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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 FRATE 
has been converted to and run on an IBM computer 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 program to properly interpret 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 the TOFC model.

Volume I has been written with the assumption that all output 
will be 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; Figure 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 of 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  are discussed in this section. 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 technique 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 freight 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 motions.

e. Small-angle assumptions (cos 0=1 and sin 0 = tan 0 = 0 )  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 li ft -o ff  are included both 
for the rail car wheels and the tandem wheels.

g. Bilinear springs are included to represent the centerpiate 
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.

6



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 FRATE01. Table I contains 
a brief description of each subroutine.

----  ----- TABLE I

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 FRATE01 which 
is kept in on-line disc storage at the CDC 7600 front end in Minnea
polis.

7



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 spec
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'll. 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.

Table 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 pf the coordinate 
system, the mass and inertia inputs, the required input geometries, 
and the springs and damper locations.

8



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.

9



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 III contains a description of each term in CONTRL.

Example Listing

OLD,FRAD108 
/LNH

$CONTRL

RUN0=206. 4 2 ,

STARTM=2.0, DELTAT=.005.  ST0PTM=R.,

ENVEL=. F .  , ENVPLT=.F .  , ENVCAL=.F. , ENP.RMX=. F .  , 

T IM H IS = .T . .  T H S P L T = .T . , SNAPSHT=.F.,

STARSNP=5. 2 0 ,  DELTSNP=0. 0 5 ,  ST0PSNP=5. 6 0 .

I PRINT=).

IGR0UP=4,

0THER=Q,

DERUG=.F . , STARDB=4.15, ST0PDB=4. 1 7 , $

1 0



T A B L E  I I I

D E S C R IP T IO N  O F N A M E L IS T  CON TRL PA RA M ETERS

Parameter
Name Type1

Default
Value Description and Comment

RUNO R 0. User chosen number to help, for example, 
in cataloging production runs

STARTM R oCM 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 R .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 lift off.

STOPTM R 3.0 Simulation stop time (sec.)

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

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

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

TIMHIS L .FALSE. If set . TRUE., time history plot data 
is stored .

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

11



TABLE I I I  ( c o n t i n u e d )

Parameter
Name 1Type

Default
Value Description and Comment

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

STRSNP R 100. Start time for saving "snapshot" data 
(sec.)

DELTSNP R .05 Time interval at which "snapshot" plots 
are desired on seconds (> deltat)

STOPSNP R 100. Stop time for saving "snapshot" data 
(sec.)

•IPRINT I 1 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 - IPRINT * IPRNT 
where:

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

IPRNT is print schedule dependent 
on fe, the excitation 
frequency

0<fe<2. , IPRNT = 10 
2.£fe<4., IPRNT = 5 
4<fe<8., IPRNT = 3 
fe>8., IPRNT = 2

IGROUP I 0 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 I I I  ( c o n c l u d e d )

Parameter
Name Type

Default
Value Description and Comment

OTHER I 0 Output 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.)

''"Variable type definitions 
R = real
R( )= real, array
I = integer
L = logical

1 3



2 . 2 . 2  N a m e l i s t  E X C IT

EXCIT contains values defining the sinusoidal input motion as to 
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

$EXCIT

SIMEIN-= .T. ,

AMP = 1.00, 0.50, 1.00, 1.00, 0.50. • o o

PHAS= o • o o 0 .00, 180., 0 .00, 0.00, 180.,

F Q = 1.1 , F Q D 0 T = .0, BETA=0. , NDECAY=3.

DI N = 0 .0 ,

oc•o1!z 1—1 
> G I N = .01,$

1 4



TABLE IV

DESCRIPTION OF NAMELIST EX CIT PARAMETERS

Parameter
Name Type

Default
Value Description and Comment

SINEIN L .TRUE . If set . FALSE, will by-pass sinusoidal 
forcing function calculations

AMP —  R(6) 6*0-. - 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 R 1.0 Initial value of sinusoidal excitation 
frequency, (Hz).

FQDOT R 0. Linear frequency sweep rate for the 
excitation function, (Hz/sec, + for 
increasing, - for decreasing frequency)

BETA R 0. Logarithmic sweep rate (octaves/minute, 
+ for increasing, - for decreasing 
values of frequency)

NDECAY I 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 R 0. Displacement amplitude of the sinusoidal 
vibration excitation function, (inches, 
0-peak). Takes precedence over VIN and 
GIN

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

GIN R 0. Acceleration amplitude of vibration 
excitation function (g's, 0-peak )

1 5



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 is given below followed by a 
description of each parameter. Parameter values are listed in 
Section 3.0.

Example Listing

SVEHIC
NMAS=3,
M=2*22.33,125.0,8.179,152.65,7.013,148.9,3*0.,

INERT=22080.,22080.,108500.,20000.,255000. ,17150.,102000.,

• 294E.7,.319E7,.15E8,.15E8,.131E 7,.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,VH1R=47., ■

L=792., VL1 =469. , VL2= 1 48. ,VL3= 1 31 .4, VL4= 18.9.7, .

VL1R=-89.,VL2R=-413.,VL3R=115.4,VL4R=208.6,
0R=536.,-536.,-39.,39.,40.,224.,226.,254.,245.,235.-,

GAPR=.01, GAPA=.01,
K=.91E5,.95E5,.91E5,.4RE5,.36E4,.0,.91E5,.95E5,.91E5,.48E5,,36E4 

.0,.225E6,.15E5,.225E5,.1PE5,.225E5,.5276E5,.18E5,.5276E5,
.225E6,.15E5,.225E5,.18E5,.225E5,.5276E5,.18E5,.5276E5,2*0. , 

XZKM0M=.30E8, XRKM0M=.30E8,
KA6-.20E8,KA12=.20E8,KB6=.6185E8,KB12=.6185E8,

C=300.,333.,300., 1 40.,225.,0.,300.,333. ,300.,140.,225.,0.,
1000.,200.,330.,200.,330.,775.,200.,775.,

1000.,200.,330.,200.,330.,775.,200.,775.,2*0.,
XZCM(W=.10E6, XRCM0M=.I0E6,

CA6=.35E5,CA12=.35E5,CB6=.78E6,CBI 2=.78E6,S

1 6



TABLE V

DESCRIPTION OF NAMELIST VEHIC PARAMETERS

Parameter ' Default
Name Type Value Description
NMAS I 0 Number of lumped masses required to

define vehicle(s) - 3 (railcar alone), 
5 (flatcar plus B-end trailer), or 7 
(flatcar plus two trailers) are the 
onlv nresentlv acceotable values --- - - - -

M ' R(10) 10*0. Mass of lumped mass elements (lbs.)
M(l) - 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 (lb. in. sec.^)
K D - B-end truck (roll)
1(2) - A-end truck (roll)
1(3) - railcar carbody (roll)
1(4) - B-end trailer tandem (roll)
1(5) - B-end trailer (roll)
1(6) - A-end trailer tandem (roll)
1(7) - A-end trailer (roll)
1(8) - B-end trailer (pitch)
1(9) - B-end trailer (yaw)
1(10) - railcar carbody (pitch)
1(11) - railcar carbody (yaw)
1(12) - A-end trailer (pitch)
1(13) - A-end trailer (yaw)

R(I) R(10). 10*0. Distances between adjacent suspension
points (in.)
R(l) - 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
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TABLE V ( c o n t i n u e d )

Parameter
Name Type

Default
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 0. Distance from railcar top surface to 

A—end trailer bottom (in.)
VL1R R 0. Distance from A-end trailer hitch point 

to railcar 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 (I) R(10) 10*0. Longitudinal distances used in response 

output calculations 
0R(1) - from carbody eg to B-end of 

carbody
0R(2) - from carbody eg to A-end of 

carbody
0R(6) - 226 inches from carbody c.g., 

fore and aft
0R(7) - from B-end trailer c.g. to 

hitch end of trailer 
0R(8) - from B-end trailer c.g. to 

tandem end of trailer
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TABLE V ( c o n c lu d e d )

Parameter
Name Type

Default
Value Description

OR(I)
continue

R(10)
1

10*0 OR(9) - from A-end trailer c.g. to 
hitch end of trailer 

OR(10) - from A-end trailer c.g. to 
tandem end of trailer

GAPB,
CAPA

R P-: Gap at B and A truck side bearings.___
Switch point for bilinear truck roll 
spring, radians (1" gap = .04 radians)

K R(30) 30*0. Spring values (lb./in.) (See Figure 3 
for locations)

XZKMOM R 0. B-end trailer hitch roll stiffness 
(in. lb./radian)

XRKMOM . R 0. A-end trailer hitch roll stiffness 
(in. lb./radian)

KA6, 
KB 6

R 0. Bilinear spring values for K(6), B 
Truck, Carbody roll, (in. lb./radian)

KA12,
KB12

R 0. Bilinear spring values for K(12), A 
Truck,’ carbody roll, (in. lb./radian)

C R(30) 30*0. Damping values (lb./in./sec.) (See 
Figure 3 for locations)

XZCMOM R 0. B-end,trailer hitch roll damping 
(in. lb. sec./radian)

XRCMOM R 0 A-end trailer hitch roll damping (in. 
lb. sec./radian)

CA6,
CB6

R ■ 0. Bilinear damping values for B truck 
carbody roll, (in. lb./rad./sec.)

CA12,
CB12

R 0. Bilinear damping values for A truck 
■carbody roll, (in. lb./rad./sec.)

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

'19



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. The deflection coeffi
cients have been normalized for unit modal masses. Modal information 
for seven modes are listed. A number of modes, from 0 to 10, can be 
chosen through the parameter NMODES and the inclusion 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

$M0DAL  •
N M 0 D E S = 4 ,
R F = 4 . 2 5 3 , 8 . 8 7 3 , 9 . 4  I 7 , 9 . 6 2 9 , 1 5 . 5 1 9 , 1 5 . 5 9 9 , 1 8 . 0 2 9 . 3 * 0 . ,
Z E T A = 7 * 0 . 0 2 , 3 * 0 . 0 .
N L 0 C = 4 6 .
C 0 E F ( 1 . I ) = . 1 3 9 1 3 3 . . 6 8 3 7 7 6 E - I , . 5 I 2 E - 6 , - . I 2 5 3 2 E - 1 0 . . 5 9 2 E - 6 . - . 6 2 6 2 7 6 E - 1 .
. 8 2 4 1 5 5 E —I , - . 5 2 9 E - 6 , . 2 3 2 6 6 E - 9 , . 2 2 7 E - 6 . - . 6 2 6 2 7 6 E - 1 . 0 . . - . 7 6 8 7 6 6 E - 1 .
. I 5 2 E - 6 . 0 . . . 9 2 4 6 3 E - 1 . - . 5 2 9 E - 6 , . 9 2 4 6 3 E - 1 , . 1 9 4 7 2 7 . . I 9 4 7 2 7 , . 6 8 3 7 7 6 E - I , 
• 6 8 3 7 7 6 E - 1 . - . 3 6 8 8 2 9 E - 1 . - . 3 6 8 8 2 9 E - 1 , - . 9 0 3 8 7 9 E - l . - . 9 0 3 8 7 9 E - 1 .
- .  2 7 7  I 3 I E -  I , - . 2 7 7 1 3 1 E - I , . 8 2 4 I 5 5 E - I , . 8 2 4 I 5 5 E - 1 , . 2 0 9 5 9 9 , . 2 0 9 5 9 9 , 1 4 * 0 . .
C ( ) E F ( I . 2 )  = . I 0 7 7 E - 5 , . 3 3 1 9 5 8 E - 8 , . 5 6 6 9 0 5 E - I , - . 8 6 3 4 7  I E - 3 , . I 0 0 2 3 1 . . 1 2 9 9 3  I E - 1 ,
- .  I 8 4 7 9 4 E —6 , . 7 0 4 2 5 8 E — 1 . . 8 5 5 6 7 6 E - 3 . - . 5 0 7 2 9 3 E - I . - . I 2 9 9 4 0 E - I . - . 9 3 0 6 6 3 E - 3 ,
. 3 2 5 E - 6 , . 5 9 8 3 8 4 E - 1 , . 3  I 2 5 E - 3 . - . 3 0 5 9 0 7 E - 1 . . 7 0 4 2 5 8 E - 1 . . 3 0 5 9 0 1 E - 1 . . 5 3 1 0 3 5 E - I .

' - . 5 3 1 0 4 7 E - I , . 4 6 6 2 7 4 E - I . - . 4 6 6 2 7 4 E - I , . 3 0 4 6 6 6 E - 1 , - . 3 0 4 6 7 8 E - l . - . 4 4 7 8 8 8 E - 2 ,
. 4 4 7 9 E - 2 , - . 3 7 9 8 2 E - I , . 3 7 9 8 3 E - 1 , - . 4 6 2 0 7 E - l . . 4 6 2 0 6 E - 1 . - . 4 9 6 0 E - 1 , . 4 9 5 9 6 E - l ,  
. 1 9 8 1 7 6 . . 1 9 8 1 7 6 .  . . 5 6 6 9 0 5 E -  1 , . 5 6 6 9 0 5 E - 1 ,  - .  3 7 9 6 . 3 2 E - 1 . - . 3 7 9 6 3 2 E - 1 , - . 7 9 1 4 4 0 E - I ,  
- . 7 9 I 4 4 0 E - 1 . - . 2 6 9 6 6 6 E - 1 . - . 2 6 9 6 6 6 E - I . . 7 0 4 2 5 8 E - I . . 7 0 4 2 5 8 E - I . . 2 0 5 4 7 2 , . 2 0 5 4 7 2 ,  
C 0 E F ( I , 3 )  = . 5 4 5 9 E - 5 . - . 4 9 l 14 4 E - 6 . . 2 2 9 0 9 9 E — I . . 2 5 5 2 7 8 E - 2 , . 3 8 3 5  I 6 E - 1 . - . 4 9 6 I 5 2 E - I , 
- . 3 1 1 6 8 5 E - 6 , . 2 7 3 6 2 3 E - 1 , - . 2 4 2 1 0 0 E - 2 , - . I 6 3 4 9 E - I , . 4 8 6 0 9 1 E - l . . 2 6 7 9 9  I E - 2 .  
• 2 0 0 3 E - 5 . . 2 2 6 1 1 6 E - I , - . 7 2 8 6 0 2 E - 3 . . 8 6 5 4 9 7 E - I . . 2 7 3 6 2 3 E - 1 . - . 8 6 5 5 2 E - 1 ,
- .  1 5 0 0 9 9 , . 1 5 0 1 1 9 . - . ! 3 7 8 5 0 . . 1 3 7 8 5 0 , - . 1 0 6 8 0 7 . . 1 0 6 7 9 9 , . 7 9 8 7 7 4 E - 3 .
- . 7 9 8 4 0 4 E - 3 , . 1 0 5 0 0 2 , - . 1 0 4 9 9 4 , . 1 3 0 7 3 4 . - . I 3 0 7 3 4 , . 1 4 1 4 3 2 , - . 14 1 4 5 4 .
. 6 8 3 8 1 8 E - l . . 6 8 3 8 I 8 E - 1 . . 2 2 9 0 9 9 E - 1 . . 2 2 9 0 9 9 E - I , - . I 0 6 5 8 9 E - I . - . I 0 6 5 8 9 E - ! ,
- . 2 9 0 1 4  1E - l . - . 2 9 0  I 4 1 H - 1 , - . I 1 7 I 0 0 E - ! , - . 1 1 7 I 0 0 E - 1 . . 2 7 3 6 2 3 E - I . . 2 7 3 6 2 3 E - I . 
. 8 5 9 5 6 4 E - 1 , . 8 5 9 5 6 4 E - I ,
C 0 E F ( I , 4 ) = . I 2 2 3 4 . - . I 5 4 3 5 E - I . . 3 5 4 5 E - 5 , - . I 18 7 E - 6 , . I 7 5 E - 5 . - . 7 5 5 4 E - I . - . 1 2 3 5 E - 2 ,  
- . 6 5 1 8 E - 5 , . 1 1 1 2 7 4 E - 6 , . 5 6 8 7 E - 5 . - . 7 5 5 4 2  I E - 1 . - . I 2 5 E - 6 . . 4 8 5 4 1 9 E - 1 , . 1 1 I 5 E - 5 ,
. 7 2 E - 7 . - . 2 0 3 4 6 5 E - I . - . 6 5 1 8 E - 5 . - . 2 0 3 3 8 6 E - 1 . . 2 3 0 5 9 9 , . 2 3 0 5 8 5 . - . 1 5 4 2 9 0 E - I .
- . 1 5 4 5  I B E - 1 . - . 9 4 6 5 4 3 E - 1 . - . 9 4 6 6 3 9 E - 1 . . 2 3 9 7 2 4 E - 2 . . 2 3 9 7 2 8 E - 2 . . 8 8 0 3 0 6 E - 1 ,
. 8 8 0 4 0 0 E -  1 , - .  I 2 4 0 8 8 E - 2 , - .  I 2 2 8 8 6 E - 2  - . 2 4 3 . 1  1 I , - . 2 4 3 0 9 7 . - . 9 1 5 E - 5 . - .  9 1 5 E - 5 ,
. 3 5 4 E - 5 , .  3 5 4 E - 5 . . 7 4 5 E - 5 ,  . 7 4 5 E - 5 . .  I / 7 E - 5 , - .  I 7 7 E - 5 . - . 6 0 2 E - 5 . - . 6 0 2 E - 5 .
- . 6 5 2  E - 5 . - . 6 5 2 E - 5 . - . 3 4 9 E - 6 . - . 3 4 9 E - 6 .
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E x a m p l e  L i s t i n g  o f  N a m e l i s t  MODAL ( c o n t i n u e d )

C O E F < I  .  5 ) = . 3 0 9 7 5 E - 3 . - . 2 6 3 8 6 3 E - 3 . . 2 5 8 8 6 7 E - 1 , . t 9 4 3 6 8 E - 3 , - . 16 8 2 2 6 E - 2 ,
. 8 7 2 5 1 E - 2 , - . 2 5 6 1 5 1 E - 3 . - . 9 0 9 9 7 5 E - 2 , . 4 6 4 4 9 3 E - 3 , . 5 8 6 1 4 4 E — 1 . - . 8 6 0 2 9 9 E - 2 .  
• 3 0 0 3 5 E - 3 , . 1 5 6 2 6 E - 3 . . 3 0 9 0 0 5 E - 1 . - . 7 2 9 1 E - 4 , - . 1 6 7 7 1 1 E - 1 . 9 0 9 9 7 5 E - 2 , . 1 6 4 4 0 . 1  E - 1 ,  
- .  1 9 9 5 4 8 E - I  . . 2 1 4 7 5 8 E - I  , - , H 0 . 7 5 9 8 E - l  , .  1 0 2 3 2 0 E - I  , .  I 3 2 6 9 2 E - 1 . - . 1 3 5 4 0 8 E - I .
. 1 2 6 7 5 3 E - 1 . - . 1 2 0 8 4  I E - 1 . - . 1 0 6 5 I 0 E - 1 . . 1 0 2 2 6 0 E - I  . - . 2 5 3 3 8 8 E - I . . 2 4 8 2 6 4 E - I .  
- . 3 0 4 0 9 6 E - 1 . . 3 2 2 7 5 4 E - I , - . 2 3 1 4 2 1 , - . 2 3 1 4 2 1 .  . 2 5 8 9 6 7 E - 1 . . 2 5 8 8 6 7 E - I .
. 8 5 8 1  91 E - 1 . . 8 5 8 1 9 1 E - 1 . - . 1 9 3 8 1 1 E - 2 . - . 1 9 3 8 1 1 E - 2 . - . 8 0 2 1 4 8 E - I . - . 8 0 2 I 4 8 E - I .  
- . 9 0 9 9 7 5 E - I . - . 9 0 9 9 7 5 E - I , . 2 5 3 8 8 8 , . 2 5 3 8 8 8 .
C O E F M . 6 ) = . 8 9 5 0 3 7 E - 1 , - . 7 7 5 6 6 6 E —1 . - . 9 0 2 3 E - 4 » - . 7 6 6 8 2 5 E - 6 , . 6 7 8 6 E - 5 ,
. 1 2 4 4 2 9 E - 1 , - . 7 2 5 2 4 7 E - 1 . . 3 0 1 9 E - 4 . - . 1 6 8 2 9  3 E - 5 . - . 2 0 5 6 E - 3  . .  12 5 0 5 E - 1 ,
- . 1 1 6 1 E - 5 , . 4 8 Q 0 4 2 E - 1 , - . t 0 8 4 4 E - 3 » . 2 7 8 E - 6 . - . 4 6 5 7 3 4 E - l , . 3 0 1 9 E - 4 4 6 6 9 3 7 E - I .  
. 2 2 0 8 5 2 , . 2 2 0 6 9 4 . - . 7 7 5 2 5 2 E - i , - . 7 7 6 0 8 0 E - l . - . 4 4 0 9 8 6 E - 1 . - . 4 4 0 0 3 8 E - 1 ,
. 8 3 8 9 0 7 E —1 . . 8 3 9 8 2 3 E - 1 . - . 5 5 0 2 5 4 E - I . - . 5 5 I 0 0 2 E - 1  . - . 7 2 4 3 3 8 E - I . - . 7 2 6 1 5 6 E - 1 .
. 2 5 5 3 2 5 , . 2  5 5 0 9 7 , . 8 1 8 8 1 E - 3 . . 8 1 8 8 1 E - 3 . - . 9 0 2  3 E - 4 , - . 9 0 2  3 E - 4 . - . 3 0 1 1E - 3 , .
- . 3 0 1  I E - 3 ,  . 7 0 2 E - 5 .  . 7 0 2 . E - 5 ,  . 2 8 1 1  E - 3 ,  . 2 8 1 1  E - 3 , .  3 0 2 E - 4 ,  . 3 0 2 E - 4 ,
—. 8 9 8 9 E - 3 . - . 8 9 8 9 E —3 .
C O E F  £ 1 . 7 )  = . 1 7 7 E - 5 . - . 2 1 9 l 7 1 E - 5 . . 1 3 2 7 0 6 E - I . . 3 8 9 1 1  6 E - 2 . . 2 1 2 4 3 I E - 1 . . 2 2 4 0 4 4 E - 1  ,.
- . 2 1 0 0 1 E - 5 , . 4 8 9  9 1 E - 2 , . 3 4 0 3 9 E - 2 . - . 4 1 3 0 8  E - 2 . - . 2 2 4 1 0  E - 1 . . 4 7 6  3 3 E - 2 . . 3 2  6 6 E - 5 ,
- . 1 3 4 7 2 8 E - 2 , - . 1 3 4 7 9 0 E ^ 2 , - . 1 2 1 6 9 1 . . 4 8 9 9 1 2 E - 2 . . 1 2 1 6 8 8 . 2 9 4 2 2 . . 2 9 4 2 3 , - . 2 1 0 1 2 5 ,  

. 2 . 1 0 1 2 1 , - . 1 4 6 1 9 2 E — 1 , . 1 4 6 1 I 6 E - 1 , . 14 1 6 0 7 * —. 1 4 1 6 0 8 , - 1 441903E-J . . 4 4 3 9 4  7 E - 1 ,
- . 1 8 3 8 1 3 . . 18 3 8 0 9 . - . 2 4 4 4 9 8 , . 2 4 4 5 1 4 , . 4 6 0 0 9 E - 1 . . 4 6 0 0 9 E - 1 . . 1 3 2 7 0 6 E - 1 .
.  1 3 2 7 0 6 E - 1 . - .  4 0 6 0 7 6 E - 2  . - . 4 0 6 0 7 6 E - 2  . - . 4 2 8 6 6 E - 2  . - . 4 2 8 6 6 E - 2 , : .  10940.1  E —l .
. - 1 09 4 01  E -  I ,  . 4 8 9 9 1 2 E - 2 ,  .  4 8 9 9  12 E - 2  . - .  3 6 . 7 9 3 E - 1 . -  .  3 6 . 7 9 3 E - 1 .  S:
S EN D
-E N D  O F F I L E -

TABLE VI
DESCRIPTION OF NAMELIST MODAL PARAMETERS

Parameter
Name Type

Default
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 
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 ' Van B Van
Tandem Truck Hitch Center Tandem

Station
0 123'

/
140 312 447 536 684 760 932 1005

46X
32Z

1 44X 
‘ 30Z

42X
28Z

4 OX 
2bZ

| 38X
24Z

36X
22Z

j 34X 
i 20Z

A
END

,

18ZO 94
— l?x o o 8x

16Z 0 ?Z

13Z 
14X O
159Y

■d>~-■ c. g.

