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I. INTRODUCTION

This manual describes the use of the DYNALIST II computer
program for linear dynamic analysis of rail vehicle systems.
The program provides a general capability for stability analy-
sis and for computing vehicle reéponse to either sinusoidal

or random guideway irregularities. The building block concept
is used to achieve modeling flexibility. A variety of systems
may be studied by assembling the user generated cbmponents in
different ways.

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

e Simplified input

e 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. Model-
ing flexibility is provided for by the generality of the mathe-
matical formulation which utilizes a subsystems modeling approach.
Computational efficiency is achieved through use of the QR al-
gorithm to compute complex eigenvalues and eigenvectors which
are used in both stability and response analysis. Modal syn-
thesis provides a means of keeping the size of any single eigen-
problem 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 de-
tail and specify operating instructions as well as preparation
of input data. Both printed and plotted forms of program gen-

erated output are described and a sample problem is presented.



A separate chapter with some discussion of user experience
to date was considered for inclusion in this manual. However,

the transient nature of this material and the need for some

updates, identification and elimination of computational bugs,
as well as commeﬁtary on current experience and guidelines
for future use, suggests an alternative format. Several User
Bulletins are supplied with this manual. It is anticipated
that as user experience accumulates, additional bulletins

will be issued.



IT.. PROGRAM DESCRIPTION

DYNALIST II is constructed of four segments. A series of
flow diagrams are shown in Figure 1 which follows this chapter.

'The functions of these four segments are as follows:

Segment 1. Determine modes for a component and create, or
add to, a component data file. A modal data bank
and data file may also be created for use in cal-

culating component response in program Segment 4.

Segment 2, Edit (truncate modes from) the various components

on a component data file.

Synthesize component data (edited or un-edited)

)
[ ]

Segment
into a system and determine system modes. A modal
data bank and data file may also be created for
use in calculating system response in program

Segment 4.

Ségment 4, Obtain frequency response at specified physical
coordinates due to forces applied at specified
physical coordinates. Response due to stationary

random or sinusoidal frequency-dependent forces
may also be found. Excitation and response charac-

“teristics may be plotted on a standard plotting device.

1. Segment 1: Component Modes

Segment 1 calculates eigenvalues and eigenvectors for dynamic
systems which can be described in terms of matrix equations of

motion of the form
m] {$} + [e] {p} + (k] {p} = {0}

‘m, ¢ and k are real matrices input in the p-coordinate system,

which is the same coordinate system in which the component



eigenvectors are printed out. A physical u-coordinate sYstem

is defined by the matrix ¢ in the manner
{u} = [¢]1 {p}

It is the physical u-coordinate system to which constraints

and forces will be applied in later segments.

The p-coordinate system must be input with constraint coordi-
nates first, followed by the free coordinates. Eigenvectors
will be computed only for the free coordinates. TIf NFREE = 0,

no eigenproblem ' will be solved.

Segment 1 will automatically generate the matrices m; c, k
and ¢ for the rail vehicle systems shown in Figures 2-2 and
3-3(a) of Reference 1. The system shown in Figure 2-2 is a
six degree-of-freedom truck. IGEN = 2 will generate a truck.
The system shown in Figure 3-3(a) is a fourteen degree-of-

freedom car. IGEN = 1 will generate a car.

DYNALIST II has the capability of computing response of a
component directly, without first using modal synthesis tech-
niques. In order to exercise this option IRESP must be non-
zero ( = 1 or 2). This sets up a modal data bank in core and,
if IRESP = 2, a modal data file on TAPE 12. The program is
also structured to permit use of the subsystems modeling
approach without transformation to component modal coordinates.
The use of this option is recommended whenever component mode

truncation is not required.

2. Segment 2: Truncation of Modes

1

Segment 2 has the capability of removing modes from any or all
of the components on the component data file. The number of
modes to be retained for each component must be specified in
the vector NMODE2. The modes to be retained are listed in

MODES. Remember that Segment 1 produces two modes for each

-4~



degree-of-freedom in the eigenproblem it solves. These modes
are in order, from highest to lowest, of the magnitude of the

complex eigenvalue, XA = o + iw.

3. ~Segment 3: Component Mode Synthesis

Segment 3 uses component data to create a new set of modal
coordinates, sélves an eigenproblem of the kind discussed in
Section II-lYand then converts the eigenvectors back to the
system u-coordinates. Response data, as in Segment 1, will be
generated if IRESP # 0 and a modal data file will be created
if IRESP = 2.

Segment 3 assembles components ih order. The coupled system
has a p-coordinate. system and a u-coordinate system, the same
as for a component. The coupled coordinates are the same as
the component coordinates, ordered in the same way as the
components are assembled. Components are assembled in the or-
der in which the component names are listed in’ the vector
PRENAM. The three-car train of Figure 3 is assembled using
five components, NCOMP = 5, from two unique components, 1 and 2.
These components are assembled using PRENAM = (1, 2, 1, 2, 1),
which results in the coordinates being numbered as shown in
Figure 3. Eight physical displacement constraints are applied
to the components in the system to form them into a train. '

The constraints are applied in the u~coordinate system and have

the form
[G] {u} = u, - u, = 0
Uyjz “Ug =0
(u3 —114)/L —118 = 0

Ujg = Y9 =0
Yoz T Y =0
(W3 —uy)/L - Ug =0
(Wy3 = Uy )/L = uyy =0



Thus, NﬁOWG will equal 8 and the third constraint, for example,
would be input as G(3, 3) = 1/L, G(3, 4) = - 1/L, G(3, 8) = -1.

One last piece of information is needed to complete the syn-

thesis. This is the list of dependent constrained p-coordinates.

There will be as many dependent constraint coordinates as there
are physical constraints. It is necessary to look at the sys-
tem being synthesized to see which constraint coordinates are

completely indépendent of each other. These coordinates will

then be made dependent upon the remaining coordinates. These
dependent constraint coordinates are listed in KDEP. For the
system of Figure 3, KDEP = (7, 8, 9, 10, 17, 18, 19, 20). Never

include a free coordinate in KDEP.

4, Segment 4: Frequency Response

Segment 4 calculates frequency response at specified physical
coordinates given forces at specified physical coordinates.
The form of the force vector Fu (i @) is in general

. *
F. (iQ) = [FORCOj + (i @) FORCL, + (i 0) 2 FORCZjJ el § PHASE,

u.
J

NAXLE specifies the number of u-coordinates having applied
forceé; the numbers of these coordinates is contained in LAXLE.
NLOOK specifies the number of u-coordinates where frequency re-
sponse 1is desired, LOOK specifies the coordinate numbers.
Thus, for the train shown in Figure 3, if response is desired
147 Yoy and Uyer NAXLE = 12,
LAXLE = (1, 2, 5, 6, 11, 12, 15, 16, 21, 22, 25, 26), NLOOK = 4,
and LOOK = (4, 14, 24, 26).

at coordinates Uy, u

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 end of program execution using the CATALOG Statement

—
See Section 2.5, and in particular, Equation (2-38) of
referenced report.



(see section III). -They may then be -used to restart the
program at a later time using the ATTACH Statement (see
Section ITTI).

TAPE 10 and TAPE 11 are used as component data files only.
Component data files are created'and added to in program Seg-
ment 1. They may be edited in program Segment 2. A component
data file (C.D.F.) contains the information necessary to de-
scribe one or more unique components. Each component has a
unique "name", COMNAM (an F6.2 number). Each time program
Segment 1 is called, a new C.D.F. may be created (by speci-
fying NEWTAP = 0) or the component data may be added to the
existing C.D.F. (NEWTAP = 1l). Each time component infor-
mation is added, in Segment 1,..the information on the C.D.F.
previously used is transferred to Ehe other C.D.F¥. along with
the new information. When and if component information is
edited, in Segment 2, information ig,taken from the C.D.F.
previously used, then edited and then transferred to the other
C.D.F.. Program Segment 3 finds information for the various
components it wants to assemble by looking for their "names"
on the previousi& used C.D.F.. Segment 3 does not alter the
information on a C.D.F. but it does switch the tape numbers as
shown in Figure 1 just as do Segments 1 and 3. Each time
program Segments 1, 2 and 3 are completed the message "THE
ABOVE DATA IS NOW ON TAPE XX," (XX

This information informs the user which file was previously

10 or 11) is printed.

used. When a run is made using a previously generated C.D.F.,
that file should always be mounted on TAPE 10. Execution using
this file may begin with any of program Segments 1, 2 or 3.
Cases may be stacked. A stacked case may use a C.D.F. pro=
duced in the previous case or a new C.D.F. can be created

from scratch. The layout of the C.D.F. is shown in Figure 2.

TAPE 12 is used both as a working file and as a modal data

file (M.D.F.). Program Segment 3 uses TAPE 12 as a working

-7 -



file, so each time Segment 3 is entered, any modal infor-
mation on TAPE 12 will be destroyed. An M.D.F. can be

created in either of prdgram Segments 1 or 3 by specifying

nNHATD  — oy - 3 L1 3 . [
or e

.IRE = 2. An M.D.F. contains all the information necessary

to compute frequency response except for force and frequency
range information. Program Segments 1 and 3 also store the
necessary information to compute response in common blocks

if IRESP = 1 or 2. However, this information is destroyed

upon execution of any segment. The user does not need to
create an M.D.F. to calculate response, but he must go directly
to Segment 4 to do so. Segment 4 takes its information from
common blocks unless IRESP = 2, in which case the information

is taken from the M.D.F.

6. Program Limits

DYNALIST II was designed to require no more than 150,2008 of

core for the compiled overlay structure and all storage. Using
the techniques of generating and loading the overlay structure,

as described in Section III, no more than 108K of core should

be required to load the program. The program has been run

using less than 160,K of core. 1In order to limit the size of

8
the program there are limits to the sizes of various matrices

and vectors read into the program. These are listed below:

(1) m, c and k matrices are of maximum size = 25 x 25.
(2) Maximum number of component p-coordinates,

~ NCON+NRIGS+NFREE = 25
(3) Maximum. number of component u-coordinates NU = 50,
(4) Maximum size of ¢ matrix = 50 x 25.
(5) Maximum number of components on a C.D.F. = 10, )
(6) Maximum number of assembled components, NCOMP = 10.
(7) Maximum number  -of constraints, NROWG = 25.
(8) Maximum number of system—coordinates, NCOLT = 50.
(9) Maximum number of system coupled u-coordinates,

NUNCOT = 100.



