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Chapter 1

INTRODUCTION

This Users’ MNanual documents the FRODOF car dynamic problems. The total research effort
computer program that computes the forced was directed at the problems of rail vehicle
response of a rail freight car to roadbed ourving behavior and freight car hunting as well
alignment and crosslevel -disturbances. Both the as the ' problem of response - to track
sinusoidal and random response to roadbad irregularities. The overall project effort is
disturbances are computed using linear system described .in [2].
analysis techniques. The 9 degree -of ~freedom
vehicle model incorporated in the program is This computer program is a companion to the

appropriate for the response of rail freight cars
with 3-piece trucks of the type widely used in
North America. Due to the assumptions inherent
in this model and analysis, this program is not
appropriate for studying the behavior of vehicles
with very flexible bodies or for the vehicle
response when hunting. The reader is referred to
[1] for a more detailed description of the models
and their uses,

This computer program was developed as a
part of the '’Freight Car Dynamics'’ research
project conducted by Clemson University and

Arizona State University in cooperation with the
Association of American Railroads. The Freight
Car Dynamics project was sponsored by the Federal
Railroad Administration under contract
DOT-0S-40018, with the broad objective of
developing the background and mathematicel tools
fthat designers and operators of rail vehicles
need to quantitatively understand present freight

9 dogree - of — freedom eigenvalue/eigenvector
computer program described in [3]. Identical
input formats for the vehicle parameters are used
for the two programs, although the program
control cards must, of necessity, differ. As the
response computed by this program is only valid
when the linear equations of vehicle motion have
stable solutions, it is always advisable to
establish the region of stable operation before
using this forced response analysis.

The vehicle and roadbed model incorporated
in ‘the program is described in the following
chapter along with the solution approach.

Chepter 3 contains a description of the program
including the input and output variables. A
sample problem with input dats, output listing
and accompanying plots is contained in Chapter 4.
The entire program listing may be found in the
Appendix.



Chapter 2 N

MODELING AND ANALYSIS-

This analysis of the forced leterel"responee

of a rail freight car utilizes a linear, 9 degree

of freedom model of the freight car.
for
rail alignment and crosslevel are made. Although
the model is described in detail elsewhere [1].
its major feeturee are reviewed below,

Provision

The sinusoidal “and’ » are
solved .in the frequency domain,
techniques utilized ere briefly reviewed at the

close of this chapter.‘
FREIGHT CAR MODEL

Degrees of E;eegoﬁ

rundom rehponse'

the

The 9 degree of freedom model for’
lateral dynamics of reilway freight cars congists
of ‘s rigid. car “body on two, conventionel

three—piece trucks.

a three—-piece truck is shown in Figure 1

CENTER PLATI

OURNAL RO

Figure 1. ‘Three Piece Freight Truck

As shown in Figure 1, the sideframes rest on
bearing adapters which, im turn, rest directly on
the axle bearings. The kinematic assumption is
made in this model that the sideframe-—wheelset
connections permit only relative rotational
motion, Consequently, the wheelsets and the
sideframes are forced to remain parallel. Thus,
the truck and wheelset assembly may move
laterally, rotate in yaw with respect to the car
body,
parallelogram planform., These three permissible
motions, or degrees of freedom, (lateral, yaw,
and warp) are shown in Fignre 2 for each truck.

sinusoidal and random disturbances in the

The mnthematicel‘

A representative example ‘of

and may distort from a rectangular to a

-2-

Figure 3.

Je— TRACK
.CENTERLINE

BOLSTER
SIDEFRAME

WHEELSET

Figura 2. Freight Truck Schematic

- The car body is assumed to be rigid and to
have. the three: degrees of freedom represented by
lateral, yawing, and rolling motions. Each end
of the car body rests: on-the center plate of its
respective truck bolster, It is assumed that the

bolster/sideframe comnection, (see Figure 3)
permits relative lateral and vertical motions as
well as relative =roll and yaw rotationms.

However, longitudinal clearances are sufficiently
tight that it is assumed that there are no
relative longitudinal motions., Thus, the truck
bolster remains parallel to the wheelsets (in
plan) during dynamic motions. No relative
rocking or separation is considered between car
body and truck bolster., The truck bolster moves

laterally and in roll with the car body ‘and yaws
with the truck.

BOLSTER SIDEFRAME

™~ SECONDARY
QPRING GROUR

Suspension Configuration



Although there are other motions that may
occur in the vehicle such as sideframe rocking,
relative roll, vertical, and lateral motions
between car body and truck bolster, flexible car
body modes, etc., the 9 degree of freedom model
described above is the simplest credible model
for the lateral dynamic response of conventional
North American freight cars., If the particular
car body of interest is very flexible,
appropriate degrees of freedom corresponding to
these motions may be added. If large amplitude
phenomena such as rock and roll are to be
investigated, degrees of freedom should be added
to allow for the possibility of relative roll and
vertical motions of the car body and truck
bolster, The adequacy of the 9 degrees of
freedom model is obviously dependent on the
particular problem being investigated.

The degrees of freedom for this model are
summarized in Table 1 and shown in Figure 4.

Wheel-Rail Geometry

The transverse profiles of the wheels and-

rails enter the equations of motion through the
wheel-rail geometry constraint characteristics
[1,4]. These constraint functions are: (a) one
half the normalized difference in rolling radii,
(r;—rgp)/(2a); (b) one half the difference in
contact angles, (8;-8p)/2; (c) the wheelset roll
angle, O, and (d) the average contact angle,
(81+8p) /2. In genmeral, these constraint

Table 1. Nine Degree of Freedom Model

XTF» XTR‘ Lateral displacement of geometric
center of truck frame at height of
axle centerline; positive to left
facing forward, measured from the
track centerline,

OTF, OTR Yaw angle of the truck centerline

with respect to the track
centerline; positive counterclock—
wise when viewed from above.

Oyp, OSyr Warp angle of the truck frame;
. measured from the normal to the
truck centerline to the axle
centerline, positive counterclock~-

wise when viewed from above.

xC Lateral displacement of the car body

center of gravity from the track.

centerline; positive to the 1left
facing forward.

¢ Yaw angle of the car body centerline
with respect to the track
centerline; positive counterclock-
wise when viewed from above.

Pc Roll angle of the car body with
respect to the vertical; positive

clockwise when viewed from the rear,’

‘Subécript F refers to front truck, R to rear.

charscteristios are nonlinear functions of the

lateral displacement of the wheelset with respect

to the track centerline, x,~x,. As long as
flange contact does not occur, the dependence of
these functions on the wheelset yaw angle is very
small snd may be considered negligible. A sketch
of a typical normalized rolling radii difference
is shown in Figure 5. i

Radij Difference

. For wheel and rail profiles that are mirrox
images of each other an the left and right, the
functions (ry-rg)}/(2a), (8 -8g)/2, and O are
odd functions of xy—x; while (8;+8g)/2 is an
even function of x,~x,.

If: we consider that the constréint functions
are linearized, they may be expressed as:

(rp-tp)/(2a) = (A/a) (xy~x,) (1
(5y-8p)/2 = (A/a)(xy—x,) _ (2)
) = ([/8) (xy-xp) (3)
(5p+0p)/2 = 8, (4)

TRACK
REAR VIEW . r’ CENTERLINE

BOLSTER

PLAN VIEW

Figure 4. Freight Car Schematic



(r-ral/aa g, R

Figure 5.

Typical Form for Normalized Rolling
Rndii Difference - ;
Where: X, — wheolset lateral displacement

a — semi-rail gauge

Some method 6f linearization must bé_uséd to *

obtain the coefficients A, A, [, “and 8§,
from the actual nonlinear constraint functions.
The describing function method [5] has been
successfully wused in 'many cases, Other
approaches such as Taylor series expansion about
xy = 0, or least squares fit of a straight line
over some region centered at x, = 0 have also
been used. The resulting -equivalent linear
coefficients, A, A, [, and &, are used
directly in the computer programs described in
this manual. The nonlinear wheel-rail geometric
constraint functions may be calculated for any
wheel and rail profiles using the WHRAIL or
WHRAILA computer programs [6]. Estimates for the
linear coefficients defined above are calculated
by the describing function technique in the
WHRAILA computer program, -

Creep Forces

The creep forces and moments arise from the
shear stresses acting between the wheels and
rails, The role these forces play in the
dynamics of rail vehicles is discussed in [7].
The way in which they enter the equations of
motion is presented in [1]. Kalker has developed

theories for calculating these forces nnd moments .

[(sl.

The creep forces and moments depend on the
elastic properties of the wheel and reil, the
normal load across the wheel-rail contact zome,
and the relative linear and angular velocities
between wheel and rail at the contact zone., When
these telntivq linear and angular velocities are
normalized by the forward speed of the wheel they

are called linear and spin creepages,
respectively, The 1lateral and 1longitudinal
components of the vector creep force and the

creep moment about the normal to the contact zone
depend nonlinearly on ' the creepages. For
"’large’’ values of creopage, gross slip may
occur between wheel and rail and the vector oreep
force is limited by the level of adhesion. In
such cases, Kalker’'s nonlinear theory may be used
to calculate the creep forces and moments using
computer codes such as those given in [9, 10].

For small creepages, Kalker’s linear theory

[8] provides the following relationships botweoen

the creep forces and creopages:

FL - [[f;:L‘(_IL ' ziL)

+f (@ )]
T e T S
+'t"L_(IL g’L)g.L}/V (5)
ML = {[fiiL (LL e )
+ f;’L (- '-gzL]/V - (6)
ER #'{[fxan (fln ) gzn)

15 R 1R
+ f"R (T;n : g'k)g'nllv n
Mp = {[f"R (£R . °1R)

v, Cu e M MV (8)

A

L’ -2 and e,., &, g,
systems of unit vectors atre defined for. the lef
and right wheels. The g and e vectors are
in the plane of contdct and ‘are directed
laterally and longitudinally, respectively. The
e vector is along the inward normal to the
cdntact plane. F, and M are the vector creep
force and moment of the rail acting on the 1left
wheel while F, and M, act on the right wheel,

and £ ere the velocities of the left and
r&ght wheJis relative to their respective rails
at the contact points. If the rails are assumed
to be rigid,these are the wheel contact point
velocities. If the rails are flexible or if the
wheelset is on a4 roller rig, r. and g
dopend on the velocities of the rails %& rollers
as well, Similarly, @ and are the
angular velocities of the left and gight wheels
relative to their respective rails, If the
wheelset and rails are assumed to be rigid, then
where @ ig ' the angular velocity of the
wkeelset. A is - the forward speed of the

The ©,7, 8,1 :e e e

wheelset. The parameters f,,, f,,, f,,, and
f,y -sre the lateral, lateral-spin, spim, and
longitudinal linear creep coefficients,
respectively., The subscripts L and .R refer

to the left and right wheels, respectively. When
these expressions are linearized and when (a)
identical profiles are used on the left and right
wheels, (b) the rail profile is the same for left
and right rails, and (c) the loading is
symmetrical about the vehicle centerline, then
the creep coefficients for the 1left and right
wheels are identical. Almost without exception,
the yaw moments due to lateral spin and pure spin
(M, and M) are much smaller than the
contribution to the yaw moment of the
longitudinal oreep forces. Consequently, in
formulating the linear equations of motion, this
contribution may be neglected if desired.
However, the lateral force due to spin creep,
£f,, (-u * ¢,)/V is generally mnot mnegligible
although it is small if the contact angle between
wheel and rail is small,

CH]



The 1linear creep coefficients
calculated using the program based on Kalker's
linear theory described in [11]. The values
depend on the elastic properties of the wheel and
rail, the radii of curvature of the surfaces at
the contact zone, and the wheel load. For new,
33 inch diameter, AAR 1/20 wheels on rails with a
10 inch crown radius, these coefficients are:

f11 = 3552. (P)3/% 1b/wheel (9)
fxz = 1.1447 (P) ft 1b/wheel (10)
fzz = 4.1006 x 1074 (P)4/3 1b ft3/wheel(11)
£.= 3839. (P)3/* 1b/wheel (12)
where P is the load carried by one wheel, i.e.,
one-half the axle load, Because of the wide

variations of the actual values prevailing in the
field (due to surface contamination, work-
hardening of the wheels and rails, changing rail
head radii of curvature along the track, etc.),
it is recommended that several values in the
range of 30 to 100% of the Kalker values be used
in dynamic analyses. The sensitivity of the
lateral dynamic response to c¢hanges in creep
coefficients is highly configuration—-dependent.
No general statement can be made regarding this,
and the safest procedure is to check
sensitivity for the configuration under study.

Suspension

The 9 degree of freedom model is intended to
represent a conventional North American freight
car with three piece trucks. This model does not
have a distinct primary suspension. The
suspension elements are considered to be parallel

combinations of linear springs and viscous
dampers. These are: (a) The warp suspension
element (one per  truck) opposes  warping

deformation of the truck frame. Contributions to
this lumped element are made by the resistances
to relative yaw at the interfaces between the
wheelsets and sideframes and the sideframes and
bolster. (b) The yaw suspension element (one
per truck) opposes relative yaw between the car
body and truck bolster at the centerplate. (c)
The lateral suspension elements (two per truck)
oppose relative lateral motions between the truck

sideframes and the truck bolster. (a) The
vertical suspension elements (two per truck)
oppose relative roll between the car body and

truck bolster,

The actual
freight truck
presence

suspension of a three
is highly nonlinear due to the
of Coulomb friction, clearances and
stops., One of the major difficulties facing the
user of this program is the determination of
equivalent " linear values for these
nonlinearities, Certain elements may be treated
by linearization about the equilibrium position.
However, Coulomb friction can only be treated by
a quasi-linearization process such as the
sinusoidal or random input describing functiom.
This procedure for rail vehicle applications is
described in [5].

piece

this

may be

matters

The response of the freight car to roadbed
digturbances is of interest in evaluating such
as the riding quality, the vibration
environment at any point on the vehicle, or the
wheel-rail force levels. This computer program
provides for the lateral alignment, ug, and
crosslevel disturbances, uo, shown in Figure 6.

AUGNMENT

CROSS, LEVEL l
m:::::Z;;—,Ezﬁ:::gizzr—f»<s x :
—_ — - P
R T-/

VERTICAL PROFILE

“Figure 6. Roadbed Irregularities
The alignment disturbances enter the
equations of motion through the wheel-rail

geometry terms. Variation in alignment along the
track leads to - changes in the rolling radii
difference and contact angle difference that, in
turn, elicit a dynamic response from the vehicle.
As a result, the alignment input terms appear in
the creep force and gyrosgopic force expressionms.

The most dominant influence of the. alignment
variations on the vehicle motions is through the
rolling radii differemce and contact angle
difference mechanisms. However, the time rate of
change of lateral alignment will also give rise
to a small wheelset roll velocity that in turn
generates a lateral creep force and a gyroscopic
force. The alignment time rate of change driving
these effects should be interpreted as

By = dup/dt = (dug/dz) (dz/dt)
= V(du,/dz) (13)
Crosslevel disturbances were defined, in the
analysis accompanying this program, as the

rotation of the rail plane about a longitudinal
axis relative to a fixed, level reference. The
motions of the vehicle components, wheelsets,



sideframes, otc. wore also roferenced to the
fixed level roforence. As a result’ of ' these
definitions, orosslevel disturbances appoar ia
the vertical suspeasion forces between bolstes
and sideframe, and in the creep force and
gravitational force expreleione at the wheel-reil
contact. The contributions to the latter are dume
to the relative latoral. dlepleoement that arises
when the roedbed and wheeleet rotate together
without lateral wheelset movement, as well as to
the relative lateral velocity at the wheel-rail
contact that must accompany such movement. Both
crosslevel displacement and its rate of change

with time appear in the equations. The
crosslevel rate of chenge with time, u,, should
be interpreted here, as follows,

duo/dt =.(duo/dz)(dz/dt) =«(duo/dz)v (14)

This lateral freight car response analysis
provides for sinusoidal ,and random irregularities
in the roadbed centerline alignment and/or the
roadbed crosslevel, Because the model is linear,
only the transfer function amplitudes between the

input and the response variables are provided in

the sinusoidal input analysis, A sum of the
response to lateral alignment and crosslevel
irregularities is not computed in the program,

The random characteristics of the centerline
alignment and crosslevel disturbances are
represented by spatial power spectral densities
(PSD’s) of the form

S5(0) = A,/103(1+02/0,2)]
[£¢3/ (ad/££)] (15)
Sg(0) = Aonc=/[(n=+n;,=)(n=+ns=)l
[rad?/(zad/ft)] . (16)
where:. 1 — spatial frequency, rad/ft
Ag — alignment constant
Ao crosslevel constant
n long wavelength rolloff frequency

n short wavelength rolloff frequency

These single sided PSD eipreéeions‘ have beeu
developed to represent the 'cherepteriétics
existing roadbed [12]. ~

ANALYSIS METHOD

The linear equations of motion for = the
forced response of the freight car to. roadbed
disturbances may be expressed in the following
matrix form,

Mx + Cx + Kx = BAlgu + BAzE‘

+Bﬁ;nﬁ f‘ﬂ:gﬁ an
where: x - displacement vector )
" M,C,K - mass, dumping, and stiffness
matrices )
g - alignment input vector (onme
' component/wheelset)

By - crosslevel input vector

BA;' As T alignment input matrices .

BO"BO = orosslevel input matrices

" of.

-6~

1

It wo take tho LaPlace transform of this
equation, and recognize that we ocan obtain the
transfor fumstions for the steady state response
to a harmonic disturbance by letting s = jo, then
we obtain the followiug complex matrix equation,

[(x—m=M)+jwc]x - [B +ij
+ [Bo +ij ]ﬂo (18)
A solution for the response X to either an
alignment or a orosslovel input is computed in
this program by inverting the matrix,
[ (R-03M)+]uC]
at each froquency 6f'iutereet, and multiplying

with the appropriate matrix on the right hand
side of eq. (18), i.e. for alignment input:

ey -
X=I[(K w’M)tij] [BA1+ijAz]gA (19)

and for crosslevel input
A - ‘
X= [(K—w’M)+ij] [B +ijoz]Ho (20)

The input vectors By and ®»
values of tliese quantities at each wheelset.
Theee ‘variables are related by a time delay. Ve
assume the vehicle is travelling at constant
speed such that if

consist of the

U =

a1 (21)

xc08 o t

then the input at subsequent .wheelsets is given
by. - _' " . B
U, = Ageos (t-13/V)

where

(22)

.13 - distance from ith wheelset to leading
wheelset.

These”tiue‘deiay terms may be expressed in terms
of an in—phase and out of phase term,
Ugj = [Aycos(wl;/V)]cos wt

+[Agsin(ul /V)]sin ot (23)

or, employing ebmpler.vuriable‘notation in terms
of a reel'and imaginary component,

Uyg Q'Axpos(mli/V) +j Agsin(wl;/V) (24)
The complex notetion is wsed in the program, and

the .input vector, Uy or Ug,, is reduced to the
product of a time deley eector and a scalar

‘defining the amplitude of the sinusoidal input.

In a transfer function computation the scalar is
taken as unity, and the input vector becomes,

‘!o=n.= 1
h eos(mIIIV)+jsin(m1’/V)

eoe(ml'/V)+jein(wl’/V) (25)

coe(ul‘/V)+je1n(m1‘/V)
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The transfer fumctions are computed using
the above matrices as follows:

— . bt §
I, = [(E-w2M)+juC] [Bx;+JMsz]

1
cos(m13/6)+jsin(m1’/a)

Uz fTeostel 1M+ s.h;(o)]:;/-V) " (26)

cos(wl /V)+jsin(wl /o)
L 4 4 -

- - -1
IRQ = [(E-w3M)+juC] [Bo;+5“‘Bo=]
- 1 7
cos(m1’/0)+jsin(m13/a)

x cos(w13/V)+j§in(m13/V) (27)

cos(wl /o)+jsin(ol /o)
— 4 4

In the computer program, certain additional
quantities such as the wheel-rail contact forces,

the suspension displacements, and component
accelerations are also computed. These
quantities are linear combinations of the

component displacements and velocities, and may

be computed directiy trom the transfer fuﬁctions
given in the equations above.

