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1.0 INTRODUCTION

FRATE is a digital computer program for the analysis of railcar
dynamic response developed under the sponsorship. of the Federal Rail-
road Administration (FRA). The name FRATE is an acronym for Freight
Car Response Analysis and Test Evaluation{ .This manual describes
FRATE as of April 1978. The computer program is written in Fortran
_for Control Data Corporation (CDC) computers with solution in the time
domain by numerical integration methods. A modified version of FkATE'
has been converted to and run on an IBM compﬁter by the Trailer Train

Company. Work is continuing to enhance its capabilities and make it

more attractive to potential users.

This Users Manual has been prepared in two volumes. Volume I is
written for the user who is interested only in how to use the program
with enough knowledge of the‘proéram to properly interﬁret_analysis
output. Volume II is a technical manual written for the analyst/
programmer who needs to modify the program or the computer usage.
Volume II also presents discussions on the background history of the

FRATE program as well as the development of thée TOFC model.

Volume I has been written with the assumption that all output

will bé on line printer.

The FRATE program has been written around the lumped mass,
spring-damper configuration shown schematically in Figures 1, 2 and 3.
Figure 1 defines the notation used for masses; inertias and degrees of
freedom; TFigure 2 defines geometry notation; and Figure .3 defines
spring—damper and model nodal point notation. Notation for output
data can be found in'Section 2.0. There are seven lumped masses and
31 degrees\of freedom in the basic FRATE model which includes four
flexible carbody normal modes. A selection of model size 6f either
three, five or seven lumped masses can be made with a single control

command .
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2.0 PROGRAM DESCRIPTION

The FRATE program is divided into three separate files:
(1) the program file which contains the actual FRATE program, (2) the
data file containing input data which consists of all parameters
defining the model being analyzed and all parameters defining what
analysis is to be performed and what output is to be obtained; and
(3) the run or executive file which is used to execute a FRATE run.
The program file and the data file aré discussed in this sectionl The

executive file is discussed in Section 4.0.

2.1 Description of FRATE

FRATE is a digital computer program which solves a set of coupled
nonlinear differential equations in the time domain. The solutions
are obtained using a numerical approximation techniqué called the
Runge-Kutta Method. The equations, as presently written, simulate
the vibratory dynamics of a trailer on flatcar (TOFC) configuration.
The solutions of these equations of motion are transformed into vibra-
tory responses of specified locations, in specified directions, on and
in the freight car and are formatted in the output to enhance their

interpretation by the user,

The program is based on an engineering analysis of the vibratory
response of a freight car which is excited by externally applied
motions at the wheel/rail interfaces. These motions, in the vertical
and lateral directions, are harmonic functions of time. The analysis

was formulated with the following implicit characteristics:

a. The freighf car is simulated by a set of interconnected
lumped masses, springs and dampers in a fixed topology.

b. The vibratory motions of the lumped masses are described
by a set of coupled nonlinear differential equations
derived by applying Newton's second law of motion (F=MA).

c. The internal forces in the springs and dampers are func-
tions only of relative displacements and relative
velocities.

5



d. Normal free-free modes are used to simulate the carbody
structural flexibility and are superposed on its rigid
body motioms.

e. Small-angle assumptions .(cos 6=1 and sin 8 = tan 6 = 8) are
not made in the program. Also, second order terms for
linear displacement due to angular motions are included.

Consequently the analysis is valid for the range of angular
deflections up to about 10 degrees.

f. The nonlinear phenomena of wheel lift-off are included both.
for the rail car wheels and the tandem wheels.

g. Bilinear springs are included to represent the genterplatg
and trucking spring roll spring rates with and without
side bearing contact.

The second-order nonlinear differential equations of motion are
solved using the fourth order Runge—Kutta Method. This method requires
that two first-order differential equations be substituted for each -
of the second-order equations. The equations are solved in the time
domain and therefore require a user-specified numerical integration
time step. This step size is fixed by the user at the start of the
program and is held constant throughout the computation. The fourth
order solution method requires that the equations be solved four times
for each time step. The choice of the time step value is important
since the numerical stability and the cost of running the program are

strongly dependent on it.

The core storage required for FRATE is presently about 219,000
10-byte words, 39,000 in small core (SCM) and 180,000 in large core
(LcM). Of this about 9,000 words of SCM are needed for the FORTRAN
programs and input data. The remainder 30,000 words SCM and 180,000

words LCM are used for output data.



The total program file consists of the basic FRATE plus five
subroutines. The subroutines revise and reformat output data for
the various output options. The program is in on-line disc storage
at the CDC 7600 front end under the name FRATE@L. Table I contains

a brief description of each subroutine.

T T T 77T TABLE' I T T T

FRATE PROGRAMS

NAME PURPOSE

FRATE ‘ ' Calculates the responses of the DOF's
and the response points.

PRNPLT A subroutine of FRATE which uses sub-
routine MPLOT to produce line-printer
ENVELOPE plots.

TMHIS ’ ' A subroutine of FRATE which uses sub-
: routine MPLOT to produce line-printer
TIME HISTORY plots.

RUNKUT A subroutine of FRATE which performs
. the numerical integration of the equa-
tions of motion.

MPLOT A subroutine of PRNPLT and TMHIS which
contains the details of line-printer
plotting.

ENVCALP A subroutine of FRATE which partially

prepares TOFC envelope output for
CalComp plotter.

The programs listed are contained in a file named FRATE@1 which
is kept in on—-line disc storage at the CDC 7600 front end in Minnea-

polis.




2.2 Input Data File

The input to FRATE utilizes the NAMELIST option .of FORTRAN.
NAMELIST frees the user from formatted input. It also allows the
estensive use of default values for input parameters, so that the
program can use preset values for constants and parameters not spéc—

ified in a given run.

Several points should be emphasized. First, all input parameters
are in the English system of units, namely, pounds, seconds and ‘
inches. Second, all four namelists must be included in the input file,
and they must be listed in the order given in Table II. Third, default
values have been incorporated for all input parameters. The user '
should become familiar with these default values since some are nominal
values which will permit the run to continue while others are fatal

values which will cause the run to abort.

Tablé II lists the four NAMELISTS's in the input data file in
their proper order with a brief description of each. This is followed
by example listings of each namelist and a table describing each para-
meter, including type definition and default values. The description
is somewhat brief for some parameters. Referring to Figures 1, 2 and
3 will greatly enhance the user's understanding of the coordinate
system, the mass and inertia inputs, the required input geometries,

and the springs and damper locations.



TABLE II

FRATE INPUT NAMELISTS

NAMELIST DESCRIPTION

CONTRL Parameters which control the processing of
the simulation (type and amount of output
integration stepsize, etc.)

EXCIT Parameters defining type of excitation to
be applied to railcar (displacement,
~acceleration, phase angles, sweeps, dwells,
etc.)

VEHIC Parameters describing vehicle(s) mechanical
properties (masses, moments of inertia,
geometries spring and damping constants).

MODAL Parameters defining railcar flexibility.




2.2,1 Namelist CONTRL

CONTRL contains information as to run identification, run times,
type of run and type of output. An example listing is given below.

Table IIT contains a description of each term in CONTRL.

Example Listing

OLD, FRAD108
/LNH

SCONTRL

RUNO=206.42,

STARTM=2.0.,  DELTAT=.005.  STOPTM=8.,
ENVEL=.F.. ENVPLT=.F., ENVCAL=.F.. ENPRMX=.F.,
TIMHIS=.T.. THSPLT=.T., SNAPSHT=.F.,
STARSNP=5.20, DELTSNP=0.05, STOPSNP=5.60.
IPRINT=1,

IGROUP=4,

OTHER=0,

DERUG=.F., STARDB=4.15, STOPDB=4.17,$

10



TABLE TIiI

DESCRIPTION OF NAMELIST CONTRL PARAMETERS

Parameter
Name

1
Type

Default

Value -

Description and Comment

RUNO

0.

User chosen number to help, for example,
in cataloging production runs

STARTM

2.0

Time at which plot data storage is
initiated (sec.). Used to bypass
response transient phase at simulation
start. Generally set equal to 1.0 or
2.0 seconds.

DELTAT

.005

Integration stepsize (sec.). DELTAT =
.005 has been found to be close to the
upper limit. A smaller value may be
needed with nonlinear effects such as
wheel 1lift off.

STOPTM

3.0

Simulation stop time (sec.)

ENVEL

.FALSE.

If set . TRUE., acceleration responses
are searched for local maximums and
stored for "envelope' plots. See Sec-
tion 2.4.2 for description of Envelope.)

ENVPLT

.FALSE.

If set . TRUE., envelope plots are
created on the line printer.

ENVCAL

.FALSE.

If set . TRUE., desired "enveloped"
responses will be saved on a file for
CalComp plotting.

ENPRMX

. FALSE.

If set . TRUE., "envelope'. values
will be printed if at least one hits
a maximum value

TIMHIS

.FALSE,

If set . TRUE., time history plot data
is stored.

THSPLT

.FALSE,

If set . TRUE., time history data is
plotted on the line "printer".

11




TABLE III (continued)

Parameter
Name

=

Type

Default
Value

Description and Comment

SNAPSHT -

.FALSE.

If set . TRUE., program saves deflection
responses on file for 3-D CalComp plot-
ting program

STRSNP

100.

Start time for saving "snapshot" data
(sec.)

DELTSNP

.05

Time interval at which "snapshot™ plots
are desired on seconds (> deltat)

STOPSNP

100.

Stop time for saving "snapshot" data
(sec.)

-IPRINT

Used to define output interval of time
for history and envelope plots. Every
IPRINT'th envelope max found will be
stored for plotting. Time history print
interval in number of integration steps
is: :

NPRINT = TPRINT * IPRNT
where:

NPRINT is the number of. time steps
between printing's

IPRNT is print schedule dependent
on f,, the excitation
frequency

0<fe<2., IPRNT = 10
2.<fg<4,, IPRNT = 5
4<fo<8., IPRNT = -3

fe>8. , IPRNT = 2

IGROUP

Determines specific desired groups of
responses to be calculated for either
envelope or time history plots (See
Table VII for definitions of IGROUP)

12




TABLE III (concluded)
Parameter Default
Name Type Value Description and Comment
OTHER I 0 Qutput option yet to be incorporated
DEBUG L .FALSE. If set . TRUE., printed calculations
for debugging are output during the
time interval STARDB to STOPDB
STARDB R 100. Start time for debug output (sec.)
STOPDB R 100. Stop time for debug output (sec.)

lVariable type definitions

R =

real

R( )= real, array

I
L

integer

logical

13




2.2.2 Namelist EXCIT

EXCIT contains values defining the sinusoidal input motion as

location, phasing, frequency and amplitude.. An example listing is

given below followed by a description in Table IV of each term in

EXCIT.

Example Listing

SEXCIT

SINEIN=.T.,

AMP = 1.00, 0.50,
PHAS= 0.00, 0.00,
FQ=1.1, FQDOT=.0,

1.00, 1.00, 0.50, 1.00,
180., 0.00, 0.00, 180.,

BETA=0.., NDECAY=3,

DIN=0.0, - VIN=0.00, GIN=.0!,$

14

to



TABLE IV

DESCRIPTION OF NAMELIST EXCIT PARAMETERS

Parameter
Name

Type

Default
Value

Description and Comment

SINEIN

. TRUE .

If set . FALSE. will by-pass sinusoidal
forcing function calculations

AMP -

~R(6) -

- 6%04-

Input amplitude multiplier for-—-each of
the excitation functions at wheel/rail
interfaces of railcar trucks at node
points 1, 3, 4, 13, 15 and 17 respec-
tively, (nondimensional factor) (see
Figure 3)

PHAS

R(6)

6*0.

Phase angles for each of the excitation
functions at node points 1, 3, 5, 13,
15 and 17 (degrees)

FQ

1.0

Initial value of sinusoidal excitation
frequency, (Hz).

FQDOT

Linear frequency sweep rate for the
excitation function, (Hz/sec, + for
increasing, - for decreasing frequency)

BETA

Logarithmic sweep rate (octaves/minute,
+ for increasing, ~ for decreasing
values of frequency)

NDECAY

5000

Number of input vibration cycles at
which point input forcing function is
set to zero and system responses are
allowed to decay to STOPTM (cycles)

DIN

Displacement amplitude of the sinusoidal
vibration excitation function, (inches,

0-peak). Takes precedence over VIN and

GIN '

VIN

Velocity amplitude of sinusoidal vibra-
tion exeitation function (in/sec, 0-
peak). Takes precedence over GIN

GIN

Acceleration amplitude of vibration
excitation function (g's, O-peak )




2.2.3 Namelist VEHIC

VEHIC contains values for all parameters defining the model except
for modal data. It consists of mass, inertia, dimensional, stiffness
and damping data. A listing of VEHIC 1s given below followed by a
description of each parameter._ Parameter values are listed in

Sectioq 3.0.

Example Listing

$VEHIC

 NMAS=3,

| M=2%22. 33,125.0,8.179,152.65,7.013,148.9,3+0.,
INERT= 22080.,22080.,108500.,20000.,265000.,17150.,102000.,
.294E1,.319E7,.15E8, . 15E8,.131E7,.131E7,2%0.,
R=58.,79.,58.,79..62.25,43.5,62.25,43.5,108.,o.;;
H=16. ,VH=60.4 ,VH1=47, ,VHR=37.8,VHIR=47.,
L=792.,VL1=469.,VL2=148.,VL3=131.4,VL4=189.7,
”VL|R=-89.,VL2R=-413.,VL3R=1r5{4,yL4R=2os.6.
QR=536.,—536.,—39.,39;,46,;224,,226..254.,245.,235Q,
GAPB=.01,  GAPA=.0l, '
K=. 9]E5,.95E5,.OIE5,.48E5,.36E4 .O,.9|E5,.96E5,.91E5,.48E5,.36E4.,

.0,.225E6,. |SES, .225E5, . 1 8E5; . 225E5, . 5276E5, . 18E5, .52 76E5,
A .22556,.15F5,.225E5,.18E5,.225E5,.5276E5,.|8E5,.5276E5 2*0.,
XZKMOM= . 30E8, XRKMOM= . 30E8,
KA6=.20E8,KA12=.20E8,k86=.6\85E8,KBL2=.6185E8,
C=300.,333.,300.,140.,225.,0.,300.,333.,300.,140.,225.,0.,
1000.,200., 330.,200. , 330.,775.,200., 775.,
uooo.,200.,330.,200.,330.,775;,200.,775.,2*0.,

XZCMOM=. 10E6, XRCMOM=. I DE6,
CA5=.3555,CA12=.3555,c36=.7856,CB|2=.7856,s

16




TABLE V
DESCRIPTION OF NAMELIST VEHIC PARAMETERS

{Parameter’ Default’
Name Type Value Description
NMAS I 0 Number of lumped masses required to
i define vehicle(s) - 3 (railcar alone),
5 (flatcar plus B-end trailer), or 7
~ (flatcar plus two trailers) are the
o . - _only presently acceptable values - - |- —---- -
M R(10) 10%0. - Mass of lumped mass elements (lbs.)
- M(1) - B-end truck
M(2) - A-end truck
M(3) - railcar carbody
M(4) - B-end trailer tandem
M(5) - B-end trailer
M(6) - A-end trailer tandem
M(7) - A-end trailer
INERT R(15) 15%0. Moment of inertia of lumped mass
elements (1b. in. sec.?)
I(1) - B—-end truck (roll)
I(2) - A-end truck (roll)
I(3) - railcar carbody (roll)
I(4) - B-end trailer tandem (roll)
I(5) - B-end trailer (roll)
I(6) - A-end trailer tandem (roll)
I(7) - A~end trailer (roll)
I(8) - B-end trailer (pitch)
I(9) - B-end trailer (yaw)
1(10) - railcar carbody (pitch)
I(11) - railcar carbody (yaw)
I(12) - A-end trailer (pitch)
I(13) - A-end trailer (vaw)
R(I) R(10). | 10%0. Distances between adjacent suspension
points (in.)
R(1) - B-end truck wheels
R(2) - B-end truck/railcar attachment
points
R(3) - A-end truck wheels
R(4) - A-end truck/carbody attachment
" points
R(5) -~ B-end trailer tandem wheels
R(6) - B-end tandem/trailer attachment
points
R(7) - A-end trailer tandem wheels
R(8) - A-end tandem/trailer attachment
points
R(9) - Width of railcar carbody

17




TABLE V (continued)

Parameter Default
Name Type Value Description
H R 0. Carbody height (in.)
L R 0. Distance between railcar truck center-
lines (in.)
VH R 0. B-end trailer height (in.)
VH1 R 0. Distance from railcar top surface to
B-end- trailer bottom (in.)
VL1 R 0. Distance from railcar center of gravity
to B-end trailer hitch point (in.)
VL2 R 0. Distance from railcar center of gravity
to B-end trailer tandem (in.)
VL3 R 0. Distance from B-end trailer suspension
point to trailer center of gravity (in.)
VL4 R 0. Distance from B-end trailer hitch point
to trailer center of gravity (in.)
VHR R 0. A-end trailer height (in.)
VHLR R . Distance from railcar top surface to
A-end trailer bottom (in.) '
VL1R R 0. Distance from A-end trailer hitch point
to railear center of gravity (in.)
VL2R R 0. Distance from A-end trailer tandem
to railcar center of gravity (in.)
VL3R R 0. Distance from A-end trailer suspension
point to trailer center of gravity (in.)
VL4R R 0. Distance from A-end trailer hitch point
to trailer center of gravity (in.)
OR(1) R(10) 10%0. Longitudinal distances used in response
output calculations
OR(1) - from carbody cg to B-end of
carbody
OR(2) - from carbody cg to A-end of
carbody
OR(6) ~ 226 inches from carbody c.g.,
fore and aft
OR(7) - from B-end trailer c.g. to
hitch end of trailer
OR(8) - from B-end trailer c.g. to
tandem end of trailer
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TABLE V (concluded)

Parameter Default
Name Type Value Description
OR(TI) R(10) 10%0 OR(9) - from A-end trailer c.g. to
continue hitch end of trailer
OR(10) - from A-end trailer c.g. to
tandem end of trailer
GAPB, | R 0. _Gap at_ B and A truck side _bearings.. |
GAPA Switch point for bilinear truck roll
spring, radians (1" gap = .04 radians)
K R(30) | 30*0. Spring values (1b./in.) (See Figure 3
o for locationms)
XZKMOM R 0. B-end trailer hitch roll stiffness
(in. 1b./radian)
- XRKMOM . . R 0. A-end trailer hitch roll stiffness
(in. 1b./radian)
KA6, R 0. Bilinear spring values for K(6), B
KB6 Truck, Carbody roll, (in. 1b./radian)
KAl2, R 0. Bilinear spring values for K(12), A
KB12 Truck, carbody roll, (in. 1b./radian)
C R(30) | 30%0. Damping values (1b./in./sec.) (See
Figure 3-for lecations) 7
XZCMOM R 0. B-end.trailer hitch roll damping
: . {in. 1b. sec./radian)
XRCMOM ‘R 0 ’ A;gnd trailer hitch roll damping (in.
N 1b. sec./radian)
CA6, R 0. Bilinear damping values for B truck -
CB6 carbody roll, (in. lb./rad./sec.)
CAl2, R 0. ‘Bilinear damping values for A truck
CB12

-, carbody roll, (in. 1b./rad. /sec.)

NOTE: The c.g. of each body is assumed to be at half its height.




2.2.4 Namelist MODAL

MODAL contains the normal mode‘information for the carbody.
These normal modes are for the empty carbody, not including truck
masses, with free-free boundary conditions. Thé deflection coeffi-
cients have been normalized for unit modal masses. Modal information
for seven modes are listed. A numbé} of modes, from 0 to 10, can be
chosen through the parameter NMODEQ and the iﬁclusion of deflection

coefficients.

Table VI contains a description of the parameters in MODAL.
Location of node points for deflection coefficients is shown in
Figure 4a. The location and numbering system of -problem output data

is shown in Figure 4b.

Example Listing of Namelist MODAL

SMODAL ]

NMODES=4, L
RF=4.253,8.873,9.417,9.629,15. 5]9.]5 599 18 029 3*0-'
ZETA=7%0.02,3%0.0, .