(10) Maximum number of applied forces, NAXLE = 100.
(11) Maximum number of response coordinates, NLOOK = 100;

(12) Maximum number of power spectral density data points, -

NPSD = 50. A
(13) a. Maximum number of @ivisions in fregquency spectrum,
NSTEP = 500.

b. Maximum number of frequency increments times
system modes retained for response, NSTEP X MORE
= 8,000. ’

The number of system modes referrred to in (8), NCOLT, may‘be
calculated in the following manner. Add the number of constraint
and rigid body coordinates for all components assembled in the
system. Subtract the number of constraints, NROWG, since each
constraint eliminates an indepéﬁaent,boundary coordinate. Mul-
tiply this total by two since the second order equations are
converted to first order equations by doubling the number of vari-
ables. To this add the sum of the number of modes retained for

all components.

This final sum will be the number of system eigenvalues found
in Segment 3. The number of system coupled u-coordinates is
equal to the sum of the physical coordinates, NU, for all compon-

ents assembled.

NCOMP NCOMP
NCOLT = Z <NRIGS(I)+NCON(I)> -NROWG|x 2 + Z NMODE2 (I)
I=1 I=1
NCOMP
NUNCOT = Z NU (I)
I=1 ’
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Figure le. Flow diagram for OVERLAY (2,1).
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Entry Point (1) i

Tot. No. Comp., NOCOM

PRENAM, Comp. 1
2

NOCOM

Nd, Comp. 1
2
NOCOM
NCON, Comp. 1
2
NOCOM
NRIGS, Comp. 1
2
NOCOM
NFREE, Comp. 1
2
a NOCOM
PHI, Comp. 1
2
NOCOM
Entry Point (2) -
NMODES or NMODEZ2
Eigen-
values, Comp. ;
NOCOM
Eigen-
vectors Comp. ;
Entry Point (3) B NOCOM
AMASS, Comp. 1
: 2.
NOCOM
DAMP,  Comp. 1
2
NOCOM
STIFF, Comp. 1
2
NOCOM

Figure 2. Layout of Component Data File (C.D.F.)
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IIT. OPERATING INSTRUCTIONS

1. Creating and Storing an Overlay Structure
The job control language, JCL , necessary to compile DYNALIST

a permanent file is shown below. This JCL pertains to the
CDC-6600 Scope operating system. Storing the program in this
manner saves core capacity at run time and also decreases

running time.

Card

H

SCHARGE , XXXXXXX-YYY.
JOB,CM60000,CL200000,T200,I0500,P2.
COPYBR, INPUT , TAPES . IR
REWIND, TAPES.

COPYSBF, TAPE5 ,OUTPUT.

REWIND, TAPES .

REQUEST, TEMP, *PF.

RUN(S,,,rs,30000) or FTN(OPT=2)
RFL,200000.

NOGO. |

TEMP .

CATALOG, TEMP, DYNALIST.

EXIT(S)

7/8/9

DYNALIST II Sample Problem 1

7/8/9

DYNALIST II Source Deck

6/7/8/9 ,

O W O J O U s W N

i
N

=R
=W

Card 1 gives the operator's charge number, for billing purposes.
Card 2 gives time limits, run priority and ecore limits. CM

is the core necessary to compile and CL is the core necessary
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to load and run. Cards 3-6 place the data deck on the output
file for easy reference. Card 7 sets aside a permanent file
for DYNALIST which we will later catalog. Card 8 may take
one of two forms; RUN and FTN. These atthWQ different CDC
Fortran compilers. DYNALIST is presently compatible with the
RUN compiler. In order to use the FTN compiler, the Return
Statements at the end of all primary and secondary overlays
must be removed. RFL on Card 9 kicks up the size of the re-
quired core from 608K to 2008K. NOGO on card 10 generates

the overlay structure, and TEMP on card 11 loads and executes
the overlay structure. The compiled program is then cataloged
on permanent file DYNALIST. EXIT(S) and the 7/8/9 card ter-
minate the JCL. A ‘sample problem should be included to test
the program followed by another 7/8/?‘card and the DYNALIST II

source deck and a 6/7/8/9 termination card.

2. Using DYNALIST Permanent File

Having placed the Overlay Structure of DYNALIST II on the
permanent file, all that is required to execute the program

is the ATTACH statement of Card 7 and the TEMP statement of
Card 10 (following page). Any C.D.F. or M.D.F.,on permanent
file needed to execute the program should also be brought in

to the program using the ATTACH statement of Card 8. Here
TAPEYY will be TAPE10 if a C.D.F. is to be used, and TAPEYY
will be TAPE12 if an M.D.F. is to be used. If a C.D.F. or an
M.D.F. is to be saved after program execution, a permanent

file must first be set up using the REQUEST statement of Card 9.
If a C.D.F. is to be saved, TAPEXX will be TAPE10 or TAPEll.

If an M.D.F. is to be saved, TAPEXX will be TAPEl2. The data
file is saved using the CATALOG statement of Card 11. TAPEXX
is as described above. RP=10 means that the file will be saved
for only ten days and will automatically purge itself after
that period. Note that, using this method, oply 1608K of core

is required to execute the program.
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Card

SCHARGE , XXXXXXX-YYY.
JOB,CM160000,T150,10300,P2,TP1.
COPYBR, INPUT, TAPES.

REWIND, TAPES.
COPYSBF, TAPES ,OUTPUT.

REWIND, TAPES.
ATTACH, TEMP ,DYNALIST.
ATTACH,TAPEYY, OLDATA.
.REQUEST,TAPEXX,*PF.

TEMP. ~
CATALOG, TAPEXX, NEWDATA, RP=10.
EXIT(S)

7/8/9

DYNALIST II Data Deck
6/7/8/9

O 00 3 O Ul bW

I I
w N - o

3. Namelist Strategy

Namelist data_inpﬁt, once learned, gives the user an extremely
flexible tool for controlling the execution of DYNALIST II and
for supplying the program with the information it needs. DYNA-
LIST II has five namelists; START, COMPO, EDITT, SYN and SHAKE.
Namelist START contains program control information. It deter-
mines which of the four-program segments will be executed next.
The next four namelists, COMPO, EDITT, SYN and SHAKE supply
information necessary to Segments 1,2,3 and 4 respectively. If
START directs érogram control to Segment 2, then the next name-
list in the data deck should be EDITT. Remember that the first
column of each card must be blank. A namelist line begins with a
dollar sign followed by the namelist name. The name is followed
by one or more blanks and then the members of the namelist are
given, always followed by a comma. The members of a namelist

may be entered in any order or not entered at all. Having
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specified the data to be given to the program, the namelist
is termihated with another dollar sign and the word END.

As a practical example suppose the user wishes to edit the

Ta ~ m
4

~ n I ~rre A~ 3 H Y
C.D.F. for the system of Figu 3. This system has two unigue

gure

components, Component 1 and Component 2. Component 1 has six
free coordinates so it will have twelve modes on’ the C.D.F.
The modes will be in order from highest eigenvalue modulus to
the lowest. We will retain the six lowest 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.

$SSTART NTYPE=2,IFOUT=0, o
SEND ' o
SEDITT '

NMODE2 (1)=6,0,

MODES (1,1)=7,8,9,10,11,12,

SEND

$SSTART NTYPE=5,

SEND

Note that the elements of a vector may be entered sequentially

without giving the position of each element within the vector.

A matrix may also have its elements entered sequentially, column

by column. If Component 2 had six modes to retain and we wished

to retain the four lowest of them these modes could be entered

as MODES (1,2)=3,4,5,6,.
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Iv. : DATA SET-UP

1. Namelist Directory .

Overlay (0,0):

Segment 1:

Segment>2:

Segment 3:

Segment- 4:

Namelist START
NTYPE, IFOUT, NEWTAP, IRESP

Namelist COMPO

COMNAM, IGEN, NU, NCONS, NRIGS, NFREE
ISYMM, ISYMC, ISYMK, AMASS (25,25),

DAMP (25,25), STIFF (25,25), PHI, (50,
25), VELO, CREEP, RAD, CONE, GAGE, TWB,
CWB, MW, AIW, AMT, AIT, AMC, AIC, DLW,
DYW, DLT, DYT,. SLw, SYW, SLT, SYT, ASYMM

Namelist EDITT
NMODE 2(10), MODES (50,10)

“Namelist SYN

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

Namelist SHAKE _
MORE, MODES (50), NAXLE, LAXLE (100),
NLOOK, LOOK (100), IGEN, FORCO (100),
FORC1 (100), FORC2 (100), PHASE (100),
OMIN, OMAX, NSTEP, KIND, NPSD, PDS (50),
CYCLS (50), ISIN, HITE, HERTZ, IPLOT,
NPLOT (100), SIZE
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2. . Input Parameters and Format

All input to the program with the exception of Card 1 (the
‘title card) is namelist input. There are five namelist

blocks START, COMPO, EDITT, SYN and SHAKE. These namelist
blocks are stacked in pairs with the first block of the pair
always being START. The second block of a péir can be either
COMPO, EDITT, SYN or SHAKE. COMPO is entered if the user wants
to determine modes for a component and create or add to a
component data file. EDITT is entered if the user wants to
edit a component data file. SYN is entered if the user wants
to complete the synthesis using data from a component data
file. The user must specify whether he is entering COMPO,
EDITT, SYN or SHAKE by settinquthefparameter NTYPE, which is
contained in namelist block START. The values to which NTYPE
must be set are defined below along with all other input para-

meters.

card 1 of a run is a title card of up to 80 characters (FORMAT
8A10). The first character should be blank.

The following four parameters are input in namelist block
START.

NTYPE: NTYPE specifies whether the data following is for
determining the modes of a component (NTYPE=1),
editing a component mode data file (NTYPE=2),
synthesizing the component modes to obtain the
system modes (NTYPE=3), or computing response at
physical coordinates (NTYPE=4). Upon completion
of all steps termination is achieved by specifying
NTYPE=5. ' '

-15-



IFQUT: IFOUT 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

am o

s. IFOUT#0 means print the results of most
intermediate calculations. This is useful for de-
bugging and interpretation, but it is also somewhat

expensive.

NEWTAP : NEWTAP only has to be specified when NTYPE=1 and
is ignored when NTYPE=2, 3 or 4. If a new com-
ponent data file is to be created NEWTAP=0. If
the data for the component which is to be analyzed
is to be.added to an existing component data file,
NEWTAP#0. et

o

IRESP: IRESP need only be specified when NTYPE=1l, 3 or 4.
IRESP defaults to zero. In program segments 1
and 3 (NTYPE=1 and 3) the AZ matrix and the physical

eigenvectors must be generated in order to calculate

response later. This information will be generated

if IRESP#O. If IRESP=2 this information will be used
to make a modal data file on Tape 12. In program
segment 4 (NTYPE=4) the modal data will be drawn from
common unless IRESP=2, in which case it will read
from the modal data file on Tape 12. IRESP defaults

"to zero.

