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NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States Govern-
ment assumes no liability for its contents or use
therecf.

NOTICE

The United States Government does not endorse pro-
ducts or manufacturers. Trade or manufacturers'
names appear herein solely because they are con-
sidered essential to the object of this report.
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PREFACE

The Federal Railroad Administration (FRA) is sponsoring re-
search, development, and demonstration programs to provide
improved safety, performance, speed, reliability, and main-
tainability of rail transportation systems at reduced life-
cycle costs. A major portion of these efforts is related

to improvement of the dynamic characteristics of rail vehicles,
track structures, :nd train consists.

Transportation Systems Center (TSC) is maintaining a center
for resources to be applied to programs for improved passen-
ger service, improved safety, and more cost-effective freight
service. As part of this affort, TSC is identifying computer
programs, analytic models, and analysis tools required to
support the PRA objectives. In particular, TSC is acquiring,
developing, and extending computer programs to provide real-
istic predictions of rail system dynamic performance under
field conditions.

The DYNALIST II computer program was developed for the Depart-
ment of Transportation by the J. H. Wiggins Company in 1974.
Documentation was contained in two volumes, a technical report
documenting the theoretical bas.s of the program and a user's
manual. The present report also consists of two volumes.
Volume III, entitled "Technical Report Addendum,” is written
as an addendum to the previous technical report. Volume

IV, entitled "Revised User's Manual,” is self-contained

and supersedes the previous user's manual.

Numerous detailed .co-onts provided by Dr. Russel Brantman,
the TSC Technical Monitor, have been incorporated in both of
these reports. The time which he and others at TSC have



spent in reviewing the material from the standpoint of new
users has, in the opinion of the authors, contributed signif-
icantly to its clarity. The authors wish to express their
appreciation for this dedicated effort.

The Revised User's Manual reflects current modifications in
output format which have been written into the program at
TSC. These modifications were performed by Duncan Sheldon
under the direction of Dr. Brantman.
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1. INTRODUCTION

This manual describes the use of the DYNALIST II computer
program for dynamic analysis of general linear systems. The
program provides a capability for stability analysis and for
computing response to sinusoidal, random, periodic, and
transient excitations. System components may pe modeled
either by directly inputting the matrix coefficients of the
equations of motion, or by using a finite element type sub-
routine to automatically cenerate thesé coefficients. Com-
ponents can then be assembled to form complete systems.

DYNALIST II has been developed with three basic objectives
in mind:

Simplified input

Modeling flexibility

Computational efficiency

Briefly stated, simplified input is provided for by using a
NAMELIST format, and by the ability to generate component
data files which may be added to and accessed in future runs.
Modeling flexibility is provided for by the generality of the
mathematical formulation which uti)izes a subsystems modeling
approach. Computational efficiency is achieved through the
use of the QR algorithm to compute complex eigenvalues and
eigenvectors which are used in both stability and response '
analysis. Modal synthesis provides a means of keeping the
size of any single eigenproblem small by using a truncated
set of complex component eigenvectors as a basis for the
system equations of motion.

Subsequent chapters in this manual describe the program in

detail and specify operating instructions as well as prepara-
tion of input data. Both printed and plotted forms of program
generated output are described, and sample problems are presented.

-1-



2.

PR .GRAM DESCRIPTION

DYNALIST 1I «8 constructed of four segments. A top level
flow diagram is shown in Figure 1. Detailed flow diagrams
are included in Appendix D. The four segments function as

follows:

Segment 1.

Segment 2.

Segment 3.

Sagment 4.

Define equations of motion for a component and
create, or add to, a component data file (C.D.F.).
Modes may be computed, in which case a modal

data file (M.D.F.) wil. be created for use in
calculating response in Segment 4. (Note, how-
ever, that any previously existing M.D.F. from
the same run will be destroyed).

Edit (truncate modes from) the various compon-
ents on the component data file (C.D.F.); or a
component may be deleted from the file.

Synthesize component data into a system and deter-
mine system modes. A modal data file (M.D.F.)
will be created for use in Segment 4. (Note, how-
ever, that any previously existing M.D.F. will

be destroyed).

Use modal data to-cbtain frequency response at
selected physical coordinates due to harmonic
forces applied at specified physical coordinates.
Response due to random forces, or sinusoidal
forces wvhose amplitudes vary as a function of
the excitation frequency, may also be found.
Lastly, response to a geaxeral periodic or trans-
ient input may be found using a Fourier series.
Response (and excitation) characteristics may be
plotted on a standard plotting device.



NOUTT=11

Read

Segment 1

Title Card

| ™

Main OVERLAY (TEWP,0,0)

T

Read
START

Close plot

Tape if any

[—Gtep)

Segment 2

©)

Segment 3

®

segrent 4 ] ()

Read COMPO

Generate compon-
ent eigenvalues

and eigenvectors
in both u &p-

Coordinates .

Add component
data to C.O.F.
on Tape NOUTT.

1f NFREEFO,
creste an M.D.F.
on Tape 12,
destroying any
previously

Read EDITT

Read data for all
components from
C.D.F. on Tape INT.

1f DELETE=X,
remove data for
component X.

1f DELETE=0.0,
truncate compon-
ent efgenvalues
and efgenvectors.

Place complete,
revised C.D.F.
on Tape NOUTT.

existing M.0.F.

*Jf WFREQ 7 0, generate frequency response.

= (O]

Read SYN

Read data for all
components from

L.D.F.on Tape INT.

Synthesize com-
ponent data to

system equations .

Generate system
eigenvalues and
eigenvectors in
u-Coordinates.

Create an M.D.F.
on Tape 12,
destroying any
previously
existing M.D.F.

Read SHAKE

Read modal data
from M.D.F. on
Tape 12,

Generate
response to the
specified
input.*

If NPLOT=Y,
also generate
response plots.

®

INT=NOUTT
NOUTT=INT

write
The latest version
f the C.D.F. 13
on Tape "INT".)

l@

e

¢

If WPSD 7 O, generate random response.
If #SINE ¢ O, generate response to an amplitude varying sinusoidal input.
If WFOUR ¢ O, generate response to & general periodic or transient fnput.

Figure 1.
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2,1 Segment 1: Component Modeling

Segment 1 develops the component equations of motion and may
calculate the complex eigenvalues and eigenvectors for linear
dynamic systems which can be described in terms of matrix
equations of motion of the form

(m] {p} + [c]{p} + [kl{p} = {0}

where m, ¢, and k are real matrices input in the dynamic p-
coordinate system. Thus these matrices may be non-gsymmetric,
representingnon-conservative systems. Rigid body (free-
free) modes may not be computed, nor will diagonal equations
be solved, except in the case of thae one degree of freedom
oscillator. Because of its common application, a separate

logic has been set up to handle this special type of diagonal
system,

To enhance its general modeling capabilities, DYNALIST II
operates in two coordinate systems. In addition to the

dynamic p-coordinate system, a physical u-coordinate system
is defined by

{u} = (¢} {p}

Additional response coordinates may thus be defined and real
structural modes may be included in the model. 1It is the

physical u-coordinate system to which constraints and forces
will be applied in later segments.

The dynamic p-coordinate system must be ordered such that

all "constrained” coordinates are listed first, followed by
the “"free" coordinates. Eigenvectors will be computed only
for the free coordinates. If NFREE=0, no eigenproblem will be

-4-



solved.* The eigenvalue A = ¢ + iwgives the damping o

and the vibrational frequency w. A positive ¢ means that
mode is unstable. The eigenvectors ¢ and Y, in p and u-
coordinates, respectively, are printed out giving the real
and imaginary parts, from which amplitude and phase may be
determined. To ensure that an independent set of modes has
been found, an orthogonalitycheck is performed. If the
eigenvectors do indeed diagonalize- the equations within a
fine tolerance, a confirming message is printed. If the
dynamic matrix D is not diagonalized, a warning message

and the partially diagonalized matrix is printed. A modal
data file will be created if an eigenproblem is solved, from
which response may be computed directly for a one-component
system, by passing directly to Segment 4. [However, if modal
truncation is to be performed on this system, then a new
M.D.F. must be generated by using Segment 3 (and coupling
with a dummy component) before passing to Segment 4.)

The matrices m, ¢, k, and ¢ may be input directly (IGEN=0),
or they may be generated automatically using one of two
modeling routines. IGEN=1l will activate the general COMGEN
routine. IGEN=2 or 3 will respectively generate the pre-
programmed truck or car model contained in subroutine TRAIN.
These will be explained in detail in Section 3.4 and 3.5.

"Whe category of constrained coordinates should thought
of as a.gccghnnury category to the 2:.. coorgtnatu? that

i3, constrained = not free. Recalling that the sole purpose
f the free coordinate category is to partition component
matrices for the component eigenproblem solution, one
should recognize that constrained coordinates are used for
all other purposes; e.g., to constrain components whose
SJUETIOHS of motion are already in diagonal form, or to ccu-
strain components which would otherwise be free-free and
would thus have rigid body modes which DYNALIST will not coa-
pute. It is emphasized that the constraints discussed here
apply only to the isolated nent phase of analysis, and
that all such oonsmwﬁﬂ'od whyen evaluating the
motion of the site system. The constraints that
actually apply system are specified in the
oonstraint matrix, Ginvith the resulting dependent system
SSOTIINECES GaTINed KDEBP.



2.2 Segment 2: Editing the Component Data File (C.D.F.)

Segment 2 has the capability of removing modes from any or
all of the components on the component data file. See Figure
2. The number of modes to be retained for each component
must be specified in the vector NMODE2. The modes to be re-
tained are listed in MODES. Remember that Segment 1 produces
two modes for each degree of freedom in the eigenproblem it
solves. These modes are in order, from lowest to highest of
the magnitude of the complex eigenvalue, A = ¢ + iw.

Segment 2 may also be used to delete a component from the
C.D.F., enabling components to be continually added to and
deleted from the file.

2.3 Segment 3: Component Synthesis

Segment 3 uses component data to create a new set of system
coordinates. There are two basic methods for doing this.

In the Direct Sub-Systems Method, the system is modeled as

an assembly of components (subsystems) without having any
individual component modes computed. In the Modal Synthesis
Method, the system is mndeled as an assembly of components
some of which have nad component modes computed. If some
of these modes have been truncated, the results will be ap-
proximate. Segment 3 will then solve an eigenproblem of the
kind discussed in Section 2.1 and convert the eigenvectors
hack to the system u-coordinates. A Modal Data Pile (M.D.F.)
will be created (see Figure 3) which will have the infor-



Entry point {1)

Total number components, NOCOM

PRENAM, Component 1
2

NOCOM
NU, Component )
2

NOCOM

NFREE, Component !

Entry point (2)
NMODES or NMODE2

Eigenvalues, Component ;

NOCOM

tigenvectors, Component |

Entry potnt (3)

STIFF, Component 1
2

NOCOM

rFigure 2. Layout of Component pata Pile (C.D.F.)



KONV If KONV=0, data is for a component.
If KONV=1, data is for a system.
NUNCOT Number of physical U-coordinates.
NCTOTS Number of uncoupled system P-
coordinates.
<
(o] {u} = [4] {P}; NUNCOTXNCTOTS. H
NINDEP  Number of independent system P- .§ >
coordinates. >
‘ Lot
(8] {P} = [B] (ql}; NCTOTSxNINDEP. Bg
[T
k] System stiffness; NCTOTSxNCTOTS.
NCOLT Number of eigenvalues.
[!u] Physical eigenvectors.
) [l
Eal Eigenvalues.
718-123)
Pigure 3. Layout of Modal Data File (M.D.F.)




mation necessary to compute the static correction if modal
truncation is used.

Segment 3 assembles components in order. The coupled system
has a p-coordinate system and a u-coordinate system, the same
as for a component. The coupled system coordinates are the
same as the component coordinates, but are renumbered in one
continuous sequence according to the order in which the com-
ponents are aasembled. The component assembly order is

that listed in the vector PRENAM. The three-car train of
Figure 4 it assembled using five components, NCOMP=5, from
two unique romponents, 1 and 2. These components are as-
semblad using PRENAM(1)=1, 2, 1, 2, 1, which results in the
rystem p- and u-coordinates being numbered as shown in Figure
4. Eight physical displacement constraints are applied to

the components in the system to form them into a train. The
constraints are applied ir. the u-coordinate system and have
the form

(Gl{u} = u, - u, = 0
Uy - Yy =0
(uy - u‘)/L -ug =0
(uy3 = U)/E = vy =0
Y14 T Y17 =0
U23 < Y9 =0
(Ug3 = U )/l ~u g =0
(ug3 = ugg)/L =uyy = 0
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Thus, NROWG will equal 8 and the third constraint, for
example, would be input as G(3, 3) = 1/L, G(3, ¢) = -1/L,
G(3, 8) = -1,

It is important to appreciate the fact that constraint
equatinne specified in terms of u-coordinates eliminate de-
grees of freedom associated with p-coordinates, on a one-
for-one basis. That is, each constraint equation must
eliminate one degree of freedom from the system. There are
three general rules to follow when applying constraints to
the system;

(1) Por every constraint equation, cne p-coordinate
must be eliminated as a system degree of freedom
by specifying it in the vector KDEP,

(2) Bach degree of freedom (p-coordinate) eliminated
by placing it in the vector KDEP must be 2xpres-
sible in terms of the remaining degrees of free-
dom which themselves must be independent.

(3) Only p-coordinates from the set NCON (constrained
coordinates) may be eliminated. Never eliminate
a p-coordinate which is a member of the set NPREE
(free coordinates).*

For example, in the system of Pigure 4, KDEP(1l) = 7, 8, 9,
10, 17, 18, 19, 20.

THote that the original partitioning of p-coordinates into
"constrained” and “"free® coordinates at the component
level does not imply that the "constrained” coordinates
are constrained in the system model. In fact they are not.
The only significance of the terminology “"constrained® is
that (1) those coordinates are constrained at the com-
ponent level for the purpose of computing complex component
sodes for the remaining "free® coordinates, and (2) are the
tes which may be eliminated by the system con-

pat ty among the various components.

-ll=-



2.4 Segment 4: System Response

Segment 4 calculates response at specified physical u-
coordinates due to forces applied in the u-coordinate system.
The form of the force vector is discussed in detail in Ap~-
pendix A of this manual. NAXLE specifies the number of u-
coordinates having applied forces; the numbers of these
coordinates are contained in LAXLE. NLOOK specifies the
number of u-coorindates for which response is desireda; LOOK
contains the coordinate numbers. NPLOT aontains a "1" for
each coordinate to be plotted. Thus, for the train in
Figure 4, if response is desired at coordinates Ugr U
and Uygr anéd if u, and u,¢ are to plotted: NAXLE=12;
LAXLE(1)=1, 2, 5, 6, 11, 12, 15, 16, 21, 22, 25, 76;
NLOOK=4; LOOK(l)=4, 14, 24, 26; NPLOT(1l)=1, 0, O, 1.

14° Y24r

Frequency response and response to a general periodic input
are computed independently of each other. Frequency response
is computed over a spectrum defined by OMIN and OMAX using
a mesh defined by NFREQ. Either power-spectral-density (PSD)
or sinusoidal response may then also be computed based upon
a frequency dependent input which is specified by the
vectors AMP and CYCLS. The root-mean-square (RMS) response
and the median power frequency of the response are computed
along with the P3D. For a general periodic or trausient in-
pPut, the waveform of the excitation may be given as a
function of time in the vectors WAVE and TIME, in which

case the Fourier coefficients of the input are computed
automatically. Alternatively, the Fourier coefficients
(AOVER2, A, and B) may be input directly. The input and
response are approximated using NFOUR harmonic terms. Re-
sponse is output with Pourier coefficients, time history,
peak response, and root-mean-square response.

When coaputing system response, it is important that the
user note whether the eigenvector orthogonality check was
satisfied, since, if it was not, the generated system re-
sponse may yield incorrect results.

