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Abstract
The forced frequency analysis is very inportant in the design of
autonmotive structures. In particular, the Frequency Response Functions
(FRF) conputation is an inportant step in deternining Noise, Vibration
and Harshness (NVH) of any autonotive vehicle. In general, the CAE
engi neer nust address the severity and conpliance of the design linits
set in the NVH environnent. Usually, a CAE engineer in the autonotive
industry will first conmpute the nodal characteristic of the conponent

or full body/trim structure, and then conpute the frequency response
functions to aid in the determnation of its ability to withstand the
random load input applied on the structure. There exists a second
method in MSC Nastran to conpute the frequency response functions on
structures without the need to conpute its nodal characteristics. This
direct nmethod of FRF conmputation is based on the |lunped or coupled nass
fornmulation in conjunction with the classical finite element stiffness
matrices

It is to be noted that the effect of the distributed mss of the
elements plays a critical role in the exact FRF conputation. Such a
formul ati on provides yet another nethod to conpute FRF, and this nethod
is henceforth naned as the dynamic stiffness approach. To sinmplify the
study of this nethod, only beam frame structures will be considered for
our purposes. In this paper, the direct nunerical conputation of the
dynanmic stiffness coefficients of beam structures using Eul er-Bernoull
beam theory are discussed using the DMAP |anguage of MSC. Nastran
There are other tools and conpilers that can serve this purpose, but
the future nmotivation of this work is in solving directly for the
dynam ¢ response of beam frame structures using MSC. Nastran. The
present dynanmic stiffness analysis approach will also provide a direct
method to conpute the exact dynam c response on beam frane structures
usi ng MSC. Nast ran

It is easier to change the mass distribution of structure by changing
mass density in the dynamic stiffness approach to perform nass
paranmeter effect studies on the frequency response values. Accounting
for the mmss distribution exactly wusing the mass density in the
dynami cs stiffness approach is certainly better than the classica
| unped or coupl ed mass approach. As a nunerical study, a conparison of
the dynamc stiffness coefficients between the direct nmethod descri bed
in this paper and the classical approach is done using a beam exanpl e.
In addition, the tinme history md-span displacenent due to a step | oad
is conpared using the two approaches.



I ntroduction

The response of an actual linear continuous structural system subjected
to dynanmic forces is obtained on the basis of a mathematical nodel
representing the system and the mathematical functions representing the
dynam ¢ forces. Here, the term “continuous” is used in the sense of
continuity in the distribution of mass and stiffness properties of the
system In general, the mathematical nodel representing actua
structure is constructed by the finite elenment nethod. According to
that method, the continuous structure is discretized into a nunber of
finite elenments connected to each other at their nodal points for which
approximate elenment stiffness and mass matrices are devel oped. An
appropriate superposition of these element matrices produces the
structural stiffness and nmmss matrices of the system for which the
equations of nmotion are of the form[1]:

M] {&xof + [8] {$xnf + [K] uxn} = {FoO} ()

In equation (1), [M is the mass matrix in lunped or consistent form
[B] is the viscous danping matrix; [K] is the stiffness matrix; {F(t)}
is the dynamic force vector; {U(x,t)} is the displacenent anplitude
vector of the structural grids at locations {X} in the basic coordinate
system

In performng structural analyses, the finite elenment method has proved
to be very wuseful in the conputation of response on structures,
i ncl udi ng dynami cs. The comercial MSC. Nastran [2] programis a very
powerful conputational finite element tool that exists in the industry.
This program uses the classical finite elenment approach to solving
structural, thermal, acoustic, structure-fluid interaction and conbined
anal ysis probl ens. In particular, the classical finite elenent
approach in dynamcs uses the mass, stiffness and danping matrices of
structures to solve for the required dynam c response and/or to conmpute
for the nodal frequencies.