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

¥

COMNAM : A six digit "name" (F6.2) to be associated with the

component data.
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IGEN: -

A flag to indicate whether. component data 1s to be

~given in matrix form or whether the matrices are to

be automatically generated for the lateral car model.
IGEN=1 means generate coefficient matrices for a car.
IGEN=2 means generate component data for a truck.
IGEN defaults to zero, in which case the following

rail vehicle data are ignored:

Rail Vehicle Data for COMPO

VELO: .

CREEP:
RAD:

CONE:

| AIN:
AMT:
AMC:
- aIC:
' DLW:

DYW:

Vehicle forward velocity.
Rail creep coefficient.

Wheel radius.

RV
' :
RS

Mean wheel cone angle.b S
Track gauge.
Truck wheelbase, distance between wheelsets.

Car wheelbase, distance between truck attachment

points.

Wheelset mass.

Wheelset moment of inertia.
Truck mass.

Truck moment of inertia.
Car mass.

Car moment of inertia.
Wheelset lateral damping.

Wheelset yaw damping.
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" DLT: Truck lateral damping.

DYT: | Truck yaw damping.
- SLW: Wheelset lateral st.iff_n_e%s=

SYW: Wheelset yaw stiffness;

SLT: Truck lateral stiffness.

SYT: Truck yaw stiffness.

ASYMM: A small number to perturb the wheelset and truck

masses slightly in order to avoid repeated roots.
Default is to .0025. '

The following members of namelist COMPO must be input when
IGEN=0. When IGEN#0, they are computed automatically.

NU: The total number of physicdl coordinates of the

component., NU is the number of rows in the PHI
matrix. When IGEN=1l, NU=14, when IGEN=2, NU=6.

NCON: The total number of constraint coordinates of the
- component. When IGEN#0, NCON=0.

NRIGS : The total number of rigid body coordinates of
the component. When IGEN#0, NRIGS=0.

NFREE : The total number of free coordinates in the
' component p-coordinate system. When IGEN#0,
NFREE=NU.
PHI: A matrix relating the component p-~coordinates (coh-

strained, rigid body and free coordinates) to the

physical u-coordinate system. PHI has NU rows and
NCON+NRIGS+NFREE columns. Only the non-zero terms
of PHI need be entered and when IGEN#0, PHI is the

identity matrix.
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- AMASS:

LSYMM
I5YM

’
C;
ISYMK:

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

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

The component stiffness matrix. Only the non-zero

terms need be entered.

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

is a non~diagonal, symmetric matrix the appropriate
flag should be set to 1l and only the non-zero upper-
triangular terms need Eéfehtered. Default is to zero.

The following parameters are input only when NTYPE=2. They

are input in namelist block EDITT.

NMODE2 :

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 elements of NMODEZ2 must
be less than or equal to the number of modes on the
input component data file for the corresponding com-
ponent. If no modes for a particular component are
to be retained or the component had no normal modes
to begin with, a zero must be entered for the corres-

ponding element of NMODE2.
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MODES:

MODES is a matrix which specifies the modes to be
retained for each component on the edited component
mode data file. MODES (1,1) through MODES (NMODE2(1l),
1) are the modes to be retained for the first com-
ponent on the 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) must be
greater than or equal to one and less than or equal
to the number of modes recorded for component I on
the input component data file. If component I is
to have no modes retained or if component I has no

modes to begin with MODES (X,I) need have no entries.

The following parameters are input.oﬁiy when NTYPE=3. They are

entered

NCOMP :

PRENAM :

in namelist block SYN.

The number of components involved in the synthesis.
Note that if data for a component on the component
data file are used more than once, NCOMP is incremented

each time it is used.

A vector of length NCOMP. The values of PRENAM are

floating point names (numbers) of the format F6.2.
The values of PRENAM correspond to 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 COMNAM which was in-

put in common block COMPO). Note in particular that
the values of PRENAM need not be unique (i.e., PRENAM(I)
may equal PRENAM(i+P) for any P provided, of course,
that I+P<NCOMP).
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NROWG:

[0}

KDEP:

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

The matrix defining'the constraint relationships
amohg the component coordinates. G has NROWG rows
and a column for each unconnected coordinate of the
complete system. NROWG is the number of constraint
relationships. Only the non-zero terms of G need
be entered. |

A vector containing a list of all the dependént con-
straint and rigid body coordinates in the system
uncoupled p-coordinate system. KDEP should have
NROWG entries since each connection constraint equa-
tion is used to eliminate one degree-of-freedom. No

free coordinate should be named in KDEP.

The following parameters are input in namelist block SHAKE.

OMIN:

OMAX:

NSTEP:

The lower bound of the frequency spectrum over which
frequency response will be computed. OMIN is given
in Hertz and should not equal zero since the fre-

qguency 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 and should not equal zero.

The number of divisions into which the frequency
spectrum will be divided. For plots, NSTEP should
be a large number, such as 200 for a frequency spec-
trum having four cycles on a logarithmic scale. 1In
order not to exceed available core space the product
of NSTEP times the number of system modes retained

to compute response should not exceed 8,000.
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FORCO:

FORC1l:

FORC2:

PHASE:

NLOOK:

LOOK:

KIND:

The number of physical coordinates where forces are

applied.

The numbers of the physical coordinates
tem coupled u-coordinate system,

are applied.

The displacement-dependent forces. FORCO 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 velocity-dependent forces. FORC1l has entries
for each of the coordinates named in LAXLE. Only

the non-zero terms need be entered.

The acceleration-dependent forces. FORC2 has entries

- for each of the coordinates named in LAXLE. Only

the non-zero terms need be entered.

The relative phase lag at each force coordinate.
For the train application, the lead wheel has a
PHASE of zero. The trailing wheels have PHASE
equal to the 2/V ratio, where 2 is the distance
behind the lead wheel and V is the vehicle for-
ward velocity. Only the non-zero terms of PHASE

need be entered.

Thevnumber of physical coordinates where frequency

response is desired.

The numbers of the physical coordinates, in the
system uncoupled u-coordinate system, where response

is desired.

KIND determines whether the frequency response cal-
culated is for displacement response, velocity

response or acceleration response. KIND=0 means
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zero-order, or displacement response will be com-
puted. KIND=1 gives first-order, or velocity,
response. KIND=2 gives second-order, or accelera-

tion, response. KIND defaults to 2.

MORE : If modal truncation is to be used for response after
the system eigenvalues.ﬁave been computed, then MORE
should be given some value less than the number
of system modes corresponding to the number of sys-
tem modes which will be retained for response cal-
culations. If MORE is: not specified then no modal
truncation will occur, and MORE will default to
NCOLT, the number of system modes.

MODES : If modal truncation is used in response calculations
then MODES will contéiﬁ'theinumberS'of the system
modes to be retained. MODES should have MORE entries.
When MORE is unspecified MODES should be unspecified.

IGEN: When the automatic rail-vehicle matrix generation
' option is used in program segment 1 , wheel-rail

interaction forces are stored in common. By
specifying IGEN not egal to zero, these forces will
“be used to automatically generate the force vectors
FORCO, FORCl and FORCZ. NAXLE, LAXLE and PHASE must
still be input by hand. This force information is
lost whén the program is restarted using component
or modal information stored on tape. IGEN defaults

to zero.

" NPSD: When NPSD is given some value greater than or equal

to two, response to a stationary random track inpﬁt
will be computed in addition to frequency response.
NPSD represents the number of points where power
spectral density data will be input.. DYNALIST II

-23-



CYCLS:

PSD:

ISIN:

HITE:

HERTZ:

interpolates a straight line on a log—-log scale
between these points, thus at least two points
must be given to properly define the P.S.D. of
the input over the frequency spectrum. NPSD

may equal 50 at most. NPSD defaults to zero.

CYCLS is a vector containing the frequencies from
lowest to highest, in Hz., at which the power
spectral density of the forcing function is given
in the vector P.S.D. CYCLS must contain NPSD
entries. CYCLS must bound the frequency spectrum,
thus CYCLS (1) must be 5_0 OMIN and CYCLS (NPSD)
> OMAX. |

3

PSD contains the power“ébéctral density of the
forcing function at the frequencies given in CYCLS.
PSD will have NPSD entries.

If response due to a frequency dependent sinusoidal
input is desired in addition to frequency response,
set ISIN=1l. Never invoke the power spectral density
option and the sinusoidal input option in the same
call to program segment 4 . The program is incapable
of computing frequency response, power spectral
density of response and response to a sinusoidal in-
put all at the same time. ISIN defaults to zero.

HITE is the amplitude of the sinusoidal track

irregularity at the frequencv specified in HERTZ.

The frequency in HERTZ at which the fregquency de-:

pendent- sinusoidal input is given.
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. IPLOT:

NPLOT :

SIZE:

If frequency response plots are to be made IPLOT

is set equal to one. IPLOT defaults to zero.

For each coordinate specified in LOOK, NPLOT should
be non-zero if response,at that coordinate is to
be plotted, and NPLOT should be zero if response
at that coordinate is not to be plotted. NPLOT

defaults to zero.

SIZE specifies the height from the bottom of the
plot to the top of the plot, in inches. It scales
all dimensions . of the plots to the same proportions.
SIZE defaults to 11 inches, which is the standard
width of the CAL-COME Plotter. SIZE=8.0 gives

notebook size plots. .-
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V.

DYNALIST I1I OUTPUT

DYNALIST II produces both printed and plotted outputs. All

program printed output is preceded by explanatory headers.

There are four general categories of printed output. These

are as follows:

(1)

(2)

(3)

Program Card Input: Card input to the program is

printed under appropriate headings. In the case
of matrices input in namelist statements, where
only the non-zero elements need be entered, the

entire matrix, including zero elements, is printed.

Intermediate Results: The results of many inter-

mediate calculations are printed if the input flag
IFOUT is set non-zero (seé-definitions of ‘input
parameters). This option 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.

Results: Results of program Segment 1 are considered
to be the eigenvalues and eigenvectors of the compo=
nent. Each eigenvector is printed along with its
associated eigenvalue and the eigenvalues are num-
bered sequentially. The order in which the eigen-
values and eigenvectors appear on the printed output
(and the order in which théy are numbered) is the
same order as they are written on the output compo-
nent data file. To edit the modes of the component
(program Segment 2), the numbers appearing with the
eigenvalues and eigenvectors in the output of program
Segment 1 can be used. Note that the eigenvectors

of Segment 1 are in the p-coordinate system which is
the same coordinate system in which the component

mass, damping and stiffness matrices are input.
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Printed results of Segment 2 consist of editing

information.

Printed results of Segment 3 consist of the final
system eigenvalues and eigenvectors. Each eigen-
value is printed along with its associated eigen-
vector. The eigenvectors have been transformed

back to the system uncoupled u-coordinates.

Printed results of Segment 4 consist of the response
and phase (in degrees) at each specified system
u-coordinate at each frequency. The frequency re-
sponse is that due to an input of unit amplitude.