0 11Z 
0 10X 
0 6Z

4tf> 
O 3X 

2Z

1Z
©5X

129
B

END

31Z 29Z 27Z 25Z 23Z 21Z - 19Z
45X 43X 41X 39X 37X 35X 33X

FIGURE 4a
NODE NUMBERING SYSTEM FOR CARBODY FLEX IB LE  MODE COEFFICIENTS

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 O.Olg 
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:

where f = frequency in Hertz
v = velocity in ft./sec.
X = 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 Output Options
Since FRATE is a time domain analysis 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 history, (2) envelope and (3) debug. A descrip
tion and suggested application of each follows. Examples of each are 
shown. The location and numbering system of problem 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. If 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 motion at the 
rail. Amplitude and wave form (frequency content) of response is 
available for study.

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 
between 2 and 4 
between 4 and 8 
greater than 8

every 1 0 ^  time step
every 5 time step
every 3 time step 

~nd •every 2 time step

The forcing function can be applied with either constant 
frequency or varying frequency. It can also be applied for a 
selected number of cycles and stopped to permit the observation 
of system decay characteristics. The example time listing shown in 
Figure 5 is a "decay" run where one cycle 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 respectively.
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TABLE V I I

FRATE OUTPUT DATA - GROUP OPTIONS

GROUP I 
ENVELOPE 
VERTICAL

GROUP 2 
ENVELOPE 

ROLL

GROUP 3 
TIME HISTORY 
VERTICAL

GROUP 4 
TIME HISTORY 

ROLL

ZA(1) ZA(1) 1 Z(1) 1 Z(l)
ZA(3) ZA(3) Z (5) Z (5) 8 X(l)
ZA(5) ZA(5) Z (7) Z ( 7) X(7)
ZA(7) ZA(7) XA(7) ZI(1) ZI(1) X(ll)
ZA(ll) ZA(8) X(15)
ZA(15) ZA(ll) 2 Z (9) 2 Z(9)
ZA(19) ZA(12) Z(ll) Z(ll)
ZA(21) ZA(15) XA(15) Z (13) Z (13)
ZA(23) ZA(16)
ZA(25) ZA(19) XA(19) 3 . Z (3) 3 Z (3)
ZA(27) ZA(21) XA(21) Z (15) Z(15)
ZA(29) XA(22) Z (17) Z (17)

ZA(23) XA(23)
ZA(25) XA(25) 4 Z (19) 4 Z(19) 9 X(19)
ZA(27) XA(27) Z(21) Z(20) X(21)

XA (2.8) Z (23) Z (21) X(22)
ZA(29) XA(29) Z (23) X (23)

5 . Z (25)
Z (27) 5 Z(25) 10 X(25)
Z (29) Z(26) X (27)

Z(27) X(28)
Z(29) X(29)

Envelope Note: CalComp plots will A 7(1)be ZA( ) and/or XA( ) as shown. 7 (Cs\Printer plots will have both ZA( )
and XA( ) for all points shown. L\o)

ZI (3)

7 z(1 0)
Z (12)
Z (16)
Z (18)
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FIGURE 5
EXAMPLE TIME HISTORY/DECAY PLOT
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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 parameters 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 with NMAS = 5, i.e. one trailer and NMODES = 0, i.e. 
rigid carbody. Hence the zeros for the forces and degrees of freedom 
corresponding to the second trailer and for the carbody modes. Also, 
in this run NDECAY = 1, hence the zero excitation functions.

The 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 
searching for the cause of unexpected behavior but is to voluminous 
and cumbersome for anything else.
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ENVELOPE PRINT PLOTS PGR TFC2 POINT 3
l  IS SYMBOL FOR ZA AND -  IS SYMBOL FOP CORRESPONDING XA > IS SYMBOL FOP XA AND + IS SYMBOL FOR CORRESPONDING ZA

.0 1E-03 -C3 0. 2.G1E- 03 4. 01 E- 03
VALUE MAX

- Z 2. 425 1 . 68 • 1 1 97E—02 Z
+ X 2.590 1 . 6 9 .8041E-03 X

- 7. 3. 010 1 . 7 2 . 1349E- 02 z
+ X 3. 190 1 . 7 4 . 8777E- 03 X

- Z . 3. 585 1 . 7 7 •1480E-02 Z
+ X 3. 7 70 1 . 7 9 .9230 E-03 X

- Z 4 , 1 50 1 . 82 . 1664E-02 z
+ X 4. 335 1 . 83 .979QE-03 X

Z 4.700 1. 86 • 1893E-C2 z
+ X. 4.885 1 . 88 • 1057E-02 X

- Z 5. 235 1 . 9 1 . 2 1 59E-02 z
+ X 5. 425 1 . 9 3 . 1153E- 02 X

- Z 5. 760 1 . 9 6 .2453E-C2 z
+ X 5.945 1 . 9 7 . 1260E- 02 X

- Z 6. 27 5 2.00 . 2 7 7 1 E-02 z
X 6. 460 2.02 . 1373E- 02 X

- Z 6. 780 2.05 .3102E-02 z
X 6.965 2. 07 • 1484 E-02 X

- Z 7, 270 2 . 1 0 • 3427 E-02 z
X 7. 455 2 . 1 2 . 1586 E-02 X

- Z 7 . 7 5 5 2 . 1 5 •3713E- 02 z
X 7. 940 2 . 1 6 . 1 6 6 1 E-02 X

- Z 8.230 2 . 1 9 . 3922 E-02 z
X 8. 410 2 . 2 1 ■ 1696 E-02 X

- Z 8.695 2.24 . 4 0 1 1 E—02 z
X 8. 875 2.26 . 1 673 E—02 X

- Z 9. 1 50 2.29 • 3944 E-02 z
X 9. 330 2 . 3 1 . 1580E-02 X

- Z 9.595 2.34 • 3706 E-02 z
X 9. 770 2. 36 • 1 4 2 1 E-02 X

- Z 10. 030 2. 38 . 3321E- 02 z
. X 10. 205 2.40 . 1213E-02 X

- Z 1 0. 455 2-. 43 .2863 E-02 z
X 10. 620 2.45 . 1 0 0 1 E-02 X

- z 10. 865 2.48 .2449 E-02 z
X 1 1 . 030 2.50 . 835 8E-03 X

- z 1 1 . 2 6 5 2. 52 • 2183 E-02 z
+ X 1 1 . 4 25 2. 54 • 7505 E-03 X

- z 1 1 . 6 5 5 2 . 5 7 • 2G76E-02 z
+ X 1 1 , 8 1 5 2. 59 . 7 2 1 1 E-03 X

- z 12. 045 2.62 •2029E-02 z
X 12. 200 2.64 •6977E-03 X

- z 1 2, 425 2.66 . 1953E-02 z
+ X 1 2 . 5 7 5 2.68 • 6 5 8 1 E-C3 X

- z 12. 800 2 . 7 1 , 1852 E-02 z
+ X 1 2 . 9 4 5 2. 73 . 6152 E-03 X

- z 1 3 . 1 6 5 2 . 7 6 • 1775 E-02 z
+ X 1 3 , 3 1 0 2 , 7 7 . 5869 E-03 X

- z 1 3 , 5 2 5 2.80 . 1 725 E-02 z
+ X 1 3. 670 2. 82 . 5680E-C3 X

- z 13. 880 2.85 , 1 6 8 1 E-02 z
+ X 14. 020 2. 87 .5478E-03 X

- z 1 4. 230 2.90 . 1631E- 02 z
+ X 1 4. 37 0 2. 9 1 • 5276E-03 X

- z 1 4. 5 70 2.94 . 1592 E-02 z
+ X 1 4 . 7 1 0 2.96 . 51 25 E-03 X

FIGURE 6
SAMPLE ENVELOPE PLOT



TI ME z i i i ) 0 c■  A . 1 5 5 0

I p m
(LBS )

1 2 .1 867 E  + CA
2 -3  .CA16E+C1
3 2 .1 935 E  + 0A
A 2 . CC77E+0A
C -3 .0265E+01
6 2 .C12 7E + 0A
7 2 . 2725E + CA
6 - 3 . 2 8 3 1 E + C 1
9 2 .2 8 2 5 E  + CA

10 2.C9A1E+0A
11 - 3 . 2 6 5 7 E + 0 1
12 2.1013E+GA
13 2.9765E+CA
1A -2  .C631E  + C1
15 1. 7337E + 0A
16 - 2 .6269E+01
17 1 . 737CE+CA
18 1.5598E+CA
19 - 2 . 2 8 9 2 E + 0 1
20 1 .56A8E + CA
21 0.
22 0 .
23 C .
2 A C.
25 0 .
26 0 .
27 0 .
2 8 0 .

ACCELERATION 
(GS OR RAD/SEC.SC)  

- A .2 C A 6 E -C 5  
-A . 6 1 8 5 E - 0 5  
- 9 . 0 0 2 1 E - 0 A  
- 9 . 5 3 1 1 E-0A 
- 1 . 5 6 8 3  E-03  
- 6 .3 A 5 2 E - 0 3  
- 1 . 3 3 A 0 E - C 6  

A .A 3 0 5 E - 0 6  
- 3 . 6 8 8 5 E - 0 6  

1 . 2 1 1 1 E-05  
-  A . 5 60*i E -07  
-9 .6AA5E-0A  
- 7 . C 7 6 7 E - 0 A  
- 1 . 1 1 9 9 E - C 2  
- 7 . 9 7 1 9 E - 0 3  
-A . 3 8 6 5 E - 0 6  
- 5 . 2 2 0 0 E - 0 6  

1 . 8 3 7 5 E-05  
1 . 6 5 1 1 E - 0 7  
0.C.
C.C .
C.
0 . c. 
c. 
c.

MOTE ETADD ETAD
1 0 . 0 .

FIGURE 7
SAMPLE DEBUG OUTPUT, NM
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VELOCITY

( IN/SEC OP RAD/SEC)  
- 1 . 1201E -C 3  
- 6 . 1 8 8 1 E - 0 4  

1 . 1 9 0 0 E - 0 2  
9 . 2 3 5 4 E - 0 3  

- 1 . 7 9 7 8 E - 0 4  
6 . 4 742E - 02  
3 . 2 C 4 4 E - 0 5  
4 . 7 1 5 2 E - 0 4  
1 . 3 115E - 04  
1 . 1 7 6 5 E - C 4  •

- 2 . 0 4 0 2 E - 0 5  
4 . 6 1 2 1 E - C 3  

- 4 . 4 7 5 6 E - 0 2  
5 . 2 2 7 9 E - 0 2  
7 . 5 7 9 8 E - 0 2  

. 6 499E - 04  
. 6 1 6 9 E - 0 4  
. 3 0 4 5 E - 0 5  
.3 1 7 3 E - D 6

C.

DISPLACEMENT 
( IN OR RAD) 

3 . C 7 3 0 E - C 4  
3 • 3004E -0 4  
9 . 7 4 3 7 E - 0 3  

-4 .76 1 2 E -0 1  
- 4 . 9 5 1 1 E - 0 1  
- 5 . 3 7 4 8  E + CO 
- 2 . 5 4 2 5  E-05  
- 3 .7 9 3 4 E - C 5  
- 8 . 5 4 5 1 E -C 5  

2 . 3 9 4 X E - 0 4  
4 . 2 2 2 3 E - 0 7  
1 . 4 1 4 4 E - 0 2  
2 .4 0 1 7 E - C 2  

- 6 . 0 1 9 0 E + C 0  
- 5 . 8439E + 00 
- 1 . 0 7 1 1 E - 0 4  
- 1 . 265 2E-C4  

1 .8 1 5 5 E - 0 3  
- 6  • 4836 E-Ofc 

0.C.
0 .
0.
0 .
0 .
0 .
0 .
c.

ETA
C.

AS=5, NMODES=0



TABLE V I I I

DEGREE OF FREEDOM L IS T IN G  ORDER IN  FRATE/TOFC

1 . x(l)
2. X(2)
3. X(3)
4. 3(1)
5. 3(2)
6. 3(3)
7. 0(1)
8. 0(2) 
9. 0(3)

10. 0 
11. a

Rail Car
(1) = B truck
(2) = A truck
(3) = Carbody c.g.

12. X(4)
13. X(5)
14. 3(4)
15. 3(5)
16. 0(4)
17. 0(5)
1 8 . ev
19. aV

Van Trailer
(4) = tandem
(5) = trailer c.g. 
V = trailer c.g.

20. X(6)
21. X(7)
22. 3(6)
23. 3(7) 
24.. 0(6)
25. 0(7)
26. 0T
27. aT

Platform Trailer
(6) = tandem
(7) = trailer c.g. 
T = trailer c.g.

T h i s  l i s t i n g  o r d e r  i s  f o l l o w e d  i n  t h e  D E R ' s  a n d  V A R ' s  u s e d  i n  t h e

F R ATE e q u a t i o n s  o f  m o t i o n  a n d  i n  t h e  d e g r e e  o f  f r e e d o m  r e s p o n s e

l i s t i n g s  i n  DEBUG o u t p u t .
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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 specific input loadings.

The analysis procedure which is to be followed in any 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, amplitudes 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, etc.) to see which parameters 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 may 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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A n a l y s i s ,  I n p u t  M o t i o n  O p t i o n s

(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 input 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

Descriptive
Item

Analysis Input Motion Options
1 2 3 4 5 6

Analysis
Objective Resonance Search Resonance I)escription Resonanc

Decay
e Search, 
Rate

Input Direction Vertical Roll Vertical Roll Vertical Roll

Input Frequency Wide Band Sweep Conste 
Narrow Be

____________

int or 
tnd Sweep
_____________

Constant and Stop

Type of Response Forced
1

Decay
____________ 1____________

Type of Output Enveloped (accelerations), Time History displacements)

Output IGROUP 
(See Table VII) 1 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 notation. The railcar is represented 
by three rigid body masses: two trucks and the carbody. Carbody flexi
bility is included through application of a component normal 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(12) are modeled in a way which differs from the 
ordinary and is felt to need some description to aid the user's 
understanding . Spring/dampers 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 carbody centerline. 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

SYMBOL DESCRIPTION VALUE
M(l) B Truck Mass 22.33
M(2) A Truck Mass 22.33
M(3) Carbody 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

K D B Truck Roll Inertia . 2208E5
1(2) A Truck Roll Inertia . 2208E5
. K3) Carbody Roll Inertia .1085E6
1(4) Van Tandem <p.oll Inertia . 2000E5
1(5) Van Trailer Roll Inertia .2550E6
1(6) Platform Tandem Roll Inertia . 1715E5
1(7) Platform Trailer Roll Inertia .1020E6
1(8) Van Trailer Pitch Inertia .2940E7
1(9) Van Trailer Van Inertia .3190E7

1(10) Carbody Pitch Inertia .1500E8
1(11) Carbody Van Inertia .1500E8
1(12) Platform Trailer Pitch Inertia .1310E7
1(13) Platform Trailer Van Inertia .1310E7

Units: M(I) = lb. sec.^/in.
1(1) = lb. in. sec.^
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TOFC SPRING AND DAMPER VALUES
TABLE XI

NUMBER

SPRING
CONSTANT

K
lb./in.

VISCOUS
DAMPING
CONSTANT

C
lb.sec./in.

DAMPING 
RATIO 
C/Cc (3) REPRESENTING

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) 
140. (2)

.183

.018
Truck spring vertical, 
1 per truck

5,11 . 16E5 (4) 
.36E4 (5) 
. 10E6 (6)

200.
45.

1250.
.079 Truck lateral, 1 per truck 

(with gib contact)

A6, A12* .21E8 (4)
.114E8 (5)

.20E6 
• 10E6

.060

.055
Centerplate and truck 
spring in truck roll

B6, B12* . 6185E8 . 20E7 (1) 
.78E6 (2)

.203
,079

Truck springs in truck roll

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*
XRMOM

. 30E8 . 10E6 .021 Trailer hitch, roll moment

* .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 / i s  obtained by using Cc = k/llf 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(l) = R(3) = 58.00 
R(2) = R(4) = 79.00 
R(5) = R(7) = 62.25 
R(6) = R(8) = 43.50

VL1R = -89.0 
VL2R = -413.0 
VL3R = 115.4 
VL4R = 208.6

H = 16.0
VH = 60.4 VHR =37.8
VH1 =47.0 VH1R =47.0

0R(1) - 536.0 
0R(2) =-536.0 
0R(6) = 224.0 
0R(7) = 226.0 
0R(8) - 254.0 
0R(9) = 245.0 
OR(10)=235.0

GAPB = .01, radians 
GAPA = .01, radians
NOTE: GAP angle is based on side bearing clearance at 25 inches from

carbody centerline and assumes equal gap on each side.
(.01 radians = .25 inch gap.) See Figure 9.

L = 792.0 
VL1 = 469.0 
VL2 = 148.0 
VL3 = 131.4 
VL4 = 189.7
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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 conditions. 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

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

FIGURE 9
SIDE BEARING GAP ANGLE
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4.0 OPERATING INSTRUCTIONS
T h e re  a r e  t h r e e  f i l e s  in v o lv e d  i n  p e r fo r m in g  a  FRATE a n a ly s is ;

( 1 )  th e  p ro g ram  f i l e ,  ( 2 )  th e  d a t a  f i l e  and ( 3 )  th e  s u b m it (e x e c u 

t i v e )  f i l e .  The r u n  p ro c e d u re  r e q u i r e s  m o d i f i c a t i o n  o f  th e  d a ta  and  

e x e c u t iv e  f i l e s ,  a c c o r d in g  t o  th e  a n a ly s is  to  be p e rfo rm e d , and sub

m i t t a l  o f  th e  e x e c u t iv e  f i l e .  I n  t h i s  s e c t io n  we w i l l  b r i e f l y  r e v ie w  

th e  e x e c u t iv e  f i l e  to  p r o v id e  a  g e n e r a l  u n d e r s ta n d in g  o f  i t s  f u n c t io n .  

The d a ta  f i l e  has  b ee n  d e s c r ib e d  i n  d e t a i l  i n  S e c t io n  2 . 2 .  The m odel 

p a ra m e te rs  p r e s e n t ly  i n  th e  FRATE/TOFC v e r s io n  a r e  l i s t e d  i n  S e c t io n

2 .2  and a g a in  i n  S e c t io n  3 . 0 .

I t  i s  assumed t h a t  th e  u s e r  h a s ’ a c c e s s  t o  th e  C D C -com puter  

sys tem  and has  s u f f i c i e n t  k n o w le d g e  o f  t h e  s y s te m  to  p e r fo r m  th e  

r e q u ir e d  e d i t i n g .

4 .1  E x e c u t iv e  F i l e  (FRARUN)

F ig u r e  10  i s  a  f lo w  c h a r t  f o r  th e  e x e c u t iv e  f i l e  FRARUN. The  

u s e r  w i l l  c o n n e c t to  th e  CDC C yb er 173  i n  R o c k v i l l e ,  Md. on th e  

KB NOS s y s te m s . He w i l l  c a l l  and m o d ify  th e  s u b m it  and d a t a  f i l e  

to  th e  e x t e n t  r e q u i r e d  by  t h e  a n a ly s is  to  be  p e r fo r m e d , and r e t u r n  

them  to  o n - l i n e  d is c  s t o r a g e .  The e x e c u t iv e  f i l e  w i l l  th e n  be c a l l e d  

and s u b m itte d  i n t o  th e  s y s te m . The e x e c u t iv e  f i l e  c o n ta in s  th e  

n e c e s s a ry  command m essages t o  a c c o m p lis h  th e  f o l lo w in g  o p e r a t io n a l  

s te p s :  -

a .  The d a ta  f i l e  i s  c a l l e d  fro m  o n - l i n e  d is c  s to r a g e  i n  
R o c k v i l l e .

b . The d a ta  f i l e  a lo n g  w i t h  ru n  in f o r m a t io n  i s  c y b e r l in k e d  
to  th e  c y b e r  76 f r o n t  end i n  M in n e a p o l is .

c .  The FRATE p ro g ra m  i s  c a l l e d  fro m  o n - l i n e  d is c  s to r a g e  i n  
M in n e a p o l is .

d .  The p ro b le m  i s  r u n  on th e  7 6 0 0 .
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e . O u tp u t  r e s u l t s  a r e  c y b e r l in k e d  b a c k  t o  th e  C y b er 173 i n  
R o c k v i l l e  and  d is p o s e d  to  th e  h ig h  speed  l i n e  p r i n t e r .  
Th e  l i n e  p r i n t e r  o u tp u t  h e a d in g s  w i l l  c o n ta in  d e l i v e r y  
i n s t r u c t i o n s .