Solution of equation (1) can be acconplished in MSC Nastran by either
the frequency response nethod or the nunerical integration nmethod,
whi ch enploys various algorithns such as those of Newmark [3] and
W lson [4] to directly solve the equations. By the Frequency Response
met hod, the transformed structural system equation (1) can be witten
in the frequency domain, in matrix form for a particular frequency
as:

[Dexw)] {uxw} = {Fw)} (2)
where U} = Uxwye™}, {F®} = {Fw)e™, and
[Dxw)] = -w?[M]+iw[B]+[K]. (3)

In addition to these nethods, there exists two nunerical operational
met hods, i.e. nethods enploying the Fourier and Laplace Transforns.
Equation (2) resenbles the Fourier Transforned structural system of

equations of motion (1) where [D(X,MO] is the system dynanic stiffness



matrix in the Fourier Domain. The Fourier Transform nmethod of solution
is available in MSC Nastran as a solution sequence for solving
aeroel astic problens. However, the inportance of the nunerical
operational methods for solving structural systens in a “direct” manner
has not been effectively addressed in commercial codes including
MSC. Nastr an.

There exists many mathenmatical and engi neering reference works on the

subject of operational nethods, its applicability, strategies for
gener al probl ens, and solutions to several specific structural
probl ens. The Fourier series nethod has been applied effectively for
gust, random or cyclic load on a structure. This paper is not

attenpting to discuss the mathematical concept of the operational
met hods or any of the details of Fourier series nethod for structural
solution due to time varying load, and the subject of operational
met hodol ogy to differential equations in mathematics is assuned in this
paper .

This paper is the first in a planned series of piecewise work for
devel opi ng, conmputing directly the dynamic stiffness influence
coefficients of beam elements in MSC Nastran, and hence, solving for

the tinme or frequency response of beans and frames due to tinme varying
|l oads in MSC. Nastran. In doing so, appropriate previous work is
described here for better continuity and understandi ng of the subject.

The concentration of this paper is on the derivation of dynanmc
stiffness influence coefficients of beam elenent in the Laplace Domain
and its nunerical conputation using the devel oped special purpose DVAP

in MSC. Nastran. It is shown that the Laplace Transform method to
fornulate the dynamic stiffness influence coefficients for the Euler-
Bernoul li beams fromits equation of notion directly is mathematically
exact.

I n subsequent papers, such conputed dynanmic stiffness elenent nmatrices

will be used in beanms and frane structures to assenble and form the
system dynanic stiffness matrix, [D(X,8)], in the Laplace Transform
domai n. Subsequently, an equation simlar to (2) will be solved to

obtain the frequency response of the structure, [U (XS] without
requiring the know edge of the natural frequencies or the node shape of

the structure. It should be noted that [D(X,S)] is the system dynanic
stiffness matrix in the Laplace Transform donmain. The Lapl ace
Transform paranmeter ‘s’ is related to the frequency ‘W' as in ‘s=c+i W',

Derivation of Dynamic Stiffness Matrix for Uniform Beam

The concept of deriving the stiffness matrix of a finite elenment that
satisfies the equation of equilibriumin a static state is well known
and understood, and is used in nmany commercial codes in the world,
i ncluding MSC. Nastran. This same concept is carried over in this paper
for a uniformbeam finite element that satisfies the equation of notion
in a dynam c state of that elenent. The derived stiffness matrix for
the uniform beamin vibration is terned here as the ‘Dynamic Stiffness
Matrix’ for this beam The individual terms of the dynamc stiffness
matrix are the influence coefficients of the associated degrees of
freedom of this beam el enent. For sinmplicity, only the Euler bending



of beam is considered. The bending degrees of freedom of a beam

el ement, the transverse displacenment ‘u and rotation ‘g’ in the plane
of bending, are the two degrees of freedom of beam considered for this
paper. The details of derivation are given in this section

Consider a wuniform beam elenent of length ‘L, bending rigidity ‘EI’
and mass per unit length ‘m as shown in Figure 1. For sinplicity, no

danping is considered in this derivation. The equation of free,
undanped notion of this bar, using the Eul er-Bernoulli theory, is:
El u™(xt) + m &xt) = 0 (4)

where prime denotes differentiation with respect to the distance x
along the length of the beam from end A, and dots are differentiation
with respect to tine.