In addition, if a sinusoidal input was specified,

the magnitude of thehSinusqidal input and the response
due to that input is given at each u-coordinate at

each frequency. If a power spectral density input

was specified, the magnitude of the p.s.d., along

with the p.s.d. of the response, is given for each
frequency. The integral of the response p.s.d.,

the mean square value of response, is also given for
each u-coordinate, in addition to the mean sguare value
of the input, when a p.s.d. input is given. The frequency
spectrum is given in Hertz on a loglo scale. Thus, all
frequencies will have to be converted back to Hertz by

the user.

(4) Tape Identification: Upon completion of any of program

Segments 1, 2 and 3, one of the following messages

is printed: THE ABOVE DATA IS NOW ON TAPE 1.0, or '
THE ABOVE DATA IS NOW ON TAPE 11. The file referenced
in this message is the latest update of the component
data file, except that after completion of program
Segment 3 no data was added to the C.D.F. and it is
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the other tape.which was last revised.

If modal data files were created in either of Seg-
ments 1 or 3, the following message is printed:
RESPONSE DATA IS NOW ON TAPE 12,

Plotted output from Segment 4 consists of frequency response
curves for each u-coordinate specified in LOOK. The number

of the u-coordinate is written on the plot, along with a head-
ing telling if acceleration, velocity or displacement response
is given. If a power spectral density or sinusoidal input is
given, the magnitude of the input over the frequency spectrum
is also plotted. In addition to‘frequency response, a plot
depicting response. to the given input is also produced. Both
scales on the plots are logarithmic in order to accurately pre-

sent response over the full range of frequencies and amplitudes.

Sample output for Sample Problem 2 is included in Appendix A.

Sample Problem 2 is described in Section VI.
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VI. SAMPLE PROBLEMS

There are four sample problems included with the DYNALIST IT
source deck which accompanies this USER'S MANUAL. These
.samples include the job control language necessary to execute
the problems. The sample probleﬁs are intended to check out
as many program options as possible as well as to acquaint the
user with these options. Listings of the four sample prob-

lems are included at the end of this section.

Sample Problem 1l: Sample Problem 1 is to be run with the
DYNALIST II source deck as shown in Section III-1. The prob-

lem computes eigenvalues and eigenvectors for a six-degree-of-
freedom vertical car model. Three of these cars are combined
with linking components havingtﬁéﬁhlvertical and pitch stiff-
ness, as shown in Figure 3. Mode shapes for the three-car
train are found using no component mode truncation. Response
is then found at system u-coordinates 4, 14, 24 and 26, which
are shown in Figure 3. Response to a sinusoidal input is also
fdund. No plots are produced in order to check out the basic
program without getting involved with plotter incompatibilities.
If Sample Problem 1 runs properly, a permanent file containing
the DYNALIST II Overlay structure will be produced. Sample

Problems 2-4 may use this permanent file.

Sample Problem 2: Sample Problem 2 finds modes for a six degree-

of-freedom truck model and then links two of these truck compo-
nents together with no modal truncation to find the exact modes
for a car. Response is then found at coordinates 11, 15 and
17. These response points are, respedtively: the lateral dis-
placement of the attachment point between the rear truck and
the car, the lateral displacement of the center of the rear
car, and the lateral displacement of the trailing wheelset. If
the plotting capability of DYNALIST II is compatible with the
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plotter éystem on the user's computer, then plots will be
produced. Attention is called to the PROGRAM card in OVERLAY
(TEMP, 0, 0) where the PLOT entry is used to dimension a plot
buffer instead of a CALL PLOTS statement in SUBROUTINE DPICT
of OVERLAY (TEMP, 4, 2). This may need to be changed. The
printed output which should be geherated by this problem is
given in Appendix A of this USER'S MANUAL.

Sample Problem 3: This problem uses the automatic matrix

generation subroutine to generate coefficient matrices for the
lateral vibration of a fourteen degree-of-freedom car. Six
conjugate pairs of modes are retained for the car and modes

are found for a three-car train. Coupling elements using

both lateral and yaw springs are used. Segment 3 is entered
with the response parameter IRES?~= 2.. A modal data file is
thus produced, and this M.D.F. is to be cataloged for later

use in Sample Problem 4. Response calculations are made in
Segment 4 at four points; coordinates 15, 33, 43 and 45. These
points are, respectively, lateral motion at the connection
between the front and middle cars, lateral motion at the con-
nection between the middle and rear cars, lateral motion at

the center of the rear car, and lateral motion of the front
wheelset on the rear truck of the rear car. ©Note that KIND = 0
so that displacement response will be computed. IRESP is not
specified in Segment 4 so the data will be taken from core even
though a M.D.F. was created. Force input was generated in the
matrix routine and thus the force data need not be entered in

the response Segment.

Sample Problem 4: This problem attaches the M.D.F. created

in Sample Problem 3 for the three-car train. KIND is not speci-
fied in Segment 4 so acceleration response will be computed this
time. The force information which was previously generated was
lost at program termination and must now be entered by hand.

Response points are system u-coordinates 15, ?3, 43 and 45,
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the same response points defined in Sample Prcblem 3.
Sample Problem 3 must be~completéd before Sample Problem 4

can be run.

The listings for JCL and namelist input for the four prob-

.lems are found on the following pages.
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2CHARGE s L4097 3U~M256,
JOB,C”&JQ«J,CLZE)JEU'T3Laylosﬁ3'PZo
COPYSBR, INPUT,TAPES, ‘
REWIND,TAPES,
COPYSHBF,TARPES,JUTPUT,
REWIMD,TAPES,
REQUISTTEMP,*PF,
pUN(S,y,yy’3 Qdu)
REL,22CLE0,
SET ()
LOAD(LGO)
NOGO»
TEMP,
CATALOG,TEMP ,OYNALIST,
CLEXITAS)
" ¥ yERTICAL RESPONSEZ FOR A TRAIN V=455 FT/SEC
$SSTART NTYPEI={,NEWTAP=",IFQUYT="
KEND
3COMP3 .
COMNAM=1yNU=6,NSIN=L,NRIGS=",NFRIE=6,ISYMK=1,ISYMC=1,
AMASS(191)=25;yAHASS(2;2)=23._,AMASS(3'3)=17}4yAMASS(%,h)=1.35E59
AMASS (5,51 =254 ,AMASS(5,56)=2811,
DAMP (141 3=4e5E4,DAMP(2,2)=6,72E5,00MP (6,6)=6.72E5,
DAMP(f43)==353,3,6E3,0AMP(1,L4)=-1,2455541497,3,8415E06,
NAMO {3351 ==323414245E5 444550,
STIFF(41,1)1=5448555,STIFF(2,2)=1,.75E7,STIFF(5,6)=1411587,
STIFF(1,3)1==14858440,3.72E4, STIFFULl,4)==7 471955 4=4,5E5,7,6.49677Z7,
STTFF(3,5)1=-148374,74719%5,5.185E5
STIFF{L,B)==L.5ES,
PHIliyi)=lyiopHI(1,2)=&.-Q,PHI(3,3)=l,1yPHI(314)=5}1°50,
PHI(545) =Ls14PRI(5,6)=lby-b,
$END o
SSTART NTYPE=1,NEWTAP=1, ’ peoe
REND :
SCOMPO
COMNAM=2 4NU=343N3ON= 4o NRIGS=. 4NFREE=D,
ISYMK=1,STIFF({1,1)=1,7567,STIFF(2,2)=1, 25C67
STIFF(193)='L-75E7'u,l.755795TI:C( sy ==1, 25:093)1¢25E6’
PHI(Ls1)=1,0HI(2,2)1=14PHI(3431=1,PHT(4,4])=1,
.%CND
BSTART NTYPE=Z,IRESP=1,
TEND
ESYN
NCOWP=5,NQOW3=8,KDEP(i)=71899y13,17;18y19!2Qy PRENAMI{1)Y=1,2,1+251,
G(ly“):L,G(is7)=‘1y~
G(2413)=1+G(2,8)==1,
G{3,3V= 116(31§)='0d196(373)='1q
GlLy13 404950y 1h)==s"1,6(4,10)==1,
G(5414)=1,G(5,17)==1,
6(6923):1|G(6'1g)=‘1, .
Gl7,13)5,5L93(7y10)==,71,G(7,18)=~1,
G(8,23)=-Jiq6(8,24)=-..116(8.26)=-19
TEND
ISTART NTYPE=L,
FEND
TS HAKE
MAXLF=12 4 LAXLE{1)=1,245, By11412+15,156+21+22425+25
NL O00K= 4»LOOK(1)=“,1“02Q126y
FORS2 (1) =3E5435543F5,355,3£3,3¢
FORSA(1) =241 44200t ,24120,5201E%
2e1Zbs2.1E L,
p*AS:(l)-:,..17777,-18%+4Q,.2'2722;.222c22v0239999~.Q DOEHy ¢ U2LUGLG,
et llily 452222, 4.628883,.640506,
OMTN=,0Ls0MAX=1) 444 NSTEP=2.7,KIND=2,
ISIN=1 ,HITE=,i4Ll 6666,HERTZ=542T41,
SEND
%STADT NTYPE=5,3

DYNALIST II Source Deck
* %

Y, .

E543E5,3E543E54 5,

2543
154,

N(M

* 7/8/9 card

*% 6/7/8/9 card g

5
2.15“'2015“,2.15“,2}1EQ)2'1EQQ

Sample Case # 1



PLAR

T e w

3CHARGE,L14373U-43

JO3,CM1635 OuyTZUJyIOSaU;pﬁgroiv
COPY3R, INPUT,TAPES,
REWIND,TAPES,
COPYSBF,TAPZ5,3UTPUT,

REWIND, TAPES,
ATTACH, TEM?, JYNALIST,

SET()

T=MP,

EXIT(S)

¥ QIGID CAR WITHE TWO TRUCKS LATERAL RESPONSE V=437 FT/SEC

FSTART NTYPE=1,NEWTAP=3,IF0UT=2,
FEND

$COMPD

CIMNAM=L yNU=38,

NCON=2 N/IGS=C 4 NFREF=56,ISYM=1,
AMASS(2,3)=67,AMASS(6,4)=29),
AMASS (5,51 =254 yAMASS (5 46) =¢8u(,
AMASS(747)=6), AMASS (3, 8)=297,

DAMP (14,1121 455E3,0AMP (1,5)=-4,5553,0AMP (3,31=1,333333333333C4,
DAMP (4 ,4)=8,333333333333EL,T7AMP(5,51=1455E3,8MP(7,7)=1.333333333333F4,

DAM> (8,81=8.33333333323334,
STIFF(141)=1475Z%susuyla=1.75EL,
STIF¢(1'2) _g5r5!byﬁ 3;'566) 3.