=12~



2.5 Data Files

DYNALIST II uses three working files, TAPE 10, TAPE 11, and
TAPE 12, which may be tapes or disks. Any of these may be
saved at the enu of program execution using the CATALOG
Statement (see Section 5). They may then be used to restart
the program at a later time using the ATTACH Statement (see
Section 5).

TAPE 10 and TAPE 1l are used only as component data files.
A component data file (C.D.F.) contains the information
necessary to describe one or more unique components. [Each
componant has a unique "name", COMNAM (an F6.2 number)).
Component data files are created and added to in program
Segment 1. To create a new C.D.F., specify NEWTAP=0. To
add to an existing C.D.F., specify NEWTAP=1. Editing of a
C.D.F. (modal truncation and component deletion) is handled
by program Segment 2. Program Segment 3 then assembles the
components to generate system modes using the latest
revised C.D.F. Program Segment 3 finds information for the
various components it wants tc assemble by looking for their
names (given in PRENAM) on the C.D.F. Segment 3 does not
alter any of the information on the C.D.F.

Bach time either Segment 1 or Segment 2 is executed, infor-
mation is taken from the C.D.F. on Tape INT (initially TAPE
10), then updated or revised, and then transferred to Tape
NOUTT, (initially TAPE 11). At the completion of the segment,
the designations are switched, so that what was Tape NOUTT

is now Tape INT, and vice versa. Accordingly, after

esach time Segment 1 or Segment 2 is completed, the latest
version of the C.D.F. will be on the newly designated Tape
INT, while the othar tape will contain the version of the
C.D.F. that existed just prior to execution of that segment.
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Therefore, within any one run (which might consist of calls
to any number of program segments, including repeated calls),
Tape INT is automatically alternated back and forth between
TAPES 10 and 11 such that when any program segment reads
Tape INT, it reads the latest version of the C.D.F. This
permits cases to be stacked - where a stacked case may use

a C.D.F. produced in the previous case or may generate a
new C.D.F. completely from scratch. Furthermore, execution
of any case may begin with any of the program segments. The
only caution is that if the very first case is to uge an
existing C.D.F. that has been previously stored, then that
C.D.F. must be mounted on TAPE 10 (since Tape INT is
initially set to TAPE 10). To enable the user to keep track
of which tape has the lastest C.D.F. version (for purposes
of storage after run completion), each time program Segments
1 and 2 are completed the following message is printed: "THE
LATEST VERSION OF THE COMPONENT DATA FILE IS NOW ON TAPE xx*
(where XX =10 or 11, as the case may be). (Note that no
message is printed after execution of Segment 3, since this
segment does not alter any of the information on the C.".F
and, accordingly, does not switch tape designations). The
layout of the C.D.F. is shown in Figure 2.

TAPE 12 is used as a modal data file (M.D.F.) only. An M.D.F.
is created in Segment ! whenever a component eigenproblem is
solved. Segment 3 always creates an M.D.F. The creation of
a new M.D.F. destroys any previous M.D.F. on TAPE 12. The
M.D.P. is used in Segment 4, but is not destroyed, so Segment
4 may be entered several times consecutively using the same
K.D.F. and response may be computed in different ways. The
M.D.P. may be saved and used to compute response in later
runs without solving another eigenproblem.

-14-



2.6 Program Limits

DYNALIST II was designed to require no more than 163,0008.of
core for the compiled overlay structure and all storage.
Less may be required depending on the particular operating
system. 1In order to limit the size of the program, there
are limits to the sizes of various matrices and vectors read
into the program and generated within the program. These are
listed below.

® Maximum number of nodes in COMGEN, NNOD=100.

® Maximum size of m, c, and k matrices = 25 x 25.

e Maximum number of component p-coordinates,
NCON + NFREE=25.
Maximum number of component u-coordinates NU=50.
Maximum size of ¢ matrix = 50 x 25.
Maximum number of components on a C.D.F. = 10.
‘Maximum number of assembled components, NCOMP=10.
Maximum number constraints, NROWG=2S.
Maximum number of system p-coordinates, NCTOTS=50.*
Maximum number of system u-coordinates, NUNCOT=100.
Maximum number of system eigenvalues found in
Segment 3, NCOLT=S0.*
Maximum number of applied forces, NAXLE=100.
Maximum number of response coordinates, NLOOK=100.
® Maximum number of power spectral density data

points, NRSD~50.
® Maximum number of sinusoidal input data points,
NSINE=50.

he number of systeam p-coordinates equals the sum of all com-
posent p-coordinates for components comprising the system.
However, the system may have no more than 25 degrees of free-
dom after ocomstraint equations have been applied and complex
component modes have been truncated. The 25 dynamic degrees
of freedom result in 2 x 25 = 50 system eigenvalues. .



® Maximum number of divisions in frequency spectrum,
NFREQ=250; and maximum number of frequency increments
times number of system modes, NFREQ x NCOLT=7500.

® Maximum number of terms in the Fourier series
NFOUR=100.

® Maximum number of periodic data points, NTIME=100.

NCTOTS, NUNCOT, and NCOLT may be found using the following
formulae:

NCOMP
NCTOTS = z (NCON(I) + NPREE(I))
I=1
NCOMP
NUNCOT = E NU(I)
I=1
NCOMP NCOMP
NCOLT = 2x[-nnowc + Z ncon(x)] + 2 NMODE2 (I)
I=1 I=1
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3. PROGRAM INPUT

3.1 Namelist Strategy

Namelist data input, once learned, gives the usei an extremely

flexible tool for controlling the execution of DYNALIST II
and for supplying the program with the information it needs.
DYNALIST II has six namelists: START, COMPO, EDITT, SYN,
SHAKE, and UPDATE. Except for UPDATE, these namelist blocks
are stacked in pairs with the first block of the pair

always being START, and with the second block of the pair
being either COMPO, EDITT, SYN, or SHAKE. These last four
blocks supply information necessary to program Segments 1,
2, 3, and 4, respectively; while namelist START supplies the
particular control information required for each block.
Namelist START identifies its paired block through the para-
meter NTYPE. The only exception to this paired format is
namelist block UPDATE, which instead immediately follows
namelist COMPO, and which is used to enter revisions to the
matrix data listed in COMPO (see Section 3.7 for general up-
date procedure). Control for UPDATE is provided through
the parameter NEWDAT specified directly in namelist COMPO.

A namelist line begins with a blank, then a dollar sign
directly followed by the namelist name. The name is itself
followed by one or more Elanks, and then the members of the
namelist are given, always followed by a comma. Having
specified the data to be given to the program, each name-
list block is terminated with another dollar sign and the
word END. The user must be careful to note that the first
column of every data card (including the title card) must
be blank. Only the JCL starts in the first column.



It should be noted that the sequence of program flow from
segment to segment is dictated by the requirements of the
problem to be solved; there is no special required ordering.
For example, a run might consist solely of program Segment

4 (computation of response using a previously generated
Modal Data File); or it might consist of program Segment 2
followed by program Segment 1 (editing (2) and updating (1)
of a previcusly generated Component Data File); or it might
consist of a set of stacked cases whose program flow follows
the Segment order 1, ¢, 2, 1, 1, 3, 4 (generate a component
(1) and directly compute its response (%), then edit (2),
add two new components (1, 1) to the C.D.F., then synthesize
the components into a new system (3) and compute its re-
sponse (4)). Further information on how files are generated
and handled is presented in Section 2.5.

As a p.actical illustration of the namelist format, however,
consider the following example. Suppose the user wishes to
edit the C.D.F. for the system of Figure 4. This system has
two unique components: Component 1 and Component 2. Com-
ponent 1 has six free coordinates, so it will have twelve modes
on the C.D.F. The modes will be in order from lowest
eigenvalue modulus to highest. We will retain the six low-
est modes for this component. Component 2 has no free
coordinates and therefore, no modes ‘on the C.D.F. The data
setup to transfer control to Segment 2, edit modes and then
terminate program execution, is shown below.

$START NTYPE=2, $END
$EDITT WMMODE2(1)=6,0,M0DES(1,1)=1,2,3,4,5,6,$END
$START NTYPE=S5, SEND

-18-



Note that the elements of a vector may be entered sequentially
without g.ving the position of each element within the vecto:z.
A matrix may also have its elements entered sequentially,
column by column. If Component ? had six modes altogether,
and we wished to retain the four highest of them these modes
could be entered as MODES(1,2.)=3,4,5,6,.

3.2

Namelist Dir ~tory

Overlay(0,0): Namelist START

Segment 1:

Segment 2:

Segment 3:

Segment 4:

NTYPE, IFOUT, NEWTAP , IMATX, IALT, INOVEC, IPLOT,
SIZE,FREQSC(2,100),SINESC(2,100) ,PSDSC(2,100),
PERDSC(2,100)

Namelist COMPO

COMNAM, IGEN,NU,NCON, NFREE, ISYMM, ISYMC, ISYMK,
AMASS (25, 25) ,DAMP (25, 25) ,STIFF (25,25),

PHI (50, 25) ,NEWDAT

Namelist UPDATE
AMASS (25, 25) ,DAMP (25, 25) ,STIFF(25,25),
PHI (50, 25)

Namelist EDIT?T
NMODE2(10) ,MODES (50,10) ,DELETE

Namelist SYN
NCOMP , PRENAM (10) , NROWG, KDEP (25) ,G(25,100)

Namelist SHAKE

NAXLE, NWHEEL , LAXLE (100) , FORCS (100) , FORC1 (100) ,
PORC2(100) ,PHASS (100) , PHAS1 (100) ,KIND, KONVS,
NLOOK,LOOK (100) ,NFLOT (100) ,OMIN,OMAX, NFREQ,
NPSD, FLIN,NSINE,ANP (50) ,CYCLS (50) ,NFOUR ,AOVER2,
A(100) ,B(100) ,PERIOD, NTIME,WAVE (100) ,TIME (100)



3.3 Inpr.c Parameters and Structure

All input to the program - with the exception of Card 1 (a
title card of up to 80 characters), the data for COMGEN and
TRAIN following namelist COMPO, and the wheelset cards
following nanelist SHAKE - is nam:=list input. There are
five primary namelist blocks: START, COMPO, EDITT, SYN, and
SHAKE. These namelist blocks, with their associated para-
meters, are described below. (A secondary namelist block,
UPDATE, is described in Section 3.7). when specifying these
parameters, the user should pay careful attention to the pro-
gram limits specified in Section 2.6.* The following twelve
parameters are input in namelist block sTART.t

NTYPE: NTYPE specifies whether the data following ..s8 for
defining a component (NTYPE=l), editing a component
data file (NTYPE=2), synthesizing the components
and finding system modes (NTYPE=3), or computing
response at physiuil coordinates (NTYPE=4). Upon
completion of all steps, termination is achieved
by specifying NTYPE=5.

IFOUT: IFPOUT is a flag for printing results of intermediate
calculations in the ensuing program segments.
Once specified, IFOUT remains unchanged until re-
specified. IFOUT=0 means print only the input and
the final results. IFOUT=1l means print the results
of most intermediate calculations. IFOUT defaults
to zero.

"When specifying physical paramaters, the user must also be
careful to adhere consistently to one system of units. I
he is using the FPS system, then all dimensions must be in
feet, all forces in pounds, all masses in slugs, all times
in seconds, and all angles in radians (except where an input
parameter specifically calls for frequencies in Hertsz).

taAll parameter values read in namelist block START are re-
tained throughout the run unless changed in a subsequent
block of namelist START input data.
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NEWTAP : NEWTAP only has to be specified when NTYPE=1 and
is ignored, when NTYPE=2, 3, or 4. If a new C.D.F.
is to be created, NSFWTAP=0. If the data for the
component is to be added to an existing C.D.F.,
NEWTAP=1. NEWTAP defaults to zero.

2

IMATX is a flag for suppressing the printout of
selected component and system modeling data.
IMATX=1 means do not print. IMATX=0 permits
normal printout. Printed output suppressed by
this option includes:

e Component matrices (but prints out the title
card and the sequence of one-line coordinate
information about each component) (NTYPE=l),

e All additional data generated by COMGEN
(NTYPE=1), and

® The G Matrix at the system level (but prints
out all of the one-line system information
statements) (NTYPE=3).

IMATX defaults to zero.

IALT: Setting IALT=1 activates a flag for suppressing the
printout of every other eigenvector at both component
and system levels. When the eigenvectors correspond
to oscillatory modes, they are complex and occur in
conjugate pairs, in which case it is not necessary
to print out both eigenvectors of the pair. The
eigenvectors for non-oscillatory modes are real
and 40 not necessar.ly occur in identifiable pairs.
Setting IALT=1l will result in the loss of every
other real eigenvector whenever real roots (eigen-
values) are found. It is therefore suggested that
IALT=1 be exercised only whea the user is not in-
terested in the over-critically damped (non-oscil-
latory) modes. However, in either case, all eigen-
values are still printed. IALT defaults to zero
(NTYPE=],3).
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INOVEC: getting INOVEC=1 activates a flag for suppressing

the printout of all component and system eigen-
vectors, and the dynamic matrix if it is to be printed
after the orthogonality check, (but the eigenvalues
and the orthogonality check and trace of matrix
statements are still printed out). INOVEC de-

faults to zero (NTYPE=l,3).

IPLOT: If response plots are to be made in Segment 4, set
IPLOT=1. IPLOT defaults to zero.

SIZE: SIZ2E specifies the height from the bottom to the
top of the plot in inches. It scales all dimen-
sions of the plot in the same proportion. SIZE
defaults to 11.0 inches, which fills a standard
Cal-Comp plotter. SIZE=8.0 gives notebook size
plots. It should be specified only once per run.

FREQSC: FREQSC (1,J) is the fixed plot scale parameter for
frequency response. FREQSC(l,J) is the smallest
value on the y-axis while FREQSC(2,J) is the larg-
est value on the y-axis. The index J is the Jth
response coordinate as specified in the vector LOOK.
If FREQSC(1,J) or FREQSC(2,J) is zero, automatic
scaling takes place. All FREQSC(I,J) values de-
fault to zero.

SINESC: SINESC(I,J) is the fixed plot scale parameter for
sinusoidal response. SINESC(1,J) is the smallest
value on the y-axis while SINESC(2,J) is the larg-
est value on the y-axis. The index J is the Jth
response coordinate as specified in the vector LOOK.
If SINESC(1,J) or SINESC(2,J) is zero, automatic
scaling takes place. All SINESC(I,J) values de-
fault to szero.
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PSDSC: PSDSC(I,J) is the fixed plot scale parameter for
PSD response. PSDSC(l1l,J) is the smallest value
on the y-axis while PSDSC(2,J) is the largest
value on the y-axis. The index J is the Jth re-
sponse coordinate as specified in the vector LOOK.
If PSDSC(1,J) or PSDSC(2,J) is zero, automatic
scaling takes place. All PSDSC(I,J) values de-
fault to zero.

PERDSC: PERDSC(I,J) is the fixed plot scale parameter for
periodic response (which is not a logarithmic plot).
PERDSC(1,J) is the smallest value on the y-axis
while PERDSC(2,J) is the largest value on the y-axis.
The index J is the Jth response coordinate as
specified in the vector LOOK. Automatic scaling
takes place only if PERDSC(1,J) and PERDSC(2,J) a:e
both zero. All PERDSC(I,J) values default to zero.

The following parameters are input only when NTYPE=1l. They
are in namelist block COMPO.*

COMNAM: A six-digit "name" (F$§.2) to be associated with the
component data.

IGEN: A flag to indicate whether component data are to be
given in matrix form or the matrices are to be
generated automatically. IGEN=]1 means call COMGEN
and read the necessary data on cards following
COMPO. IGEN=2 or 3 means call TRAIN and generate
a truck or car model, respectively. IGEN=0 means
the natrix equations of motion are to be input
directly in COMPO. IGEM defaults to ze:io.

¥Complete data must be input for each component. There is
no general carry-over from one component to another.
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NCON:

NFREE:

PHI:

STIPY:

18I,

The number of physical u-coordinates of the com-
ponent.,

The number of component dynamic p-coordinates
which are constrained in the component eigenvalue
soluticn.