By definition, the Laplace Transform f(S) of a function of time f(t) is
defined by:

¥
LfE)] = f(s) = g f() o (5)

0
where ‘s’ stands for the Laplace transform paraneter. Since the time

function that is applied on structures starts at zero tine, the Fourier

Transform f(vv) can be obtained from the Laplace Transform by
substituting for ‘s’ paraneter in terns of W as s=i W.

For non-zero initial conditions, it can be shown that:

L[&t)] = sf(s) - f(t=0) (6-a)

L&) = s f(s) - (=0 - &Kt=0). (6-b)

Application of Laplace Transform on equation (4) with respect to tine,
and under zero initial conditions, results in:

u"(x,s) + 4k* T(x,s) = 0 (7)

where TU(XS) is the Laplace Transformof u(xt) and 4k* = %?.

Notice that equation (7) is an ordinary differential equation of fourth
order, simlar to the static beam on elastic foundation, except that
this equation is in the Laplace donain. Hence, the concept of
stiffness derivation is applied on this transformed equation in the
Lapl ace domai n.

The solution of equation (7), which resenbles the equation of a static
bar on el astic foundation, is:

U(x,s) = €%(Acoskx+Bsnkx) + e ™(Ccoskx+Dsnkx) (8)



The bending nonent, M(X,t) and the shear force, V(Xt), with nechanics
sign convention, are:

M(x,t) = - Elu"(x,t) (9-2a)
V(xt) = - Elu"(xt). (9-b)

The Lapl ace Transform application with respect to tine on (9) leads to
the transformed bending nonent, I\W(X,S) and the transformed shear force,

V(x,S) of the form
M(x,s) = - Elu'(x,s) (10- a)
V(x,9 = -Elu"(x9. (10- b)

Hence, by using the solution (8) for U(XS) in (10), the transforned
forces at the nodes A and B of the beamelement of Fig. 1 are:

M(x=0,s) = - 2EIK®(B- D) (11-a)
V(x=0,s) = - 2EIK}(B- A+C+D) (11-b)
M(x=L,s) = - 2EIk’[€*(BcoskL- AsnkL)+e* (- DcoskL+CsnkL)] (11-c)
V(x=L,s) = - 2EIk}e“{(B- A)coskL- (A+B)snkL} + (11-d)

e {(C+D)coskL+ (D - C)snkL}]

The two degrees of freedom for this beam being U(XS) and

q(x,9 =T'(x,S), contributes to tw sets of stiffness influence

coefficients at each node, a total of 4 sets for this uniform beam

Any one of the set of dynamic influence coefficients can be obtained by
conmputing the forces and nonents in the transforned domain required at
nodes to maintain a wunit value of transformed displacenent at a

particul ar degree of freedom while the other three are fixed. Thus,
the four sets of influence coefficients can be obtained by solving for
paraneters ‘A, ‘B, ‘C, ‘D for the four states, given below The

substitution of A B, C and D from each of these states in (11)
generate the associated forces in the transform domain which are the
required dynamic stiffness influence coefficients for that degree of
freedom of noti on.

The four sets of notion configuration states for the four degrees of
freedom at beam nodes are:

1) U(x=0,s)=1 0 (x=0,s)=0(x=L,s)=
2) uU'(x=0,5)=1 u(x=0,s)=u(x=1L,s)=

x=1L,s)=0 (12-a)

u'(
u'(x=L,s)=0; (12-b)



3) U(x=L9=1 U(x=0,5)=0'(x=0,5)=0'(x=L,5)=0 (12-¢)
4) u'(x=L,s)=1 u(x=0,8)=0'(x=0,8)=0(x=L,s)=0; (12-d)

The details of obtaining these paraneters ‘A, ‘B, ‘C and ‘D for
each of these above states synbolically and then substituting for
obtaining the associated forces to deternine the influence coefficients
are tedious. Such a process of obtaining the dynamc stiffness
i nfluence coefficients yield ‘exact’ analytical stiffness ternms for the
uni form beam These coefficients have been obtained in Ref.[5].