The power spectral densities (PSD’s) of the
displacements, velocities, and related quantities
are computed as follows,

Syi(f) = Tg] Tp; Sg(f) (28)
where:

Syi — PSD for ith element of X

Sg - PSD for input

.(alignment or
. crosslevel) .
TR; - complex conjugate of TRi

Note that the input PSD must be appropriately
transformed from the spatial domain to the time
domain,

The root mean square (RMS) values for the
response variables are obtained by integrating
the PSD's over the frequency range specified. as
input. Although the mean square value is the
integral of the PSD over all frequencies from O
to ©, we find for the response predicted by this
9 DOF model that the error introduced by
integration over a finite band width, roughly
0.1-20.0 Hz is small, The integration is handled
numerically using the trapezoid rule.



Cee il Chapter 3

. - .. . . < . .PROGRAM DESCRIPTION

INIRODUCTION

The FRIDOF computer program consists of & -

main program and tem tubrontinen. The program is
writtten in FORTRAN IV. Tnput data is handled in
the main' program in a format compatible with the
9 DOF eigenvalue program described in [3]. The
main program calls subroutines SETUP, VEL and
FREQ to ' compute various
damping, stiffness and roadbed" “input’ mutrioon.
Subroutines DCMINV, DMULT
the main program invert the complex system
matrix., The transfer functions, PSD's and RNS
values "are computed, and calls to PLOTA,’ PLOTB
PLOTC and PLOTD made to plot the PSD's,

Input to the program includes specification o
of the velocities at which the vehicle résponse

is to be computed, ‘the frequency range ‘and

frequency increment " to be used in- the

computations. B o -
The program prints ‘the input 'data,

transfer functions, the PSD’s and the RMS values
for all the degrees of freedom as well as the
centerplate contact position, the centerplate
vertical force, and the net lateral wheel-rail

contact force/wheelset at eack wheelset. The
transfer functions and PSD's are computed at
frequency intervals evenly spaced on a

logarithmic scale.

Plots are generated for the PSD's of the
vehicle displacements, Transfer function
magnitudes TRA and TRAI and PSD’s are found by
appropriate matrix multiplications.

MAIN PROGRAM AND SUBROUTINES

ind DDIV called from'

portions of the mass, .

The transfer functions and PSD's are
esmputed at weach frequenmcy in an inner loop.
Subrootine FREQ is called early in this loop to
compute the frequency dependent coefficients in
the systom matrices. ~The matrix inversion at
each frequency is carried out by subroutine
DCMINV,

At the bottom of the outer (velocity) loop
the mean square values are computed by simple
Euler integration of the PSD values, and the
PSD's

. transfer functions, and RMS values are
printed. Subroutine PLOTA is called to plot the
rosults before returning for a new velocity

* value,

the .

Listings for the main program and all
subroutines may be found in the appendix. Each
is briefly described below,

MAIN PROGRAM--FR9DOF

The main program handles all input and
output, calls subroutines to set up the system
matrices, calls the matrix inversion subroutine,
computes the transfer function magnitudes - and

PSD’'s, integrates the PSD’s to obtain RMS values,
and calls plot routines to display the results.

The program flows as follows: After reading
and echoing the input data, subroutine SETUP is
called to initislize the velocity and frequency
independent terms of the mass (M), demping (C),
stiffness (K) and roadbed input (FCLR, FCLF, FAR,
FAI) matrices. An outer 1loop computes the
response at the velocities specified in the inpwt
data. A ocall to subroutine VEL at the head of
this loop initislizes the velocity dependeat
terms of the system matrices.

-8-

* precision comput:tion.
"~ arrays DR and DI and the inverse returned in the

- matrix,

’ . ‘ t
DCMINV_(AR, AI, N, DR, DI, L, M)

Inverts a _comﬁiex matrix using double

The matrix is supplied in
same arrays. N specifies the order of the
and’ DR and DI return the real and
imaginary portions of the determinant of the
matrix, L and M are working arrays of dimension
N used by the subroutine,

This subroutine calls DDIV and DMULT.
DDIV (AR, AI, BR, BI, CR, CI)

Performs double precision division of two
complex numbers. AR and AI contain the dividend,
BR and BI the divisor and CR and CI the resulting
quotient. '

DMULT (AR, AI, BR, BI, CR, CI)

Performs double precision multiplcation of
two complex numbers. The pairs (AR, AI) and
(BR, BI) contain the multiplicands, and (CR, CI)
the resulting product.

FREQ (FAI, FCLI, V, VW)

This subroutine computes those terms of the
input matrices that involve the frequency of the
crosslevel or alignment input, These terms
atcount for the time delay between the roadbed
input at differoent wheelsets., The frequency and
velocity, W and V are input to the subroutine and
all the non-zero terms of the FCLI and FAI
matrices are returned.

PLOTA (LABEL)

This subroutine sets up the axes for the PSD
plots and writes & label to identify the run,
The label is passed to the subroutine through the
array LABEL, Subroutine PLOTC is called to draw
the horizontal (frequency) axis and write the
1abel.



PLOTB (FR, TPSD, TIPSD, FPSD, FIPSD, N, KI, V, §) SETUP fM, C, K, FAR, FCLR)

This subroutine draws the plots of the PSD’s This subroutine computes the constant terms
on the graphs prepared by PLOTA, The frequencies in' the mass (M), damping (C), stiffness (K),
are supplied in array FR, the displacement PSD’s alignment input (FAR) and crosslevel input (FCLR)
in TPSD and T1PSD, and the force PSD's in FPSD matrices, The values for the computation are
and F1PSD, The number of points in each plot is passed through labeled COMMON.

N.

St et R - == -=- - - -VEL (M, C, K, V)
PLOTC (LABEL)

: The velocity dependent terms of the mass,

This subroutine draws the horizontal damping and stiffness matrices are computed in
frequency axis for each plot and writes an this subroutine. Data for the- computations are
identifying label at the top of each plot., The supplied from the main program and SETUP via
label is supplied in the array LABEL. COMMON blocks.

PLOTD (K1, S1, S2, IVEL) PROGRAM INPUT
This subroutine writes an identifying symbol The input parameters, listed in the order

and the speed associated with that symbol. This they are read, are given in Table 2,
allows plots at different speeds to be plotted on
the same axes,

Table 2. Program Input Parameters

Program Control Specifications

IvVOo Initial Velooity : . ft/sec
IVF Final Velocity ft/sec
IDV Velocity Increment ft/sec
FSTART Lowest Frequency ) Hz -
FSTEP Number of frequency values per cycle

FSTOP Highest Frequency Hz
LABEL Identifying lgbel for the plots

Track Properties

AX _ Centerline Alignment PSD Cpefficient ft2-rad/ft

APHI Crosslevel PSD Coefficient

OMGC PSD Rolloff Frequency rad/ft )
OMGC Crosslevel Cutoff ERrequency rad/ft

Vehicle Specifications

XMW Mass of wheelset : slugs

XIVW1 Mass moment of inertia of wheelset slugs ft3
axle centerline

XIw2 Centroidal mass moment of imertia slugs ft2
of wheelset in yaw

IMB Centroidal mass of bolster slugs

-0.



Table 2. Progfah'lnbut Parameters (cont.)’

XIB2 ’ . Centroidal las‘vlo-ent of inertia o :lﬁ‘s ft2
of bollto; in yaw

XIB3 u Controidal mass moment of inortlll. slugs ft2
of bolster in roll

NS Mass of sideframe slugs

XIS2 . Centroidal mass moment of inertis ulﬁg: fta
of sideframe in yaw ;

INC Centroidal mass of car body slugs

XIC2 Centroidal ﬁass moment of inertia slugs ft2
of carbody in yaw

XIC3 Cent£oida1 mass moment of inertia _;lujs ft2
carbody in roll

XIC23 Cross product of inertia of carbody slugs ft3

TL Semi truck wheelbase ft

D One half distance between sideframes ft

RO Wheel rolli;g radius ;t equilibrium ft

A One half track gauge 2 cL - ft

HCG : Vertical distance between bolster ft
and carbody CG

GAM1 Roll coefficient for Axle 1

GAM2 : Roll coefficient for Axle 2

GAM3 Roll coefficient for Axle 3'

GAM4 \ Roll coefficient for Axle 4

BDEL 1 Contact angle coefficient for axie 1

BDEL 2 Contact angle coefficient for axle 2

BDEL 3 Contact angle coefficient for axle 3

- BDEL 4 Contact angle coefficient for axle 4

DELO1 Initi;I wheel/rail contact angle for
axle 1

DEL02 Initial wheel/rail ;ontact angie f&r

e . axle 2 N : g

DEL03 , Initial wheel/rail contact amgle for
axle 3 .

DEL04 Initial wheel/rail contact angle for
axle 4 -

ALAM11 : Conicitfﬂfor axle iA

ALAM12 - Conicity for axle 2

ALAN13 Conicity for axle 3

-10-
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Table 2.: Program Input Parameters (cont.)

© ALAM14
XKYF, XKYR
XKXF, XEXR
XKTWF,. XETWR
XKTCPF, XKTCPR
DYF, DYR
DXF, DXR
DTWF, DTWR

" DTCPF, DTCPR

"CLF, CLF

F11
F12
F22

F33

Input Formats

below.

Conicity for‘lxle 4

Vertical stiffness, sideframe to 1b/ft

bolster, front and reer .
Lateral stiffness, sideframe to _ 1b/ft ;.':_,l
bolster, front and rear f -

Truck warping stiffness, front and rear 1b—ft/rad

Centerplate stiffness, front and rear 1b—ft/ra&

Vertical sideframe to bolster damping 1b-ft~sec/ft

Lateral sideframe to bolster damping lb—ft—séc/rad“u
Truck warping damping, front and rear lb—ft—seckrad -
Center plate damping, front and rear lb—ft—sec/rad;
Distance of carquy CG to truck, - ft

front and rear

Linear lateral creep coefficient 1b/wheel

Linear lateral spin creep coefficient 1b~£ft/wheel

Linear spin creep coefficient

Linear

the program in the arrangement shown,
on each card is format free, which means that the
input parameters can be punched anywhere in the
columns 1-72, separated by blanks or commas,

Card #

1

2

Input Parameter

1vo, IVF, IDV
FSTART, FSTEP, FSTOP
AX, APHI, OMGC, OMGS
LABEL

XMW, XIW1l, XIW2

XMB, XIB2, XIB3

XMS, XIS2

1b-ft2/wheel

longitudinal creep coefficient 1b/wheel

The input format for this program is listed
The system parameters must be input intq

The input

-11-

10
11
12
13
14
15
16
17
18

19

$HC, XIC2, XIC3, KIC23

TL, D, RO, A

HCG, CLF, CLR

GAM1, GAMZ, GAM3, GAM4
BDEL1, BDEL2, BDEL3, BDEL4
DELO1, DELO2, DELO3, DELO4
ALAMI1, ALAM12, ALAM13, ALAM14
F11, F12, F22, F33

DYF, DXF, XKYF, XKXF

DYR, DXR, XKYR, XKXR
DICPF, DTWF, XKTCPF, XKTWF

DTCPR, DTWR, XKTCPR, XKTWR



PROGRAM OUTPUT

The

program prints out, in order of

appearance, the following:

B bW
o s @

10.
11.

12,

Vehicle Parameters

Track Parameters

Vehicle Speed

Mass, Damping and Stiffness Parameters
Component Displacement PSD's = for
Centerline Alignment Input =~ =~~~
Displacement and Alignment R, M.S. Values

Component Displacement PSD’'s for
Crosslevel Input T ’ '
Displacement and Crosslevel R.M.S.
Values . - )

Lateral Wheel-Rail and Centerplate

Lateral Force for Alignment Imput
Lateral
Input - . .
Lateral Wheel-Rail and Centerplate Force
for Crosslevel Imnput )

Lateral R.,M.S. Forces for Crosslevel
Input : : L

[P
) .

R.M.S. Forces for Alignment

-12-

1fqgcesng§‘the leading axle of each truck.
"plots

In addition, the program prepares CALCOMP

{ "RSD 'plots for the leading truck lateral and warp

displacoments, the car body lateral sand roll
displacoments, and the lateral wheel-rail contact
These
both and

are prepared for

crosslevel inputs,

alignment

Most of the output is self explanatory, as
seen in the sample run presented in the next
section, However, the displacement PSD’s are
only identified by number. These numbers refer
to positions in the following state vector:

PSD(1), RMS(1) Front truck lateral
PSD(2), RMS(2) Front truck yaw
PSD(3), RMS(3) Front truck warp
PSD(4), RMS(4) Rear truck lateral
PSD(5), RMS(5) Rear truck yaw
PSD(6), RMS(6) Rear truck warp
PSD(7), RMS(7) = Car Body lateral
PSD(8), RMS(8) Car Body yaw
PSD(9), RMS(9)  Car Body roll

“SPD(10), RMS(10) Track input
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Chsptor 4
SANPLE PROBLEM

Tho wusage of the FRYDOF program is
illustrated with a sample problem that utilizes
the vehicle data described iam the companion
users’ manual for the 9 degree of freedom
eigenvalue program [3]. The vehicle data is
reprosentative of an open hopper oar, where
quasi-linearization has been used to obtain
equivalent 1linear values for most of the
suspengsion characteristics., Output solutions are
obtained for the 0.10 to 20.0 Hz frequency range,
and at a speed of 40 ft/sec,

In the following sections, q.sgmplo input

data file, the sample output, and the plots
gonerated by the program are {llwstrated.

SAMPLE INPUT DATA FILE

INFUT DATA RUNITRzAN FOQF SAMPLE PROULEN

G Ul A

) L= b al

'F‘Mﬁl:&‘ o . . -
edllYZE-bralllbicE=tivacilIae il o
EXAFFLL FRO:LEM TYPICAL OF CRFZN HOPPTR
Thebafs.lella, "

Eb.l:é?f.&lﬁ?ﬁ-:
?5-‘?“&

do& _szEH

defzZadac
DL rY:

erSeCelna

elLivlgtive

«lUEelelnal: iP5

sC5aCeloaraal . B
E35S0Caev3535e0cYalshadniiig.
JELE-!HE&C-\1&;_Ku‘LqUCQ.
ZEZlevTiZ0a e300, 243006,
cccleslzccoeslav3EilliC,
E2clavl2cclavlavi38L00dd,

-13-
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SAMPLE QUTPUT LISTING

PPN

LXAMPLE PROBLEM TYPICAL CF CPEN HCEPEK CARS

00004

MASS PRCPERIIES
XMC (MASS OF THE CAK BODY) = 0.1102E+04 SLUGS
XMB (MASS OF THE BOLSTER) = 0.3610E+02 SLUGS*
X4Ss (MASS OF THE SIDEFRAME) -"="0,2400E+02 SLUGS
XMW (MASS OF THE WHEELSET) = 0.7660E+02 SLUGS
X1c2 (MOMENT OF INERTIA OF THE CAR BODY IN YAW) -~ = 0.23U4C0E+0€ SLUG-FT**2
X1C3 (MOMENT OF INERTIA OF THE CAR BODY IN KGLL) = 0.1300E+0S SLUG-FT#*%*2
XIC23 (CRCSS PRODUCT OF INFRTIA FCF CAR LCOLY) = 0.0 SLUG-FT*%2
XIB2 (MOMENT OF INERTIA OF 1HE BCISTER IN YAW) = (. 1786E+03 SLUG-FT*%2
XIB3 (MOMENY OF INERTIA OF THE BGLSTER IN ROLL) = 0.1786E+03 SLUG-FT#*%*2
XIS2 (MONENT OF INERTIA GF THE SICEFKAME IN YAW) = 0.776CE+C2 SLUG-FT*%2
XIW1 (MGMENT OF INERTIA OF THE WHEELSET ABOUT AXLE) = 045310E+402 SLUG-FT**2
XIW2 (MOMENT CF INERTIA OF THF WHEELSET IN YAW) = Q. 44858403 SLUG-FT*%2

STIFFNESS EFEFCEERTIES

/

XKXF (LATERAL STIFFNESS, SIDEFRAME TC BOLSTEE —=FRONT-) = 0.2600E+05 LB/FT
LKXE (LATERAL STIFFNESS, SICEFRAMF TG ECLSTER —-REAR-) = 0.2400E+05 LB/FT
XKYF (VERTICAL STIFFNESS,SIDEFRAME TO BOLSTER =FRONT=-) = 0.2658E+#(6 LB/FT
KKYR (VERTICAL STIFFNESS, SIDEFRAME TC BGISTER —REAR-) = 0.2€658E+06 LB/FT
XKTCPF (CENTERPLATE STIFFNESS ~FECNT-) = 0.0 FI-LB/EAD
XKTCPR({(CENTEEPLATE STIFFNFSS —-REAE-) o = 0.0 F1-LB/RAD
XKTIWF (1ROCK WARPING STIFFNESS =FERCNT-) = 0.381CE+C7 FT-LB/RAD
XKTWR (TRUCK WARPING STIFFNESS -REAR-) = 0.3810E+07 FI-LB/KAD

DAHPING ERCEFEERTIES
OTWE (WARPING DAMEING-IFRONT-) = 0.1322E+(0S LB-SEC/FT
DTwWk - (WARPING DANPING -FLDAR-) : = 0.1322E+05 LB-SEC/FT
DXF (LATERAL SIDEFRAME TC EGISTIR DAMEING ~FRONT-) = 0.9520E+04 LB-SEC/FT
e (LATEEAL SIDEFRAME TC BOISTER DAMEING -REAR-) = 0.9520FE+04 LB-SEC/FT
DYF ‘(VERTICAL SIDEFkAME TO BCISTER DAMEING —-FRONT-) = 0.3035E+04 LB-SEC/FT
DYE (VERTICAL SICDEFRAME TC ECISTER DAMEING -REAER-) = 0.3035E+C4 LB-SEC/FT
LTCPF (CENTERFLATL DAMPING ~FRCNT-) = 0.2220E+04 LB-SEC/FT
DTCFK (CENTERPLATF DAMPING -EKEAF-) = LB~SEC/FT

0.2220E+CH

14-



e G
TIL
CLF
CLk
KO

GaM1
SAMZ
GAM3
GANY

BDEL1
boEL2
BLEL3

BDEIL4-

DELU1
OFL02
VELO1
JELUY

ALA®11 (CONICITY,
ALAM12 (CONICITY,
ALAY13 (CONICITY,
ALAM14 (CONICITY, AXLE

F11
F12
F22
F33

AX
APHI
OMGC
OMGS

(CONTACT
(CCNTACT

DIMENSIONS

(SEMI-DISTANCE BETWEEN WHEEL CONTACT POINTS)
(SEMI-SPACING OF SIDEFRAMF CENTER CF GRAVITIES)
(VERTICAL DISTANCE BLETWEEN TRUCK CG AND BODY CG)
{SEMI TRUCK WHEELBASE)

(DISTANCE FERCM BOLY CG TC FRCNT TRUCK)

(CISTANCE FROM BODY €G TC REAR TRUCK)
(WHEEL"ROLLIN RACIUS)

WHEEL CHARACTIERISTICS

(ROLL
(ROLL
(ECLL
(ROLL

COEFFICIENT,
COEFFICIENT,
CCEFFICIENT,
COEFFICIENT,

AXLE
AXLE
AXLE
AXLE

0.50C0E-01
0.5000E-01
0.5000E-01
0.5000E-01

WK
Hon

)
)
)
)

ANGLE
ANGLE
ANGLE
ANGLE

(CONTACT
(CONTACT

COEFFICIENT,AXLE
COEFFICIENT, AXLE
COEFFICIENT,AXLE
COEFFICIENT,AXLE

3]

W
OO0
D)
oo oo

[ T O TR TR TR

0. 2U60E+01
0.3250E+01
0.299CE+G1
0.2833E+01
0. 1685E+02
0. 1685E+02
0. 1375E+01

{INITIAL

(IN1ITIAL

WHEEL/RALL

WHEEL/RAIL .