The number of component dynamic p-coordinates
which are free in the component eigenvalue solu-
tion. (Remember that the free coordinates must

be ordered so as to follow the constrained coordin-
ates when formulating the problenm).

A matrix relating the component p-coordinates to
the u-coordinates. PHI has NU rows and NCON+NFREE
columns. Only the non-zero terms of PHI need be
entered.

The component mass matrix. AMASS is of order
NCON+NPREE. Only the non-zero terms need be
entered.

The component damping matrix of thesame order as
AMASS. Only the noa-zero terms need be entered.

The component stiffness matrix. Only the non-sero
terms need be entered.

Symmetry indicators for the mass, damg.ing, and
stiffness matrices, respectively. If the matrix

is a non-diagonal, symmetric matrix, the appropriate
flag should be set to 1 and only the non-gsero upper-
triangular terms need be entered. Defaul: is to
sero.
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NEWDAT

If it is desired to read updated elements in COMPO, set
NEWDAT=.. The updated elements of AMASS, DAMP,

STIFF, and PHI s...ou.d then be read in namelist

block UPDATE immediately following COMPO. NEWDAT
defaults to zero.

The following parameters are input only when NTYP:::2. They
are input in namelist block EDITT.

DELETE:

NMODE2:

DELETE is the component name (F6.2) of the com-
ponent which is to be purged from the component
data file. 1IF DELETE is non-zero, modal editing
will not occur and NMODE2 and MODES should not be
entered. DELETE defaults to 0.0.

NMODE2 is a vector which must contain one element
for each component on the component data file.

The elements of NMODE2 are the number of modes to
be retained on the edited component data tape for
the corresponding component. The first element of
NMODE2 corresponds to the first component on the
component data file, the second element corresponds
to the second component, etc. The elemente of
NMODE2 must be less than or equal to the number of
modes on the input component data file for the
corresponding component. (Remember that each de-
gree of freedom corresponds to two modes). If

no modes for a particular component are to be re-
tained, or the component had no norral modes

to begin with, a zero must be entered for the
corresponding element of NMODE2. Read only if
DELETE=0.0.
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MODES: MODES is a matrix which specifies the modes to be
retained for each component on the edited component
modes data file. MODES(1,1) through MODES (NMODE2(1) ,1)
are the modes to be retained for the first component
on Lhe data file. MODES(1,2) through MODES (NMODE2(2) ,2)
are the modes to be retained for the second component
on the data file, etc. The values of MODES(1,I)
through MODES (NMODE2(I),I) rst be greater than or
equal to one and less than or equal to the number of
modes recirded for compon:nt I on the input component
data file. If component I is to have no modes re-
tained or if component I has no modes to begin with,
MODES (X,I) need have no entries. Read only if
DELETE=0.0.

The following parameters are input only when NTYPE=3. They
are entered in namelist block SYN.

NCOMP; The number of components involved in the syn-
thesis. (Not the number of unique components).
Bach tize a particular component is to be used, it
must be counted again.

PRENAM: A vector of length NCOMP. The values of PRENAMN are
floating point names (numbers) of the format PF6.2.
The values of PRENAM correspond io the names given
to the desired components on the input component
data file. (The names on the input component data
file were set by the parameter COMMAM which was
input in common block COMPO). The system com-
ponents are assembled according to the order in
which they are listed in ths vector PREMAM. (The




system u- and p-coordinates are then renumbered
in one continuous seguence according to this com-
ponent assembly order). The values of the vector
PRENAM will in general not be unique, since each
time a particular component is to be used, its
name must be listed again.

NROWG : The number of rows of the constraint matrix (G) de-
scribed below.

G: The matrix defining the constraint relationships
among the component coordinates. G has NROWG rows
and a column for each u-coordinate of the complete
system, NROWG is the number of constraiat rela-
tionships. Only the non-zero terms of G need be
entered.

KDEP: A vector containing a list of all those system p-
coordinates which are actually dependent due to
the system constraints and component interconnec-
tions. KDEP should have NROWG entries since each
connection constraint equation is used to eliminate
one degree-of-freedom. No coordinates which were
"free” at the component level should be named in KDEP.

The following parameters are input in namelist block SHAKE.

MAXLEs The number of physical coordinates where external
forces of any type are applied.

LAXLE s The numbers of the system u-coordinates where the
forces are applied.



For the mathematical definitions of FORC§, FORCl, FORC2,
PHAS@, and PEAS], see Appendix A.

EQBCQ:

FORC1:

FORC2:

v
>
L)

The coefficients of the harmonic force oy displace-
ment excitation. FORC@ has entries for each of

the coordinates named in LAXLE, in the same order
in which they are named in LAXLE. Only the non-
zero terms need be entered.

The coefficients of the harmonic velocity-dependent
forces resulting from a displacement excitation.

FORC1 has entries for each of the coordinates named
in LAXLE. Only the non-zero terms need be entered.

The coefficients of the harmonic acceleration-
dependent forces resulting from a displacement
excitation. FORC2 has entries for each of the
coordinates named in LAXLE. Only the non-zero
terms need be entered.

The constant phase lag in cycles at each force
coordinate named in LAXLE. For use in such ap-
plications as unbalanced spinning shafts where
the phase lag of an jmbalance is constant at all
spinning frequencies. Oonly the non-zero terms
need be entered.

The constant time lag in seconds (of a frequency-
dependent phase lag) at each force coordinate
named in LAXLE. Por the train application, the
lead wheelset has PHAS1 equal to zero. The
trailing wheelset has PHAS1 equal to the L/v



NWHEEL:

NLOOK:

KIND:

ratio, where ¢ is the distance between the two
wheelsets and V is the vehicle forward velocity.
Only the non-zero terms need be entered.

The number of wheelset cards (which are read in
following namelist block SHAKE) to be used to gen-
erate FORC§ and PHAS]1 automatically. NWHEEL de-
faults to zero.

The number of physical coordinates where response
output is desired.

The numbers of the system u-coordinates where re-
sponse output is desired.

KIND determines whether the response calculated is
for displacement response, velocity response, or
acceleration response. KIND=0 means zero-order or
displacement response will be computed. KIND=1
gives first-order, or velocity response. KIND=2
gives second-order, or acceleration response.

KIND defaults to szero.

If modal truncation has occurred, the static cor-
rection to both frequency and periodic response
may be employed by setting KONVS=l, If KONVS=0
the static correcticn will not be employed. KONVS
defaults to 1, thus the only time KONVS need be
specified is when modal truncation has occurred and
the correction is not to be used, in which case
KONVS must be set to gzeévo.

KPLOT is a vector with elements corresponding to LOOK.
For each coordinate specif:ed in LOOK, NPLOT should
contain a"1"if response (either frequency or pariodic)



is to be plotted, and NPLOT should contain a zero
if response at that coordinate is not to be plot-
ted. The entries of NPLOT default to zero.

The lower bound of the frequency spectrum over
which frequency response will be computed. OMIN
is given in Hertz and should be greater than zero
since the frequency spectrum is converted to a
logarithmic scale.

The upper bound of the frequency spectrum over
which frequency response will be computed. OMAX
is given in Hertz.

The number of divisions into which the frequency
spectrum will be divided. For plots, NFREQ should
be large, such as 150 for a frequency spectrum
having four cycles on a logarithmic scale. (Note
program limit of NFREQ x NCOLT = 7500). The Plots
will also 1look better if OMIN and OMAX are given

in powers of 10, such as OMIN=.1 and OMAX=100.0.

If NFREQ is equal to zero, frequency response

will not be computed. 1If random (PSD) or sinusoidal
response is to be computed, NFREQ must be specified
in addition to NPSD or NSINE.

When NPSD is given some value greater than or equal
to two, response to a stationary random excitation
wvill be computed in addition to frequency response.
NPSD represents the number of frequency points
where power spectral density data will be input.
DYMALIST II interpolates along a straight line on
& log-log scale between these points, thus at
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CYCLS

least two points must be given to properly de-
fine the PSD of the input over the frequency
Spectrum. NPSD defaults to zero.

When NSINE is given some value greater than or
equal to two, response to a sinusoidal excitation
whose amplitude varies as a function of frequency
will be computed in addition to frequency response.
NSINE represents the number of frequency points
where amplitude data will be input. NSINE and
NPSD should not both be specified in the same

call to Segment 4. NSINE defaults to zero.

CYCLS is a vector containing the frequencies in
Hertz, from lowest to highest, at which the forcing
function data (either PSD or sine amplitude) are
given in the vector AMP. CYCLS must contain
either NPSD or NSINE entries (whichever is non-
zZero). CYCLS must bound the frequency spectrum,
thus CYCLS(I)ipHIN and CYCLS (NPSD or NSINE)

20MAX.  CYCLS (1) must be greater than zero

since it is converted to a logarithmic scale.

The elements «f the vector CYCLS default to zero.

AMP is a vector containing the values of the
forcing function amplitude (either PSD or sine
amplitude) at the frequencies given in CYCLS.
AMP Will have NPSD or NSINE entries {(whichever
is non-zero). The elements of the vector AMP
default to zero.

When power spectral density data are given, the
root-mean-square of the input and of the response
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NFOUR:

PERIOD:

is computed by integrating the PSD from OMIN to
OMAX. If the influence of the high frequency
response is not desired in the RMS, FLIM may be
set to a frequency in Hertz less than OMAX and the
integration will be performed from OMIN to FLIM.
When modal truncation has occurred, the frequency
response at higher frequencies may “= inaccurate
and this option is desirable. FLIM defaults tc
OMAX.

NFOUR is the number of terms to be used in the
Fourier series approximation of a periodic or
transient input. If NFOUR equals zero, periodic
response will not be computed. Either frequency
or periodic response or both may be computed in
the same call to Segment 4 by specifiying NFREQ

or NFOUR or both non-zero. NFOUR defaults to zero.

PERIOD is the period in seconds of the periodic
excitation. (For a transient input, it should be
much longer than the response decay time.)

NTIME is the wumber of data points used to
describe the waveform of the excitation over one
period in time. NTIME should be equal to or
greater than 2, in which case the Pourier coef-
ficients of the excitation will be computed
automatically. If NTIME=0 the Pourier coef-
ficients must be input in AOVER2 and the vectors A
and B. NTIME defaults to szero.

TIME is a vector containing the times in seconds,
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WAVE :

AOVER2:

in increasing order, at which the excitation wave-
form data are given in the vector WAVE. TIME(1)
should equal zero and TIME(NTIME) should equal
PERIOD. The elements of the vector TIME default
to zero.

WAVE is a vector containing the vzlues of the
waveform amplitude at the times specified in TIME.
The elements of the vector WAVE default to zero.

AOVER2 is the Fourier coefficient of the static
amplitude of the periodic excitation.

AOVER2=1/T f Ts(trat
0

AOVER2 defaults to zero. Input only if NTIME=0.

A is a vector containing the Fourier cosine coef-
ficients of the periodic excitation. The elements
of A default to zero. NFOUR elements are re-
quired. Input only if NTIME=0.

B is a vector similar to A except it contains the
Fourier coefficients of the sine terms.
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3.4 COMGEN: Component Matrix Generator

The function of the DYNALIST II Component Matrix Generator,
COMGEN, is to create the four matrices input to Segment 1
uging a finite element model. Segment 1 operates in twc
coordinate systems, the physical u-coordinate system, and
the dynamic p-coordinate system in which the component
equations of motion are written. Thus it is necessary that
both coordinate systems be defined in COMGEN. Nodal refer-
ences points are given positions in space, ard physical con-
straints appropriate to the problem are applied to the motion
of these nodes. The unconstrained nodal degrees of freedom
constitute the original u-coordinate system.* Rigid body ele-
ments, which constrain several nodes to move as a unit, and
flexible body elements, which allow the motion of several
nodes to be described as linear combination of the motion
of one or more real structural modes, may be added to fac-
ilitate modeling and to reduce the size of the problem,

The relation between the u and p-coordinates {u} = (¢] {p}
is thus generated. The element which will contribute to
the m, ¢, and k matrices are then added onto the nodal
skeleton. The spring~damper element3, nodal masses, and
wheelset elements have their properties transformed into
the p-system in the manner [k] = [¢]T [k]u (4] and are added
element by element onto the matrices AMASS, DAMP, and STIFF.

The user numbers the p-coordinates himself; and, again,

these must be sequenced with constrained coordinates .irst,
followed by the component's free coordinates (see Section 2.1).
The u-coordinates are also numbered by the user, and he may
retain any or all of the physical coordinates for later use

as response, forcing, or boundary attachment points.

*The number of u~-coordinates later retained for application
of component compatibility constraints, input forces, or
response may be smaller than the number of original u-
coordinates. See descriptions of "Nodal u-Coordinate
Cards” near the end of this section.
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COMGEN is initiated by specifying IGEN=1 in Namelist COMPO.
Input data are entered on formatted data cards (rather than
using namelist quantities). These cards immediately follow
Namelist COMPO (in which COMNAM, IGEN, NU, NCON, and NFREE
are still required). Following, is a list of these for-
matted data cards in the order in which they must be read.
(A detailed description of the data elements, card by card,
is presented after the summary listing).

COMGEN Data Directory

1) Control Card: Pormat (615)
Parameters: NNOD, NMOD, NRIG, NWL, NSPRN, NMAS.

2) Nodal Geometry Cards: (I5,3F15.0): NNOD cards read.

Parameters: N, Xx v 2.

n’ ¥n’' %n
3) Nodal Constraint Cards: (7I5): NNOD cards read.
Parameters:N, c-x, c-y, c-2, c-ex, c-ey, c-ez.

4) Yodal p-Coordinate Cards: (7I5): NNOD cards read.
Parameters: N, p-x, p~y, P2, p-ex, p-ey, p-e:.

S) Modal p-Coordinate Cards: (2I5): NMOD cards read.
Paramaters: M, p-NM.

6) Mode Cards: (215,3r15.0): MNMOD cards read.
Parameters: M, NENOD, Mass, Damping, Stiffness.

7) Modc Rhuepe Cards: (IS,6F10.0): NENOD cards read.
Parameters: N, Ax, Ay. A', ox, ey, O!.

8) Rigid Body Element Cards: (16I5): MNRIG cards read.
Parameters: Body, Master Node, NENOD, Slave Nodes.

9) Wheelset Element Cards: (I5,5F10.0,24X,Il)s WNL
cards read.
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Parameters: N, Gauge, Radius, Cone Angle, Creep
Coefficient, Velocity, Update Code.

10) Spring-Damper Flement Cards: (5I5,2F15.0,24X,I1):
NSPRN cards read.

Parameters: Element, N1, N2, NR, NDIR, SP, DA,
Update Code.

11) Nodal Mass Cards: (I5,6F10.0,14X,Il): NMAS cards
read.

Parameters: N, M-x, M-y, M-z, I-xx, I-yy, I-zz,
Update Code.

12) Nodal u-Coordinate Cards: (7I5): NNOD cards read.
Parameters: N, u-x, u-y, u-z, u-ex, u-ey, u-ez.

Detailed descriptions of each data card are given as follows:

Control Card: Format (6I5)
Parameters: NNOD - Number of nodes in the model.
NMOD - Number of flexible body modes.

NRIG - Number of rigid body elements.

NWL - Number of lateral wheelset
elements.

NSPRN - Number of spring-damper
elements.

NMAS - Number of nodes having mass.

These control parameters tell the program how large a problem
to set up and how many data cards to read. NU, NCON, and
NFREE are read in COMPO and must be compatible with the model
used in COMGEN. There is a limit of 100 nodes.

Nodal Geometry Cards: (I5,3FIS5.0)
Parameters: N, Xne Yoo Zpe
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The node number and the x, y, and z coordinates defining
the initial location of that node are speci.ied. These
cards should be read in increasing order oi node number.
NNOD cards are read.

Nodal Constraint Cards: (7I5)
Farameter: N, c-x, c-y, ¢-Z, c-Sx, c-ey, c-ez.