STIFF(1,3)’Ja,ybEBy(.&idSczy-SES,-ZEGy : "'if*f"

STIF:( y“)—ﬂrdt’6E673E7,qy’3c7y
STIFF(i'S):"l 75€ '3“‘59;11.&17556‘);#1"5E5’
bTIFF(ioo)‘09°5 69'2 Zha=35741484,1E7, 2E64=2E7,
STIFF(1p7) ,Jyu9'5"512F015 54248125E5,
STIFF (1, 3)_5,",,\,L,-3F7,-0F6 3E7, .
PHI(1,1)Y=14PHT(242)=1,PHI(3,3)=1,PHI{4,04)=1,
PHI{5,5)=1,PHI(5,6)=1,PHI(7, 7)—L,pHI(5.B)“1,
FEND

FSTART NTYPE°1,NEHTAP-1’

TEND

SCOMPO

COMNAM=2 4NU=2,

NCON=7 ¢NRIGS= ZyﬂFREE=Ey
AMASS{141) =470 +AMASS(2,42)=1.85E5%
PHI(141)=1,PHI(2,2)=1,

$END

"$START NTYPE=3,IRESP=1,

TEND

C3SYN

NCOYP=34 NROWS= b, KDEP(i’ =1,2,11412,

PREINAM{L)=1,4241,
Gl191)=1460199)=2=1,G{1+1:)=-04,5,06(2,2)=1,G1{2,4(0)=~1,
G(3'¢1)—19G(319)—'1 G(34407=41.5,6(4512)=1,G(LkyiY)=~1,
FEND

ISTART NTYPE=4,

FEND

FSHAKE

NAXLE=4, NLOOK=3, LAXLE(1)=4,8,14,18,L00K(1Y=114,15,17,
FORCL(1)=2.812535,2.8125%5,2.8125E5,2.8125€5,
PHASE(L1Y =3 44217777777,y 448444000444,212222222, .
OMIN=,"1y0MAX=1) 4 ,NSTEP=2,",
NPS3=3,PSD(1)=85-3,9E~3,49C=3,CY7 LS(i)—cuiy.iqlJﬁo
IPLOT=4,NPLOT(1) =1 ,4141,S512E=8,

FEND

TSTART NTYPE=5,3

**

* 7/8/9 card
**  6/7/8/9 card
_33_.
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Sample Case # 3

TCHARGE L 14373U-M16

JOB.CMib6uL CH yTZ:'] 1105.43 vPB'Tpic
COPY3R, INPUT,TAPEZS,

REWIND, TAPES,
COPYSBF,TAPES,QUTPUT,.

REWIND, TAPES,
ReAUIST,TA2Z42,%2F,

ATTACH, TIMP,DYNALIST,

SET ()

TEMP, *
CATALOG,TAPEL2,RISPDATA,RP=43,
IXIT(S)

GENZRATEZ RESPONSE FOR A 3-CAR TRAIN AT 45" FT/SEC
PSTART NTYPE=1 ,NEWTAP=,IFOUT=C,
FEND
ECOMPO
COMNAM=1,IGEN=1,VELO=§55,CQEEP=3E6,RAW=1.33,CONE=.‘ZSyGAGE=5,TWB=8,
CNQ=83;QMN=6?,AIW=291,AMT=25.,AIT=287Q,AHC=1732,QIC=1.8555o
OLH=53DYW=.,43LT=1,5553,0YT=1,
SLW=5ES, SYA=3E7,SLT=1,75Z4L,5SYT=5E6,ASYMM=3,
TEND
FSTERT NTYPE=1,NCWTAP=1,
FEND
SCOMPO ' T,
COMNAM=2 4 NU=4 ¢ NJON=L ,NRIGS=3,NFREE=",
ISYMK=4,STIFF(Ly41)=4,7557ySTIFF(2,2)=1,255h, i
STIFF(1'3)=‘1-7557,Lyi.75E7,STI7F(2,Q)=-1-Z555,C’ +25E6,
PHI}}yi)=1,PHI(2|Z)=lyPHI(3,3)=1oDHI(4yh)=iq
TEND :
$STARYT NTYPE=2, . ) e
$END
FEOQITT
NHODEZ(1)=1213,WODES(i’ii=9,13.11,12,21,22,23,2#,25,26.27,289
FIND
FSTART NTYPEZ=3,IRESP=2, N *
SEND
$SYN
NCOWP=5,NQDWS=8,KDEP(15=15;16,17'18,33,3#,35,36,PRENAH(1)=1:2,192919
G(Ls7)=1,G(148)=2=5},G(1,45)==1,
G(2425)=15G(25251=50,G(2417)==1,
5(318):1-’5(3916):'17
G(k,25)=1,6(h,15)=-1,
Gl5425)=146(5525)==5,,6(5,33)=~1{,
GlHa63)=4,6(0,L4)¥=50,6(6435)==1,
G(74261=3,6G(7,34)=~1,
Gl3ytb)=1,6(8,35)==1,
FEND
FSTART NTYPE=4, )
$END _—
FSHAKE
KIMD=3,
IGEN=1{ yNAXLE=12, NLOOK=4,
LAXLE(L)Y 224651 ,9014s2 ¢24528+32438y42+L6450,
LOOK (1) =155 33, 43,45,04IN=,01,0MaX=1.,NSTEP=2212,
pHASElil=Jo..177779.15b%+h’o222222y.222222,.239999,.#06656'.QZQ“%Q;
e ulllbly (ULD22229,628RBR,.64L6666,
NPSD=34PS0(1)=95-3,9C~34y3E~3,CYCLS(1)=4ldsels130,
IPLOT=14NPLOT(1)=141414+1,S12E=38,
FEND

*;«START NTYPE=5,3

[

* 7/8/9 card

** 6/7/8/9 card i
-34-



$CHARGE,L14973U-M06.

JOB,CM160000.,7200,10500,P6,TP1.

COPYBR,INPUT,TAPES.

REWIND,TAPES.

COPYSBF,TAPES,0UTPUT.

REWIND,TAPES.

ATTACH,TAPE12,RESPDATA.

ATTACH,TEMP,DYNALIST.

SET(0)

TEMP,

fXIT(S) -
ACCELERATION RESPONSE FOR THREE-CAR TRAIN AT 450 FT/SEC
$START NTYPE=4,IRESP=2,IF0OUT=0,

$END

$SHAKE
NAXLE=12,LAXLE(1)=2,6,10,14,20,24,28,32,38,42,46,50,
NLOOK=4,L00K(1)=15,33,43,45,0MIN=.01,0MAX=100,NSTEP=200,

FORCO(1)=2.8125E5,2.8125€5,2.8125€E5,2.8125€5,2.8125E5,2.8125E5,

2.8125E5,2.8125€5,2.8125E5,2.8125E5,2.8125€E5,2.8125E5,

PHASE(1)=0,.017777,.184444,,202222,.222222,.239999,.406666,

.444444,.462222,.628888,.646666,
IPLOT=1,NPLOT(1)=1,1,1,0,

$END

$START NTYPE=5,$

* %

*

* 7/8/9 card
* 6/7/8/9 card et

-35~
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- APPENDIX A -

SAMPLE PROBLEM PRINTOUT
FOR LATERAL-CAR MODEL

[



T $START NTYPE=4,

RIGID CAR WITHF TWO TRUCKS LATERAL RESPONSE V=450 FT/SEC

FSTART NTYPE=1+NEWTAP=0,IFQUT=0,
$END

§COMPO ) e e e e e

COMNAM=1+NU=8,
NCON=2+NRIGS=0NFRFE= 69ISYMC 1
AMASS (393)=60+sAMASS (494)=290,
AMASS (5451 =750y AMASS (6+6)=2800»
AMASS (7+7)=60+4AMASS(Bs8) =290,

DAMP(191)=1.55F3yDAMP(195)==1.55E3+sDAMP (3+3)=1, 333333333333E49
DAMP (44+4)=8,333333333333E4+sDAMP(5+5)=1., SSE3;DAMP(797) 1.333333333333E4,

DAMP (£+8)=8,333333333333E4,
STIFF(lel)=1.75E400+0+09~1.75E4,
STIFF(142)=0+5F69020+0+s-5E60
STIFF(193)=050s5E5+2.R125E5+~5E54-2E6y

TTUSTIFF(1e6)=N30e~6E693E7905-3ET7 T T

STIFF(195)==1,75E4903=-5E550910175E6+09-5ES

STIFF(1y6)=0;-SE69~2E69-3E79098.1E7o2E6,-3E79"”'"""""'""“ 

STIFF(lo7)=0,090+05-5E592E6+5E5+2.8125E5
STIFF(1e8)=0+04+090509-3E79-6E6+3ETs
PHIC(191)=19PHI(2s2)=1+PHI(393)1=1sPHI(4:54)=1,

PHI(595)"19PHI(606)'19PHI(7v7)"1¢PHI(898) =Yy T T T T

$END
$START NTYPE=1+NEWTAP=]) T . o
$END- )

$COMPO - ‘ : - G e o e

COMNAM=2 o NU=2

" NCON=0sNRIGS=2«NFREE=Q, = & & 7= & o wmms s ommemmme— oo o coms om om e

AMASS (1+1)=17005AMASS(242)=1, aqeey
PHI({191)=1sPHI(2:2)=1>

$END

$START NTYPE=3,IRESP=1,

$END

$SYN . v ST

NCOMP=3 ¢ NROWG= 4;KDEP(1)‘192¢119129

PRENAM{1)=192510

G(lel)=19G(169)==1eG(1910)==41. 596(292)‘196(2910)"1

14

G(3+11)=196(3+9)1==19G(3510)=41.5+G(4512)=19G(4910)==1»

$END

FEND
$SHAKE

NAXLE=44NLOOK= 39LAXLF(l)‘498914;189L00K(1)‘11915o17s

 FORCO(1)=2.8125F5+2.8125E5+2,8125E5+2.8125E5,
PHASE(1)’Oy.0177777779o1844444449.202222222y
OMIN=.0190MAX=100sNSTEP=2000 .
NPSD=3,PSD(1)=98-3,9E=3,9E-G,CYCLS(1)= ‘019-19100v
IPLOT=1sNPLOT{1)=1+151+sSIZE=8y

SEND

$START NTYPE=5,% ' T
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' __THE FOLLOW
THE TOTAL

THE NUMBER

THE NUMBER
THE NUMBER .

"THE TOTAL

IHE MASS MA
ROW 1
0.

ROW
0.