As t h e  CDC s y s te m  i s  m o d if ie d  and im p ro v e d  t h i s  p ro b le m  s u b m i t t a l  

p ro c e d u re  w i l l  b e  r e v is e d .  I n  p a r t i c u l a r  i t  w i l l  b e  p o s s ib le  t o  

c o n n e c t d i r e c t l y  t o  th e  7600 r a t h e r  th a n  c y b e r l in k  th ro u g h  th e  C y b e r  

173 and  r e c e iv e  o u tp u t  d i r e c t l y  to  a  l i n e  p r i n t e r  c lo s e r  to  th e  p o in t  

o f  o r i g i n  o f  t h e  p ro b le m . T h is  w i l l  p r o v id e  some c o s t  s a v in g s  and  

c o n s id e r a b le  t im e  s a v in g s .

A cop y o f  t h e  e x e c u t iv e  f i l e  w i t h  e x p la n a to r y  n o te s  i s  p r e s e n te d  

i n  F ig u r e  1 1 .  T h e  u s e r  w i l l  need  to  m ake t h e  f o l lo w in g  c h a n g e s .

a. A u s e r  num ber m ust be  s u p p l ie d .

b .  D is p o s e  sys tem s  may n eed  t o  be  ch a n g e d . TCA i s  th e  
M in n e a p o l is  f r o n t  e n d , 198  i s  th e  R o c k v i l l e  KB NOS 
s y s te m .

c. Delivery instructions must be changed.

d . D a ta  f i l e  num ber may b e  d i f f e r e n t .

e .  P r i o r i t y  p r e f e r e n c e  may b e  d i f f e r e n t .
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Procedure:
1 - User connects to Cyber 173, calls and

FIGURE 10

EXECUTIVE F IL E  FRARUN FLOW CHART

44



OLD,FRARUN 
READY.
LNH BANNER NAME 

SYSTEM ID (CYBER 76)

CASKET, S T T C Z , T 2 0 0 . P 4 .  -s------------------

ACCOUNT. __________  . ----------------------

ATTACH,HEADING.HEADING.MR =1 . ~ __

HEADING.

ATTACH.LGO.FRATEOI  . ID=-JFC,MR=I  ."  

LDSET,PRESET=ZERO.

LGO.

E X I T . U .

DI SP OS E.OU TPU T,P R.ST= TC A1 9 8 .  —

CUT OFF TIME (200 SEC., OCTAL) 
PRIORITY

- ACCOUNT NUMBER

—  OUTPUT HEADING COMMANDS

RUN COMMANDS
FRATE01 IS OBJECT FILE AT TCA 
MR=1 ALLOWS MULTIPLE USER ACCESS

OUTPUT DATA COMMANDS
198 = KB SYSTEM, NOS ROCKVILLE 
TCA = CYBER 76 FRONT END 
PR = HIGH SPEED LINE PRINTER

/EOR  

/NOSEQ 

1 DELIVER TO 

KACHADOUR 

MITRE CORP 

79 1 5  WEST 

PARK DR.  

MCLEAN.VA.  

/EOR

/READ.FRAD1OS  

/EOF

HEADING INFORMATION

DATA FILE CONTAINING RUN INFORMATION

READY.

FIGURE 11
EXECUTIVE F ILE  FRARUN LISTING 

(for use with FRATE object file 
at Cyber 76, no CalComp Plots)
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5 . 0  EXAMPLE FRATE RUNS

F o u r exa m p les  o f  t y p i c a l  FRATE a n a ly s e s  a r e  g iv e n  b e lo w . These  

a r e :  ( 1 )  a  T im e  H is t o r y  d e c a y  to  show th e  em pty  f l a t c a r  f i r s t  r o l l

re s o n a n c e , ( 2 )  a  T im e H is t o r y  d e c a y  to  show th e  lo a d e d  TOFC f i r s t  

r o l l  re s o n a n c e , ( 3 )  an  E n v e lo p e  f re q u e n c y  sweep w i t h  TOFC to  o b t a in  

an  in d i c a t io n  o f  re s o n a n c e s  i n  th e  1 .0  to  16  H e r t z  r a n g e ,  and ( 4 )  a  

Tim e H is t o r y  n a r ro w  band sweep to  s tu d y  one re s o n a n c e .

The exa m p le s  c o n ta in  a s t e p - b y - s t e p  d e s c r ip t i o n  o f  r e v ie w in g  and  

p r e p a r in g  th e  d a ta  and e x e c u t iv e  f i l e s ,  l i s t i n g s  o f  th e s e  f i l e s  

in c lu d in g  some o f  th e  e d i t in g  p ro c e d u re s  and some r e p r e s e n t a t i v e  

r e s u l t s  fro m  ea c h  r u n .

ii

I

46



5 . 1  . E x a m p le .N o . 1 -  Em pty F l a t c a r  Decay
In p u t  P ro c e d u re

I t  i s  d e s ir e d  t o  o b t a in  th e  fu n d a m e n ta l r o l l  re s o n a n c e  f re q u e n c y  

o f  th e  em pty f l a t c a r .  One q u ic k  and eas y  w ay t o  do t h i s  i s  t o  in p u t  

a s in g l e  c y c le  o f  a s in e  w ave w i t h  i t s  f re q u e n c y  e q u a te d  t o  th e  b e s t  

e s t im a te  o f  th e  r o l l  re s o n a n c e . The d e c a y in g  re s p o n s e  can  th e n  be  

a n a ly z e d  f o r  f r e q u e n c y  c o n te n t  and decay  r a t e .

The pag es w h ic h  f o l l o w  c o n ta in  c o p ie s  o f  c o m p u te r  l i s t i n g s  w i t h  

n o te s  on th e  s te p s  f o l lo w e d  t o  s e t  up and r u n  FRATE.

S te p  1:. C a l l  d a ta  f i l e  FRAD108 fro m  s t o r a g e ,  e n t e r  e d i t ,  and
l i s t  th e  f i r s t  17 l i n e s .  (T h e  VE H IC  and MODAL nam e- 
l i s t s  a r e  n o t  needed  s in c e  no m o d e l ch an g es  a r e  to  
b e  m a d e ).

S te p  2 : R e v ie w  th e  d a ta  f i l e  and n o te  w h a t ch an g es  a r e  to
b e  m ade:

L in e  2 .  Change ru n  num ber

L in e  3 .  S t a r t ,  d e l t a  and s to p  t im e s  a r e  a b o u t  r i g h t

L in e s  4 ,  5 and 6 . We w an t t im e  h i s t o r y  o u tp u t .

L in e  7 . W ith  IP R IN T  = 1 and FQ = 2 . 0  t h e  p ro g ra m  
w i l l  o u tp u t  e v e ry  5 th  DELTAT, o r  e v e r y  5 * .0 0 5  =  .0 2 5  
s e c o n d s . T h is  w i l l  p r o v id e  20 p o in t s  f o r  each  c y c le .  
IP R IN T  = 2 w o u ld  c u t  t h i s  down t o  10 p o in t s  p e r  
c y c le .  10 p o in t s  p e r  c y c le  i s  a d e q u a te  b u t  20  i s  
b e t t e r  and th e  c o s t  w i l l  n o t  b e  p r o h i b i t i v e  f o r  a  
s h o r t  r u n .

L in e  8 . IGR0UP = 4 i s  c o r r e c t  f o r  r o l l  in p u t  t im e  
h i s t o r y .  See T a b le  V I I .

L in e s  9 and 1 0 . No OTHER, o r  DEBUG p r i n t o u t  i s  d e s ir e d

L in e s  1 1 - 1 4 .  We do w an t t o  in p u t  a  s in e  r o l l  m o t io n .  
We t h e r e f o r e  w a n t in p u t  a t  in p u t  lo c a t io n s  1 ,  3 ,  4 
and 6 w i t h  p h a s in g  0 ,  1 8 0 , 0 ,  and  1 8 0 . (S e e  T a b le  IV  
and F ig u r e  3 ) .
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L in e  1 5 . Th e  f i r s t  r o l l  re s o n a n c e  o f  t h e  em pty f l a t 
c a r  s h o u ld  b e  n e a r  2 .0  H e r t z  -  ch a n g e  FQ to  2 . 0 .  
NDECAY = 1 w i l l  s e t  th e  in p u t  to  z e r o  a f t e r  one c y c le .

S te p  3 : M ake ch anges  and r e p la c e  f i l e .

S te p  4 : The d a ta  f i l e  i s  c a l l e d  a g a in  and l i s t e d  f o r  tw o
p u rp o s e s : o n e , so t h a t  a  f i n a l  c h e c k  can  b e  made
on th e  f i l e  c o n te n ts ;  and tw o , t o  h a v e  a  r e c o r d  o f  
w h at was in p u t  f o r  th e  r u n .

S te p  5 : The e x e c u t iv e  f i l e  FRARUN i s  c a l l e d ,  l i s t e d  and
r e v ie w e d .  T h is  a ls o  s e rv e s  as a  r e c o r d  o f  w h a t  
was i n p u t .

S te p  6 : The ru n  i s  s u b m it te d  to  th e  7600 (T C A ) .

S te p  7: A f t e r  th e  r u n  has  had t im e  to  b e  p e r fo rm e d  and th e
day f i l e  i s  a v a i l a b l e  f o r  a c c e s s  i t  i s  c a l l e d  f o r  
and l i s t e d  on th e  re m o te  t e r m i n a l .

S tep  8 : D e te rm in e  C o s ts .

1 .  In p u t  C o s ts

$ 9 .0 0 /h o u r  c o n n e c t  
$ 0 .2 5 /1 0 0 0  T IO *  
$ 0 .3 5 /S B U *

^ 6  m in .  
^ 4 0 0 0  T IO  
.2 7 2  SBU

= $ 0 .9 0  
= 1 .00  
= .0 9

2 . Run C o s ts  ( f r o m  day f i l e )

$ .0 2 / lO D B *  in p u t  and day f i l e  ( c y b e r l in k
c o s t ) : 9 IODB = .1 8
$ . 0 5 / IODB o u tp u t ( c y b e r l in k  and
p r i n t e r )  
$ 1 .1 5 /S B U , P4

• 230  IODB = 1 1 .5 0

p r i o r i t y : 6 SBU = 6 .9 0

T o t a l  r u n  c o s t $ 2 0 .5 7

*CDC T e rm in o lo g y
T IO  -  T e r m in a l  In p u t /O u t p u t  C h arges
SBU -  System  B i l l i n g  U n i t
IODB -  In p u t /O u t p u t  D a ta  B lo c k s
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Discussion of Results
The in p u t  m o t io n  im posed a t  th e  w h e e l / r a i l  i n t e r f a c e  was one c y c le  

o f  a  s in e  w ave o f  r o l l  m o t io n  w i t h  f re q u e n c y  e q u a l  t o  2 . 0  H e r t z .  The  

r o l l  m o t io n  i s  g e n e r a te d  b y  im p o s in g  v e r t i c a l  m o t io n  on eac h  s id e  o f  

each  t r u c k  w i t h  II p h a s in g  b e tw e e n  o p p o s ite  s id e s  o f  eac h  t r u c k .  The  

t im e  h i s t o r y  o f  t h e  v a r y in g  o s c i l l a t i o n s  i s  s t u d ie d  and th e  f o l lo w in g  

in f o r m a t io n  re d u c e d :

1 .  F re q u e n c y  c o n te n t  o f  th e  v a r y in g  o s c i l l a t i o n s :  i n  t h i s
c a s e  o n ly  one fre q u e n c y  was a p p a r e n t .

f , = 2 .0 8  H e r t zd e c a y

2 .  The d e c a y  r a t e  o f  th e  o s c i l l a t i o n s  i s  o b ta in e d  u s in g  
th e  a p p r o x im a t io n

S 1 lri Ao 
2IIN An

w h e re  Z  = r a t i o  to  c r i t i c a l  ( v is c o u s )  dam ping  
I n  = n a t u r a l  lo g
Ao = a m p litu d e  o f  r e f e r e n c e  c y c le  
An = a m p litu d e  o f  n th  c y c le  f o l lo w in g  th e  

r e f e r e n c e  c y c le

Z  = .0 8 8

3 .  By n o t in g  th e  a m p litu d e s  and p h a s in g s  o f  th e  re s p o n s e
m o tio n s  i t  i s  p o s s ib le  to  c o n s t r u c t  a  p i c t u r e  sh o w in g  th e  
r e l a t i v e  m o tio n s  o f  th e  c a rb o d y . T h is  was done and i t  
w as fo u n d  t h a t  th e  c a rb o d y  was i n  a  r o l l i n g  m o t io n :  t h a t  i s
a  c o m b in a t io n  o f  r o l l  and l a t e r a l  t r a n s l a t i o n a l  m o t io n  ph ased  
such  t h a t  th e  e f f e c t i v e  c e n te r  o f  r o t a t i o n  o f  c a rb o d y  m o tio n s  
i s  som ew here n e a r  th e  c e n te r  o f  g r a v i t y  o f  th e  c a rb o d y .

T h is  k in d  o f  m o tio n  i s  n o r m a l ly  fo u n d  i n  th e  second  r o l l  
re s o n a n c e  r a t h e r  th a n  th e  f i r s t ;  A n o th e r  ru n  was made 
to  in c lu d e  t r a n s l a t i o n a l  in p u t  a t  th e  w h e e l t r a c k  i n t e r f a c e  
f o r  o n e  c y c le  o f  a 1 .5  H e r t z  s in e  w a v e . The d e c a y in g  o s c i l 
l a t i o n s  o f  t h i s  ru n  w e re  m easu red  t o  b e  1 . 8  H e r t z .

I t  was t h e r e f o r e  c o n c lu d e d  t h a t  th e  f i r s t  and second  r o l l  
re s o n a n c e s  w e re  a t  1 .8  and 2 .0 8  H e r t z ,  r e s p e c t i v e l y .

R e p r e s e n t a t iv e  t im e  h i s t o r y  p l o t s  a r e  shown b e lo w .
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REMOTE TERMINAL LISTINGS

Step 1: Call and list data file

Step 2: Note change to be made:
0LD.FRAD108 

/EDIT
BEGIN TEXT EDITING.

?
L 5 1 7$C0NTRL _ 300.02-
RUNO=dOO.dl QSTARTM=0.5, DELTAT=.005, ST0PTM=8.,
ENVEL=.F., ENVPLT=.F., ENVCAL=.F., ENPRMX=.F 
TIMHIS=.T., THSPLT=.T., SNAPSHT=.F.,
STARSNP=5.20, DELTSNP=0.05, ST0PSNP=5.60,
I PRINT=1,
IGR0UP=4,
0THER=0,
DEBUG=.F., STARDB=4.15, ST0PDB=4.17,$

?

$EXCIT 
SINEIN=.T.,
AMP = 1.00, 0.00, 1.00,
PHAS= 0.00, 0.00, 180.,
FQgoTiTX FQD0T=. 0. BETA=0 DIN=0.40A VIN=0.00,
$VEHI C ^

1.00, 0.00, 
0.00. 0.00, 
NDECAY=1, 

GIN=.0,$

1.00,
180. ,

F:/RUN0/ 
RUN0=300.01, Step 3: Make Changes and Replace

RS:/300.01/./300.02/ ? L
RUN()=300.02,
F:/FQ=/

FQ=0.5. FQD0T=.0, BETA=0., NDECAY=1,
RSs/0.5/,/2.0/? L
FQ=2.0, FQD0T=.0, BETA=0., NDECAY=1,

?
END
END TEXT EDITING.
$EDIT,FRAD108.
/
REPLACE

/

- RUNO
- FQ

File
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REMOTE TERMINAL LISTINGS ( c o n t in u e d )

S t e p  4 :  C a l l  a n d  l i s t  d a t a  f i l e  f o r  c h e c k  a n d  r e c o r d

OLD,FRAD108 
/LNH 
SCONTRL 
RUN0=300.02.
STARTM=0.5. DELTAT=,005, ST0PTM=8..
ENVEL=.F.. ENVPLT=.F., ENVCAL=.F., ENPRMX=.F.,
TIMHIS=,T., THSPLT=,T., SNAPSHT=.F.,
STARSNP=5.20, DELTSNP=0.05, ST0PSNP=5.60.
IPRINT=1,
IGR0UP=4,
0THER=0,
DEBUG= ,.F., STARDB-4.15, ST0PDB=4'. 17,$
$EXCIT 
SINEIN=,T..
AMP = 1.66. 0.0, 1.00, 1.00, 0.0, 1.00,
PHAS= 0.00, 0.00, 180., 0.00, 0.00, 180.,
FQ=2.0, FQD0T=.0, BETA=0.0. NDECAY=1,
DIN=0.4, VIN=0.00, GIN=.0.$
$VEHIC 
NMAS=3,
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,.15ER..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,VH1R=47..
L=792.,VL1=46Q.,VL2=148.,VL3=131.4.VL4=189.7,
VL1R=-89.,VL2R=-413.,VL3R=115.4,VL4R=208.6,
0R=536.,-536..-39.,39.,40..224.,226.,254.. 245.,235.,
GAPB=.0.1 ,GAPA=.01 ,K=.91E5, .95E5 , . 91 E5 , .48E5, .6E4, . 0, . o 1 E5. . 95 E5, . 9 1 E5 . . 48E5 , . 6E4..

.0,.225E6..15E5, .225E5..18E5,.225E5..5276E5,.18E5,.5276E5.
.225E6,.15E5,.225E5..18E5,.225E5,.5276E5,.18E5..5276E5.2*0.. 

XZKM0M=. 30E8, XRKM()M=. 30E8.
KA6=.92E7.KA12=.92E7.KB6=.6185E8.KB12=.61R5E8,
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.,

XZCM0M=.10E6, XRCM0M=.10E6,
CA6=.10E6,CA12=.10E6.CB6=.78E6,CB12=.78E6.$
$MODAL 
NM0DES=4.
RF=4.253.8.873,9.41 7.9.629', 15.519.15.599,18.029.3*0.,
ZETA=7*0.02,3*0.0,
NL0C=46,
COEF(1,!)=.!39133,.683776E-1,.5I2E-6,-.12532E-10,.592E-6,-.626276E-1 
.824155E-1.-.529E-6,.2 *INTERRUPTED*

STOP
★TERMINATED*
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Step 5: Call and list executive file. Review for changes.

REMOTE TERMINAL LISTINGS (continued)

OLD.FRARUN
READY.
LNH ‘
/JOB
CASKET,STTCZ,T200,P4. .
ACCOUNT,
ATTACH,HEADING,HEADING,MR=1.
HEADING.ATTACH,FRATE,FRATE01,ID=JFC,MR=1.
FRATE.
EXIT,U.
DISPOSE,OUTPUT,P.R,ST=TCAI98. .
/EOR 
/NOSEO 
1 DELIVER TO 
KACHADOUR
MITRE CORP • •
7915 WEST PARK DR.
MCLEAN, VA. ' *
/EOR
/READ,FRAD108 
/EOFREADY. Step 6: Submit Executive File

SUBMIT.FRARUN,H=TCA,T 
09.59.26.ADLCBAO
SBU 0.272 UNTS.
READY.