- NLOC=46,

COEF(1, l)—.|39|33.-683776E‘ ,.5'2E‘6.—.|253ZE‘|0..592E-6.—.626276E—].
«824155E~1 ,~.520E-6,.23266E~9, .227E~6,~.626276E=1.0. .=+ 168766E~1,

« 152E~6,0.,.92463E~1,-.529E~6,.92463E-1, .194727,.194727,.683776E-1,"*
«633776E-1,~.368329E~1 ,-.368829E~1,~.903879E~1,-.903879FE~1,
-.27713'E-|.—.27713|E-|,.824|55E;l..824|55E;|..209599..209599.14*Q.[
COEF(1.2)=,1077E~5,.331958E~8, .566905E~1,~-.863471E~3,.100231,.129931E~-1,
-.184794E-6,.704258E~1,.855676E~3,-.507293E~] ,~. 129940E~) ,~.930663E-3,

" «325E-6,.598384E-1,.3125E~3,~.305907E-1,.704258E~1,.305901E~-1,.531035E~-1,
‘=.331047E~1,,466274E~1 ,~.466274E-1,.304666E~] ,~.304678E~1,~.447888E -2,
«44T9E-2,-,37982E- |..37983E‘1 - 46207E-‘..46206F-].— 4960F 1, .49596E-1,
.198|76..'98]76..566905E- ..566905E-| -.379632E-1,-.379632E~1,~.791440E~1,
~.791440E~1 ,~ . 269666E~1 ,~ .269666E—|,.7042585—'.-7042585'|..205472.-205472.
COEF(1,3)=.5459E-5,-.491144E-6,,229099E~1,.255278E-2,.383516E-1 ,-.486 152E~1,
—.3||6B5E‘6..273623E-1.-.242'005-2'-.|63495“|..48609|E-].-26799|E-2.
.2003E-5, .226116E~1 ,~.728602E=3,.,865497E~,.273623E~1 ,~.86552E~1,
-.150099,.150119,-.137850,.137850,-.106807,.106799,,798774E-3,
-.798404E~3,.105002,~.104994, ,130734,-.130734,.141432,-,141454,
.633813F~1,.683818E~1,,229099E~1,.229099E-1,~, 106589E-1 ,-.106589E~1,
=e290141E-) ,-.200141E=-1 ,~. 11 7100E-1,~-, 117100E~1,.273623E~1,.273623E-1,
.859564E-1, .859564E~], :
COEF(1,4)=.12234,~.15435E~1,,3545E~5,~-.1187E~-6,.| 715E-5.~.7554E~1,~, 1235E=-2,
-.6518BE-5,.111274E-6,.5687E~5,~.755421E=1,~,.125E-6,.485419E~1,. 11 I5E=5,
«J2E-7,~.203465E~1 ,~,6518E=-5,-.203386E~1,.230599,.230585,~, 154290E~1,

~.154518E~1,-.946543E~1 ,~.946639E~1,.239724E-2..239728E-2,.880306E~1,

«830400E-1,-.124088E-2,~.1228R6E~2 -.243111,~.243097,-.915E-5,-.915E-5,
.354E—5..35AE 5 ¢ TAGE- 5..745E-5..II7E ~5¢s 1 7TTE-5,~-.602E-5,-.602E-5,
-.652E-5,~.652E-5,~.349E~6,~.349E-6,
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Example Listing of Namelist MODAL (continued)

COEF(1,5)=,30975E-3,-.263863E-3
«87251E-2,-.256151E-3,-.909975E-2
.30035E-3..15626E—3}-3090055~l.
v« 214758E~1 ,~&!

=. 1995486~

-.304096E-1,.322754E-1,

«124429E~-1,-

3..258867E-1

+e 1 94368E~3,-.168226E-2,

v «464493E-3, .586144E~1 ,~.860299E-2,

-.7291E-4,-.167711E-1,~-.900975E~-2, .1 64401E~1,
07598E-1,.102320E-1 ;. 132692E~-1 .~
«126753E-1,-.120841E~1',~-.106510E~,.102260E-1 ,~

. 135408E-1,

.253388E~1..248264E-1,

-.231421,~.231421,,258867E—1,.258B67E~1 .
.858191E-1,.859191E~1,~-,193811E-2,~
-.909975E=-) , -~

.1938!1E-2.-.802|48E~|.—.802!48591.

.9009755-1..253888..253888.
COEF(1.6)=,895037E=1,=.775666E~1,~.9023E=4 ,~. 766825E~6, .6 T86E=5,

. 125247E~1,.3019E-4,~.168293E-5,~

«2056E~3... 1 2505E~1,

=+ 1161E-5,.480042E~1,~. |0844E-3,,.278E~6 .~ .4657345-1..3019E-4 -~ 4669375-

.220852,.220694, -.7752525—1.

.838907E-1,.839823E~1,=-
© #255325,,255097,.81881E-3,.81881E~3,-.9023E-4 ,~-,9023E=4,~.3011E=3,,
-+3011E=<3,.702E~5,.702E~5, .281 | E-3 ,.28!IE~3..302E-4..302E—4 :
-.8989E-3,-.8989E~-3,-

COEF(1,7)=.177E-5,~
~«21001E-5,.48991E-2, .34039E-~2, -

=.550254E-1,~

« 7T6080E=1,~:440986E=1 , =

.219!7!E~5..l32706€-
«41308E-2,-

+551002E~1 ,~.724338E~1 ,~. 726 156E~1,

«e212431E-1, .224044E-1,
«-47633E-2, . 3266E-5,,

0-38.9"6E-
-.22410E~1

~o134728E~-2,~.134790E~2,~.121691,.489912E-2,.121688,-.29422,,29423,-.210125,

210121,-.146192E-1,.146116E~1,.141607,

~,141608,-.443903E~1, . 44394 7E~1,

-..183813,.183809,~,244408, ,244514, ,46009E-1,.46009E-1", . 1 32706E~1,
«132706E-1,~.406076E-2 ,~.406076E-2 ,~.42866E=2 ,~,42866E=2,. 10940.1E~1,

SEND

-END OF FILE-

v+489912E~2,.489912E-2.~.36793E~1 .~.367193E~=1,.5$

TABLE VI

DESCRIPTION OF NAMELIST MODAL PARAMETERS

Parameter Default |.

Name Type Value Description

NMODES I 0 Number of desired free-free normal
modes to describe flexibility of
principal vehicle (0 < NMODES < 10)

ZETA R(10) 10%.005 Modal damping factors, one per defined

o normal mode (ratio to critical)
RF R(10) 10*.0. Modal frequencies (Hz)
NLOC I 0 .Number of deflection shape modal
' displacements desired

(0 < NLOC < 46)

COEF R(46,10)] 460*0. Normal mode deflection shapes, each
column representing one mode
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Platform A Platform Carbody N Van B Van

Tandem Truck Hitch Center Tandem Truck Hitch
Station . -
0 123 140 312 447 536 684 760 932 1005 1072
1 i M
§ . . J i . ]
46X | 4ax s2x 40x i 38% 36X |
322 ‘30z 282 262 | 242 222 i 202
e —0— O - —0——
. 1820 g4 132 011z 4 1z .
o P-—— 17 008X 14X O $-- 0 10% . O3x -Osx
156, c.g. . 2Z 128 END
162 72 Y 0 6% Y
O O O O ‘57
31z 29z 272 252 . 232 212 - 19z
45X 43% 41X 39X 37X 35X 33X
FIGURE 4a
NODE NUMBERING SYSTEM FOR CARBODY FLEXIBLE MODE COEFFICIENTS
(STATION)

RIGHT
7 SIDE

FIGURE 4b
FRATE/TOFC OUTPUT DATA NUMBERING SYSTEM
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2.3 Forcing Functions Options

Sinusoidal motions can be imposed on any combination of the six
track-wheel interface locations 1, 3, 5, 13, 15 and 17. Nodes 3 and
15 are lateral motions while all others are vertical motions. The
frequency of the motion must be the same at all input points. The
amplitudes and phase angle relationships between input points can be

assigned any values for a run but must remain constant for that run.

The input forcing function is defined in namelist EXCIT. The
amplitude of the six input options are defined by the product of
the input amplitude (DIN, VIN or GIN) and the amplitude factor AMP(I).
DIN, VIN and GIN provide the user the option of constant displacement,
velocity or acceleration input amplitudes with a varying frequency
input. The AMP(I) factors enable the user to regulate the relative
amplitude at the six input nodes. Similarly PHAS(I) enables the

user to fix the phase relationships between the six input nodes.

Thus in the example listing in Section 2.2.2 there is a 1.1
Hertz frequency imposed with amplitudes corresponding to 0.0lg
vertically at each side of each truck and 0.005 g laterally at each
truck. The phasing is; when the left side of each truck is going up,
the right side is going down and the lateral motion is to the right.
This results in a rocking motion with the center of rotation at

some point below the rail car.

The frequency of the excitation motions is controlled by the
parameters FQ, FQDOT, BETA and NDELAY. FQ is the frequency at time
zero. If FQDOT and BETA are zero, as in the example, the excitation
frequency will remain constant. The value of NDELAY = 3 will result
in the excitation being set equal to zero after three cycles have

been completed.
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The excitation function has been designed with two objectives in
mind. The first was to be able to duplicate the sine-sweep testing
performed on a TOFC configuration at the Rail Dynamics Laboratory.
The second objective was to simulate the track profile of jointed
track. With jointed track, frequency of excitation is related to

rail section length and train velocity by the relationship:

-y
f= X |
where f = frequency in Hertz
v = velocity in ft./sec.
A=

wave length or rail section length

Also the phase relationship between motions at the A and B truck are

determined by the ratio of rail section length to truck center dis-

tance.

2.4 Qutput Options

Since FRATE is a time domain énalysis all output results are
actually time histories of response motions. However within the time
history category output data is available in the three forms known_
in FRATE as (1) time historf, (2) envelope and (3) debug. A descrip-
tion and suggested application of each follows. Exémples of each are
shown. The locatién and numbering system of'pfoblem output data is

shown in Figure 4b.

2.4.1 Time History Output

Time history printer plots are obtained by setting TIMHIS = .T.
and THSPLT = .T. in the input data file CONTRL namelist. TIf the
imposed motion is vertical IGROUP = 3 output option is used. If
imposed motion is roll, IGROUP = 4 output option is used. See Table
VII and Figure 4b for definition of IGROUP. The output results will
be time history plots of the response motions of selected locations

on the truck, carbody and trailers (lading). The plots will be in
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superimposed groups of 3 or 4 on the line printer output as indicated

in Table VII.

The usefulness of time history plots is to show’the detailed
motion response throughout the railcar for a given motiomn at the
rail. Amplitude and wave form (frequency content) of response is

available forAstudy. .

In order to reduce computer costs and shorten the paper length

of the time history plots the print schedules given. below are followed.

Time History Print Schedule

Frequency ~ Print Schedule
less than 2 cps every thh time step
between 2 and 4 every'Sth fime‘Step
between 4 and 8 ‘ leVeryv3rdttime step
greater than 8 every 2nd time step

The forcing function can be applied with either constant
frequency or varying frequency. It éan also be applied for a
selected number of cycles and stopped to permit the'obéervation
of system decay characteristics. The example time listing shown'in
Figure 5 is a "decay" run where one cyclé of'a 0.6 Hertz was '

applied in a rolling excitation.

‘2.4.2 Envelope Output

Envelope printer plots are obtained by setting ENVEL = .T. and
ENVPLT = .T. in the CONTRL namelist. IGROUP = 1 or 2 output options

should be requested for vertical or roll motion respeqtively.
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TABLE VII
FRATE OUTPUT DATA - GROUP OPTIONS

GROUP 2 GROUP 3 - GROUP 4

GROUP 1
ENVELOPE ENVELOPE TIME HISTORY TIME HISTORY
VERTICAL ROLL VERTICAL ROLL
ZA(1) ZA(1) 1 z(1) 1 °Z(1)
ZA(3) ZA(3) Z(5) Z(5) 8 X(1)
ZA(5) ZA(5) : Z(7) Z(7) X(7)
ZA(7) ZA(7)  XA(7) ZI(1) Z1(1) X(11)
ZA(11) ZA(8) X(15)
ZA(15) ZA(11) 2 Z(9) 2 Z(9)
ZA(19) ZA(12) . Z(11) Z(11)
ZA(21) ZA(15) XA(1S5) z(13) Z2(13)
ZA(23) ZA(16) '
ZA(25) ZA(19) xA(19) 3 0 Z(3) 3 Z(3)
ZA(27) ZA(Zl) XA(21) - Z(15) : Z(15)
ZA(29) XA(22) Z(17) Z(17)
- ZA(23) XA(23) - A
ZA(25) XA(25) 4 Z(19) 4 Z(19) 9 X(19)
ZA(27) XA(27) Z(21) ; 2(20) X(21)
XA(28) Z(23) ' Z(21) X(22)
ZA(29) XA(29) } 2(23) X(23)
- .| 5. 2(25) . _ |
Z(27) 5 Z(25) 10 X(25)
Z(29) - ' Z(26) - X(27)
- 2(27) X(28)
‘ Z2(29) X(29)
Envelope Note: CalComp plots will 6 2(2)
be ZA( ) and/or XA( ) as shown. . 2(6)
" Printer plots will have both ZA( ) v 7(8)
and XA( ) for all points shown. 71(3)
7 Z(10)
Z(12)
Z2(16)
z(18)
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MULTIPLE PLOT 1TIME HISTORY

1,75€-01

FRATE RUN 206.00
1e2(1)
287(5) SWEEP RATE =
3=2(7)
4=21(1) INPUT HOTIONS §iNe 100
-1,75E-01 -8,73E-02 0. 8.73E-02
*
1 4 * .
4 * .
4 23 .
1 4 * .
1 * N
1 4 * .
1 4 23 .
4 * .
* 4 .
2% 4 .
* 1 4 .
* 1 4 .
* T4 .
* 14
* . 14
* . *
* . 41
* . 4 1
32 . 4 1
32 . 4
* 4 1
. *
. 32 4
' . * 1
. *h
. 4 1%
. 4 1 *
. 4 1
. 4 1
R 1
o 1 32
& 1 -
4 1 X
4 1
4 1 .
4 1
4 1
4 1 *
41
41 *
41 .
* *
*k
* 14
* 14
* 14
* 14
1 4
* 1 4
* 1 4
* 1 4
* 1 4
* 1 4
* 14
* 14
* 1 4
14
* 14
* 14
* 14
* 14
* *
* %
41 *
41 *
41 *
41 *
41 *
4 1 32
4 1
4 1
4 1 *
4 1 *
6 1 *
4 1
41
41 *
41 *
41 .
FIGURE 5

EXAMPLE TIME HISTORY/DECAY PLOT
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TINE
0.0000
«2050
+2550
+3050
+«3550
+4050
«4550
+5050
«5550
«6050
«6550
+7050
« 7550
<8050
+8550
«9050
«9550
1.0050
1.055¢0
1.1050
1.1550
1,2050
1.2550
1.3050
1.3550
1.4050
1.4550
1.5050
1.5550
1.6050
1.6550
1.7050
1.7550
1.8050
1.8550
1.9050
1,9550
2.0050
240550
2.1050
241550
2.2050
242550
243050
243550
2.4050
2.4550
2.5050
2.5550
2,6050
2.6550

247050
247550
248050
2.8550
2.9050
249550
3.0050
3.0550
3,1050
3.1550
3.2050
3.2550
343050
3.3550
3,4050
3.4550
3.5050
3,5550
3.6050
3,6550
3,7050
3,7550
3.8050
3.8550
3.9050
3.,9550
4.0050
4,0550
4.1050

FRQ

0.0000
+6000
«6000
+6000
6000
6000
+6000
+6000
«6000
+6000
+6000
26000
«6000
+6000
«6000
+6000
«6000
«6000
#6000
+»6000
+6000
«6000
«6000
+6000
+6000
.6000
«6000
+6000
6000
« 6000
«6000
«6000
+6000
«6000
«6000
+6000
26000
«6000
6000
+6000
«6000
«6300
6000
26000
+6000
+6000
«6000
+6000
#6000
+6000
«6000

+6000
+6000
+6000
«6000
#6000
»6000
«6000
6000
+6000
«6000
6000
#6000
»6000
+6000
+6000
«6000
+6000
#6000
«6000
«6000
+6000
+6000
6000
«6000
+6000
+6000
«6000
+6000
+6000



Envelope plots are abbreviated time histories in that only posi-
tive peak values are plotted instead of continuous wave form. The
envelope plot appears as a frequency transfer function when plotted
against'frequency. The usefulness of envelope plots is for the
identification of resonant frequencies and assessment of amplitude of

response at resonance. An example envelope plot is shown in Figure 6.

2.4.3 DEBUG Output

DEBUG is a tabular printout of all primary pérameters in a time
step consisting of the following:

a. time in seconds

b. the values of the six excitation functions

c. spring/damper forces

d. acceleration, velocity and displacement of each of the 27
rigid body degrees of freedom

e. the carbody normal mode responses, ETA, and their first and
second derivatives )

An example debug printout is shown in Figure 7; This is from
an analysis withtNMAS = 5, i;e. one trailer and NMODES = 0, i.e.
rigid:carbody. Hence the zeros for the forces and degrees of freedom
correspdnding to the second trailer and for the carbody ques. Also,

in this run NDECAY = 1, hence the zero excitation functions.

Thé order of listing of the degrees of freedom are shown in Table

VIII.

Debug is intended to be used as a diagnostic aid rather than for
'production. The detailed numerical information can be helpful in
éearching for the cause of unexpected behavior but is to voluminous

"~ 'and cumbersome for anything else.

28



ENVELCPE PRINT FLGTS FCR

Z IS SYMBOL FOR ZA AND
x IS SYMBOL FOR XA AND

-4,01E-C3 -2.01E-G3

+

’

TFC2 POINT 3

IS SYMBOL FOP CORKESPONDING XA
IS SYMBOL FOR CORRESPLNDING ZA

2+01E-03

4,01E-03

-

FIGURE 6
SAMPLE ENVELOPE PLOT

TIME

2.425
24590
3,010
3.190
34585
3.770
44150
4,335
44,700
4.88%
5.235
54425
5,760
5.945
6275
6,460
6,780
€.965
7.270
74455
7.755
7.940

8.410
Z B8.695
8.875
z 9.150
9.330
G.595
G.770
10.030
10,205
10,455
10.620
10.865
11,030
11,265
11,425
11.655
11.815
12,045
12.200
12,425
12.575
12.800
12.945
13,165
13.310
13,525
13,670
13.880
14,020
le,230
14,370
14.570
14,710

FRQ

1,68
1.69
1.72
1.74
1.77
1.79
1.82
1.83
1.86
l.88
1.91
1.93
1.96
1.97
2,00
2.02
2.05
2.07
2.10
2412
2.15
2.16
2.19¢
2.21
2424
2426
2.29
2.31
2.34
2436
2.38
2.40
2443
2445
2448
2450
2.52
2.54
2.57
2459
2,62
2eb4
2,66

2.68

2.71
2.73
2,76
2477
2.80
2.82
2.85
2487
2.9¢C
2,91
2.94
2.9¢

VALUE
«1197E-02
#«8041E-03
«1349E-02
+8777E-03
«1480E-02
«9230E-03
«1664E-02
+9790E-03

-0 1893E~C2

+1057E-02
.2159E-02
«1153E=02
«2453E-C2
«1260E-02
. 27716-02
W1373€-02
+3102E-02
«1484E-02
«3427E-02
+1586E-02
+3713E~02
«1661E-02
+3922E-02
.1696E-02
+4011E-02
.1673E-02
+3944E-02
+1580E=02
«3706E-02
W1421E-02
+3321E-02
+1213E-02
.2863E-C2
+1001E-02
«2449E-02
+8358E-03
+2183E-02
+7505E~03
+2676E-02
«7211E-03
+2029E-02
+6977E-03
+1953E=02
«6581E~C3
.1852E-02
+6152E-03
W1775E-02
+5869E-03
«1725E-02
+5680E-03
+1681E-02
«5478E-03
.1631E-02
2 5276E-G3
.1592E-02

«5125E-03

M
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(03

TIME = 441250 Z1i1) = 0. C.
1 F(I) ACCELERATION
(LBS) (GS OR RAD/SEC.SC)
1 2418€67E4C4 -4,2C4€E-CE
l -3,0416E+C1 ~4,8185E-C5
3 2+1935E+04 -6.0021E-04
£ -3 ,0265£401 -1.5683E-03
€ 2.C127E+04 -€,3452E-03
7 2.2725E+C4 -1.2340E-Cé
8 -3,2831E+40C1 4.4305E-06
G 2.2825E4C4 -3.6885E-06
1¢ 2.C941E404 1,2111E-05
11 ~3,2657E+01 -4,5604E-07
12 2.1013E+0G4 -G ,6445E~-04
13 2.6765E+4C4 -7.C767E-04
14 -2.0631E+C1 -1.,11G6GE-C2
15 1,7337E404 ~7.5719E-03
1¢ -2.,€26GE401 -4 ,3865E-06
17 1.737CE+0C4 -5,2200E-0¢6
lg 1.5598E+C4 1.B375E-C5
19 -2.286G2E+401 1.,€6511E-07
20 1.5648E+C4 0,
21 Ce C.
22 (U C.
23 C. C.
24 Ce C.
25 Ce C.
2¢& 0. C.
27 Ce Ce
2€ C. Ce.
MCCE ETADD ETAD
1 C. 0.
FIGURE 7

SAMPLE DEBUG OUTPUT, NM



0.
VELOCITY

-1.1201E~C3
~€.1881E-04
1.1900E-02
Gs2354E-03
-1.7978E-04
6.4742E-02
3.2C44E-05
4.7152E-0¢
1.3115E-04
1,1765E-C4
-2.0402E-05
4,6121£-03
-4 .,4756E-02
5.2279E-G2
7.5798E-02
3.6499E-04
5.6169E-04
8.3045E-05
8.3173E-C6

ETA
Co

AS=5, NMODES=0

C.