But it is done here again with the help of the Mple V synbolic
software [6] to verify the manual derivation of the dynamic stiffness
terns obtained in Ref.[5]. Figure 2 show the associated Maple V input
lines to conmpute the dynamic stiffness influence coefficients,

511,512,513,514, for state 1. Here, the bar synbol represents that the

dynami c stiffness coefficients are in the Laplace donmin. Simlarly,
the other coefficients can be conputed synbolically by using the Mple

V software. Table 1 shows the dynamic stiffness matrix |D| containing
all these 16 influence coefficients for a uniform beam el enent.

DMAP Program for Computing Beam Dynamic Stiffness M atrix

A special purpose MSC Nastran DVMAP programis witten for this paper to
conmpute the dynamic stiffness influence coefficients for wuniform beam
given in Table 1, at one or several frequencies. The Maple V program
is also used to optimze the nunber of nultiplication and additions
needed to conpute the nunerical values of the dynamic stiffness matrix.
The optimzed FORTRAN statements from the Maple V software are
translated directly into a subdmap in MSC. Nastran. Figure 3 shows the
MSC. Nastran DMAP program listing used to conpute the dynam c stiffness
matrix for the uniform beam el enent.

Many synbolic and nunerical checks, validations and verifications have
been done to assure that the translation of these statements into
MSC. Nastran DMAP statenents are done correctly. Two of them are worth
mentioni ng here. The first useful check is the conparison of dynanic
stiffness matrix values as conputed by this special DMAP with that
obtained using the Maple V software for one particular frequency. As

an exanple, the conmputed nunerical dynanmic stiffness matrix [5(8)] for a

uni form beam is displayed as Table 2. These nunerical values are
obtained by the MSC. Nastran DMAP program given in Fig. 3, with single
precision for a frequency of 100 radians, i.e. s=i W. The nuneri cal

values are sufficiently accurate except for the truncation errors, and
they conpare very well with that obtained using MAPLE V software.

Secondly, the numerical values of Dij terms given in Table 1 can be
checked with plots for various frequencies in the range (0.25,4000).

On cl ose exami nation of the synmbolic dynamic stiffness matrix terms, it
is observed that the values of D11, D12, D13 and D34 increase wth

frequency paraneter, s. Instead of |isting nunerous |arge numbers, it
is nore useful to use 1/D11, 1/D12, 1/D22 and 1/D34 for plotting and
vi sual check purposes. These plots for these inverted ternms are not



included in this paper due to Ilimtation of space. Simlarly,
addi tional plots can studied for D13, D14, D23 and D24.

On close exam nation, four items of interest about the dynamic matrix
are observed:

a) The dynamic stiffness matrix is symetric as seen in Table 1 or 2;

b) The imaginary part of the Dij terns of this dynanmic matrix nust be

very small in the Fourier domain, and the Table 2 shows these inmaginary
val ues are sufficiently large due to the truncation errors of using the
singl e precision. The DVAP programin Fig. 3, nodified to accommpdate

doubl e precision accuracy, produce the imaginary part of Dij terns with
a very small value. This has been verified successfully.

c) The nechanics sign convention used for deriving the dynanmic
i nfluence coefficients produce opposite sign for D12 and D34, i.e.
D34=- D12.

d) In the basic coordinate system convention of MSC. Nastran, the nonent
at left end and the shear at right end of beam seen in Fig. 1, are
opposite to that used here. This will change the signs of D12, D13,
D23 and D34 if used with the MSC. Nastran convention. This is indicated
here for future purposes towards MSC. Nastran DVAP alter devel opnent for
frame structures.

Beam Exampleto Validate Numbers

An undanped sinply supported uniform beam of length L, mss m and
modul us of rigidity EI, as shown in Fig.4, is used to validate the
numerical values of the dynamic stiffness influence coefficients of the
uni form beam given in Table 1. The frequency or tinme history of the
vertical displacenment of the beamat its m d-span subjected to a
suddenly applied load F(t) is of interest here.

