t s

f v=( f r eq( 1) : f r eq( 2) : f r eq( 3) ) ;

save - mat 4- bi nar y t est _case3_r es. mat  f v  t ot al ;
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Results - Test Case 3
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Summary/Conclusions

• Once normal modes have been solved for  in NASTRAN, it is fair ly simple
to extract necessary data and run frequency response analysis outside of
NASTRAN

• Fair ly straightforward matr ix manipulation required to solve frequency
response problem.  Can easily be run in MATLAB, Octave or  coded up in
favor ite programming language

• Examples shown here are for  frequency response but similar  approach
can be used to solve transient or  random vibration problem

• Significant processing power  required to solve eigenvalue problem for
large structures but once this is done dynamics solutions can be solved
quickly on any CPU

• Methods applicable to models reduced using Craig-Bampton approach