Step 7: Obtain Day File (after available for access)
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REM OTE TER M IN AL LISTINGS (CO N TIN U ED ) - D A Y FILE

uiM

QFETCH.,DAY
ADLCBAO RELEASED TO USER AS - FILE **★* TWIN CITIES CYBERNET CENTER V2.1.4 **** 
OHH.MM.SS CPU SECOND ORIGIN 

11.09.43.TCA. 991.09.48 00000.004 TCZ.1.09.48 00000.004 TCZ.
TCA SCOPE 3.4.3 -CBAOA,STTCZ.T200,P4 CYB02 - JOB NAME-

05/09/78
406E.344
CBAOAIX

78129
12/09/77

1 1.09.48 00000.005 JOB1 1.09.49 00000.031 JOB
11.09.49 00000.035 TCZ11.09.49 00000.035 LOD11.09.49 00000.040 USR11.09.49 00000.041 TCZ1 1 .09.49 00000.044 TCZ11.09.50 00000.068 USR11.09.50 00000.069 USR11.09.50 00000.070 JOB11.09.50 00000.073 TCZ11.09.50 00000.074 LOD
11 .09.53 00000.208 USR11.09.57 00004.405 USR11.09.57 00004.405 USR11.09.57 00004.406 JOB1 1.09.57 00004.406 JOB1.1 .09.57 00004.406 TCZ11.09.58 00004.408 TCZ1 1.09.58 00004.410 TCZ11.09.58 00004.410 TCZ
11.09.58 00004.410 TCZ11.09.58 00004.4 1 1 TCZ11.09.58 00004.4 1 1 TCZ
11.09.58 00004.411 TCZ1 1.09.58 00004.411 TCZ11.09.58 00004.411 TCZ
1 1 .09.58 00004.4 1 1 TCZ1 1 .09.58 00004.412 TCZ11.09.58 00004.412 TCZ

-ACCOUNT,-ATTACH,HEADING.HEADING,MR=1.
PF254 - CYCLE 3 ATTACHED FROM SN=SYSTEM -HEADING.FORTRAN LIBRARY 410W 04/05/76PF646 - PFMACRO - ATTACH - ZZZOOZ - HEAD22 PF254 - CYCLE 2 ATTACHED FROM SN=SYSTEM STOP.027 CP SECONDS EXECUTION TIME -ATTACH.FRATE,FRATE01.ID=JFC,MR=1.PF254 - CYCLE 1 ATTACHED FROM SN=SYSTEM -FRATE.
FORTRAN LIBRARY 433 05/11/77STOP4.196 CP SECONDS EXECUTION TIME -EX IT,U.-DISPOSE,OUTPUT,PR,ST=TCA198.CYB01 - FILE OUTPUT DC=40 ST=TCAI9S CYB01 - FILE CBAOAIX DC=04 ST=TCAI99 CYR01 - FILE OUTPUT DC=40 ST=TCAI99 RM770 - MAXIMUM ACTIVE FILES 
RM771 - OPEN/CLOSE CALLS RM772 - DATA TRANSFER CALLS RM773 - CONTROL/POSITIONING CALLS 
RM774 - BM DATA TRANSFER CALLS RM775 - BM CONTROL/POSITIONING CALLS RM776 - QUEUE MANAGER CALLS RM777 - RECALL CALLS .SCM 176.647 KWSLCM 852.371 KWS

SIZE=0000000230 IODB SIZE=0000000006 IODBl SIZE=0000000003 IODBJ 
I132,259 12 

700 55 1 10 99

1 .09.58 00004.412 TCZ. I/O 0.029 MW1 .09.58 00004.412 TCZ. RMS 0.044 MWS1 .09.58 00004.412 TCZ. USER 4.053 SEC1 .09.58 00004.413 TCZ. JOB 4.415 SEC1 .09.58 00004.413 TCZ. DIO 300.872 KW1 .09.58 00004.413 TCZ.' SBU 6 x$1.15
1 .09.58 00004,41 3 TCZ. SC053 - JOB PRIORITY - P4

x $  . 0 5  

x  . 0 2



EMPTY FLATCAR DECAY PRINTER OUTPUT page 1

I N P FOR F K A T RUN NO. 300.02
TIMF HISTORY PIN PARAMETERS

TINF HISTORY FR1NT PLCT =T START Tift = .$CC DELTA T = ,0C5STOP TINT * &.GCO I GROUP = a 1 PRINT =1 UTHF.R '* l.
LE fcUGST'ARDBSTCPDB

F<». lie A .1?C
EXCITATION PARAMETERS

i H E 1N = TAMP{I) = l.CCC C . OGC 1•000 1 • w 0 O' 0.000 1,000PhASll) = o.occ c.cccieo.ooo 0 . C G t o.cociec.oooP Q = 2 .006F CDDT = l.CCCB ETA = c.ccoDIN = .AGOV IN E  ̂11/ L uGIN = 0.000NO EC A Y = I
MODEL PARAMETERS

nmas -)
M • 22c2l+g2 •2233E+02 •1250E+03 .6179E+01
I NEF T . . 22GbE-* C i • 2 20 E E +05 • 10 85 E+ 06 .20C0E+05. l^COt-iOt .1310L-+07 .131CE+Q? 0.
p = 5b.COG 79 .CCC 3fa.DOC 79.000
H - i t .GDC
L = 792,CCC
OR = 53fc.CCC -336.GOO -39.GCU 39.000

•1527E+C3 .7013E+01 .1A89E+03 0. 0. 0.
•2550E+C60, .1715E+05 • 10 20 E+0 6 • 2 9AG E+0 7 • 3190E + 07 .150CE+08
62.250 A3.500 62.250 A3 .500 108.OCC 0.000

AO.000 22A.0CC 226.000 25A.C00 2A5.0CG 235.COO



PRINTER OUTPUT page 2

INPUT PARAMETERS RCR FRATc - CONTINUED -
K • 910C t +C 6 .9ECCE4C5 .91GQE+05 .A80CE+05• 6C0GF'40A 0 . . 225CR+G6 .15GQE+0G. 2 2 0 t + 01 •15CCt+05 •2250E+05 .18 OC E +w 5
X Z KMGM = .3000E+Oc XPKMCM = • 3000 E+ C b
K A 6 = ,,92CCE+G? KAl 2 .920CE+C7K b 6 . 6185E + C6 K f 1 2 .6185E+C8
C . 15GCE+C3 .2GC 0 E + 0 2 .15 DC E + 03 •1A0CE+03.225CE+03 0. .1000E+GA .5000E+03.100GL+CA . E CC C E ■* 03 • 3 30 G£ +U 3 • 2G0CE+ 03
XZCMUN = . 1GCCE + C6 XRCMOM = . 1000E + 06
C A6 ilOCGE-tCb C A 12 .1000E+06C B t * ,. 7c CC E -*C6 CEI2 .7bCCE +06
VH = to .AGOV h 3 = A 7.0 C CV hi P B A 7 • C C CVHR = 3 7.8 C CVL1 B A 6 9 .0 w 0VL 2 = 1A8.GQ0VL3 = 131.ACCV L A = 189.70CVL IP = -89 .COOVL2K S -A13.C0CVL3P = 115 . A u CVLAR = 2C8.6CC
GAPb = .Clvo G A P A s .C10U

NGRKAL MODE PARAMETERS
NMOLES * A
E RE G = ' A.203 6.E73 9.A17 9.629 15.519
Z ETA ' . C 2 C . . 0 2 C .020 .020 .020
N LUC = A6



6000E+ 04 225CE+05 225CE+05
C .•160GE+C5 ,5 276 E +05

•9100E+05• 2250E+05• 1600E + 05
, 95 00 E + 05 •5276E+05 •5276E+05

• 91CCE+05 •18CCE+05 0.
800E + Q5 •5276E+05 0.

225CE+03 , 3 300 E + 0 3 ,3300E+03
0 .•20CCE+03 .775CE+C3

. 1500E+03 .3300E+03 . 2000 E +03
•2C0CE+02 • 77 £0 E +03 •775CE+C3

•1500E+03 .200CE+Q3 0.
.1400E+03 .775CE+03 0.

15.599 18.029 0.000 C.000 0,000
.020 .020 0 .COO 0.000 0.000
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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. Tljat is a change 
from a 3 mass to a 7 mass configuration.

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

Step 2: 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.

Step 3: Incorporate changes and replace file.

Step 4: Call and list data file - check for corrections.

Step 5: Call and list executive file - check and modify if
necessary (no change required).

Step 6: Submit run to 7600.

58



Step 7: Obtain day file.

Step 8: 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/IODB Input and day file : 9 IODB = $ .18
.05/IODB Output : 139 IODB = 7.95

1.15/SBU + 9 SBU = 10.35
Total run costs = $19.20
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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:

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

REMOTE TERMINAL LISTINGS

O L D ,F R A D 108  
/ E D I T

BEGIN TEXT E D I T I N G ,

F s / R U N O /  
RUN0 = 3 0 0 . 0 2 ,

? R S : / . 0 2 / , / . 0 3 /  
? L

RUN0 = 3 0 0 . 0 3 ,?
S

? L
S TA R TM =.5 , D E L T A T = , 0 0 5 , ST0 PTM=8 . ,

? R S s / . 5 / . / 2 . 0 /
? R S s / 8 . / , / t 2 . /
? L

STARTM= 2 . 0 , D E L T A T = .0 0 5 . ST0 PTM = 1 2 . .?
F s / I P R I N T /  

I P R I N T = 1 .
? R . S s / l / , / 2 /  
? L

I P R I N T = 2 ,?

F s / F Q /
FQ=2 . 0 , FQDOT=. 0 , BETA=0 . 0 , NDECAY=1 ,

? R S s / 2 . 0 / , / 0 . 5 /
? L

FQ=0 . 5 , FQD0T = . 0 , BETA=0 . 0 . NDECAY=1 .?
F t / N M A S /

NMAS=3 ,
.? R S s / 3 / , / 7 /
? L

NMAS=7 ,?
END

END TEXT E D I T I N G .
$,ED I T ,  FRAD1 0 8 .
/

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

O LD .F R A D 108 
/ L N H  

SCONTRL 
RUN0 = 3 0 0 . 0 3 ,
STARTM=2 . 0 , D EL TAT =. 0 0 5 . ST0 PTM=1 2 . .
E N V E L = . F . , E N V P L T = . F . , E N V C A L = . F . , E N P R M X = . F . .
T I M H I S = . T . , T H S P L T = . T . , S N A P S H T = . F . ,
STARSNP=5 . 2 0 . DELTSNP=0 . 0 5 , ST0 PSNP=5 . 6 0 ,
I P R I N T = 2 ,
IG R0 UP=4 ,
0THER=0 ,
D E B U G = . F . , STA RDB=4 . 1 5 , ST0 PDB=4 . 1 7 . $
$E XC IT  
S I N E I N = . T . .
AMP = 1 . 0 0 . 0 . 0 0 , 1 . 0 0 , 1 . 0 0 . 0 . 0 0 . 1 . 0 0 ,
PHAS= 0 . 0 0 , 0 . 0 0 , 1 8 0 . ,  0 . 0 0 , 0 . 0 0 , 1 8 0 . .
FQ=0 . 5 , FQD0T = . 0 , BETA=0 . 0 , N D E C A Y = I ,
D I N = 0 . 4 , V I N = 0 . 0 0 , G I N = . 0 , $
SVEHIC  
NMAS=7 ,
M=2 * 2 2 . 3 3 , 1 2 5 . 0 , 8 . 1 7 9 , 1 5 2 . 6 5 . 7 . 0 1 3 , 1 4 8 . 9 , 3 * 0 . ,
I N E R T = 2 2 0 8 0 . , 2 2 0 8 0 . , 1 0 8 5 0 0 . , 2 0 0 0 0 . , 2 5 5 0 0 0 . . 1 7 1 5 0 . , 1 0 2 0 0 0 . .
. 2 9 4 E7 . . 3 1 9 E 7 , . 15 E8 , . 15 E8 , . 1 3 1 E7 . . 13 1 E7 , 2 * 0 . .
R=5 8 . , 7 0 . , 5 8 . , 7 9 . , 6 2 . 2 5 . 4 3 . 5 , 6 2 . 2 5 . 4 3 . 5 , 1 0 8 . , 0 . ,
H= 1 6 . , VH=6 0 . 4 , V H 1= 4 7 . . VHR=3 7 . 8 , VH1R=4 7 . ,
L = 7 9 2 . , V L 1= 4 6 9 . , V L 2 = 1 4 8 . , V L 3= 1 3 1 . 4 , V L * = 1 8 9 . 7 ,
V L 1R = - 8 9 . , VL2 R = - 4 1 3 . . V L 3 R = 1 1 5 . 4 , V L4 R=2 0 3 . 6 ,
0 R=5 3 6 . . - 5 3 6 . , - 3 9 . , 3 9 . , 4 0 . , 2 2 4 . . 2 2 6 . . 2 5 4 . , 2 4 5 . . 2 3 5 . .
GAPB=. 0 1 , GAPA=. 0 1 ,
K = . 9 1 E5 , . 9 5 E5 , . 9 1 E5 , . 4 8 0 E5 , . 6 0 E 4 , 0 . 0 , . 9 1 E5 . . 9 5 E 5 . . 9 1 E5 . . 4 8 0 E5 , . 6 0 E4 ,
0 . 0 , . 2 2 5 E6 . . 15E5 , . 2 2 5 E5 , . 18E5 , . 2 2 5 E5 . . 5 2  7 6 E5 , . 18 E5 . . 5 2 7 6 E5 ,

. 2 2 5 E6 , . 15E5 , . 2 2 5 E5 , . 18E5 , . 2 2 5 E5 . . 5 2 7 6 E5 , . 18 E5 . . 5 2 7 6 E5 , 2 * 0 . ,  
XZKMOM=.3 0 E8 , XRKM0 M = . 3 0 E8 ,
£ A 6= . 9 2 E 7 . K A 12 = . 9 2 E7 ,KB6 = . 6 1 8 5 E8 , KB I 2= . 6 1 8 5 E8 ,
C = 1 5 0 . , 2 0 . , 1 5 0 . , 140* , 2 2 5 . . 0 . , 1 5 0 . , 2 0 . . 1 5 0 . , I 4 0 . , 2 2 5 . . 0 . ,
1 0 0 0 . . 5 0 0 . , 3 3 0 . , 2 0 0 . , 3 3 0 . . 7 7 5 . . 2 0 0 . , 7 7 5 . ,
1 0 0 0 . , 5 0 0 . . 3 3 0 . , 2 0 0 . . 3 3 0 . ,  7 7 5 . , 2 0 0 . . 7 7 5 . , 2 * 0 . ,
XZCMOM=.10E6 . XRCM0 M=. 10 E6 ,
CA6= . 10 E6 , C A 12= . 10 E6 , CB6 = . 7 8 E6 , C B 12= . 7 8 E6 , $
$MODAL
NM0DES=4 .
RF=4 . 2 5 3 , 8 . 8 7 3 , 9 . 4 1 7 , 9 . 6 2 9 , 1 5 . 5 1 9 . 1 5 . 5 9 9 , 1 8 . 0 2 9 , 3 * 0 . ,
ZETA=7 * 0 . 0 2 . 3 * 0 . 0 ,
NL0C =4 6 ,
COEFC1 , 1 ) = . I 3 9 1 3 3 , . 6 8 3 7 7 6 E - 1 . . 5 1 2 E - 6 , -  * I N T E R R U P T E D *

STOP
★ TERMINATED*
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S te p s  5 an d  6 : C a l l  a n d  l i s t  e x e c u t i v e  f i l e .  C h eck  a n d  m o d ify
i f  n e e d e d .  (No c h a n g e s  n e e d e d )  S u b m it t o  7 6 0 0 .

REMOTE TERM INA L L I S T I N G S  ( c o n t i n u e d )

OLD.FRARUN
READY.
LNH
/JOBCA SKET,STTCZ.T200,P4.
ACCOUNT,
ATTACH,HEADING,HEADING,MR=1. HEADING.
ATT ACH,FRATE,FRATEO1,ID=JFC,MR=I. 
FRATE.
EXIT,U.
DIS POSE,OUTPUT,PR,ST=TCA198.
/EOR /NOSEQ 
1 DELIVER TO 
KACHADOUR 
MITRE CORP 7915 WEST 
PARK DR.
MCLEAN,VA.

/EOR
/READ,FRADI08
/EOFREADY.
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

6 3
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REMOTE TERMINAL LISTINGS ( c o n t in u e d )  

QFETCH..DAY
ADLCBKY RELEASED TO USER AS - 
**** TWIN CITIES CYBERNET CE
OHH.MM.SS CPU SECOND ORIG11.21.40 TCA.
1 1.21.54 00000.004 TCZ.1 1.21.54 00000.004 TCZ.
1 1.21.54 00000.005 JOB.
1 1.21.56 00000.033 JOB.
1 1.21.56 00000.036. TCZ.
1 1.21.56 00000.037 LOD.
1 1.21.57 00000.042 USR.
1 1.21.57 00000.042 TCZ.
1 1.21.57 00000.046 TCZ.
1 1.21.57 00000.069 USR.1 1.21.57 00000.069 USR.
1 1.21.57 00000.071 JOB.
1 1.21.57 00000.075 TCZ.1 1.21.57 00000.076 LOD.1 1.22.01 00000.210 USR.
1 1.23.05 00007.175 USR.1.1.23.05 00007.176 USR.1 1.23.05 00007.176 JOB.
1 1.23.05 00007.176 JOB.1 1.23.05 00007.177 TCZ.1 1.23.07 00007.179 TCZ.1 1.23.07 00007.180 TCZ.
11.23.07 00007.181 TCZ,
1 1.23.07 00007.181 TCZ.1 1.23.07 00007.181 TCZ.1 1.23.07 00007.181 TCZ.
1 1.23.07 00007.181 TCZ.
1 1.23.07 00007.181 TCZ.1 1.23.07 00007.182 TCZ.1 1.23.07 00007.182 TCZ.
1 1.23.07 00007.182 TCZ.
1 1.23.07 00007.182 TCZ.
1 1.23.07 00007.182 TCZ.
1 1.23.07 00007.183 TCZ.1 1.23.07 00007.133 TCZ.1 1.23.07 00007.183 TCZ.
1 1.23.07 00007.183 TCZ.
1 1.23.07 00007.183 TCZ.1 1.23.07 00007.184 TCZ.READY.

DAY FILE

FILE
NTER V2.I.4 **** 05/16/78 781.36
TCA SCOPE 3.4.3 406F.102 05/01/73

-CBKYA,STTCZ.T200, P4.
CYB02 - JOB NAME- CBKYANV 

-ACCOUNT,
-ATTACH,HEADING,HEADING.MR=1.

PF254 - CYCLE 3 ATTACHED FROM SN=SYSTEM 
-HEADING.
FORTRAN LIBRARY 41 OW 04/05/76
PF646 - PFMACRO - ATTACH - ZZZOOZ - HEAD22 
PF254 - CYCLE 2 ATTACHED FROM SN=SYSTEM 
STOP
.027 CP SECONDS EXECUTION TIME 

-ATTACH,FRATE.FRATEOI , ID=JFC,MR= I..
PF254 - CYCLE I ATTACHED FROM SN=SYSTEM -FRATE.
FORTRAN LIBRARY 433 05/11/77

STOP
6.964 CP SECONDS EXECUTION TIME -EX IT.U.

-DISPOSE.OUTPUT.PR,ST=TCAI98.
CYB0.1CYB0.1
CYB01
RM770
RM77I
RM772
RM773
RM774
RM775
RM776
RM777
SCM
LCM
I/O
RMS
USER
JOB
DIOSBU
SC053

FILE OUTPUT DC=40 ST=TCAI98 SIZE=00000001 39 IODB 
FILE CBKYANV DC=04 ST=TCAI99 SIZE=0000000006 IODB 
FILE OUTPUT DC.=40 .ST=TCAI99 SIZE=0000000003 IODB

x  $ .0 5

lx .02
MAXIMUM ACTIVE FILES 
OPEN/CLOSE CALLS 
DATA TRANSFER CALLS 
CONTROL/POSITIONING CALLS 
BM DATA TRANSFER CALLS 
BM CONTROL/POSITIONING CALLS 
QUEUE MANAGER CALLS RECALL CALLS

289.521 KWS 
1 396.580 KWS 

0.0.19 MW 
0.062 MWS 
6.874 SEC 
7.185 SEC 

289.096 KW 9
JOB PRIORITY - P4

1
13

,52712
677
55
105
99

x  $ 1 .1 5



LOADED TOFC DECAY PRINTER OUTPUT paee 1

INPUT A R A M E T E P S  F O R  F R a T E  R U N  N O 3 0 0 . 0 3

TI ME HI STORY RUN PARAMETERS

T I NE  HI STORY PRI NT PLOT * T  
START T I ME » 2 . CCC
DELTA T = • C C 5
STCP T I N E  = 12 .CCC 
IGRGUP = A
1 PRI NT  = 2

DEBUG -  F
STARDB = A . 1 5 0
STGPbB *  A . 170

E X CI TAT I O N P-ARAMETERS

Oo

S I N F I N « T
AMP( I  ) » 1 . 0 0 0 O.CCC 1 . 0 0 0 1 .  CCC C. COC 1 . 0 0 0
PHA S( I ) = 0 . 0 0 0 G . C C C 1 8 C . 0 0 C o . c o o C. OOC18C. OOO
FG a . 5 0 0
FQCOT = C. OCC
EETA = 0 . 0 0 0
DI N *  , A00
V 1 N e C. CCC
GI N « C. CCC
N DEC AY 1

MODEL PARAMETERS

NMAS = 7

M - . 2 2 3 2 E + C 2 . 2 2 3 3 8 + 0 2 . 1 2 5 0 E  + 03  . 6 1 7 9  E + 01 . 1 5 2 7 E + 0 3 . 7 0 1 3  E + 01 • 1 A 8 9 E + 0 3  0 . 0 . 0 .

I NEPT * • 2 2 C 8 E + C 5
, 1 5 G C E + 0 e

. 2 2 0 8 t  + 05  
• 1 3 1 0 E  + 07

. 1 C 8 6 E  + 0 6  . 2 0 0 0 E  + 05  . 2 5 5 0 E  + 06  
• 1 3 1 GE + 0 7  0 .  0 .

• 1 7 1 5 E + 0 5 • 1 0 2 0 E + 0 6  . 2 9 A 0 E + 0 7 . 3 1 9 0 E + 0 7 • 15 0 0 E + 0 8

R = 5 8 . CCC 7 9 . COO 5 8 . C C 0  7 9 . 0 0 0  6 2 . 2 5 0 A 3 . 5 0 0 6 2 . 2 5 0  A 3 . 5 0 0 1 0 8 . 0 0 0 0 . 0 0 0

h - 2 6 . CCC

L * 7 9 2 .CCC

GR s 5 3 6 . CCC - 5 3 6 . COO - 3 9 . 0 0 0  3 9 . 0 0 0  A O . 0 0 0 22A. OOO 2 2 6 . 0 0 0  2 5 A . 0 0 0 2 A 5 . 0 0 0 2 3 5 . 0 0 0



PRINTER OUTPUT page 2

O'

I NPUT PARAMETERS PGR PRATE -  CONTI NUED -

K *
. 9 1 0 0 E + 0 S . 9 5 C 0 t - f C 5 . 9 1 0  GE + 05 . 4 8 0 G E + 0 6
. 6Q00E +0 A 0 . • 2 2 5 0 E + 0 6 • 1 5 0 GE + 0 5
. 2 2 5 0 E + C 6 . 1 5 C 0 t + v 5 . 2 2 5 0 E + 0 5 • 18 00 E+G5

XZKMHM - . 300 CE + CB XRKMC1M - • 3 0 0 0 E + 0 b

KA6 .92C-CE + C7 KA 12 . 9 2 0 0  E + 0 7
K b 6 . 6 1 6 5 E « 0 6 KE 12 . 6 1 8 5 E + 0 8

C
. 1 5 C 0 E + 0 3 . 20CCE4C2 . 1 5 0 G E + 0 3 . 1 A 0 0 E + 0 3
. 2 2 5 0 E + C 3 0 . . 1C0GE+CA • 5 0 0 0  E +03
. 1 0 0 0  E +04 • 5 0 C 0 E + C 3 . 3 3 0 0 E + 0 3 • 2 0 0 0  E +03

XZCMDM = , 1 0 0 0 E  + 06 XRCMGM - . l O C O t + 0 6

C A6 » 1 0 l CE+06 C A1 2 . 1 0 0 0 E  + 06
CB6 , 76GCE + C6 CB12 . 7 8 C 0 E + 0 6

VH ■ 6 0  .AOG
VH1 B A7 . CCC
VH1R A7 . CCC
VHP 3 7 . 8 C C
VL C A 6 9 . 0 0 0
V L 2 1 A 8 . CCC
V L 3 1 3 1 .AGO
VLA 1 8 9 . 7 0 0
VL 1R - 8 9 . 0 0 0
VL2R - A 1 3 . 0 C C
VL3P 1 1 5 .AGO
VLAR 2 0 8 . 6 0 0

GAPE . . 0 1 0 0 GAPA *  . 0 1 0 0

NORMAL MODE PARAMETERS

NtfCDES * A

FREQ A , 2 5 3 8 . 8 7 3 9 • A 17 9 . 6 2 9 1 5 . 5 1 9

ZETA . 0 2 0 • 02  C . 0 2 0 . 0 2 0 . 02 0

NLCC A6



6 0 0 C E + 0 4  
22 5 OE + 05 
2 2 5 0 E + 0 5

0 .
• 1 8 0 0 E + 0 5
• 5 2 7 6 E + 0 5

• 9 1 0 0 E  + C5 
. 2 2 5 0 E + 0 5  
. 1 6 0 0 E + 0 5

• 9 5 C0E + 05  
. 5  2 7fc E+0 5 
. 5 2 7 6 E + 0 5

. 9 1 0 0 E + 0 5
• 1 8 0 0 E + 0 5

0 .

