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Chapter 1 
INTRODUCTION

This Users' Manual documents the FR9DOF
computer program that computes the forced
response of a rail freight car to roadbed
alignment and crosslevel disturbances. Both the
sinusoidal and random response to roadbed
disturbances are computed using linear system 
analysis techniques. The 9 degree-of - freedom 
vehicle model incorporated in the program is 
appropriate for thq 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 thp 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-OS-40018, with the broad objective of 
developing the background and mathematical tools 
that designers and operators of rail vehicles 
need to quantitatively understand present freight

car dynamic problems. The total research effort 
was directed at the problems of rail vehicle 
curving behavior and freight car hunting as well 
as the problem of response to track 
irregularities. The overall project effort is 
described in [2].

This computer program is a companion to the 
9 degree - of - freedom eigenvalue/eigenvector 
computer program described in [31. 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 thp program is described in the following 
chapter along with the solution approach. 
Chapter 3 contains a description of the program 
including the input and output variables. A 
sample problem with input data, output listing 
and accompanying plots is contained in Chapter 4. 
The entire program listing may be found in the 
Appendix.

1



Chapter 2
MODELING AND ANALYSIS'

IN T RO D U C T IO N  "

This analysis of the forced lateral response 
of a rail freight car utilizes a linear, 9 degree 
of freedom model of the freight car. Provision 
for sinusoidal and random disturbances in the 
rail alignment and crosslevel are made. Although 
the model is described in detail elsewhere [1], 
its major features are reviewed below.

The sinusoidal ’and random response are 
solved in the frequency domain. The mathematical 
techniques utilized are briefly reviewed at the 
close of this chapter.'
FREIGHT CAR MODEL
Degrees of Freedom

The 9 degree of freedom model for the 
lateral dynamics of railway freight cars consists 
of a rigid, car body on two, conventional 
three-piece trucks. A representative example of 
a three-piece truck is shown in Figure 1.

Figure 2. Freight Truck Schematic

Figure 1. Three Piece Freight Truck

As shown in Figure 1, the sideframes rest on 
bearing adapters which, in 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 respeot to the oar 
body, and may distort from a rectangular to a 
parallelogram planform. These three permissible 
motions, or degrees of freedom, (lateral, yaw, 
and warp) are shown in Figure 2 for each truok.

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 truok bolster. It is assumed that the 
bolster/sideframe connection, (see Figure 3) 
permits relative lateral and vertical motions as 
well as relative roll and yaw rotations. 
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.

Figure 3. Suspension Configuration
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Although there are other motion* that may 
occur in the vohiole auoh a* aide frame rooking, 
relative roll, vertioal, and lateral motiona 
between car body and truck bolster, flexible car 
body mode*, 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, 
(rL~rj[)/(2a); (b) one half the difference in
contact angles, (8l~8r )/2; (c) the wheelset roll
angle, 0, and (d) the average contact angle, 
(8l+6r)/2. In general, 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.

®TF» ®TR Yaw angle of the t̂ uck centerline 
with respect to the track 
centerline; positive counterclock
wise when viewed from above.

9̂ p, ®WR 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.

xq Lateral displacement of the car body
center of gravity from the track 
centerline; positive to the left 
facing forward.

9q Yaw angle of the car body centerline
with respect to the track 
centerline; positive counterclock
wise when viewed from above.

0£ Roll angle of the car body with
respect to the vertical; positive 
clockwise when viewed from the rear.

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

ekaraoteristioa are nonlinear functions of the 
lateral displacement of the wheelset with respeot 
to the track centerline, xw-xa. As long as 
flange oontact does not occur, the dependence of 
these functions on the wheelset- yaw angle is very 
small and may be considered negligible. A sketch 
of a typical normalized rolling radii difference 
is shown in Figure 5.
Radii Difference

„ For wheel and rail profiles that are mirror 
images of eqch other on the left and right, the 
functions (t^-tr)/(2a), (8l-8r )/2, and 0 are
odd functions of xw“*a while (8l+5r)/2 is an 
even function of xw-xa.