(IN/SEC OR RAD/SEC)

0.

DISPLACEMENT

(IN OR RAL)

3.C730E-C4
3.3004E-04
G.7437E-03
-4 ,7612E-01
-4,6511E-01
~5.3748E+C0O
-2.5425E-05
—-347934E~C5
-B45451E-CH
243941E-04
4,2223E-07
1.4144E-02
2.,4017E-C2
=6,0190E£+400
-5,8439E+00
-1.C711E-04
-1.2652E-C4
1,8155€E-03
-6.4836E~0¢€

C.



TABLE VIII
DEGREE OF FREEDOM LISTING ORDER IN FRATE/TOFC

1. X))
2. X(2)
3. X(3)
4o Z(1)
O N Rail Car
6. 2(3) (1) = B truck:
7. ¢<1) (2) = A truck:
8. ©(2) (3) = Carbody c.g.
9. #(3)
10. ©
11. o
12.  X(4)
13. X(5)
14. Z(4)
15. 2Z(5) Van Trailer
16. (&) ' ‘ (4) = tandem
17. 6(5) . (5) = trailer c.g.
18. oV ' .V = trailer c.g.
"19. oV
20. X(6)
21. X(7)
22, 2(6)
23. &(7) » Platform Trailer
2. B(6) . (6) = tandem
25. @(7) (7) = trailer c.g.
26. ©T ‘ T = trailer c.g.
27. «aT

This listing order is followed in the DER's and VAR's used in the
FRATE equations of motion and in the degree of freedom response -
listings in DEBUG output. '
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2.5 Analysis Procedure

There are two basic objectives envisioned in performing analyses
with FRATE: (1) to obtain a definition of the dynamic characteristics
of the vehicle under study and (2) to obtain a definition of response

(accelerations, deflections and loads) to speéific input loadings.

The analysis procedure which is to be followed in an& time domain
analysis is to apply an input (forcing) function and observe the
resulting responses. With astute selection of forcing functions and
evaluation of resulting responses a description of the dynamic charac-
teristics of ‘the model can be obtained. This description includes
resonant frequencies, amplitudés-of responses both on and off
resonance and the general shape of the response at resonance. For
example, it may be apparent‘that there is one.particular‘resonance
which is easily excited to large amplitudes. Repeated analyses can
be made with variations on parameters (springs, dampers, masses,

" mass distribution, etec.) to see which parametérs are most effective

in reducing responses and to arrive at some acceptable configuration.

‘A second analysis requirement may be to predict the loads on
critical members in a railcar configuration with a given input load-
ing condition. The analysis may be simply to provide design load
‘values or it méy be used to see what changes to the model will result

in reduced loads on the members under study.

With these types of analysis in mind FRATE has been set up with
the capability to impose motions at the wheel-rail interface and to
read out responses at selected points throughout the vehicle. The

following six categories of analyses were anticipated:
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Analysis Input Motion Options

(1) Vertical input motions with frequency varied over a
relatively wide band.

(2) Roll input motions with frequency varied over a relatively
wide band. :

(3) Vertical input motions with frequency held constant or
varied over a narrow band.

(4) Roll input motions with frequency held constant or varied
over a narrow band.

(5) Vertical input motions with a limited number of fixed
frequency cycles in order to observe decay characteristics.

(6) Roll inpuf motions with a limited number of cycles at a
fixed frequency to observe decay characteristics.

Table IX relates type of analysis, analysis objective and the

various options available in FRATE.to perform the analysis.
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TABLE IX
FRATE ANALYSIS OBJECTIVES AND OPTIONS

. {on’ Opti
Descriptive Analysis Inpgt Motion Options
Item 1 2 3 4 _ 5 6
Analysis Resonance Search
Objective Resonance Search Resonance Description >
Decay Rate
Input Direction Vertical Roll Vertical Roll Vertical Roll
. ' Constant or
Input Frequency Wide Band Sweep Narrow Band Sweep Constant and Stop
|
|
Type of Response Forced Decay
Type of Qutput Enveloped (accelerations) ., Time History (displacements)
Output IGROUP
1
(See Table VII) 2 3 4 3 4




3.0 MODEL DESCRIPTION

The .freight car model of this report is a TOFC (Trailer on Flatcar)
configuration. The TOFC model in its present state has evolved from
modeling by Ahlbeck, et al., Reference 1, by Healy, Reference 2, and
by Mitre. It consists of the lumped mass simulation shown schematically
in Figure 1, 2 and 3. Figure 1 defines the notation used for masses,
inertias and degrees of freedom, Figure 2 defines geometric notation
and Figure 3 defines spring damper notatioﬁ. The railcar is represented
by three rigid body masses: two trucks and the carbody. Carbody flexi-
bility is included through application of a component norﬁal mode
technique using the first four free-free normal modes. Each of the-
two highway trailers are represented by two rigid masses: one for the
trailer body and one for the wheel/axle assembly. The mass, stiffness,

damping and dimensional values used are shown in Tables X, XI, and XII.

The springs and dampers are all in pairs. That is for each spring.
there is a corresponding damper each attached to the same model node
points. The force acting between the attachment node points is.-the
combined effect of spring and damper. All damping’is included as

viscous.

The truck spring/dampers, K(4), K(6), K(10), K(12) and C(4),
C(6), C(10) and C(1l2) are modeled in a way which differs from the
ordinary and is felt to need some description to aid the user's
understanding . Spring/démpers K(4), C(4) and K(10), C(10)- represent
the total vertical stiffness and damping of trucks B and A respectively
acting at the carbodyvcenterline. Spring dampers K(6)£ C(6) and
K(12), C(12) represent the total roll stiffness at trucks B and A
respectively acting at the carbody centerline. Figure 8a shows these

springs schematically.
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TABLE X

TOFC MASS PROPERTIES

SYMBOﬁ

DESCRIPTION

36

VALUE
M(1) B Truck Mass 22.33
M(2) A Truck Mass 22.33
M(3) Cérbody Mass 125.00
M(4) Tandem Mass, Van Trailer 8.179
M(5) Van Trailer Mass | 152.70
M(6) ‘ Tandem Mass, Platform Trailer 7.013
M(7) Platform Trailer 148.9
I(l) B Truck Roll Inertia .2208E5
I(2) A Truck Roll Inertia .2208E5
:I(3) Carbody Roll Inertia .1085E6
I1(4) Van Tandem Roll Imertia .2000E5
L(5) Van Trailer Roll Inertia .2550E6
I1(6) Platform Tandem Roll Inertia .1715E5
I(7) Platform Trailer Roll Inértia .1020E6
1(8) | Van Trailer Pitch Imertia .2040E7
I(9) Van Trailer Van Inertia .3190E7
I1(10) | Carbody Pitch Imertia .1500E8
I(ll) Carﬁpdy Van Inertia .1500E8
1 1(12) Platform Trailer Pitch‘Inertia .1310E7
I(13) Platform Trailer Van Inertia 131087
Units: M(I) = 1b. sec.’/in.
I(I) = 1b. in. sec.2




TABLE XI
TOFC SPRING AND DAMPER VALUES

SPRING VISCOUS
CONSTANT DAMPING DAMPING
K CONSTANT RATIO
NUMBER 1b./din. ¢ c/c, (3 REPRESENTING
1b.sec./in.
1,3,7,9 .91E5 300. .020 Side frame, wheels and track,
vertical, 2 per truck
2,8 .95E5 333. .022 Side frame, wheels and track,
lateral, 1 per truck
4,10 .48E5 1400. (1) .183 Truck spring vertical,
140. (2) .018 1 per truck
5,11 .16E5 (4) 200. .079 Truck lateral, 1 per truck
.36E4 (5)° 45, (with gib contact)
.10E6 (6) 1250.
A6, Al2% .21E8 (4) .20E6 .060 Centerplate and truck
.114E8 (5) .10E6 .055 spring in truck roll
B6, Bl2% .6185E8 . W20E7 (1) .203 Truck springs in truck roll
.78E6 (2) .079
13,21 .225E6 1000. .028 Trailer hitch vertical
14,22 .150E5 200. .084 Trailer hitch lateral
15,17,23,25 .225E5 330. .092 Tandem tires, vertical,
2 per tandem )
16,24 .180E5 200. .070 Tandem tires, lateral,
: 1 per tandem
18,20,26,28 .5276E5 775. .092 Tandem springs vertical,
2 per tandem
19,27 .180E5 200. .070 Tandem -springs lateral,
1 per tandem .
XZMOM* .30E8 .10E6 .021 Trailer hitch, roll moment
XRMOM

* .
Angular spring and dampers, units are inch pounds per radian and inch pound
seconds per radian.

(1) 100% snubbers in truck springs.

(2) 0% snubbers in truck springs.

(3) C/Cc is obtained by using CC = k/If and, assuming f = 2.0 Hertz.
(4) Fully loaded TOFC '
(5) Empty flatcar

(6) Gib contact
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TABLE XII

TOFC DIMENSION VALUES

(units are inches except as noted)

R(1) = R(3) = 58.00

R(2) = R(4) = 79.00

R(5) = R(7) = 62.25

R(6) = R(8) = 43.50

L = 792.0

VL1 = 469.0 . VLIR = -89.0
JVL2 = 148.0 | ‘ VL2R = -413.0

VL3 = 131.4 L ” VL3R = 115.4
VL4 = 189.7 o - . VL4R = 208.6

H = 16.0 A g

VH = 60.4 R VHR = 37.8

VHL = 47.0 . | VHIR = 47.0

OR(1) - 536.0

OR(2) =-536.0

OR(6) = 224.0

OR(7) = 226.0

OR(8) - 254.0

OR(9) = 245.0

OR(10)=235.0

GAPB
GAPA

.01, radians

.01, radiams

NOTE: GAP angle is based on side bearing clearanmce at 25 inches from
carbody centerline and assumes equal gap on each side,
(.01 radians = .25 inch gap.) See Figure 9.
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+—— Carbody at B Truck

o 1 o
LZ 6] =—— B Truck
1 3 5

FIGURE 8a
SPRING/DAMPER SCHEMATIC OF B TRUCK

MOMENT (in.lb.)

—-GAPB

DIFFB (radians)

GAPB

DIFFB = difference in angular displacement
between B truck and carbody

FIGURE 8b
BILINEAR SPRING RATE OF K(6) AND K(12)
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The objective of this truck spring/damper arrangement is to be
able to represent the bilinear roll spring/damper characteristics of
the truck as related to side bearing contact conditioms. As shown
in Figure 8b there is a relatively soft spring rate representative
of the centerplate and truck springs in series for the condition
without side bearing contact. After the bearing gap has been reached
the centerplate is in effect bottomed out and rolling motions of the
carbody is reacted directly by the truck springs. The bearing gap

angle is illustrated in Figure 9.
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! CARBODY BOLSTER '

T GAP ANGLE™
| ' /

\ N N A A
!

CENTER PLATE !

TRUCK BOLSTER
j / /l .

25" |

Roll motion is assumed to be about a longltudlnal axis
at the center of the carbody.

FIGURE 9
SIDE BEARING GAP ANGLE
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4.0 OPERATING INSTRUCTIONS

There are three files involved in performing a FRATE analysis;
(1) the program file, (2) the data file and (3) the submit (execu-
‘tive) file. The run procedurevrequires modification of the data and
executive files, according to the analysis to be performed, and sub-
- mittal of the executive file. 1In this section we Will briefly review
the executive file to provide a general uaderstanding of its function.
The data file has been described in detail in Sectibn 2.2. The model
parameters presehtly in the FRATE/TdFé version are listed in Section

2.2 and again in Sectiomn 3.0. = . ”;
It is assumed that -the user has access to the CDC computer
system and ‘has sufficient knowledge of the svstem to perform the

required -editing.

4, l Executive File (FRARUN)

Figure 10 is a flow chart for the executive file FRARUN. .The‘
user will connect to the CDC Cyber 173 in Rockv;lle, Md. on the
KB NOS systems. He will call and medify the submit and datavfile
to the extent required by the analysis to be performed, and return
them to on-line disc storage. fhe executive file will then be called
and submitted into the system. The executive file contains the
necessary command messages to accomplish the following operational
steps: ' ‘ '

a. The data file is .called from on—llne disc’ storage‘ln

Rockv1lle.

b. The data file along with run information is cyberlinked
to the cyber 76 front end in Minneapolis.

c. The FRATE program is called from on-line disc storage in
" Minneapolis.

d. The problem is run on the 7600.

N
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e. Output results are cyberlinked back to the Cyber 173 in
Rockville and disposed to the high speed line printer.
The line printer output headings will contain delivery
instructions. '

As thé CDC sysfem is modified and improved this problem submittal
procedure will be revised. In particular it will be possible to
connect directly to the 7600 rather than cyberlink through the Cyber
173 and receive output directly to a line printer closer to the point
of origin of the problem. This will provide some cost savings and

considerable time savings.

A copy of the executive file with explanatory notes is presented

in Figure 11. The user will need to make the following changes.

a. A user number must be supplied.

b. Dispose systems may need to be changed. TCA is the
Minneapolis front end, I98 is the Rockville KB NOS
system.,

c. Delivery instructions must be changed.

d. Data file number may be different.

e. Priority preference may be different.
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REMOTE
TERMINAL

CYBER 173

CYBER 76

CYBER 173

Procedure:

"1 - User connects to Cyber 173, calls and
edits FRARUN and FRADxxx and submits
FRARUN to Cyber 76.

2 - FRARUN directs performance of analysis.

3 - Output is delivered to user.

m EXECUTIVE FILE
DATA FILE

FRATE@1 FRATE PROGRAM
k™) OBJECT FILE

LINE PRINTER
OUTPUT

FIGURE 10

EXECUTIVE FILE FRARUN FLOW CHART

b4




el e

OLD, FRARUN
READY.
LNH

SYSTEM ID (CYBER 76)
/
JOB ,//”:——— CUT OFF TIME (200 SEC., OCTAL)

CASKET,STTCZ,T200,P4, <«——————— PRIORITY

BANNER NAME

ACCOUNT. . ACCOUNT NUMBER

ATTACH, I . 3 JMR=1.,

TTACH,HEADING,HEADING MR=1 OUTPUT HEADING COMMANDS
HEADING.

ATTACH.LGO,FRATEO1,IN=JFC,MR=1. RUN GOMMANDS .

_ FRATE@1 IS OBJECT FILE AT TCA
LDSET,PRESET=ZEROQ. MR=1 ALLOWS MULTIPLE USER ACCESS
LGO.

EXIT.U. OUTPUT DATA COMMANDS
198 = KB SYSTEM, NOS ROCKVILLE
= R
JEOR PR = HIGH SPEED LINE PRINTE
/NOSEQ

IDELIVER TO |

KACHADOUR

MITRE CORP HEADING INFORMATION
7915 WEST

PARK DR.

MCLEAN.VA. |
/EOR

/READ ,FRADIOS DATA FILE CONTAINING RUN INFORMATION

/EOF

READY.

FIGURE 11
EXECUTIVE FILE FRARUN LISTING
{for use with FRATE object file
at Cyber 76, no CalComp Plots)
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5.0 EXAMPLE FRATE RUNS

Four examples of typical FRATE analyses are given below. These
are: (1) a Time History decay to show the empty flatcar first roll
resonance, (2) a Time History decay to show the loaded TOFC first
roll resonance, (3) an Envelope frequency sweep with TOFC to obtain
an indication of resonances in the 1.0 to 16 Hertz range, and (4) a

Time History narrow band sweep to study one resonance.

The examples contain a step-by-step description of reviewing and
preparing the data and executive files, - listings of these files
including some of the editing procedures and some representative

results from each run.
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5.1 . Example No. 1 - Empty Flatcar Decay

Input Procedure

It is desired to obtain the fundamental roll resonance frequency
of the empty flatcar. One quick and easy wa§ to do this is to input
a single cycle of a sine wave with its frequency equated to the best
estimate of the roll resonance. The decaying response can then be

analyzed for frequency content and decay rate.

The pages which follow contain copies of bomputer listiﬁgs with

notes on the steps followed to set up and run FRATE.

Step 1:. Call data file FRAD108 from storage,enter edit. and
: list the first 17 lines. (The VEHIC and MODAL name-
lists are not needed since no model changes are to
be made).

Step 2: Review the data file and note what changes are to
be made:

Line 2. Change run number -
Line 3. Start, delta and stop timés are about right
Lines 4, 5 and 6. We want time history output.

Line 7. With IPRINT = 1. and FQ = 2.0 the program
will output every 5th DELTAT, or every 5%.005 = .025
seconds., This will provide 20 points for each cycle.
IPRINT = 2 would cut this down to 10 points per
cycle. 10 points per cycle is adequate but 20 is
better and the cost will not be proh1b1t1ve for a
short run. .

Line 8.  IGROUP = 4 is correct for roll input time
history.- See Table VII. .

Lines 9 and 10. “No OTHER. or DEBUG printout is desired.
Lines 11-14. We do want totihput a sine roll motion.
We therefore want input at input locations 1, 3, 4

and 6 with phasing 0, 180, O, and 180. (See Table IV
and Figure 3).
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Step

Step

Step

Step

Step

Step

Line 15. The first roll resonance of the empty flat-
car should be near 2.0 Hertz - change FQ to 2.0.
NDECAY = 1 will set the input to zero after ome cycle.

Make changes and replace file.

The data file is called again and listed for two
purposes: omne, so that a final check can be made
on the file contents; and two, to have a record of
what was input for the run.

The executive file FRARUN is called, listed and
reviewed. This also serves as a record of what
was input.

The run is submitted to the 7600 (TCA).
After the run has had time to be performed and the

day file is available for access it is called for
and listed on the remote terminal.

Determine Costs.

1. Input Costs

$9.00/hour connect: ~6 min. = $ 0.90

1$0.25/1000 TIO* : ~4000 TIO = 1.00

$0.35/SBU* : .272 SBU = .09

2. Run Costs (from day file)

$.02/I0DB* input and day file (cyberlink

cost) " : 9 IODB = .18

$.05/I0DB output (cyberlink and

printer) : 230 IODB = 11.50

$1.15/SBU, P4

priority : 6 SBU = 6.90
Total run cost $20.57

%CDC Terminology
TIO - Terminal Input/Output Charges
SBU - System Billing Unit
I0DB - Input/Output Data Blocks
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Discussion of Results

The input motion imposed at the wheel/rail interface was one cycle
of a sine wave of roll motion with frequency equal to 2.0 Hertz. -The
roll motion is generéted by imposing vertical motion on each side of
each truck with I phasing between opposite sides of each truck. The
time history of the varying oscillations is studied and the‘following

information reduced:

1. Frequency content of the varying oscillations: in this
case only one frequency was apparent. :

= 2.08 Hertz
decay

2. The decay rate of the oscillations is obtained using
the approximation

1 Ao
o P
'where 7 = ratio to critical (viscous) damping
~In = natural log S
Ao amplitude of reference cycle :
An = amplitude of nth cycle following the
reference cycle '

s

¢ = .088

3. By noting the amplitudes and phasings of the response
motions it is possible to construct a picture showing the
relative motions of the carbody. This was done and it
was found that the carbody was in a rolling motion: .that is
a combination of roll and lateral translational motion phased
such that the effective center of rotation of carbody motions
is somewhere mear the center of gravity of the carbody.