CCNTACT
CCNIACT
CCNTACT

ANGLE,

ANGLE,

0,50C00E-C1 -

0.5000EF-C1
0.5000E-01

{CRCSS LEVEL EFSD COSFFICIENT)
(PSD POLL CFF FLEQUENCY)
(CRUSS LEVEL PSD CONSTANT) =9

(INITIAL
(INITIAL

WHEEL/RATL
WHEEL/RAIL

ANGLE,
ANGLE,

(2%
~
no no

CCNTACT

AXLE
AXLE
AXLiE

0.5000E-01
(.50G0E-01
C.50C0E-01
C.50C0E-01

1)
2)
3)
4)

wonoaot

CREEP CCEFFICTENTS

(LATERAL CRLEP COEFFICILENT)
(LATERAL/SPIN CREFP COEFFICIZNT)
(SPIN CREEF CGEFFICIENT)
(LONGITUDINAL CREEP COEFFICIBENT)

0.6355E+06
0.3633E+04
0.2410E+02
0.6580E+06

W

TRACK BRCPEF1IES

(CENTEELINE ALIGNMENT PSD CCEFFICIENT)

o
<o
[
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0.5000E-C1

LB
L3-T

LB-FT#%2

LB

-

FT

LFT

ET
FT
FT
FI
FT

U 11048-06 FTI¥**2-RALC/FT
1104E-0b. F1%*2-RAD/FT

J.25132400 RAD/F1 :

-1340E+00; RAD/FT.



40.00FT/SEC

VELOCITY=
K~ ATE IX o :

V. 4B85E+(O -.254£+07 -. 25U4E+Q7 0.0 0.0 0.0 -.U80E+05
Je 235E+06 0.156E+CS% 0. 114E+05 0.0 0.0 0.0, 0.0

J. 235E+06 0.114E+(05 0.382E+07 C.0 0.0 G.0 0.0

Ja¢ 0.0 0.0 0.485E+05 -« 254E+07 - .254E+07 - 480E+0S
0.0 0.0 0.0 (.235E+06 0.150E+05 0.114E405 0.0

0.0 J.0 0.0 0.235E+06 0.1T4E+05 0.382E+07 0.0
~.U30E+(CH 0.0 0.0 -,u80E+05 0.0 0.0 C.960E+09
~.809E+06 0.0 0.0 C.809E+06 0.0 0.0 0.0
~.258E+(C6 0.0 0.0 -, 2588406 0.0 0.0. 0.287E+06
C~-MATRIX : .

L.226E+CH C.301E+03 0.301E+03 C.0 0.0 0.0 -.190E+05
-.311E+03 0.925E+CE 0.400E+C6 .0 0,0 0.0 0.0
-.311E+(3 0.400E+06 0.414E+006 0.0, 0.0 0.0 0.0

Dat 0.0 0.0 0.826E+(05 0.301E+03 0.3C1E+03 ~-.19€CE+N5
Qu 0.0 0.0 ~.311E+03 0.925E+06 . 0.400E+06 - 0.0

UaC 0.0 0.0 ~.311E+03 C.400E+06 0.414E+06 0.0

-. 130E+05 0.9 0.0 ~.190E+05 0.0 0.0 0.381E+05
-« 321E+G6 -.222E+04 -+« 2225404 0.321E+06 —.222E+04 -.222E+04 .0
. —«582F+05 0.0 0.0 ~.582E+05 0.0 0.0 0.114E+06
M-MATEIX :

0.201E+03 0.9 0.9 0.0 0.0 0.0 0.0

v. 0 0.257E+04 0. 158E+G4 0.0 0.0 0.0 0.0

0.0 0.158E+(CU 0.158E+04 0.0 0.0 0.0 0.0

0.4 0.0 0.9 0.201F+03 0.0 0.0 ) 0.0

Je G 0.0 0.0 0.0 0.297E+04 0.158E+04 0.0

0.0 c.0 0.0 C.0 0.158E+04 0.1SBE+04 0.0

L6 0.0 0.0 0.0 0.0 0.0 0.117E+04

3.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

*¥¥%%xP5D VALUES FOR ALIGNMENT INPUTS *%%kkx

FREQUENCY PSD (1) PSD(2) ESD(3) PSD (4) PSD (5) ESD (6) PSD(7)
£.10000 <7b48E-04 .1770E-07 .Z252E-0S .7648E-04 :1772E—07 «2255E-09 .7156E-04
y.10593 «6877E-04 .1784E-07 .2426E-09 .6878E-04 .1787E-07 .2429E-09 «6383E-04
G.11220 .61S2E-04 .1301E-07 «2€28E-09 .6192E-04 .1804E-07 .2631E-09 .S6S4E~-04
C.113885 .5581E-04 .1820E-07 .ZE€CE-09 .5582E-O4 .1823E-07 .2865E-09 «-5079E-04
U« 12589 L.5039E-04 .18418-C7 .312SE-09 .S039E-04 . 1845E-07 .3135E-09 _4532E-04
L. 13335 LU4556E-04 .1866E-07 .3440E-09 4557E-04 .1871E-07 .344BE-09 L4044E-04
C.14125 L.4128E-04 .1894E-07 .38C1E-09 .4129E-04 .1900E-07 .3810E-09 «36CIE-Q4
Uu 14962 .3748E-04 .1927E-07 L4220E-09 .3749E-04 «1933E-07 .4232E-09 .3221E-04
C.15849 .3411E-04 L._1965E-07 .47C7E-09 .3412E-04 .1972E-07 .4722E-09 «2876E-04
6G.16788 .3113E-04 .2008E-07 «5277E-09, .3115E-04 .2017E-07 .52S7E-09 .2568E-04
C.17783 .28E1E-04 .2059E-(C7 E9UTE-09 .2852E-04 «2069E-07 .5972E-09 .22S4E-04
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-« 28398-15
+6368R~-16

-83233-12
-86108-12
~B788E-12
«8820E-12
«871T0E~-12
«B452E-12
«8065E-12
"« 7586E-12
‘«T060E-12

-6516E=12

.5962E~12
.5388E-12
<4790E-12
w4 178E=-12
<3579E-12
-302CE-12
+2515E-12
-2062E-12

+1280E-12
«9565E-13
.6885E-13
~4746E-13
-3082E-13
-1821E-13
‘e 9247E-14
«3616E-14
-71668E-15

<4 100E-16

«E696E-15
<2T43E-14
«5150E-14
-71656E-14
«9939E-14

<1T174E-13°

.12868-13
«1326E-13
«1282E-13
«1T192E-13
.1041E-13
.8563E-14
«6593E-14
468 1E-14
«2957E-14
-1589E-14
«6U42EE-15
-1308E-15
+8958E-17
«1907E-15
<5573E-15
«9811E-15
«1344E-14
-1559E-14
«1583E-14
<1420E-14
«1117E-14
+7406E-15

«39972-15

BMS VALUES-ALIGHMENT INPUT

RNS (1)
RMS(2)
RMS(3)
RMS (4)
RMS (5)
KMS (6)
RMS(7)
RS (8)
RMS{9)

RES (10)

=0,406E-02
=0.238E-03
=0.1042-03
=0.404E-02
=0.237E-03
=0< 103E-03
=0.249E-02
=0.197E-03
=0.178E-04

=0,2538-02
-18-

<38560-12
.52498-13
<6921E-13
.5869E-12
L411E-11
<2111E-11
.2294E- 11
L1863E-11
< 1069E-11
.3418E-12

" «9842E-14

-1132E-12
<4223E-12
<6344 E-12
“.5901E~12
.3522E-12
.1087E-12

. «2314E-14
«1651E-12"

«3376E-13
.1016E-12
-1163E-12
+70S4E-13
.1834E-13
«2275E-17
.1018E-13
+1937E-13
«1390E-13
«3590E- 14
+4816E-17
. 1693E-14
2159E-14
-7508E-15
.2206E~16
.1950E-16
«6632E-17
-9083E-16
.8250E-17
«3022E~-15
+1026E~-14
.4375E-15
.1674E-15
«1579E-14
«9437E-15
.6323E-16
- 1336E-14
.6270E-15
<1022E-15
.6789E-15
.8591E-16
.1078E-15
«7030E~-16
.4526E-18
-1707E-17
«2063E-17
«7288E-16
«3576E-16.
- 12458-15
-6734B-16

.41008-15

«#366K-15
«3790E-15
+2643E-15
-« 1371E-15
«4027E-16
- 4774E-18
«2363E-16
«9614E-16
«1839E-15
<2404E~-15
«2264E-15
« 1410E-15
«3835E-16

_«1251E-17

:s7333E-16
«2060E-15
.2841E-15
i2307E-15
-9239E-16
-2692E-17
+4002E-16
.1383E-15

".1678E-15
-9491E-16

-1338E-16
«TO49E-17
-4388%-16
«4852E-16
«1833E-16
-J943E-18

T.3214E-17

4108E~17
.7596E-18
. 3556 E-20
.2585E=18
.2789E-17
<3081E-17
+1542E-19
.7136E-17
.1103E-16
.8914E-18
<6091E-17
<1213E-16
. 1043E-17
.4578E-17

«6321E-17.

<3219E-19
.2468E-17
-8359E-18
. 1168E-18
-9869E-19
-3400E-22
-1997E-18
.8885E-19
.6880E-18
.3672E-18
.8166E-18

«47028-13

e 720 4B~ 14

< 1049E-13
<964 1E-13
«2493E-12
.3993E-12
< 4638E-12
<4025E-12
.2470E-12
.8452E-13
<26 1B~ 14
.3219E-13
«1292E-12
<209 1E-12
<2098E-12

. 1352E~12

+4509E-13

"o 1039E- 14
«1633E-13

«5301E-13
«6516E-13
.4252E-13
«11698-13
«1481E-17

. 7140E-14

- 1402E-13
«1026E-13

'«2668E~14

-3522E-17
<1231E-14
< 1540E-14
-5263E-15
«1600E-16
-1754E-16
<5437E-18
. 1951E-16
.21878-17
.7982E-16
. 2562E-15
.1009F-15
.3526E-16
.3021E-15
«1634E-15
.9877E-17
-18638-015
< 7965816
. 11698116
.70118~ 16
.80158=~17
-91188«17
-5446B=17
«33778=~19
.66 00E~19
.10088~18
-33078~17

< 1473E-17.

«46212-17
«22443E=17

/7 !




...**._mmu.¢»ramm

FOR CROSS LEVEL INPUT ###%

! ‘ . s : E t RSN s \

FREQUENCY  BSD(1) - PSD(2)  PSD(3)  BSD(4)  BSD(S) . ®SD(6)  ESD(7) . PSD(8) .. BSD(9)

0.10000 .1199E-05 .4407E=10  .2090E~11 .,1199E=-05 . 4401B-10 L2119E-11 ,1075E-04 .2910E-09 .5450E-06
0.10593 .1202E-05' . 4245E=10. .2633E-11 4 1203E-05 .423BE-10 .2673B-11 .,1066E-04 .3268E~09 .5390E-06
0.11220 .1207E~-05 .4066E-10 -,3318E-11 .1208E=05' .40598-10 .3375E-11 .,1056E-04. .3671E~09 .5323E-06-
0.11885 .1211E-05 ..3869E=10 .4182B-11 ,1213E-05 .3863E=-10 .4263E-11 . 1045E=04  .4125E-09 ~.52U49E-06
0.12589 ~.1217E~05 ..3653E=10" <5275E-11 ..1218E-05 . 3649E-10 -.5389E-11- ,1033E-04 .4635E-09 .5167E-06
0.13335 .1223E-05- .3418E-10 .6656E-11 ,1225BE=05. <3417E-10 .6817B-11 . 1019E-04 <5210E-09 ' .5077E-06
0.14125 .1230E-05 .3163E-10" .8404E-11 ,1233E-05 "~ .3169E-10'.. .8632E-11" .1004E-04 .5859E-09  .4977E-06
0.14962 L1239E-05 .2890E-10 . 1062E-10 ,1242E-05 .2908E-10 .1094E-10 .9870E-05 -.6590E~09 .JUBE66E-06.
0.15649 L1248E-05 .2600E-10 .1343E-10 .1252E-05 .2639E-10: .138BE-10 .9683E-05 .7415E=09 .4744E-06
> 0.16788 <1259E-05 4.2301E-10 .1699E-10 .1264E-05 .2371E-10 L1763E-10 ,9477E-05  .8348E-09 .u4611E-06
0.17783 L1272E-05 .1999E-10 .2153E-10 .12788-05 .2120E-10" .2243E-10 L9249E-05_..9404E-09 .4464E-06 .
0.18836 .1287E-05- +17118-10 .2731E-10 .1294E-05 .1908E-10 .2859E-10 .B8999E-05. .1060E-08 .4304E-06
0419953  J1304E-05 .1459E-10 ,347CE-10 .1314E-05 .1774E-10 .3651E-10 .8723E-05 .1196E-08. .4130B-06
» 0.21135 .1325E-05 .1281E-10 L4418E-10 .1337E-05 .1772E-10 .4672E-10 .8422E-05 .1352E~08 .3942E-06
©0.22387 L1349E-05° .1235B-10 .5637E-10 .1365E~05 - 4 1993E-10 .5997E-10 .8094E-05 .1529E-08 .3738E-06
0.23714 .1378E-05 .1415E-10 L7214E-10 . 1398E-05 .2571E-10 ,7724E-10 ,.7737E-05 .1734E-08 .3519E-06
0.25119 . 1414E-05 .1967E-10 .9265E-10 1438E-05  .3722E-10 .9987E-10 . .7352E-05 .1970E=08 .3286E-06
0.26607 L1457E-05 .3133E-10 .1195E-09 .148B8E<05 .5782E-10 .1298E-09 - .6937E-05 .2246E-08 .3038E-06
0.28184 .1511E-05 .5304E-10 .1551E-09. .1551E-05 ,9298E-10 .1697E~09 .6496E-05 .2571E-08 ~.2777E-06
0.29854 .1579E~05 .9142E-10 .2028E-09 ,1629E-05 .1517E-09 .2236E-09 L6027E~05 .2959E-08 .2505E-06:
0.31623 +1666E-05 .1579E-09 .2677E~09 .1730E-05 . .2891E-09 " .2975E-09 .5536E-05 .3431E-08 .2224E-06
0.33496 .1780E-05 . .2732E-09 .3578E-09 .1863E-05 .4120E~09 .4008E-09 ,5025E-05 .4017E-08 .1937E-06
0.35481 .1935E-05 .4758E-09 .4865E-09 .2043E-05 .6894E-09 .5491E-09 .4501E-05 .4767E-08 .1649E~06.
0.37584 .2152E-05. .8427E-09 .6768E-09 .2293E-05 .1176E-08 .7669E~09 .3970E-05 .5765E-08 .1363E-06
0.39811 .2469E-05 .1537E-08 .9715E-09 .2657E-05 . .2070E-08. .1109E-08.  .3440E-05 .7157E-08 L108B6E-06
0.42169 .2956E-05  .2934E-08 ,1455E-08 ,3210E-05 .3809E-08 .1666E-08 L2917E-05 .9216E-08. «8250E-07
0.44668 .3738E-05 .5962E-08 .2304E-08 L4086E=05 . .T44YE=-08 - 2631E-08 .2399E-05 - .1244E-07 .5875E-07
0.47315  .U4980E~05 ,12933-07 .3843E-08 ,S43I3IE-05 .1SHT1E-0T 43I3I3E-08 .1BUHE-05 ..1748E~-07 .3834E-07
0.50118 .6307E-05 .2715E=07 .6093E~08 .6736E~05 .3042B-07 .6643IE-08 L1122E-05 .2296F-07 .2239E-07
0.53088 -.5278E-05 .3B866E-07 .6376E~08 .5453E=05 .4052E-07 .6645E-08 .3314E-06 .1969E-07 .1078E-07
0.56234. J2439E-05 .3144E-07 .3675E-08 .2476E-=05  .3179E-07 .3730E-08 ..3304E-07 .9271E-08 .2688E-08
0.59566 +9019E-06 .2139E-07 . 1683E-08 ,B8B824E-06 . 2108E-07 ,1648E-08. .2344E-09 J3399E-08 .1251E-10
0.63095 «3277E~06 . .1519E-07 .7473E-09 .2921E-06 .1455E~07 .6800E-09 .2758E~07 ..1165E-08 .3479E-08
0.66834% .1177E-06 .1161E-07 - ,3189E-09 .B694E-07 . 1081E-07 .2543E-09 .1084E-06 .3628E-09 .1286E-07
0.70794 <3962E-07 .9437E-08 A .1205E-09 .2170E-07 .8565E-08 L.7745E~10 .2538E-06 .8935E-10 .2754E-07
0.74989 .1152E-07 .8033E~08 .3672E~10 .8138E-08 .7152E-08 ,2502E-10  .4628E-06 .1323E-10 .U4651E-07
0.79432 . 2864E-08 ,7076E-08 +1745E~10 .1266E~07. ,6231E-08 L4121E-10 .7221E-06 .6510E-11 .6831E-07
0.84139 .1710E-08 .6392E-08' .3976E~10 .2161E=07 .5621E-08  .9802E-10 .1009E-05 .1768E-10 .9108E-07
0.89125 .3307E-08 .5880E-08 .9264E~10 .2928E~07 .S5214E~08 . .1794E-09 . .1294E-05 .2668E-10 .1127E-06
0.94406 .5867E=08 .5481E-08 .1707B~09 .3346E=-07 .4944E-08 ,2747E-09 .1542E-05.- «2763E~10 .13078-06
0.99999 ,8823E-08 .5155E-08 .2710E~09 .3371E-07 .4761E-08 .3765E-09 .1723E-05 .2133E-10 .1431E-06
1.02919 .1041E-07 .5012E-08 .3289E~09 .3249E-07 L4692B-08 L4281E-09 L1778E-05 .1662E-10 .1466E-06
1.05925 .1205E~07 .4879E-08 '-.3916E~09 .3054E-07 .4631E-08 L4796E-09 .1807E-05 .1164E-10 .14B0E-06
1.09018 .1376E-07 .4753E-08 .45B7E~09 .2B02E-07 ,,4575E-08 .5307E-09 L1807E-05 .6999E-11 .1473E-06
1.12201 .1551E-07 .4634E-08 L5299E~09 .2511E=07 .4522E-08 .5813E-09 L1778E-05 .3226E-11" .1444E-06
1.15477 . 1728E-07 .4521B-08 .6047E-09 .2198E~07 .4469E-08 .6314E-09 .1720B-05 .7B15E-12 .1353:-06
- 1.18849 .1904E-07 .4411E-08 .6825E~09 .1884E-07 .4412E-08 .6813E-09 .1635E-05 .S5212E-14 .13228-06
1.22320 .2074E-07 . .4305E-08 .7624E-09 .1586E-07 ..4351E=08 .7314E-09 .1524E-05 . .1098E~11" .1232E-06
1.25851 .2232E-07 .4202E-08 ' .E437E~09 .1322E-07 .U42B4E-08 .7822E-09 .13S1E-05 .4106E-11 " .1125E-06
1.29567 .2372E-07 .4103E-08 .9253E-09 .1104E-07 ,L4211E-08 .B8343E-09 .1241E-05 .8917E-11 .1005E-06
© 1.33351 .2487E-07 J4005E-08 '.1006E~08 .9428E-08- .4130E-08 .8883E-09 .1079E-05 .1527E-10 .8766E-07
S . 1.37245 .2571E-07 .3911E-08 .10858~08 8443B-08 .4OU2E-08 .944TE-09 .9110E-06. .2275E-10 .T429E-07
1.41252 .2618E-07 - ,3818R-08 .11602-08 .80928~08 .3948R-08 .10048-08 ',7432E-06 .3085E-10 .6089E-07
1.45377 .2622E-07 .37298-08 .1231E~08 .083328-08 .3850R-08 .10668-08 .5817FE-06. . .3899E=10 .4794E-07
1.49622 .2581E-07 .3643%~08 .1297B~08" .9070B-08 .3749R-08 . .11328-08 .43268-06 - .46568-10 <35908-07
1.53991 .2493E2-07 .35598-08 .13558-08 .1017B=07 .36868-08 . .11992-Q8 .30103-06 .52963-10 .2518R-07
1.58487 .2360E-07 .3479E-08 .1406E~08 ".1145E-07 = .3545B-08 .1268E-08 .1910E-06 . .57688-10 . . 16%138-07
1.63115 .2184E-07 .3401E-08 .1448E-08 .1273E-07 ' .3446E~08 ' .1337E-08 .1055E-06 6033E-10 .9002E-08
1.67878 .1973E-07 .3325E-08 ' .1482E~08 .1381E-07 -.3352E-08 ,1404E-08 L4578E-07 .6069E-10_ .3951E-08
1.72780 <1736E-07 -.3252E-08 .1507E~08 .1452E-07 .3262E~08 L1466E-08 .1131E-07. .5870E-10 '.9894E-09
1.77826 <1482E-07 .3181E-08 .1523E~08 - .1471E=07 ~ .3179E-08 .1521E-08 .1649E-10 ~ .S454E-10" .1523E-11
1.83018 .1223E-07  .3110E-08. .1533E~08 .1431E<07 .3102E-08 .1567E-08 .B8264E-08 .4854E-10" .T415E-09
1.88362 . 49721E-08 .3039E-08 -.1535E~08 .1330E-07' ' .3028E~08 .1601E~08 .3119E-07 .4121E-10 .2848E-08
1.93863 .7391E=-08 .2968E=-08 .15338-08 .11748=07 .2950B-08° .16228-08 '.63138-07 .3317K-10 .5872E-08
1.99523 .53372-08 .2894P-08 .15273~08, .97688-08 ., 20003-00 .16298-08 .9813%-07 .25062-10 .9312E-08