Displacement constraints in the x, y, and z dir=ctions and
rotational constraints about the x, y, and z directions are
specified for each node. A "0" means the node is free to
move in that direction and a "1" means the node is not
allowed to move in that direction. NNOD cards are read in
order.

Nodal p-Coordinate Cards: (715)
Parameters: N, p-x, p-y, p-2, p-ex, p-Gy, p-ez.

Any unconstrained nodal degree of freedom whose motion is
independent must be assigned a p-coordinate number.

However, if the motion of an unconstrained nodal d.o.f.

is to conform to that of a flexible body mode or be slaved
to a rigid body element, it should not be given a p-
coordinate number. The data card entries are the p-
coordinate numbers to be assigned to each nodal 4.o0.f. When
no p-coordinate number is assigned, the entry should be "0°
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or it may be left blank. Care must be taken not to use a
p-coordinate number more than once and not to assign a p-
coordinate number to a nodal d.o.f. which is physically
constrained (as specified by a Nodal Constraint Card). The
pP-coordinztes assigned to the nodes are combined with the p-
coordinates assigned to the flexible body modes (if any)

to form the total component p-coordinate system. This total
component p-ccordinate system must be def:ned with ‘con-
strained” p-coordinates numbered first, folinwed by the
"free" p-coordinates, (see Section 2.1). Thus both nodal
and modal p-coordinates may be "constrained" or "free®, de-
pending upon the order in *shich the user chooses to number
them. NNOD cards are read in order of increasing node
number .

Modal P-Coordinate Cards: (215)
Parameters: M, p-M.

The flexible body mode number and the p-coordinate number
to be assigned to that mode are read. NMOD cards are read;
rone are read if NMOD=0.

Mode Cards: (215,3P15.9)
Parameters: N, NENOD, Mass, Damping, Stiffness.

One of these cards is read for each mode M. NENOD is the
number of eliminated nodes, i.e., the number o¢ nodes whose
motion will be represented in terms uf that mode. The modal



Mass, Damping and Stiffness are also entered on the Mode
card. These terms are added onto the diagonal of the
matrices AMASS, DAMP and STIFF, respectively, in the
position given for that mode by the Modal p-=Coordinate Card.
Thus if the p-coordinate assigned to a mode is P, its

modal mass goes in AMASS(4,4). The use of normal (ortho-
gonal) modes uncouples the mass, damping and stiffness,
allowing these terms to be placed on the diagonal of the
matrices. The use of non-orthogzonzl modes (as described

in Appendix B) leads to coupling of the matrices and the
off-diagonal terms must be entered separately in the matrices
AMASS, DAMP and STIFF prior to entering COMGEN.* Thus if two
modes have been given coordinates P3 and Py and they have
intermodal mass coupling, the coupling terms must be en-
tered as AMASS(3,4) and AMASS(4,3) in Namelist COMPO, while
the diagonal terms may still be entered on the Mode Card.

The mode shape of the flexible body element is represented
by the modal displacements and rotations (in radians) at
each of the "eliminated” nodes. Immediately following the
Mode Card will be NENOD associateé Mode Shape Cards,
giving the modal displacements at each node affected by
the mode. In Example Situation 1 of Figure 5 are shown

two modes used to describe the motion of a cantilever beam.
In this instance, NENOD is 3 for each mode. The cantilever
is allowed only lateral motion, so the lateral displace-
ment, Byr and rotation, °y' must be input at each of nodes
1, 2, and 3. The amplitude of the nodal displacements and
rotations depend on the method of normalization of the mode
shapes. Care should be taken to ensure that the modal mass,
damping and stiffness are consistent with the way the mode

Th{s situation is illustrated in Sample Problem 1.
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shapes are normalized. 1f a flecible body exhibits rigid
body motion, this motion must be represented in the same
manner as the flexible motion and not by using a rigid
body element. NMOD cards are read; none if NMOD=0.

Mode Shape Cards: (15,6F10.0)
Parameters: N, Ax' Ay' a_, Ox, 5}

¥ 2 e

z Y z

N is the node number of the node attached to the flexible
body. The displacements and rotations of that 1»de due %o
the mode are read in. (The rotation of the node corresponds
to the slope of the mode at that point). Nodal degrees of
freedom which are physically constrained may be given zero
displacement or be left blank. If additional response u-
coordinates are desired, such as stress or strain at a point,
relative displacement across a suspension element, wheel-
rail interaction force, etc., dummy nodes may be defined

to create additional u-coordinates. Then the modal stress,
strain, relative displacement, interaction force, etc., may
be associated with one of these additional coordinates, and
entered on the Mode Shape Card. In this case, the conven-
tional u-coordinate headings &-x, A-y, etc. have no meaning
and should pe ignored. NEBNOD cards are read immediately
following the Mode Card; none if NMOD=0.

Rigid Body Element cards: (161I5)
Parameters: Body No., Master Node, NENOD,

Slave Nodes.

Each rigid bedy is assigned a body number. The node number
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of the master node, the number of eliminated (slave) nodes,
and the node numbers of the slave nodes are read in. Each
body has NENOD slave nodes tied to the motion of a master
node. p-coordinate numbers should not be assigned to any
degrees of freedom of a slave node. p-coordinate numbers
should be Assigned to the unconstrained degrees of freedom
of the master node. The motion of the rigid body is com-
pletely controlled by the motion of the master node. A
physical constraint applied at the master node constrains
the entire body to move about the master node accordingly.
A constraint at a slave node specifies that the displace-
ment of that nodal d.o.f. is zero. It is good practice to
apply physical displacement and rotation constraints at

all the nodes of a rigid body consistent with the motion of
the system. To illustrate this point see Example Sit-
uation 2 in Figure 5. Nodes 1, 2, and 3 are linked as a
rigid body. As wve desire the body to move only in the x-2z
plane, all three nodes will have physical constraints in the
Yy, ¢€-x, and 6-2 directions. By constraining node 2 in the
x and z directions and making it the master node, the

rigid body will rotate about node 2 as a hinge. Only one p-
coordinate may be specified, the rotational d.o.f. at node
2. Oneshould never link a node to more than one rigid
body; this will not link the rigid bodies together and the
results are unpredictable. NRIG cards are read in order;
none if NRIG=0.

Wheelset Element Cards: (15,5r10.0,24X,11)
Parameters: N, Gauge, Radius, Cone Angle, Creep
Coefficient, Velocity, Update Code.
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N is the number of the node at which the lateral wheelset
element is placed. Gauge is the full gauge of the tracks
to the nominal wheel/rail contact points (about 2.5 inches
greater than the inside gauge of the tracks). Radius is
the wheel radius at its nominal contact point. The Cone
Angle of the wheel is given in radians. Creep Coefficient
is self-explanatory. Velocity is the forward velocity of
the train. By placing an Update Code of 1 in column 80,

it will indicate that these data are to replace those in
an existing component. The updated data will then be
labeled in the printout, thereby facilitating parametric
studies. These terms will be used to generate the proper
damping and asymmetic stiffness terms for the wheelset as
described in the DYNALIST II Technical Report [1]. It is
important to note that the program assumes that the wheel-
set moves laterally in the y-direction, and that the wheel-
set rotates (yaws) about the 6-z direction. The node at which
the wheelset is placed should therefore be physically uncon-
strained in the y and 6~z direction, and this node should
be given the wheelset mass and moment of inertia. See Ex-
ample Situation 3 in Figure 5. A duplicate of this card
may be used later in Segment 4 to generate wheelset cards
by changing N to the proper system u-coordinate number and
by adding the wheelset lag distance. NWL cards are read;
none if NWL=0,

Spring-Damper Element Cards: (5I5,2F15.0,24X,Il)
Parameters: Element No., N1, N2, NR, NDIR, SP,
DA, Update Code.
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Each S-D Element is given an Element Number. The element
may connect the first node N1 to ground, the second node N2
to ground, or node N1 to node N2. By specifying the reference
node NR in addition to nodes N1 and N2, a local coordinate
system will be set up, and the element will be applied be-
tween nodes N1 and N2 in that local coordinate system.
Otherwise the element is assumed to act in the global x, y,
z coordinate system. NDIR specifies the direction in which
the element acts on the nodes. NDIR equal to 1, 2, or 3
indicates an element providing resistance to displacement
in the x, y, and z directions, respectively. NDIR equal to
4, 5, or 6 indicates an element providing resistance to
rotations about the x, y, or z directions (ex, 0., ez),
respectively. If the reference node, NR, is not specified,
the element acts in one of the six global directions. 1If
node NR is specified in addition to nodes N1 and N2, then
the element acts in one of the six local directions (xg,
Yoo Zg0 exl' eyz, ezl). SP is the spring stiffness and

DA is the damping value. An Update Code of 1 in column 80
identifies the element as being an UPDATE.

To illustrate these points, let us first look at Example
Situation 2 in Figure 5. Element 1 connects node 1 to
ground. It would have Nl=], N2=0, and NR=0. Equivalently
it could have N1=0, N2=1, and NR=0. The spring acts in the
global x-direction, so NDIR=l. Both SP and DA would be
given positive values. Element 2 connects node 2 to ground
and could have Nl=2, N2=0, and NR=0; or N1=0, N2=2, and
NR=0. Element 2 is a torsion spring about the y-axis, so
NDIR=5. An element connecting two nodes in global coordin-
ates is shown in Situation 3. Assume nodes 1 and 2 are
unconstrained in the y and 0‘ directions. S-D Element 1
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connects the two nodes providing torsional resistance

about the global ez direction. We could define this element
using N1=1, N2=2, NR=0, NRID=6. S-D Element 2 connects the
two nodes providing lateral resistance in the y-direction:
N1l=1, N2=2, NR=0, NDIR=2, An illustration of the local
coordinate system is given in Situation 4. The S-D Element
connects nodes 1 and 2, using node 3 as the reference node.
Thus Nl=1, N2=2, and NR=3, Local Coordianate x, goes from

N2 to N1. Yy is in the plane of N1-N2-NR and is normal to

x

z, is formed by the cross-product of Xy and Y, Note

tﬁat Nl, N2, and NR must not be co-linear. NDIR=1 connects
N1l and N2 such as to provide axial resistance. NDIR=2 and
NDIR=3 connect N1 and N2 such as to provide lateral resis-
tance in the Yy and z, directions respectively. NDIR=4-6 act
similarly providing torsional resistance about the local
axes. The program prints out the direction cosines of the
local axis, svecified by NDIR, with respect to the global
coordinates. NSPRN cards are read in order; none if

NSPRN=0.

Nodal Mass Cards: (I5,6F10.0,14X,Il)
Parameters: N' H-x, H"y' H-I, I-xx' I-yy, I"'zz'
Update Coda.

Bach node at which the mass properties are to be applied, N,
is read in. The node may be given a different mass in each
of three global directions x, y, and 2. The node may also
have different moments of inertia about the three directions.
Products of inertia may not be entered directly. The princi-
pal axes of the node are assumed to lie along the global axes.
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If a node has constrained degrees of freedom, the masses
and inertias for those degrees of freedom may be left zero
or blank. By rroviding mass to a node existing on a flexi-
ble body, that body's modes will be given this lumped mass
in addition to its modal mass. Nodal masses may be placed
upon any of the nodes of a Rigid Body element, and the mass
center and inertias (including products of inertia) of the
rigid body will be accounted for consistently in the model
generated. NMAS cards are read; non if NMAS=0.

Nodal u-Coordinate Cards: (7I5)
Parameters: N, u-x, u-y, u-z, u-ex. u-ey, u-ez.

Any unconstrained nodal degree of freedom may be assigned a
u-coordinate number. Not all unconstrained d.o.f.'s need be
assigned numbers; the purpose here is to retain only those
d.o.f.'s needed in later segments of the program for
specifying force input, response output, and component
coupling. Care must be taken not to use duplicate u-coordin-
ate numbers and not to assign a u-coordinate number to any
constrained d.o.f. When no u-coordinate number is to be
assigned, the data entry for that nodal d.o.f. should be "0"
or it may be left blank. NNOD cards are read in order of
increasing node number.
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3.5 TRAIN: Truck and Car Matrix Generator

The function of TRAIN is to automatically generate the matrices
AMASS, DAMP, STIFF, and PHI for either of two preprogrammed
rail vehicle models. By specifying IGEN = 2 in Namelist COMPO,
the matrices for the 8 degree of freedom lateral truck model
depicted in Figure 6 (a) will be generated. IGEN = 3 will gen-
erate the matrices for the 14 degree of freedom lateral car
model of Figure 6(b). For both of these models, the PHI
matrix is merely the identity matrix; thus the component u- and
p-coordinates will be identical. These models use the lateral
wheelset damping and stiffness terms derived in Reference [1].

Input to TRAIN is in the form of formatted data cards immedi-
ately following Namelist COMPO. The cards must be read-in in
the order listed below. An Update Code of 1 punched in column
80 of any of the cards will cause that parameter to be labeled
as an update on the printout. Otherwise leave column 80 blank.
All cards have the format (F15.0,64X,I1), except the wheelset
card, which is almost identical to the wheelset card of COMGEN.*
If a truck model is being generated (IGEN=2), the cards
relating to car body parameters must be left out. NU, NCON,
and NFREE must still be specified in COMPO. Note that the
+ruck model has two coordinates, p, and p,, which may be used
as boundary coordinates to link the truck to car components.

Parameters - (F15.0,64X,Il) [one data element per card]

@ Car wheel base, the distance between truck attachment
points. Leave out if IGEN = 2.

e Truck wheel base, the spacing between wheelsets on a
truck.

¥Yt 1s 1dentical except that a node number is not read in
the first field of five columns.
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® Car mass. Leave out if IGEN = 2,

® Cavr inertia, the moment of inertis of the car in the yaw
direction. Leave out if IGEN = 2.

e Truck mass.

® Truck yaw inertia.

o Wheelset mass.

e Wheelset yaw inertia.

® Truck lateral stiffness, the lateral stiffness between
the truck and the attachment point.

® Truck yaw stiffness.

® Truck lateral damping

® Truck yaw damping.

e Wheelset lateral stiffness.
@ Wheelset yaw stiffness.

e Wheelset lateral damping
e Wheelset yaw damping.

e Wheelset Parameter Card: (5X,5F10.0,24X,Il)
Gauge: Track gauge to nominal wheel/rail contact points.
Radius: Wheelset radius.
Cone Angle: Wheelset cone angle in radians.
Creep Coefficient.
Velocity: Vehicle forward velocity.
The wheelset parameter card may be slightly modified to
give forces and phase lags in Segment 4.

3.6 Force and Phase Lag Generation

Forces and phase lags for wheelsets may be generated automat-
ically by setting NWHEEL, in namelist SHAKE, equal to the
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number of wheelsets to be generated. The wheelset data are

read in on formatted data cards immediately following Namelist
SHAKE. 1If forcee and phase lags are to be generated for a
lateral wheelset, the card has format (I5,6F10.0). The par-
ameters are: u,, Gauce, Radius, Cone Angle, Creep Coefficient,
Velocity, and Distance. All the parameters are as described

in Section 3.4 except for uy and "Distance."” uy is the number
of the system u-coordinate where the wheelset force is to be
applied. The generated wiheelset force is consistent with the
derivation of wheelset forces given in Reference (1]. The force
should be applied to a yaw coordinate. "Distance”is the wheel-
set's distance behind the leading wheelset. It is used to com-
pute PHAS1, the %/V ratio. If, as in the case of a vertical

car model, it is desired to compute only the lag PHAS]1, then
only the parameters uge "Velocity," and "Distance" should be given
(in their proper locations on the data card), and the other
parameters on the card should be left blank. NWHEEL cards are
read; none if NWHEEL = 0.