This kind of motion is normally found in the second roll
resonance .rather than the first: Another run was made

to include translational input at the wheel track interface
for one cycle of a 1.5 Hertz sine wave. The decaying oscil-
lations of this run were measured to be 1.8 Hertz. '

It was therefore concluded that the first and second roll
resonances were at 1.8 and 2.08 Hertz, respectively.

Representative time history plots are shown below.
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REMOTE TERMINAL LISTINGS

Step 1:

Call and list data file

/

?

?

?

?

?

?

?

/
/

OLD,FRADI108
EDIT

StepAZ: Note change to be made: -~ RUNO
. - Fq

BEGIN TEXT EDITING.

L3117
$CONTRL
RUNO=@
STARTM=0.5,
ENVEL=.F.,
TIMHIS=.T.,

STARSNP=5, 20,

IPRINT=1,
IGROUP=4,
OTHER=0,
DEBUG=.F.,
SEXCIT
SINEIN=.T.,

200.02-

DELTAT=.005, STOPTM=8.," - '
ENVPLT=.F., ENVCAL=.F., ENPRMX=.F.,
THSPLT=.T.. SNAPSHT=.F.,

DELTSNP=0.05, STOPSNP=5.60,

STARDB=4.15, STOPDB=4.17.%

AMP = 1,00, 0.00, 1.00, 1.00, 0.00, 1.00,

PHAS= 0.00, 0.00, 180., 0.00, 0.00., 180.,

FQL0.5 FQDOT=.0. BETA=0., NDECAY=1,

DIN=0.40,) VIN=0.00, GIN=.0,$" -

SVEHIC 2.0

F: /RUNO/ Step 3: Make Changes and Replace File

RUNO=300.01,

RS:/300.01/./300.02/

RtNo=3oo.02,

F:/FQ=/ | |
FQ=0.5. FODOT=.0, BETA=0.. NDECAY=1,
RS:/0.5/./2.0/ A R
Fé=2.0. FQDOT=.0, BETA=0., NDECAY=1,
END

END TEXT EDITING.
$EDIT,FRAD108.

REPLACE
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REMOTE TERMINAL LISTINGS (continued)

Step 4: Call and list data file for check and record.

OLD,FRAD108
/LNH

$CONTRL

RUNO=300.02,

STARTM=0.5. DELTAT=.005, STOPTM=8.,

ENVEL=,F., ENVPLT=.F., ENVCAL=.F., ENPRMX=.F.,
TIMHIS=,T., THSPLT=.T., SNAPSHT=.F.,

STARSNP=5,20, DELTSNP=0.05, STOPSNP=5.60,

IPRINT=1,

IGROUP=4,

OTHER=0, | .

DEBUG=.F., STARDB=4.15, STOPDB=4717,%

"SEXCIT

»SINEIN=lT.. o

AMP = 1,00, 0.0, 1.00. 1.00, 0,04 1.00,

PHAS= 0.00, 0.00, 180., 0.00, 0.00, 180.,.

FQ=2.0, FQDOT=.0, BETA=0.0, NDECAY=1,

DIN=0.4, VIN=0.00, GIN=.0.5$

$VEHIC

NMAS=3, o
M=2%22.33,125.0,8.179,152.65,7.013,148,.9,3*%0., .
INERT=22080.,22080.,108500.,20000..255000.,17150..,102000.,
.294E7,.319E7,..15E8,.15E8,.131E7,.131E7.2%0.,
R=58,,79.,58..79..62.25,43.5,62.25,43.5,108..0.,
H=16.,VH=60.4 ,VH1=47, ,VHR=37.8,VHIR=47, .,
L=792..,VL1=469,,VL2=148,,VL3=131.4,VL4=189.7,
VLiR=-89,,VL2R=-413.,VL3R=115,4,VL4R=208.5,
09‘536..—536..—39-.39..40..224..226..254..245..235..
GAPB=,01,GAPA=.01,

K=. QIFS,.Q5F5..91E5..48F5..6F4,.O..°|E5..95F5,.9|E5..48E5,.6p4,

.0,.225E6..15E5, .225E5..18E5, .225E5,.5276E5, . 18E5, .5276E5,

.225E6,. 15E5, . 225E5, . 18E5, . 225E5..5276E5, . 18ES..5276E5,2%0..
XZKMOM=. 30E8, XRKMOM=. 30E8,

KA6=.92E7,KA12=.92E7 ,KR6=.6185E8,KB12= 6]85E8
C=150.,20.,150.,140.,225..0.,150.,20.,150., 140..225.,0.,
1000.,500., 330.,200.,330.,775.,200.,775.,
1000.,500.,330.,200.,330.,775.,200.,775..,2%0.,

XZCMOM=. 10E6, XRCMOM=.10E6, -
CA6=.10E6,CA12=,10E6,.CB6=.78E6,CB12=.78E6, $

SMODAL

NMODES=4 . . .
RF=4.253,8.873,9.417,9.629,15. 519 15.599,18.029,3*%0.,
ZETA=7%0.02,3%0.0, :

NLOC=46,
COEF(I.I)=.l39L33..683776E-1..5!2E—6.-.12532E—IO..592E—6.—.626276E-l.
«824155E-1,-.529E~6, .2 *INTERRUPTED*
STOP

*TERMINATED*
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REMOTE TERMINAL LISTINGS (continued)

Step 5: Call and list executive file. Review for changes.

OLD,FRARUN

READY.

LNH

/JOB _

CASKET,STTCZ,T200,P4.

ACCOUNT, -

ATTACH,HEADING,HEADING ,MR=1.

HEADING. S

ATTACH,FRATE,FRATEO1, ID=JFC,MR=1.

FRATE. ‘

EXIT,U. o

DISPOSE, OUTPUT,PR,ST=TCAI98. .

JEOR - | . '
/NOSEQ
IDELIVER TO
KACHADOUR
MITRE CORP
7915 WEST
PARK DR.
MCLEAN, VA.

/EOR

/READ, FRAD108

/EQOF . _ : e : .
READY. : - - Step 6: Submit Executive File

SUBMIT,FRARUN,H=TCA,T
09.59.26.ADLCBAO

SBU 0.272 UNTS.
READY.

Step 7: Obtain Day File.;(aftef available for access) l
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REMOTE TERMINAL LISTINGS (CONTINUED) - DAY FILE

QFETCH. ,DAY
ADLCBAG RELEASED TO USER AS - FILE
*kxx TWIN CITIES CYBERNET CENTER V2.1.4 *#4x 105/09/78 78129
OHH.MM.SS CPU SECOND ORIGIN
11.09.43.TCA. 99  TCA SCOPE 3.4.3  406E.344 12/09/77

11.09.48 00000.004 TCZ. —CBAOA.STTCZ.T200.P4.
11.09.48 00000.004 TCZ. CYRO2 - JOB NAME- CBAOAIX

11.09.48 00000.005 JOB. ~ACCOUNT, .

11.09.49 00000.031 JOB. ~ATTACH,HEADING .HEADING , MR=1.

11.09.49 00000.035 TCZ. PF254 - CYCLE 3 ATTACHED FROM SN=SYSTEM

11.00.49 00000.035 LOD. ~HEADING.

11.09.49 00000.040 USR. FORTRAN LIBRARY 410W 04/05/76

11.09.49 00000.041 TCZ. PF646 — PFMACRO - ATTACH -~ ZZZ00Z - HEAD22

11.09.49 00000.044 TCZ. PF254 - CYCLE 2 ATTACHED FROM SN=SYSTEM

11.09.50 00000.068 USR. STOP

11.09.50 00000.068 USR. .027 CP SECONDS EXECUTION TIME

11.09.50 00000.070 JOB. —ATTACH.FRATE.FRATEO! . ID=JFC,MR=1.

11.09.50 00000.073 TCZ. PF254 - CYCLE 1 "ATTACHED FROM SN=SYSTEM

11.09.50 00000.074 LOD. -FRATE.

11.09.53 00000.208 USR. FORTRAN LIBRARY 433 05/11/77

11.09.57 00004.405. USR. STOP

11.09.57 00004.405 USR. 4.196 CP SECONDS EXECUTION TIME

11.09.57 00004.406 JOB. —EXIT,U.

11.09.57 00004.406 JOB. . -DISPOSE,OUTPUT,PR,ST=TCAI98.

11.09.57 00004.406 TCZ. CYRO! - FILE OUTPUT DC=40 ST=TCAI98 SIZE=0000000230 IODR
11.09.58 0O0N4.408 TCZ. CYBO! - FILE CBAOAIX DC=04 ST=TCAI99 SIZE=0000000006 I0DB
11.09.58 00004.410 TCZ. CYRO! - FILE OUTPUT DC=40 ST=TCAI99 SIZE=0000000003 IODB
11.09.58 00004.410 TCZ. RM770 - MAXIMUM ACTIVE FILES 1

i1.09.58 00004.410 TCZ. RM771 - OPEN/CLOSE CALLS 13

11.09.58 00004.411 TCZ. RM772 - DATA TRANSFER CALLS 2,259

11.09.58 00004.411 TCZ. RM773 - CONTROL/POSITIONING CALLS 12

11.09.58 00004.411 TCZ. RM774 - BM DATA TRANSFER CALLS 700

11.09.58 00004.411 TCZ. RM775 - BM CONTROL/POSITIONING CALLS 55

11.09.58 00004.411 TCZ. RM776 - QUEUE MANAGER CALLS 110

11.09.58 00004.411 TCZ. RM777 - RECALL CALLS . 99

11.09.58 00004.412 TCZ. SCM 176.647 KWS

11.09.58 00004.412 TCZ. LCM 852.371 KWS

11.09.58 00004.412 TCZ. 1/0 0.029 MW

11.09.58 000N4.412 TCZ. RMS 0.044 MWS

11.00.58 00004.412 TCZ. USER 4.053 SEC

11.09.58 00004.413 TCZ. JOB 4.415 SEC

11.09.58 00004.413 TCZ. DIO 300.872 KW

11.09.58 00004.413 TCZ.' SBU : 6 — %115

11.09.58 00004.413 TCZ. SC053 - JOB PRIORITY - P4

x$.05

}X.02
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EMPTY FLATCAR DECAY PRINTER OUTPUT  ,a0e 1

I MPLT P ARANVFTLFS FOR FRATE KUN NG 300.02

TINME RISTULEY RUN PAPAMETEKRS

TIFE RISTORY FRINT PLCT =T

STaRT TItt = 5L
ELTL T = LUCS
STCH TikL = &.Li0Q
TGRLUP = &

IPRINT =1

CTHER = G

LERUG = F
STARDE = 4,1%5C
STCPLE = 4,17¢C

v

EXCITATION FPARAMETEFRS

SINELN =1
AMP(I) = 1,CCC Cl 006G 14000 1.ul0 04006 1,000
PH&aS(1) = 0.0CC CoCCCLBGLLGUD GuCCGL 0,60018C.000
FQ = Ze0CLy
FQonoT = LeLCC
BETA = t.CCO
CIN = s all
Vi = Vel
GIN = ¢.000
NDECAY = 1
YODEL PakaMETERS
NMES = 2
I = WZZ3RE4UE W EZ33E+02  J1250E+403  J0179E+401  ,1527E+C3 . 7013E+401 L,14B9E+03 0, 0. 0.
INSRT = «2206E4CE  L2Z0EE+05  J10B5E+06 L20C0E+05 2550E+C6 +1715E+0b L1020E+06 4294CE+07 ,3190E+CG7? L150CE+J8
«15C0E406  L1310E£407 L131CE+07 O, C.
e = HE.00C 79.CCC 5&.00C 79.000 62.250 43,500 62,250 43,500 108.0CC 0,000
H = a6,00C
L = 792.0CC

Gr = 5364CCC -53¢.000 -3%.,000 39.000 40,000 224,000 226.000 254.C00 245.0C0 235,000



GG

PRINTER OUTPUT

page 2

LNPUT PARAMETERS FCk FRATE - CONTINUED -

K =

LGLOCE+GS CGECCE4CY
LECOCE+CE O,
«2220E0E «15CCETCE

XZKKOH = +3GGCE+DC

KA& = $G20CE40T

Kbe = LELESE+LD

C =
SiS0LLEHCE WZULUE+CE
$2¢5CE4C2 Q.
L1000E+C e s ELCOE4L3

XZCMUN = +1GCCEACE

Cag = «10CUER4CE

CBe = 7 G406

VH = 60,400

Vi1 = 47.CCC

VH1P = 47.CCC

VHR = 27.8CC

Vil = 469,0uC

viz = 148,000

VL3 = 13l.4CC

VL4 = 189.706C

VLIP = -8G,000

ViLZR = =413,00C

vLiar = 115v.440C

VL4ak = z0B.eCC

GaPb = 0100 GePe

NCGRFAL MODE PARAMETERS

NMULES = 4,

FREG = 4,283 B,€73

ZETA = «C2¢C .02¢C

NLGC = 46

«9100E+L5
«225CE+CE
«2250E+C5

XEXMONM

Kaiz
KELlZ =

«1500E+03
«1000E+04
«3300E+L3
XKCMOM =

cr12 =
celz =

= L ClCu

G.417

026

«480CE+0D
#»1EG0E+0S
J1B80CE+LS

«3000E+CH

«G2DCE+CT
«01B5E+CH

#»140CE+03
«5000E+C3
+2GOCE+(3

«1000E+06

«10UDE+06
«7TBCCE+CE

G.629

020

15,519

.020



«6000FE+04
+225CE+05
2225CE+C5

«225CE+03
«3300E8+403
«3300E+03

C.
«1800E+CS
«527€E+C5

0.
«2CC0CE+03
«775(E+(3

15.599 18,029 0.600

G20

020 Ul.Cu0

«910UE+CS
2 2250E+05
«1600E+05

«1500E+03
+3300E+03
.2000E+C3

c.000

0.C00

«9EQUE+LS
«5276E+05
«5276E+05

«2COCE+02
«77E0GE403
«775CE+C3

C,.000

0.000

+91CCE+05
«18CCE+05
O.

«1500E+03
«2000E+03
O.

«4800E+05
«5276E405
Q.

«1400E+03
«775CE+03
0.



9S

PRINTER OUTPUT

MO

¢

G
C

o
1%

c
C
¢
C
g
¢
C
C
[¢]
c
v

Dt SHEPES

JOEITEE-
«2120Ct~-06
WlZ2532E=-10
362LCE-Co
HZe28E-C1
B246leE-01
H2GLLE-CE
.Nwmo@mlon
e 227GLE-C
.mNCvnnl:A
STEETTE-V]
«1520CE-05
eGZ4b3E -Vl
529 0Lt~
GZ6£E3E-01
«1G&472E+0C
216472 400
«68378L-C1
CbEZTLE-CL
#36862£-01
WB0EE3E-U1
«903E88E-01
«GG28BE-LL
27713101
2771zt -C1
524 16E-01
eBebkleE-01
$2L5HCE+00
«2096CE+00
.
.

page 3

«1C77CE-CE
«33.6tE-08
«£6651E-Ci
WEE34TE-C3
£10C023T4CC
«126C2E-C1
s 1£4%9E-0

«10az6E-C1
«BLLEBE-U3
7e9E-Cl
S4p=-ul
€eb-C3
5(SE-06
IEE-01
CE-C3

.
Gif-Ci
z
c

.
uJ e AT

uu,(ﬁf“Ob—‘\ﬁf\‘l\‘N(‘\

Onlnw
CE-
CGE- n»
e 521C5E-C1
c4t€ZTE-C]
«466272-C1
e 2C4E7E-C1
«204LEE-01]
«447E9E-G2
s 447GCE-L2
279E2E-01
«37GE3F-C1
4 €207E-01
W462(C6E-CL
«4GECCE-CL
J4G9EGEE-CL
«aGEIBE4CL
«1Gel8E4CC
«HE6C1e-01
W LEEGIE-CL
«379€3E-C1
«37G€38-01
£ 76144E-01
«7GL44E=-C1
«26G67E-C1
S2E9€TE-C1
e 70 42EE-CT
LTC4ZEE~C L
«2C547E4CC
«2CYBTEH0C

u_-uv.x\\nmm\no«*-

rAT W oS

U
v

«£4590E-05
«49114E-06
«22910E-C1
255288062
¢36352E-01
«4EE15E-01
«311€69E-0¢
«27362E-01
e2421CE-C2
«1€349:-01
«4B8ELGE-01
WZ6T799E-C2
«2GUL3CE-CS
222612E-01
«T2H60E-03
WE6550E-0L
« 27362801
«8E552E-01
«15010E+00
«15G12E+00
«13785F40C
«13785E400
+10681E+C0
«1CEEGE+00
«79BT7E-03
«79840E-03
«1GE00E+CU
«1G499E+CC
«13073E4C0
«13C73E+40C
«14143E+C0
+1414%E4C0
s68382F~01
68362

«2291CE-C1
222%10E=-01
duesge-Ccl
s 1lUEL9E-01
«29C14E-01
«29C14E-01
«1171CE-01
W11710E-01
«273€2E-C1
27362001
«8595¢6E-C1
e 85956E-01

THE INITlAL LEFLECTIGNS ARE

-1.C€8

S

Ce

«12234E400

—.15435E£-01

1

+34450E-05
.11870E-06
.17500E-05
L75540E-01
.12350E-02
+65180E-05
<11127F-06
.56870F=05
«75542F-01
<12500E-06
.48542F-01
«11150E-05
+32000E-07
.20347E~01
+65180E~05
«20339E-01
23060 F 400
+23059E 400
<15629E-01
+156452E=01
<5465 4E=01
+94664E=01
.23972£-02
. 23973E-02
+88031F-01
.88040FE=01
«12409E-02
.12289E-02
.24311E+00
+24310E+0C
«915C0E=05
+91500E-05
+35400E-05
<35400E=-05
«74500E-05
+74500E-C5
+17700E-05
< 17700E-05
«60200E-05
<602G0E=05
<65290E-05
«65200E-05
.34900E-06

—«34900E-06

+3C975E-03
+26386E-C3
+25887E-CL
+15437E~03
«16823E-G2
«87251E-02
«25615E-U3
+9G99BE~02
 46449E-C3
«58614E~C1
«8603CE-C2
.30035E-C3
«15626E-C3
+36901E-01
< 7291CE-C4
L16771E-C1
+9C998E-C2
«1€440E-CL
$19955£-01
«21476E=C1
«10760E-01
Jlo232E~€1
«1326GE~01
«13541E-CL
«12675E-01
«12084E~01
.1G651E-01
«1C22¢E-01
2533%E-01
$24826E-01
+3C416E-C1
J32275E-C1
+23142E+0C
$23142E+C0
«25887E-C1
+25687E~(1
<85B1GE-CL
.8581GE-C1
«19351E-42
+19381E-02
+80215£-01
.80215E-C1
«9C9G8E-C
+90998E-Ci
<25389E+0C
<253B9E400

«89504E-01

- 77567E-01
~.90230E-C4
~+s76683E-0€

+67860E-05
«12443E-0C1
«72525E-C1
+3C0190E-04
«16829E-C5
«2C560E~03
«12505E-01
«11610E-05
+48004E-01
2« 10844E-03
«27800E-06
«46573E-01
»3019CE-04
«46694E-C1
«22Q08 5£40C
«22069E+CC
«77525E-01
» 77608E-C1
«44099E-01
«44004E-C1
«83891E-C1
«83982E-01
«55025E-01
«55100E-01
#72434E~01
«72616E-01
«25533E4CC
25510640

«81881E-C2
«81881E-03
«Q0230E-GC4
«90230E~0C4
«3C11GE-0C3
«3011UE~03
«7020CE-05
«70200E-05
«28110E-03
«28110£-03
+30200E~04
+302CCE-C4
.89890E-C3
«89890E-03

«1770CE-CS

-«21917E-05

«13271E-C1
«38G612E-02
«21243E-0C1
«22404E-C1
«21C01E-C5
+48G91€-C2
«34039E-02
«41308E-0C2
+22410E-01
«47633E-C2
+32660E-05
«13473E-02
»13479E-0C2
«12169E400
«48991E-02
«12169E400
«29422E+(C
«29423E+00
«21013E+00
«21012E+00
«14¢19E-C1
«14612E~G1
«14161E+4C0
+14161E+00
«4423G0E-CL
«44395E-01
«183E81E+00
«18381E+00
«24450E+CO
v 24451 E400
«46009€E-01
»46CC9E~C1
«13271E-C1
«13271E-C1
«406C8E-C2
240608E-C2
«42866E-02
242866E-02
+10940E-C1
+«10G40E~C1
«48991E-~02
W4 8GG1lE-02
«36793E-C1
«367G93E-01



TIME RISTORY PLOT RESULTS

FRATE RUF

300U

o

FULTIPLE PLOT TIMF

-4, 77E=51

HISTORY

4.77E-01 9.54E-01

>

——-4

*
**

B R R I I R

57

TIME
0.000C
« 5050
«5300
$955C
«580L
* «€C50
* 6300
* 2655C
* « €830
* «7050
7300
7550
«78CC
+8C50
«£300
8550
«880C
+ 5050
+930C
«5550
«980C
1,0050
1,0300
1.0550
1.0800
1.1C5C
1.1300
1.1550
1.180C
1,2050
1,230C
1.2550
. 1.2800
1,305C
1,330C
1.3550
- 1.38¢0C
1,4050
1.4300
1.4550
1,400
1,5C5C
1.5%300
1,5550
1.580¢C
1.€050
1,6300
1.655¢C
1.6800
1,7650
1.7300
1.785¢C
1.7800
1.8050
1.830C
1.8550
1.8800
1.905¢
1.9300
1.655¢
1.980C
2,0050
2.0300
240550
2.0800
2.1C50
2.130C
2.15350
241800
2,2050
242300
2,2556G
2.2800
243050
2.330C
2.3550
2.3800
244C50
2.430C
2.,4550

FRQ
C.0000
240000
2.,000C
2.0000
2.C0CO
2,0006C
2,C00C
2.0000
2.0300
2,0000
2,000¢
2.0000
2.,000C

0300

+000C



5.2 Example No. 2 — Loaded TOFC Decay

It is desired to obtain the fundamental roll resonance frequency

of the fully loaded TOFC configuration. The basic difference between

this example and Example No. 1, which had the same objective for the

empty flatcar, is that NMAS is changed from 3 to 7. That is a change

from a 3 mass to a 7 mass configuration.