Because of synmetry, only even nopdes contribute to the md-span
vertical deflection, and thus, the rotation at nmid-span is taken to be
zero. Hence, formulating the dynamic stiffness matrix for one-half of
the beam loaded by ‘F(t)/2" at mid-span and applying the boundary

condition qL\:EB:c , the following relation is established in the Laplace
transform domai n:

e— D14% U —
2 abD11 - —— Uz(9 = F(s 13
gD 5220 5 (9) (9 (13)
where the coefficients Dij are given in Table 1 and F(s)= F,/s.
Thus, Ug(S)can be witten as
09 = ' f(9) (19
° 8EI m’

where f(S) is given by the following expression:



(@™ - 2™ dn(2KL) - 1)(e™ - 26 (1+sn? (kL)) + s 2®

f(s) =
® (™ +2e™ gn( 2kL) - 1)(e™ - 2e?C dn( 2kL) - 1)- 8™ (1- 2*)? §n 2 (kL)

1/4
1/2 m

with K = m s = ——
(4ENV*

and m =

Her e, UB(S) is the transforned displacenent response of this sinply
supported heam at its md-span in the Laplace donmin. The frequency
response is obtained by using S=iw in (14). Figure 5-a and 5-b shows
the forced frequency response of the beam using the dynam c stiffness
matrix as conmputed by the special DMAP program given in Fig. 3. An
associ ated MSC. Nastran frequency response analysis is possible by using
the classical direct frequency nethod avail able as SO.L 108.

MSC. Nastran uses the discrete consistent mass approach, and the Lapl ace
Transform method uses the exact solution of the equation of motion in
the transform domain to conmpute the dynamic stiffness of uniform beam
Figure 5 shows the singularity at the first natural bending node
frequency of this beam The nunerical values of the frequency response
of beam are of the same order of nagnitude between MSC. Nastran by
SOL108 and the Laplace Transform nmethod using the special DMAP program
Table 3 shows the frequency displacenent response at md-span at
several frequencies.

Even though the frequency response values are compared, it is fruitful
to conpare the time history results of vertical deflection of the beam
The MSC. Nastran input data for obtaining the time result of md-span
di spl acenent using nodal approach is given in Fig. 6. Figure 7 shows
the nodal time response plot of the md-span deflection from
MSC. Nastran by using SOL 112. A nunerical inverse Laplace transformis
used in Ref.[7] to obtain the nid-span deflections at selected tines,
and these are shown on this same plot for conparison and validation

purposes. The function f_(S) is transfornmed back onto the tine dommin
by means of the nunerical inverse Laplace transform as conputed with

the aid of Fast Fourier Transform FFT). The details of the numerical
inverse Laplace transform is outside the scope of this paper, and is
di scussed in detail in Ref.[5,8]. The conparison shows that the

dynam c stiffness matrix values for the beam can be used to obtain the
time response of the structure.

Remarks

1) The dynamic stiffness nmatrix of Euler beam is very wuseful in
obtaining the ‘exact’ frequency response of beam or frane structures
wi t hout requiring the know edge of natural frequencies;

2) The powerful MSC. Nastran solver and data managenent capability can
be used for solving large frame structures using transform nethods
if the beam dynamic stiffness matrix can be available as a DWAP
program to aid in developing an alter to SCL 108. The devel opnent
of the alter to SOL 108 is left for future work, and this paper



provi des the special DMAP program to conpute the dynamc stiffness
matri x for Euler beam

3) The dynamic stiffness matrix of a uniform beam can be used only for
the vibrating beam or frane structures, and the val ues are singul ar
at zero frequency, as shown in Fig. 5.

Future Work

Thi s paper concentrated on the devel opment of the special purpose DMAP
using MSC. Nastran for a uniform beam The dynamic stiffness matrix of
uni form beam will be used in the next study to wite additional DMAP
modul es to solve for the response of frame structures. Such a study
will enable to wite a general DVMAP nodule for conputing frane
structural dynamic matrices. The incorporation of the dynanmic
stiffness matrix of beam and franme structures as an alter to direct
frequency response solution, SOL 108, in MSC. Nastran will be planned in
a rmuch | ater study.
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Figure 1 — Uniform Beam Element
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wi th(linalg):
y:=(x)-