3.7 General Update Procedure

The Update Capability in DYNALIST II is designed to accomplish
three objectives: (1) to minimize the effort required to pre-
pare new input data when making parametric studies involving
changes to mass, damping, stiffness, or wheelset parameters;
(2) to indicate on the printed output for ~ run those para-
meters which have been updated, and the’rc new values; and

(3) to allow previous versions of updated components to be
deleted from the Component Data File so that its capacity

(10 components) is not exceeded. This also permits the usor
to minimise the I/0 time required to read and write compon-



ent data on the C.D.F. by Adeleting unneeded components
from the file. Since, ir. all cases, updating a component

requires that the entire component data deck be re-read,

component data decks from previous runs should be kept intact.

The labeling of component revisions is accomplished by enter-
ing all of the component data and by indicating to the program
which pieces of information are revisions. This is done aif-
ferently for the three component modeling options given by
IGEN = 0, 1, or 2 and 3. When IGEN = 0, the component data
are entered as matrix data in Namelist COMPO. To update

the mode!, enter the old data in COMPO and specify NEWDAT=1.
Then enter the revisions to the matrices AMASS, DAMP, and
STIFF in Namelist UPDATE, following COMPO. The new matrix
terms will be noted on the output. When IGEN = 1, COMGEN is
being employed and revisions to the wheelset, spring-damper,
and nodal mass elements may be indicated by placing a 1 in
column 80 of the data card used for the revised element.*
This will cause the word "UPDATE" to be printed out next to
the revised element parameters. When IGEN = 2 or 3, TRAIN

is being employed. Again, revisions to parameters are in-
dicated by placing a 1 in column 80 of the data card. The
word "UPDATE" will be printed out next to these data.

Deletions to the C.D.F. are accomplished by calling program
Segment 2 (NTYPE=2). In namelist EDITT the name of the com-
ponent to be deleted is entered as DELETE = X.XX. The re-
vised component may then be placed on the C.D.F. by calling
program Segment 1 (NTYPE=]) and using the same or a different
component name. If the same name is to be used, the deletion
of the old component data must be done first so that two
components having the same name will not appear on the C.D.F.

¥FIt may still be necessary to specify NEWDAT=1, e.g., if
coupling (off-diagonal) terms are to be changed in AMASS,
DAMP, or STIFF. See Sample Problem 1, Cards 4,5.
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4. PROGRAM OUTPUT

DYNALIST II produces both printed and plotted outputs. All
output is given with explanato-y headings. There are four
general categories of output. These are as follows:

4.1 Program Card Input

Card input to the program is listed sequentially at the
beginning of the program output ior quick reference. The
input data is also printed as it is used along witt. appro-
priate headings.

4.2 Intermediate Results

The results of many intermediate calculations are printed if
the input flag IFOUT is set non-zero (see definitions of input
parameters). This op*ion will, hopefully, see very limited
use. If it is used, however, the printed variables, or
matrices, are preceded by headings including the name of the
variable or matrix printed.

4.3 Primary Results

Results of program Segment 1 are considered to be the eigenvalues
and eigenvectors of the component. These¢ are given in both the
P~ and u-coordinate systems. Each eigenvector is print.d along
with its associated eigenvalue, and the eigenvalues are numbered
sequentially. The order in which the eigenvalues and eigenvectors
appear on the printed output (and the order in which they are
numbered) is the same order as they are written on the output
Component Data File. 7o edit the modes of the component (program
Segment 2), the numbers appearing with the eigenvalues and eigen-
vectors in the output of program Segment 1 can be used.
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The results of the orthogonality check are also printed. The
statement "THE EIGENVECTORS DIAGONALIZE THE DYNAMIC MATRIX"
is printed if the eigenvectors are orthogonal. If not, the
statement "THE EI7 .NVECTORS DO NOT DIAGONALIZE THE DYNAMIC
MATRIX" is printed along with the matrix - [w]T ~ilyd.

In each case, the value for the "TRACE OF MATRIX" is also printed.
This value is the sum of the diagonal elements of the dynamic
matrix used to solve the component or system eigenproblem. Sim-
ilar matrices have the same trace. Therefo-e, since the diagonal
matrix of eigenvalues is similar to the dynamic matrix, the trace
of the dynamic matrix is equal to the sum of the eigenvalues.

For a real system, complex eigenvalues will always occur in con-
jurate pairs; the trace of the dynamic matrix should therefore
always be real. When truncating component modes, the complex
r~des should be truncated in pairs so that the trace of the
dynamic matrix stays real, even under modal truncation. Tune
trace of the dynrmic matrix provides a good check on the valid-
ity of the eigenvalues.

Printed results of Segment 2 consist of editing information.

Printed results of Segment 3 consist of the final system eigen-

values and eigenvectors. The eigenvectors have been transformed
back to the system u-coordinates. The resu’'s of the orthogonal-
ity check are printed along with thc trace of the dynamic matrix.

Printed results of Segment 4 consist of fregquency response and/
or periodic response data at each u-coordinate specified in the
vector LOOK. The frequency response at a coordinate u is the
response amplitude that occurs due to all the forces acting

on the system, when the waveform of each force is assumed

to be a simple sinusoidal excitation.



The phase is the phase lag in degrees of the response at co-
ordinate u, with respect to the sinusoidal excitation, assumed
to have zero phase. The response output is presented in

terms of the amplitude and phase lag at the selected excita-
tion frequencies. If an input power spectral dengity is
specified, both the input and respcnse PSD's are printed.

The root-mean-square values of response and input are also
printed, along with the median power frequency (which is the
frequency which has equal power above and below it). If an
amplitude varying sinusoidal input is given, then both the in-
put magnitude and the response magnitude are given at the
selected excitation frequencies. Output for a general periodic
excitation consists of the time history, the Fourier coef-
ficients, the peak values, and the root-mean-square, both for
the input and the response.

.4 Plotted Output

Plotted ocutput for Seoment 4 consists of response curves for
each u-coordinate specified in both LOUK and NPLOT. The

number of the u-coordinate is written on the plot, along with

a heading indicating jif acceleration, velocity, or displacement
response is given. If frequency response is calculated, the
plots are on a Log-log scale to accurately represent response
over a full range of frequencies and amplitudes. If a power
spectral density or sinusoidal input is given, then plots are
provided for both the input and the response over the frequency
spectrum specified. 1If periodic response is calculated, the
plots consist of the Fourier series ar.roximation over one
period in time, for both the input waveform and the response
wvaveform. The scales in both amplitude and time are linear.



An option is provided to allow the user to specify the vertical
scale on each response plot. The purpose of this option is to
facilitate the direct comparison of plots. If this option is
not exercized, the scale of each plot is automatically selected
to span the range of computed response. If the user specifies
a scale which does not span this range, clipping will occur.
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5. OPERATING INSTRUCTIONS

5.1 Creating the Overlay Structure

DYNALIST II is delivered in the form of a seven track source
tape. The job control language, JCL, necessary to read this
tape, generates the overlay structure and places this overlay
structure on tape as shown below. It is necessary to store
the overlay structure on tape because of its large size and
the high cost of disk storage. The program is so large that
generating the overlay structure from the compiled program
each time a run is made also becomes expensive. This JCL
pertains to the CDC-6000 series Scope operating system. It
is recomr-nded that a system programmer be consulted when in-
stalling the program and that particular attention be paid to
the plot statements in the main overlay to ensure compatibility
with the operating system.

CARD
JOB,T3%0,P2,TP1. 1l
REQUEST, TAPE1l,HI ,VSN=JHW200. NO RING 2
COPYCF,TAPEl,DISK. 3
REWIND,DISK. 4
COPYBF,DISK,DYNA. 5
REWIND,DYNA. 6
FTN (I=DYNA,OPT=2) 7
LOAD (LGO) 8
NOGO. 9
UNLOAD,TAPELl 10
REQUEST, TAPE2,HY,VSN=DOT100. RING IN 11
REWIND,TEMP. 12
COPYBF,TEMP,TAPE2. 13
6/7/8/9
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Card 1 gives the run time limit, establishes job priority and
sets aside a tape unit. Card 2 requests that the source tape,
having volume serial number JHW200, be mounted. The tape is
written at HI density, 556 characters per inch, on seven track
tape in a packed coded format. Card 3 copies the coded file
onto disk storage. If for some reason it is not possible to
read the file another copy may be inserted after this since

the source file is written on the tape twice. Card 5 converts
the coded file into binary format on file DYNA. Card 7 compiles
the program using file DYNA as input. Cards 8 and 9

generate the overlay structure and place it on file TEMP.

Card 11 mounts a tape which the user must supply. HY designates
a writing density of 800 characters per inch. Card 13 copies
file TEMP onto the tape for future use. ’

5.2 Executing the Program

The JCL necessary to obtain the program from tape, attach any
files necessary for the run, execute the program and catalog
any files for later use is given below.

, CARD
JOB, T200,P2,TP1. 1
REQUEST, TAPE,HY,VSN=DOT100. NO RING 2
COPYBF , TAPE , TEMP . 3
RETURN, TAPE. 4
COPYBR, INPUT , TAPES . 5
REWIND, TAPES. 6
COPYSBF, TAPES ,OUTPUT. 7
REWIND, TAPES . 8
REQUEST, TAPEXX, *PF. 9
REQUEST, TAPE12, *PF. 10
ATTACH,CDF ,OLDCDF. 11
ATTACH , MDF ,OLDMDY . 12
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CARD

COPYBF, CDF, TAPE10. 13
REWIND, TAPE1O. 14
COPYBF ,MDF, TAPE12. 15
REWIND, TAPE12. 16
TEMP. 17
CATALOG, TAPEXX , NEWCDF. 18
CATALOG,TAPE12 ,NEWMDF. 19
7/8/9

DYNALIST 1I Data Deck

6/7/8/9

Card 1 establishes the run time limit, the priority, and requests
a tape unit. Card 2 mounts the tape containing the overlay
structure. Card 3 copies the program onto file TEMP. Cards

5 through 8 place a listing of the input data onto the prcgram
output. The programs restart capability allows a component
data file, C.D.F., or a modal data file, M.D.F., generated in
a previous run to be attached to the program and used to pick up
where the last run left off. In order to save a C.D.F. or
M.D.F. a permanent file must first be established. This is
done on cards 9 and 10. A C.D.F. may be on either TAPE 10

or TAPE 11, designated here as TAPE XX. The M.D.F. is on

TAPE 12. A C.D.F. or M.D.F. to be used from a previous run

is brought into the program with the ATTACH statements of
Cards 11 and 12. The C.D.F. should then be copied to TAPE 10
and the M.D.F. to TAPE 12 as on Cards 13 through 16. These
files may be attached directly onto TAPE 10 and TAPE 12 as
long as they are not written on, since the system does not
tllow a permanent file to be altered. Card 17 executes the
program. Any newly generated C.D.F. or M.D.F. may then be
cataloged as on Cards 18 and 19. The 7/8/9 card signifies

the end of the JCL. This is followed by the data deck and a
6/7/8/9 card indicating the end of information. For further
information on the data files see Section 2.5.
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6. SAMPLE PROBLEMS

There are five sample problems included with the DYNALIST II
source tape which accompanies this USER'S MANUAL. The sample
Problems are intended to check out as many program options as
possible as well as to acquaint the user with these options.
Sample problems 1 through 3 illustrate the use of COMGEN,

while sample problems 4 and 5 show how to directly input the
matrix coefficients of the equations of motion using IGEN=0.
Listings of input data for these sample problems are in-

cluded at the end of this section. The job control language
necessary to run these problems is included with the input data.

6.1 Sample Problem 1

Sample Problem 1 uses COMGEN to develop an eight 4d.o.f. lateral
truck model and a four d.o.f. flexibkle carbody model. These
components are then assembled (using the Direct Sub-System
Method) by connecting two coordinates from each truck to the
carbody; thereby producing a sixteen d.o.f. flexible car model.
Frequency response, and periodic response to a lateral track
irregularity are then found. Sample problems 2 and 3 are
variations of this one. Printed output for Sample Problem 1

is given in Appendix C.

6.1.1 Flexible Carbody Model

The derivation of vi.: mama, damping, and stiffness matrices
for the four mode flexible carbody is given in Appendix B.
Card input necessary to place the car component on the C.D.PF.
(uring COMGEN) is given below.

Card 1. The title card for the run.

Card 2. NTYPE=] directs program control to Segment 1, where
the car component data will be placed on a newly
created C.D.F. since NEWTAP defaults to 0.
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Card 3.

Cards 4-5.

Card 6.

Cards 7-11.

Segment 1 reads Namelist COMPO. COMNAM=1.00 gives
the carbody the "name" 1.00 on the C.D.F. NU=7,
NCON=4, and NFREE=0 means there are 7 u-coordinates,
4 constrained p-coordinates, and no free p-coordin-
ates for the car. Thus no eigenproblem will be
solved. IGEN=1 indicates that COMGEN data will be
read following Namelist COMPO.

The off-diagonal mass terms derived in Appendix B
are entered in COMPO. The positions in the mass
matrix correspond to the p-coordinate numbers given
to each of the four modes in COMGEN. The modal
mass, damping and stifiness of each mode correspond
to the diagonal elements of AMASS, DAMP and STIFF,
and do not need to be entered in COMPO. If inter-
model coupling exists for the mases, damping or

stiffness, the off-diagonal terms representative of
this coupling must be entered in COMPO in the
appropriate matrix.

The COMGEN control card specifies that data for 5
nodes and 4 flexible body modes will be read. No
rigid body, wheelset, spring-damper, or mass ele-
ments will be entered.

X, Y, and z coordinates are specified for the nom-
inal locations of each of the 5 nodes. Nodes 1
through 5 are, respectively, the center, front, rear,
front truck attachment, and rear truck attachment
nodes. These nodes are shown on the car model in
Figure 7. The vertical plane is assumed to be the
x-z plane, but the z-coordinatea are not necessary
for the physics of the problem and are included
merely for illustration.

-gl-



VERTICAL PLANE OF CARBODY (NODAL DIAGRAM)

DIRECTION i
OF
MOTION CP @¢
o o,

= L -

LATERAL PLANE OF CARBODY (MODAL DIAGRAM)

X
¢, (x) =1 o —171(’() jy

- 2
¢,(x) = = 2,(x)

0‘(1() = Sin ZF

Pigure 7. Plexible Car Component and Modes



Cards 12-16.

Cards 17-21.

Cards 22-25.

Card 26.

Cards 27-131.

Card 32.

Displacement constraints are applied at each of
the five nodes. The nodes are allowed to move
in the y and 6-z directions, which are indicated
by 0's. The nodes are constrained in all other
directions, indicated by l's.

p-coordinates are assigned to any unconstrained
nodyi d.o.f.'s here, but since the only p-coord-
inates for this component correspond to moudes, 0's
are entered for each node, indicating no nodal
p-coordinates.

The first column of each card indicates the rigid
or flexible body mode number, and the second column
gives the p-coordinate number assigned to that
mode. Thus P will correspond to mode °l' Py

to @2, etc.

The Mode Card fcr ¢y the rigid body mode for
translation in the y-direction. The first column
gives the mode number. The second column gives
the number of Mode Shape Cards to be read, des-
cribing the motion of the 5 nodes associated with
the mode. The next three entries are the modal
mass, damping, and stiffness (the Adiagonal terms
of the m, ¢, and k matrices). Since this is a
rigid body mode it has only mass, as derived in

Appendix B.

™.« Mode Shape Cards for Ol-l show unit displace-
ment in the y-direction at each of the 5 nodes.

The Mode Card for 02 indicates 5 mode shape cards
will be read. This rigid body mode for rotation
in the 8-z direction has only a modal mass.
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Cards 33-37. The Mode Shape Cards for ¢2(x)=%§ show the y-
displacements, and the 6-z rotations in radians

obtainedfrom@i(x) at the 5 nodes.

Card 38. The Mode Card for the first bending mode, ¢3,
gives the modal mass, damping, and stiffness.
The damping is 2zv/mk, where the damping ratio, Z,
is taken as 1 percent.

Cards 39-43. The Mode Shape Cards for ¢3(x)=cos %% show the

y-displacements, and the 6-z rotations in radians
obtained from ¢§(x).

card 44. The Mode Card for ¢4 giving modal mass, damping,
and stiffness. [ is taken as 1 percent.
Cards 45-49. The Mode Shape Cards for ¢4, where y=¢4(x)-sin2%5

and e-z-¢;(x).