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

(rL_rR)/(2a) = (A/a)(xw-xa) (1)
(6l-6r )/2 = (A/a)(xw-xa) (2)
0 = (|7a)(xw-xa) (3)
(6l+6r )/2 = 80 (4)

Figure 4. Freight Car Schematic
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(5)

Figure 5. Typical Fora for Normalized Rolling 
Radii Difference <'

Where: Xw - wheelaet lateral displacement
a - semi-rail gauge

Some method bf’linearization must he, used to 
obtain the coefficients 1, A, [, ' and 60
from the actual nonlinear constraint functions. 
The describing function method [5] has been
successfully used’ in ' many cases. Other 
approaches such as Taylor series expansion about 
xw = 0, or least squares fit of a straight line
over some region centered at xw = 0 have also
been used. The resulting - equivalent linear 
coefficients, X, A, f, and 80 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 WBRAIL 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 Force's

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 and moments 
[8].

The creep forces and moments depend on the 
elastic properties of the wheel and rail, the 
normal load across the wheel-rail contact zone, 
and the relative linear and angular velocities 
between wheel and rail at the contact zone. When 
these relative linear and angular velocities are 
normalized by the forward speed of the wheel they 
are called linear and spin creepages, 
respectively. The lateral and longitudinal 
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 creepage, 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 oreep 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 between 
the creep forces and creepages:

EL " {Ifn L (_1L
+ f (-14 ssl L

aL

a )
£ )]£*L *L

+ f (£T • £ )£ )/V»»L L »L *L

{[f . <iT . £ )i»L L XL
+ f (-J4 • £ )/V**L L *L (6)

(If 
+ f 
+ f

“ R ( *R
1SR ( ttR

*R * Tt

£ >*R
£ >l£»R *R
S. >£ )/V»R ‘R (7)

J L  = ( I f  ( £  * £  )R  1»R R  SR

+ f (-H • e )]e J/V (8)
s»R R  *R »R

T i e  £ i L *  £ » l *  £ » l  8 n d  £ 1 R ,  £ „ ,  e
systems of unit vectors are defined for. the left 
and right wheels. The e. and e. vectors are 
in the plane of contact and 3are directed 
laterally and longitudinally, respectively. The
S . vector i's along the inward normal to the 
contact plane. and are the vector creep
force and moment of- the rail acting on the left 
wheel while £R and MR act on the right wheel. 
£t and £ are the velocities of the left and 
right wheels 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 ' a roller rig, r. and rR 
depend on the velocities of the rails or rollers 
as well. Similarly, and w_ are the
angular velocities of the left and right wheels 
relative to their respective rails. If the 
wheelset and rails'are assumed to be rigid, then 
a, = where' 14 is the angular velocity of the 
wheelset. V is the forward speed of the 
wheelset. The parameters f12, f12, f22> and
fl2 are the lateral, lateral-spin, spin, 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 left and right 
wheels are identical. Almost without exception, 
the yaw moments due to lateral spin and pure spin 
(M̂  and Mg) 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, 
f12 (-u * £a)/V is generally not negligible
although it ia amall if the oontact angle between 
wheel and rail ia small.
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The linear creep coefficient* may be 
calculated using the program based on lalker'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:

f = 3552. (P)»/> lb/wheel ' (9)n
f = 1.1447 (P) ft lb/wheel (10)ia
f = 4.1006 x 10“« (P)«/3 lb ft2/wheel(ll)2 2
f = 3839. (P)2/« lb/wheel (12)

3 3

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 changes in creep 
coefficients is highly configuration-dependent. 
No general statement can be made regarding this, 
and the safest procedure is to check this 
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. (d) The 
vertical suspension elements (two per truck) 
oppose relative roll between the car body and 
truck bolster,

The actual suspension of a three piece 
freight truck is highly nonlinear due to the 
presence 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 function. 
This procedure for rail vehicle applications is 
described in [5].

RPkdbUl IfiRHti

The response of the freight car to roadbed 
disturbances is of interest in evaluating such 
matters 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, ua, and 
crosslevel disturbances, û , shown in Figure 6.