.dwp



2.05350
2.11346
2.17817
£.23869
2. 304006
2.37134
2.440538
2.51185
2458520
2.66069
<.73838
2.81834
2.9C0064
Z. 98534
3.07251
3.16223
3.25457
3.34960
3. 44741
3.54808
2.€£5168
3.75¢€31
3.86¢E00
3.98101
4,u9725
4.21690
4,34003
4.46676
4.59719
4.73143
4.86659
5.01179
5.15813
£.3CE75
5.46377
5.62332
£.78752
5.95652
£.13045
€. 30546
6.4937C
t.68332
€.37848
7.07933
7.28605
7.458€1
7.71773
7.94314
6. 175C3
t. 41380
8.65949
€.91235
9. 17260
. 44044
8.71611
5.595982
10.29182
10.59235
10.920165
11.21998
11.54761
11.38u481
12.23185
12.58903
12.95663
13.33494

13.72436

14. 12512
14.53758
14.96209

«3624E-08
«2288E-08
<1327E8-08
. 7094E-05
.3779E-09
<2604E-06
.2822E-09
<3774 E-09
<49748B-0¢
.6136E-09
.7154E-09
<8017E-0Y
.B720E-09
. 9194E-09
.93C0E-09
.8894E-09
<7935E-09
<6566E-09
.5051E-09
«386bE-05
.3155E-09
-3069E-0§
<3601E-09
L4694E-09
L6217E-06
LT8T4E-0S
.$157E-09
- 94 95E-09
.8603E-09
-6813E-09
«5130E-09
L47478-09
.63328-0§
.94 03E-C3
.T243E-0¢8
.1365E~-08
.1233E-08
<9375F-06
.6760E-09
.6062E-09
<7200E-CS
+8550E-09
. 8441E-09
«6676E-09
-4584E-C9
.3539E-09
.3578E-09
.3631E-09
.2959E-09
.1916E-09
.1228E-09
. 9892E-10

.7927E-10,

.4737E-10
.2097E-10
.8493E~11
. 2402E-11
.8720E-13
.1760E-11
.6173E- 11
<1405E-10
.2066E-10
L 2421E- 10
.3224E-10
.3765E-10
<3424E-10
.3513E-10
<3UB1E-10
.2620E-10
.2217E-10

.28178-08
.2737E-08
.2652E-08
«2561E-08
.2466E-08
<2366E~-08
.2261E-08
«2154E-08

«20U44E-C8’

.1933E-08
.1823E-08
«1714E-08
«1607E-08
«1504E-08
<1404E-08
«1306E-08
«1212E-0€E
«1120E-08
.1030E-08
.9425E-09
.8574E-09
- TT54F-CS
+6971E~09
.6229E-09
«5532E-09

L4881E-09

.4275E-09
<3710E-09
.3186E-09
.2701E-09
.2256E~09
<1856E-09
.1501E~-09
.119128-09
.92595-10
.7606E-10
.5116E-10
.356CE-10
.2318E-10
.1375E- 10
.7066E-11
.2799E-11
56658~ 12
.1135E-13
.8196E-12
.2684E-11
<5274E=11
.8265E-11
.1138E-10
< 1440E-10
«1711E-10
. 1933E-10
.2091E-10
<2177E-10
<2191E- 10
+2132E-10
+2005E-10
.1822E-10
<1595E-10
<13408-10
.1073E-10
«8114E-11
.5704E- 11
«3631E-11
<1995E~-11
-8477E-12
«1954E-12
.1032E-15
.17992-12
.62258-12

-1518E-08
- 1509R8-08
-« 1498E~08

- 148EE-08

- 1477E-08
. 1465E-08
. 1451E-08
< 1432E~08
.14CeE-08
-1377E-08
- 1338E-08
.12928-08
.123€E-08
-1178E-08
. 1115E-08
. 1050E-08
- SB44E-QS
.9267E-09
- €588E~09
.7984E-09
.7388E-09
.6789E-09
.6184£-09
.5574E-09
<4970E-09
.4389F-09
.3847E-09
.3353E-09
.29CSE-09
.25C7E-09
. 2136E-09
.1786E-09
-1457E-09
. 1154E-09
.E883E-10
<6665E~10
. 4BS5E-10
-348BE-10
.2360E-10
. 1454E~10
.76658-11
©3081E-11
.6770E-12
«2394E-13
L6477E-12
.2270E-11
<47278-11
.7722E-11
< 1082E-10
<1370E-10

- 1629E-10"

- 1856E-10
«2028E-10
«2123E-10
«2141E-10
«2090E~-10
«1576E-10
- 1802E-10
« 1584E-10
-1336B-10
«1073F-10
- 8148E- 11
-5772Fr-11
«3701E-11
<2047E-11
«8902E-12
«2187E-12
«2062E-14
«164843-12
«59458-12

.75688-08
.53642-08
.3380E-08
.1804E-08
.7580E-09
.2708E-09
.2745E-09
.6158E-09
.1091E-08
. 1494E-08
.16 74E-08
.1575E-08
. 1246E-08
.B242E-09
.4655E-09
.2771E-09
.2661E-09
.3460E-09
.4030E-09
.3803E-09
. 3202E-0Y
.3164E-09
- 4244E-09
.5950E-09
.7044E-09
.6565E-09
.4772E-09
.3154E-09
.34 12E-09
.6128E-09
.1013E-08
.1313E-08
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s < 1658E-10 e 1165E-17 « 1196811 1237211 .61318-16 .1008E-12
15:33222 '.s?Jnr-11 S17TeR~11 L 17362-11  _1GSO0R=10 . 1770B-11 .1239B~11 .15492-12 .8424E-18 . 1150E-13
16.31143 .5806E8-11 .2227811 .22012-11 .S53I18E=-11 .22268-11 .2201P-11 .1926E-12 .1491E-14 .1306E-13.
16.78772 .2168E-11 .2482E<11 .2866E-11 .2311E-11 .2482E-11 .2466E-11 .1244E-12 .2041E-15 .7795E-14
17.27792 .3791E-12 .2494E~-11 .2488E-11 .3690E-12 .2494E-11 .248BE-11 .7935E-15 .1719E-15 .4BU6E-16
17.78244 J4158E-13 .2268E-11 -.2272E-11 .4115E-13 .2268BE-11 .2273E-11 .2957E-14 ".6278E-19 .9071E-16
18.30170 <B425E-12 .1855E-11 ‘. 1867E-11 .8737E-12 . 1855E-11 .1867E~11 .3557E-14 .3442E-15 .1420E-15
18.83611 <2499E-11 .1338E~11 .1353E-11 .2377E-11 .1338E-11 .1353E-11 .1248E-12 .1531E-15 .4660E-14
19.38612 .3947E-11 .8153E-12 .8302E~12 .4181E-11 .8152E-12 .8294E-12 .6082E-13 .1167E-14 .2073E-14
19.95219 .5635BE-11 .3801E-12 .33112-12 .S318E-11 ,.3801B-12 .39118-12 .2104E-12 .6225E-15 .6U92E-14
20.53481 .5870B-11 .9965E-13 .10588-12 .6214B-11 .9961B-13 .10558-12 .11312-12 .1367B-14 .3146E-14

_—

T Ur196E- 11

<16328-10

T .11658-11

RS VALUES-CROSS LEVBL.IIPUT

RMS(1) =0.113E-02
RHS(2) =0.122E-03
ENS(3) =0.693E-0U
PMS(4) =0.116E~02
RMS(5) =0.123E-03
KMS(6) =0.696E-04
RMS (7) =0.188E-02
EMS(8) =0.602E-04
EMS(9) =0.448E-03
RES(10) =0.692E-03

PSD VALUES FOR ALIGNMENT INPUT

FREQUENCY (KZ) LATERAL CONTACT FORCES CENTERPLATE PCRCE LATERAL MAGHITUDE

AXLE. 1 AXLE 2 AXLE 3 AXLE 4 LATERAL POSITION
G.100 0.2574E+03 0. 84U40E+02 0.1024E+05 0.8940E+04 0.8378E-07 0. 1188BE+02
3.106 0.2733E+023 0.BUUEE+D2 0. 1135E+05 0.9519E+04 0.9425E-07 0. 1337E+02
0.112 0.2928E+(C3 0.8489E+02 0.1258E+05 0. 1101E+05 0.1060E-06 0.1505E+02
G.119 0.3145E+03 0.8564E+02 0.1395E+05 0.1222E+05 0. 1192E-06 0.1693E+02
G.126 0.3394E+03 " 0.8671E+02 0. 1545E+05 0.1356E+05 0.1340E-06 0. 1905E+02
0.132 0.3679E+C3 0.8809E+02 0.1711E+05 0. 1504E+05 0.1506E-06 0-2144E4+02
0.141 0.4003E+03 0.8976E+02 0. 1894E+05 0.1668E+05 0.1693E-06 0.2012E402
0.150 0.4373E+C3 0.9168E+02 0.2094E+05 0. 1849E+05 0.1902E-06 0. 2715E+02
0.158 0.4793E+C3 0.9382E+02 0.2314E+05 0.2048E+05 0.2137E-06 0.3055E+02
0.1638 0.5271E+03 0.9607E+02 0.2553E+05 €.2268E+C5 0.2402E-06 0.3438F+02
J.178 0.5815E+(C3 0.9833E+02 0.2813E+0S 0.2508E+05 0.2698E-06 . 0.3870E+u
0.138 0.6432E+03 0.1004E+03 0.3095E+05 0.2772E+05 0.3032E-06 0. 4358E+(2
0.2060 0.7133E+03 0. 1021E+03 0.3339E+05 C.306(0E+05 0.3407E-06 0.4909E+02
0.211 0.7925E+C3 0.1031E+03 0.3727E+05 0.3375E+05 0.3830E-06 0.5531E+02
0.224 0.8819E+03 0.1028E+03 0.4077E+05 0.3717E+05 0.4306E-06 0.6236E+02
0.237 0.9821E+03 0.1005E+03 0.4451E+05 0.4091E+05 0.4842E-06 0.7037E+02
0.251 0.1093E+04 0.9530E+02 0.4850E+05 0.4438E+05 0.5449E-06 0.7947E+02
G.266 0.121ZE+04 0.B8602E+02 0.5273E+05 0.U4944E+05 0.6137E-06 0.8987E+02
0.282 0.1344E+04 0.7133E+02 0.5725E+05 0.5435E+05 0.6921E-06 0.1018E+03
0.299 0.1473E+CY 0.5048E+02 0.6211E+05 0.5982E+05 0.7818E-06 0. 1156E+03
0.316 0.1589E+04 0.2537E+02 0.6743E+05 C.66C7E+05 0.8854E-06 0. 1317E+03
0.335 0.1662E+04 - 0.7444E+01 0.7349E+05 0.73U44E+05 0. 1006E-05 0.1506E+03
0.355 0.1639E+04 0.3957E+02 0.8081E+05 0.8263E+05 0.1150E-05 0. 1734 E+03
0.376 0.1432E+04 0.2704E+03 0.9053E+05 0.9496E+05 0. 1325E-05 0. 2013E+03
0.398 0.95T74E+(3 0.1229E+04 0.1052E+06 0.1133E+06 0. 1S44E-05 0.2367E+03
0.422 0.5925E+03 0.4954E+04 0.1310E+06 0.1442E+06 0.1826E-05 0.2829E+03
J.447 0.4522E+04 0.2029E+05 0.1847E+06 0.2046E+06 0.2196E-05 0.3G42E+03
0.473 0.4379E+05S 0.8860E+05 0.3148E+06 0.3369E+06 0.2620E-05 0.4162E+03
0.501 0.2731E+06 0.3478E¢06 0.5951E+06 0.5751R+06 0.2648E-05 0-8270E+03
0.531 0.64258+06 0.6087E+06 0.70938+06 0.58508=+06 0.13%2E-05 0.2202R+03

=21~
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RMS VALUES -ALIGNMENT INPUT

LATERAL CONTACT FOECES

AXLE
AXLE
AXLE
AXLE

1
2
3
4

=0.244R+03
=0, 228E+03
=0.320£+03
=0.3C0E+03

0.9476E-07
0.1050E-06
0.7485E-07
0.2761E-07
0.7039E~-09

0.1227E-07"°

- 0.4416E-07
0.6025E-07
0.4368E-07
-0.1335E-07
0.1898E-11
0.1012E-07
0.2217B-07
0.1810E-07
0.5261E-08
0.7780E-11
0.3032E-08
0.4232E-08

0. 16 14E-08 ~

0.5337E-10
0.6038E-10
0.3061E-13
0.1309E~09
0. 1492E-10
0.5998E-09
0.2163E-08
0.9665E<09
0.3853E-09
0.37815-08
0.2351E-08
0.1639E-09
0.3613E-08
0.1772E-08
0.3024E-09
0.2111E-08
C.2814E-09
0.3732E-09
0.2581E-09
0.1776E-11
0.6500E-11
0.8955E=11
0.3403E-09
0. 1794E-09
0-.6722E-09
0. 3920E-09

LATERAL POSILIGM CF RESULIANT CENTERPLATE FORCE = CO.

LATERAL FORCE A1 THE CENTERELATE

-23-

0.113E+02 .

0.1378E+01
0.143BE+01
0.9632E+00
0.3334E+CO
0.7967E-02
0. 1304 E+00
0. 4406 E+C0
0.5655E+C0
0.3871E+400
0. 1122E+00
0.1561E~04
0.7840E-01
0.1672E400
0. 1344 E+00
0. 3892E-01
0.5850E-04
0.2304 E-01
0.32G3E-01
0.1283E-C1
0.4223E-C3
0.4186E-C3
0.1574E-03
0. 2442E-G2
0.2488E-03
0. 1022E-01
0.3892E-01
0.1861F-01
0. 7984 E-C2
0.8445E-01
0.5662E-01
0. 4255E-C2
0.1009E+00
0.5309 E-01
Go 9704 E-C2
0.7235E-C1
0, 1027F-0G1
0.1446E-01
3. 1058E-01
0.7639E-Cu
0.3234E-C3
0.4383E-C3
3. 1737E-01
0.9566E-02
0.3736E-C1
0.2267E-01
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2.053
L 2.113
T 24175

2.239
2.304

2.371°

2.441
2.512
2,585
2.661
2.738
2.818
2.901
2.985
3.073
3.162
3.255
3.350
3.447
3.548
3.652
3.758
3.866
3.981
4.097
4,217
4.340
4,461
4.597
4,731
4.870
5.012
5.158
5.309%
S.46h
5.623
5.78¢8
5.957
6.130
6.309
6.494
6.683
6.878
7.079
7.286
7.499
7.718
7.943
8.175
8.4 14
8.659
8.912
9.173
9,440
9.716
10.000
10.292
10.592
10.902
11.220
11,548
11.885

12.232

12.589
12.957
13.335
13.724
14,125
14.538
14.962

0.2199E+04
0.21992+04
0.2247E+04
0.20117E+ 04

0.2492E+04

0.2530E+04
0.2511E+04
0.2427E+04
0.2277E+CY
0.2073E+04
0.1836E+04
0.1594E+C4
0.1378E+04
0.1210E+04
0.1103E+CHY
0.1051E+04
0.1036E+(CU
0.1031E+04
0.1012E+04
0.95S7E+C3
0.8749E+03
0.7748E+03
0.6913E+03
0.6564E+03
0.6840E+03
0.7565E+03
0.8272E+03
0.8416E+C3
0.7678E+03
0.6198E+03
0.4586E+03
0.3622E+03

0.37U8E+03

0.4691E+03
0.5596E+03
0.5635E+03
0.46U6E+03
0.3300E+C3
0.2598E+(C3
0.2972E+03
0.3834E+03
0.4154E+C3
0.3542E+03
0.2652E+(3
0.2423E+03
0.2930E+03
0.3328E+03
0.3027E+03
0.2474E+ (3
0.2385E¢03
0.26U44E+03
0.2626E+C3
0.2297E+03
0.2109E+03
0.2081E+C3
0.1341E+03
0.1755E+(C3
0.1608FE+03
0.1401E+03
O-aNm¢m+nw
Oe1179E+03
0.9731E+02
0.8516E+02
0.8566E+02
0.7124E+02
0.6853F+(C2
0.7278E+02
0.6462%¢02
0.71522+¢032

0.53682+03

0.46028¢03
0. 400IE+03
- 043557E+03
©0e3254E+03

0.3090E+03
0.3084E+03

0.3271E+03
0. 3690E+03

0.4373E+03
0..5323E+403

" 0.6502E+03

0.7827E+03
0.9170E+03
0.1037E+04
0.1128E+04
0. 1176E+04
0. 1182E+04
0.1156E+04
0.1119E+04
0.1096E+04
0.1104E+04
0. 1146E+04
0.1207E404
0. 1256E+04
0. 1262E+04
0. 1200E+04
0.1071E+04
0.9070E+03
0.7631E+03
0.6309E+03
0.7125E+03
0.8043E+03

" 0.9018E+03

0.9297E+03
0.847SE+03
0.6797E+03
0.5010E+03
0.3881E+03
0.3716E+03
0.4186E+03
0.4578E+03
0. 4354E+03
0. 3533E+03
0.2599E+03
0.2096E+03
0.2182E+03
0.2512E+03

0.2600E+03

0.2291E+03
0.1892E+03
0. 1769E+03
0.1903E+03
0.1980E+03
0. 1867E+03

‘0.1737E+03

0. 1718E+03
0.1705E+03
0.1646E+03
0.1626E+03
0.1588E+03
0.1419E+03
0.1282E+03
0.1249E+03
0. 1086E+03
0.8545E+402
0.7890E+02
0.7270E+02
0.5898K+02
0. 5729202

0.67398+03

0,1391E+04

0.2160E+04
0.26 14E+04
0.2509E+04
0. 186 3E+04
0.9731E+03
0.2757E+03
0.106 2E+03
0.4864E+03
0. 1095E+04
0.1473E+04
0. 1349E+04
0.8493E+03
0.4031E+03
0.3766E+03
0.7390E+03
0.1086E+04
0. 104 3E+04
0.6635E+03
0.3733E+03

0.4692E+03

0.7521E+03
0.7827E+03
0.4819E+03
0.2573E+03
0.4213E+03
0.7300E+03
0.7698E+03
0.5900E+03
0.5256E+03
0.56 09E+03
0.4362E+03
.0.2500E+03
0.4450E+03
0.4789E+03
0.4612E+03
0.4450E+03
0.3371E+03
0.2392E+03
0.2588E+03
0.3219E+03
0.3695E+03
0.3497E+03
0.2915E+03
0.2390E+03
0.2352E+03
0.2884E+03
0.2716R+03
0.26288+03
0.2104E¢03
0.2176E+03
0.2090E+03
0.2046E+03
0.1755E+03
0.1710E+03
0.1439E+03
0.1389E+03
0.1153E+03
0.1174E+03
0.9310E+02
0.7968E+02
0.8390E+02
0.7499E+02
0.6493E+02
0.6819E+02
0.72238+02
0.67398+02

0.28 142408

0.27323+04 -
0.2404E+04:: - - -~

0. 1575E+04. .