>exp(k*x)*(A*cos(k*x) +B*si n( k*x) ) +exp(k*x)*(C*cos(k*x) +Dc*si n(
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k*x));

yd: =(x)->di ff(y(x),x):

yd(x):

eqnl: =y(0)=1;

eqgn2: =eval (subs(x=0, yd(x))) =0;

eqn3: =y(L)=0;

eqgn4: =subs(x=L, yd(x)) =0;

sol ve({eqgnl, eqn2, eqn3, eqn4}, {A B, C, Dc});
assign("):

A

féctor(expand(si mplify(subs(tan(k*L)=sin(k*L)/cos(k*L),

A: =fact or (expand(subs(cos(k*L)"2=1-sin(k*L)"2,")));
B

féctor(expand(si npl i fy(subs(tan(k*L)=sin(k*L)/cos(k*L),

B: =f act or (expand(subs(cos(k*L)"2=1-sin(k*L)"2,")));
C.

féctor(expand(si mpl i fy(subs(tan(k*L)=sin(k*L)/cos(k*L),

C: =fact or (expand(subs(cos(k*L)"2=1-sin(k*L)"2,")));
De:

fa(.:t or (expand(si nplify(subs(tan(k*L)=sin(k*L)/cos(k*L),"

Dc: =f act or (expand(subs(cos(k*L)”"2=1-sin(k*L)"2,")));
VF: =(x)->-El*di ff (y(x), x$3):

MF: =(x)->-El *di ff (y(x), x$2):

eval (subs(x=0,sinmplify(VF(x)))):

D11: =-factor(expand(subs(cos(k*L)"2=1-sin(k*L)"2,")));

eval (subs(x=0,sinmplify(MF(x)))):
D21: =f act or (expand(subs(cos(k*L)~2=1-si n(k*L)"2,")));
simplify(eval (subs(x=L, VF(x)))):
D31: =f act or (expand(subs(cos(k*L)"2=1-sin(k*L)"2,")));
sinplify(eval (subs(x=L, MF(x)))):

D41: =-factor(expand(subs(cos(k*L)”*2=1-sin(k*L)"2,")));

"))

")))):

"))

)))):