• 4 8G0E+ 05  
. 5 2 7 6 E + 0 5  

0 .

2 2 5 0 E + 0 3
3 3 0 0 E + 0 3
3 3 0 0 E + 0 3

0 .
. 2G00E + 03  
. 7 7 5 C E + C 3

. 1 5 0 0 E + 0 3  
• 3 3 Q Q E + 0 3  
. 2 0 0 0 E  + 03

. 2C 0 C E + 0 2  
. 7 7 5 0 E + 0 3  
• 77  50 E+03

. 1 5 0 0 E  + 03.  
• 20COE+O3  

0 .

. 1 ^ 0 0 E + 0 3  
• 77  50E+03  

C.

1 5 . 5 9 9  1 8 . 0 2 9  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0

G.000 0.000020 020 0.000



PRINTER OUTPUT page 3

MODE SHAPES FOLLOW

O00

. 1 3 9 1 3E + Ou 
• 6 f c 3 7 6 E“ ^ I
• 5 1 2  GGE —06 

- , 1 2  5 3 2E- 1 0
. 5 9 2 C C E - 0 6  

- . 6 2 6 2 8 E - 0 1  
. 8 2 4 1 6 6 - 0 1

-  » 5 2 9 0 C E - 0 6  
. 23 2 fcfcE-Q9 
. 2 2 7 C C E - 0 6

-  , 6 2 6 2  fcE- 01 
C.
- . 7 6 6 7 7 E - 0 1

• 152 0 C E - 0 6  
C.

. 9 2 4 6 2 E - 0 1  
- . 5 2 9 C 0 E - C 6  

. 9  24 6 3 E - 0 1  
, 194  73E +00  
. 1 9 4  73 E +00
• feb 3 7 8 E - 0 1  
. 6 6 3 7 8 E - C 1

- • 3  68  63 E - 01  
- * 3  6 8 6 3 E - Q 1 
- . 9 0 3 6 6 6 - 0 1  
- . 9 0 3  8 8E—01 
- . 2 7 7 1 3 E - 0 1  
- . 2 7 7 1 3 E - 0 1

• 8 2 4 16E —01  .62416b-01 
, 2 0 9  6CE +00  
. 2 C 9 6 CE + 0 00.

C.
0 .0.c.c.c.c.c.c.
0 .
0 .c.
0 .

. 10  7 70 E - 0  5 

. 3 3 1 9 6 E - 0 6
• 5 66  9 1 E - 0 1 

- . 6 6 3 4 7 6 - 0 3
. 1 0 0 2 3 E + C O  
. 1 2 9 4 3 E - C 1  

1 8 4 7 9 6 - 0 6
• 7 C4 2 6 E - 0 1
• b 5 5 68 E -  C3 

- . 5 0 7 2 9 6 - 0 1  
- . 1 2 9 9 4 E - C 1

9 3 0 6 6 E - 0 3  
» 3 2 5 C Q E - 0 6  
. 5 9 8 3 6 E - C 1  
. 3 1 2 5 0 E - G 3  

- . 3 C 5 9 1 L - 0 1  
. 7 G 4 2 6 E - 0 1
• 3 05  9 0 E - 0 1
• 5 3 1 G 9 E - 01 

- . 5  2 1 C 5 E - C1
. 4  66 2  7 E - C 1 

- . 4 6 6 2  7 E - 0 1  
. 3 0 4 6 7 E - C 1  

3 C 4 6 8 E - 0 1  
T . 4 4 7 6 9 E - C 2

• 4 47 90 E - 0 2  
- . 3 7 9 8 2 E - C 1

. 3 7 9 6 3 6 - 0 1  
- . 4 6 2 C 7 E - 0 1  

• 4 6 2 C 6 E —01 
- . 4 9 6 C C E - 0 1

• 4 9 59 6 E - 01 
. 1 9 8 1 8 L + 0 C  
. 1 9 8 1 6 E  + C0 
. 5  66 9 1 E - C 1 
. 5 6 6 9 1 E - 0 1

- . 3 7 9 6 3 6 - 0 1  
- • 3 7 9 6 3 E - C 1  
- . 7 9 1 4 4 6 - 0 1  

7 9 i 4 4 E - 0 i  
- . 2 6 9 6 7 6 - 0 1  
- • 2 6 9 6 7 E - C 1  

. 7 0 4 2 6 E - 0 1  

. 7 0 4 2 6 E - 0 1  

. 2 C 5 4 7 E + 0 0  

. 2C547E+CG

. 5 4 5 9 0 6 - 0 5  
- . 4 9 1 1 4 E - C 6  

, 2 2 9 1 0  E - 0 1 
. 2 5 5 2 6 E - C 2  
. 3 8 3 5 2 6 - 0 1  

- . 4 8 6 1 5  E - 01  
- . 3 1 1 6 9  E. -06  

. 2  7 3 6 2  E - 0 1  
- . 2 4 2 1 0 6 - 0 2  
- • 1 6  34 9E—01  

. 48 60 9  E - 01  

. 2 6 7 9 9 E - 0 2  
. 2 0 0 3 0 6 - 0 5  
. 2 2 6 1 2 6 - 0 1  

- . 7 2 8 6 0 E - 0 3  
. 865  5 0 E - 0 1  
. 2 7 3 6 2 6 - 0 1  

- .  6 6 5 5  2 F - 0 1  
- , 1 5 0 1 0  E + QO 

, 1 5 0 1 2 6 + 0 0  
- ,  1 3 7 8 5  E +0C 

, 1 3 7 6 5 6 + 0 0  
- . 1 0 6 8 1 E + 0 0  

• 1 0 6 8  OE + OC 
. 7 9 6 7 7 E - 0 3  

- ,  7 9 8 4 0  E - 0 3  
, 1 0 5 CCE + 0 0  

-  . 1 C4 99E + 00  
, 1 3 0 7 3 6 + 0 0  

- . 1 3 C 7 3 E + 0 0  
. 14143E+- 0C  

- . 1 4 1 4 5 E + 0 0  
. 6 8 3 8 2 E - 0 1  
, 6  83 8 2 E - 0 1  
. 2 2 9 1 0 E - C 1  
. 2 2 9 1 0 E - 0 1  

- .  i 0 6  5 9 6 - 0 1  
- . 1 0 6 5 9 6 - 0 1  
- . 2 9 0 1 4 6 - 0 1  
- . 2 9 0 1 4 E - 0 1  
- . 1 1 7 1 0 6 - 0 1  
- . 1 1 7 1 0  E - 0 1  

. 2 7 3 6 2 E - 0 1  

. 2 7 3 6 2 6 - 0 1  

. 8  5 9 5 6  E - C l  
, 8  59 56 E - 01

THE I N I T I A L  CEFLECTI ONS ARE

- . 5 0 6 8  - . 5 2 4 8  - 3 , 3 3 1  . 3 4 3 7 E - 0 3
- 4 . 9 4 9  - 3 . 7 0 3  . 1 2 0 1 E - 0 1
- 3 , 0 7 7  - 3 . 8 2 0  - . 3 4 0 3 6 - 0 2



, 1 2 2 3 4  E +00  
, 1 5 4 3 5 6 - 0 1  
, 3 54 5 0  E - 0  5 
1 1 8 7 0 E - 0 6  

117  500  E - 0  5 
■ 7 5 5 4 0 F - 0 1  
■ 1 2 3 5 0 E - 0 2  
. 6 5 1 8  0 E - 0 5  
. 1 1 1 2 7 E - 0 6  
, 5 6 8 7 0 6 - 0 5  
7 5 5 4 2 E - 0 1  

, 1 2 5 0 0  E - 0 6  
4 85 4 2  E - 0 1  

. 1 1 1 5 0 6 - 0 5  
3 2 0 0 0  E - 0  7 

, 2 0 3 4 7 6 - 0 1  
6 5 1 8 0 E - 0 5  

, 2 0 3 3 9 6 - 0 1  
23 060  E+00  
23 0  59 E +00  

, 1 5 4 2 9 E - 0 1  
, 1 5 4 5 2 F - 0 1  
. 9 4 6 5 4 E - 0 1  
9 4 6 6 4  F - 01  
2 3 9 7 2 E - 0 2  
2 3 9 7 3 E - 0 2 
8 8 0 3 1 E - 0 1  

i 8 8 0 4 0  E - 0 1  
, 1 2 4 0 9 E - 0 2  
, 1 2 2 8  9 E - 0 2  
2 4 3 1 1 F +00  

, 2 4 3 1 0  E +00  
9 1 5 0 0 E - 0 5  

, 9 1 5 0 0 E - 0 5  
3 5 4 0 0 E - 0 5  

. 3 5 4 0 0 6 —05  
745  0 G E - 0 5  
7 4 5 0 0 F - 0 5  
1 7 7 0 0 E - 0 5  
1 7 7 0 C F - 0 5  

, 6 0 2 0 0 F - 0 5  
6 0 2 0 0  E - 0  5 
6 5 2 0 0 6 - 0 5  
65  2 0 0 E - 0 5  

, 34 90 0  E - 0 6  
3 4 9 0 0 E - 0 6

, 3 G 9 7 S t - 0 3  
- . 2 6 3 8 6 E - C 3

• 2 588  ? E - 0 1  
• 1 9 4 3 7 E —C3

- . 1 6 8 2 3 E - 0 2
• 8 72  5 1 E - 0 2  

- . 2 5 6 1 5 E - 0 3  
- • 9 0  99  8 E - 0 2

• 46  4 4 9 E - C  3 
. 5 8 6 1 4 6 - 0 1

- . 8 6 0 3 0  E - 0 2
• 3 0 0 3  5 E - C 3  
■ 1 5 6 2  6E—03  
. 3 C 9 0 1 E - C 1

7 2 9 1 0 E - C 4  
- • 1 6 7 7 1 6 - 0 1  
- . 9 C 9 9 8 E - C 2  

• 1 6 4 4 0 E - 0 1  
- . 1 9 9 5 5 E - 0 1

• 2 1 4 7 6 E - C 1  
1 C 7 6 0 E - 0 1

• 1 0 2 3 2 E - 0 1
• 1 3 2  69  E - 0 1

— • 1 3 5  4 I E - 01 
. 1 2 6 7 5 E - 0 1

1 2 C 8 4 E - 0 1
— • 1 0 6 5 1 E - C 1  

. 1 C 2 2 6 E - C 1
- . 2 5 3 3 9 E - C 1  

. 2 4 8 2 6 E - C 1
— • 3 0 4  I C E - 0 1  

. 3 2 2 7 5 E - C 1
- • 2 3 1 4 2 E + 0 0  
- . 2 3 1 4 2 E + C 0

• 2 5 8 8 7 E - 0 1
• 2 5 88 7 E - 0 1
• b 5 8 1 9 E - C 1
• 85 8 1 9 E - 0 1 

1 9 3 8 1 E - 0 2
- • 1 9 3  8 I E - 0 2  
- . 8 C 2 1 5 E - 0 1  
- • 8 0 2 1 5 E - 0 1  
- . 9 C 9 9 8  E - 0 1  
- • 9 0 9 9  8 E - 0 1

• 2 5 3  8 9E + 00  
. 2 5 3 8 9 6 + 0 0

. 8 9 5 0 4 6 - 0 1  
- . 7 7  5 6 7 E - 0 1 
- • 9 0 2 3 0 E - 0 4
-  • 7 6 6 8 3 E - 0 6  

. 6 7 8 6 0 E - 0 5
• 1 2 4 4  3 E - 0 1  

- . 7 2 5 2 5 E - 0 1
. 3 0 1 9 0 E - 0 4  

- . 1 6 8 2  9 E - 0 5
-  • 2 0 5 6  OE- 03

• 1 2 5 0  5 E - 0 1  
1 1 6 1 0 E - 0 5

• 4 8 0 0 4 E - 0 1  
- • 1 0  84 4 E - 0 3  

• 2 7 8 0 C E - C 6  
- . 4 6 5 7 3 6 - 0 1  

. 3 0 1 9 0 E - 0 4  
- . 4 6 6 9 4 E - C 1  

. 2 2 0 8 5 6 + 0 0  

. 2 2 0 6 9 6 + 0 0  
7 7 5 2 5 E - 0 1  

- . 7 7 6 0 8 E - 0 1  
- . 4 4 0 9 9 E - 0 1
-  . 4 4 0 0  4E —01

• 83 8 9 1 E - 0 1  
. 8 3 9 8  2 6 - C1

- . 5 5 0 2 5 6 - 0 1  
- • 5  5 l 0 0 E - 0 1  
- . 7 2 4 3 4 6 - 0 1  
- • 7 2 6 1 6 E - 0 1  

. 2 5 5 3 3 E + 0 0  

. 2 5 5 1 0 E + 0 0  

. 8 1 8 8 1 E - 0 3  
• 8 1 8 8 1 E - 0 3  

- . 9 0 2  3 0 E - 0 4  
- . 9 0 2 3 0 6 - 0 4  
- • 3 0 1 1 0 E - 0 3
-  • 3011GE —03  

. 7 0 2 0 0 E - 0 5  

. 7 0 2 0 0 6 - 0 5
• 2 8 1 1 0 E - 03 
. 2 6 1 1 0 6 - 0 3  
. 3 0 2 0 0 6 - 0 4  
• 3 0 2 0 0 E - 0 4

- • 8 9 8 9 0 E - C 3  
- • 8 9 8 9 0 E - 0 3

• 1 7 7 0 0 E - 0 5  
- • 2 1 9 1 7 E - C 5

• 1 3 2 7 1 E - 0 1
• 3 8 9 1 2 E - 0 2
• 2 1 2  4 3 E - C 1  
. 2 2 4 0 4 E - C 1

2 1 0 0  I E - 0 5
• 4 8 9 9 1 E - 0 2
• 3 4 0 3  9 E - 0 2  

- .  4 1 3 0 8  E - 0 2  
- . 2 2 4 1 0 6 - 0 1

. 4 7 6 3 3 6 - 0 2
• 3 2 6 6 0  E - 0 5  

- .  13  4 7 3  E - 0 2  
- ,  13 4 7 9 E - 0 2  
- • 1 2 1 6 9 E + 0 Q

. 4  89 9  I E - 02  
• 1 2 1 6 9 E + 0 0  

- . 2 9 4 2 2 6 + 0 0  
• 2 9 4 2 3 E + 0 0  

- . 2 1 0 1 3 E + 0 0
• 2 1 0 1 2  E+00  

- • 1 4 6 1 9 E - 0 1
. 1 4  6 1 2 E - 0 1 
. 1 4 1 6 1 E+00  

- . 1 4 1 6 1 E + 0 0  
- . 4 4 3 9 0 E - 0 1  

• 4 4 3 9 5 6 - 0 1  
- . 1 8  3 8 1 E + 00  

. 1 8 3 8 1 6 + 0 0  
- . 2 4 4 5 0 6 + 0 0  

. 2 4 4 5 1 6 + 0 0  
• 4 6 0 0 9 E - 0 1  
• 4 6 0 0 9 E - 0 1  
. 1 3 2 7 1 6 - 0 1  
. 1 3 2 7 1 6 - 0 1  

- . 4 0 6 0 8 6 - 0 2  
-  . 4 0 6 0 8 E - C 2  
- . 4 2 8 6 6 6 - 0 2  
- . 4 2 8 6 6 E - 0 2  

. 1 0 9 4 0 E - 0 1  

. 1 0 9 4 0 6 - 0 1  

. 4 8 9 9 1 6 - 0 2  
. 4 8 9 9 1 E - 0 2  

- . 3 6 7 9 3 6 - 0 1  
- . 3 6 7 9 3 6 - 0 1



TIME HISTORY PLOT RESULT?Response displacements Z(1),Z(5) and Z(7). Input motions Zl(1). Refer to Figure 4 for locations. 
r»RAlE RON 2CC.C3 

SWEEP RATE • 0.
INPUT rtf ION: C IN* .*.00
1- Z(l)2- ZI5)3- ZI7)4- zi a i 25L-01 0.

1 4 14 14
41414 14 14 14 14 1 4 1 4 1 41 41 *1414

1 4 1 4 14 14 14 **41 41 4 1 4 1 4 14 1 4 1 4 1 41 41 41
14 14 1 4 1 4

5.25E-01

23

1.05E+00------- * TIME FRQ
0 .0 00 0  C .0000
2.C 100  .5000
2 .1 100  .5000
2 .2 100  .5000
2 .3 100  .5 0 00
2 .4 100  .5000
2 .5 100  .5000
2 .6 100  .50 00
2 .7 100  .5000
2 .6 10 0  .5000
2 .9 10 0  .5000
3 .0 100  .5000

23 3 .1 10 0  .5000
> 3 .2 10 0  .5000

3 .3 100  .5000
3 .4 100  .5000
3 .5 10 0  .5000
3 .6 100  .5000
3 .7 10 0  .50 00
3.6100.  .5000
3 .9 100  .5000
4 .0 10 0  .50 00
4 . HOC .5000
4 .2 100  .50 00
4 .3 100  .50 00
4 .4 100  .5000
4 .5 100  .5000
4 .6 10 0  .50 00
4 .7 100  .5000
4 .8 10 0  .5000
4 .9 10 0  .5000
5 .0 10 0  .5000
5 .1 10 0  .50 00
5 .2 100  .5000
5 .3 100  .50 00
5 .4 10 0  .5000
5 .5 100  .5000
5 .6 100  .5000
5 .7 100  .5000
5 .8 1 0 0  .5000
5 .9 10 0  .5000
6 .0 10 0  . 50 00
6 .1 1 0 0  .5000
6 .2 100  .50 00
6 .3 10 0  .50 00
6 .4 10 0  .5000
6 .5 1 0 0  .5000
6 .6 10 0  .5 0 00
6.7 10C  .5000
6 .8 100  .5000

141414

41 41 41 4 1 4 1 4 1 4 1 41 41 41

14 14 14 14 1 4
14141414

414141414 14 141414141

32

32
23 14

6 .9 1 0 0  .5000
7 .0 100  .5000
7. HOC .  5000
7 .2 1 0 0  .5000
7 .3 10 0  .5000
7 .4 10 0  .5000
7 .5 100  .5000
7 .6 100  .5000
7 .7 10 0  .5 0 00
7 .8 100  .5000
7 .9 10 0  .5000
8 .0 10 0  .5000
8 .1 100  .5000
8 .2 100  .50 00
6 .3 10 0  .5000
6 .4 10 0  .5000
8 .5 10 0  .5000
6 .6 100  .5000
6 .7 10 0  .5000
8 .8 100  .50 00
8.9 10 0  .5000
9 .0 10 0  .5000
9 .1 1 0 0  .5000
9 .2 100  .50 00
9 .3 1 0 0  .5000
9.410 0 .50 00
9 .5 10 0  .5000
9.610 0 .50 00
9 .7 10 0  .5000
9 .6 10 0  .5000
9 .9 10 0  .5000

1 0.0 100  .5000
1 0.1 100  .5000
1 0. 21 00  .5000
1 0.3 100  . 50QC
1 0.4 100  .5000
10. 5100 .5000
1 0.6 100  .5000
1 0.7 100  .5000
1 0. 61 00  .5000
1 0.9 100  .50 00
1 1.0 100  .5000
1 1. 11 00  .50 00
1 1. 21 00  .5 0 00
1 1.3 100  .5000
1 1.4 100  .5000
1 1.5 100  .5000
11. 6100 .5000
1 1.7 100  .5000
1 1.8 100  .5000
1 1. 91 00  .5000
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TIME HISTORY PLOT RESULTS (CONTINUED)Trailer response locations Z(19), Z(20), Z(21) and Z(23). See Figure 4 for locations.
PRATE RUN 3CC.C3 

ShEEP RATE ■ C.
INPUT KCT10M GIN- .*U

MJL TIP L E PLUT TIME HISTORY

■IIHI■2120)
■2(21)■Z(23)

-7 .1 4 E -C1 57F-01 0,

43

3 .5 7E -01 •+ TIME FRO
0 .0 000  0 .0 00 0

2 2 .0 1 0 0  .5000
2 .1 10 0  .50 00
2 .2 10 0  .5000
2 .3 10 0  .50 00
2 .4 1 0 0  .5000
2 .5 10 0  .5000
2 .6 1 0 0  .5000
2 .7 10 0  .50 00
2 .8 10 0  .5000
2 .9 10 0  .50 00
3 .0 10 0  .5000
3 .1 100  .50 00
3 .2 1 0 0  .5000
3 .3 10 0  .50 00
3 .4 100  .5000
3 .5 100  . 50 00
3 .6 10 0  .5000
3 .7 10 0  . 50 00
3 .8 10 0  .5000
3 .9 10 0  .50 00
4 .0 1 0 0  .5000
4 .1 10 0  . 50 00
4 .2 10 0  .5000
4 .3 1 0 0  . 50 00
4 .4 1 0 0  .5000
4 .5 10 0  . 50 00
4 .6 10 0  .5000
4 .7 10 0  . 5 0 0 0
4 .6 10 0  .5000
4 .9 100  .50 00
5 .0 10 0  .50 00
5 .1 100  .5000
5 .2 10 0  .50 00
5 .3 100  .50 00
5 .4 1 0 0  .5000
5 .5 100  . 50 00
5 .6 1 0 0  .50 00
5 .7 10 0  .50 00
5.8 10 0  .5900
5 .9 100  .50 00
6 .0 1 0 0  .5000
6 .1 10 0  .50 00
6 .2 1 0 0  .5000
6 .3 10 0  .50 00
6 .4 100  .5000
6 .5 10 0  .50 00
6 .6 1 0 0  .5000
6 .7 10 0  .50 00
6 .6 10 0  .50 00

43
43

1 * 22 * 1

22 2 2

2
2

4343

6 .9 1 0 0  .50 00
7 .0 100  .5000
7 .1 1 0 0  .50 00
7.210C .5000
7 .3 10 0  .50 00
7.41QC .5000
7 .5 100  . 50CC
7 .6 10 0  .50 00
7 .7 10 0  . 50 00
7 .8 100  .5000
7 .9 100  .50 00
6 .0 100  .50 00
8 .1 10 0  .50 00
8 .2 10 0  .5000
6 .3 100  .50 00
8.4 10C  .5000
6 .5 10 0  .50 00
e. 6 1 0 0  .50 00
8 .7 100  .5000
8 .8 10 0  .5000
6 .9 100  .50 00
9 .0 10 0  .5000
9 .1 10 0  .5000
9 .2 100  .5000
9 .3 1 0 0  .5000
9 .4 10 0  .5000
9 .5 100  .50 00
9 .6 10 C  .5000
9.710 0 . 50 00
9 .8 10 0  .50 00
9 .9 1 0 0  .50 00

1 0.0 100  .5000
1 0.1 100  .5000
1 0.2 100  .5000
1 0. 31 00  . 50 00
1 0.4 100  .5000
1 0.5 100  .50 00
1 0. 61 00  .5000
1 0.7 100  . 50 00
10 .8 1 00  .5000
1 0. 91 00  .5000
1 1.0 100  .5000
1 1. 11 00  . 50 00
1 1 . 2 1 OC .5000
11', 3100 .5000
1 1.4 100  .5300
1 1.5 100  .5000
1 1. 61 00  .50 00
1 1.7 100  .50 00
1 1.8 100  .5000
1 1. 91 00  . 50 00
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5 . 3  E x a m p le  N o . 3 -  TOFC E n v e lo p e

E x a m p le  N o . 3 i s  a  s i x t y  s e c o n d  e n v e lo p e  r u n  w i t h  t h e  o b j e c t i v e  

o f  l o c a t i n g  r o l l  r e s o n a n c e s  o t h e r  t h a n  t h e  f u n d a m e n ta l .  T h e  r u n  i s  

a  f r e q u e n c y  sw e ep  w i t h  f r e q u e n c y  c h a n g in g  a t  t h e  r a t e  o f  4 o c ta v e s  

p e r  m in u t e  ( i . e .  in c r e a s in g  l o g a r i t h m i c a l l y  and  d o u b l in g  e v e r y  15 

s e c o n d s )  s t a r t i n g  a t  1 .0  H e r t z .  The  s te p s  f o l l o w e d  a n d  t h e  re m o te  

t e r m in a l  l i s t i n g s  a r e  d e t a i l e d  b e lo w .  B e c a u s e  o f  t h e  le n g t h  o f  

t h e  p r i n t e r  p l o t s  o n ly  r e p r e s e n t a t i v e  o u t p u t  p l o t s  a r e  sh o w n .