0.6963E+03.
0.3086E+03.
0.7246E+03.

0.1793E+04

0.2926E+04 .

0.3436E¥04
0.3008E+04

0.1960E+04 -

0.1061E+04
0.9404E+03
0.1557E+04
0.2222E+04
0.2237E+04
0.1597E+04
0.9976E+03
0.1060E+04
0.1594E+04
0.1832E+04

"0.1434E+04

0.9587E+03
0.10S7E+C4
0.1378E+04

0. 1442E+04 -

0.8831E+03
0.5434E+03
0.7172E+03

0.E8769E+403
0.784BE+03

0.8137E+03
0.9285E+03

0.7203E+03
0.4T46E+03

0.4237E+03
0.5285E+03
0.5468E+03
0.5672E+03
0.4631E+(C3
0.2932E+03
0.2673E403
0.3217E+03
0.3525E+03
0.2943E+03
0.2169E+03
0.1825E+03
0.2257E+03
0.2348E+03
0.1934E+03
0.1753x+03
0.18168+03
0.2057E+03
0.1845E+03
0.1817E+03
0.1865E+03
0.1752E+03
0.1843E+03
0.1625E+03
0.1588E+03
0.1438E+03
0.1344E+03
0.1178E+03
0.9996E+02
0.9348B+02
0.T4438+02
0.6816E+02
0.608293002
. 0.50928¢02

-25-

0.15833-03
°0NqUﬂ.-°U
0.2647E-03
0.3041E-03
0:3257E-03

0.3249E-03

0.3004E-03
0.2548E-03
0. 1949E-03
0.1302E-03
0.7156E-04
0.2822E-04

0.4927E-05 -

0.2890E~06
0.7176E~05
0. 15T4E-04
0.1820E-04
0.1296E-04
0.5169E-05
0.2392E-05
0.7938E-05
0.1713E-04
0.2066E-04
0.1349E-04
0.2162E-05
0.3315E-05
0.3250E-04
0.9022E-04
0.1557E~03
0.1955E-03
0. 1838E~03
0.1224E-03
0.4556E-04
0.1532E-05
0.2062E-04
0.9036E-04
0.1599E-03
0.1757E-03
0.1242E-03
0.4547E-04
0.1151E-05
0.1994E-04
0.7134E-04
0.9679E-04
0.6983E-04
0.2124E~04
0.3006E-08
0.1598E-04
0.3488BE-04
0. 2839804
0.8227E-05
0.1213k-07
0.4717E-05
0.6571E-05
0.2501E-05
0.8259Eg-07
0.9328E-07
0.4742E-10
0.2018E-06
0.2298E-07
0.9230E-06
0.3327E-05
0. 1486E-05
0.5919E-06
0.5806E-05
0.3609E-05

0.2516E-06

0.5545E-05
0.27192-05
00'004.100

0. 8906 2+04
0.65312+04

- -0s7970E+04 -

0.9014E+04
0.9491E+04
0.9295E+04
0o 8425E+04
0.6995E+04
0.5222 E+04
0.3397E+04
0. 1813E+04
0.6910E+03
0.1159E+03
0.6485E+01
0. 1515E+03
0.3060E+03
0.3121E+03
0.1782E+03
0.5234E+(02
0.9137E+02
0.3107E+03
0.5450F+03
0. 5762E+03
0.3424E+03
0.5085E+02
0.7306E+02
0.6740E+03
0. 1766 E+04
0.28B0E+04
0.3421E+04
0. 3042E+04
0.1916E+C4
0.6742E+03
0.2142E+02
0.2728E+03
0.1130E+04
0.1892E+04
0.1963 E+04
0. 1321E+04
0.4603E+C3
0. 1112E+02
0. 1854E+03
0.6411E403
0.8469E+03
0.5999E+03
0. 1B0BE+03
0. 2657F-C1
0.1378E+03
0.3072E+03
0.2578E¢03
0.7765E¢02
0. 1209E+00
0.4899E+02
0.7173E+02
0. 2854 E+02
0.9623E+00
0. 1010E+01
0.2429E+00
0.4815E+01
0.5046 E+00
0.2077E+02
0.7867TE+Q2
0. 3726E+02
0.1581E+02
0.1652E+03
0. 1094E+03
0.8122E+01
0. 1902E+03
0.9893E+02
0. 1788E+02



15.399
15.849
16.311
16.788
17.278
17.782
18.302
18.836
19.386
19.952
20.535

0.71382+02
0.7056E+(C2
0.7358E+02
0.6910E+02
0.6677E+02
0.6084E+02
0.5336E+02
0.U4652E+(C2
0.3827E+02
0.3363E+02
0.28278+02

0.6058R+02

0.5753r+02

0. 6050E+02
0.6292E+02
0.6188E+02
0.6077E+02
0.5775E+02
0.5286E+02
0.4551E+02
0.4003E+02
0.31552+02

0.7010R¢02
0.7279R+02
0.69 13E+02
0.7023E+02

0.6675E+02
0.6073E+02.

0.5254E+02
0.4582E+02
0.37658+02
0.32338¢02
0.29 128402

0.60268402 .

0.57271+02
0.5983E+02

0.6141E+02 .

0.6160E+02
0.6085E+02
0.5834E+02
0.5156E+02

 0.4651E+C2

0.3724B+02

0.32872402

RMS VALUES-CROSS LEVEL INPUT

LATERAL CONTACT FGRCES

AXLE 1
AXLE 2
AXLE 3
AXLE 4

LATERAL POSITION OF RESULTANT CENTERPLATE FORCE = 0.254E-01" "~

LATERAL FORCE A1 THE CENTERPLAIE =-0.123E+03

=0.134E+03
=0.107E+03 .
=0.,130E+03
=0.127E+01]

~26~

" 0.32402-05

0.4319E-06

0.5730E-06 -

0.3964E~06
0.2728E-08
0. 9985E-08

. 0« 1376E<07
-0.5230E-06

0.2759E-06
0.1034E~05
0.60312-06

" 0,-13183+03

0. 1852E+02
0. 2582E+02
0. 1871E+02
0.1339E+00
0.5600E+00
0.7558E+00
0.2975E+02
0. 1627E+02
0.6312E+02
0.3807E+02



SelmPE o

The .following 12 plots idap;ét the power
speotral density of (PSD) infdrmation plotted by
this oomputer program, The: first six plots
illustrate the PSD’'s for the following variables
in response to a random, crossjevel ‘tnput:

1, Front—truck latersl d%lplnooment
2, Front truck warp dispiaoement

3, Car body }atéral Qisp;ademe;t
4. Car body roll displac;ment

5. Lateral c;ntgct force, a;le |

6. Lateral contact force, axle 3.

The second six plots show the response of the
same  variables to a random alignment

" disturbance. Although the response” is shown it'"';. “A
only one speed in this example, results for"
multiple speeds will be plotted on the same plots . .

if multiple speed calculations are specified.

In the truck lateral and warp PSD's, the .

doﬁigsnt kinematic mode at -about 0.5 Hz is :

evident, ' both in response to crosslevel and

alignment inputs., This mode is partially masked
in the car body lateral and roll respomse by
dropouts that ococur at nearly the same frequency.
These dropouts gre due to the geometric filtering
effect of the truck and car body acting as
traveling chords. Higher harmonics of the
fundamental filter frequencies cause the lobes in
these plots at high frequencies.
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Appendix
COMPUTER PROGRAM LISTINGS

MAIN PROGRAM

SR T RVunAl R

C

C

C***FRSDCF COMPUTES THE FORCED RESPONSE CF 2 9 DOF FREIGHT CAR¥*x*
C

ﬂ*i*i*n&&&&****ii*Q***i*i*#&&#&i&ilii*iQGo&!*Gl*ili*****ii*{i*{**

PROGRAN DEVELOPED AT AKIZCNA STATE ANL CLEMSOW CZH<waHHme
BY N. x. COOPERRIDER ANL E. H, LAW.

FRRKE DB AR FE R RRORK AR RN AR Rk h Rk Rk b 6 b dokok ok ok Aok ok ok gk Kk K R KOk K

*%*% DEFINE SOME COHMON TERMS USED IN THE EBROGRAM *%x% o
1ERM1=WF/X A
TraM2=2.%F12/RJ/X :
TERHI=-LI1*HF/X+2.%F22/R0/X+2. *L1*¥F12/E0/X
TERM4=L1*dF/X
TERMS=2,%X*F33/R0
TEEMb=2.%F22/R0/X , el
TERM7=2.%X*F33/R0 . o o
TERMB=0*D*IF/X
TERMY=D*D*KYR/X -
TEsM10=WR/X -
TEEMT1=-L1*HR/X+2, *»mm\mc\x+n *rd*ngu\:g\x
TERM12=L1*WR/X
TERM13=2.%*RO*F11/X/V . K -
TiEM14=TERH93-TERKM438-1ERAYY C - o
TERM15=TERN93-TERMIB : e
TERM16=C*#D*DYEF/X : e
TEQN17=D*D*D {R/X Do
TEEM18=L1¥WF/X+2.%F22/R0/X~ N.*r“*mékxuo\x o
TERMV9=LI*¥WB/X+2, %P 22 /RO/X-2, %L 1*F12/80/X
TERM20=2. *n_N*xc\w\<4+ax*<\wc\x+N *»d*m_d*xc\x\<
TERMZ1=TERA13%L :
TERKZ2=(2.%F12/R0-WE) #30/X
TExM23=2.%F33*X
TERM24= (~WF*RO%L1+2.%F22+2, *r_*mﬂuvx>
TERM25= (WF*KO*L1+42,%F22- k**ba*nduvxw S .
TEkMzo=TEEX15%X R - : .
TExN27=IERM9I*X S
TERN28=2.%F22/X
TERMZI= (2.%F12/RJI-WR) *KI/%

TERBI0= (~WR*ROXLI1+2.%522+2. *rd*namv\x
TERM31= (AR*ROXLI+2.%F22-2.%L1%F12) /X
TEAM32=D*D*KYF
TEEM33=D*D*KYR
‘TERM34=D*D*DYF

COoOOC OO0 00O OO CnC OO G oAt oo Cc OOt N

¢ TEEM35=L*D*DYR . : ;
C TERM3I8=-TERM60*W . C o

C TERMU0==F11/V* (1. +RI¥A11 /L) *W

< TEKM41=-( (AT1+DT11) #ul- Hrmaod*gﬁdﬂwxx

C TERMY42=- (~-TERMUI*LT1+TERNOO*W) .

C TeEMU3=F11¢L1/X* (TERMEI*DI1 1~ ﬁu_g’rh;_v*zzw )

C TERMUY4=DLO1* (WN=-IERH61) e -
C TERM4S5=-F11/V* (1. +R0O¥A12/X) *u - :
C TERMGo6=-( (A12+4DT12) *Wl- Hmuz@d*cg_u,\x

C TERM4T=- (TERMUS*L1+TEFM60%i) - P

C TER4U48=F11- rd\xiﬁﬁruzm_*cgﬁmnAp_u*nkéh.*zz..p

c TERMY49=DLO2* (WN-TEs N6 1) _ , ’
C TERBS50=~F11/V¥(1.+4R0*A13/X) *W v R
C TEAMS1=~-{ (A13+DT13) #+ul- Hmzsc_*o»du,\x S

¢

TERKS2=— (~TERMS50*L1+TEiN6I*NW)

Al

qogu

00001000
00032000
00003000
00004000
00005029
00006000

""00007009

90008000
00009000
00010090
00011000
20012099
00013007
09014399

00015009
00016029

00017023
00013000
39013030

-00020079

uddz199)
300226
3390239
0CJ240
333259,
J30020743)

).
o) UL

T Ly &

50027999

39228339
36024939
90330299
3393103
36332533

b

3333309

C0J342332
32035220
WONEIRIND]
J0337872
23D

Q0240

0941530
Q0429
03433550
062484052
Q0045302
0J04%0d99
0004700C
09748000
20349000
00050000
Q0a5103¢
0JU52020
09253¢Cu¢
J005H4000
00955339
030560390
000357C)0

~30J3538000
-00959000

Jo06300)
00061339
00062039
00063000



CfrococCcCcCcoCcCcoCcnoOoGOncC

U C O U 4+ o b

TERMOA==WR N . .0 L . S S JUVT YT

TEFNOS=ICL/WC . 00374329
TENHT3=TERA2TH*W I L . S Q0975320
TERMT4=TERU2(*d ' . i e .o C 2007460639
TERMIS=TERA20%w . 20277939
LERMTO=TERMAIT®RW . 00 o 0 e ws e : - 208872320
TEBATI=TLERM 15%*W S 33978039
TEKM73=TZRA15%Y ' 15080990
LELNTI=TERATd4*4 D0G81I0)
TEEA30=~TER® 13%4 “ : R : L o 2038203
TERAB83=1dX*V/ (§O*4) - . 20I8303D
TEsMB8I=AT3+4 14 X . e . o INOBNI0Y

TEE#90=A13-214 S r 008500
LEEN91=411+412 S : : ' ) y
TER¥92=A11-A12 _
TEFA9I=2.%RI*F 12/ (V*4)
TERMSd=U. «LT*L =11,
LEbN96=q.%¥F12/V
TERANY0=UL % (FL24 X% X%F35) /V
TERMSI=2 %2 1140 0% LT 7 (X¥V)

LR N N

(.

ECUSVALENCS (uk, ki) , (2W&,adwl), (LK1, XEd2), (di, X8B) ,

. N PR
e G _)'Q'(,u RSN SRR

(LEY,X132), (104, K1c3), (A5F,Kd5), (ISFY,XL52), (4C,£AC),
(ICY, X12) ,(LC4L,ALC3), (1C1E, KLL)J),(L1,LL),(X,n),(lL,l1,hyu),
(LZ,CLE) 4y (E3,Cui), (A1 ,35448Y) ,(A12,GAK2), (413,64H3), (A14,6A44),
(L1711, 8DEL1) ,(DTV2,2LE8L2) ,(OT13,LL0EL13), (DL 14,30EL%)
Wid1,08L31) , (V02,080 02) , (VLU3,CELOS), (0L J4,D2L08),
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Nu=9 ‘ 100203000
PI=3.141593 00204009
CESC2=0HGL**2 , , X 2TTT0020500)
) CMGS2=0NGS**2 ‘ . : : : ' C 00206299
C *%% CERINY LNPUT PARAMETEFS *#% et %25333%3
HELQE{O ,300) LABEL - : ' o 00209979
300 ECEMAT (111, 1CX,2044//,/) o . 60210009
WhITE (0,320) AC, 88, ASF, dw, lCY ¢1Ch, ICYZ,LuY,I8Z, LSFY 0021122)
320 FCRMAT(25K,' MASS ERCEEHRTIIES',///5%k, 03212390
BB T (BASS OF The CAR EUDY) ',5X,'= ',810.4,% 3LUGS'/5%, 33213300
PABT:):! (AA5S OF iU ECLSTER)', 6K4,'= Y,510.4,' SLUGS'/5X, . 00214009
JVEMS {UASS OF ThE SIUEFLAM=)Y, 4X,'= *,810.4,! §LUG' .7 5%, 00213000
4rXMA  (MASS OF TUE WEEELSET) ',5X,'= ',810.4,7 SLUGS',//3L,. 002100990
SYX1C. (MOAEST OF INEBTIA CF The CAE EGDY 1N YAd)', 8K, ST 00217900
b'= ',ET0.4," SLUG-FI*%2%,/5%, - A 00213099
TYXIC3 (MUMENI Or INsBLla OF Tde Cak sCuY Id ROLL)', T4, 23219009
3= 1,E10.4," SLUG~F1%%2',/5X, ' ’ : aozéﬂoao
YYRICZ3 (CRUSS PruDUCT OF lHEKTiA FCE CAX BODY)',11%, , 0022130
1= 1, 310.4, ) SLUS=FI*#2',/5X, _ , L 33222063
2YXTE2  (MOAENI OF INebIid OF Idé CLSIk 14 Yaw)', uX, 70223900
3V= 1,104, Sude=rFIea28, 54, ' ‘ T 002400
4VXIE3  (A0MuNI OF INEFLIA CF rHE ECLSTEX iw: pJIM)-,'éx[ 502250
5= 0, 51044, SLUG-FI**2' /54, ‘ i 10226320
6VYXIS2  (MOMEWT orf INEF[Lh CF IHE SIickFnAdE IN faw).', 74, : II22700
Tv= ', 51044, SLUG-FI**21) ' S - : 02226053
WEIIE (0,323) IwX,IaY¥ 202292))
325 FCE#AT (5%, _ ' Co Jc2300))
SYXLA1  (JUAENL OF INEFTia oF Tuk WHLELSSY ABOYT AXLL) ', sX, 3023130
9r= 1,010.4," SLUs-rI#**.*,/54, o - v Ji232539
TVXINZ (AOAENT OF ISEFLié GF THE WEEELsEr Il iAd)‘,dX, 933
2V= VL, ETd 4, ' SLUG-ELRN2V s/4) o : BRFETIES
wollE (0,330) KAF,KrxZ,FYF ,Alu,nuiur,xu.m.u,:\ul.«.,n-.x.\“ 93023537
330 FChARI(25X,'STiFFdes$ PRGP2RTinS',0//84, - ‘ ' 30230020
1VXKAF (LATERAL STIFFNESS, SIudFuAle IC BULS1En —FRUNT-)Y,5X, J02373737
1= 1,E10.4," Lu/FTY,/5%, : B - : ‘ 90234733
2VXKX5- (LATZRAL STiFFN&SS, SiUsFREA#E 1C SOLSTaR -d4£ai-) ',b%, 3239003
2= V,810.4," 'LB/ETY /54, ‘ : 33243009
3VXKYF (VERLICal SII1FEN©SS5,SIacFxa#i 16 3UnSiBr ~FRCNI-) ', 44, 23441005
3%= v,310.4,' LD/FT',/ 54, o 024200
4UXAYE (VERTICAL SI1FFaesS, SIDEFhRME TC BOLSVES ~RZRA-) Y, 5%, S024370)
4= ', E10.4," LO/FD',/C%, ‘ ‘ D3244220
s'xnicef(gzuiﬁﬁpLazc $TibkdnsS -FRCNI-) ', 234, ‘ i2as )
5t="1,£10.4,"! ~LB/RALY J /5K, R L EFTIOR S
6'XKICPA(CENTLA~uA1“ SIIEFNESS —udab=) ', 244, RN R RS
6'= V,E10.4,% FT-L3/4BL',/54, 53080
7VXKINF (TRUCK WAKPLHG SIIFFNZS5S -FRCNTI-~) ', 21X, NPT
vz 1, 81004, Fi-oL3/KALY,/54, : S SISl I
B'XhIwk (IRUCK WAxDLNG STIFrNZss -REAK-)',224, A3
gtz V,510.4," rT-uB/kALY,//77) ' 2323250
WEIIE (06,350) OTHwF, 10K ,D4F, A8, DY¥r,LYX, UPESF, DTHL: 0CA5IT
50 FCoAAT (25X, 'DAJPLING. FFQEERILES? ,/ /775K, Q3234000
1VCTHE  (WAuPING LadEIMG-FEUNI-) ', 27X, 1025590
1'= t,E1J.4,' LB=-SEL/FT',/5%, J0250L 037
2'£Lua (JAQGPING DAdEINs -4EAR-) ', 27X, 20257933
2%= V,E10.4," LH=SEC/F1',/5%, , _ 123253040
3'£XE (LATERAL SIDEEkAdE IO BOLSTEK LadPadG -rRONT-) ', 5X, oozsvooo
Jt= ' ,E10.4," Lu~SEC/ET /5%y d02v00
4VLXE (LATERAL 5I0EEhdadi 10 BULS1ER LadPING -kuak-) ', oX, oo>o1wJ;
C4%= ', E10.4% " LB-SEC/FIY, /54, _ , , 09262037
54LYE (VERTICAL SIDEFKAME TG LOLSLER DA4PLNG -FRONT=)',4X, D263I25
50= 1,510.4, " LB-3EC/ET1',/5%, VI2042I0
6VLYR (VERTTCAL SLDEFnAlE LU SOLSTER LA4PING -®IAG-)*, 5X, J226532)
6'= ',i10.4," LB=3EC/E1',s35%, : . , V320067759
7'£TCEF (csuThuﬁtalg LAd2ids ~FR031-) ', 224, ' JA20739)
Tr= t,E10.4," LB-SEC/EL' /54, ' T0026200)
g [ICru (\.nN’Ih.\L‘quu CA4EiING ~wlAR=)"', 23X, JJd2093))
V= 1, E10.4," LB=SEC/FI',///) 4 . _ C0C272000
HELTE(& 360) X,D,1,L1,Ls,L3,RY . _ _ 00271209
360 FCRMAT(1d1,24X, "OIMENSIUNSY,///5K, C 002729

A-4



C
C

1¢4

1= ¢,310.4,° PT*, /5K,

20 (SENI~SPACING CF SIDEPRANE CIETER OF GRAVITIES)
2ts 4, ®10.4,% FTY,/5X,

31hCG (VERTICAL DISTANCE BETWERM 1aucx G LID son! 68) ¢
31z ¢,E10.4,' FT',/5K,
SYIL (SENI TRUCK WEEELBASE)',30X; . ... >

Stz 9,E10.4,' PT!,/5X, ' .
6¢CLE (DISTANCE FROM EODY CG TO FEONT TRUCK)!, 14X,

6= ',E10.4,' PT',/5X%, i S
7'CLR  (DISTAHCE PRCA EGLY CG To anan TRUCK) ¢, 151, R
7'= ¢,E10.4,"' FT',/5X, s
8RO (WHEEI ROLLING RADIUS)'*,301,

g8'= ',E10.4,*' FT' ///)

3 (3] ' » Y
A 3 “t v .