Cards 50-54. Seven of the ten unconstrained nodal degrees of
freedom are given u-coordinate numbers. A "0"
indicates that the d.o.f. is not to be retained
for response. Uye Uy, and u, are the lateral
displacements at the front, mass center, and rear
of the car, respectively. u, and ug are the dis-
placement and rotation at the front truck attach-
ment point. U and u, are the displacement and
rotation at the rear attachment point.

6.1.2 Truck Model

The lateral truck model being used here is identical to the

one generated by TRAIN and described in Reference [l1). The

truck, shown in FPigure 8, consists of a rigid frame connected

by springs and dampers to the truck-carbody attachment point

and to two lateral wheelset elements. Card input necessary to
place the truck model on the C.D.F. (using COMGEN) is given below.
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Card 55. NTYPE=]1 di.ects program control to Segment 1,
where the truck component data will be added to
the existing C.D.F. since NEWTAP=].

Card 56. Segment 1 reads Namelist COMPO. COMNAM--2.00 gives
the truck the "name” 2.00 on the C.D.F. Nu=8,
NCON=8, and NFREE=0 means there are 8 u-coordin-
ates, 8 constrained p-coordinates, and no free
p-coordinates for the truck. IGEN=1 inclicates
that COMGEN data will be read following Namelist
COMPO.

Card 57. The COMGEN control card specifies 6 nodes, no
flexible body modes, 1 rigid body element, 2
lateral wheelsget elements, 6 spring-damper ele-
ments, and 3 nodes having mass.

Cards 58-63. x, y, and z coordinates are entered for the nom-
inal locations of each of the six nodes. Node 1
is the truck-carbody attachment point. Node 2
is the center of the truck frame. Nodes 3 and 4
are the fi1)nt and rear of the truck frame, which
connect with springs to the front and rear wheel-
sets at nodes 5 and 6. The vertical plane is the
X-2 plane, with the Z~coordinates given only for
illustration.

Cards 64-69. Displacement constraints consistent with a later-
al model are applied at the six nodes. 0's in
columns 3 and 7 indicate the nodes are free to
move in the y and 0-z directions. 1's in col-
umns 2, 4, 5, and 6 indicate that the nodes may
not move in the x, z, 6-x, and 0-y directions.
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Cards 70-75.

Card 76.

Cards 77-78.

Cards 79-84.

p-coordinate numbers are assigned at unconstrained
nodal degrees of freedom which are to remain
independent degrees of freedom (generalized coord-
inates) in the component model. The truck-
carbody attachment point is given the first two
p-coordinates since in Sample Problem 3 they will
be used as boundary points while the other nodes
will be free p-coordinates.* Node 2 is given
p-coordinates since it will be the master node

of a rigid body element. Nodes 3 ard 4 will be
slave nodes and so are given no p-coordinates.

The wheelset nodes, 5 and 6, are given p-coord-
inate numbers.

A rigid body element is defined. Column 1 defines
this as Rigid Body Element 1. Column 2 defines
node 2 as the master node. Column 3 specifies
that there are 2 slave nodes. Columns 4 and S
define nodes 3 and 4 as the slave nodes.

Wheelsets are defined at nodes 5 and 6. The
track gauge is given as 5 feet. The wheel radius
is given as 1.33 feet. The wheel cone angle is
.025 radians. The creep coefficient is 3 million
pounds. The train's forward velocity is given

as 450 f%/sec.

Six spring-damper elements are defined. Column
1 gives the element number, and columns 2 and 3
specify the nodes between which the element is

tied. Column 4 contains the reference node and,

*In the present case, Sample Problem 1, the ordering of the
p-coordinates is immaterial because with the DSS method, ail
p-coordinates belong to the “constrained" (NCON) category.
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since no reference node is entered, the springs
are assumed to act in global x-y-z directions.
The directions in which the springs provide
resigstance are given in col'wmn 5; a 2 indicating
a y-directicn lateral resistance spring, and a

6 indicating a 6-2z direction torsional resistance
spring. The next two entries are the stiffnesses
in 1b/ft or ft-1lb/rad and the damping in lb-sec/
ft or lb-ft-sec’/rad.

Cards 85-87. Nodes 2, 5, and 6 are given masses and moments
of inertia. The certer of the truck frame (node
2) is given a mass of 250 slugs in the y-direc-
tion and an inertia of 2800 slug-ft2 in the 6-2
direction. The wheelsets (nodes 5 and 6} are
given a y-mass of 60 slugs and a 6-z inertia of
290 alugs-ftz. Masses and inertias in the con-
strained directions are unnecessary, and so are
set equal to zero.

Cards 88-93. 8 u-coordinates are numbered at the 6 nodes.
The u-coordinates are given the same numbers as
the p-coordinates above, so the ¢ matrix will
be the identity matrix.

6.1.3 Comjonent Coupling

In order to generate a full lateral car model, it is necessary

to couple the motion of the attachment point on the truck
components to the motion of the attachment points on the flex-
ible carbody component. Since no component modes were found

for the truck or the carbody, the components will be coupled

by what is known as the Direct Sub-Systems Method. Card in-

put necessary to generate a full lateral car model is given below.



Card 94.

Card 95.

Cards 96-97.

NTYPE=3 directs program contro} to Segment 3,
which generates the system equations of motion,
solves the resulting eigenproblem, and creates
a Mcdal Data File for use in Segment 4.

Namelist SYN contains the coupling information.
NCOMP=3 means 3 components will oe used to form
the model. PRENAM(1)=2,1,2 gives the names of
the components in the order in which they will
be assembled: the truck, the carbody, and the truck,
respectively. The system u- and p-coordinates
are then renumbered internally in cne continu-
ous sequence according to this component as-
sembly order. The system u-coordinates for the
assembled car model are shown in Figure 8. They
are u,-ug for the first truck, ug-=u;q for the
carbody, and Uy 6-Y23 for the second truck. The
system p-coordinates are p,-Pg for the firat truck,
Pg~P;2 for the modes of the carbody, and P13 P20
for the second truck. Constraint equations are
written in terms of the system u-coordinates as
(G} {u}={0}, where G is the constraint matrix.
NROWG=4 specifies that there are 4 rows in the
constraint matrix and thus 4 constraints.

KDEP (1)=1,2,13,14 specifies that the four depen-
dent p-coordinates to be eliminated by these
constraints are the degrees of freedom of the
attachment points on the trucks. The carbody
modes, Pg=P; 2’ will remain as independent p-
coordinates in this case.

The four constraint equations are given here.
The first index of G is the constraint equation
number and the second index is the u-coordinate
the constraint is to be applied to. The infor-
mation on the two cards may be translated as
follows:



6.1.4
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These equations link the displacements and rota-
tions on the truck's attachment points to the
corresponding displacements and rotations on the
carbody.

System Response

Card input necessary to generate the response characteristics
of the full lateral car model to a lateral track irregularity
is given below. Both frequency response ar.d response to a
spzcified periodic excitation are requested.

Card 98.

Card 99.

NTYPE=4 directs program control to Segment 4 for
resporise computation. IPLOT=1 indicates that plot-
ted output will be generated, and SIZE=10.0 will
scale the plots to a ten inch vidth.

System forcing information is containa2d in Name-
list SHAKE. NAXLE=4 means that forces will be
applied at four u-coordinate locations. NWHEEL=
4 means that four wheelset cards will be read

to automatically compute the wheelset forces and
phase lags. The u-coordinates where forces a:e
applied :ie the yaw coordinates of the wheelsets.
They are named in the vector LAXLE as Ugr ugs
Uyge and Uy4. NLOOK=3 moans that response will
be requested at three u-coordinates. These
response coordinates ar¢ the lateral displacement
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Card 100.

Card 101.

Cards 102-105.

at the middle of the car, at the rear of the car,
and at the middle of the rear truck. They are
named in the vectur LOJY as Ujor Yy3° and u
respectively.

20’

NPLOT(1)=1,1,1 means that response will be plotted
at the firast three u-coordinates named in LOOK.
Frequency response dvue to a unit input is initiated
by setting NFREQ=150, which will gyenerate a
frequency spectrum with 150 divisions. The spec-
truia ranges from OMIN=.. Hertz to OMAX=100. Hertz.
Response to a periodic input is initiated by
setting NFOUR=2%, which causes the input and
rasponse Fourier series to have 25 terms. PERIOD=
0.2 means that t..e duration, or period, of the
excitation waveform is to be 0.2 seconds.

NTIME=3 means that the excitation waveform is to
be specified at three time points. WAVE(l)=0,.02,0
describes the amplitude of the waveforin at each
of the three times given in TIME(1)=0.0,0.1,0.2.
Thus the waveform is that of a sawtooth wave,
which would correspond to straight tracks being
laid down in a zig-zag manner. Since the train
is travelling at 450 ft/sec and the period is
0.2 seconds, the length of each track section may
be taken as one half the period multiplied by the
train speed, or 45 feet. The length of one cycle
of “he waveform is 90 feet.

The wheelset cards are identical to the ones used
in COMGEN. e¢xcept that the first column has been

replaced by the u-coordinate where each wheelset

force is applied. Also, in the last column, the

distance of each wheelset behind the leading
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wheelset is provided in order to generate the
corresponding phase lag term PHASL.

Card 106. Normal program termination is achieved by setting
NTYPE=S,

6.2 Sample Problem 2

Sample Problem 2 is the same as Problem 1, except that a few
spring-damper elements and nodal masses in the truck model
were revised. These revisions were marked with a 1 in column
80. The C.D.F, generated in Problem 1 was attached, and com-
ponent 2.00 (the previous truck model) was deleted from the
file. The revised truck model was then generated and given
the same name. Thus the flexible carbody component did not
need to be entered again and the synthesis in Segment 3

could use the same component names. In addition, the re-
vised data are specially indicated on the printed output.

6.3 Sample Problem 3

Sample Problem 3 is the same as Problem 1, except that now
component modes are calculated for the truck. These modes
are then truncated before using Modal Synthesais to assemble
the system. System response is then calculated for a
stationary random input (rather than the Fourier input of
Problem 1), and the static correction factor is applied to
minimize truncation error in the low frequency rauge. To
execute Sample Problem 3, the C.D.F. created in Problem 1 is
attached, and component 2.00 (the old truck model) is deleted.
A new identical truck model is generated but there are 6

free coordinates this time. Note that the first two p-
coordirates, at the truck attachment point, remain constrained
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in the component eigenvalue solution. Four of the twelve
component modes are truncated in Segment 2, the lowest eight
truck modes being retained. The car model is then coupled
as before. Response is computed and, since modal truncation
has been employed and KONVS defaults to 1, the static cor-
rection is automatically used. Note that KIND defaults to
zero, yiving displacement response.

6.4 Sample Problem 4

Sample Problem 4 is included to demonstrate the use of the
standard matrix input method, i.e., IGEN=0. The spring-mass-
damper system shown in Figure 9 is modeled as a single com-
ponent. Solution of the component eigenproblem is sought;
thus the four dynamic degrees of freedom (p-coordinates) are
all identified as "free"” coordinates (NFREE=4). Setting
INOVEC=1 will suppress the nrintout of the component ei jen-
vectors, and the dynamic meatrix if the orthogonality test
fails. Setting IMATX=1 will suppress printout of selectad
component modeling data.

In this case, provision has been made to compute relative
response between masses (presumably for a later run).
Therefore, the ¢ matrix shown in Figure 9 includes additional
u-coordinates Ug, U, and u,, whereby the relative displace-
ments are defined. Since the spring constants are unity,

the reiative displacements may also be interpreted as forces.
Tf the spring constants were not unity, the only modification
reguired would be to substitute the appropriate k values in
place of the unit values appearing in rows 5 through 7 of
the PHI matrix.
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Pigure 9. Lumped Parameter System for Sample Problem 4
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One interesting point about data entry when inputting the
coefficient matricen, is that a matrix column (or any portion
of the column) may be entered as an element string following
the first named element, without having to name each succes-
sive element in that column. For example, column 2 of the
PHI matrix could be specified by using any of the following
three data entry techniques:

e PHI(2,2)=1, PHI(5,2)=1, PHI(6,2)=~1,.
® PHI(Z,Z)’I,0,0,I,-].,.
e PHI(2,2)=1, PHI(5,2)=1,-1,.

Note that zero values need not be entered, unless they appear
within an element string. One additional caution is that if
ari element string exceeds its column length, it will not be
truncated, but will continue to f£fill that column un to the
maximum length acceptable by DYNALIST.

6.5 Sample Problem S

Sample Problem 5 is identical to Sample Problem 4, except
that the update capability is used to change the value of

m, from m, " 0.3 to m, = 0.5. No=e that in this case, a

new component is created with the "name" 2.00. This ex-
ample also serves to illustrate the overwrite feature of
Namelist input. Thus, one may leave the card in the

original data deck which specified COMNAM=1.00. Subsequently
specifying COMNAM=2,.00 will read the new "value" of COMNAM
over the 0ld one. By specifying NEWDAT=1l, the user indicates
that Namelist UPDATE is to be read, following Namelist COMPO.
(Note that while only the new data is specified in Namelist
UPDATE, all of the 0l1d data must be specified in Namelist
COMPO. Also note that Namelist UPDATE follows directly after
the END of COMPO without a separate ST\RT block.)

/
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Sample Problem #1

SWIGG,.T500,P3,TP),
COMMENT, CrARGE wIGG1233 01 79%a
REAUEST, TAPE,VSNBJNWING, NO RING WIGGINS TAPE
CCPYBF, TAPE, TENP,
RETURN, TAPE,
COPYBR, INPYT, TAPES,
REwIND, TAPES,
COPYSRF, raers,0utPuT,
REwIND, TAFES,
REQUEST, TaAPEL0,PF,
TEMP,
CAYALOGctAPEIO.CONDATFILH1233.10!4166.
DISPLIE,TAPES,PRalBY,
F
4=D0F FLEXIGALE CAR COUPLED wlTH TwQ TRUCKS
S83TARY KTYPEa], JEND
SCOMPN cn~u1--1.no.xuar,ucnncu.NFPEEso.IGE":!.
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Sample Problem #4

SPRING-MASS SYSTEM

SSTART NTYPE=1 NEWTAP=0s . . . ... .. . .. .. .
INOVEC=1y
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SEND
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sample Problem #5

SPRING-MASS SYSTEM

SSTART NIYPE=1+NEWTAP=(H . oL .
INOVEC=1

T TS O —
SEND
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SEND
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APPENDIX A
CHARACTERIZATION OF FORCING FUNCTIG S

Some of the user feedback on DYNALIST II has revealed th:*
the form of the forcing function built into the pur: . -

not immediately apparent, and at least to some extenrt, :
tusion has been generated as a consequence. This appendi:
has been added in an attempt to clarify this area. Whereas
an introduction to the forcing function in Reference [1) was
by way of specific examples, the approach taken here is to
begin with the general and then proceed to the specific.
Hopefully this treatment will help to reaolve some of +he
difficulty.

In pursuing this objective, some different notation will be
introduced. While it is usually desirable to maintain the
same notation within a given subject area, the changes here
are to some degree necassary for the generalization, and

are furthermore intended to interrupt any thought patte:ns
which may have lead to the :nitial confusion. In this re-
gard, an attempt is made to recast the subject in a
different light. Thus, the forces discussed here can be
visualized as wheel/rail forces acting on a train, seismic
forces on a building, hydrodynamic forces on a ship, or simple
point forces acting on a beam. 1In fact, ditferent examples
will be presented to illustrate the generality of the forcing
function capability within DYNALIST II.

A.l General Form

Before taking up the charaeterisation of a particular force
environment ruch as seismic or wave, it wiil be useful to
oconsider the general form of the forcing function built into
DYRALIST 1.. 1In simplest teras, a distributed force, f(u,t),
where u denotes position or spatial dependency, and t denotes



time dependency, is assumed tc be variable-separable so that
f£(u,t) = P(u)g(t) (A-1)

whereP(u) is a function depending only on position (not to be
confused with the lower case "p" used to denote generalized
coordinates) and g(t) is a scalar function depending only on time.