ROW
O«

ROW
Oe

_ROW
O

" ROW
O

ING INFORMATION IS FOR COMPONENT.i 1,00 - - . -
NUMBER OF PHYSICAL coopoxNAfES () = ~-g!« - . o o D
OF CONSTRAINED COORDINATES (NCON ) = 2 . .
OF RIGID BODY COORDINATES (NRIGS)= 0 = - === e e
OF FREE COORDINATES (NFREE)=" 6 - e e em
NUMBER OF DYNAMIC DEGREES OF FREEDOM (NJY' = 8 - - - e e -
TRIX (AMASS) LISTEﬁiBY ROWS .« S “iii:w”_m“u__:' o S

o O YR SO S Y T

0. 0. 0. 0. 0. o e -

_o;_ o 6.00Qé0§001_Q:”m>’_ ~ 'HO:HW_ - HQ»_’w ) 0 Qf. o o

0. 0. 2.90000£+02 0. 0. P T e

0 oo 2.s0000Ew0z 0. O

0. 0. 0. 0. -~~2.aoqq§éf03 R i T - e

0. o oo o ewwpwomeoro.

0. C0e -

Oe

0. -+ 2.90000E402 - - -



" THE
ROW
ROW
0.

ROW

ROW
0.

DAMPING MATRIX (DAMP) LISTED BY ROWS. | . R R : _ -

1

1.55000E+403 0. 0. 0. T - =1.,55000E+03 0, 04— e Qg e e e s

2 : s .
0. . - 0. ' 0. 0. 0. 0. , 0.

8 ‘ .
0. 0. 0% 0. ~3,00000E+07 2.81250E+05 3.00000E+07

Oe O ' 1.333335404 Oe 0e " : Qe =~ ~ 7 1 ¢ P
ROW 4 L . R Lo e e e F— —_ - -
“»09“ ) o o:-”..‘.,w. 0. 8.33333E404 Oe 0. O O
RoW 1 .
-1.55000E+03 0. 0 0e ° 1.55000E403 0. T Qg omeQa oo o e e
O O (XS (1 0. ) O Qe 18
ROW 7
O Qo ’ 0. 0, ) 7 D 7 R | - ’ 1‘33333E’04 Oe -
Row 8 . . 5 e e - SN ) e e R e ST [ - - —
‘00_ » Oe 0. o Df‘ ’f “0. O ﬁ Oe 8.33333E+04
THE STIFFNESS MATRIX (STIFF) LISTED BY ROWS.
Row 1 - . . - . - . - - - ° .. . . . FRRp—, ——— e e -
1.75000€404 0. 0. 0. ~1.75000E+04 O, 0. 0.
ROW 2
O 5.00000E+06 0. Oe Q. ~5.00000E406 0e — 7 ~7 0,
ROW 3 o
ROW 4 '
Qe . ) e 20812505405 3000000E‘07 1IN "3.00000F’07 Qe — =m0y T -
ROW 5 . .
~1,75000E404 0. ~5.00000E+05 0, 1.01750E406 0. ~5.00000E+05 0.
ROW 6 -
(11 ~5,00000E+06~2.00000FE+06-3,00000E+07 0. T 8.10000FE+07 2.00000E+06=3,00000E+07
0, (11 . O Q. ~5.00000E+05 2.00000E+06 5.00000E+05~6,00000E+06



THE NUMBER OF ROOTS FOUND IS 12

THE MATRIX RELATING THE RIGID BODYs CONSTRAINEDs AND FREE COORDINATES oo e e
TO THE ORIGINAL COMPONENT COORDINATES (MATRIX PHI).
row 1 | B v o e
1.00000E+00 0. 0. 0. 0. 0. 0. 0.
ROW 2
.‘..0‘_. - - N 1;00000E000 0. 0._.,.-,... e e A,,,O.. B S _..,0. - - - O. 06 _____ -
ROW 3 - ; _ _
0, 0, 1.00000E+00 0. 0. c. 0. 0.
ROW &
0 - 0. 0. 1.00000E400 04 =~ ~ 0. 0. D e —
cow 5 | i o e ) .
0. ) 00 (VIS Qe IOOOOOOE"OO 00 Oe O
ROW 6
0. 0, 0. S Qu g, e =1 ,00000E400 08— ———"0% """ - e
Row 7 - - - - . . -I.A.J - - - P [ — . - - i n —————- ————— e -
0. BT 0, 0 0. 0. 1.00000E+00 0.
ROW 8 ) ) _
o . . T o . Rl 0 ° : ha : 0 ." - - ""“'0 ;"———”"'*"-' N 0 ."""-f—“"‘“"' "'—'—Ao 5'—"-—" A l.oooooE’oo T T——— RS TS 1 e S S e SRR o e
v 12 ) _ o i e
'TRACE OF MATRIX=. ~1,025357088122€+03 0. - - e e R
EIGENVALUES
~1.129011F+02 =3.131278E+02 - - - - ——— - -
~1.129011E+02 -+ 3.131278E+02
=1.44103TE+02 . 2.858556E+02 - e - s =
=1.441037E+402 =2.858556E+02
=1.723900F+02 ~=7.359159E+00 =~ ~ 7T TN - S s - B -
“1.723900E+402  T7.359159E400
TL5.2342TTE+01  6.872360E+01 7 - - - s —- -
~5.234277E+01 ~6.872360E+01 _
~2.542517E+01  7.870714E+01 - - - e -
~2.542517E+01 =T7.870714E+01
C L5.515824E+00  2.234654E401 = e e = - wm e
“5.515824E+400 -2.234654E+01



EIGENVALUE NO. 1 REAL PART==1.12901E402 IMAG. PART=-3,13128E+02

EIGENVECTOR FOR ETGENVALUE NO. 1
REAL PART IMAG. PART

9.05213E-01-1,12694E-01
-9,72164E-01 7.01410E-02
~2.86414E-02-2,12870E-02
1.55911E-01 1.70382E-01
1.060000E+00 0.
-9,66224E~01 6.97776E-02

"EIGENVALUE NO. 2 REAL PART==-1.12901E+02 IMAG. PART= 3,13128E+02 =~ 7"~ ~ e e e

EIGENVECTOR FOR EIGENVALUE NO."Z
REAL PART IMAG. PART T e : e i ST eI e

9.05213E-01 1.12694E=01  ~ -t e e e
-9,72164E-01-7.01410E-02
~2.86414F~02 2.12870F-02 -

1455911FE~01-1.70382E-01 _
" 1.00000E+00~0. CT . T o,
~9,66224E~-01-6.97776E~-02 i

- . e = —— e —— el e

EIGENVALUE NO. 3 REAL PART=-1.44104E+02 IMAG. PART= 2.85856E+02 .

EIGENVECTOR FOR EIGENVALUE NO. 3 = - -
_ REAL PART IMAG. PART '

1.00000E+00 Qo
-8.46275E-01-l.888425-01
-1e16405E=03 2.64375E~03
5,05348F~-07-2.55369F-06
-8,59815€-01=2+94471E-02

T 7.22267E-01 1.86882E~01
EIGENVALUE NO. 4 REAL PART==1.44104E402 IMAG. PART=-2.85856E+02 = T

. EIGENVECTOR FOR EIGEMVALUE NO. 4

- REAL PART IMAG. PART ~ T

"1.00000E+00-0,
-B.46275E-01 1.88842E-01
~1+16405€=03-2,64375E=03
5,05348E-07 2.55369E-06
-8,59815E-01 2.94471E-02
7.22267E=-01-1.86882E~01



EIGENVALUE NO. S REAL PART==1.72390E+02 IMAG, PART==7,35916E+00

EIGENVECTOR FOR EIGENVALUE NO. S

REAL PART IMAG. PART
IOOOOOOE"OO 0.
~1.17457€E~02 B8.70677E~03
1.04180E~01-2.41952E-02
~1.49818E-04 6.9R615E~-03
T.31674F~01-2.65381E~01
-8.61646F-03 1.17705€-02

EIGENVALUE NO. 6 REAL PART=-1-7239OE+02'IMAG. PART= 7.35916E+00

EIGENVECTOR FOR EIGENVALUE NO. 76

REAL PART IMAG. PART

- "1.00000E+00-0.
~1.17457E-02~-8.70677E~03
"1.04180E-01 2.41952E-02
~1.49818E~04-6.98615F~03

7.31674E-01 2.65381E~01
~8,61646E-03-1.17705E~02

_EIGENVALUE NO. 7 REAL PART==5.23428E+01 IMAG. PART= 6.87236E+01 =

EIGENVECTOR FOR EIGENVALUE NO.

‘REAL PART IMAG. PART
1.00000E+00 0.
~5,40273E-02 3.,48714E~02
1,74511E~01 4.60543F=-01
~3,99929E=02 2.25763E-02
7.12314E-01-1.R4762F=01
~5,05707E~02 3.64427E~-02

EIGENVALUE NO. 8 REAL PART=-5,23428E401 IMAG. PART=-6.87236E+01 —~ ~~~

EIGENVECTOR FOR EIGENVALUE NOo

REAL PART IMAG. PART
1.00000E+00~0.
~5.40273E-02-3.48T714E-02
1 74511E~01~-4.60543E~01
=3.99929E-02-2.25763E~02
7.12314E~-01 1.R84762E~01
~5.05707E-02-3.64427E~02

7

8




EIGENVECTOR FOR EIGENVALUE NO,

REAL PART IMAG. PART

4.26977E-03 5.12811E-02
~44,10593E~01 B.20500E-01
T 3.,R8658E-03 4.56772E~-02
7.77610E~01 5.03001E-02
6.44791E-03 S5.02951E~02

9

EIGENVALUE NO. 9 REAL PART=-2.54252E+QI IMAG. PART= 7.87071E+01

EIG?NVALUE NO. 10 REAL PART==2.,54252E+01 IMAG. PART==T7.87071E+01

EIGENVECTOR FOR EIGENVALUE NO.

" REAL PART IMAG. PART
1.00000E+00-0.
4.269776-03-5,12811F=-02

~4,105936-01-8,20500E~-01
3.88658E~03-4.56T72E-02

5 Te77610E-01-5.03001E-02

J  6.44791E-03-5.02951E~-02

EIGENVALUE NO. 11 REAL PART=~5,51582E+00 IMAG. PART= 2-23965§*0} '"‘

EIGENVECTOR FOR EIGENVALUE NO. 11

REAL PART IMAG. PART
9,13404E-01 1.25986E-01
T=2.31571E-02 3.88462E-02
1.00000E+00 0.
=]1.64529E~02 3.7873RE-Q2
8.70025E-01~1.79972F~01
~2.25661E-02 4.17367E-02

10

. EIGENVALUE NO. 12 REAL PARI=-5.51582E000 IMAG, PART==2.23465E+01

"EIGENVECTOR FOR ETGENVALUE NOJ™12 7~ 7

REAL PART  IMAG. PART

9413404E-01-1.25986E~01
~2.31571E-02~3.88462E-02
" 1400000E+00-~0.
~1,64529E-02-3,78738E-02

8.70025E~01 1.79972E-01

| ~2.25661E-02-4.17367E-02

THE AROYE DATA IS NOW ON TAPE

11

-
-7 - PR S -
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THE FOLLOWING INFORMATION IS FOR COMPONENT 2.00

THE TOTAL NUMBER OF PHYSICAL COORDINATES (NU) = 2

THE NUMBER OF CONSTRAINED COORDINATES (NCON ) = 0

THE NUMBER OF RIGID BODY COORDINATES (NRIGS)= 2 "~~~ 7~
THE NUMBER OF FREE COORDINATES (NFREE)= 0

THE TOTAL NUMBER OF DYNAMIC DEGREES OF FREEDOM (NJ) = 2

THE MASS MATRIX (AMASS) LISTED -BY ROWS.