S te p  1 .  C a l l  d a ta  f i l e ,  e n t e r  e d i t  m ode a n d  l i s t  17 l i n e s .

S te p  2 . R e v ie w  d a ta  f i l e  a n d  n o te  c h a n g e s  t o  b e  m a d e .

L in e  2 . C hange  r u n  n u m b e r.

L in e  3 .  C hange  s t a r t  and  s to p  t im e s .  We w a n t  tq „  
s t a r t  a t  1 .0  H e r t z  a n d  sw eep  t o  16 H e r t z ,
4 o c t a v e s ,  w h ic h  a t  BETA = 4 i s  60  s e c o n d s .

L in e s  4 and  5 .  S w it c h  f r o m  t im e  h i s t o r y  t o  e n v e lo p e .

L in e s  6 a n d  7 . No c h a n g e .

L in e  8 . C hange  t o  g ro u p  2 ( s e e  T a b le  V I I )

L in e s  9 - 1 4 .  No c h a n g e .

L in e  1 5 . S t a r t  f r e q u e n c y ,  FQ , i s  1 .0  H e r t z  sw eep  
r a t e ,  BETA, i s  4 .0  NDECAY i s  p u t  o u t  o f  
r a n g e  a t  5 0 0 0 .

L in e  1 6 . C hange  e x c i t a t i o n  f r o m  c o n s t a n t  d is p la c e m e n t  
t o  c o n s t a n t  a c c e l e r a t i o n .  L e v e l ,  .0 1  g ' s ,  
i s  p u r p o s e ly  lo w  t o  a v o id  n o n l i n e a r  e f f e c t s .

S te p  3 .  M ake c h a n g e s  t o  d a t a  f i l e  a n d  r e p la c e  f i l e .

S te p  4 .  C a l l  a n d  l i s t  d a ta  f i l e .  C h e ck  f o r  c o r r e c t n e s s .

S te p  5 .  C a l l  and  l i s t  e x e c u t i v e  f i l e .  C h e c k  a n d  m o d i f y  as 
n e e d e d . (N o c h a n g e s  n e c e s s a r y  i n  t h i s  c a s e . )

S te p  6 .  S u b m it  r u n  t o  7 6 0 0 .
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Step 7. Obtain Day File, when ready for access.

S te p  8 . D e te r m in e  c o s t s .

1 .  I n p u t  c o s t s

$ 9 . 0 0 / h r  c o n n e c t  : 10  m in .  = $ .9 0
.2 5 /1 0 0  T IO  : 5 5 8 1  T IO  = 1 .3 9
. 35 /S B U  : .9 6 3  SBU = .3 4

2 . Run and  O u tp u t  C o s ts  (D a y  F i l e )

$ .0 2 / I0 D B  i n p u t  a n d
d a y  f i l e  : 9 IO D B = .1 8
$ .0 5 / IO D B  O u tp u t  : 6 1 8  IODB = 3 0 .9 0
$ 1 . 1 5 /SBU : 50  SBU = 5 7 .5 0

T o t a l  R un C o s t  = 9 1 .2 1
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Discussion of Results
R e c a u s e  o f  t h e  le n g t h  o f  t h e  p r i n t e r  p l o t s  o n l y  r e p r e s e n t a t i v e  

o u t p u t  p l o t s  a r e  s h o w n . T he  o u t p u t  f i l l e d  96  p a g e s ;  3 p a g e s  c o n ta in e d  

a  l i s t i n g  o f  t h e  i n p u t  d a ta  and  t h e  r e m a in d e rs  c o n t a in e d  t h e  e n v e lo p e  

p l o t s .  T h e  t h r e e  p a g e s  o f  i n p u t  d a ta  and  s i x  p a g e s , e x c e r p te d  f r o m  

t h e  e n v e lo p e  p l o t s  c a n  b e  fo u n d  a t  th e  e n d  o f  S e c t io n  5 . 3 .

A  r e v ie w  o f  t h e  e n v e lo p e  p l o t s  show  t h r e e  re s o n a n c e s  b e tw e e n

1 .0  and  1 6 .0  H e r t z ;  1 . 4 ,  6 . 1  a n d  1 3 .6  H e r t z .  T h e  1 .4  H e r t z  re s o n a n c e  

i s  e v id e n c e d  b y  a m p l i f i e d  m o t io n s  o f  t h e  c a r b o d y  a n d  t r a i l e r s .  T he

6 . 1  H e r t z  re s o n a n c e  i s  a p p a r e n t l y  a c a rb o d y  r e s o n a n c e .  T h e  1 3 .6  H e r t z  

re s o n a n c e  i s  a p p a r e n t l y  a  t r u c k  r e s o n a n c e .

T h e  n e x t :  s t e p  i n  a n a ly s i s  w o u ld  b e  t o  lo o k  a t  t h e  d e t a i l e d  

m o t io n  o f  e a c h  re s o n a n c e .  T h is  i s  d o n e  f o r  t h e  1 .4  H e r t z  re s o n a n c e  

i n  E x a m p le  N o . 4 .
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REMOTE TERMINAL LISTINGS

S te p  1 :  C a l l  d a ta  f i l e ,  e n t e r  e d i t  m ode a n d  l i s t  CONTRL and
EX C IT  n a m e l i s t s .

S te p  2 : R e v ie w  and  n o t e  c h a n g e s  t o  b e  m ade .

G O .

OLD, FRAD1-08
/ E D I T

BEGIN TEXT E D I T I N G .
?

L i 1 7 7,00.o 4
scontri___,o
RUN0=0 0 0 , 0 3 a  ^ ‘
STARTM^ T j D y  D E L T A T = . 0 0 5 ,  STOPTM=02>),
ENVEL=(Tf[ X  E N V P L T < T 2 *  E N V C A L = . F . ,  ENPRMX=.F  
T I M H I S ^ T T p ,  T H S P L T < 2 ^ .  S N A P S H T = . F . , 
S T A R S N P = 5 .2 0 ,  DELTSNP=0 . 0 5 ,  S T 0P S N P =5 . 6 0 ,  
I P R I N T = 2 .
I G R O U P ^ g ) -------- Z
0THER=0,
D E B U G = . F . , S T A R D B = 4 . I 5 ,  S T 0 P D B = 4 . 1 7 , $
$EXCIT  
S I N E I N = . T . ,
AMP = 1 . 0 0 ,  0 . 0 0 ,  1 . 0 0 ,  1 . 0 0 ,  0 . 0 0 ,
pHAS= O.OO, 0 . 0 0 ,  1 8 0 . .  . 0 . 0 0 ,  0 . 0 0 ,

FQD0T=. 0 ,  B E T A ^ O ) *  NDECAY*DIN^T4^\ vin=o .o o , j~ tflN = (7 c i), $
$VEHIC

4 .0

1 . 0 0 ,
1 8 0 .  ,

£ o o o

* ------------ - p  f o  T

-------------- T  T o  P
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Step 3. Make changes to data file.

F * /R U N O /
RUN()=300. 0 3 ,

? F?S*/ .  0 3 / ,  /  . 0 4 /
? R S : / 2 . 0 / . / 1 . 0 /
? R S s / 1 2 / , / 6 0 /
? L ; 2

R U N 0 = 3 0 0 . 0 4 ,
STARTM=1 . 0 ,  D E L T A T = .0 0 5 ,  S T 0 P T M = 6 0 . ,

?
S ;2

? R S : / . T . / , / . F . / ; 2  
? R S s / . F . / i / . T . / ; 2
? L 52
' e n v e l = . t . ,  E N V P L T = . T . ,  E N V C A L = . F . ,  ENPRMX=.F  
T I M H I S = . F . ,  T H S P L T = . F . ,  S N A P S H T = .F . ,

?
F t / I G R O U P /

IG R 0 U P = 4 ,
? R S s / 4 / , / 2 /
? L

IG R 0 U P = 2 .
?

F : / F Q /
F Q = 0 . 5  , F Q D 0 T = . 0 .  B E T A = 0 .0 ,  N O E C A Y = I ,

? R S * / 0 . 5 / , / 1 . 0 /
? R S : / 0 . 0 / , / 4 . 0 /
? RSs/ = I , / , / = 5 0 0 0 , /
? L

FQ= 1 . 0 ,  . F Q D 0 T = . 0 ,  B E T A = 4 .0 ,  NDECA.Y=5000,
?

S
? R S : / . 0 , / , / . 0 1 , /
? R S : / 0 . 4 / , / 0 . /
? L ' ,

D I N = 0 . , V I N = 0 . 0 0 ,  G I N = . 0 1 , $
9

END
END TEXT E D I T I N G .

$ E D IT . F R A D 1 0 3 .
/

REPLACE
/

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

OLD.FRAD108 
/LNH 

5C0NTRL 
RUN0=300.04.
STARTM=1.0, DELTAT=.005, ST0PTM=60.,
ENVEL=.T.. ENVPLT=.T., ENVCAL=.F.. ENPRMX=.F..
T IM H IS=.F ., THSPLT=.F., SNAPSHT=.F..
STARSNP=5.20, DELTSNP=0.05 , ST()PSNP=5.60.
IPRINT=2, 
rGR0UP=2.
()THER=0.
DEBUG=.F.. STARDB=4.15, ST0PDB=4.I 7,$
SEXCIT 
S IN E IN =.T .,
AMP = 1.00, 0 .00 , 1.00. 1.00, 0 .00 . 1.00,
PHAS= 0 .0 0 ,  0 .00 . 180.. 0 .00 , 0 .0 0 ,  180.,
FQ=1.0 ,  FQ00T=.0, BETA=4.0. NDECAY=5000,
DIN=0. , VIN=0.00, GIN= .0.1 . $
SVEHIC 
NMAS=7.
M=2*22.3 3 .1 2 5 .0 ,8 .1 7 9 ,1 5 2 .6 5 ,7 .0 1 3 .1 4 8 .9 ,3 * 0 . .
INERT=22080..2 2 0 8 0 ..1 0 8 5 0 0 .,2 0 0 0 0 ..2 5 5 0 0 0 ..1 7 1 5 0 ..1 0 2 0 0 0 ..
. 294E7, . 3 1 9E7, . 15E8,. 15E8. . 1 3 1 E7, ..1 3 1 E7.2*0. ,
R=5 8 . ,7 9 i , 5 8 . ,7 9 . ,6 2 .2 5 ,4 3 .5 .6 2 .2 5 ,4 3 .5 .1 0 8 . .0 . ,
H=1 6 . ,VH=60.4 ,VH1=47.,VHR=37.8,VH1R=47..
L=7Q2.. VL I= 4 6 9 .,VL2=148., VL3=131 .4 .VL4=189.7.
VL1R = -89 .. VL2R=-41 3 . ,VL3R=11 5 .4 ,VL4R=208.6 ,
0R=536. , -5 3 6 .  . -3 9 .  , 39'.. 40. .224. ,226. ,254. ,245. ,235. . 
GAPB=.01.GAPA=.01*
K= .9 1 E5. . 95E5, .9 1 E5, .  480E5 , .6 0 E 4 .0 .0 ,  . 91 E5, .  95E5 . . 9  1 E5, .-480E5. .60E4,
0 .0 .  . 225E6,.1 5E 5..225E5,.1 8E 5..225E5,.5276E 5,.1 8E5. . 5276E5,

.225E6,.1 5E5. .225E5, .1 8E5. . 225E5, . 5276E5, . 1 8E5. . 5276E5, 2 * 0 . ,  
XZKM0M=.30E8. XRKM0M=.30E8,
KA6= . 92E7, KA1 2=. 92E7, KB6=. 6 1 85E8, KB 1 2=. 61 85.E8,
C= 150. ,20. , 150. . 140. ,225. .0 .  -. 1 50. ,20 . , 1 50. . 1 40. ,225. . 0 . .
1 0 0 0 ..  5 0 0 . .3 3 0 . .2 0 0 . .3 3 0 .  , 7 7 5 . .2 0 0 . ,7 7 5 . ,
1 0 0 0 ..  5 0 0 . .3 3 0 . .2 0 0 . .3 3 0 . .7 7 5 . .2 0 0 . .7 7 5 . .2 * 0 . ,
XZCM0M=.10E6. XRCM0M=.10E6,
CA6=.1 0E6,CA12=.10E6, CB6=.78E6.CB12=.78E6.$
$MODAL 
NM0DES=4,
RF=4.253.8.873,9.4.1 7 .9 .6 2 9 ,1 5 .5 1 9 ,  1 5 .5 9 9 .1 8 .0 2 9 ,3 *0 . ,
ZETA=7*0.0 2 ,3 *0 .0 .
NL0C=46.
COEF.C.I . 1 )=. 1 *  INTERRUPTED*

STOP
★TERMINATED*
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REMOTE TERMINAL LISTINGS ( c o n t in u e d )
Step 5. Call and list executive file. Check and modify as needed. 
Step 6. Submit Run to 7600.

OLD .FRARUN 
READY.
LNH
/J O B
C A S K E T , S T T C Z . T 2 0 0 , P 4 .
ACCOUNT,
ATTACH,HEADING.HEADING,MR=1 .
HEADING.
A T T A C H .F R A T E ,F R A T E O I , ID = J F C ,M R = 1 .
FRATE.
E X I T , U .
D IS P O S E , OUTPUT,PR, ST=TCA19 8 .
/EOR  
/N0.SEQ  
I DEL IVER  TO 

KACHADOUR 
MITRE CORP 
7 9 1 5  WEST 
PARK DR.
MCLEAN,VA.

/EOR
/R E A D ,F R A D 1 08
/E O F
READY.

SU B M IT .F R A R U N ,H =T C A ,T  
0 9 . 3 7 . 5 0 . ADLCAQH

SBU 0 . 2 5 5  UNTS.
READY.

BYE

DOTMITR  
SBU 
T I O  =

LOG OFF 0 9 . 3 7 . 5 6
0 . 9 6 3

5581

Step 7: Obtain Day File, when ready for access.

77

/



REMOTE TERMINAL LISTINGS (continued) - DAY FILE
□ F E T C H , . D A Y
A D L C A Q H  R E L E A S E D  T O  U S E R  A S  

* * * *  T W I N  C I T I E S  C Y B E R N E T  

O H H . M M . S S  C P U  S E C O N D  O R I G I N  
O B . 5 3 . 3 1 . T C A .  9 9

0 8 . 5 3 . 3 3  0 0 0 0 0 . 0 0 4  T C Z .
0 8 . 5 3 . 3 3  0 0 0 0 0 . 0 0 4  T C Z .
0 8 . 5 3 . 3 3  0 0 0 0 0 . 0 0 5  J O B .
0 8 . 5 3 . 3 3  0 0 0 0 0 . 0 3 2  J O B .
0 8 . 5 3 . 3 3  0 0 0 0 0 . 0 3 6  T C Z .
0 8 . 5 3 . 3 3  0 0 0 0 0 . 0 3 6  L O D .
0 8 . 5 3 . 3 4  0 0 0 0 0 . 0 4 1  U S R .
0 8 . 5 3 . 3 4  0 0 0 0 0 . 0 4 2  T C Z .
0 8 . 5 3 . 3 4  0 0 0 0 0 . 0 4 5  T C Z .
0 8 . 5 3 . 3 4  0 0 0 0 0 . 0 6 8  U S R .
0 8 . 5 3 . 3 4  0 0 0 0 0 . 0 6 9  U S R .
0 8 . 5 3 . 3 4  0 0 0 0 0 . 0 7 1  J O B .
0 8 . 5 3 . 3 4  0 0 0 0 0 . 0 7 4  T C Z .
0 8 . 5 3 . 3 4  0 0 0 0 0 . 0 7 5  L O D .  

0 8 . 5 3 . 3 7  0 0 0 0 0 . 2 0 9  U S R .
0 8 . 5 4 . 3 1  0 0 0 4 0 . 5 7 3  U S R .
0 8 . 5 4 . 3 1  0 0 0 4 0 . 5 7 3  U S R .

0 8 . 5 4 . 3 1  0 0 0 4 0 . 5 7 3  J O B .
0 8 . 5 4 . 3 1  0 0 0 4 0 . 5 7 4  J O B .
0 8 . 5 4 . 3 1  0 0 0 4 0 . 5 7 4  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 6  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 8  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 8  T C Z .
0 3 . 5 4 . 3 2  0 0 0 4 0 . 5 7 8  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 8  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 8  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 9  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 9  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 9  T C Z .

0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 7 9  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 8 0  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 8 0  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 8 0  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 8 0  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 8 0  T C Z .
0 3 . 5 4 . 3 2  0 0 0 4 0 . 5 8 0  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 8 0  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 8 1  T C Z .
0 8 . 5 4 . 3 2  0 0 0 4 0 . 5 8 1  T C Z .  

R E A D Y .

F I L E
C E N T E R  V 2 . 1 . 4  * * * * 0 5 / 1 6 / 7 8 7 8  1 3 6

T C A  S C O P E  3 . 4 . 3  4 0 6 F . 1 0 2  0 5 / 0 1 / 7 8
- C A Q H A . S T T C Z , T 2 0 0 , P 4 .

C Y B 0 2  -  J O B  N A M E -  C A Q H A 7 Y  
- A C C O U N T ,
- A T T A C H . H E A D I N G . H E A D I N G , M R = 1 .

P F 2 5 4  -  C Y C L E  3  A T T A C H E D  F R O M  S N - S Y S T E M  
- H E A D I N G .

F O R T R A N  L I B R A R Y  4  I O W  0 4 / 0 5 / 7 6
P F 6 4 6  -  P F M A C R O  -  A T T A C H  -  Z Z Z Q Q Z  -  H E A D 2 2  
P F 2 5 4  -  C Y C L E  2  A T T A C H E D  F R O M  S N = S Y S T E M  

S T O P
. 0 2 7  C P  S E C O N D S  E X E C U T I O N  T I M E  

- A T T A C H . F R A T E . F R A T E 0 1 , J D = J F C , M R = 1 .
P F 2 5 4  -  C Y C L E  1 A T T A C H E D  F R O M  S N = S Y S T E M  

- F R A T E .
F O R T R A N  L I B R A R Y  4 3 3  0 5 / 1 1 / 7 7

S T O P
4 0 . 3 6 3  C P  S E C O N D S  E X E C U T I O N  T I M E  

- E X I T , U .
- D I S P O S E , O U T P U T . P R , S T = T C A I 9 8 .