(SEMI~DISTANCE BETWEEN HHEBL CONTACT. PQIITS)':

WEITE(6,370) A11,A12,413,A14,DT11,0712,0T13,DT14

AREIYR
29GAN2
3vcAn3
4rGang
5YBEDEL1
6 *EDEL2
7'BDEL3
8YBDELY

WFITE(6,375)
375 FCBMAT(5X,

9*'LELOY
9t=
- 19LELQ2
1=
“2'CELON
Q=
3'CE104
3=

',E10.4,/54%,

'LE1G 4,/ 5%, ’ :

370 FCRAAT(25X,'WHEEL CHASACIERISTICS',///5X,

(ROLL COBFFICIENT, AXLE 1)°*, 4i,'= ' ,B10.4,/5X,
(BOLL COEFFICIENT, AXLE 2) ', 4X,'= ' ,E10.4,/5X,
(ROLL COEFFICIENTI, AXLE 3) ', U4X,'= '.510 4,/5x,
(ROLL COEPFFICIENT, AXLE 4) ', 4, %=
(CONTACT ANGLE cosrnxczsut.lx&; R SR E ]
(CONTACT ANGLY CORXPPICIENT,ANLE 3)',ux,_r-

{CONTACT ANGLE CCEFFICIENT,AXLE 4)°',4X,'= ',E10.

(INITIAL WHEEL/RAIL CONTACIT ANGLE, AXLE

(INITIAL WHEEI/RAIL CUNTACT ANGLE, AXLE 2)',4X,

',E10.4,/5X%,

(INITIAL WHEEI/RAILL CONTACT ANGLE, AXLZ 3)

(INITIAL WHLcSI/RALL CONTACT ANGLE, AXLE H4)',4X,

1,E10.4 //5X%,
4'3LAM1Y (COJICITY,
5t3LAM12 (CONICITY,
6YALAM13 (CONICITY,
7*ALAMT4 (CONICITY,

AXLE 1) ', 4X,7= ¢ 275X,
AXIE 2)',4X,'= ' ,E1C.4,/5%,
AXIE 3)%,4X,'= ',E10.4,/5X,
AXLE U)',4X,'= ', E15.4 ///)

JE1C. 4

WEIIE (6,390) F11,F12,F22,FJ33

11E11
11=
27F12
21=

“34522
3=
41E33
4=

- V¢AX

',E10.4,"
',E10.4,"
'LE10.4,

LE10.4,"

KEITE (6,395)
395 FCEFMAT (25X,

330 FCEMAT (25X, ' CREEP COEEPILLENIS',///SX,

(LATERAL CREEE CCEFFICIENT) !,
L3 ,/5%,

(LATEBAL/SPIN CREEP COLfFICIENT)', 4X,
LB-FTY,/5X,

(SPIN CREEP CCEFFICIENT)',
LB-FT*#Z',/54,
(LONGITUDINAL CKEFE COEFFLUIENI)',
L3's/7)

AX,APHI,Ca6C,CHs5

"TRACK PRUEERIIES',///5X,

-SX,

12X,

4,

pLO1,DL0Z,0L103,DLO4G,LET1,LB12, LB1J  LB14

', uX,

.....

:
', 5X,

«E10.4,//5X, ’
(E10.4,/5X,
(CONTACT ANGLE CORPFICIENT (AILR 2)'.ux.'=.'.z1o b,/5%,
E10. u,/sx

47)

1) "_,QX,': :, PO

(CENTERLIN:Z ALIGHASNT P5D CuErEILLLWI)' Gf, V=", 81004,
1! FI#*2-RAD/FT',/5X, ‘
{CROSS LEVEL ESC COEFFIUIEN&)’,]IX,'F v,E10.4,

. 2VYAEHIL

2' F1#*2-RAD/FT',/5X,

J'CﬂGC

3'= nlO u'

u'cnus
{,‘l:

',E10.4,°

(PSD ROLL OFF EREJSUENCY) ', 16X,
RAD/FI?',/5k%,
(CROSS LEVEL ESE LbNSEAdT)'

BAD/FI')

14X,

k5% *INITIALIZATICN UF PARAHETEnS****
CaLL S:TUP(M,C,K,FAR,FCLF)
CALL PLOTS(0,0.3)
CALL EXTEND(72.0)
CAli PLOT (0.,0.,3)

CALL FACTIOR

(«435) favt

CALL PLOTA(LAELL)

K1=0
‘§=Q.

x4 “X,

00273000

00274000

100275000
00276000
00277000
100278000

00281000
00282000
00283000
00284000
00285000
00286000

00287000

00288000

00289000

00290000
00291000
00292000
00293000
00294000
00295000
00296000
00297000
00298000
00299000

00300099
00301000

20302320
00303030
00304090
00305000
00306C30
09307099

- 0C353992

24339300
JI3120)2)
20311080
JU312339

-30313009

90314039
00315099
00316000
00317329
J03128999

S 30313039

00322339
30321239
33322329
99323290
20324079
J032539))
3383260372
33327019
003230833
JC3243637
30330020
J033103)

©J33833233)
290333939

00334000

©39335020

JC336 200
00337339
003332090
0033902¢
00343300
030341000
00342390
J0343000
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152

155

U 15 (3) =UR(5)
U1K (4) =UR(7)
Uu1I(1)=0.

U1I (2) =0I(3)
U11 (3)=UI(5)
U1 (4) =UI(7)
DC 152 I=1,9
DC 152 J=1,4

B1R(I)=B1R (I) #+FCLR (I,J) %01R (J) ~ECLI (I, Lvreaa.av
E1I(I)=B1I(I)+FCLR(1,J)*U1I (J)+ECLI (I,J)*U1R(J)

CCNTINUE
bc 155 1=1,9
CC 155 g=1,8

BR (I)=BR(I) +FAR(I,J)*UE (J)~FAL(I,J)*ul (J)
EI(I)=BI{I)+FAR (1,J)*UI(J)+FAL(I,J)*UR(J)

CCNTINUE

DC 160 I=1,NN
DC 160 J=1,4N
J1=J+ (I~1) *NN

TH(I)=TR(I)+BR(J)*DR(J1)-BI(J)*DI (J1)
TI(I)=TI(I)+BR(J)*0I(d1)+b1(J)*DR (J1)
T1R(1)=T1R(I) +u 1R (J) *LE (J1) -B1L (J) *DI (J1)
ﬂJH.Hv-e_HnHv+uawﬁgv*nH~L_,+a_Hﬁa,‘nm.gdv
160" CCNTINUE

** LATERAL POSITION OF 1HE RESULTANT CENTEHRPLATE FUxCE **
FEL (1) =TER{05% TERACUFTh (9) -H2* (TR (9) +IERMG6 4% Tk (7) /32.2)
F1(1)=TERM65% TERM64*1I (9)-H2%(II (G) +1ERAv4*TI(7) /32.2)

*¥

*%

FI1E (1) =TERM65% TERUGU*LIR(Y)-ii2* {11k

E(9) +TERN04*T 1k (7) /3 2.2)

FI1(1)=TERM65*% TERAEU*ITI(I)-d2* (111 (S)+ITERMO4*21L (7)/32.2

LATEFAL rORCE AL CEN1ERFLATE **

FEL (2) =WC* (TR (9) +TERM6E4 *IK(7)/32.2)
F1(2)=WC*(Ti(9) +TERHUBY *TI(7)/32.2)
FIR(2)=WC* (TIR{J) +TEGNCcU*L1R(T) /3<4+2)
FAI (2) =WC* (T1I (J) +TERNM6U*TII(T) /32.2)

LATERAL CONTACT FORCE #* .
FRL (3)=TERM4Q*TI Ad~¢prmagqﬂkr

"1TERMIBXTT (3)+F11*5iK (3) +1ERr44

FI (3)=TERASO0%TR (1)+1EGMUT*TI (1) +JERU42%IR (2) +TEEMUIFTT |

1LEGM33*TE (3) +F11*Ti (3) IERd44

(1) #TERH2¥'TT

(2] ¥TLRNS 3% 15

(2)

2)

F1R (3) =IERA4OXT 1L (1) +TLRAN 1*TIR (1) #TERAUZRLIL (2) +1E maﬁw*aawfﬁwg
1TERM38%T1L(3) +F11%T15 (3) +1ERM4L v _
mﬂh_u.-epmxao*e,ma_,+gmmacd*HdH~ﬂv+Hnrzaw*aﬂw‘nv+ur:xcw* 11 (2)
1TESN3G*TIR(3) +F11%T 11 (3) +IcBM44
FbL (4)=TERMUS*ILL (1) +TEBM46%Ti (1) #1ERH4THTL (2) +TEKA48%Th (2)
TTEREIB*DI (3) +FT1#I& (3) +TERNUY. .

. FI (4)=TZRA4S*TR (1) +TERM4o*TL .dv+Hmrggﬂ*en (2) ¥FTERMUBXTT (2)-
1TERM3B*Th (3) +FV1*LL (3) +1ERM4Y .
F1h (4) =TERA45%D1I (1) +TEJM40*T 1K (1) +TE A4 THT 11 (2) +TERAIE*T 14 (2)

1TERM3I8*T1I(3) ¢F11%T 15 (3) +T2RHLY

F1I (4)=TERA4S*T1R (1) +TERMU46+1 11 (1) +TERN4T*D IR () +T

1TERM33*T1R(3) +F11%11I (3) +TERd4Y
FFL (5)=TERM50%Ti (4) +IERA51*T&
11ERU3B*TI (6) +F11*TR (6) +IIRASY

F1 (5)=1ER450%TR (4) +TEEMS1*LI (4) +TERUSL*TR (5) +T

11EEM38*TR (b)+F171%T1 (6) +iIERND4

(U) +TERMS2%TL (5) +TERASI*TR

ERULB*TIL (2)

(5

BI .A »u*MH (5)

+

+

+

F18 (5) = awwnmo;e_HA=,¢Hnmmmd*e~nggv*hmysmwindhhw.*emwamu.admam,_+

TTERM38*T1I(6) +F11*T 1k (6) +TERUSH

de.m-uHuwzmo*a_mac.¢gmnvma*e_5~;v+mwgauN*H~mﬁmv+amm=gu*a4HAm.

1TERM3I8*TIR (6) +F11*T11 (6) +1ERMS4
FFL (6) =TERMS55%T1 (4) +IERASG*IR
TTERY3B*TI (6) +F11%TE (€) +TERMSY

(4) +TERAST*TL

() +Tu

RAS &% TL

(5

+4

F1 (6)=TERAS55%*TR (4) +1ERNSG*IT Hc~¢g~=aw~*hw (5) +T mzmm*hH (%)

11£E838% LR (6) +F11#%(I Amv+Hnwxmm

mAngmvzammsmm*e_HAcv+amw3uc*a_w.cv+Hnmzw<*e“Hﬁm.+em=amm*pAeﬁuv

1TERN38*T1I(6) +F11%T 15 (€) +TERM5Y

+

+

F1I(6)=TERMSS*T1R (4) +TERN5G*T 1L (4) +TEEM37*T 1k (5) +TERM58%T1I(5) +

1TEEM38%T 1R (6) +P11#T11 (6) +TERM59

A-7

+

+
+

+

+

+

00415000
00416009
00417009
00418030
00419000
00420000
00421000
00422000
00423000
00424000
Q0425000
00426000
00427000

Q0428000

00429000
00430030
00431000
004329000
00433000
00434900
004357200
0C436200
004373399
438000
20439230
39447020
0Cu41009
03542909
34483009
QC444000
0034450390
J0446020
04475692
0044323
0CY49029
00453900
70451000
0452900
00453319
20454000
20455390
00456339
J0457G395
20453000
004599390
0660099
ACU61000
00Ue200)
00463002
NCL64973)
oonowopu
JAGEGNS D
JC4672J0
Jo4080D2
004k9902D
d04733090
20471999
V0472009

-20473039

00474032
J047500
00476320
00477000

VOBTEVIY

00475020
00480000
00481000
004820090
00433000
004584000
00445000



' . | g~y

00055500- . ) , dNRTIRDD OL?
C0ChSS00 ‘ _{enI’1)0sdLi=(1)00SalLL
000ESG00 : ‘ - (Rmr*Y)asdr=(r)0asiy
ACOZSSO0 - TEnT’T) asat I+ (T) 00SALL) #2787 6 7+ (T) SRRLZI=(T)SRULL
CrCLGSo0 . ' a.zzu.avamm«‘.Huaanmuvtaummaim +.H.mnmauaqvnuma
0000SS00 o . . LR‘L=T L7 24
CoO6NG00 (NMT) 9a=03411
0008HG00 _ . ~ . oonxm (NmT)93=024910 097
COCLhSC O _ _ 087 OL 29D
QCo9hsoQ S . IONIINDD GG?Z
0C0OGhS00 4 . (Ym1*7)dSaLd=(T)0a54dL4
COCHRSOQ o . (RMT’1)0Sdd=(T)0aS32
Go0ERS00 : . : 9%1=I 5GZ 20
ceoehsoe : o . INNILNID 06T
ceecLhsee . _ ' T (NrY*1)0SalI=(I)01S3LT
0CC0ORSO0 (NMT’T) CSAT=(T) 2153L
COCBESEO IN’L=T 0GZ Dd
QUGEESOD . : L o (NMI) 3d=0%T11 Cone
COGLESOC _ , | c9z0nz’0nz (L-N®I) 11
CLCOESCe o B IANTINID €2
CCOGECOO ’ ’ THAY I aZxn (INT’ H‘—unﬂsz T)asayg
COOhESOL - o XV¥IxZke (NI’ qvhl.z.u 1)aci4
CCOEESOO . R '1=T ccz 30
0LezZESe 0 AANTILYID (€2
ceelLesec «:m1m*m**.zra T)1LI=(NRT*I)IS3LT
COCCESDC v YV12ax (NMI’T) 2= (RNT’T) IS3L
¢eeezsoc NR’L=T 0€Z 74
0CC32S630 o THIVI= (RMT’} N) IS3IL L
goeLzsec . _ Xvd=(RRI’LR)OSTIL
£0097s0C o 3
00067G00 . o {TIOK0RTA+ZM) /(ZEONNRZ A+ZM) /ZOOR Ve EAxTIHAY AT d*QZ° L =THIYT
ceenzseoe ) L , *% NOTLVYRTYOVIAY YOVEI MHATT 55290 %% O
COOETS00 : . (200R0/ZA/ZH3 L) /ZM/ARXY%Tadx"7=X¥3
conzzsoe xx NOTLZRTXONLAY ¥27IT INTWNOTIV ANTTEIINED % D
000LZS00 : . #xx FOTIVHTIXOHAAY YOVET TSOOH Ik #x% I
cecoczson . o)
061500 : ZAXA=ETA
GCCRLSOC ’ AxpA =747
ceeLisoc A - o _ _ . TaxM=74
CCoy9Lson . ; o (NNT) 93 Tdx"7=N
QLESLGCC T, S ’ N’L=NMI 08Z D4
NUCHLS00 ) *E K quaa@mmm HO¥T AONNMUL J00T x» 3
COOELGO0 . o . _ _ INNILNDD 007
TeGeTLscee . , *o=(r’T)as3L 3
¢OCLLSoC o *¢=(p’I)as31
ececeLsen . , N’L=rC 037 20
CCORCSO0 ‘ S o : *o=(I)SRaL T
00080500 ’ N . o *0=(I)SWId
ceeLesee _ 0’l=T 00Z 3¢
00096500 _ . o INRTINDD Chl
0C0G0S00 , *o=(P’T)OSALL
0040500 . - *0=(L’T) 31571
000€0G00 : o N’L=L 061 D4
CCCZ0S00 . ‘e=(T)sSuL T
¢eoLos00 . . A *0=(T)SWIL
C00C0S00 _ _ . : IN’L=T 06l 24
000664000 _ ’ _ o L+NN=LN
gocsetoe . *% STNTIVA OSd ANV SHE ONIJ #x O
000L6H00 _ A : o)
0c0964%00 i . . o . AANTLINDD 08l
00066000 o FONTINDD G/
0CoON6H00 (Zax (O YL a+72a(0) 0L I) 2UDS= (NRT )L 4
0CCERNCO (Zax {C) IT+700 () TUI) TUDS=(NNT‘D) I
000Z6H00 . . 9’L=r cLtL D17
000L6HRDC _ AONILNDD 0Ll
00006400 . .N;..ava.a*~4*aa.m,av 190S=(NMT/PIL L
00068030 , .N...q“HH+Ng.awvma.amcmu.-su rr
00088h00 ’ 6°L=L OLL Da
000L81000 . , -»; an=a- YR OTIYd YIISHYHUL sass D

00098100 - : I )



275
280
290

310

350 FCKMAT (141, 45X, 1 2SD VALUES Fox »r»¢zgazq pzmch..\\dox

835
36Q

810

820

870 FCEMAT(141,46X,'P5D VaLUES FuR rmouu LEVEL IdPUILY,//10X, 'FREQUE
1¢HZ)*',11X,"LATERAL CCNIACT FORCES
JTX,'AXIE 2°,
34X, 'LATERAL BOSITION
DC €73 IPR=1,N
WEI1E (6,855) FR
1 F1ESD(2,1PR)

1

1

-t ek ol b gk b

2YAXLE 1!