ROW 1
1.70000E+03 0.
ROW 2
0u 1.85000E+06
THE DAMPING MATRIX (DAMP) LTSTED BY ROWS. °
ROW 1
0' 0.
ROW 2 -
J0e 0 S ) |
THE STIFFNESS MATRIX (STIFF) LISTED BY ROWS.
ROW 1 -
SO e _ S
ROW ~ 2 -
O. ° . 00

"THE MATRIX RELATING THE RIGID BODYs CONSTRAINEDs AND FREE COORDINATES -~~~

~TO THE ORIGINAL COEPONENT_COORQINATES }MATRI}“Pﬁ])f

ROW 1
10000005*00~0.

ROW 2 -
0. 1.00000E+00

THE ABOVE DATA IS NOW ON TAPE 10




_THE FOLLOWING INFORMATION IS FOR THE FINAL SYSTEM.

“THE STRUCTURE IS TO BE CONSTRUCTED OF 7 77 3 COMPONENTS., 77"~
_THE NAMES ASSOCIATED WITH EACH COMPONENT ARE AS FOLLOWS.

1
2
——— 3

© COMPONENT NUMBER

COMPONE

THE NUMBER OF ROWS OF.G IS

NT NAME

1.00 T

2.00:

1.00 i o o e .
4 JE.

"THE TOTAL NUMBER OF UNCONNECTED COORDINATES IS 18

TTHE "MATRIX OF CONSTRAINTS |

_COLUMN 1
" 1.,00000E+00 O,

TCOLUMN 2

- 0. ~ 1.00000E+00 0.

COLUMN 3
0. ’ 0.

"COLUMN ~ &
0. 0.

COLUMN S
0. - 0.

TCOLUMN 6
_ 0. 0.
COLUMN 7

" 0, R

"COLUMN 8
0. 0.

COLUMN 9

"~1,00000E+00 0.

"COLUMN 10

- O

"10

-;4.15000E¢01-1.00000E}OO 4

COLUMN 11
0. 0.

COLUMN 12
0. 0.

1.

0.

00000E+00 0,
15000E+01-1.,00000E+00
00000E+00 0.

1.00000E+00

MATRIX GY s 7777 -
0. 0. o
0. B | PO
0. T 0.
— e . 0: 1 D S
0. 0. ) ”'

) — - SO,
-
PP, SO ——— e o ane
.
v
t - -

.
- —— - Ty -



0T-¥

COLUMN 13

(VS "0
COLUMN 14 .
0. Oe

CoLUMN 15

0. . 0.
COLUMN 16

0. 0.
COLUMN 17

0. 0.
"COLUMN 18

0. 0.

0o

0.
0.
O

0.

0.

0.

0.

0.

0.

0.

THE DEPENDENT SYNTHESIS COORDINATES ARE

1 2 1n

THE COORDINATES ARE TO BE REARRANGED TO

1 2 7
.13 14 15

N= 28

12

8 9 10
16 17 18

12

TRACE OF MATRIX= -2.055423638089E003'

EIGENVALUES

" =1.129011E+02

-1.129011E+02
~1.129010E+02
-1.129010E+02
-1.441037E+02
~1.,441037E+02

T ~1.441037E+02

-1.441037E+02
-1,723923E+02
~1.723923E+02

" ~1,723913E¢02

-1.,723913€+02
-5,236166E+01
~5.236166E+01

T w5,236538E+01

~5,236538E+01
~2.549597E+01
-2.549597E+01
~2.546465E+01
~2.546465E+01
~5.483558E+00
~5.48355RE+00
-5.555369E+00
~5.595369E+00

T =-1,298562E+00

~1,29R562E+00
~-8.,534915E~01
-8,.534915E-01

3.131278E+02
~3.131278E+02
~3.131278E+02
3.131278E+02
2.858556E+02
~2.858556E+02
2.858556E4+02
~2.858556E+02
~7.359930E+00
7.359930E+00
-7.359550£+00
7.359550£+00
6.871717E+01
-6.871717E+01
6.869108E+01
~64R691UBE+0]
7.870218E+01
~T.8T021BE+01
7.869530E+01
~7.869530E+01
2.229387€+01
-2.229387E+01
~2.220291E+01
2.220291E+01
-5.918908E+00
5.G1R908E+00
4.405SRYIE+00
-6.405851E+00

THE FOLLOWING ORDER.

5 6 3 4

~1.,1682343112305€~11




Ti-¥

 REAL
8.8678334E-05
2.,4021888E-08

-1.9322778E-01

2.360868GE~01 .

2.0064711E-02
=1.3982584E-01
-2+8334860£-01
2.3460778E-01

©8.7681426F-05

2,4021888E~08
8,6684517E-05
2.4021888FE~08
9,0521320E-01
-9,7216411E~01
-2+8642136E-02
1,5591135E~01

 "1,0000000E+00

-9.6622413E~01

TRANSFORMED ETIGENVECTOR FOR ROOT -1.1220}07E¢QZ -?g13127?7E*02

REAL

8.8678330E~05

2.4021858E-08
-1.9322781E-01
2.36086G2E-01
2.0064712E-02
-1.3682585E-01

=268334963E~01

2.3460781E=01
8.76814623E~-05
2.402]1858E-08
8,6684516E=05
2,402185BE-08
$,0521320E~01

=9,7216411E~01

~2.8642136E-02
1.5591135€~01
1.,0000000E+00
~9,6622413E~01

IMAGINARY
-1.1814649E~05
~5.5824540£-08
-5.4009731E-01

5.6562465E~01

1.0045456E-02 7

-3.9247352E~02
-5.6137650E~01
5.62187128-01

. .TRANSFORMED EIGENVECTOR FOR ROOT =-1.1290107E402 3.1312777E+02

=9,3339305E~06

~5.,9R24540£~08
-6.8512122E-06
~5.9824540E~08

1.1269441E-01 °

-7.0140R48E-02
2.1285527E-02
~-1.70638189E-01
Q. )

-h,977748BE-02

IMAGINARY
1.1816662E~05

5.9824R06E-08

5.4008733€-01
~5.6562466E-01
-1.0045455E£~02

3.9247348€E-02 -

5.6137650E-01 7

-5.6218713E~01
9,3339328E-06
5,9824806E£-08
6.8512034E~06
5.9824806£-08

~1.126%441E-01
7.0140R48E-02

-2.1285527€~02

1.,7038189€~01
0

6.9777488E-02




d
[
N

TRANSFORMED ETGENVECTOR FOR ROOT -1.1290104E4+02

REAL
1.1248963E~04

-1.1247265E-06

8.7231970E~-01
~3.3948935E~01
-2.8885970E-02
1.6013234E-01
9.7014724E-01
=9,3374562E~01
1.5916578E-04
=1.1247265E-06
2.0584193E~04
“1,1247265E~06
9.0521331E-01
~9,7216348E-01
(=2.8649237E~-02
1.5591113E~01
1.0000000E+00
=9.6622350E~-01

_TRANSFORMED ETGENVECTOR FOR ROOT”-lo?290104E+QZ 3.1312775E4+02

REAL
1.1248968E~04
-1.,1247256E~06
8,7231%71E-01
-9,3948936E-01

. =2.8885967E-02

1.,6013232E-01
9,7014725E-01
-9,3374563E~01
1.5916579E-G4

. ~1,1247256E-06

2+0584190E~04
“1.1247256E-06
9,0521331E-01
-9,7216348E-01
-2.8649237E~02
1.5591113E-01
1.0000000E+00
=9,6622350E-01

IMAGINARY
~5.7030381E~04
-1,1202661E~05
~1.5648430E~01

1.1868796E-01
-1.9153488E-02
1.5717425E~-01
~5.2091474E-02
1.1802A03E-01

"~1.05393386-04

-1.1202661E-05
3.5951705E-04
-1.1202661E-05
~161269446E-01
© 7T.0140717E~02
-2.1285944E~02

1.7038197E-01 -

0.

IMAGINARY
5.703037%E~04
1,1202661E~05

-1.5648420E-01"

-1.,1868785E~01

1.9153491E-02 " 77

~1.5717427E-01
5.,2091360E~02
-1.1802592E~01
1.0539337E-04
1,1202661E~05
~3.5951705E-04
1,1202661E-05
1.1269446E-01
~7.0140717E-02
2.1285944E-02

-1.7038197€-01

G
-6.9777356E~02

6.9777356£~02

-3.1312775E+02




£T-Y

REAL
1.9070010E-05
1.,8725193€-07
1,0000600E+00

~B8,4627546E-01
~141642775E-073
5.0561069E-07

~8,5981520E-01

7.2226661E-01
1.1299055€~05
1.8725193FE~07
3.,5281002E~06
1.8725193F=07
3.7605690E-01
~2.7192420E-01
-1.0862189E-03
Be1644293E-07
~3,1611597€-01

| 2.2577044E-01

TRANSFORMED ETIGENVECTOR FOR ROOT‘-lo4410370E*02'-2.85855555*02

REAL
1.9682243E-05
22779140E-07

"7 1.000000QE+00

-8.,4627547TE~01
-1.1642521E-03
5.0559322E-07
~8.5981519E-01
7.2226660E-01
1.0228900E-05
2.2779140E-07
7.7555641E-07
2.2779140E-07
2.7546885E~01
-2.6201312E-01
8,37394R3E~05

. =245142510E-07

~2.,4135733E-01

2.2755275€-01

IMAGINARY
~2.6545645E-06
-9,0535476E-08

0.
~1.8884170E-01

2.6434466E-03
~2e5534T714E~06

=2.9447053E-02 7

1.86R8232E-01
1.1026577E-06
-9,0535476E-08
4 ,8598800E~06
-9,0535476E-08
2.4530351E~01
“-2.7860957E-01
7.0R54760E-04
~8,3626961E~07

-2.2198948E-01"
| 2.4745294E-01

IMAGINARY
8.016R589E~07
-3,0263420E-08
0.
1.88R4170E-01
~2,6436130E~03
2.5534404E-06
2.9447027E-02
-1.86R8230E~01

2.0576178E-06 ~ 77

~3.0263420E-08
3.3135498E~06
-3,0263420E-08
1.5298842E-01

~7.7450332E~02 "

~-9,0637525E-04
7.8080525E~07
~1.,2343002E~01
5.9018174E~-02

TRANSFOPMED EIGENVECTOR FOR ROOT =-1.4410370E+402 2.8585555E+02




C VIV

TRANSFORMED EIGENVECTOR FOR ROOT‘-1.4?1Q3TOF+02 2.8585555E+02 -

REAL
2.0022724E~05
2.4914402E~07
1.0000000E+00

~8,4627546E-01

"~1.1643045E-03

S5.0563577E-07.