Actually, the functional form used in DYNALIST II is somewhat
more general. In particular,

2
k
fw) = 3 2% iy g (A-2)
k=0 at

Since DYNALIST II is formulated on the basis of discrete

variables rather than continuous variables, a vector form
is used instead of (A-2):

2
K
(k), &
{£ (t)} = E {r ) [git)]
u o u ack

- {Pu‘°)}g(t) + {P“(l)} g(t) + (Pu(z)} g(t)

(A=3)

Typical force distributions are shown in Pigure A-l, for example.
In part (a) of that figure, a cantilever beam is subjected to
a distributed load which varies sinusoidally with time, similar



11 ISITVNXQ UT POS(l SIOJDBA @o10J jo soldwexdy °[-V ainbrg

INANT NOTiVY31322v 3SvE (D) 1NdNI LNIWIDV14SIC 3sva (8) 1NdNI 37404 Q31n8I1¥1SIC (V)
/
(-(29e) U uLs = (1)6 (" 1dsip) 35 uis = (3)6 (92404)38 uis = (2)6
S S S
Sw- = (0} “‘II| Su- = ()¢ “Alllu W uis (57d l g
| I
| ’
v by . ¥V
"= (o) "‘Ill " () “All. WU (o) ‘L ’
| /
| € ¢
fu- = 3%& _“t w- = Auwu "‘||| W uis 31\" €
| /
2
A wus et
| /
/
- = (g)¢ _Alp - = ()4 e & i W uis Sw._\lnllILP | 93eu1pJo0) - N
¥ ugs ?:L T: i} W _:AN?LS.E . ?Vﬁ 3 uis T&.L - T:Jv
NOILVYI 13OV X X SSYW = 30803 NOILVYI13DIV X SSYW = 304 3003 X I0NLIAWY . 39904

SSIINOISN3NIA



to wave action on a pier. 1In part (b) the cantilever beam is
subjected to base motion whose waveform is defined in terms of
displacement. 1In part (c) the same beam is subjected to base
motion whose waveform is defined in terms of acceleration. In
all cases, equations of motion are of the form

[m){u} + [c]{a} + [k){u} = {£ (t)) (A=4)

where the u-coordinates numbered 1 through 5 denote lateral
displacements of the beam relative to its base, and where in
parts (b) and (c) the inertial forces due to base acceleration
have been transposed to the right hand side of the equations.

A.2 Frequency Domain Analysis

DYNALIST II solves equations of motion in the frequency domain,
rather than in the time domain. This makes it convenient to
use Equation (A-3) in a form where the vectors {Pu(O)},{Pu(l)}
and {Pu(z)} are complex, i.e. have both real and imaginary
parts. In other words, the force distribution functions allow
phase distribution in addition to amplitude distribution. 1In
order to pursue this discussion further, it is helpful to con-
sider the equations of motion given by (A-4) and transform them
to the frequency domain. This is done by first taking the
Laplace transform of the equations, which maps them from the
time variable t into the complex variable s = ¢ + i, and

then let 0 + 0. The resulting equations in the fregquency do-
main are

(1x1 + iafc) - 2%ml) (v(ia)} = (r (i)} (A-5)

where {U(iQ)} and {ru(in)} denote the transformed vectors
{u(t)} and {£(t)) respectively. The vectors {U(if)} and
{F(iQ)} are the Pourier transforms of their time dependent

A-4



counterparts whenever the Fourier integrals exist.* Transforma-

tion of {tu(t)}, as expressed in (A-3), to the frequency
domain leads to

r (da) = (2 e oy (2 e e P Neum -6

where the Pu-vectorl are still complex. Finally the Pu-vectors
are resolved into amplitude and phase vectors of the form

(0) (1) 2 (2)
{7} + (1@){p; "} + (iR) {Pu }

- - - 1160 (1)
= (B + am B + am?(Py) ety ) + 8l8, T H
(A=7)

where the "P-bars" are now real and the phase shifts im-
plied by {630)) and/or {eél’} operate on the three force
vectors - {Fu(m}. {F‘(‘n}and {F‘(’z)} - simultaneously.** The
superscript notation (k), where k=0,1,2, may be associated
with multiplication by Q to kth power. See examples which
follow in Tables A-1 and A-2.

A.3 Position Dependency (Porce Distribution)

The frequency domain formulation given in the preceding section
is particularly well suited to the dynamic response analysis of
systems subjected to wave environments, either traveling waves

or standing waves, where the forces acting on different parts

*Although the Pourier integral transform of a periodic function
is not defined, a Pourier series representation does exist so
that the formal treatment given here is physically meaningful
and practically useful.

**If at a particular u-location, multiple forces exist which
have different phases, then the simplest approach would be
to multiply define identical u-coordinates at that location,
and to apply one foroe to each such coordinate.
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of the system may all be assumed to have the same time depen-
dency, but have different amplitudes and phase angles. Recall-
ing the rail-vehicle application for which the program was
originally designed, one may visualize forces acting on the
vehicle through each wheel. In the two-dimensional case where
differences between rails are ignored, one can show that the
driving forces acting on all of the wheels have the same time
dependency as determined by the velocity of the vehicle and
the profile of the rail surface. Aside from differences in
wheel geometry, mass, and suspension parameters which are
syster dependent and show up in the force distribution, each
trailing wheel sees the same input as the lead wheel with a
time lag equal to its distance behind the lead wheel divided
by the forward velocity of the vehicle, i.e., &/V. 1In the
frequency domain, this lag term is represented by the rhase
angle vector n{eél’} where  is the circular frequency as-
socicted with the wavelength of the rail surface profile ir-
regularity and the vehicle's forward velocity.

A similar situation prevails in the case of an offshore plat-
form excited by traveling sea waves. If the wave displacement
profile is represented by the scalar time function g(t), the
wave forces acting on the platform can be separated into

e Hydrostatic forces {P“(O)}

e Drag forces {P“u)}

e Inertia forces {Pu(z))
and their phasing relative to wherever g(t) is measured will
be specified by the phase angle vector 0{63})},vh‘re in this

case 0 is associated with wave length and propagation velocity
(celerity), and {8{!)) will again be of the form L/V. This
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application is illustrated by Figure A-2 and Table A-1l, except
in this particular case, the hydrostatic forces are zero.

If the platform were situated in a standing wave environment,
the phase angle distribution would be specified in terms of
{ego)}instead of{egd}. Another example of the use of {640}
is in the vibration of machinery due to rotor unbalance, where
the relative phase angles among different eccentric masses are
independent of tl.e frequency of rotation, Q.

Force distribution is input to DYNALIST II via the NAMELIST
variable arrays

FORCS = (P (0}
FORC1 = {1>u(1 g
rorcz = {p (%))
PHASS = {B&O)J/Zw (units in cycles)

PHAS1 = {6&1)} (units in seconds)

as explained in this manual.

A. 4 Time Dependency (Waveform)

It has already been stated that DYNALIST 1I offers the capa-
bility to compute dynamic response to

e Sinusoidal,

e FPeriodic,

e Transient, and
e Random

forcing functions. These categories relate to different ways
of characterizing the time dependency of {fu(t)} as embodied
in the scalar waveform function g(t). Figure A-3 illustrates



TIME DOMAIN FORCES

{0} {2} sw v {22} we)

SINUSOIDAL
o(t)e { PERIODIC
'TRANSIENT
RANDOM
DECX
KEAN WATER
SURFACE
\ T
__/ - S

‘-“LE6

%-1232

Pigure A-2. Porce Distribution for Wave Excitation
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TABLE A--1. CHARACTEPTZATION OF WAVE FORCES IN FIGURE A-2

FREQUENCY DOMAIN FORCES

F, (i) = :(iq:5§" ' (19)25§2)] 6(ia)
F,(ia) = '(in)ig" + (19)25§2): G(i0)
Fy(19) = :(m)ig‘) + (m)zigz’: 6(ig)

Ftin) = [(n)p{1) + (10)77{2)] & 181V i)

Fslin) = Bin)ﬁ&" + (10)25§2): IV i)

Fe(iR) = 3in)i§‘) + (1n)25§2’] e 19UV 40

FORCE DISTRIBUTION INPUT TO DYNALIST II

u-COORD FORCP FORC1 FORC2 PHASP PHAS1

1 0 5{]) 5%2) 0 0
2 0 CRE 0 0
3 0 CUC 0 0
4 0 GRS 0 LN
5 0 CRE 0 0 LIV
6 0 G0 0 L

Note: 1If the two legs shown in Pigure A-2 are identical,
then F} = Fi, Fs = F,, and Fg = F3.
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the four basic waveform input options, and the means by which
they are entered in DYNALIST 1II.

In the case of the amplitude varying sinusoidal waveform,
steady state response is assumed. Thus, even though the
waveform in Part (a) of the figure is actually changing with
respect to both frequency and time, the impliuation is that
the variations with time are slow so that tihe system is able
to "track" the variations with virtually steady state response.
Input to the program can therefore be specified in terms of
excitation amplitude vs. frequency as shown in the figure.

Periodic excitation is specified in terms of the typical wave-
form over one fundamental period of the excitation. Thus,
where the actual waveform repeats itself over every succes-
sive period, all of the information is contained in one period
of the motion. The same argument applies to response. Only
one peroid of the response time-history is computed, and only
one period is plotted.

Transient excitation and response is treated by Fourier
series approximation and is therefore considered to be a
periodic function with a very long fundamental period as
illustrated in Part (c) of the figure. The length of this
period is artificial and is chosen on the basis of the

time constants of the system, i.e., nataral frequencies and
damping rates. The artificial period must be long enough

to allow all motion from one transient to damp out before
another transient (in a successive pariod) is encounterad.
Since transient excitation and response are treated as
periodic functions, program input and output are identical in
form to the periodic case. The program in fact recognizes no
distinction between the two. ‘
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Random excitation is assumed to be stationary. It is specified
in terms of the power spectral density (PSD) function as
illustrated in Part (d) of Figure A-3. Since the waveform is
random, stationary and assumed to be ergodic (establishing
statistical equivalence between one sample function and an
ensemble), no phase information and no particular wave shape
characteristics are implied. Only the power (energy type
information) distribution with respect to frequency is
specified.

A.S5 Notaiion

Now that the general form of the forcing function has been
devcloped in terms of some different notation, we can go
back to relate the original notation of Reference (1] to the
notation of this appendix.

The system force vector {fu(t)} shown in Equatien (A-4) of
this appendix is related to the ith component force vector
{f:(t)} of Reference [l], Equation (2-5) as follows

r 1 -
£,(t)
2
£2(t)
{£ (t))} = s} where £4(t) = (£} (e}
u 1 fl(t) U u = u
u for 1 <t <N
L!:(t,J
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The Fourier transform of {f (t)} as denoted by {F (i)} in
{A-5) is similarly related to the {F (iQ)} in Reference
[1), Equation (2-37) by

[ ]
FL (10)
2
u(lﬂ)
. . R - 2
(F (i)} = & L ; where F_(iR) = {F_(iQ)}
u o u u
Fy i) for 1 < 2 <N
| Fu(iﬂ)‘

In the case where the excitation waveform corresponds to the
rail irregularity (track geometry profile) 6§(t) = Gi(t)' as
implied by Reference (1], Equation (2-34), it follows that
the function g(t) in (A-3) becomes

g(t) = 6(t) = &5 (t)

Similarly, in the frequency 3iomain,

G(iQ) = A(iR) = A’i(m)

¥ This equality implies that the general waveform $(t) is
measured with respect to a particular axle "1" of a

s:;ticular component "1%, i.e., a fixed point on the
icle.
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This "G" of course bears no relationship to the constraint
matrix "G" used in Reference (1), Equation (2-1).

In the case of the train application, the complex vectors
{Péoi , and (Pél)} and {Péz)} of (A-3) are

(0), _

(P} = {Fy(im))
(1), .

{1>u } = {Fl(im}
(2), .

{p,“} = ffz(m)}

where the terms on the right hand side appear in Reference
(1], Equation (2-38). Again, these capital "P's" bear no
relation to the lower case "p's" of Reference (1], Equation
(2-14).

Referring back to the truck example of Reference (1], Figure
2-2, and the force vector given by Equation (2-37) which
follows that figure, we find that we can generate another
table analogous to Table A-1l, for the truck model. See
Table A-~2. Either the sine, periodic, transient or random

type waveform input can be specified for this force distri-
bution.
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TABLE A-2. CHARACTERIZATION OF WHEEL,RAIL FORCES IN REFERFENCE
(1], FIGURE 2-2

FREQUENCY DOMAIN FORCES
F,(12) = 0
F,(1a) = p{O) g(ig) -(m) a(in)
2 1 o
Faia) = 0
Q(m) =0

Fs(iﬂ) =0
- 2f A_ L
Fg(i) = Péo) e iU/ G(iR) = (__02) e aL/v a(ig)

To

FORCE_DISTRIBUTION INPUT TO DYNALIST 11
u-COORD FORCo FORCY FORC2 PHASS PHAS)

1 0 0 0 0 0
202 L
2 ( ] °) 0 0 0 0
Yo
3 0 0 0 0 0
. 0 0 0 0 0
50 0 0 0 0
6 ( . °) 0 0 0 LV
[ ]
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APPENDIX B
MODAL REPRESENTATION OF A FLEXIBLE COMPONENT

The basic procedure for modeling any flexible component in
DYNALIST II is to write the equations of motion for that
component in generalized p-coordinates and to specify a
transformation relating selected physical u-coordinates to
the generalized coordinates. The generalized coordinates
may or may not correspond to normal modes of the component.
The relevant equations are:

(mI{E+ + [c]{p} + [k){p} = {0)
tu} = [¢)ip}
where [m], (¢}, [k] and (¢) are the matrices AMASS, DAMP,

STIFF, and PHI, respectively.

The simplest case results whenever the motion of the compon-
ent is represented by a set of normal modes which are mutually
orthogonal. Assuming natural frequencies, “j' modal damping
coefficients, ‘j' and modes which are normalized to give unit
modal mass, one finds that

1
(m] = 1 (diagonal)



2 ]
1
2
w2
w3
[k] = (diagonal)

2
“n)

In the case of light st.uctural damping (;j < 0.1) and well
Sseparated modes, a diagonal damping matrix may be assumed such
that

- -
S19y
24,

[c] = 2 S3ws (diagonal)

The c:ase where car-body modes are given as free-free modes is
an example of this form. Considering a lateral model having
orLly sway and yaw degrees of freedom and two bending modes, the
natural frequencies will be W = wy; = 0 for the rigid body modes
and “; and w, for the bending modes.

A slightly different form results whenever fixod boundary
normal bending modes are used, i.e, if car-body modes are
obtained under the assumption that the car body is simply
supported. 1If the modal matrix [¢] were not normalized to
give unit modal mass, but a maximum modal displacement of
unity, for example, the form of [m), [c) and (k] would be

B=2



r >y

m 4 on®
(m] =

R ]

0} 0]
fe) = | ====%x--1o

o} oM

[0 ! 0]
(k) = | ----x--3a

where the superscripts R and N refer to rigid body and normal
modes. The submatrix [mRN] = [mNR]T reflects coupling between
the rigid-body modes and fixed-boundary normal bending modes.