DC 275 1=1,6

PBNS (I) sPRMS (I) +.5¢DFFEC* (FPS coRHwﬁmmuu~H x:zv,

F1EMS(I) =FI1RNS (I) +. S*CEREQ* (F1PS co‘H~¢w“mmc“H 1WN))
FESLCO(I)=FPSD(I,IWN)
F1ESDO (I) =F1PSD (I,1WK)

CCNTINUE
CCNIINUE
CCNTINUE

pC 310 I=1,N1

TFHS (I) =SQRT (TRAS (1))
T1EMS (I) =SQRT (T 1KM5 (1))

CCNTINUE

LC 315 I=1,6
FE#S (I) =SQRT (FRMS (1))

F 1RMS (I) =SQRT (F1RMS (1))
315 CCNTINUE

CUTPUT

FCHMAT (1H1, N_x..****;mmo <>wcwu FOR ALTGWMENT Fzmceu*****.y

FCRMAT(/// 04X, .&mnocmvrx.
5X,'PSD(9)

e s .

B
% \

A

PEINT 770,FR{I), (TPSL{J,1),d=1,9) -

@nwszA\\\ 9(24£,'Ri13

FCRMAT (1H1, mdx-.a***& m r ﬁwrc

FCEMAT (141, 6X,* RS <»H=m;-rucvabm<hﬁ Hz@ch..

141, 6X, ' RY'S <mﬁcwm xﬁhfzmng Hzmcm
.PFINI 800, (I,IRAS (I} ,1=1; _ow R

N

hE %
PEINT 710
710
. PEINI 769
Tou
1VESC(4) ',
1YESD(9) 1))
pCc 787 I=1,N
770 FCRMAT(2X,F9.5,
731 CCNTINUE
PEINT 790
790 FCHHAT (
800
’ EFINT 801
8u1
EFINI 760
BC 780 I=1,
780 CCNTINUE
EELNT 791
791

EFINT 800, (I,
WEI1E (6,850)

HZ) *,

2YAXLE 1Y,

ux-.»xﬁm A
u:x~.ﬁwwmm>h FOSITION
DC 860 IPR=1,A

WELIE (0,355)
EESD (2,IPR)
X,F

ECEMAT (12
CCNIINUE
PEIST 810

‘'FCEMAT (1H1,6X,'RMS VALUES

9({2%,E9.4))

_..Hd

N .

oY

vw.

BEINT 770 mw_H-~H~nnnhg Hv J=4 mu

T1RMS(I) ,I=1,19) - .=7

uk..mma_d..
.-x..mucﬁo..

s 18, "4X15s u.mum.

b

mk.

LRALE 4y 5K,

LATERAL MAGNITUDE

10.3,58,4 (E10.4,34) ,5%,

E10.4,12%,

“ALIGNWUEM INPUT')

FEINT 320, (FRMS (I),I=3,6),FB645(1) ,ERAS(2)

FCEMAL(//7/76X%,

YLATERAL CCHMIACT

YAXLE 1 =',E9.3,/11%,
'ANLE 2 =',E9.3,/11%,
"AXLE 3 =',E9.3,/11%,

"AXLE 4

=v,E9.3,//0%,

FekCest,//114,

ucﬁmv..ux..evuﬁu~
mx..mmchqv..mx..mucﬁa~. mx.

.\v

FR(iPK), {(FPSD (J2R, IPE),JER=3,0) ,FPSD (1,

E10.4)

'L ATEKAL POSITION GCF RESULTANT CENTERPLATE FURCE =
'LATERAL FORCE AT THE CENTERPLATE
WEITE (6,870)

873 CCNIINUE

', E9.3)

LATERAL MAGNITUDE

A9

' ,25X%,"CENTERPLATE FOKCE', /29X,
7%, "AXLE 30, 7X,VBKLE 47,5X,

'/)

(IPR), (F1ESD (JPR,IEF) ,JdB8=3,6),F1P5D (1, IPR),

D0556000
00557000
00558000
00559000

T00560000

20561000
00562009
00563009
00564009
00565000
00566000
00507009
00568000
00569009
006570000
00571320

00572000

005730390
00574099

~4 00575000

woomqaooP

90577000
00573030
00579909
0058000)
00581399
00582009
20583590
00584339
DEC585000
V5867199
036587009
095880359

~006589300

: ;A.oonoooo

00591000
030592709
00543099

Y 00554999

0C595030
005969090
00597000

.mwﬁ&cmzr~ Aoommmcuo

008599050
uld630000
29601039
93602320
00603009
Q06924 7%3V

006059095
BV IV NIV

20637300
206082290
3069520
00610099

00611000
D06:12690

00613300

£ 906 18000

06615000

" 00616002

00617020

NCY00618009

00619009
00620000
30621000
09022300
00623000
005624000
00025000
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(LI +1L TAY#X/08/222-) % “24 (TLV-ZLTA-LLV+L LIA) X/ L TedB=(1*2) ¥

s o CPaIXAxZ-=(6"11 ¥
' i TURIXARZ-=(8"1L) %
IXA%Z-=(L"1) 3
ttdeh-=(c’L) ¥

X/ (Zila-1t1q+zLv-117) L

_.ma*F4 N §Aom*x.\.upaa LLIT) 273l TaZ-Lbden-=(Z°L) ¥
\w\Ar_aa+__ag+-4+ﬂfxu*mz*~0m1x~\Awpag¢——nu,*mwuumxm.* =111 %

*k2LNVLSKNOD DONTIISw %

(8Xa+ AXT) 2ZUxZHx*2 4 (TRQ4+IXA) 2O xCx"2=(6"¢) D

(ET+0XT-ZTxIXC) 7% "Z=(*5} D
(IYQ+aY Q) *ZUxZ=(L"c}D.

NEOx (HLV-CL V) *X/L TxAx0~-=(G*E) D
HXT% (HLY4ELT) #Y/ T 0-3YAxZH%Z~=(+’5) D
AXAx (ZLV-LL V) %X/1l T=0xd~-=(2’6) 2
IXA (ZLY+LLY) %X/ 0% 0-IXAxZHRZ==(L "6} D

P

ATTATTINCAETAETHAND) %7+ EOBIA+AENTT= (" )

{g*e)d=(a’p} >

q9HIa-=(5’8)

(z’8) 2=(c’3)

d9nra-=1(z”’3)
€1+9X0x°2=(p’8)
TT#dXA%"Z-=(L 0!
(8’L)o=(L"23)
(ETxaXT-Z13XA) xZHx*Z=(6" 8}

[CRGRSRS IS RORS NS

(3Xa+3X0) xZHx"Z=(p"¢]
(FT14AXA-7TxIXA) x"Z=(8"L}
N i gXJx2-=(n"¢)
R IXqAx*7-=(1’ )
(axa+dxal) acz=(2%1)

VULV

(g’G)o=1(g’9) >
(hLv-S1L ¥ «X/0x0xL T#830~-=(6"C} D
9951a~=(856) 2

ZH»EXAx*Z-=(6*H) D
£T29X0x"2=(8'4) D
aXasx*Z-=(’t) >

(e’Z)o=(g*’c) >

(ZLv- LLU! X/« 0L TIXKA-={6°T) D
Jagra-=(g’2) >

ZRxAXAx°Z-=(6"11 D
. . CT#3XA%°*Z-=(8"1) D
o S AxaxZ-=(L*1) >
wERREEEE & X
aa;Nm.~n..m¢NmH* z+20T=(6"6) W
(6’B)u=1(g*st %
(8’L)w =(L’eln
ZHR(ET-2T) »OR+ZXDI-=(6"B) N
AET*ETo2Tel 1) 0BR4XDI=(B°B) R
i (a’du=(g*3)
MeZHe T (6’ LI W

SRS



1

1- ...unhqr.\uo\uu.uad‘-nhd-+N *X#XPFIIOLL
1/E0/X¢ (LB11-LB12) o g :
K{(3,3)=K(2,3) +KTHWF . . ’
K(3,8)=K(2,8)

K4,4)=2.% (KXR-F12/%/F0% (DT13¢DT14)) +WB/X* (A13+A T4+
1DT13+DT 14) : :
K(4,5)=-U4.*F11-2.%L1*F12/4/80% (DT 13~ DI14)+ . L1*AR
1/%% (213-A14+DT13-DT 14)

K (4,6)=K(1,3)

K(4,7)=-2.%KXR - _ . :

K (4,8)=2.%KXR*L3 _ T o .. -

K{4,9) ==2. «KXR*12 A ,,

S,4)= WR*L1/X* (DT13+A13-DTV4~A14) -2, %F22/R0/X* (DT13
T+IT14) +2.*X*F33/R0*% (LE13+Ld14) -2, *11%F12
1/K0/X* (DT 13-DT14) _
K{5,5)=KTHBR+4.*F12~ u.:wﬁﬁurcu+cro;,‘ .
1 LIAL1*UR/X* (DT134LT14+4413+414) 2. ¥L1*F22/R0/ K*
1(CI13-DT14) +2.%X*F33*11/B0* (LH13-1E14)
,-m.‘r_*n..m_wxwo\u*_nudw.ma_a. .
K(5,6)=KTHBR+4.%F 12~ n.xm‘.nrou‘cro;, E '
m.m ,8) =—KTHUBR
K(5,9)=-KYR®L1*D*D/X* (A 13-414)

z_c 4) =2, \uo*Ax*muu*.rr,u+ru.;V-nnn\x;*oegu,oeda~v
K (6,5)=KTHBR+Y4.*F12-X%UE* (DLO3+DL(U)
1-2.%522%L1/RO/X* (DL13-0114)
“+n.ox*xﬁmuuihu\wo\hiﬁHmdu rudk~
K{o,06)= =KTHWR+KTHBR+4. 4wdm4x§:w*ﬁbhou¢rho&v
K (6,8)=K(5,8)

Ki7,7)=2.% (KXF+KXk)
K(7,1)=-2.*%KXF
K(7,4)=-2.%KXR

K{(7,8)= N.uﬁxuu*ﬁu1wxmoﬁwv
K{7,9)=2.%H2* (KXF+Kib)

K (8, m.-manum+ze;@m*n.*Axxa*hu*ru*xxm;pm*ruv
K (8,9)=H2*K(7,8)
K (6,7)=K(7,8)
K{8,1)==2.*KXF*L2
K (8,4)=2. *KXR*L3
K (8,2)=~KTUBF
K (8,3) =K (8,2)

K {€,5)=-KTHBR
K (8,6) =K (8,5)

Kis,1)==2. *:N*mxm c.n\x*‘pda+>d~.;xmm
K{Y,2)=-D*D*L1/X* (A11-A12) ¥KYF - S
K{9,U4)=-2,%¥H2*KAR~D*D/X* (A13+A14) *KYR ’ .
K {9,5)=-D*D*L1/X* (A13-A14) *KXK '
K1(9,7)=K(7,9) _
K19,8)=K(7,8) %2

00754000

00755000

00756000
00757009
00758000 -~
00759009

00760000

00761000
00762000
00763000
00764000

" 007650090

00766000
007670090
00768000
00769030
00770009,
00771090
00772009
0077309

00774090
0077503)

00776930
03777009
00778039
03779000
007809200
00781000
00782990
20783339
307384090
00765392

00786099

00787900
00788000
0078900)
00790000
00791002
00792030
006733000
00794900
06755200
£796000
00797099
00798000
00799320
00800000

.-D0801020

00892000
20803200 :
00804000 .
00805090 .
06306909
00807900

K(3,9)=2.% (H2%H2% (KXF+FLE) +0% 0% (KYF+KYR) -H2*DELO F*KYF~ :w*omrosrxgmooaoaooo‘

1)

C **%xMAIRIX SETUP®***
C INPU1 MATIRIX,VELOCILY Hthmmzcmza TERMSE

TELM1=dF/X
TEEM2=2.*F12/R0/% . o
TERM3=-L 1%WF/&+ 2. *mnh\mc\x+~.«r~*m—~\mo\x ’ .
TEFMU4=L1*QAF/X

TERM5=2.%X*F33/R0

TERM6=2.%F22/R0/X :

TEFEM7=2.%X*F33/R0 . _ 4 : . e
TEEMB=D*D*KYF/X

TERN9=D*D*KYR/X

TEBN10=WR/X : o ) .
TERNI1==L1*WB/X+ 2. #F22/RC/X+2.¥L1*F12/R0/X
TERN12=L1#¥R/X""

f E)

L7 . . A= —N .

00839000
06810090
00812000
00813000
00814000
00815009
00816000
00817900
00818000
03819000
0082000)

.+ 00821000

08822000
00823390
00824000



(@]

TEEN16=TC*D*DXF/X

TERN17=D¢D*DIR/X

TERNI18=L1*dP/X+2.*%F22 /R0 /X~ 2.*;1*512/50/X
TERMI9=L1*RR/X+2.%F24/RQ/4~ 2.*L1*512/h0/x
TEFM.2= (2. %F12/R0-WF) $B0/&

TEFM23=2, *F33%X . -
TERM24= (~WF*ROXL1+2,.%F22+2, *L1*b1¢)/x
TEEM25= (WF*¥RO*L1+2.%F 22~ 4.*L1*r12)/x
TERMZ8=2.%F22/X .

TERNZ29= (L. *F12/R0-KEK) *R3/X

TERM30= (~WR*RO®L 1+2.%F2242.%L1*xF12) /X
TEEM3 1= (WR*BO*L1+2, ¥ F22-2. ¥L1*p'12) 77X .
TERM32=D*D*KYF

TEnM33=D*D*KXYR

TERM34=LC*D*DYF

TEBM35=C*D*DYR

TEEMO1=F12/R0

TERN65=ICZ/NC
TERH“1=-((l11*DT11)*HN‘TEEES1*DT11)/1
TERMU3=FI1¢L1/X* (TZRME1*LT11- (A11+LT11)*Wi)
TERMU44=DLOT * (NN-TEBRG61) .
TEEMGo=-((A1240T12) *uN-1ERAD1*DT12) /X
TExMUB=F11-L1/X* (TERME1*CT12- (AIz*BTT&)*NN)
TERM49=DL0Z2 * (WN-TERKG1)
TERMST=-((A13+0T13) *uN-1Exd01*¥DT13) /X
TERMS3=F11+L1/X* (TLhM61*LT13~ (A13+4[113) *u i)
TEEMS4=DLJI3 * (KN-TERMG1T)
TERHSﬁ——((A]“+DI1Q)*hN TERAGT1*DT14) sX
TELM53=F11- L]/K*(TEhV61*El14*(A14f[114)*ﬂq)
TEEM59= bh04 * (We=TEEMET)

TEEKM89=2a13+214

TEEMS0=213-A14

TEEM91=211+A12

TERMG2=A11-412

FAR (1,1)=-TERM1* (ALd11+EEL11) +IERAZ*EFLLT.
FAK (1,2)=-TERMV* (ALH21+EEL21) +LERMZ*¥EFL21
FAR (1,3) =-TEKAT* (ALH3T+2FL31) +TERMZ¥EEL3T
FAR (1,4) =-TERM1* (ALHU1+EEL4 1) ¢ ERMS*EEL4T

FAE (2, 1)=TERA3*EEL11-TERMI*aLA11-TERAE*RHOT1 1

FAR (2,2)=TERM3*EEL21-1EEM4*ALHZ 1-TERME*RA02 Y
FAR (2,3)=TER418*PL31~IERNM4*ALH31~- TEFMS5*RHO31
FAR (2,4)=TERM18*EEL41- TERMY4*ALd41~ ~TERMS*RH041
FAR (3,1)=TLRM6*ESFL11-TER,T*Ri1GT 1
FAR(3,2)=TERMo*EPL21-JELERHT*RHU21

FAK (3,3)=TLEKM6¥EPL31~IELMT*RHO3 1

FAR (3,4)=TERMO6*EPLU1-TERFT*EICY ) ,

FAR (4,5)=-TERA10* (ALHE1+4EPLST) + 15 EMZ*EEL S

FAR {4,0)=-TEEM10* (ALHET+EPLo 1)+ TEENZ¥EELS]

PAR (4, 7)‘-TERM1J*(ALH?I*hEl71)anﬁPz*EkL??

FAR (4,8)=-TERM10% (ALHET+EPLBY) + 13  EEZ*EELST

FAK (5,5)=TERM11%EPLS1-ITEEN14*al o 1-TERMS*EHUS1
FAk (5,6)=TER411*EELc1~- IhEM12*ALd01-InEM)*RHu61
FAR {5,7)=TERM19*LEL71-TERM12*%ALAT 1-TER4S*RHUCT
FAK (5,8)=TERM19*%EFL81-TERM12%¥ ALH3 1-TEc#o*EHC31
FAR (6,5)=TERMO*EFLS1-1£E87*R{1051

FAL {6,0) =TERM6*LBLO1-TEEE7 *#EL 06 1

EBR (6,7) =TERMG6*EFL71-1ERM7*KHOT 1

FAK (b,8) =TERA6*%EPL81-1ERN7*Ril0u81
FAH‘9,1)=IERnB*ALH11

FAK (9,2)=TEKM8*%AL121

FAR (9,3)=TERM8%*ALH31 .