Figure2—MapleV input for State 1
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$ MSC. Nastran DVAP Program to compute t22 = t7*t7 $
$ Beam Dynami c Stiffness Matrix t25 = (cnpl x(1.0)-cnpl x(2.0)*t6+
$ using Single Precision crpl x(4.0)*t6*t 22+t 11)*t15 $
time 5 t29 = t5*t2*cnpl x(El') $
diag 8 t30 = t9*t6 $
sol 100 t32 = (t30 - t9 +t8 + t7)*t15 $
conpi | e userdmap, soui n=nscsou $ t37 = t5*t1*cnmpl x(ElI)*t7 $
alter 2 $ t40 = (t5-cnpl x(1.0))*(t5+cnpl x(1.0)) $
type parm,cs,n,t1,t2,t3,t4,t5,t6 $ t45 = cnpl x(1.0)/(-t6+
type parm,cs,n,t7,t8,t9,t10 $ cnpl x(2.0)*t 13+cnpl x(1.0)) $
type parm,cs,n,t11,t13,t15,t16 $ t47 = t21*t125*t45 $
type parm,cs,n,t18,t21,t22,t25 $ t48 = b*cnpl x(El) $
type parm,cs,n,t29,t130,t32 $ t52 = t48*(cnpl x(1.0) +cnpl x(4.0)*t 10-
type parm,cs,n,t37,t40,t45,t47 $ t11)*t 15*t45 $
type parm,cs,n,t48,t152,t55,t60,b,s $ t55 = t37*t40*t15*t45 $
type parm,rs,y,L=144.0 $ t60 = t48*t5*(-t8+t30-t9-t7)*t15*t45 $
type parm,cs,y, enod=30. OE+6, i non¥106.3 $ $ DSM matrix cal cul ati on part
type parm,rs,y, mass=0. 004259, El , neu$ DSML1 = cnpl x(4.0)*t3*t16*t18 $
type parm,i,y, knt=1 $ DSML2 = cnpl x(2.0)*t21*t25*t18 $
type parm,cs, n, DSML1, DSML2, DSML3, DSML4 $ DSML3 = cnpl x(-8.0)*t29*t32*t 18 $
type parm, cs, n, DSM21, DSMR2, DSMR3, DSMVR4 $ DSML4 = cnpl x(8.0)*t37*t40*t 15*t18 $
type parm, cs, n, DSMB1, DSM32, DSMB3, DSMB4 $ nessage //'DSM Matrix Printout below $
type parm, cs, n, DSMA1, DSMA2, DSM43, DSMA4 $ nessage //' DSML1, DSML2, DSML3, DSML4 = ' $
El = emod*imom $ nmessage //DSML1/ DSML2/ DSML3/ DSML4 $
meu=(mass/ 4.0/ El)**0.25 $ DSM21 = cnpl x(-2.0)*t47 $
s = cnpl x(0.0,0.0) DSM22 = cnplx(2.0)*t52 $
$ do while(knt < 4) $ DSM23 = cnpl x(8.0)*t55 $
s=s + cnpl x(0.0, knt)*cnpl x(100.) $ DSM24 = cnpl x(4.0)*t60 $
nmessage //' For Frequency value s ='/s $ nmessage //' DSM21, DSM22, DSM23, DSMR4 = ' $
b=cnpl x(nmeu) *sqrt(s) $ nmessage //DSM21/ DSM22/ DSM23/ DSM24 $
t1=b*b $ DSM31 = cnpl x(8.0)*t29*t32*t45 $
t2 = t1l*b $ DSM32 = cnpl x(8.0)*t55 $
t3 = t2*cnpl x(El) $ DSM33 = cnpl x(-4.0)*t3*t16*t45 $
t4 = b*cmpl x(L) $ DSM34 = cnpl x(2.0)*t47 $
t5 = exp(t4) $ nessage //' DSM31, DSM32, DSMB3, DSM34 = ' $
t6=t5*t5 $ message // DSM31/ DSM32/ DSM33/ DSM34 $
t7 = sin(t4) $ DSM1 = cnpl x(-8.0)*t55 $
t8 = t6*t7 $ DSMA2 = cnpl x(4.0)*t60 $
t9 = cos(t4) $ DSM3 = cnpl x(2.0)*t47 $
t10 = t8*t9 $ DSM44 = cnpl x(2.0)*t52 $
t11=t6*t6 $ nessage //' DSMA1, DSM42, DSMA3, DSMA4 = ' $
t13 = t5*t7 $ message // DSWM41/ DSM42/ DSM4A3/ DSMA4  $
t15 = cnpl x(1.0)/ (t6+cnplx(2.0)*t13 knt=knt+1 $
-cmpl x(1.0)) $ enddo $
t16 = (cnpl x(-1.0)+ cend
cnpl x(4.0)*t10+t11)*t15 $ title = dmap DBEAM sti ffness CALC
t18 = cnpl x(1.0)/(t6-cnpl x(2.0)*t13 subtitle = For Uniform Beam
-cnpl x(1.0)) $ begi n bul k
t21 = ti1*cnpl x(El) $ enddat a

Figure3—M SC.Nastran DM AP to compute Beam Dynamic Stiffness Matrix

E=30x10"6 1=106.3 m=0.0004259
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FIGURE 4 - Simply Supported Uniform Beam Example
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Figure 5-a Forced Frequency Response M agnitude at mid-span of SS beam
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Figure 5-b Forced Frequency Response of SS Beam for 0-20 rad



ID ssbeamtr,msc
SOL 112
TI ME 600
CEND
TITLE = Sinply Supported Beam Exanpl e
ECHO = NONE
MAXLI NES = 999999999
SUBTI TLE= Mbdal transient Response Sol ution
SPC = 2
LOADSET = 1
DLOAD = 2
TSTEP=40
METHOD=10
DI SPLACEMENT( SORT1, PUNCH, PLOT, PRI NT, REAL) =ALL
$ VELOCI TY(SORT1, PLOT, REAL) =ALL
$  ACCE( SORT1, PLOT, REAL) =ALL
OUTPUT( XYQUT)
XGRI D=YES
YGRI D=YES
XTI TLE=Ti ne (sec)
YTI TLE=DI SP RESPONSE AT GRID 2
XYPLOT DI SP RESPONSE 1/2(T2)
BEG N BULK
PARAM AUTOSPC YES
PARAM  COUPNMASS 1
PARAM K6ROT 0.
PARAM WIMASS 0. 00258
PARAM NOCOWPS, - 1
PARAM  PRTMAXI M YES
El GRL, 10, , 4000., 2
TSTEP, 40, 70, 0. 0005, 1
PBAR, 1,1,1.0,106.3,1.0,9.6