C Y B 0 1
C Y B 0 1
C Y P O I
R M 7 7 0
R M 7 7 1
R M 7 7 2
R M 7 7 3
R M 7 7 4

F I L E  O U T P U T  D C = 4 0  S T = T C A I 9 8  S I Z E = 0 0 0 0 0 0 0 6 1 8  I O D B  
F I L E  C A Q H A 7 Y  D C = 0 4  S T = T C A I 9 9  S I Z E = 0 0 0 0 0 0 0 0 0 6  I O D B  

F I L E  O U T P U T  D C = 4 0  S T = T C A I 9 9  S I Z E = 0 0 0 0 0 0 0 0 0 3  I O D B
M A X I M U M  A C T I V E  F I L E S  
O P E N / C L O S E  C A L L S  
D A T A  T R A N S F E R  C A L L S  
C O N T R O L / P O S I T I O N  I N G  C A L L S  
BM D A T A  T R A N S F E R  C A L L S  

R M 7 7 5  -  BM C O N T R O L / P O S I T I O N I N G  C A L L S  
R M 7 7 6  -  Q U E U E  M A N A G E R  C A L L S  

R M 7 7 7  -  R E C A L L  C A L L S  
S C M  1 6 5 1 . 0 9 3  K W S
L C M  7  9 6 3 . 2 7 2  K W S
I / O  0 . 0 7 6  MW
R M S  0 . 4 0 2  MWS
U S E R  3 9 . 9 7 9  S E C
J O B  4 0 . 5 8 2  . SEC
D I O  3 5 0 . 5 3 6  KW
S B U  5 0
S C 0 5 3  -  J O B  P R I O R I T Y  -  P 4

1
1 3

5 , 5 9 6
12

7 9 7
5 5

1 2 9
9 9



i n p u t  p a r a m e t e r s  f o r  f r a t e  p u n  n o . 3oo.oa
ENVELOPE RUN PARAMETERS

ENVELOPE PRINT PLOTS = T ENVELOPE CALCUMP PLOTS = F PRINT ALL POINTS FDR EACH MAX -F

- TOFC ENVELOPE PRINTER OUTPUT page 1

START TIME a 1 .GCODELTA t a .Ql-JSTOP TIME * 6C.OCOIGPOUP « 2IPRINT 2OThER C
DEBUG = FSTARDB ■ A , 1 6 CSTCPDb a A. 170

EXCITATION PARAMETERS

>o

MODEL PARAMETERS
N M A $ * 7
M - ,2233t+G2 • 2233E+02 • 12 50t+03 .8179E+01 .1527E+03 .7013E+01 .1A89E+03 0. 0. 0.
INERT * .22G6E+G5 . 1500E+ C6 . 2208E+05 .I31CE+07 , 1U 05 E + 06 •2GC0E+05 .2550E+C6 .13106+07 0, 0. .1715E+C5 • 1020 E +06 .29ACE+07 .3190E+07 •1500E+08
R ■ 'P.ooc 79. GCO 56.000 79.000 62.250 A3.500 62.250 A3.500 108.000 0.000
H 16.CCC
L » 792.CCC
OR < 636.CCC -636,000 -39.000 39.000 AO.000 22A.C0G 226.000 25A ,000 2A5.0CC 235.000

SINE IN * TA M P ( I) a l.OGC C.OCC 1.000 1.000 0.000 'l.OOOPHAS(I) = 0. OCQ O.OOC18G.OOO o.coo 0.000160.000FQ ■ 1 ,CuGPODUT a 0. LOGBETA * A. OCODIN = C .000VIN a 0 . u C 0GIN a .010NDEC AY x 5000



PRINTER OUTPUT page 2
INPUT PARAMETERS FDR FRATE - CONTINUED -

00o

K «•9100E+05 .9SC0E+05 , 9100E +0 6 .A80CE+05.600CE+CA 0 . .2250E+06 .150CE+05. 22 50 E +06 . 15CCE + 05 .2250E+05 .18006+05
XZKMGM * ,3ooot+oe XRKNGM » . 3Q00E + 08
K A 6 i92 C C E + C 7 KA12 • 9200E + 07KB6 * .6185E+08 KE12 * 618 5 E + 08
C ». 1500E + 03 . 2CCCE + 02 •15C0E+O3 •1A0GE+03. 2250E + 03 0 . . 1COOE + OA .50006+03• 1 00.0 t + 0 A . 5CCCE + 03 . 3 300 E +0 3 .2000E+03
X2CMCM = , 10GCE + C6 XRCMQM = .1U00E+06
CA6 b . 1000E + 06 CA12 .1000E+06CB6 , 780CE + C6 CB12 .7800E+06

V F B 60.AGOVHi * A7.CCCVH1R B A7.0CCVHP B 37,800V L 1 B A69.000V L 2 B 1A8.00CVL3 S 131 , AO CVLA a 189.700V L IP. B -89.000VL2R a -A13.00CVL3R a 115 .ACCVLAR = 208.600
G APB B .C1C0 G/PA * .C1CC

NORMAL MODE PARAMETERS
NROUES 
FREQ 
2 ETA

A
A.252 
. C 2C

8.673 9•A 17
.G2C .020

9.629 15.519
.020 •C2C

* A6NLCC



6000E+042250E+052250E+05
0.•180CE+05•5276E+C5

•9100E+05 • 2250E +05 .iejOE+05
.9500E+05 •5276E+05 • 5 276 E+05

•9100E+05 •1800E+05 0*
•̂ 800E+05•5276E+050*

22 50 E +03 3300E+03 3300E+03
0.•2000E+03.775CE+03

.1S00E+03 • 3300 E +03 .2000E+G3
.2C00E+02•77506+03.7750E+03

• 15 OOE + 03 •2000E+03 0*
*l<r00E + 03 •7750E+03 0*

18.029 0.000 0.000
. 020 • 0.030 0.000020 0*000



PRINTER OUTPUT page 3
NODE SHAPES FC-LLCta
.13913E+CC .663786-01 .512C0E-06 -. 12532F.-1C .592 C C E-Oo -.826286-01• b 2416 6-01 -. 52 9GGF-06.232666-09 .227CGE-C6 -.626286*01 0.-.788 776*01 .1520GE-06 C..924636-01 -.529C0E-06 .924636-01 .19473E+00 .194 73 E +G0 .6837PE-01 .683786*01 -.368 8 36—01. -.368036-01 -•903 88 t-C1 -.903 8EE-01 -.277136*01 -•2 7713E-Oi• 02 4166-01• 82416E-01 •2G96GE+G0 .2C96CE+OCC.c.c.0. c. c. c •0.c.0.c.c.c.c.

. 10 7 70t*G5 .321966-08 #566916-01 -.663476-03 .1CQ23E+C0 .129936-01 -•184 79 E-G 6 .7C426E-01• b5 5 68 E-03 -•5 0729E-0 1 -.12994E-C1 -.9306fcE-03.325CC6-C6 . 5 9 8 3 &E-C 1 .31250E-G2 -.3CS91E-G1 •70426E-G1 .3C59CE-01 .531C9E-C1 -.5 21C 5E-C1 .46627E-C1 46627E-C1• 3046 7E-C1 -.3G468E-C1 -.447E9L-C2. 44790E-02 -• 3 7 9 62 E* 01 . 37963E-GI 462C7E-C1 .462G6E-C1 496CCE-01 . 49596E-01 .198286400 .198386+00 .56b91E-01 .566916-C1 37963E-01 37963E-C1 79144E-0 1 79144E-01 -.26967E-C1 -.2C967E-G1 •70426E-01 •7C426E-C1 .2CP47E+C0 .20547E+CC

.54590E-05 -.49114E-06 .229106*01 .255286-02 .38352E-01 -.48616E-01 -.311696-06 .273626*01 -.242106-02- • 1634 96-01 .4B6C9E-01 .267996*02 . 2 0 0 3 0 E - C £ .22612E-01-•72860 E-03 .86550E-C1 •27362E-01 -.66552E-01 -.15010E+00 .150126+00 -.137856+00 .137656+00 -.106616+00 .106806+00 .796776-03 -.798406*03 .105006+00- .104996+00 . 130736 + 00-.13C73E+00 . 2 41436 + 00 -.141456+00 • 6 83 £2 E-01 .663826-01 ,2291oE*01- .2291CE-01 -.106596*01 -.1065 9 E*01 -.2 9014 E-01 -.290146-01 -.117106*01 -•11710E-01.273 62 6̂ 01 .273626*01 .659566*01 .859566*01

THt INITIAL DEFLECTION'S ARE
-3.331 .12C1E-01 -.34C36-02

. 5068 4.949 3.077
-.5246-3.703-3.82C

3437E-03



12234 E+00 15435E-01 35450E-05 11870E-06 X7500E-05 ? 5540 F-01 12350E-02 65180E-05 U127E-06 56870F-05 ?:?542E-01 12500E-06 4 8542 E-01 111 50 E—05 32000E-07 2 0347E-01 65180E-05 2C339E-01 23Q60 E +00 2 30 59 E +00 15429E-01 154 5 2 E -01 94654E-01 94664E-01 23972E-02 23973 E-02 88031E-01 8804CE-01 12409E-02 12289E-02 2 4311E +00 2 4310E + 00 9150CE-05 91500E-05 35400F-05 35400F-05 74500E-05 74500E-05 17700E-05 17700E-05 60200 E-0 5 6G200E—05 65200F-05 6 5200 E-0 5 34900E-06 34900F-06

• 3C97 56-03 - • 263 86E-C3.258B7E-C1• 194 3 7E-C3 -.16823E-02• B 72 51E-02 -.25615E-03 -•909986-02.46449E-C3 .56614B-01 -.860306-02 .300356-03 •15626E-03 .309016-01 7291CE-04 -.167716-01 -.9099 8 E-02 .164406-01 -.19955E-01 .214766-C1 -.107606-01 .1C232E-C1 .132696-01 -.135416-01• 1267 5 E-01 -.120846-01 -.106516-01.1C226E-C1 -.253396-01 .248 26E-C1 -.30410 E-01 .322756-01 -.23142E+C0 23142E+C0 .258876-01 .25887E-01 . 858196-01• 8 5819E-01 -.19381E-02 -.193 81E-C2 -.80215E-01 -.802156-01 -.9C998E-C1 -•90998E-01.25389E+C0 .253896+00

.89504E-01 -•77 567E-01 -•9023 OE-04 -.76683E-06 .67860E-05 .12443E-01 -.72525E-01 •30190E-C4 -,16 82 9E-05 -.205606-03 •12505E-01 11610E-05 •48004E-01 -.10844E-03 ,2780CE-C6 -.46573E-01• 30190E- 04 -•4669 4E-01.22085E+00 .22069E+00 -.77525E-01 - . 7760 8E-01 -.440996-01 -•44004E—01 .83891E-01 .839826-01 -•5 502 5E-01 -.55100E-01 72434E—01 -•72616E-Cl .25533E+0C .25510E+CC• 81881E-03 .818816-03-•90230E-04 -•902 3 0E —04 -.30110E-03 -.30110E-03 .7020CE-05 •7C200E-05 .281106-03 •2811CE-03 ■30200E-04 •30200E-04 -.898906-03 -.89890E-03

.177006-05-.219176-05.13271E-C1.389126-02• 21243E-C1• 2 2 404 E-01 -•21001E-C5• 4 8991F-02• 34C39E-02 —.41308E-02- • 22 4lOE-pl .476336-02• 3 2660 E-05- . 13 473 E-02 -. 13 479E-0212169E+C0 .489916-02 .121696+00 -.294226+00 .294236+00 -•21013E+00 •21C12E+00 —«14619E—01 .14612E-01 .141616+00 -.141616+00 -.443906-01 .443956-01 -.18361E+C0 .183816+00 -.244506+00 .24 4 51E +00 •46C09E-01 . 46 009 E-01 .132716-01• 13 2 71E-01 40606E-02 40608 E-02- ,42 866E-02 -.428666-02.109406-01 .109406-C1 .4 8991E-02 .489916-02 -.36793E-01 -.367936-01



TOFC ENVELOPE (CONTINUED)
Sample printer plot showing 1.4 Hertz resonance.

ENVELOPE PRINT PLOTS FOR TFC2 POINT

Z IS SYMBOL FOR ZA AND -  IS SYMBOL FOP COPFESPCND 1 NG XA 
X IS SYMBOL FDR XA AND + IS SYMBOL FOP CORRESPONDING ZA

00TO

.65E-02 -8 .2 6 E -C 3 0 8.2 6E- 03

Z

Z

Z

Z

Z

Z

X

X

Z

X

**

X

X

X

X

X
X

X

z
z
z
z
z
z
z

1. 6 5E -C2
TIME FRO VALUE MAX
2.205 1 . 1 1 .1094E-01 X
2.660 1 . 1 3 . 5650E-02 Z
3.985 1. 20 .1195E-G1 X
4.400 1 .23 .6975E-02 Z
5.625 1.30 . 1456E-01 X
6.000 1 .32 .7586E-02 Z
7.1 6 0 1 . 3 9 .16 35 E- 01 X
7. 5 1 0 1 . 4 1 • 8870E-02 Z
8.60 5 1, 4 9 .1653E -0 1 X
8.925 1 . 5 1 .7183E-02 Z
9,965 1 .5 6 . 1393E-01 X

10.250 1 . 6 1 .5484E-02 Z
1 1 . 2 3 5 1 . 6 6 .9713E-02 X
1 1 . 4 6 5 1 . 7 0 »307 2E-Q2 Z
1 2,425 1 .7 8 .6233E-02 X
12 .6 10 1 .79 .2156E-02 Z
1 3 .5 4 5 1 . 8 7 . 4187E-02 X
13.695 1.88 • 2312 E-02 Z
14.590 1, 96 • 1652 E-02 X
1 4,7 30 1. 96 .9253E-03 Z
15 ,5 5 0 2.05 .1562E-02 X
1 5 . 7 1 5 2 .0 7 . 7801E-03 z
1 6 . 5 1 0 2 .1 4 • 2063E-02 X
16,620 2 .1 6 • 10358*02 z
1 7.4 3 5 2.24 •1433E-02 X
17 ,5 00 2.24 .3505E-03 z
18.320 2.33 .1 31 4E -0 2 X
18.360 2.34 • 5280 E-03 z
19 .18 0 2.43 • 1348 E-02 X
19 .1 B 5 2.43 .1182 E-02 z
19.985 2.5 2 • 9468E-03 z
2C.005 2.52 • 9774 E-03 X
20,765 2 .6 1 • 6602 E-03 z
20,815 2.62 . 5580 E-03 X
2 1 . 5 1 5 - 2.70 •115 7E-02 z
21.600 2 .7 1 .5542E-03 X
22.235 2.7 9 '• 1 531  E-02 z
22,360 2.81 • 5212E-03 X
22.935 2.89 .1252E-02 z
23.085 2 .9 1 • 2 82 5 E-03 X
23.620 2.98 .1089 E-02 z
23.780 3.00 .23846-03 X
24.280 3,07 • 1508 E-02 z
24.450 3.09 . 4 7 3 1 E-03 X
24.925 3. 1 6 «1932 E-02 z
25.090 3 . 1 9 .6360 E-03 X
25,545 3.26 .1848 E-02 z
2 5 .7 1 5 3.28 • 5709E-03 X
26.150 3.35 •1575 E-0 2 z
26,320 3.3 7 • 4901E-03 X
26,740 3.44 • 1656 E-02 z
26.91 0 3.47 . 5 9 3 1 E-03 X
2 7 . 3 1 5 3.53 .2058E-02 z
27.485 3.5 6 .784 8E-03 X
27,8 75 3.63 • 2314 E-02 z
28.045 3.65 .8478 E-03 •xX



TOFC ENVELOPE (CONTINUED)
Sample printer plot showing 6.1 Hertz resonance.

-ENVELOPE PRTNT PIOTS FTP IF C2 P l~l T NT__5___________________
.Z_lS _SY-MBD l_E.GR_ZA_ AND._=._.IS_LYI3!1QL_EQ£_CG RPES.PCND I NG_ XA
X IS SYMBOL FOR XA AND + IS SYMBOL FOR CORRESPONDING ZA

___ =l.t»5E=.Q2_________________ 26E-03________________________Q.«_______________________0^26E=.Qi----------------------------l.-b'SErOZ
+ . X 31.110 4.21 .8326 E-03 X

- , z 31 .<.30 4.27 .26726-02 Z
. x 31.580 4.30 .7370E-03 X

-  , Z 31.895 4,37 .2582E-02 Z
. X 32.045 4.40 . 6743E-03 X

-  , z 32.350 4.46 •2694E-02 Z
♦ . X 32.495 4.49 ,7152 E-03 X

_ , z 32.795 4.55 .3016 E-0 2 Z
+ . X 32.935 4.58 . 8235E-03 Xz 33.230 4.64 • 3382 E-02 Z

. X 33.370 4.67 .934 6 E-03 X1 33 .655 4.74 • 3 606 E-02 Z

. x 33.795 4.77 ,9614 E-03 X
- , l 3<r .075 4.83 .365 2 E-02 Z

» X 34.215 4.86 ,9089 E-03 X
-  , l 34.490 4.92 . 3609E-02 Z

+ . X 34.625 4 .95 .83 63 E-03 X
-  , l 34.690 5 . or • 3642E-02 Z

. X 35.025 5.05 • 8096E-03 X
-  , 2 35.290 5 .11 • 3635 E-02 Z

+ . X 35.420 5.14 .8484E-03 X1 35 .660 5.20 .4144 E-02 Z
. x 35.810 5.23 ,9262 E-03 X1 36.06C 5.29 . 4453E—02 z
. X 36.190 5.32 . 9890E-03 X

- , 1 36.440 5.39 . 4662E-02 z
. X 36.565 5.42 , 9908E-03 X

z 36.610 5.46 . 4716E-02 z
. X 36.935 5.51 .9236E-03 X

z 37.170 5.57 .4646 E—02 z
+ . X 37.295 5.60 • 8203 E-03 X

- . z 37.530 5.66 . 4 581E—02 z
» X 37.655 5 .70 »7188 E—03 X

z 37.885 5.76 , 4 545 E-02 z
. X 38.005 5.79 .6593 E—03 X

z 38.230 5.85 . 4623E-02 z
♦ . X 36.350 5.86 . 6400E—03 X

_. z 38.570 5.94 . 4736 E-02 z
+ . X 36.690 5.96 .6394 E-03 X

_ 36.905 6.04 , 4823E—02 z
+ . X 39.025 6.07 , 6244E-03 X

- 6.1 Hertz 39.235 6.13 .4820E-02 z
+ . X 39.350 6.16 . 5735E-03 X

- z 39.560 6.22 .4702E-02 z
+ . .X 39.675 6.25 . 476 4E—03 X

_ z 39.885 6.32 • 4500E-02 z
+ .X 39.995 6.35 .3479E-03 X

_ z 40.200 6.41 ,4270 E-02 z
+ .X 4C.305 6.44 .2192 E—03 X

- 7 40.510 6.5C «406 3E-02 z
♦ X 40,615 6.53 .1140E-Q3 X

- l 40.815 6.59 • 3911E-02 z
X 40.915 6.62 . 5243E-04 X
_ 7 41.120 6.69 . 38 52 E-02 z
X 41.205 6.71 . 4436E-04 X
- 1 41.415 6.76 .3 831E-02 z
X 41.485 6.60 .9891E-04 X
- z 41.710 6.87 .3840 E-02 z
.X 41.765 6.69 .1902 E-03 X
- 1 42.000 6.96 . 3803E-02 z
.X 42.050 6.96 •2788E-03 X
- l 42.265 7.06 .3697E-02 z
.X 42.335 7.07 . 3441E-03 X
- 2 42 .570 7.15 .3550E-02 z
.X 42.615 7,16 ,3822 E-03 X
- z 42,650 7.24 »3 34 2E-0 2 z

4 .X 42.895 7.26 . 4047E-03 X
- , 7 43.125 7.34 .3152 E-02 z

+ .X 43.170 7.35 .4 27 1E-03 X1 43.395 7,43 • 3C16E-02 z
4 .X 43.440 7,44 .4671E-03 X1 43.660 7.52 . 290 5 E-02 z
4 . X 43.710 7.54 • 5282E-03 X

- , l 43.925 7.61 .2871E-02 z
4 . X 43.975 7.63 , 6169E—03 Xz 44 .190 7 .7 1 , 2686E-02 z

83



TOFC ENVELOPE (CONTINUED)
Sample printer plot showing 13.6 Hertz resonance.

ENVbLCPL PRINT PLOTS FOR TFC2 POINT 1

4 IS SYMBOL FOR ZA AND -  IS SYMBOL FOP CORRESPONDING XA 
X IS SYMBOL FOR XA AND + IS SYMBOL FOR CORRESPONDING ZA

-6.81E-02 -3.40E-C2 0. 3.4QE-02 6.81E-02

.X 2.165 1 . 1 1 • 7189E-03 X
- z 2.590 1.13 •1316E-01 Z
.X 3.945 1.20 . 8046E-03 X

z A. 295 1.22 .1318E-01 Z
.X 5.580 1.29 • 9747 E-03 X

z 5.880 1.31 . 1316E-01 Z
.X 7, 115 1.39 .1095E-02 X
- z 7.350 1.40 . 1312E-01 Z
+x_ 6.560 1.49 .1101E-02 X

- z 54.980 12.69 .5611E-01 Z
X 4 54.990 12.69 • 3194E-03 X
- z 55.135 12.78 .5 725 E-01 Z
X 4 55.150 12.79 .3119E-03 X
- z 55.295 12.87 . 5896E-01 Z
X 4 55.305 12 .88 .3051E-03 X
- z 55.450 12.96 .6076E-01 Z
X 4 55.460 12.97 .2972E-03 X
- z 55 .605 13.06 • 6188 E-01 Z
X 4 55.615 13.06 • 2912 E-03 X
- z 55.755 13.15 . 6338E-01 z
X 4 55.770 13.16 . 2835E-03 X
- z 55.910 13.24 .6488E-01 z
X 4 55.920 13.25 .2759E-03 X
- z 56.060 13.34 .6624 E-01 z
X + 56.075 13.34 • 2642 E—03 X
- z 56,210 13.43 »6 70 7E-01 z
X + 56.225 13.44 .2572E-03 X
- 2 56.360 13.52 .6767E-01 z
X 4 56.370 13.53 .2491E-03 X
- z 56.510 13.62 .6687E-Q1 z
X 4 56.520 13.62 .2431E-03 X
- z 56.655 13.71 .6806E-01 z
X + 66.670 13.72 .2276E-03 X
- z 56.800 13.60 • 6733 E-01 z
X 56.815 13.81 .2205 E-03 X
- z 56.945 13.89 . 6 649 E-01- z
X 56.960 13.90 .2093 E-03 X
- z 57.090 13.99 . 6594E-01 z
X ■f 57,105 14,00 »1958 E—03 X
- z 57.235 14.06 .6464E-01 z
X 4 57.245 14.09 • 1 839E-03 X
- z 57.375 14.17 • 6270 E-01 z
X + 57.390 14. ie • 1725 E-03 X
- z 57.520 14 .27 •6037E-01 z
X 4 57.530 14.27 . 1611E-03 X
- z 57.660 14.36 . 5881E-01 z
X 4 57.670 14.37 , 1492E—03 X
- z 57.800 14.45 . 5628 E-01 z
X 57.810 14.46 .1383E-03 X
- z 57.935 14,54 .54 82 E—01 z
X + 57.950 14.55 . 1268 E-03 X
- z 58.075 14.64 . 5285E-01 z
X 4 58.085 14.64 •1177E—03 X
- z 58.210 14.73 • 5083E-01 z
X + 58 .225 14.74 . 10 73 E-03 X
- z 58.345 14.62 . 4836E—01 z
X 4 58.360 14.83 .1008 E-03 X
- z 58.480 14.91 , 4640E-01 z
X + 58.495 14.92 . 93 50E-04 X
- z 58.615 15.01 • 448 7E-01 z
X 4 58.625 15.01 . 85 93E-04 X
- z 58.750 15.10 . 4279E—01 z
X 58.760 15 .11 . 6218E-04 X
- z 58.880 15.19 • 4113E-01 z
X ♦ 58.895 15.20 •7527E-04 X
- z 59 • Cl 5 15.29 •3873E-01 z
X + 59.025 15.29 .7 1 8 1 E-04 X
- z 59.145 15.38 .37726-01 z
X + 59.155 15.39 . 6739E—04 X
- z 59.275 15.47 . 3623E-01 z
X 4 59.285 15.48 .6305E-04 X
- 2 59.400 15.56 • 3437E—01 z
X 4 59.415 15.57 •5859E-04 X

84



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 he made.