Step 1:

Step 2:

Step 3:
Step 4:

Step 5:

Step 6:

Call data file and enter EDIT mode.
(see Example No. 1 for listing)

Review data file and note changes to be made.
Line 2. Change run number.

Line 3. Since the expected frequency is 0.5 Hz
increase start and stop times.

Lines 4-6. No change.

Line 7. Change IPRINT from 1 to 2 (below 2.0 .Hertz
the standard schedule is to print every 10th
time .step. At 0.5 Hz this is 40 points per
cycle. With IPRINT = 2 we are reduced to
20 points per cycle which is more than
adequate and will cut the length of the plot
in half. '

Lines 8-14. No change.
Line 15. Change.FQ from 2.0 to 0.5 Hertz.
Lines 16-17. No change.

Line 18. Change NMAS from 3 to 7.
No other changes needed.

Incorporate changes and replace file.

Call and list data file - check fof corrections.

Call and list executive file - check and modify if

necessary (no change required).

Submit run to 7600.
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Step 7:

Step 8:

Obtain day file.
Determine costs.

(1) Input Costs

$9.00/hr connect : 0.03:24 = § .50
.25/1000 TIO : 4116 TIO = 1.30
.35/SBU : .545 SBU = .19

(2) Run Costs (day file)

$ ..02/I0DB Input and day file : 9 IODB
.05/I0DB Qutput . : 139 IODB
1.15/SBU. + 9 SBU

Total run costs

59

$ .18
7.95

10.35

$19.20



Discussion of Results

From analysis of the time history plots of decaying oscillations
we are able to define the following characteristics of the fully
loaded TOFC configuration being analyzed.

(1) The fundamental roll resonance:
f = 0.38 Hertz

(2) -The>effective damping related to the 0.38 Hertz resonance:

e

£ = .019

(3) The motion associated with this 0.38 Hertz resonance is the

~+ -roll motion characteristic of the fundamental; that is, the
effective center of rotation is below the car body and near
the top of rail plane.

‘-

The first three pages of the results output and two representa-

tive time history plots are given at the end of Section 5.2.
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REMOTE TERMINAL LISTINGS

Steps 1, 2 and 3; Call FRAD108, enter EDIT, review, make
changes and replace fille.

OLD,FRADI10S
/EDIT

BEGIN TEXT EDITING.
?

F:/RUNO/
RUNO=300.02,
? RS:/.02/./.03/
2 L

RUNO=300.03,
?

S
?7 L
STARTM=.5, DELTAT=.005, STOPTM=8.,
? RS:/.5/./2.0/
? RS:/8./7./712./
?2 L

STARTM=2.0, DELTAT=.005., STOPTM=12.,
?

Fs/IPRINT/
IPRINT=1,

? RS:/1/.72/

?2 L
IPRINT=2,

?

Fs:/FQ/

FQ=2.0, FQDOT=.0,  BETA=0.0, NDECAY=1,
? RS:/2.0/./0.5/ :
2 L

FQ=n.5, FQDOT=.0, BETA=0.0. NDECAY=1,
?

F:/NMAS/

NMAS=3,
2.RS:2/3/. 77/
? L

NMAS=7,
?

END

END TEXT EDITING.
SEDIT,.FRADINS.
/

REPLACE
/
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REMOTE TERMINAL LISTINGS (continued)
Step 4: Call, list and check data file

OLD.FRAD108
/LNH

SCONTRL

RUN0O=300.03,

STARTM=2.0, DELTAT=.005, STOPTM=12..

ENVEL=.F., ENVPLT=.F., ENVCAL=,F., ENPRMX=.F.,
TIMHIS=.T., THSPLT=.T., SNAPSHT=.F.,

STARSNP=5.20, DELTSNP=0.05., STOPSNP=5.60,

IPRINT=2,

IGROUP=4,

OTHER=0,

DEBUG=.F., STARDB=4.15, STOPDB=4.17.$

SEXCIT

SINEIN=.T..

AMP = .00, 0.00, 1.00, 1.00, 0.00, 1.00,

PHAS= 0.00, 0.00, 180., 0.00, 0.00, 180..

FQ=0.5, FQDOT=.0, BETA=0.0, NDECAY=1,

DIN=0.4, VIN=0.00, GIN=.0,$

SVEHIC

NMAS=7,

M=2%22,33,125.0,8.179,152.65,7.013,148.9,3%0.,
INERT=22080.,22080.,108500.,20000.,255000.,.,17150.,102000.,
.294E7..319E7,.15E8,.15E8, .131E7,.131E7,2%0.,
R=568.,79.,58.,79.,62.25,43.5,62.25,43.5,108.,0.,
H=16.,VH=60.4,VH1=47, ,VHR=37.8,VHIR=47.,
L=792.,VL1=469.,VL2=148.,VL3=131.4,VL4=189.7,

VL 1R=-89.,VL2R==-413, .VL3R=115.4,VL4R=208.6,
0OR=536.,-536.,-39.,39.,40.,224.,226..254.,245.,235.,
GAPB=.01,GAPA=.01,

K=.91E5,.95E5,.91E5,.480E5, .60E4,0.0,.91E5,.95E5, .91E5,.480E5, .60E4,
0.0,.225E6..15E5, .225E5,.18E5,.225E5,.5276E5, . 18E5..5276E5,

.225E6, . I15E5,.225E5,.18E5, . 225E5,.5276E5, . 18E5,.5276E5,2*N.,

XZKMOM=. 30E8, XRKMOM=. 30E8,
KA6=.92E7,KA12=.92E7,KB6=.6185E8,KR12=.6185E8,

=150.,20..150., 140+ ,225.,0.,.150.,20.,150.,140.,225..0.,
1000..500.,330.,200.,330..775..200.,775.,
1000.,500.,330.,200.,330.,775.,200..,775.,2%0.,

XZCMOM=. 1DE6, XRCMOM=. 10DE6,
CA6=.10E6,CA12=.10E6,CB6=.78E6,CB12=.78E6,%

SMODAL

NMODES=4,
RF=4,253,8.873,9.417,9.629,15.519,15.599,18.029,3%0.,
ZETA=T7%*0.02,3%0.0,

NLOC=46,

COEF(1,1)=.139133,.683776E-1,.512E-6,~ *INTERRUPTED*
STOP

*TERMINATED*
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REMOTE TERMINAL LISTINGS (continued)

Steps 5 and 6: Call and list executive file. Check and modify
if needed. (No changes needed) Submit to 7600.

OLD.FRARUN
READY.

LNH

/JOB
CASKET,STTCZ.T200,P4.
ACCOUNT,
ATTACH,HEADING ,HEADING,MR=1.
HEADING.
ATTACH,FRATE,FRATEO! ,ID=JFC,MR=1,
FRATE.
EXIT.U.
DISPOSE,OUTPUT,PR,ST=TCAI98.
/EOR
/NOSEQ

IDELIVER TO

KACHADOUR

MITRE CORP

7915 WEST

PARK DR.

MCLEAN,VA.
/EOR
/READ,FRADI0OS
/EQF
READY.

SUBMIT.FRARUN,H=TCA,T
12.07.49 .ADLCBKY

SBU 0.260 UNTS.
READY.

BYE

DOTMITR LOG OFF 12.07.59.
SBU 1.313

TIO = 8821
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Step 7: Obtain Day File, when ready for access.
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§9

REMOTE TERMINAL LISTINGS (continued) - DAY FILE

QFETCH. ,DAY
ADLCBKY RELEASED TO USER AS - FILE
*x%%x TWIN CITIES CYBERNET CENTER V2.1.,4 %% 05716778 78136

OHH .MM. SS

X

PN DD NN
.
m
~

2.01
3.05

.23.07

IT] = e b et e ot o e e e e b e e ekt e e e et e e e . et . et s
Do o et et et e et et et e e et ma ek bt ha ks e a2
. . « s ., . . .
N
[8)
Q
g

DY.

CPU SECOND ORIGIN

11.21.40,

00000.004
00000.004
N0000.005
00000.033

00000.036:

nonnoo.037
00000.042
00000.042
00000.046
00000.069
00000.069
00000.071

00000.075
00000.076
00000.210
00007.175
00007.176
00007.176
00007.176
00007.177
00007.179
00007.180
00007.181

00007.181

00007.181

00007.181

00007.181

00007.181

00n07.182
00007.182
00n07.182
00007.182
00007.182
00007.183
00007.183
00007.183
00007.183
00007.183
00007.184

TCA.
TCZ.
TCZ.
JOB.
Jog.
TCZ.
LOD.
USR.
TCZ.
TCZ.
USR.
USR.
Jos.
TCZ.
LOD.
USR.
USR.
USR.
JOB.
JOB.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.
TCZ.

99

TCA SCOPE 3.4.3 406F. 102 0B/01278
-CRKYA,STTCZ,T200,P4.
CYRBO2 - JOB NAMB- CBKYANV

-ACCNUNT,

-ATTACH,HEADING,HEADING ,MR=1,
PF254 - CYCLE 3 ATTACHED FROM SN=SYSTEM

-HEADING.

FORTRAN LIBRARY 410W 04/05/76
PF646 - PFMACRO - ATTACH -~ ZZZQQZ - HEAD22
PF254 - CYCLE 2 ATTACHED FROM SN=SYSTEM

STOP

.027 CP SECONDS EXECUTION TIME
~ATTACH,FRATE.FRATEO!I , ID=JFC ,MR=1..

PF254 ~ CYCLE I ATTACHED FROM SN=SYSTEM
-FRATE.
FORTRAN LIBRARY 433 o5711/777
STOP
6.964 CP SECONDS EXECUTION TIME
-EXIT.U.
-DISPOSE.OUTPUT,PR,ST=TCAI9S.
CYBOJ - FILE OUTPUT DNC=40 ST=TCAI98 SIZE=0000000139 IODB=x $.05
CYBO1 - FILE CBKYANV DC=04 ST=TCAI99 SIZE=0000000006 IODB}X 02
CYBO! - FILE OUTPUT DC=40 ST=TCAI99 SIZE=0000000003 I0ODB :
RM770 - MAXIMUM ACTIVE FILES 1
RM771 - OPEN/CLOSE CALLS 13
RM772 - DATA TRANSFER CALLS 1,527
RM773 - CONTROL/POSITIONING CALLS 12
RM774 - BM DATA TRANSFER CALLS 677
RM775 - BM CONTROL/POSITIONING CALLS 55
RM776 NUEUE MANAGER CALLS 105
RM777 - RECALL CALLS 99
SCM 289.521 KWS .
LCM 1 396.580 KWS
170 0.019 MW
RMS 0.062 M4S
USER 6.874 SEC
JOB 7.185 SEC
DIO 289.096 KW
SBU 9 x $1.15
SC053 - JOB PRIORITY - P4



99

LOADED TOFC DECAY PRINTER OUTPUT page 1
INPUT PARAMETEPRPS FOR FRATE RUN NDO.
TIME HISTCKY RUN PARAFMETERS
TIVE HISTORY PRINT PLCT =T
START TIME = 2.CCC
OELTA T = GCE
STCP TIME = 12.0(C
IGROLP = 4
IPRINT = 2
CTHER = O
DEEUC = F
STARDS = 4,15C
STOPLB = 4,170
EXCITATIGN P-ARAMETERS
SINEIN = T
AMP(I) = 1,000 0.CCC 1,000 1,06GC C€.COCG 1,000
PHAS(I) = 0,000 G.CCC18C.000 C.CCO C,00C180.000
FG 2 « 560
FQooT = c.0CC
EETA = G. 0G0
DIN, = 2400
V1IN e C.CLC
GIN = c.CCC
NDECAY = 1
MODEL PARAMETERS
NMAS = 7
M = »2233E40C2 ,2233c+02 L1250E+03 LB179E+01
INERT = «22CEBE+(5 ,2208L+405 L10B5E+06 .20UOE+0CS
+150CE+0E J1310E+07 L131CE+07 O,
R = 58,C0CC 76.030 58.,CC0 79.000
] = 16.CCC
L = 792.cCCC
CR = 536.040C -53€.000 -39.000 39.000

300.03

«1527E+03

+2550E+06

0.

624250

40.000

«7013E+401

«1715E405

434500

224.000

«1489E+03 0, 0, Q.
+«1020E+06 ,2940E+07 ,3190E+07 .1500E+08
62.250 43.500 108,000 0.000

2264000 254,000 245,000 235,000



L9

PRINTER OUTPUT page 2

INPUT PARAMETERS FCR FRATc - CONTINUED -~

K =
+G10G0E+0E «G5CO0E+CE
«600CE+04 O,
22508406 «1500E+VE

XZKMCM = «3GOCE+CS8

KAE =z «92CCE+CT

KBé = «61ES5E4CH

I -

»15C0E+03 s 20CCE+C2
«2250E4C3 C.,
«1000E+04 +50C0E+C2

XZCMONM = +1000E+06

Cae = «10UGE+06

cBe = «78GCE+CE

VH - 60.400G

VEl = 47.¢C¢C

VHI1R = 47.CCC

VHR = 37.8GC

Vil = 469,000

viz = 148.CCC

VL3 = 131,40¢C

VL4 = 189,700

VL 1R = =89,050

VLZR = =-413,0CC

VL3R = 115.,40C

V0L4R = 208.600

GAPB = L0100 GAPA

NORMAL MODE PARAMETERS

NMCDES
FREQ
ZETA

NLCC

4

44253 B.873
.026 .02¢C

46

«310CE+GS

«2250E+40¢

«2250E4G5
XRKMOM =
Kale =
KB1l2 =

+150CE+03

«1COGE+C4

«3300E+03
XRCMCM =

Calz =
cpl2 =

= LC100

9.417

«02C

«480CE+05
+150CE+05
+«1800E+05

+3000E+06
»9200E+07
«6185E+408

«1400E+03
«5G00E+03
«20C0E+03

«10G0E+06

+«1C00E+0C6
«78C0E+06

9.629 15,519

«020 « G20



«600CE+04
«2250E+05
«2250E405

«2250E403
«3300E+03
«3300E+03

C.
«1800E+05
«5276E405

9.
+200CE+03
«775CE+C3

15,599 18,029 0.000

.020

« 020 0.000

«9100E+C5
«2250E+05
«1800E+05

«1500E+03
«330QE+03
«2009E403

0,000

¢.000

«95C0E+05
«5276E+05
H276E+05

«200CE+02
»7750E+403
«7750E+03

0,000

0.0C0

«9100E+05
+»1800E+05
0.

«1500€£+03

«20CO0E+03
0.

«4800E+05
«5276E+05
C.

«1400E+03
«7750E+403
C.



89

PRINTER OUTPUT page 3

MOBE SHAPES FCLLOW

«13913E+00
«66378E~ul
«512G0E-06
-.12532E-10C
+592CCE-0b

~.02628E-01
28241€E-0L
~-+5290CE-06
»232€66E-06
«227CCE-D6
-s6262¢E-01
C,
-.76877E-01
«1520CE-06
Co
492463E-01
-,529CCE-Ce
«924€3E-01
«16473E+00
2 19473E400
»6837BE-01
sEH8378E-C1

-+36883E-01
-.36E€3E-01

-e90358E~01

~+9C388E~-C1

-.2774i3E-01

-.27713E-01
»52416E~01
«8241€E-01
+209ECE+DL
«209€CE+CC
0.

Ce

c.

C.

C.

C.

C.

C.

C.