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 gyrosqopic force expressions.

The most dominant influence of the. alignment 
variations on the vehicle motions is through the 
rolling radii difference 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

u8 = dua/dt = (dua/dz)(dz/dt)

= V(dua/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.

-5-



sideframes, etc. vote also referenced to the 
fixed level reference. Ae > result' of these 
definition*, oroaalevel disturbances appear in 
the vertioal suspension force* between bolster 
and sideframe, and in the creep foroe and 
gravitational foroe expressions, at the wheel-rail 
oontact. The contributions to the latter are due 
to the relative lateral.displacement that arises 
when the roadbed and wheelset 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 change with time, u-, should 
be interpreted here, as follows,

dû /dt = (dû /dz) (dz/dt) = (du^/dzW (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 orosslevel 
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

If we take the LaPlaoe transform of this 
aquation, and rooognize that we oan obtain the 
transfer tarnations for the steady state response 
to a harmonic disturbance by letting s “ ju, then 
we obtain the following complex matrix equation,

[ ( K - w * M ) + j w C ] i  -

+ 'IIW fJ“B0,]Se (18)
A solution for the response X to either an 
alignment or a orosslevel input is computed in 
this progrsm by inverting the matrix,

at each frequency of interest, and multiplying 
with the appropriate matrix on the right hand 
side of eq. (18), i.e. for alignment input:

X  = [ (K-(i)*M)+j(i)C]-1 tBAl+jwBAa]EA (19)

and for crosslevel input 

' ■ X = [(K-o)*M)+jwC]_1 (20)

The input vectors ]ia and u^ consist of the 
values of these quantities at each wheelset. 
These variables are related by a time delay. We 
assume the vehicle' is .travelling at constant 
speed such that if

D = A-cos (i) t (21)ai 1
Sa(0) = Aa/[Q2(1+Q2/0C2)]

[ft2/(rad/ft)] . (15)

Sa(0) = AjJ0c2/[(02+0c2)(02+0s2)]

[rad2/(rad/ft)] ■ (16)

where: Q - spatial, frequency, fad/ ft
Aa - alignment constant
A^ - crosslevel constant . . .u - long wavelength rolloff frequency 
Qg - short wavelength rolloff frequency

These single sided PSD expressions have been 
developed to represent the characteristics of. 
existing roadbed [12].

ANALYSIS METHOD

then the input at subsequent wheelsets is given
By.

U'ai = Axcos (t-li/V) (22)

where •

1} - distance from ith wheelset to leading 
wheelset.

These time delay terms may be expressed in terms 
of an in-phase and put of phase, term,

Uxj = [Axcos(wlj/V)]cos wt

+ [Axsin((i>lj/V)]sin ut (23)

or, employing complex variable notation in terms 
of a real and imaginary component.

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 = BAifia + BAjaa

+V * 0  \ (17)

uxi = Axcos(uli/VJ + j Axsin(a>l j/V) (24)

The complex notation is used in the program, and 
the .input vector, Ux or U0(., is reduced to the 
product of a time delay- vector 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.

where: £
M,C,K

Ms

V ’B0a

- displacement vector
- mass, dumping, and stiffness 
matrices

- alignment input vector (one 
component/whsslset)

- crosslevel input veotor
- alignment input matrioes
- orosslevel input matrices

%  -  E  = l

cos(<ol /V)+jsin(wl /V) 
a a

oos (g)1 /V)+jsin((ol /V) 
i  a

cos(ul /V)+jsin(ul /V)
«  4

(25)
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The transfer functions are computed using ha oomputed directly from the transfer functions 
the above matrices as follows: given in the equations above.