Line 2. Change 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/IODB input and 
day file 
.05/I0DB output 

1.15/SBU

9 I0DB 
350 IODB 
23 SBU

$ .90
1.00 
.17

.18
17.50
26.45

Total run cost $46.20
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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

i

A END,

PLATFORM TRAILER

i

FIGURE 12
RELA TIV E DEFLECTION IN RO LL/LA TERAL 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.FRAD I  08 
/ E D I T

BEGIN TEXT E D I T I N G .

L ; 1 7
SCONTRI_____ 300,0 U
RUN0<3Cp.05^)
ST ARTM=2TTTT DELTAT=. 005 
ENVEL=.F., ENVPLT=.F.,

, STOPTM 
EN V C A L = . F .

3 0 .

ENPRMX=.F
T I M H I S = . T . , T H S P L T = .T . . SNAPSHT=.F. ,  
STARSNP=5. 2 0 ,  DELTSNP=0. 0 5 ,  ST0PSNP=5. 6 0 ,  
I P R IN T = 2 ,
IGR0UP=4,
0THER=0,
DEB U G = .F . . STARDB=4. 1 5 ,  ST0PDB=4.I  7 . $  
$EXCIT
S I N E I N = . T . ,
AMP = 1 . 0 0 . 0 . 0 0 . 1 . 0 0 , 1 . 0 0 , 0 . 0 0 . 1 . 0 0 ,
PHAS=__ 0 . 0 0 , 0 . 0 0 . 1 8 0 . ,  0 . 0 0 . 0 . 0 0 , 1 8 0 . ,
F O = C j D \  FQDOT^TcD  BETA=0 . 0 . N D E C A Y f K
D I N = t O } \  C vT n = 0 . 0 0 . G I N = . 0 , $ /
$ V E H l C \  M-O'-' -v, ^ 5oo o

? b.2 ^
F : / R U N O /

RUN0 = 3 0 0 . 0 5 .
? R S S / . 0 5 / . / . 0 6 /
? R S s / 12 / , / 3 0 /

L J 2
RUN0 = 3 0 0 . 0 6 .
STARTM-2 . 0 . D E L T A T = .0 0 5 , S T0 PTM=3 0 . ,

F s / F Q /
FQ=0 . 5 , FQD0T = . 0 , BETA=0 . 0 , NDECAY=1 ,?

R S : / 1/ , / 5 0 0 0 /
? R S : / . 0 / , / . 0 2 /
? R S s / 0 . 5 / , / 1 . 0 /?

L ;
F Q = 1 . 0 . FQDOT=. 0 2 , BETA=0 . 0 , NDECAY=5 0 0 0 .?

S
? R S : / 0 . 4 / , / 0 . 2 /
? L

D I N = 0 . 2 , V I N = 0 . 0 0 , G I N = . 0 , $?
END

END TEXT  E D I T I N G .
$ E D I T , F R A D 10 8 .
/

REPLACE
/
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O LD ,F RA D108 
/ L N H  

SGONTRL 
RUN0 = 3 0 0 . 0 6 ,
STARTM=2 . 0 , D E L T A T = . 0 0 5 , ST0 PTM=3 0 . ,
E N V E L = . F . , E N V P L T = . F . , ENVCAL=. F . , E N P R M X = . F . ,
TIMH. I 'S=. T . , THSPLT= . T o , S N A P S H T = . F . .
STARSNP=5 . 2 0 , ' DELTSNP=0 . 0 5 , ST0 PSNP=5 . 6 0 ,
I P R I N T = 2 ,
IGR0 UP=4 , ,
0THER=0 ,
D E B U G = . F . , STARDB=4 . 1 5 . ST0 PDB=4 . I 7 . $
SEXCIT  
SI  N E I N = . T . ,
AMP = 1 . 0 0 , 0 . 0 0 , 1 . 0 0 , 1 . 0 0 . 0 . 0 0 , 1 . 0 0 ,
PHAS= 0 . 0 0 , 0 . 0 0 . 1 8 0 . ,  0 . 0 0 . 0 . 0 0 , 1 8 0 . .
F Q = 1 . 0 . FQD0 T = . 0 2 , BETA=0 . 0 .- MDECAY=5 0 0 0 ,
D I N = 0 . 2 ,- - V I N = 0 . 0 0 , G I N = . 0 . $
SVEHIC
NMAS=7 .
M=2 * 2 2 . 3 3 . 1 2 5 . 0 , 8 . 1 7 9 . 1 5 2 . 6 5 , 7 . 0 1 3 . 1 4 8 . 9 , 3 * 0 . ,
IN ER T=2 2 0 8 0 . , 2 2 0 8 0 . , 1 0 8 5 0 0 . , 2 0 0 0 0 . . 2 5 5 0 0 0 . , 1 7 1 5 0 . , 1 0 2 0 0 0 . ,
. 2 9 4 E7 , . 3 1 9 E 7 . . 15E8 , . 15E8 . . 131E7 , . 131 E7 . 2 * 0 . ,
R=5 8 . . 7 9 . , 5 8 . , 7 9 . . 6 2 . 2 5 , 4 3 . 5 . 6 2 . 2 5 , 4 3 . 5 , 1 0 8 . . 0 . ,
H= 1 6 . , VH=6 0 . 4 , VH 1= 4 7 . , VHR=3 7 . 8 , V H 1R=4 7 . .
L = 7 9 2 . , V L 1 = 4 6 9 . , VL2=1 4 8 . , VL3=1 3 1 . 4 . VL4=1 8 9 . 7 ,
V L 1R = - 8 9 . , V L 2 R= - 4 1 3 . . V L 3 R = 1 1 5 . 4 , V L 4 R=2 0 8 . 6 ,
OR=5 3 6 . , - 5 3 6 . , - 3 9 . , 3 9 . , 4 0 . , 2 2 4 . , 2 2 6 . , 2 5 4 . . 2 4 5 , , 2 3 5 . .
GAPB= .01  .GAPA = . 0.1 ,
K= . 9  1 E5 , . 9 5 E 5 , .91  E5 , . 4 8 0 E5 . .  6 0 E4 , 0 . 0 , . 91 E5 , . 9 5 E5 . . 9 1.E5 , . 4 8 0 E5 . . 6 0 E4 ,
0 . 0 . . 2 2 5 E6 , . 15E5 . . 2 2 5 E5 , . 18 E5 . . 2 2 5 E5 , . 5 2 7 6 E5 . , 18 E5 , . 5 2 7 6 E5 ,

. 2 2 5 E6 , . 15 E5 , . 2 2 5 E5 , . 1 8 E5 . . 2 2 5 E5 , . 5 2  7 6 E5 . . 18E5 , . 5 2 7 6 E5 , 2 * 0 . ,  
XZKM0 M = . 3 0 E8 , XRKM0 M = . 3 0 E8 ,
KA6= . 9 2 E 7 , K A I 2 = . 9 2 E7 ,K B 6 = . 6 1 8 5 E8 , K B 12= . 6 1 8 5 E8 ,
C = 1 5 0 . . 2 0 . , 1 5 0 . . 1 4 0 . , 2 2 5 . , 0 . . 1 5 0 . , 2 0 . , 1 5 0 . . 1 4 0 - , 2 2 5 . . 0 . .
1 0 0 0 . .  5 0 0 . . 3 3 0 . . 2 0 0 . . 3 3 0 . . 7 7 5 . . 2 0 0 . . 7 7 5 . ,
1 0 0 0 . .  5 0 0 . . 3 3 0 . . 2 0 0 . . 3 3 0 . .  7 7 5 . , 2 0 0 . , 7 7 5 . , 2 * 0 . ,
XZCM0 M = . 10 E6 , XRCM0 M = . I 0 E6 ,
CA6= . 1 0 E6 .CA 1 2= .  1 0 E6 ,C B 6 =±. 7 8 E6 ,CB I 2 = . 7 8 E6 . $
$MODAL 
NM0DES=4 , ■
RF=4 . 2 5 3 , 8 . 8 7 3 , 9 . 4 1 7 . 9 . 6 2 9 , 1 5 . 5 1 9 . 1 5 . 5 9 9 , 1 8 . 0 2 9 . 3 * 0 . ,
ZETA=7 * 0 . 0 2 , 3 * 0 . 0 ,
NL0 C=4 6 ,
C0 E F ( 1 . 1 ) = . 1 3 9 1 3 3 , . 6 8 3 7 7 6 E - 1 , . 5 1 2  *  INTERRUPTED*

STOP
★ TERMINATED*

REMOTE TERMINAL LISTINGS (continued)
Step 4. Call and list data file and check for correctness.
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REMOTE TERMINAL LISTINGS (continued)
Steps 5 and 6. Call and list executive file. Check. Submit to 7600.

OLD,FRARUN 
READY.
LNH
/JOBCASKET,STTCZ,T200,P4.
ACCOUNT,
ATTACH,HEADING,HEADING,MR=1 . 
HEADING.
ATTACH,FRATE.FRATEOI,ID=JFC, MR=I. 
FRATE.
EXIT U•
DIS POSE,OUTPUT.PR,ST=TCA198.
/EOR 
/NOSEO 
1 DELIVER TO 
KACHADOUR 
MITRE CORP 
7915 WEST 
PARK DR.MCLEAN,VA.

/EOR
/READ,FRAD108
/EOF
READY.
SUBMIT,FRARUN,H=TCA,T 
I 5.48.42.ADLCCRK

SBU 0.268 UNTS.
READY.

S tep  7 : O b ta in  D ay  F ile , w hen ready fo r  access.
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REMOTE TERMINAL LISTINGS (continued) - DAY FILE

QFETCH,.DAY
ADLCCRK RELEASED TO USER AS - FILE
**** TWIN CITIES CYBERNET CENTER V2.1.4 **** 05/16/78 78136
OHH.. MM.SS CPU SECOND ORIGIN

15.121.49,.TCA. 99
16.. 1 1.05 00000.005 TCZ.16.. 1 1.05 00000.006 TCZ.
16.. 1 1.05 00000.006 JOB.16,. 1 1.07 00000.034 JOB.
16.. 1 1.07 00000.038 TCZ.16.. 1 1.07 00000.038 LOD.
16.. 1 1.07 00000.043 USR.
16., 1 1.07 00000.044 TCZ.
16.. 1 1.07 00000.047 TCZ.16,. 1 1.07 00000.071 USR.16., 1 .1.07 00000.071 USR.
16., 1 1.08 00000.073 JOB.
16., 1 1.08 00000.077 TCZ.
16., 1 1.08 00000.077 LOD.16., 1 1. 18 00000.212 USR.
16., 1 1.42 00018.319 USR.
16.. 1 1.42 00018.319 USR.
16., 1 1.42 00018.319 JOB.
16.,1 1.42 00018.320 JOB.
16., 1 1.42 00018.320 TCZ.
16.. 1 1.57 00018.322 TCZ.16.,1 1.57 00018.324 TCZ.16.. 1 1.57 00018.324 TCZ.16., 1 1.57 00018.324 TCZ.16., 1 1.57 00018.324 TCZ.16., 1 1.57 00018.325 TCZ.16.. 1 1.57 00018. 325 TCZ.16., 1 1.57 00018.325 TCZ.
16., 1 1.57 00018.325 TCZ.
16., 1 1.57 00018.325 TCZ.
16. 1 1.57 00018.326 TCZ.
16., 1 1.57 00018.326 TCZ.16., 1 1.57 00018.326 TCZ.16., 1 1.57 000.18.326 TCZ.
16. 1 1.57 00018.326 TCZ.
16.. 1 1.57 00018.327 TCZ.16. 1 1.57 00018.327 TCZ.16.1 1.57 00018.327 TCZ.16.1 1.57 00018.327 TCZ.READY.

TCA SCOPE 3.4.3 406F.102 05/01/78
-CCRKA.STTCZ.T200, P4.

CYB02 - JOB NAME- CCRKA3M
-ACCOUNT.
-ATTACH.HEADING.HEADING.MR=I.

PF254 - CYCLE 3 ATTACHED FROM SN=SYSTEM 
-HEADING.
FORTRAN LIBRARY 410W 04/05/76
PF646 - PFMACRO - ATTACH - ZZZOQZ - HEAD22 
PF254 - CYCLE 2 ATTACHED FROM SN=SYSTEM STOP

.028 CP SECONDS EXECUTION TIME 
-ATTACH.FRATE.FRAT.E01 , ID=JFC.MR=1 .

PF254 - CYCLE I ATTACHED FROM SN=SYSTEM
-FRATE.
FORTRAN LIBRARY 433 05/11/77

STOP
18.106 CP SECONDS EXECUTION TIME 

-EX IT,U.
-DISPOSE.OUTPUT,PR,ST=TCA198.

CYBOI - FILE OUTPUT DC=40 ST=TCAI98 SIZE=0000000350 IODB
CYBOI - FILE CCRKA3M DC=04 ST=TCAI99 SIZE=0000000006 IODB
CYBOI - FILE OUTPUT DC=40 ST=TCAI99 SIZE=0000000003 IODB
RM770 - MAXIMUM ACTIVE FILES 1
RM77I - OPEN/CLOSE CALLS 13
RM772 - DATA TRANSFER CALLS 3,327
RM773 - CONTROL/POSITIONING CALLS 12
RM774 - BM DATA TRANSFER CALLS 735
RM775 - BM CONTROL/POSITIONING CALLS 63
RM776 - QUEUE MANAGER CALLS 121
RM777 - RECALL CALLS
SCM 743.750 KWS
LCM 3 596.885 KWSI/O 0.044 MWRMS 0.169 MWS
USER 17.882 SECJOB 18.328 SECDIO 320.840 KW
SBU 23
SC053 - JOB PRIORITY - P4



TOFC TIME HISTORY PRINTER OUTPUT page 1

INPUT P A R A M E T E R S FOR F R A T E  RUN NO 300.06
TIMF HISTORY RUN PARAMETERS

TINE HISTORY PRINT PICT «T START TIME * 2.GCQ DELTA T = .005STCP TIME = 3U . CC0 1GRDUP « AIPPINT = 2OTHER = C
DEBUGSTARDBSTCPDB

FA . 15C A.170

nOCO

EXCITATION PARAMETERS 
. SINE1N « TAMP(I> ' l.OCC C.CCC 1,000 1.000 0.000 1.000

phas(I)  = o.coo o.occiec.ooo o.oco o.cooieo.oooFC * l.OCOFCDOT « •C 2 CBETA <* O.CCODIN - .200VIN = O.COOGIN B C.CCCNCECAY «*' 5000
MODEL PARAMETERS

NNAS * 7
M • ■ .22 3 2 E +C 2 .2233E+02 • 12 50 E +03 . 81796 + 01 .1527E+03 .7013E+01 .1A 89E + 03 0. 0. 0.
INERT ■= • 220 EE+ 05 . 15CCE + C6 • 2 206 E +0 6 •1310E+07 ,10856+06 .20006+05 .2550E+06 •1310E+07 0. 0. .1715E+C5 .1020E+06 • 29AO E +07 • 3190E + 07 .15C0E+08
R - t e. o o c 79.CGC 56.000 79.000 62.250 A3.50C 62.25C A3.500 108.000 O.COO
H = I6.CCC
L - 792.CQC
OR . 526.CCC -536.000 -39.000 39.000 AO.000 22 A•000 226•COO 25A.000 2A5.00C 235.000
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PRINTER OUTPUT page 2

INPUT PARAMETERS FGR FRATb -  CONTINUED -

'O

K •910CE+C5 .95CCE+CS .9100E+G5 .A8C0E+G5•600GL+CA 0  • . 2250E+C6 •150GE+G5. 2250E+06 • 16CC6+C5 •2250E+C5 .1SQCE+05
XZKMCJM = .3G0CE+08 X F KMOM = • 3000 E + C 6
K At .9200E+07 KA12 .9200E+07
K d6 8 .. fcl o 5 E + 06 KB 1 2 .618 £ E + C6
C .15CCE+C3 . 2UL0E + 02 . ia00E + 03 • 1A OC E +03.2250E+C3 0 . .lOOOE+OA • 50001 +0 3. .lOOOE+OA . 50CCE + 03 .3300E+03 .200GE+G3
XZCMOK = , 10CCE + 06 XRCMOK « .XQ00E+C6
C Afc , a OC C E-*Q6 CA12 .1Q00E+06C Bfc . 780CE+C6 C E 12 • 7B00E + C6
Vh a g o . a o g
V h i a A 7 .0C C
VH1P a A 7 . 0 0 C
VHP * 3 7 . 6 0 0
V L 1 «= A69.GGG
V L 2 = 1 A 6 . 0 0 C
V L 3 = 1 3 1 .ACC
V LA 1 P 9 . 7 C C
V L 2 R = - 8 9  .OCc
VL?R a - A 1 3 . G C C
VL3R a 11 5  .ACC
V LAR s 2 C 8 . 6 0 C
G APB e . 0 1 0 0 GAP A » .C 1 C 0

NORMAL MODE PARAMETERS
NMODES * A
FREQ = A . 2 5 3 8 . 8 7 3 9 • A 17 9 . 6 2 9 1 5 . 5 1 9
Z ETA '  . 0 2 0 . 02C . 0 2 0 . 0 2 0 . 02C
MGC * A6



6000E+042250E+05225CE+05
C..1800E+05 .5 276 E +05

.9100E+C5• 2 250 E +0 5• 1800E + 05
.9500E+05 •5276E+05 •52766+05

•91C0E+05 • 180C E + 05 0.
.4800E+05•5276E+050.

2250E+03 3300E+03 3300E+03
0.. 2C0CE+C3 •775CE+C3

.1500E+03 ,3300 E +03 .2000 E +0 3
.2CC0E+02• 7 750 E + 03• 7750 E + 03

•15COE+03•2000E+030.
•1400E+03•775CE+030.

15.599 18.029 0.000 C.000 G.000
.020 0.000 0.000020 O.OCO
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HOOptrlOOOOrtHHHNNNNHrtNCijHH OOOOOQOOOOOOOOOOOOOOOOO l + > l l > > > > !  I I  I I I I  I I I  t i l lill ni lil | i | m u n i n u  m  m  m  m  in uj 111 m in m in lu lu LLi 
N H H O l A H H O H O ’ O ' H H C D C O O ' O O O H H n i n
< ; H H m ( ' ) ( ’i ( o > r > r o o ( \ i o j v O i i J D C D c ^ a ' C 7 - u ' t v [s-j - ' f i f ' f i f c o c o ^ i r ' O - O f o m o O N ^ o o c o c o ' O - o

t i l t  t i l l  l l

H H H H H H r i o o m m ' r - r m m u F u i m p i v r ' r m m0 0 0 0 0 0 0 0 0  o o o o o o o o o o o  o  o  o1 I i I i I I >> I I I I I I I I I I I I I I
\jJ .11 III LU <11 III III III 111 III ill 111...... . HI HI UJ III 11 r IJJ ill LIJ III• r r - » c \ j i n o < - > o c n o r - i t - » o o o o o o o c > o o o o
OO'CDr'JOmHm^SCOCOmrOrHrHOO'HrHOOO'Oo coo'0«-*>j-voinLr»cocDC\jr\j^Hi—♦ <\j(\JrH,-H(\jcvjcoco^ « i f O i f t i n ( \ i N i f t i n H H O o o o o o c o ® o o O ' 0 'vrcoaoininf^r^fNJMooaoo- 'CT' fnmp-r^rgcjromcoxi

I I

OOOOoOOOOOOOOOOOOOOOOOOI I I I I I I I I I I I I I I I I I I I I I IUJ III LU |_l I 111 LLl III III ■ (I LU l LI m III LU LU III LiJ III 111 III LU LL1 UJm o N M ^ H i n c o O ' ' f o u \ < o H O H a i O i n - o o N O '
p»-coco(Otvj4n^C7*iJ' r»fn(ncvjOrHr-o' ' f ir»r^'Ofn'0CT'(na)ij-coM>0(7‘ » f ' O o o - o ( y O ' N 0 4 ‘ 0 ' ' r N r u ( \ j
o « i n o ' ' O N M O i £ a } i O O i n o N ^ u « i } - H O o m

I I I I  I I I I I I

HHHHHHHHHOOHHHHNt'JHHrHHOOOOOOOOOOOOOOOOOOCJOOOOOOl l i l l l l l l > > l l l l l i l l l l > >yj LLJ LU UJ UJ ijj LU UJ UJ UU UJ UJ UJ LU UJ LU 'U UJ LiJ LU UJ UJ LU 
H ^ ' T H « t ) ( J " 0 O i r > N 0 d M s* 0 ' 0 ' HH ^i f i a 5 CO 0 ' 0 '
t n ' 0 0 o N « i ® ' j - ( ' J H r t » ® c D ® m f O N f > j a > 0 ' t n m( ^ ( v j M o o i f i ' f O N n m i n i n i A i f i a ' O ' O o o o i n t n

I t I l I It | I I I l I

o H i A ^ i f i H M i r i i O i n H i O H i nOOOOOOOOQOOOOO>1111111111111111 III 111 III II. ill 1̂1 III UJ 111 Li-! ll: III IIIÎftOOOOoOh-ONOWO
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