-.5068
~4.949

+10770E-05

«54590GL-05

«331G6E-08 —.49114E-G6
L 566G1E-01 .22910E-01
-, E€347E-03 25528E-02
+100Z3E+4C0 .38352E=01
+126¢3F-01 ~.48615E-01
- 18479E=0¢ -.31169E-06
s 7L4ZBE=0L W27362E-01
sb55€8E-C3 -.24210E~C2
~.50729€-01 -.1634GE-01
~212994E-C1 W 4BEU9E~OL
~.$30€6E-03 L2679GE=-02
+325C0E-06 20030E-C5
+HCE3EE-CL 22612E-01
«31250E-C3 - 72860E=03
-43C591¢-01 JH655UE-01
.70426E-01 27362801
«30560E-01 ~.B6552F-01
«93109E-01 ~+15010E+00
-+521(EE-C] W15012E40¢C
WA EE2TE-CL -.13785E+0C
~.46627E~01 L13785E4C0
+30467E-C1 - 10681E+00
~+3C4€8E-CL +10680E+0QC
—e44TEGE=C2 L 79677E=-03
«447G0E-02 ~.7984CE-03
~+37982E-C1 «10BCCE+UO
+37G6E3E=-C1 ~.164G9E+00
- 462C7E-U1 +13073E+400
. 46206E=C1 -.13C73E+00
-e4G6CCE-C1 ,14143E+0C
«495G6E-01 -.14145E+400
«1G818L+0C .68382E-01
.1G818E+GC 68382E-D1
+5€6G1E-CL 22G1CE=-C1
+5€€G1E-C1 222910E-01
-.379€3E-01 -.i0699E-01
-.379¢€3E-C1 -.1C659€-01
~e75144E-01 ~.29C14E~01
- 79144E-01 -e29014E-01
-.26667E~01 -.11710E-01
~s269€7E-C1 ~.11710E-01
. 70426E-C1 s27362E-01
.70426E-C1 .273€62E-01
+20547E+400 «85956E-C1
2C547E£400 .85956E-01
THE INITIAL CEFLECTIONS ARE
—.5248 -3,331 «3437E-03
-3,703 «1201E-01
-3.82¢ -¢3403E-02

-3,077



12234E400 «3C97£e~-03 +89504E£~01 +»17700€E-05

15435E-01 -s26386E-03 - 77567€E-01 -«21917E-C5
'35450E-05 »25887E-01 -.90230E-04 «13271E-01
11870E-06 «15437E-C3 - 76683E~(6 «38G612E-02
17500E-05 -s1€6823E~02 «67860E-05 «21243E-C1
75540F-01 «87251E~02 «12443E-01 022404E~-C1
12350E-02 ~.25615E-03 —.72525E~01 -+21001E~-05
65180E~05 ~+%0G698BE-02 «30190E-D4 +48991E-02
11127E-06 +4644GE-C3 —+16829E-05 «34039E-02
56870E-05 «58614E-01 -«20560£-03 —+413C8E-02
75542E-01 -+ 8603QE-0Q2 «12505£-01 -+22410E-01
'12500E-06 «30035E-C3 ~+11610E-05 «47633E-02
48542E-01 «10626E-03 «48004E-01 +32660E-05
1115CE-05 «3C901E=-C1 —+10844E-03 -+13473E-C2
32000E-07 ~+72910E~C4 +2780CE-06 -¢13479E-02
20347E~0Q1 -16771€E-C1 -+46573€-01 ~+12169E+00
65180E=~05 ~+9C998E-C2 «30190E-04 +48G691E-02
20339€-01 » L€440E~-CL —46694E~C1 «12169E+00
23060E+00 ~s19955E=-01 +22085E+00 -+29422E400
23059F+00 «21476E-C1 «22069E+00 «29423E+00
15429E-01 -+106760E=01 -.77525E-01 =+21013E+00
15452F-01 +»10232E-01 =«77608E-01 «21012E+400
94654E-01 «13269E-01 ~e44099E-01 ~¢14619E-01
Q4664E=01 -+135641C-01 ~+44004E~01 «14612E-01
23972E-02 «12675E~C1 »83891E-01 «14161E+00
239723E-02 ~+s12084E-01 «83982E~C1 -.14161E4C0O
88031E-01 -«10651£~C1 ~+55025€E~01 -+44390E=-Q1
88040E~01 «1C226E-CL =+52100E-02 «44395E-01
12409E-02 -+2%336Gg~-C1 -.72434E-01 -+18381E+00
12289E-02 «24826E~C1 —«72616E~01 «18381E+00
24311F+00 —«3041CE-C1 «25533E+40C0 —-+24450E+400
24310E+400 «32275g-01 «25510£+00 «24451E+400
915C0E-05 —e23142E4C0 «81881E-03 «46009E-01
91300E~05 ~e23142E+LD «81881E~03 +46009E~-01
35400F-05 +25887E-C1 —+90230€E~0C4 «13271€E-01
35400E-05 «25887E~-01 -.90230E~-0¢ «13271€-01
745QCE-05 «5581GE-C1 -.30110£-03 ~.40608E-02
74500E-05 +85816E-01 -+3011CE~03 -.406C8E=-C2
'17700E-05 ~.19381€-02 +«70200E~05 -+42866E-02
1770CE-05 -«1G381E-02 +70200E~05 =+42866€=02
66200F-05 ~+8C215g=-01 «28110E~03 «10G40E~-01
60200E-05 ~.806215E-01 «286110E~-03 +10940E-01
65200E~05 -+90998E~01 «30200£~04 +48991E~-02
65200E-05 -+90998E-01 «30200E~04 «48G91E~02
34900E-06 «2538GE+00 -+89890E-03 -¢36793F-01

34900E~06 225389E400 -+.89890E~03 =-.36793£-01



TIME HISTORY PLOT RESULTS
Responsa displacements Z(1), Z(6) and Z(7). Input motians ZI{1).
Refer to Figure 4 for locations.

PRATE RUN 20C.C3
SWEEP RATE « O.

INPYT MOTIDR: CIN® 400

1=2(1)
2=115)
3m2(7) .
4=Z101)
~1,05E400 -5.25E-01 0. 5.25E-01 1.05E400
M TIME
* 0.0000
* 1 4 2.0100
* 1 4 2,1100
* 14 2.2100
* 14 2.3100
M 14 244100
* 14 2,5100
* 14 2.6100
* * 2.7100
41 * 2.8100
41 * 2,9100
41 . 3.0100
“ 1 23 3.1100
4 1 * 3.2100
4 1 . 3.3100
41 * 3.4100
41 * .5100
41 * 3.6100
41 * 3.7100
41 * 3.8100
* 3.9100
* 14 440100
* 14 4.11C0
* 14 4,2100
* 14 4.3100
32 14 4,410C
* 14 445100
. 14 4.6100
. 14 4,7100
* 14 4.8100
* 14 4.9100
* 14 5.0100
b 5.1100
41 . 5.2100
41 * 5.3100
41 23 5.4100
41 . 5.5100
41 * 5.6100
41 * 5,7100
41 * 5.5100
41 * 5.9100
41 * 6.0100
41 . 6.1100
41 * 6.2100
* * 6.3100
* * 6.4100
* 14 645100
* 14 6.6100
* 14 N 6.710C
* 14 6.8100
* 14 6,9100
* 14 7.0100
* 1.4 7.110¢
* 14 7.2100
* 14 7.3100
. 14 746100
* 14 ?.5100
L 7.6100
. * 7.7100
41 » 7.8100
41 * 7.9100
41 * 8.0100
51 * 841100
41 * 8.2100
41 3 8.3100
41 . 844100
41 * 8.5100
41 ’ 846100
“1 * §.7100
* * 8.8100
* * 8.9100
* 9.0100
* 14 9,1100
* 14 942100
* 14
* 14
* 14
* 14
. 14
P * 14
+ 14
* 14
* 14
* *
*
* *
41 *
41 *
41 32
41 .
4 1 *
41 *
41 *
41 *
41 *
41 *
+ 32 11,5100
* * 11,6100
. % 11.7100
23 * 11.8100
¥ 14 11.9190
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TIME HISTORY PLOT RESULTS (CONTINUED}
Trailer responsa locations 2(19), Z(20), Z(21) and Z(23),
See Figure 4 for locations.

YULTIPLE PLUT TIME HISTORY
FRATE RUN 30C.C3

SWEEP RATE = €,

INPUT FCTIOK! GINa  ,4GC

1e2(16)
2=1(20)
3e7(21)
4=Z(23)
-7.14E-01 -3,576-01 0. 3.57€-01 7.14E-01
TIME FRO

. 0,0000  0.0000

1 . 2 2.0100 +5000

1 . 2 2.1100 5000

1 .. 2 2,2100 45000

1 43 2 2.3100 +5000

1 * 2 2,4100 5000

1 * 2 2.5100 5000

1 * 2 2.6100 5000

1 + 2 2,7100 25000

2 . 1 2.8100 .5000

z * 1 2.9100 .5000

z * 1 3,0100 5000

2 34 1 3,1100 +5000

z ., 1 3,2100 5000

2 43 1 3.3100 45000

2 43 1 3.4100 5000

z . 1 3,5100 45000

z * 1 3.6100 +5000

2 * 1 3,7100 +5000

2 * 1 3.8100 +5000

2 3,9100 25000

1 * 2 4,0100 5000

1 * 2 4.1100 +5000

1 34 2 4.210C +3300

1 * 2 4,3100 +5000

. “3 2 4,4100 +5000

1 43 2 4.5100 #5000

H 43 2 4,£100 45000

1 . 2 4.7100 +5000

1 . 2 4.8100 45000

1 * 2 449100 25000

1 * 2 5.0100 +5000

1% 5.1100 5000

2 * 1 5,2100 +5000

- 2 . 1 5.3100 «5000

2 » 1 5.4100 +5000

* 1 5,5100 +5000

* 1 5.6100 +5000

43 ] 5.7100 45000

43 1 5,8100 5000

z. * 1 5.9100 +5000

z * 1 60100 45000

2 * 1 641100 «5000

2 * 1 6.,2100 25000

2 * ] 6.3100 50600

1 . 2 6,4100 .5000

1 * 2 6.5100 +5000

1 * 2 6.6100 5000

1 - z 6.7100 +5000

1 + 2 6.6100 5000

1 43 2 6,9100 5000

1 43 2 7.6100 «5000

3 » 2 7.1100 +5000

1 . 2 7.210€ 5000

1 . 2 7.3100 +5000

1 . 2 7.410€ +5000

1 * 2 7.5100 +500C

10+ 2 7.6100 45000

2 * 1 7.7100 «5000

2 * 1 7.8100 +500C

2 * 1 7,5100 +5000

2 * 1 R.0100 3000

2 * 1 8.1100 5000

2 43 1 8.2100 45000

2 43 1 8.3100 «5000

2 * 1 8,410C 45000

2 - 1 8.5100 5000

2 . 1 £.6100 +5000

2 * 1 8,7100 45000

2 * 1 8.8100 5000

2 « 1 £.5100 5000

1 0+ 2z 9.0100 5000

1 « 2 9.1100 5000

1 * 2 9.2100 5000

1 * 2 9.3100 +5000

1 * 2 9.4100 +5000

1 43 2 5.5100 +5000

1 43 2 9.6100 5000

1 * 2 9.7100 45000

1 * 2 6.8100 5000

1 * 2 9.9100 45000

1 * 2 10.6100 «5000

1 * 2 10.1100 +» 5000

1 * 2 10,2130 45000

. 10.3100 #5000

2 » 1 10,4100 +5000

2 * 1 10,5100 +5000

2 . 1 10.6100 45000

2 + 1 10,7100 5000

H 43 1 10,8100 45000

2 43 1 10,9100 +3000

z * 1 11,0100 5000

2 * 1 11.1100 +5000

H - 1 11.2100 5000

2 . 1 1143100 5000

2 * 1 11.4100 25200

F * 1 11.5100 5000

2 * 1 11,6100 +5000

1+2 11,7100 45000

1 * 2 11,8100 5000

1 * 2 11.5100 .5000



5.3 Example No. 3 - TOFC Envelope

Example No. 3 is a sixty second envelope run with the objective
of locating roll resonances other than the fundamentai. The run is
a frequency sweep with frequency changing at the rate of 4 octaves
per minute (i.e. increasing logarithmically and doubling every 15
seconds) starting at 1.0 Hertz. The steps followed and the remote
terminal listings are detailed below. Because of the length of

the printer plots only representative output plots are shown.

Step 1. Call data file, enter edit mode and list 17 lines.
Step 2. Review data file and mote changes to be made.
Line 2. C(Change run number.
Line 3. Change start and stop times. We want to.
start at 1.0 Hertz and sweep to 16 Hertz,
4 octaves, which at BETA = 4 is 60 seconds.

Lines 4 and 5. Switch from time history to envelope.

Lines 6 and 7. "No change.

Line 8. Change to group 2 (see Table VII)

Lines 9-14. ©No change.

Line 15. Start frequency, FQ, is 1.0 Hertz sweep
rate, BETA, is 4.0 NDECAY is put out of
range at 5000.

Line 16. Change excitation from constant displacement
to constant acceleration. Level, .01 g's, -
is purposely low to avoid nonlinear effects.

Step 3. Make changes to data file and replace file.

Step 4, Call and list data file. Check for correctness.

Step 5. Call and list executive file. Check and modify as
needed. (No changes necessary in this case.)

Step 6. Submit run to 7600.
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Step 7. Obtain Day File, when ready for access.
Step 8. Determine costs.

1. Input costs

$9.00/hr connect : 10 min. = $.90
.25/100 TIO : 5581 TIO = 1.39
.35/SBU : .963 SBU = .34

2. Run and Output Costs (Day File)

$.02/I0DB input and

day file : 9I0DB = .18

- $.05/I0DB Output :+ 618 IODB =30.90
$1.15/SBU : 50 SBU =57.50
Total Run Cost =91.,21
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Discussion of Results

Because of the length of the printer plots only representative
output plots are shown. The output filled 96 pages; 3 pages contained
a listing of the input data and the remainders contained the envelope
plots. The three paées of input data and six pages eXcerpted from

the envelopé plots can be found at the end of Section 5.3.

A review of the envelope plots show three resonances between
1.0 and 16.0 Hertz; 1.4, 6.1 and 13.6 Hertz. The 1.4 Hertz resonance
is évidenéed by amplified motions of the carbody and trailers."The
6.1 Hertz resonance ié apparently a ca;body_resonance. The 13.6 Hertz

resonance is apparently a truck resonance.
The next step in analysis would be to look at the detailed

motion of each resonance. This is done for the 1.4 Hertz resonance

in Example No. 4.
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REMOTE TERMINAL LISTINGS

Step 1:
EXCIT namelists.

Step 2:

OLD.FRADIN8
/EDIT

BEGIN TEXT EDITING.
?

Review and note changes to be made.

Ls17 300.0¢

SCONTR 10 CO.
RUNO

STARTM£2.0,” DELTAT=.005, STOPTM=12..
ENVEL=¢F.1 ENVPLT . ENVCAL=.F.,

TIMHIS 1), THSPLT . SNAPSHT=.F.,
STARSNP=5.20, DELTSNP=0.05, STOPSNP=5.60,
IPRINT=2,

IGROUPEA H— 2

OTHER=0,

DEBUG=.F.., STARDB=4.15, STOPDB=4,17,%

SEXCIT

SINEIN=.T.,

AMP = 1,00, 0.00, 1.00, 1.00, 0.00, 1.00,
PHAS= _0.00. 0.00, 180.. .0.00, 0.00, 180.,
FQ=0.52. FQDOT=.0, BETA£D.0) NDECAYET,

DIN<D. 4) VIN=0.00, SIN $

SVEHIC / Looo
2 1.O 4.0 ,O\

o,

74

Call data file, enter edit mode and list CONTRL and

o T 7o

ENPRMX=.F,,+—F + T

c



REMOTE TERMINAL LISTINGS (continued)
Step 3. Make changes to data file.

F:/RUNO/
RUNO=300.03,
? RS:/.03/,/.04/
? RS:/2.0/./1.0/
? RS:/12/,/760/
? L32 .
RUNO=300.04,
STARTM=1.0, DELTAT=.005, STOPTM=60.,
?
S32
? RS:/.T./,/.F./3%
? RS:/.F./3/.T./3%
? L32 :
ENVEL=.T., ENVPLT=.T., ENVCAL=.F., ENPRMX=.F.,
TIMHIS=.F., THSPLT=.F., SNAPSHT=.F.,
?

2
2

Fs/IGROUP/

IGROUP=4,
? RSs/4/,72/
? L

IGROUP=2,
?

F:/FQ/s '
FQ=0.5, FQDOT=.0, BETA=0.0, NDECAY=1,
? RS:/0.5/./1.0/
? RS:/0.0/.74.0/
? RS:/=1,/,/=5000,/
? L

FQ=1.0, .  FQDOT=.0, BETA=4.0, NDECAY=5000,
?

S
? RS:/.0,/,/7.01,/
? RS:/70.4/,/0./
? L 5

DIN=0., VIN=0.00, GIN=.01,5$
? .

END ,

END TEXT EDITING.
$EDIT.FRAD108.
/

REPLACE
/
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REMOTE TERMINAL LISTINGS (continued)
Step 4. Call and list data file.

OLD.FRAD108
/LNH
SCONTRL
RUN0=300.04.
STARTM=1.0, DELTAT=.005, STOPTM=60.,
ENVEL=.T.. ENVPLT=.T.. ENVCAL=.F., ENPRMX=.F
TIMHIS=.F., THSPLT=.F., SNAPSHT=.F..
STARSNP=5.20, DELTSNP=0.05, STOPSNP=5.60.
IPRINT=2,
IGROUP=2,
OTHER=0.
DEBUG=.F., STARDB=4.15, STOPDB=4.17,$
SEXCIT
SINEIN=.T.,
AMP = 1.00, 0.00, 1.00, .00, 0.00. 1.00,
PHAS= 0.00, 0.00. 180.. 0.00, 0.00., 180.,
FQ=1.0, FQDOT=.0. BETA=4.0. NDECAY=5000,
DIN=0.., VIN=0.00, GIN=.01.$
SVEHIC
NMAS 7.
=02%22.33.125.0,8.179,152.65,7.013.148.9,3%0. .
INERT 22080..22080..108500.,20000. .255000.,17150.,102000..
.204E7,.319E7,.15E8,.15ER, . 131E7, .1 31E7.2%0.,
R=58.,79.,58.,79.,62.25,43.5.62.25,43.5,108.,0.,
H=16.,VH=60.4,VH1=47.,VHR=37.8,VHIR=47.,
" L=702.,VL1=469.,VL2=148, ,VL3=131.4,VL4=189.7,
VL1R=-89, ,VL2R==413..VL3R=115.4,VL4R=208.6,
OR=536.,-536. ,~39.,39.,40. .224.,226.,254, ,245. ,235. ,
GAPB=.01,GAPA=.01
K=.91E5. .95E5, .9 1E5, . 480E5, . 60E4.0.0, .91 E5, .95E5, .9 1E5, .480E5. . 60E4,
0.0..225E6,.15E5,.225E5, . | BES, . 225E5, .5276E5, . 18E5..5276E5,
. 225E6, + 15E5, . 225E5, . 18E5..225E5, .5276E5, . 1BES. .5276E5, 2%0. ,
XZKMOM=. 30E8., XRKMOM=. 30E8,
KA6=.92E7,KA12=.92E7,KB6=.6185E8 ,KB12=.6185E8,
C=150.,20. ,150..140..225..0..150.,20. ,150. . 140.,225. .0.
1000..500.,330.,200..330., 775.,200., 775. ,
1000.,500. .330.,200.,330.,775.,200.,775. ,2%0. ,

XZCMOM=, 10E6, XRCMOM=.10E6,
CA6=.10E6,CA12=.10E6,CB6=.T8E6. CB12=.7RE6.$
SMODAL

NMODES=4,

RF=4,253,8.873,9.4.17.9. 629 15.519,15.599,18.029,3*%0.,
ZETA=7%0.02,3%0.0.

NLOC=46,

COEF(1,1)=.1 *INTERRUPTED*
STOP

*TERMINATED*
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REMOTE TERMINAL LISTINGS (continued) .
Step 5. Call and list executive file. Check and modify as needed.
Step 6. Submit Run to 7600.

OLD .FRARUN

READY.
LNH

/7J0OB
CASKET,STTCZ,T200,P4.
ACCOUNT,
ATTACH,HEADING ,HEADING,MR=1.
HEADING.
ATTACH,FRATE,FRATEQI ,ID=JFC,MR=1.
FRATE. :
EXIT,U.
DISPOSE,OUTPUT.PR,ST=TCAI98.
/EOR
/NOSEQ

IDELIVER TO

KACHADOUR

MITRE CORP

7915 WEST

PARK DR.

MCLEAN, VA,
/EOR
/READ,FRADI108
/EOF

READY.

SUBMIT.FRARUN,H=TCA,T
09.37.50.ADLCAQH

SBU 0.255 UNTS.
READY.

BYE
DOTMITR LOG OFF 09.37.56.

SBU 0.963
TIO = 5581

Step 7: Obtain Day File, when ready for access.
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REMOTE TERMINAL LISTINGS (continued) - DAY FILE

QFETCH, .DAY
ADLCAQH RELEASED TO USER AS - FILE ’
*%k%* TWIN CITIES CYBERNET CENTER V2.1.4 %% 05/16/78 78136
OHH .MM.SS CPU SECOND ORIGIN .
08.53.31.TCA. 99 TCA SCOPE 3.4.3 406F.102 05/01/78

08.53.33 00000.0N4 TCZ. -CAQHA ,STTCZ,T200,P4.

08.53.33 00000.004 TCZ. CYBN2 - JOB NAME- CAQHATY

08.53.33 00000.005 JOB. -ACCOUNT, -

08.53.33 0N000.032 JOB. ~ATTACH,HEADING,HEADING,MR=1.

08.53.33 00000.036 TCZ. . PF254 - CYCLE 3 ATTACHED FROM SN=SYSTEM
08.53.33 00000.036 LOD. -HEADING.

08.53.34 00000.041 USR. FORTRAN LIBRARY 410W 04/05/76

08.53.34 00000.042 TCZ. PF646 - PFMACRO - ATTACH -~ ZZZQQZ - HEAD22
08.53.34 00000.045 TCZ. PF254 - CYCLE 2 ATTACHED FROM SN=SYSTEM
08.53.34 00000.068 USR. STOP

08.53.34 00000.069 USR. .N27 CP SECONDS EXECUTION TIME

08.53.34 N0N00.071 JOB. ~ATTACH,.FRATE,FRATEO! ,ID=JFC,MR=1.

08.53.34 00000.074 TCZ. PF254 - CYCLE 1 ATTACHED FROM SN=SYSTEM
08.53.34 00000.075 LOD. -FRATE.