FAK {9,4)=TERMO*ALH41

FAK (9,5)=TERMY9*ALHS1

FAk {9,6) =TERNI*ALHO61

FAE {S,7) =TERM9%ALHT 1

FAR (9,8)=TERM9*ALHS1

A-13

09825000
0€826030
0C827000
008280090
66829000
00830939
00831000
00832000
008330090
00834030
J2835090
308360393
003837000
00838032
00339050
0G8400V0
00841000
00842009
20843090
00844000
00a45390
0084000
JOE4TI0Y
0€844030
00849099
00850029
0C851C353
008520230
0€853093
008540039
03355030
333569000
00857309
J€858000
00859003
00460339
00861030
03862239
00863000
IC364 099
20865939
00866000
20867029
00868039
00869039
20870939
208710390
00372032
JU873397.
00874090
33875999
00376000
00877039
00873339
£0879000
39380339
00881392
00882000
293832359
00384000
J0885030
008800030
008873009
30888900
0C38%000
0C8yG000
00891000
00892000



C

¢

C

C

C

o= Kool S T e

PCLA (1, 1) s=UPeTRRANZ2OLT 1
FCLB (Y, ».un-on--unoan.~
PCLR (2, 1) ==L 198P-T, -.u.pud_.ﬁmma.g.oad_ !
FCLR(2,2)= LI®UP~TRRB2ISLEV2+TERNZ5#DT12

PCLE (3, 1) =-TERN23%LE 114 TERN268%D.T 11
~nn-.u.u.-onu-»u.au..+a-m=~meuadN :
FCLE (4,3) =-WR+TERN29¢L113 ST
FCLE({U, 4) =-WR+TERM29*0114

FCLR (5, u.--r..:x-apmnuu.ﬂmdu*apmauo.nadu

FCLE (5, 4) SL1*WR-TERMZ3*LE14+TERN3 14D T 1Y

FCLR (6,3) =~TERM23*LB13+TEAN28%D113 _

FCLB (6,4) =-TERM23*LB14+TERMN28%DT14

FCLE (9, V) =TERM32 _ , _
FCLR(9,2) =TERM32
FCLE (9, 3) =TERM33
FCLB (9, 4) =TERHM33
FEIUBN A
EMC . . S

SUBRGUTINE VEL (M, n.= V) : -
N e,
THIS SUBROUTINE COMFUTES THE VELOCITY LEPENDENT

TEEMS OF THE #4,C, ANL K MAIRICES.
1 AR R SRS R R AL L R R R R R Rt R R AR R R R R LI LT

DIMEMSION M(9,9),C(9,9) ,K(9,9)
CCHMON \ZDBmd\bua~>a\-wd(~ba: wbm—u-bhmha ALi31,4LH41,
L, anom DELOR,DLO1,0102,D103,;DL04 nHAAquﬂN Uﬂaw~cﬂdﬁ-
hﬁmmm-UHmEﬁ-U&M.ckm~nkm~cmwsmwwﬂd~mm~wd-MWhud~MMh:du .
mmﬁwd~NMHmd-mmFQAQMMdeumgarhaNsmmmrmww~md~hux~HWNt
ICY,ICZ2,ICY%,IWX,IdY ,KTUBF,KLilBR,KIBWF,KTHWR,KXF,KXR,
kYF,X(R,L1,L2,13,LE11,LE12,LB13,1E14,ME,04C,HSF, W,
EQ, m204d wmowd memﬂ mmoc_ RHOS1, mmnnu-wmoud RH0OB1,KB,WC,
rm.:z WR ,WT,X,DIHWF,CIHWR,ISFY, »Hmmg ALR61,ALHT, tﬁxmd )
CCHHUCN \szmw\amwzdwsurwudc.wmwzdm ﬁ&maﬂo-emwqusemeNOQ‘
1 1ERM26,TERM27,TERM34,1ERM40,TERM4 1, TERN42, TERHY ], Hmm3¢¢~
2 TEEM45, Hmmmcm~ﬂmmsau TEGM48,TERA49, Hmwamo Hbmzbgu
3 1£8M52,TERKM53,TEKM54,1ERM55, TERMSE, Hmwzwq TERM¥58,
4 1EBMS59,TERM60,TERMoY4,IEEN6S, HFmem Hmmzmo~.Man‘-
5 TEEM92,TERMZ1,TEEM3S
KEAL L1,L2,L3,4W, MSF,#C,1B11, Fmdw Hmau hmda M3 -
FEEAL zxm NNN Nxm KYF,KiHEF, mﬁnuw xumrhimﬂm:@
- REAL ISFY,IBY,IBZ,I%},IWY, Hﬁ& i<z, HOKN E K
o HZ=HE1 .
Ve=V4%2
V3=y*#3
TEENG6O= mdm\<
TERNE8=IWX*V/ (RO*X)
TEEM13=2.%RO*F11/X/V
TERMZ1=TERA13*X
TERMY3=2.*RO%F12/ (V*X)-
TERMSU=U4.*LI1*L1*F11/V
TERMI6=4.%P12/V ) o :
Hmmmmm'coo~N~N+kikimwuv\< : . o
TEEM99=TERNM 13%L1 :
TERM15=TERM93-TERMI3
TEEN14=TER493-TERMBE~ umrxmm
TERM27=TERM99*X’ ’
TEEN26=TERR 15X ,
Huu.woﬂﬁhnnnutﬁnwnmmouuwmmw

le’\U'lGUI\..-‘

Im o

7T 00893000

00838000

© 00895000
*- 00896000

00897000
00898000
00899000
00900000
00901000
00902000
00903000

. 00904000

00905000
00906020
00907000
00908000
00903000
00910000

00911000

00512039

00913090
00914000
00915000
00916900
00917000
00918309

00919000

00920039
00921330
30922000
00923000
00924000
20925050
00926000

009279390
00928000 .

00929039
0$930029

100931009

00932000

009330909

30934999
00935000
00930030
00937009
00938030
00939030
00940090

00941000

00942000
00943000
00944000
00945000
00946000

00947000

00948000
00949000
00950000
00951000

o



oO0e0

NO U E WK -

TN EWN -

SUBHEOUTINE FREQ(FAL,FCLI,V,W)

AEEE I BIBRRR PR SRRRR R RB R I F N AR R R AR AR R R KR R AR K FR kR

ThiS SUBROUTINE CALCULAIES TuE FRECUENCY DEPENDENT
TEEMS - IN THE INPUT MATWKICES, FAL AND FCLI.

Aok k¥ b ok ok bk kok ok R ok koK R Ok ok ko b dokokok 3ROk Kk ok ok ok R 3ok kK ok ke kok ok ok Kok ok Rk

DIMESSION FAI(9,8),FCiI(Y,4)

CCMMCN /NAME1/A11,412,213,A14,ALH11,450821,4LH31,ALH41,
L,CELOF,DELOR,DLOY,01G2,Du03,DL04 DT11,DT12,DT13,DT14,
L1HDF,DTHBK,DXF,DXE,[YF,DiR, EPL11,EEL21,EPL31, EPLYT,
EPL51, EPL61,EPL71,EPL81,F11,F12,F2¢,F33,i1,4BY,IB%,
i1cy,1C%2,ICYZ,14X,I1WY K THBF,KTHER, KIEWF, KTHWR KX F, KXR,
KYF,KYR,L1,12,L3,LB11,LE12,L813,LE14,858,4C,HSF, MW,

E0,kHG11,RH021,KHC3 1, EHCY 1, KHU51,FBCE1,RHO71,RHOB1,WE, HC,

WF,Wd,WK,WT,X,DIHWF,CIHWEk, ISFY,ALES1,ALH61,ALH7 1, ALHS1

CCHMCN /NAME2/TERM13,TERM14,TERM15,TERM16,TERM17,TERM2D,
TERM26,TERM27,TERA34 ,TEFN40, TERM4 1, TERA42, TERMY3, TERNGL,
TEFM45,ERMU6, TERA4 7, TEEA48, TERMUS,1ERA50, TERMS1,
1ERM52,TERM53, TER4S4,1ERN55, TERM56,1ERN5T, TERN5E,
1ER459, TERM60, TERH6Y4 ,TEEM65, TLRHBS,TFE490, TERAI I,
TEFM92, TERMZ21, TERM 35S

REAL L1,L2,13,44 ,MSF,MC,IB11,LB12,LE13,LE14,uB

FEAL KXF,KXR,KYF,KYB,KIHEF,KTUBR, K1EWF,KTHWR

BREML ISFY,IBY,IBZ,IW3,IWY,1CY,1C2Z,ICY¥%,4,K

Rz=E1

TEEM6U=-W*}

TEEM38=-TERM60%*d

TEBMUO=-F11/V*(1.4R0*A11,X)*u

A-15

009387000
005388003
0C3I89CI0
93990009
0C991300
00992030
00993009
329940229
204350990
9C9969))
20997930
0C958000
29999000
91000000
010031000
01002309
01003020
01004000
01005000
010069000
01007050
01008000
01009000
01910000
01011099
01012000
01013030
01014000



C INPUT MATRIX TBBMS THAT CEFEMD CN VELCCITY

Cl,1)=U,.*F11/Ve2.%DXF
C{1,3)=TER496-TERABA*TERNY 1
CU1,2)=C(1,3) +IERMYI*TERNY 2
C(2,2)=DTHBF- eqmmcu;a_.gmmzmn¢hrwzmm+qnxam;owd*enwzecuenmzwﬂ
C(2,3)=DTHBF-TERM88*1 1*TEZN9Y2+1 ERNYE
C(3,1)=(TERM88-TBRMI93)*TERNI1-TERNI6
C(2,1)=C(3,1) +TERNII*TERNY2
C{3,2)=DTHBF+ (TERMBE- gmnncuvad*ammzwh+hmmama
C(3,3)=DTHBP+DTHAF+TIEENGE
Ci4,8)=4.%F11/V+2.%DXE
C{4,0)=TERMI6-~TERMBE*TERNSY
C(4,5)=C(4,6)+TERMSI*TEENID
C(5,5)=DTHBR-LERMI3I*L1*IERMIO+TERMSB+TERNIS +L1*TERMYI*TERNEI
C(5,6)=DIHBE-TERMU8*L 1*TERMYI+LERMNGS
C(6,4)=(TERMBB~TERMY93) *IERMB9-TERNYSE

S,4)=C(6,4) +TERMII*TERMY
€ 16,5)=DTHBR+ (TERM38-TERMI3) *L1*TEFHI0+TERM Y
C(6,6)=DTHBR+DTHWR+IEENIB
WEITE(6,91)

C ***DEEUG CHECK* STIFFNESS,DAMBING AND MASS MATRICES***

99

93

CC S9 I=1,9 /
WELiIE(6,92) (K(I,Jd),d=1,9)

WEITE (6,93)

LC S8 I=1,9

WEITE(6,92) (C(I,3d) ,4=1,9)
WEITE (6,94) ,

DC §7 I=1,9

WEITE (6,92) (M(I,Jd),d=1,9)
FCENAT(// 16 ,'K-MATE1X')
FCRMAT (2X,3 (E9.3,3X))
FCEMAT(//14 ,"C-MATEIX')

FCKMAT (//14 ,'M-NATEIX')

FETURN ,

ENC

00952000
00953000
00954000
00955000
00956000
00957000
00958000
00959000
00960000
03961300
004962000
00963000
00964000
00965000
00966000
009670290
00968000
00369000
00970000
0C9%71000
00972090

00973000

20974000
00975000
369763390
090877302
0€9738¢00
00979039
00980090
003981099
2098230390
00983000
30984939
00985030
00986000



(9}

TERNU2= (TERNUOCLI-TRRBGO*N)
TERBUS==P11/V¢ (1, 0RQA%A12/X) *W
TEEN4T= (-TERM45*L1-IEFNG60%N)

TEENS0=-F11/V# (1. R0 D13 /X) 44
TERM52= (TERMS0%L1=TEEN60%W)

TERMS5==F11/V* (1, +RO*A14,X) *W
1ERM57= (-TERMSS*LI1-TEEN60%K)
TEFM74=TERH26%W
TEuMI5=TERM20%*W
TERM73=TERM27*W
TERMTO=TERM17%*W
TERM77=TERM16%Wd
TEEMT83=TERN15*W
TEBEM79=TERM14*W
TERNMB0=~TERM13%*4

FRLI{1,1)=TERM80%ALHI1
FAI{1,2)=TERMBO*ALHZ1
FAL (1,3)=TERM8BO*ALd I
FAI (1,4)=TERMBO*ALH4

FAI{2,1)=TERN79*ALH11
FAI{(2,2)=TERMT9*ALH21
FAL{2,3)=TERM75%ALH31
FAL (2,4) =TERM75%ALHY4 1
FAI (3,1)=TERA78%ALH 11
FAI{3,2)=TERM78*ALH21
FAL(3,3)=TERM78*%ALH31
FAI (3,4) =TERMTE*ALIL1
FAI (4,5)=TERMB0O*ALHS51
FAI (4,0)=TERABOXALHG1
FAI {4,7)=TER4BO*ALHT1
FAI (4,8)=iERMB0*ALIE1
F2I(5,5)=TERM79*%ALUS1
FAI (5,0) =TERN79*ALil51
FAI{5,7)=TERM75%ALH71
FAI (5,8)=TERMTIS*ALHE1
FAI (€,5) =TERM78*ALHS1
Fai(6,6)=TERM73*ALHG1
FAI (6,7) =TERMTB8*ALHT1
FAl (0,8)=TERATB*ALILB1
FAI(9,1)=TERM77*ALH 11
FAI (9,2)=TERM77*ALH21
FRI(9,3)=TERMT7*ALH31
FAL {9,4)=TERM77*ALd41
FAi(9,5)=TERM76*ALLS1
FAL(9,0)=TERAT6*ALHET . .
FAI(9,7)=TER#76*ALHT1
FAI (9,3) =TERAT6*ALIE 1

FCLI(1,1)=-W*TER421
FCLI{1,2)=FCLI(1,1)
FCLI(2, 1) =TERMT4~TEHEET3
FCLI{2,2)=TERMT4+TEEMT3
FCLI (3, 1)=TERMTY4
FCLI{3,2)=TERM74

FCLI (4, 3)=FCLI(1,1)
FCLI{4,4)=FCLI(1,1)
FCLI(5,3)=FCLI(2,1)
ECLI(5,4)=FCLI (2,2)
FCLI{6,3)=FCLI(3,1)
FCLI (o, 4) =FCLI(3,2)
FCLI (9, 1) =TERM3U*§
FCLI(9,2)=FCLI(S, 1)
FCLI(9,3) =TERM35*W
FCLI{9,4)=FCLI(9,3)
RETURN

EXD
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31365000

01066029
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01065209
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01975900
01076030
01977000
J 10780093
01079090
01080000
01081090
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60
62

65

70

75

80
100
105
108

1190
120

125

130
150

IP(I-K) 62,6%,62
BIe1J-Tek

CALL DNULT (AR (IK) ,AI(IK),AR(KJ) ,AL(KJ),CB,CI)
AR(IJ)=AR (1J) ¢CR o -

—H.Ha.u-n.nu..nu _:Lu
CONTINUER

KJ=K-)

Do 75 J=1,N

KJ=KJ+N

IF (J-K) 70,75,7C

CALL cquauw—-&-qhHAuuv.mHmbw.mHmﬂH-nu.nﬁ.“

AR(KJ)=CR

AI(KJ)=CI .

CONTINUE

CALL DMULT (DR,DI,BIGAR,BIGAI,CR, CI)
DR=CR

DI=CI _
TR=1.0 a
TI=0.

CALL DDIV(TR,TI,BIGAB,EIGAI,CR,CI)

AR (KK) =CR

AL (KK)=CI

COMTINUE

K=N

K= (K-1)

IF(K) 150,150,1C5

I=L(K) .
IF(I-X) 120,120,108
JO=H* (K-1)

JR=¥* (I-1)

Do 110 J=1,H

JE=JQ¢J

SOLDR=AR (JK)

HOLDI=AI (JK)

JI=dR¢J

AR (JK) =-AR (JT) ,
AI (JK)==AI (JI)

AR(JI)=HOLDR
AI (JI)=HOLDI

J=1 (K)

1F(J-K) 100,100,125
KI=K-K

Do 130 I=1,N
KI=KI+N

HOLDR=AR (KI)
HOLDI=AI (KI)
JI=KI-K+J
AR(KI)=~AR (JI)
AI (KI)=-AI{JI)
AR (JI)=HOLDR
AI(JI)=HOLDI
GO TO 100
RETURY

E¥D

SUBROUTINC DDIV

SUBROUZINER DDIV (AR, AX,BR,BI,CR,CI)
DOUBLE PRECISION AR,ALI,BRB,BI,CR,CI,EE
EE=BR*BR+BISBI

CH= (AB*BR¢AI®BI)/EE
CI=(AI*BR-AR*BI) /EE

BETURN

END

“A<18

-

01150000

01151000

01152000
01153000
01154000
01155000
01156000
01157000
01158000
01159000
01160000
01161000
01162000
01163000
01164000
01165000
01166000
01167000
01168000
01169000
01170000
011721000
01172000
01173000
01174000
01175000
01176000
01177000
01178000
01179000
01180000
01181000
01182000
01183000
01184000
01185000
01186000
01187000
01188000
01189000
01190000

01191000

101192000

01193000
01194000
01195000
01196000
01197000
01198000
01199000
01200000
01201000
01202000

01203000

01204000
01205000
01206000
01207000
01208000
01209000
01210000



SUBRQUTINE BMELY

; ST S U P
SUBROUTINE DRULT (AR,AI,BR,BI,CR,CI)
DOOBLE PRECISICGN AR,AI, BB, BI,CR,CI
CR=ABR*BR-AI*BI
© CI=AI*BR4AR®EI VU PR
.RETURN - - .- e
E¥D -

SUBRQUTINE PLQTC

SUBROUTINE PLCTC (LABEL)

DINENSION LABEL {20)

CALL ELOT (8.5,C.,2)

CALL PLOT (8.5,11.,2)

CALL PLOT (0.,11.,2)

CALL ELGT (0.,0.,2)

CALL SYMBOL(1.5,10.5,.14,LABEL,0.0,72)
CALL PLOT (1.(,1.0,-3)

CALL LGAXS (0.,0.,13HFREQUENCY (HZ),-13,7. o C.Cpe1,-429)
RETURN

BND

SUBROUTINC PLQOTD

SUBROUTINE PLCTD(K1,S1,52, IVEL)

CALL SYNBOL(5.07,S1,.14,K1,0.0,-1)

CALL SYMBOL(5.375,S2,.14,IVEL,0.0,4)
CALL SYMBOL(6.25,52,. 14, 6HFT/SEC,0.0, 6)
BETORN -

END

SUBROUTINE PLOTA

SUBROUTIMNE PLCTA (LABEL)
DIMENSION LABEL (20)

CALL BLCT (0.5,0.5,-3)
CALL ELOTC (LAEEL)

CALL LGAXS(O.,O.,'LATEBAL FRONT TRUCK PSD CROSS LEVEL INPUT, (FI**

12/H2) *,52,9.5,90.,. 1E-11,1.053)
CALL PLOT (-1.0,11.,-3)
CALL PLOTC (LABEL)

1

CALL LGAXS (0. ,0.,"WARE, FRONT TRUCK PSD,CROSS LEYEL INPUT,(RRD**Z/

142) *,50,5-5, 50+, =1E=14,1.053)
CALL' PLOT (920,-1.0,-3)
CALL PLOTC (LAEEL)

0

CALL LGAXS(0.,0.,'LATERAL,CAR BOD! ESD, CIOSS LEVEL IIPUT (FT**2/H

12) *,49,9.5,90.,.12-11,1.053)
A-19
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01215000 - -~

01216000
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caLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

‘CALL

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

PLOTD (N 1,81,32,1VEL)
not -...aﬂo .lUv

LGLIN(PR,BI, N, 1,1,K1,0)

PLOTD (K1,S1,52,IVERL)
QFOH —dclhol!lUv

LGLIN(FR,B?,¥4,1,1,K1,0)

PLOTD (K1,51,52,IVEL)
PLOT (0.,-12.,-3)

LGLIN (FR,B9,N,1,1,K1,0)

PLOTD (K1,51,52,IVEL)
FLOT ‘dO.lOl !I-Wﬁ

LGLIN (FR,D3,N,1,1,K1,0)

BLOTD (K1,S1,S52,IVEL)
PLOT (0.,12.,-3)

LGLIN (PR,DS,N,1,1,K1,0)

ELOTD(K1,S1,52,IVEL)
PLOT (10.,0.,-3)

LGLIN (FR,A1,N,1,1,K1,0)

ELOTD (K1,51,52,IVEL)
PLOT (0.,-12.,-3)

LGLIN(FR,A3,N,1,1,K1,0)

PLOTD {(K1,51,52,1IVEL)
PLOT {10..0. = 3)

LGLIN(FB,A7,H,1,1,K1,0)

PLOTD (K1,51,52,1VEL)
PLOT (0.,12.,-3)

LGLIN(FE,A9,N,1,1,K1,0)

wvoac—deMa-mw-H<dﬁu
PLOT (10.,0.,-3)

LGLIN(FE,C3,N,1,1,K1,0)

BPLOTD (K1,51,52,IVEL)
ELOT (0.,-12.,-3)

LGLIN(FR®,C5,N,1,1,K1,0)

PLOTD (K1,S1,52,IVEL)
ELOT (~50.04,0.,-3)
PLOT (10.,0.,-3)

LGLIN(FR,B10,N,1,1,K1,0)
‘PLOTD (K1,51,52,IVEL)

PLOT (0., 12.,-3)

LGLIN(FE,A210,N,1,1,K1,0)

PLOTD (K1,51,52,IVEL)
PLOT (~60.04,~12.,~3)
ELOT (10.,0.,~3)

LGLIN (FR,F6,8,1,1,K1,0)

ELOTD (K1,S1,52,IVEL)
ELOT (0e ,~12.,-3)

LGLIN(FR,F5,N,1,1,K1,0)

PLOT (=70.05,0., -3)

RETURN

A-22

.:..01379000

01380000

01381000
01382000
01383000
01384000
01385000
01386000
01387000
01388000
01389000
01390000
01391000

01392000 -

01393000
01394000
01395000
01396000
01397000
01398000
01399000
01400000

01801000
.01802000

01403000
01404000
01405000

01406000

01407000

01408000: .

01409000
01410000
01411000
01412000

01413000

01414000

- 01415000

01416000
01417000
01418000
01419000
01420000
01421000
01422000
01423000
01424000
01425000
01426000
01427000
01428000

»
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