The flexible car component used in Sample Problem 1 is depicted
in Figure 7. The car is assumed to act as a uniform beam with
bending stiffness EI and mass Per unit length, M. The rigid
body modes Ql(x) and oz(x) are shown with the flexible body
modes 03(x) and 0‘(x). The matrices [w] and [k) may be found
using Lagrange's Equation:

a [ au
=)+t —=0
“(ap,) ap,

where T denotes the kinetic energy of the system and U denotas
the potential energy, or strain energy in this case.
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L/2

U= %-I- [u" (x,t)]12 ax
-L/2
where
§
u(x,t) = qu: ¢4 (x)py (t)

From this it is found that elements of the mass and stiffness

matrices are given by

L/2
mij = M/ Oi(ij (x)dx
-L/2

L/2
kij = zﬁ[ ¢;(x)¢;(x) ax
-L/2

Using the mode shares Oﬁx) =1, oz(x) = 2x/L, 03(x) = Cos (¥x/L)
and 0‘(x) = 8in (27x/L), which »re normalized 4o a maximum

displacement of one, we obtain

1l 0 :2/! 0
Q__.1/31 .9 1=
2/¥ 0 (1/2 ©
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0 0! o
]
[c] = 9----9-..:--9 ______
0 0 : c33 0
(] c «+ O c44
0 0! o 0!
k1=TEL Jo___ 0} 0 o
L 0 0!'1/2 o
0 ol o 8

The only parameters which have not previously been defined are
the damping terms 4, and ¢ N

44" The frequencies, wr; and Wy
associated with normal modes ¢3(x) and $4(x) are

N /X33 2. [EI

s *Vnm.. = "V
33 ML
K

w:‘ - m“ - 4’ El
44 ML

Assuming damping ratios ty and {4 for the two flexure modes,
one finds that

N
C33 = 2My3L3uw3 = 20y/m 3k,

N
Caa = Myqlug = 2¢,/m K 0
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All of the parameters have now been defined; the next step
is to assign values to use in computation. In particular,
our objéctive here is to establish some values which are

meaningful for the sample problems contained in Section 6.
We must therefore determine values for M, L, EI, C33 and C44.
From Reference [l1] we obtain values for M and L

M = 17 slugs/ft

L = 100 ft

Next we need a value for the flexural rigidity, EI, of
the carbody. We will choose this value so that we ob-
tain a first carbody bending mode of 5 Hz taking into
account the secondary suspension. The value of this case
is EI = 3.263 x 1071b-£t2, whereupon it follows that

wg = 13.67 rad/sec

ug = 54.69 rad/sec

Finally, considering that

Ry = Bee ® ML/2 = 850 slugs



and assuming

L3 =L = 0.01

enables us to evaluate C33 and Cqq 28

Cy3 = zm33c3u§ = 232.45 1b-sec/ft

Cqq = Mg uly = 929.79 1lb-sec/ft

The mass, damping and stiffness properties of the flexible
carbody model are thus numerically defined.
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APPENDIX C
OUTPUT FOR SAMPLE PROBLEM #1

(Only the first and last pages of eigenvector printout
are included, and response is shown only for coordinate 10)
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APPENDIX D

FLOW DIAGRAMS



INT=10
NOUTT=11

Read

Title Card

Main OVERLAY (TEMP,0,0)

F

Read
START

NO NTYPE=5

YES

Ciuse plot |

Ta e it any

Segment 1 1 Segment 2, @ Segment 3 @ Segment 4 @
Read COMPO Read EDITT Read SYN Read SHAKE
Generate compon- Read data for all Read data for all Read modal data
ent efgenvalues components from components from from M.D.F. on

:ndb::zenve:tors C.D.F. on Tape INT.] | C.D.F.on Tape INT. Tape 12.

n u &p- If DELETE=X, Synthesize com- Generate
Coordinates . remove data for ponent data to response to the
Add component component X. system equations. specified

data to C.D.F. If DELETE=0.0, Generate systen | | "%

on lTape . truncate compon- eigenvalues and 1f NPLOT=1,

If NFREEFO, ent eigenvalues eigenvectors in also generate
create an M.D.F. and eigenvectors. u-Coordinates. response plots.
on Tape 12, Place complete, Create an M.D.F.

destroying any revised C.D.F. on Tape 12,

previously on Tape NOUTT. destroying any

existing M.D.F. previously

=

o1 NFREQ 7 O, generate frequency response.

= (Ol

INT=NOUTT
NOUTT=INT

write
(The latest version

f the C.D.F. is
on Tape "INT".}

existing M.D.F.

®

I WPSD # 0, generate random response.

If NSINE # O, generate response to an amplitude varying sinusol
If NFOUR # O, generate response to 3

Figure D-1.

D-2

dal input.

general periodic or transient input.

DYNALIST 11 Flow Diagram




?

Read namelist COMPO

1 16EN= N2 0r 3

OVERLAY (TEMP,1,0)

Call Component
Matrix Generator.

Read component
data from cards.

Generate AMASS,
;"IAH’. STIFF and

-

Cal) Train Matrix Generator.

Read component data from
cards.

If 1GEN=2, generate 8 DOF
truck model (includes 2
boundary DOF).

If 1GEN=3, generate 14 DOF
car model.

AMASS, DAMP, STIFF and PHI

are generated.

}

4

If NEWDAT=1, read namelist
UPDATE and update elements
glmnss. DAMP, STIFF and

[ ]

If ISYTMY, IS

YMC or ISYMK=],
mke Tower left triangle

symmetric to upper right
g;::gle of AMASS, DAMP or

)
[ Print component data.

|

1f NEWTAP=0, create new C.D.F.
If NEWTAP=1, add data to
~existing C.D.F.

Add to C.D.F. total number of

components, COMNAM, NU, NCON
ond WFREE ’

Pigure D-2.

()

Flow Diagram for Segment 1

D-3




OVERLAY (TEMP,1.1)

Read control card - NNOD, NMOD, NRIG, NWL, NSPRN, NMAS.

:

Read nodal geometry cards - X, Y, Z for each node.

l

Read physical constraint cards - AX, AY, AZ, 2X, ¢Y, 12
for each node.

Unconstrained DOF's define U-coordinate system.

Read P-coordinate cards - number unconstrained nodal DOF's
which will become P-coordinates.

YES NM0D=0 NO

Read modal P-coordinate cards - assign a P-coordinate
number to each mode.

Read modal mass, damping and stiffness and mode shapes.

ﬂ

[f NRIG>0, read rigid body eiement cards - master nodes
and slave nodes.

1f ML>0, read lateral wheelset cards - add onto DAMP and
STIFF.

glngmw. read spring-damper cards - add onto DAMP and
FF.

1f NMAS>0, read nodal mass cards - add onto DAMP and STIFF.

:

Read U-coordinate cards - number unconstrained nodal DOF's
retained as U-coordinates.

| Return |

Figure D-3. Flow Diagram for Component Matrix Generator

D=4



OVERLAY (TEMP,1,2)

1b

YES /NFREE=0\ N0

Form dynamic matrix [D], = -[A)"} [B].

Compute eigenvalues and eigenvectors.

Print eigenvalues [ A ], P-system (dynamic) eigenvectors [¥],
and U-system (physical) eigenvectors [W].

(o] = [0] (Y]
3

Form [A;] = [¥]7 [A] [¥]

Create M.0.F. on Tape 12.
(XONV=0 to indicate data is for a component.)
KONV, MU, NCOLT (=2xNFREE), [Yu], [Az] and [A).

Diagonalize dynamic matrix.

It (!]’l [0] (] # -LA ] within a tolerance, print matrix
and warning.

Add to C.D.F.: PHI, number of eigenvalues, eigenvalues,
eigenvectors, AMASS, DAMP and STIFF.

®

Pigure D-4. Flow Diagram for Segment 1b




OVERLAY (TEMP,5,0}

| read nameiist eo1TT |

YES

DELETE=0

NO

9

Transfer from Tape INT to Tape
NOUTT: total number of compon-
ei.ts, COMNAM's, NU's, NCON's,
NFREE's.

Read from Tape INT: (number
of eigenvalues)s, (eigenval-
ves)s, (eigenvectors)s.

Edit (remove modes from) com-
ponent mode data.

Write edited modal data on
Tape NOUTT: (number of eigen-
values)s, (cirmnlues)s.
(efgenvectors)s.

Transfer from Tape INT to Tape
NOUTT: (AMASS)s, (DAMP)s,

(STIFF)s.

DELETE=X.XX

Transfer from Tape INT to Tape
NOUTT: data for all components
except for component having
COMNAM=X . XX .

FPigure D-S.

Plow Diagram for Segment 2




Read namelist SYN

Define system by specifying assembly Hsﬂ Secondary
PRENAM, dependent coordinates, KDEP, and OVERLAY
constraint matrix G. {T°MP,2,1)
f @ <
Generate a t-ansformation matrix [3] Secondary
relating uncoupled component coordinates OVERLAY
{u} to generalized system coordinates {5,}- (TEMP,2,2)
Primary Generate a complex transformationmatrix [T]| Secondary
OVERLAY relating (u) and (U} to complex moce coor- | OVERLAY
(TemP,2,0) dinates {2} in reduced coordinate :pace. (TEMP,2 .}
Assemble (AMASS)s. (DAMP)s, (STIFF)s into Se.. ary
#irst order coefficient matrices [A] and OVEF _AY
(8]. (TEMP,2.4)
Transform [A) and [8] to reduced coordi- Secondary
nate space and form dynamic matrix. OVERLAY
@ (TEWP,2,5)
Priur{ Solve for system eigenvalues end eigen-
OVERLA vectors. Transform eigenvectors back into
(Tew,3,0) original component coodinates fu).
b
6
Fiqure p-6. Flow Diagram for Segment 3



OVERLAY (TEMP,2,1)

Read namelist SYN.

:

Print assembly information.

Components are to be assembled in the order
Lgiven in PRENAM.

Read C.D.F. and select appropriate com-
ponent Gata from assembly 1ist.

!

Generate permutation matrix [E] using
dependent boundary coordinate list, KDEP.

rigure D-7. Plow Diagram for OVERLAY (TENMP,2,l)



OVERLAY (TEMP,2,2)

Assemble the real component mode matrix
{4] in block diagonal form.

Create M.D.F. on Tape 12. (XONV=1 to
indicate data is for a system.)

KONV, NUNCOT, NCTCTS and [¢].

Permute columns of [Ge] - [G].

!

Partition [G]) = [, : G,] and invert
[G‘]. d (] f

$
Construct transformation matrix [8].

4

Permute rows of [8] - [3].

d

Write HINDEP and [E] on Tape 12.
$

partition (8] < [ €18 "]

Pigure D-8§. Flow Diagram for OVERLAY (TEMP, 2,2)



Read complex component mode data from
edited C.D F.

Total
number of
YES complex modes=0 NO

Construct matrix [¢Sl] in block diagoncl

form.
3

- 5
Multiply (aF1e0s° .

3

Construct matrix [oszl in block diagonal

form.
i

mitiply (3716521

al

K ]

Construct transformation matrix [T].

Pigure D~-9,

OVERLAY (TEMP,2,3)

Flow Diagram ior OVERLAY (TEMP,2,3)

D-10



OVERLAY (TEMP,2,4)

Read from C.D.F.: ‘AMASS)s, (DAMP)s,
(STIFF)s.

Form matrices [m]. [c). [k] in block
diagonal form.
}

write [k] on Tape 12.

P

Form the first order equation coefficient
equation coefficient matrices {A] and (8].

Pigure D-10. Plow Diagram for OVERLAY (TEMP, 2,4)

D-11



OVERLAY (TEMP,2,5)

Multiply [AJ*[T], [B)*[T].

Maltiply (T]7 [AT] = (A, 3.
()" (811 = [8,]

3

Invert matrix [Ay].

Generate reduced system dynamic matrix
8 o ."
(0,1 = -[A,17"+(s,).

Figure D-11. Flow Diagram for OVERLAY (TEMP, 2,5)

D~-12



OVERLAY (TEMP,3,0)

solve for complex system eigenvalues and
_efgenvectors [Y

!
Compute physical eigenvectors (¥ ] = [4]
tr,1. 4

*

T
Form [A,) = [Y,) (A3 07,1 |

:

Write NCOLT (number of eigenvalues), phys-
{cal eigenvectors [?u]. [Az] and eigen-

values [ ] on Tape 12.

Diagonalize dymamic matrix.
If [Yy]" [D,][Yy] # -[A) within a toler-
ance, print matrix avgd a warning.

rigure D-12. Flow Diagram for OVERLAY (TEMP,3,0)

D~-13



OVERLAY (TEMP,4,1)

Read namelist SHAKE.

I

1f NWHEEL70, read wheelset cards and gen-
erate forces and phases.

4
Read dats from M.D.F., Tape 12.

$

Form [A]7).

¥
Truncate [Az]" [1“].r to accept forces

only at physical coordinates specified in
LAXLE.

Truncate [!u] to provide response only
at coordinates spectified in LOOK.

If XONVS*1 and modal truncation has occurred,
compute static correction, RSTAT, at response
coordinates. :

RSTAT - W, - H, (10)M

° S TR I
N, = Ced (81 ([81" [x] (D)™ (B [o]
° mo .-2 i‘lMSO

1f WFREQ>O, 90 t0 7a and compute frequency
response.

1f WFOUR>0, 90 to 70 and compute periodic
TOSPOnRse .

Figure D-13. Flow Diagram for Segmeant 4

D-14



OVERLAY (TEMP,4,2)

Create frequency spectrum between OMIN and
OMAX on a Logw scale with NFREQ divisions.

!

Compute frequency dependent physical forces
{F,(18)} = ([FORCH + (12)FORCI + (ia)ZFORC2)
.-1(2:PMSI + IPHASY )}

I

Compute modal displacement response {RM(12)}
B (L SRR T O R OB LR CH ST

!

Compute physical coordinate response {RU(iQ)}
= ([y,] {M(1)} + RSTAT} (1)<

Create PSO(f). Create §(f).

Compute response PSD. ¢ | Compute sinusoidal response
PSD““) = RU(F)RU=(F)PSD(T). u(t) = RU(r)s(f).

o = ( S Pso (nen'/?
NN *
Compute mean power frequency.

Pigure D-14. Flow Diagram for Frequency Response

D-1$%



OVERLAY (TEMP,4,3)

YES /NTIME = O\ NO

Input
AOVER2,
Aand B

by hand.

Convert WAVE to a piecewise iinear function of
TIME from 0.0 to PERIOD seconds.

Calculate Fourier coefficients of WAVE .
T
A, -?r d WAVE (t)cosZPtdt  n=0,1,... NFOUR

-ﬂN

r
({ WAVE (t)stnZihat  nel,... NFOWR

Figure D~-15.

Dh-z-?'- n = wave number

Compute modal disphcenent response {RH(m )}
RN IE T I O i 6 LR TA(E ).

Compute Fourier coefficients of response.
R (12,) = [r,] (RM(ig,))
A, - tealllR (19, )rsTATY (19, ¥ T"0 (A _18,))
n=0,...,NFOUR
°, - -mg((au(m,.)»nsnn(m“)"“”(an-un))

Yp
n=1,...,NFOUR

Compute time history of response over one period.
NFOUR 2nnt
R(t) « 3"+ '5‘ (Auncos—r* .u sin—-nr-)

1

Find minimum and meximm response.
find AMS response, ¢

NFOUR .12
2 .22
% " B’nfl ("'u * ."n )]

E

D -16

Plow Diagram for Periodic KRasponse



APPENDIX E
REPORT OF INVENTIONS

In accordance with the patent rights clause of the terms

and conditions of this contract, and after comprehensive
review of the work performed, it was found that no new
patentable items were produced under this contract. How-
ever, significant innovations and improvements were made
relative to the DYNALIST computer program and its documenta-
tion, as summarized in Section 1 of Volume III. In particu-
lar these include: (1) a component matrix generator which
operates as a D finite element modeling program where
elaments consist of rigid bodies, flexural bodies, wheelsets,
suspension elements, and point masses assembled on a nodal
skeleton; (2) a periodic and transient time-history response
capability; (3) a component update capability for parametric
studies; (4) an orthogonality check on component and system
complex eigenvectors; (5) an option for improving low-
frequencey convergence under modal truncation; (6) a more
general sine-amplitude forcing function capability; (7) auto-
matic phase lag generation; (8) user controlled scaling
options on all response plots; and a number of additional
minor improvements. The overall utility of the program has
been enhanced accordingly.

E-1
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