08.53.37 00000.209 USR. FORTRAN LIBRARY 433 os/11 /777

08.54.31 00040.573 USR. STOP

08.54.31 N0040.573 USR. 40.363 CP SECONDS EXECUTION TIME

08.54.31 00040.573 JOB. -EXIT,U.

08.54.31 00040.574 JOB. -DISPOSE,OUTPUT.PR,ST=TCAI98.

08.54.31 00040.574 TCZ. CYB0! - FILE OUTPUT DC=40 ST=TCAI98 SIZE=0000000618 I(0DB
08.54.32 00040.576 TCZ. CYBO! - FILE CAQHA7Y DC=04 ST=TCAI99 SIZE=0000000006 I0ODB
08.54.32 00040.578 TCZ. CYRO! - FILE OUTPUT DC=40 ST=TCAI99 SIZE=0000000003 IODB
08.54.32 00N40.578 TCZ. RM770 -~ MAXIMUM ACTIVE FILES 1
08.54.32 00040.578 TCZ. RM771 - OPEN/CLOSE CALLS 13
08.54.32 00040.578 TCZ. RM772 - DATA TRANSFER CALLS 5,596
03.54.32 00N40.578 TCZ. RM773 - CONTROL/POSITIONING CALLS 12
08.54.32 00040.579 TCZ. RM774 - BM DATA TRANSFER CALLS 797
08.54.32 0N0040.579 TCZ. RM775 .- -BM CONTROL/POSITIONING CALLS 55
08.54.32 00040.579 TCZ. RM776 - QUEUE MANAGER CALLS 129
08.54.32 00N40.579 TCZ. RM777 - RECALL CALLS 99
08.54.32 00040.580 TCZ. SCM 1 651.093 KWS

08.54.32 N0040.580 TCZ. LCM 7 963.272 KWS

08.54.32 00040.580 TCZ. 170 0.076 MW

08.54.32 00040.580 TCZ. RMS ’ 0.402 MHWS

08.54.32 00040.580 TCZ. USER 39.979 SEC

08.54.32 00040.580 TCZ. JOB 40.582 SEC

08.54.32 00040.580 TCZ. DIO 350.536 KW

08.54.32 00040.581 TCZ. SBU 50

08.54.32 00040.581 TCZ. SC053 - JOB PRIORITY - P4

READY.
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- TOFC ENVELOPE PRINTER OUTPUT page 1

INPUT PARAMETERS FOR FRATE RUN NO. 300.04
ENVELOPE RUN PARAMETEERS
ENVELOPE PRINT PLCTS =T
ENVELOPE CALCONMP PLCTS =F
PRINT ALL PGINTS FOR EACKH MAX =F
START TIME = 1.G(0
DELTA T = «CLo
STLP TIME = 60,000
IGRQUP = 2
IPRINT =2
OTHER = ¢
DEBUG = f
STAKDB = 4,15C
STCPDG = 4,170
EXCITATION PARAMETEFRS
SINEIN =T -
AMP(I) = 1.0¢C C€.,0C0C 1,000 1.000 0,000 1,000
PHAS(I) = C.0C0 0.00C18C.000 C.C0C 0,0C0ClE0,000
FQ = 1.0u0
FQOOT = 0.LCC
BETA = 4,CCC
C1N = C.0C0
VIN = G,wCG
GIN = «C20
NDECAY = 50600
MOCEL PARAFMETERS
NMAS = 7
) = WZRIZEAUL  JEZ33E+02  LJ1250E403 L B179E+01  L1%27E+03 . 7013E+C1
INERT = »22CGEE+05 . 2208E+05 L1UB5E+06 L2CCOE+05 ,2550E+06 . 1715E4C)H
+150CE+4C8  ,131CE+07 L1310£+407 O, 0.
R e £8.000 79.0C0 5¢.000 79,0C0 62.250 43,500
H = 16.0CC
L = 762.0CC
CR = 536.CCC -£36,000 -39,000 39,900 40,000 224,50C

21489E+03 0,

«1020E+06

624250

226,000

«294CE+07

43,500

254,000

0.

«3190E+0C7

108,000

24£.0G6C

0.

+1500E+08

0.000

235,000



08

PRINTER OUTPUT

page 2

INPUT PARAMETERS FGK FRATE - CONTINUED -

K =

«91CCE+CS «GECO0E+QS
«&UOCE+CE (.
«2250E406 «15CCE+C5

XZKMGM = .300CL+0¢8

KAE = «G2GCEHCT

KB& = «t1l85E408

C a
«15Q0E+03 «2CCCEHC2
«2250E+C3 0.
«1006L+404 «5CCOE+C3

XICMCM = «10CCE+CE

CAb = «10C0E+06

Cbe = s TELCETCE

Vi = £0,40G0

VHL = 47.0CC

VHIR = 47.00C

VHR = 37,800

viLl = 469,000

Viz =  148.0CC

Vi3 3 131,.,40¢C

Vi4 = 189,700

VLIE = -89,200

VLzZR = =413.00C

VL3R = 115.4CC

V0L4R = 208,000

GAPB = LC1C0 GiPA

NORMAL MCDE PARAMETERS

NMODES = 4

FRECQ = 4,252 B.ET3

2ZETA = «G2C «C2C

NLCC = 46

«910CE+CH

«2250E406

«225GE+05
XEKMOM =
Kal2 =
Kelz L4

«15C0E+03
«1COQE+0C4
«3300E+C3
XKCMOM =

Cat2 &
cglz =

= LClCC

9.417

020

«4800E+05
«150CE+05
«180CE+05

+3000E+08
«9200E+07
+6185E+08

+140CE+03
+5000E+03
+2000E+03

«LUQOE+CE

«1U00E+06
+ 7800E+CE

9.629 15.519

«020 .02C



+60C0E+04
«2250E+05
«225CE+0C5

«2250E+03
«3300£+03
+330CE+03

C.
«180CE+05
+52TEE+05

c.
«2COQE+03
«775CGE+03

15,599 18.029 J.000

020

«020 © 0,030

»Q100E+05
«2250E+05
+18UQE+05

«1500E+03
+3300E+03
«2000E+03

0.000

6.000

+9Z0CE+05
«5276E+05
«5276E+05

«2C00E+02
«7750E403
«7750E403

0,000

0,000

«9100E+05
«1800E+05
0.

«1500E+03
«2000E+03
0.

«4800E+05
«5276E+05
0.

+1400E+03
«7750E+03
0.
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PRINTER OUTPUT pag

MCDE SHAPES FCLLCw

«13913E+CC
6EITEE~VL
«512C0E-06
-.12532E-10
+592G(E-00
—+02628E-CL
«8241¢E-01
~e5290GCFE-06
02326€E-09
«227CLE-C6
-+62628E-01
0.
- T6877E-01
«15206t~0¢
C.
+92462E-01
-+52900E-06
«52463E-01
«1G472E400
«16473E+400
«6837RE-01
SOB37FE-01

—+36883E-01,

-¢368R3E-01

-.90388t-C1

~.9038EE-01

-e27713£-01

-e27713E-01
82416£-01
»82416E-01
12096CE+00
2C960E+0C

C.

C.

C.

O

C.

Ce

C.

C.

G

Ce

C.

C.

C.

G.

e 3

«1C770E-05
«321GEE-08
«DE6G1E-0]
«EE€34T7E-(3
«1CQZ3E+CC
«126GC3E~C1
«1E479E~Ce
W 7C426E~01
P EDLEEE-US
«5072GE~Q]
«129G4E-~C1
«930¢6E-03
»32E5(0E-CE
«5G838E~C1
«31250E-02
2+ 3C5G1lE~Cl
«7L426E-(1
«30LEGGE-CL
+531C9E~C1
«521C5E-Cl
W4EEZTE~C]
s 4€627E~CL
«30467E-0C1
«3046LE-~C]
$447EGE~C2
«447GLE-02
W37GE2E~01
+37GE3E~0C1
4t2(7e~C1
J4E206E-C1
«4GECCE~O1
«4G65G6E~01
«16818t4CC
«1G81EE+CO
«5€66G1E-C1
«56651E~C1
«379¢3E~01
«37G€63E~C1
«7G144E~01
e 76144E~01
«2E6G€7E~C1
«2LGETE~CL
«70426E~01
»7C42€E-CL
«2054T7E4CO
2054TE+CC

«5459UE-05
«49114E-CE
«22910E-01
«29528E-02
«38352E-01
+48615E-01
«31169E-06
27362E=01
«24210E-C2
+16349€£-01
«48€6C9E-01
02676902
«2CUU3CE-CE
«22612E-01
«72860E-03
«B6550E-01
«2736ZE-01
«B86552E~01
«1501GE+00
«15C12€E+400
«13785E+400
«13785E+400
«10661E+00
+10680E+00
«79877E~03
«7984CE~03
+105C00E+00
«1049GE+C0
«13073E+00
«13G73E+00
«14143E400
«14145E+400
W6E3E2E~0L
«68382E~01
«2291VE~QL

. «22G1CE=~01

«10659E~01
«10659E~01
«29014E~01
«25C14E~01
«11710k~01
#»11710E~01
$27362E~01
«27362E~01
«£5956E~01
»85906E-C1

THt INITIAL CEFLECTICNS ARE

~.506¢
~4.,949
~-3,077

-+524¢
—-3.,793
-3.¢820

A\

-3.331

«3437E-03

«12C1E-01
—.3403E-02



12234E400 «3(975E-03 «+89504€~01 +17700E-05

15435E-01 —+2638€6E-C3 =+77567E-01 ~e21917E-05
35450E~-05 +25887E-C1 ~+90230E-04 «13271E-0C1
11870E-06 «19437E-0C3 =, 76683E-06 +38G12E-02
17500€£-05 -«16823E~02 «67860E-05 «21243p-Cl
75540F =01 +87251E-02 «12443E-01 0«22404E~01
12350E-02 ~+25615E-03 —+72525E£-01 -+21001E~-C5
65180E=-05 ~+G0998€-02 +30190E~-C4 $48G91F=02
11127E-06 «46449E-C3 -.16829E-05 «34C39E-02
56870F-05 «58€6l4E-C1 ~420560£-03 -+41308£-02
79542E-01 -+8€6030E-02 +12505E-01 -e22410E-01
12506E-06 «30035€-03 ~+11610E~G5 «47633E-02
48542E-01 «15626E~03 «48004E£-01 «326€0E-05
11150E-05 «30901E~C1 -+10844E~-03 -.13473E-C2
32000E-07 ~.7291CE-04 +2780CE-Ce -.13479E-02
20347E-01 ~s1€771E-01 —«46573E-01 ~«12169E+C0O
65180E-05 -+9¢998E=-02 »30190E-04 +48G91E-02
20339E-01 «16440E-01 —.46694E-01 +12169E400
23060E+400 ~+19955E-01 +22085E+00 -+29422E+00
23059€+00 «21476E~CL «22069E+00 229423E+400
15429£-01 -.10760E~-01 -, T7825(~01 -+21013E+400
15452€-01 #»1€232E-C1 -« 77608E-01 «21C12E+400
94654E-01 «13269E-01 -¢44099E-01 —~«14€19F-01
94664E-01 ~-.13541E-C1 =.44004E-01 «14€12E-0C1
23972E=-02 «12675E-01 +83891£~C1 214161E+00
23973E-02 ~+¢12084E-01 «83982E-01 ~e141€1E+400
§8031€6-01 —e1C€51E-01 =+55025€-01 —~+444390£-01
8§804CE-01 «1C22¢€¢E-C1 -+55100E~Cl «443G5E~01
12409€~-02 —+25336G£-01 -.72434E-01 ~.18381E+C0
12289€-02 »2482€E-C1 -+72616E~01 «183B1E+CO
24311E+400 -+30410E-01 «25533E+406C ~+24450E400
24310E400 «32275E-C1 »255108+4CC «24451E400
9150CE=-05 —223142E+C0 +81881E-03 46C09E-01
91500E-05 ~423142E+CO .81881€-03 +4€6C09E-01
35400F=-05 «25887E-C1 =+90230L~04 +13271E~-01
35400F~05 »25887E-01 -.90230E-04 »13271£-01
745C0E-05 »85819E~01 ~+30110E-03 ~.40608E~02
74500E-05 «85819E-C1 =+¢30110E-03 ~+40608E-02
17700E-05 -.16381E-C2 » 7020CE-05 ~42866E-02
17700£-05 -+.16381E-C2 «70200E-05 ~.42866E-02
66200E~05 —+80215E-01 +281108-03 +10G40E-01
6G200E-05 -+8C215€E~-0C1 «2811CE-03 +10940E=-C1
65200F=05 -eG0998E~C1 «30200£~-04 +48991E-02
65200E-05 =+90998E-01 «30200E-04 «48991E-02
34900E-06 «25389E+C0 —«89890E-03 ~+36793E-01

3490CF~-06 «2538B9E+00 =+89890E-0D3 ~¢36793E-01
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TOFC ENVELOPE (CONTINUED)
Sample printer plot showing 1.4 Hertz resonance.

ENVELOPE PRINT PLGTS FCR TFC2 POINT £

Z 1S SYMBUL FUK ZA ANC - IS SYMBOL FCR CCPFESPUNDING XA
X IS SYMBOL FOR XA AND + 1S SYMBGL FOP CORKESPONDING ZA

=]

-l.65E-02 -8,26¢-03

8.26E-03

1.65E-C2
TIME

+ +

2.205
2,660

3.985

44400
5.625
6,000
X 7.160
7.510
X 8,605
8,925
94965
10.250
11.235
11,465
12,425
12,610
13,545
13,695
14,590
14,730
15,550
15,715
16,510
16,620
17.435
17,500
18.320
18.360
19,180
19.185
19,985
2¢,005
20,765
2C.815
21,515
21,600
22,235
22,360
22,935
23,085
23,629
23,780
24,280
24,450
244925
25,090
25,545
25.715
264150
264320
26,740
26,910
27.315
27,485
27.879
28,045

FRQ

1l.11
1.13
1l.20
1.23
1.30
1,32
1.36
l.41
1,49
1.51
1.58
1.61
1.68
1.70
1.78
1.79
1,87
1.88
1.6¢
l.98
2,05
2,07
2.14
2416
2.24
2.24
2433
2434
2,43
2.43
2.52
2452
2,61
2.62
2,70
2.71
2479
2.81
289
2.91
2.98
3,00
3.07
3.09
3.1¢
3.19
3.26
3,28
3,35
3,37
3,44
3.47
3.53
3.56
3,63
3.65

VALUE
+1094E-01
«5650E~02
«1195E-01
+6975E-02
«1456E-01
«7586E-02
«1635E-01
2 8870€-02
+»1653E-01
«7183E-02
+1393E~01
«5484E-02
«9TL3E-02
+3072E-02
16233E-02
«2156E-02
+4187E-02
«2312E-02
»1652E-02
«9253E-03
«1562E-02
» 7801£-03
«2063E-02
«10358-02
«1433E-02
+3505€-03
«1314E-02
+5280E~03
+1348E-02
«1182E-02
«9468E-03
«9774E-03
+6602E-03
+5580E-03
«1157E-02
«5542E-03

«1531E-02

+5212€-03
«1252E-02
«2825E-03
«1089E-02
+2384E-C3
«1508E-02
«4731€-03
«1932€-02
+6360E-03
«1848E-02
«53709€-03
+1575E-02
«4901E-03
+1656E-02
+5931E-03
+»2058E-02
«7848E-03
«2314E-02
«B478E-03

=
>
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TOFC ENVELOPE (CONTINUED)

Sample printer plot showing 6.1 Hertz resonance.

ENVELOPE _PRINT PLOTS ECR TEC2 POINT

5

Z_1S _SYMBOL FOR_ZA AND —_IS_SYMBOL_EOR_CORPESPCNDING. XA

X IS SYMBOL FOR XA AND + IS SYMBOL FOR CORRESPONDING Za

~1.65E=02 —B.26F=013 Q A.26E=03 1.6%E=02
: TIME FRQ VALUE Ma
31,110 4.21 .8326E-03 X
- z 31,430 4,27 2672€6-02 Z
X 31,580 4430 ,7370E~03 X
- 4 31.895 4437 .2582E-02 2
. X 32,045 4.40 (6743E~03 X
- z 32,350 4,46 ,2694E~02 I
X 32,495 4,49 (71S2E-03 X
- 7 32,795 4.55 .3016E-02 2
32,935 4.58 .8235E-03 X
- H 33,230 4.64 ,3382E-02 I
33,370 4,67 .9346E=03 X
- 7 33,655 4,74 ,3606E-02 1
33,795 4477 J9614E-03 X
- 14 34,075 4,83 ,3652E-02 Z
34,215 4.86 .9089E-03 X
- 1 34.490 4,92 ,3609E-02 2
34,625 4.55 48363E-03 X
- z 34,890 5.0 «3642E-02 2
X 35,025 5.05 .8096E-03 X
- 4 35,290 5,11 ,3835E-02 I
35,420 5.14 .8484E~03 X
- 4 35,680 5.2C .4144E-02 I
35.810 5.23 ,G262E-03 X
- z 36,060 5.29 .4453E=02 I
36,190 5.32 +9890E-03 X
- 2 36,440 5,39 ,4662E-02 2
364565 5.42 .990BE-03 X
- 36.810 5.48 .4T16E=02 I
36,935 5,51 49236E-03 X
-. 37.170 5.57 .4646E-02 I
. X 37,295 5.60 .8203E-03 X
- 37.530 5.6¢ .4581E-02 1
. X 37,655 5,70 .7188E-03 X
-. 37.885 5,76 .4545E-02 1
. X 38,005 5.79 .6593E-03 X
- 38,230 5.85 ,4623E-02 I
. X 38,350 5,88 ,6400E-03 X
- 38.570 5,94 .4736E-02 1
. X 38,690 5,98 (6394E=03 X
- 38,905 6404 ,4823E-02 1
. X . TaX response, 39,025 6,07 ,6244E-03 X
- 6.1 Hertz 39,235 6,13 ,4820E-02 I
. X 39.350 6,1¢ ,5735E-03 X
- 35,560 €,22 .4702E-02 I
36,675 6425 J4764E-03 X
39,885 6.32 .4500E-02 I
39,995 6,35 ,3479E-03 X
- z 40,200 6,41 ,4270E-02 2
X 4C,305 6.44 2192E-03 X
- 7 40,510 6.5C .4063E-02 I
X 40,615 6,53 +1140E-03 X
- z 40,815 6,59 #3911E-02 2
X 40,915 6,62 .5243E-04 X
- 14 41,120 6.69 .3852E-02 Z
X 41,205 6.71 .4436E-04 X
- z 41,415 6,78 +3831E-02 2
X 41.485 6,80 .9891E-04 X
- z 41,710 6.87 .3840E-02 2
oX 41,765 6489 .1502E~03 X
14 42,000 6.96 +3803E-02 1
WX 42,050 6,98 .278BE~03 X
1 42,285 7.06 ,3697€-02 1
X 42,335 7.07 .3441E-03 X
- 1 42,570 7.15 .3550E-02 I
X 42,615 7,16 ,3822E-03 X
- 1 42,850 7,24 ,33426-02 2
X 42,895 7.26 J4047E-03 X
- 7 43,125 7.34 ,3152E~02 2
o 43,170 7435 .4271E-03 X
. 4 43,395 7,43 ,3C16E-02 2
oX 43,440 7,44 ,4671E-03 X
- z 43,660 7.52 42905E-02 2
. X 43,710 7.54 ,5282E-03 X
- z 43.925 T.61 J2B71E-02 2Z
X 43,975 7,63 ,6169E-03 X
- z 44,190 7,71 (2886E-02 2
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TOFC ENVELOPE (CONTINUED)

Sample printer plot showing 13.6 Hertz resonance.