Xgj = [(K-w*M)+juC] The power spectral densities (PSD's) of the
p — displacements, velocities, and related quantities

1 are computed as follows,
cos((i>l /<j)+jsin(0)1 /a) a a Sxi(f) = Tr J TRi SR(f)

x cos((1)1 /V)+jsin(wl /V) a a (26) where:
(28)

cos(ul /V)+jsin(wl /<r)
4  4

-RO = f (K-»IM)+juC]-1[Bjji+j(i)B̂ ]̂

Sx£ - PSD for i*k element of x 
SR - PSD for input (alignment or

crosslevel)
Tjj* - complex conjugate of

1
cos(<ol /a)+jsin(idl /a) a a

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

x cos(iol /V)+jsin((1)1 /V) a a
cos (oil /a)+jsin(o>l l a )

4 4

(27)

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

The root mean square (RMS) values for the 
response variables are obtained by integrating 
^he PSD’s over the frequency range specified.as 
input. Although the mean square value is the 
integral of the PSD over all frequencies from 0 
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 trppezoid rule.
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Chapter 3
PROGRAM DESCRIPTION

IMBfiDUgUiffl

Hie FR9DOF computer program consist* of is '• 
main program and ten subroutine*. The program is 
writtten in FORTRAN IV. Input 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 portions of the mass, 
damping, stiffness and roadbed "input matrices. 
Subroutines DCMINV. DMULT and DDIV called from 
the main program invert the complex system 
matrix. The transfer functions, PSD's and RMS 
values are computed, and calls to' PLOTA,' PLOTB, 
PLOTC and PLOTD made to plot the PSD's.

Input to the program includes specification 
of the velocities at which the vehicle response 
is to be computed, the frequency range and 
frequency increment " to be used in the 
computations.

The program prints the input 'data, the '' 
transfer functions, the PSD's and the RMS values 
for all the degrees of freedom as well as the 
centerplate contact position, the centerplste 
vertical force, and the net lateral wheel-rail 
contact force/wheelset at each 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

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 initialize the velocity and frequency 
independent terms of the mass (H), damping (C), 
stiffness (K) and roadbed input. (FCLR, FCLF, FAR, 
FAI) matrices. An outer loop computes the 
response at the velocities specified in the inpmt 
data. A call to subroutine VEL at the head of 
this loop initialises the velocity dependent 
terms of the system matrices.

The transfer functions and PSD's are 
Mmputed at each frequency in an inner loop. 
Subroutine FREQ is called early in this loop to 
compute the frequency dependent coefficients in 
the system matrioes. 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 
transfer functions, PSD's and RMS values are 
printed. Subroutine PLOTA is called to plot the 
results before' returning for a new velocity 
value.

1
DCMINV (AR, AI, N. DR, DI. L. M)

Inverts a complex matrix using double 
precision computation. The matrix is supplied in 
arrays DR and DI and the inverse returned in the 
same arrays. N specifies the order of the 
matrix, and DR and DI return the real and 
imaginary portions of the determinant of the 
matrix. L and M axe working arrays of dimension 
N used by the subroutine.

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

Performs double precision division of two 
complex numbers. AR and AI contain the dividend, 
BR and BI the divisor and CR and Cl the resulting 
quotient.
DMULT (AR. AI. BR, BI, CR, Cl)

Performs double precision multiplcation of 
two complex numbers. The pairs (AR, AI) and 
(BR, BI) contain the multiplicands, and (CR, Cl) 
the resulting product.
FREQ (FAI, FCLI, V, W)

This subroutine computes those terms of the 
input matrices that involve the frequency of the 
crosslevel or alignment input. These terms 
account fox the time delay between the roadbed 
input at different wheelsets. The frequency and 
velocity, V and V axe 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 a label to identify the run. 
The label is passed to the subroutine through the 
array LABEL. Subroutine PLOTC is oalled to draw 
the hoxisontal (frequency) axis and write the 
label.
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This subroutine draws the plots of the PSD's 
on the graphs prepared by PLOTA. The frequencies 
are supplied in array FR, the displacement PSD's in TPSD and TIPSD, and the force PSD's in FPSD 
and FIPSD. The number of points in each plot is 
N.
PLOTC (LABEL)

This subroutine draws the horizontal 
frequency axis for each plot and writes qn 
identifying label at the top of each plot. The 
label is supplied in the array LABEL.
PLOTD (Kl, SI, S2, IVEL)

This subroutine writes an identifying symbol 
and the speed associated with that symbol. This 
qllows plots at different speeds to be plotted on 
the same axes.