=8,5981519E-01

7.2226660E~-01

9, 683I24THE~06

2.4914402E-07
=6,5622960E-07
2.4914402E-07
1.6034592E-01
-5.0918497E-07

"=1,3733611E-03

1.2273434E-06

Cw1.2464794E-01

3.1913793E-02

IMAGINARY
~3.6928561E-06
~1.5862137E=07

2.6469780E~-23
~1.8884170E~-01
?.6434408E~03
-2.5534720E-06
~2.944706TE-02
1.86R8233E-01
2.8899306E-06
-1.5862137€-07
9.4727173E-06
~1.5862137E-07
4,4893860E-01
-4,1020573E=-01
-9.8751193E-05
-1,8250398E-07
-3.9072601E-01
3.5421922E-01

TRANSFORMED ETGENVECTOR FOR ROOT -1.4410370E+02 -2+8585555€+02

REAL
2.0452390E~05
2.78017RBE-07
1.0000000E+00

“8,4627547E-01

T=1.1662631E-03

5.,0560465E-07

~8.5981518E-01

]

T.2226660E-01
B8.91464T78E~06
2.,78017R8E-07
~2+6230944F-056
2.78017RBE~07
1,1073724E-01
-1.1685945F£~01
1.9510950E~04
~2.5703013E-~07
~9,8822678E-02
1.0288686E-01

IMAGINARY
1.0019322E-06
~-1.6953837£-08
O
-1.8884170E-01
~2.6434070E~03
2.5534327E~06

2.9447030E-02

-1.86R8230E-01
1,7055164E-06
-1.6953837E-08

T 2.4091007E-06

-1.6953R37E-08

1.2256425E-01 °

-8.2811307E~02
~4,3550107E-04
3.4479118E-07
-1,0212171E-01
6.782923%E-02




ST-¥

TRANSFORMED EIGENVECTOR FOR ROOT -1.723?233E¢02 f?.3599302€+00

REAL
5.5065851E~-05
1.6254726E-05
4,1041531E-01
1.7176205E~03
2.4587736FE-02
S5.18466T6E-03
1.0103845E£-01
S¢3021869E~03

=661950528E~04

1.6254726E~05
~1e2940764E-03
1.6254726E~05
1.0000000E+«00

| =1.1746164E-02
" 140421966E-01

-1.5023013E-04
7.3173065E=-01
~8,6176039E~03

REAL
5.5065862E-05
1.6254726E-05
4,1041530FE-01
1.7176207E-03

T 2.4587735E-02

5,1846676E-03
1.0103845E=01
5,3021871E-03
-6,1950528F-04
1.6254726E-05
-1.2940764E-03
1.6254726E-05
1.0000000E+00
-1.1746164E-02
1.0421966E-01
-1.5023013E~04
7.3173065E=01
~846176039E-03

IMAGINARY

1.1040R11E-03

1.2489095E~05
~7.5070412E-01
1.2391847E-02
~8,8170434E-02
2.9R04602FE-03
-6.5820011E-01
1.1300279€E~02

' 5,8578364E-04

1.2489095E-05
6.T74861R4E-05
1.2439095E£~05
4,336808TE-19
8.7081054E~03

T=2.47200073E-02 T

6<38T2299E-03
~246540139E-01
1+1772068E-02

IMAGINARY
-1.1040811E-03
~1.2489095€-05

7.50704136-01
-1.2391R47E=02
8.8170435E-02
~2.9A04602E-03
6.5820011E-01
-1.1300279€-02
-5.8578364E-04
-1.2489095E=05
-6.7486182E-05
-1.2489095E-05
-4.3368087E-19
~8.70R1054E-03
2.4200073E-02
-6.9872299E~03
2.6540139E-01
~1.1772068E-02

TRANSFORMED EIGENVECTOR FOR ROOT -1.7239233E+02 (7.3599302E400




91-¥

TRANSFORMED EIGENVECTOR FOR ROOT =1.7239135E+02 =73595500E+00

REAL
-1.0330682E-03
~6.4967482E-08

9,6142524E-01
=1.2594584E-02
1.0380815E-01

~1.1887489E=03

7.4314003E~01
~1.0044283E-02

-1,0303721E-03 -

-6.4967482E-08
-1,027675%9E~03
-6,4967482E-08

1,0000000E+00
=1.1746482E-02

T 160421074E-01

~1.5047802E-04
T.3170391E~-01
~8,6176090E-03

TRANSFORMED EIGENVECTOR FOR ROOT ~1.7239135E+02 7+3595500£+00 R

REAL
~1.0330682E-03

“6.&9674646-08

9.6142523E~01
-1:2594584E~02
1.0380R15E-01

~1.18R7489E-03

7.4314002E=01
~1,0044283E-02
~1.0303721E-03
~6.496T404E-08
~1.0276759E-03
-6, 496T404E-08

1.0000000E+00

-1.1746482E=02

1.0421074E-01
~1.5047802E~04
7.3170391E-01
-8.6176090E-03

IMAGINARY

1.2215678E-04

-1.8903727E~06
1.4942540E-01
6.6170077E~03

~T7.7024424E~03
6.6952433€E-03

~1.4585572E-01"

1.0030629E£~02
2.0060725E~04
~1.8903727E-06

2.7905771E-04

-1.8903727E-06

0.
8.7081267€E-03
~2.4207712E~02
6.9RT2457E~03
-2.6542906E-01
1.1772£12€~-02

IMAGINARY
~1.2215677E~-04
1.8903726E-06
-1.4942541E-01
~6.6170076E~03
7.7024416E~03
-6.6952433E-03
1.4585571E-01
-1.0030629E-02
-2.0060724E=04
1.8903728E=06
~2.,7905771E~04
1.8903728E-06
-2.16R84043E-19
-8.7081267E-03
2.42077T12E-02
~6,9872457E-03
2.6542906E-01
-1.1772412E-02




7
=t
~

.TRANSFORMED EIGFNVECTOR FOR ROOT =5.2361658E+01 6,8717175E+01

REAL
6.0364203E-03
2.4042413E~-05
7.9827176E~01

~5,2166523E~02
1.9191464E-07
~3.7765626E~02
 6,1679475E-01
-4,9817445€-02

T 5,0386602E-03

2.40462413E-05
44,0409000E~03
2.40642413E-05
1.0000000E+00
~5.4016607E-02
1.7415422E=01
-3,9975661E-02
7.1248825E-01
-5,0561926E~02

"TRANSFORMED ETGENVECTOR FOR ROOTV-5.236}@58E*Q1>7678?;7175$f0}. ) ’

REAL

T 6.0364203E-03

2.4042413E-05
T 7.9827176E-01
-5,2166523E-07
" 149191465E-02
-3,7765626E-02

T 6,1679475E-01

-4,9817445E~07
5.0386602E-03
2.4042613E-05
4,0409000E~03
2-4042413E-05

T 1,0000000E+00

-5,4016607E-02
1.7415422E~01
~3.9975661E-02
7.1248825€-01
~5,0561926E-07

IMAGINARY
-6.2638810E~03
2.5065618E~05
2.5988847E-01
1.3758130E-02
4,1318906E-01
T.6014254E~03
"3.7712498E-02
1.5910273E~02
~7+3041041E~-03
2,5065618E~05
-8,3443273E-03
2.5065618E-05
0. .
3.4824135E-02
4.,60R565%E~01
2,2539233E~02
~1.8473R84E~01

3.6395601E~02

IMAGINARY
£.2638810E~03
-2.5065617E-05
-2.5988847E~-01
~1.3758130E-02
-4.1318906€E-01
~7.6014254E-03
~3.7712497€-02
~1.5910273E~-02
7.3041041E-03
-2.5065617E~05
8.,3443773E-03
-2.5065617E-05

Q.
~3,4874135E-02
-4 ,60B5659E-01
-2.2539233E-02

1.8473884E-01

-3.6395601E-02




81-¥

'fRANSFORMED ETIGENVECTOR FOR ROOT =-5.2365378E+01 6.8691084E+01

REAL
-1.7008825E£~03
-9,4072702E~-05

7.0511731E-01
-2.6250053E~02
2.R001581E~01
-2.0524036E-02
4+3948024E-01

"-2-32787015-02
T 2472031346E-03

-9.4072702E-05
6.1071517E-03
~9,4072702E-05
1.0000000E+00

=5,4006162E=07

" 1.,7436023E-01
~3,9964058E~02

7.1249142E-01
~5.0551543E~02

REAL
-1.7008825E-03
-9,4072702E-05

7.0511731F-01

-2.6250053E-02

2.8001581E~01
-2,0524036E~02
4,3948024E-01
-2.327R7T01E-02
2.2031346E~03
~9,40727026-05
6,1071517E-03
~9,u072702E~05
1.0000000F+00
-5,4006162E-02
1,7436023E-01

=3.9964058E-02

7+12491462E-01
~5.0551543E-02

IMAGINARY
~8.,4704410E-03
~6.42662T4E-06
~3,4039137E-01

4.26161433E~02
2.6563801E-01
2.9479322€E-02
~3.7296721E-01
4,.,2850438E-02
-8.2037360E~03
-6, 42662T4E~06
~7.9370310E-03
~6.42662T4E-06
6.,9388939E-18
3.4802544E-02
4,6073%65E~01
2.2526194E-02
-1.8483832E~01
3.6375293E-02

IMAGINARY
8.47045410E-03
6.4266273E-06
3.4039137E-01

~4,2916183E-02
-2.6563R801E-01
-2.9479322E-02
3,7296721E-01
~4,2850438E-02
8.2037360E-03
6.,426R273E~06
7.9370310E-03
6.4266273E-06
0 L :
~3.4802544E~02
-4,60738B65E~01
~2.2526194E-02

1.8483832E-01" 7 7

~3.6375293E-02
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TRANSFORMED ETGENVECTOR FOR ROOT =2.5495973E+01

REAL

2,2012553E~02

1.6907895E~04
1.0000000E+00
441657549E-03
-4,1031778E-01
3.7893694E-03
7.7727580E-01
6.3482861E-0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>