-6.,81E-02

ENVELCPE PRINT FLOTS FCR TFC2 POINT

1

¢ IS SYMBOL FUR ZA AND - IS SYMBOL FCOF CORRESPONDING XA
¥ IS SYMBOL FOR XA AND + IS SYMBOL FOR CORRESPONDING ZA

=3,40E-02

3.40E~02

€.81E~02

X
X
X
X
X
X
X
X
x
X
X
X
x
X
X
x
X
X
X
X
X
X
X
X
X
X
x
X
x
X
x
x
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54.980
54.990
55,135
55.150
554295
554305
55,450
554460
25.605
55.615
55,755
55,770
55,910
554920
56,060
564075
564210
56.225
56,360
564370
56,510
56.520
564655
56,670
56,800
56,815
564945
564960
57.090
57,105
57.235
57.245
57.375
57.390
57,520
57.530
57.660
57.67C
57.800
57810
57,935
574950
58,075
58.085
58.210
58,225
584345
584360
58,480
58.495
584615
58.625
58.750
£8.760
58,880
584895
59,015
56,025
59,145
59.155
59.275
59.285
59.400
£9.415

FRQ
1.11
1,13
1.20
1,22
1.29
1.31
1,39
1.40
1.49
12,69
12,69
12,78
12479
12.87
12.88
12,96
12.97
13.06
13,06
13,15
13.16
13.24
13.25
13.34
13,34
13,43
13.44
13.52
13.53
13.62
13.62
13.71
13,72
13.80
13.61
13.89
13,90
13,99
14400
14,08
14,09
14.17
14.18
14,27
14.27
14.36
14,37
14445
14,46
14,54
14.55
l4.64
14,64
14.73
14,74
14,82
14,83
14491
14.92
15.01
15.01
15.1¢
15411
15419
15.2¢
15.29
16.29
15.38
15.39
15447
15.4¢
15.56
15.57

VALUE

<e7189E=-03

«1316E-01
+8046E-03
«1318E-01
«G747E-03
«1316E=-01
«1095E-~02
«1312E-01

+1101E~02

«5611E=-01
«3194E-03
«5725E-01
«3119E-03
«5896E-01
«3051E-03
+6076E-01
+2972E-03
«618BE-01
«2912E-03
«6338E-01
«2835E-03
«6488E=-01
«2759E-03
«6624E-01
22642E-03
«6707E~01
»2572E-03
«6767E=-01
+2491E-03
«6687E~01
«2431E=03
«6806E~01
#2276E-03
«6733E=-01
«2205E-03
«6€E49E-01.
«2093E-03
s6594E-01
+1958E-03
«6464E-01
«1839E-03
«6270E-01
#1725E-03
»6037E~C1
«1611E-03
+5881E-01
«1492E-03
«5628E-01
+1383E-03
«54B2E-01
«1268E-03
«5285E-01
#1177E-03
«5083E-01
+1C673E=-03
«4836E-01
+1008E-03
«4640E-01
«9350E-04
«4487E-01
«8593E-04
+4279E~01
«8218E-04
«4113E~01
«7527E-04
«3873E-01
»7181E-04
«3772€-01
«6739E-04
+3623E-01
«6305E-04
+3437E-01
«5859E-04

M
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5.4 Example No. 4 - TOFC Time History

There were resonances indicated in Example No. 3 at 1.4, 6.1
and 13.6 Hertz. Example No. 4 is run with the objective of obtaining
additional information on the 1.4 Hertz resonance. For this a time
history run was made between 1.0 and 1.6 Hertz at a slower sweep
rate. The steps followed in the run set up and submittal are
presented below followed by the associated remote terminal print

out and representative run results.

Step 1. Call data file, enter edit mode and list 17 lines.
Step 2. Review data file and note changes to be made.
Line 2. Changeé run number.
Line 3. Change stop time. Start at 1.0 Hertz
and sweep to 1.6 Hertz at sweep rate of
0.02 Hertz per second - thus 30 second
run time.

Line 4-14. ©No changes.

Line 15. Change to FQ = 1.0 and FQDOT = .02 as
noted above. Set NDECAY = 5000, i.e.
out of range of problem run cycles.

Line 16. Time history plots are in displacement
values. Consequently input should be
constant amplitude.

"Step 3. Make changes to data file and replace file.
Step 4. Call and list data file and check for correctness.
Step 5. Call and list executive file. Change if necessary.

Step 6. Submit run to 7600.

Step 7. Obtain Day File, when ready for access.
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Step 8. Determine Costs

1. Input costs

$9.00/hr. connect - ~10 min.
.25/100 TIO ~ 4000 TIO
.34/SBU ~.5 SBU

2. Run and Output Costs

$.02/I0DB input and

day file 9 IODB
.05/I0DB output 350 1I0DB
1.15/SBU 23 SBU

Total run cost

86
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.90
1.00
.17

.18
17.50
26.45

$46.20



Discussion of Results

A review of the time history plots revealed the presence of the
fundamental roll resonance, 0.38 Hertz, in addition to the forced
response at 1.0 to 1.6 Hertz. The presence of the 0.38 Hz motion is
presumed to be the decaying motion triggered by the problem start
transient. Because the frequency is very low and because for this
TOFC configuration the damping is low it takes a relatively long

time for this motion to damp out.

Since our interest was in the 1.4 Hz frequency region it was
necessary to visually separate the motion at this frequency from
the 0.38 Hz motion. Through this process we concluded that the
maximum amplitude of the higher frequency actually occurred at 1.44
Hertz. The amplitude and phase relationship was obtained by
analysis of the time history plots. With this data the relative
amplitude plot of Figure 12 was made. Figure 12 shows the motion

to be typical of the second roll resonance with the effective axis

of rotation above the carbody :and close to the.c.g's of the trailers. . .
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B END,

VAN TRAILER

A END,

PLATFORM TRAILER

—

—

TRAILER BODY

e
g J

TRAILER TANDEM

t
1 | CARBODY
1

—
———

TRAILER BODY

i

-

i

TRAILER TANDEM

i
| CARBODY
|

—_ -
—_——
—

FIGURE 12

RELATIVE DEFLECTION IN ROLL/LATERAL TRANSLATION
OF 1.44 HERTZ RESONANCE
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REMOTE TERMINAL LISTINGS
Steps 1, 2 and 3. Call data file, enter EDIT mode, note and make’
changes and replace file.

OLD.FRAD108
/EDIT
BEGIN TEXT EDITING.
?
L317

SCONTR 300.06 " zo.
RUNO=€tII!EI§’ | , ,
STARTM=2.0.  DELTAT=.005, STOPTM=I2Y,

ENVEL=.F., ENVPLT=.F., ENVCAL=.F., ~ENPRMX=.F.,

TIMHIS=.T., THSPLT=.T.. SNAPSHT=.F.,
STARSNP=5.20, DELTSNP=0.05, STOPSNP=5.60,
IPRINT=2,

IGROUP=4,

OTHER=0,

DEBUG=.F.. STARDB=4.15, "~ STOPDB=4.17,$

SEXCIT :

SINEIN=.T.,

AMP = 1,00, 0.00. .00, 1.00, 0.00. 1.00,
PHAS= _0.00, 0.00., 180., 0.00, 0O.00, 180.,

FQ< FQDOT, BETA=0.0, NDECAYEI)
DINAQ VIN=0.00, GIN=.0,S$ L
SVEHI \. ' Scoo

> .02,
Fs:/RUNOQ/ ’
RUNO=300.05,
? RS:/.05/./.06/
? RS:/12/,/30/
2
L32
RUNO=300. 06 : '
STARTM=2.0, DELTAT=.OO5. STOPTM=30.,
? "
F:/FQ/ : : :
FQ=0.5, FQDOT=.0, BETA=0.0, NDECAY=1,
? o
RS:/1/,/5000/
? RSs/.0/,7.02/
? RS:/0.5/.,71.0/
?
L I ’ ]
FQ=1.0, FQDOT=.02, BETA=0.0, NDECAY=5000,
? : .
S
? RS=/O.4/./O,2/
2 L
DIN=0.2, VIN=0.00, GIN=.0,$
? .
END
END TEXT EDITING.
$SEDIT,FRADI10S.
/
REPLACE
/
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REMOTE TERMINAL LISTINGS (continued)
Step 4. Call and list data file and check for correctness.

OLD,FRAD108
/LNH
SCONTRL
RUNO=300.06,
STARTM=2.0, DELTAT=.005., STOPTM=30.,
ENVEL=.F., ENVPLT=.F., ENVCAL=.F., ENPRMX=.F.,
TIMHIS=.T., THSPLT=.T., SNAPSHT=.F..
STARSNP=5.20, "DELTSNP=0.05, STOPSNP=5.60,
IPRINT=2, :
IGROUP=4,
OTHER=0, : :
DERUG=.F.., STARDB=4.15, STOPDB=4.17,$
SEXCIT
SINEIN=.T.. S
AMP = 1.00, 0.00., 1.00, 1.00. 0.00, 1.00,
PHAS= 0.00, 0.00. 180., 0.00, 0.00, 180..
FQ=1.0. FQDOT=.02, BETA=0.0. NDECAY=5000,
DIN=0.2, - VIN=0,00, GIN=.0.$
SVEHIC
NMAS=7, , »
M=2%22.33,125.0,8.179,152.65,7.013,148.9,3%0., :
INERT=22080. ,22080., 108500.,20000. ,255000.,17150., 102000.,
.294E7,.319E7,.15E8,.15E8, . 1 31E7, . 131E7.2%0.,
R=58..79.,58..79..62.25,43.5,62.25,43.5,108.,0.,
H=16.,VH=60.4,VH1=47.,VHR=37.8,VHIR=47..
L=792..VL1=469.,VL2=148.,VL3=131.4,VL4=189.7,
VL IR=-89. .VL2R=-413. ,VL3R=115.4,VL4R=208.6,
OR=536.,-536.,~39.,39.,40.,224.,226.,254,.245.,235.,
GAPB=.01,GAPA=.01, .
K=.91E5,.95E5, .91E5, .480E5, .60E4,0.0..91E5, .95E5,.91E5, . 480E5, .60E4,
0.0..225E6, . 15E5, . 225E5, . 1 8E5. . 225E5, .5276E5. . 18E5, .5276E5,
. 225E6, . 15E5. . 225E5, . 1 BE5. . 225E5, .52 76E5, . I8E5, .5276E5,2%0. ,
XZKMOM=. 30E8. XRKMOM=. 30E8,
KA6=.92E7,KA12=.92E7,KB6=. 6185E8,KB12=.6185E8,
C=150..20..150..140.,225.,0..150.,20.,150. ,140.,225..0.,
1000. ,500. ,330.,200.,330.,775..200.,775.,
1009.,500.,330.,200.,330.,775.,200.,775. ,2%0.,
XZCMOM=. 10E6, XRCMOM=. 1 0E6
CA6=.10E6,CA12=.10E6,CB6=. 78E6.CB12=.78E6. $
SMODAL :
NMODES=4,
RF=4,253,8.873,9.417,9.629,15.519,15.599,18.029, 3%0. ,
ZETA=7%0.02,3%0.0,
NLOC=46,
COEF(1.1)=.139133,.683776E~1,.512 *INTERRUPTED*
STOP
*TERMINATED*
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REMOTE TERMINAL LISTINGS (continued)
Steps b and 6. Call and list executive file. Check. Submit to 7600.

OLD,FRARUN

READY.
LNH
/JOB
CASKET,STTCZ, TZOO P4
ACCOUNT,
ATTACH,HEADING,HEADING,MR=1.
HEADING.
ATTACH.FRATE.FRATEOI.ID=JFC.MR=I.
FRATE. '

EXIT.U.
DISPOSE,OUTPUT.PR,ST=TCAI®8.
/EOR

/NOSEQ

IDELIVER TO

KACHADOUR

MITRE CORP

7915 WEST

PARK DR.

MCLEAN, VA .
/EOR

/READ,FRAD108
/EOF
READY.

SUBMIT.FRARUN,H=TCA.T
15.48.42 .ADLCCRK

SBU 0.268 UNTS.
READY. '

Step 7: Obtain Day File, when ready for access.
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REMOTE TERMINAL LISTINGS (continued) - DAY FILE

QFETCH, (DAY
ADLCCRK RELEASED TO USER AS - FILE
*kkx TWIN CITIES CYBERNET CENTER V2.1.4 %*%x 057167178 78136
OHH.MM.SS CPU SECOND ORIGIN
15.13.49.TCA. 99 TCA SCOPE 3.4.3 406F.102 05/01/78

16.11.05 00000.005 TCZ. -CCRKA,STTCZ.T200, P4.

16.11.05 00000.006 TCZ. CYR0O2 - JOB NAME- CCRKA3M

16.11.05 00000.006 JOB. —-ACCOUNT .. .

16.11.07 00000.034 JOB. ~ATTACH,HEADING,HEADING . MR=1.

16.11.07 00000.038 TCZ. PF254 - CYCLE 3 ATTACHED FROM SN=SYSTEM

16.11.07 00000.038 LOD. -HEADING.

16.11.07 00000.043 USR. FORTRAN LIBRARY 410W 04705776

16.11.07 00000.044 TCZ. PF646 - PFMACRO - ATTACH - ZZZ0Q7Z -~ HEAD22

16.11.07 00000.047 TCZ. PF254 - CYCLE 2 ATTACHED FROM SN=SYSTEM

16.11.07 00000.071 USR. STOP

16,11.07 00N00.071 USR. .028 CP SECONDS EXECUTION TIME

16.11.08 00000.073 JOB. -ATTACH,FRATE,FRATEO!, ID=JFC.MR=1.

16.11.08 00000.077 TCZ. PF254 - CYCLE | ATTACHED FROM SN=SY.STEM

16.11.08 00000.077 LOD. ~FRATE.

16.11.18 00000.212 USR. FORTRAN LIBRARY 433 os/7v1/777

16.11.42 00018.319 USR. STOP

16.11.42 00018.319 USR. 18.106 CP SECONDS EXECUTION TIME

16.11.42 00018.319 JOB. -EXIT,U.

16.11.42 00018.320 JOB. -DISPOSE.OUTPUT, PR,ST=TCAI®8. .
16.11.42 00018.320 TCZ. CYBOI - FILE OUTPUT DC=40 ST=TCAI®8 SIZE=0000000350 10DB
16.11.57 00018.322 TCZ. CYBO! - FILE CCRKA3M NDC=04 ST=TCAI99 SIZE=0000000006 10DB
16.11.57 00018.324 TCZ. CYBO! — FILE OQUTPUT DC=40 ST=TCAI99 SIZE=0000000003 I0ODB
16.11.57 00018.324 TCZ. RM770 - MAXIMUM ACTIVE FILES !
16.11.57 00018.324 TCZ. RM771 - OPEN/CLOSE CALLS 13
16.11.57 00018.324 TCZ. RM772 - DATA TRANSFER CALLS 3,327
16.11.57 00018.325 TCZ. RM773 - CONTROL/ROSITIONING CALLS 12
16.11.57 00018.325 TCZ. RM774 - BM DATA TRANSFER CALLS 735
16.11.57 00018.325 TCZ. RM775 - BM CONTROL/POSITIONING CALLS 63
16.11.57 00018.325 TCZ. RM776 - QUEUE MANAGER CALLS 121
16.11.57 00018.325 TCZ. RM777 - RECALL CALLS 104
16.11.57 00018.326 TCZ. SCM 743.750 KWS

16.11.57 00018.326 TCZ. LCM 3 596.885 KWS

16.11.57 00018.326 TCZ. 170 0.044 MW

16.11.57 00018.326 TCZ. RMS 0.169 MWS

16.11.57 00018.326 TCZ. USER ‘ 17.882 SEC

16.11.57 00018.327 TCZ. JOB 18.328 - SEC

16.11.57 00918.327 TCZ. DIO 320.840 KW

16.11.57 00018.327 TCZ. SBU 23

16.11.57 00018,327 TCZ. SCO53 - JOB PRIORITY - P4

READY.



€6

TOFC TIME HISTORY PRINTER OUTPUT

IMFPFUT F ARA

TIME HISTORY RUN P

METEHR

ARAMETERS

page 1

S FOR

TIVE HISTORY FRINT PLLT =7

START TINME
DELTA T
STCP TIME
16ROUP s
IPRINT =
OTHER =

DEBUG
STARDB
STCPDB

EXCITATIGN PARAMET

. SINEIN
AMP(I)
PHAS(I)
FC
FCDOT
BETA
DIN
VIN
GIN
NCECAY

a un wE N oHHN

MOUEL PARAFETERS

NMAS =
Mo 2
INERT =
R =
H =
L =
OR =

= 2.0C0
= «CC5
= 30.00C

4
2
c

Wowon
S
~1Ar
[eNa)

-

ERS

T
1.00C €

l.00C0
.G2c
C.CCC
200
C.CGO
C.CCC
5600

«2232E4C2

«220LE4GS
«15GCE+CS

£8.00C
i6.00C
792.C6C

526.,CCC

FRATE RUN NBD,

«CCC 1,000 1.0600 0.00C 1,000
0.C00 0.,6CC1l8C,000 0©.UCC 0,0006180,000

«2233E+02 4 1250E+03 .B179E+01

«2206E+05 L10BDE+06 .20COE+05
«1310E+407 .1310E+07 O,

79.C0C

-536.000

56.000 79,000

-39,000 36,000

30C.06

«1527E403

+2550E406

0.

62.250

40,000

«7013E+01

«1715E+05

434500

224,000

«148GE+G3 0. [« 0.
«1020E+06 +2G40E+07 ,3190£E+07 +15C0E+08
62.25C 43,500 1084000 0.Coo
226,600 254,000 245.000 235.000



vé6

PRINTER OUTPUT  page

INPUT PARAMETERS FGR FRATE

2

K =
«910CE+CE $G5CCEHCE
«6L00L+4CE S,
«2250E4006 «15CCE4CE

XZKMOM = «300CtE+0E

KAE = «G20CE+0T

Kpe = «6102E+08

[ =
«13G0E+C3 «2LL0E+O2
«Z2B50E+4C3 0.

-+ 1U00E+L4 «5G(CE403
XZCMOM = «10CCE+0E
Che = «10CLE4CE
CBe = +THOCE+CE
Vk = €0.,400
VE1 = 47.0CC
VHI1R = 47.00C
VHR = 37,800
VLl = 469,060
vee = 148.00C
VL3 = 131.40CC
Vi4 = 189,7(C¢C
VLIK = -89.0C¢
VLZR = -413,00C
VL3R = 115,40¢
VL4R = 208,600
G APE = +0100 GAPA

NCRMAL MUDE PARAMETERS

NFMCDES

FREQ

ZETA

NLGC

= 4
= 4,253 3,873
= .02¢ .02¢
= 46

- CONTINUEC

.910CE+05

L 2250E40G¢€

W 2250E+4C5
XFKHOM =
KAlz =
KB12 =

«1200E+03
«1000E+C4
«3300L+03
XRCMOM =

calz =
Celz =

= LClcCe

Se417 9

«020

+48COE+CYH
+150CE+40%
«18GLE+DS

«3000E+CE
«5200E+C7
«6185E+4C8

«140CE+03
«5000E+03
«200CE+03

«iGO0E+CE

«1000€+0¢
«7800E+CO

€29 15.519

«020 .02¢C



+6000E+04
2 2250E+05
«225CE+05

«225CE+03
+3300E+03
«3300E+03

C.
«1800£+05
«52T7€E+05

0.
«2C0CE+C3
«7TT50E+G3

15,599 18.029 0,000

«C20

. 020 ¢,.000

+9100E+C5
«2250E+05
«1800E+05

«1500E+03
+3300E+403
. 2000E+C3

c.000

0.00G

+9500E+05

«5276E405
«5276E+05

«2CCOE+02
«7750E+403
«7750E+03

G.000

0.0G0

«91CQE+CS
«180CE+0Z
0.

«15C0E+03
»2000E+03
0.

+4B00E+05
+52T6E+405
C.

«1400E+03
+775CE+03
0.



T0-3£6298°~
To-3€6L9€° -
20-316584%°
20-31668%°
10-305601"
T9-30%501"
20-39982%°-
20-399324°~
20-38030h°~
20~380904°~
T0-3TL2€T°
10-3TL2€T"
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TOFC TIME HISTORY
Sample Printer Plot
FRATE RUN  320.96
PRATE RUK 3GC.0¢
SWLEP RATE® FCCOT= .02C
INPUT NMCTIOGNS GIN=  L2(CC
1=X(19)
2=X{21}

3=x(22)
4=X(23)
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