CBAR 1 1 1 2 0. 1. 0
CBAR 2 1 2 3 0. 1. 0
$2345678%$2345678%$2345678%$2345678%$2345678%$2345678%$2345678
MAT1 1 3. 47 .3 1.645678

GRI D 1 0. 0. 0.

GRI D 2 72. 0. 0.

GRI D 3 144. 0 0.

SPCADD 2 1 4

SPC1 1 12 1 3

SPC1 4 345 1 2 3

TLOAD1 4 5 1

LSEQ 1 5 3

DLOAD 2 11. 2057 1. 4

FORCE 3 2 0 1. 0. -1. 0
TABLED1 1

+ B

+ B 0. 1. 250. 1. ENDT

ENDDATA

Figure6—M SC.Nastran Input for Modal Transient Response
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Figure 7 — Comparison of Transient Response of Simple Supported Beam

Table 1 - Dynamic stiffnessMatrix for Beam Bending

S k3(4ezsc- 1+e4) ek3(ce2- c+e25+s) ekzs(-1+e) (e+1) H
€ 4 2%1 -8 8 u
& dg dg dg U
& 2 4 2 2 2 u
8 k(-1- 4e sc+e’) ek s(-1+e)(e+1l) ke(e"s-ce +c+s)U
a 2%1 2 -8 4 U
g dg dg dg u
8 ek3(ce2- c+e23+s) ekzs(-1+e)(e+l) k3(4ezsc- l+e4) H
&8 -8 -4 -2%1 u
2 dg dg dg u
g 2 2 2 4. 2 i
e ek"s(-1+e)(e+l) ke(e"s-ce +c+s) k(-e +4e sc+1)uU
E 8 4 -2%1 -2 H
€ dg dg dg ua

k2(1- 2e2+4e232+e4)
dg

%1:=

d=€e"+2es-1;, g=€"-2es-1;

e=exp(kL); c = cos(kL); s=sn(kL);
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Table 2 - Dynamic Stiffness M atrix as computed by DMAP

At Frequency = 100 rad

(1.052492E+04, |
- 2. 382353E-03)

(8. 760900E+05,
-1. 501403E- 01)

(- 1. 361614E+04, |
2. 241085E- 03)

(9. 504490E+05,
- 8. 395985E- 02)

(8. 760900E+05,
- 1. 501403E- 01)

(8. 736014E+07, |
-1. 054628E+01)

(- 9. 504490E+05,
8. 395985E- 02)

(4.521165E+07, |
-2.613870E+00)

(-1.361614E+04, |
2.241085E-03)

(- 9. 504490E+05,
8. 395985E- 02)

(1. 052492E+04, |
- 2. 382353E-03)

(- 8. 760900E+05,
1. 501403E- 01)

(9. 504490E+05, |
- 8. 395985E- 02)

(4. 521165E+07,
- 2. 613870E+00)

(- 8. 760900E+05, |
1. 501403E- 01)

(8. 736014E+07, |
-1. 054628E+01)

Table 3 - Frequency Displacement Response values at mid-span
for Example Beam

Frequency(rad) 0.25 3 6 9 12 15 30
FR value(in) 7.80E-05 6.54E-07 3.25E-06 2.17E-06 1.63E-06 1.30E-06 6.54E-07
Frequency(rad) 60 120 180 240 300 390 396
FR value(in) 3.32E-07 1.77E-07 1.34E-07 1.22E-07 1.37E-07 4.78E-07 6.44E-07
Frequency(rad) 402 408 420 480 540 600
FR value(in) 1.01E-06 2.53E-06 1.15E-06 1.11E-07 4.90E-08 2.88E-08
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