PLOTB (FR, TPSD, TIPSD, FPSD, FIPSD, N, XI, V, S)
This subroutine computes the constant terms in' the mass (M), damping (C), stiffness (K), 

alignment input (FAR) and crosslevel input (FCLR) matrices. The values for the computation are passed through labeled COMMON.
VEL (M, C, K, V)

The velocity dependent terms of the mass, 
damping and stiffness matrices are computed in 
this subroutine. Data for the■computations are 
supplied from the main program and SETUP via 
COMMON blocks.
PROGRAM INPUT

The input parameters, listed in the order 
they are read, are given in Table 2.

SETUP |M, C, K, FAR, FCLR)

Table 2. Program Input Parameters

Proaram Control Snecifications
IVO 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 label for the plots

Track Pronerties
AX Centerline Alignment PSD Cpefficient ft2-rad/f£
APHI Crosslevel PSD Coefficient
OMGC PSD Rolloff Frequency rad/ft
OMGC Crosslevel Cutoff Frequency rad/ft

Vehicle Snecifications
XMW Mass of wheelset slugs
XIW1 Mass moment of inertia of wheelset axle centerline slugs ft2

XIW2 Centroidal mass moment of inertia 
of wheelset in yaw

slugs ft2

XMB Centroidal mass of bolster slugs
-9-



Table 2. Program Input Parameters (cont.)

XIB2 Centroidal mass moment of inertia of bolater in yaw slugs ft*
XIB3 Centroidal mass moment of inertia ' of bolater in roll slugs ft*

XMS Mass of sideframe slugs
IIS2 Centroidal mass moment of inertia 

of sideframe in yaw slugs ft*

XMC Centroidal mass of car body slugs
XIC2 Centroidal mass moment of inertia 

of carbody in yaw
slugs ft*

IIC3 Centroidal mass moment of inertia 
carbody in roll

slugs ft*

XIC23 Cross product of inertia of carbody slugs ft*
TL Semi truck wheelbase ft
D One half distance between sideframes ft
RO Vheel rolling radius at equilibrium ft
A One half track gauge ft
HCG Vertical distance between bolster 

and carbody CG
ft

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 axle 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
DELOl Initial wheel/rail contact angle for 

axle 1
DEL02 Initial wheel/rail contact angle for 

axle 2
DEL03 Initial wheel/rail contact angle for axle 3
DEL04 Initial wheel/rail contact anglo for 

axle 4
ALAM11 Conicity for axle 1
ALAM12 Conicity for axle 2
ALAM13 Conicity for axle 3
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Table 2. Program Input Parameters (cont.)

ALAM14 Conicity for axle 4
XKYF, XKYR Vertical stiffness, sideframe to 

bolster, front and rear
lb/ft

XKXF, XKXR Lateral stiffness, sideframe to 
bolster, front and rear lb/ft

XKTWF,: XKTWR Truck warping stiffness, front and rear lb-ft/rad
XKTCPF, XKTCPR Centerplate stiffness, front and rear lb-ft/rad
DYF, DYR Vertical sideframe to bolster damping lb-ft-sec/ft
DXF, DXR Lateral sideframe to bolster damping lb-ft-sec/rad
DTWF, DTffR Truck warping damping, front and rear lb-ft-sec/rad
DTCPF, DTCPR Center plate damping, front and rear lb-ft-sec/rad
CLF, CLF Distance of carbqdy CG to truck, 

front and rear
ft

Fll Linear lateral creep coefficient lb/wheel
F12 Linear lateral spin creep coefficient lb-ft/wheel
F22 Linear spin creep coefficient lb-ftI/wheel
F33 Linear longitudinal creep coefficient lb/wheel

Innut Formats
The input format for this program î  listed 8 XMC, XIC2. XIC3, XIC23

below. The system parameters must be input into
the program in the arrangement shown. The input 9 TL, D, £0, A
on each card is format free, which means that the
input parameters can be punched anywhere in the 10 HCG, CLF, CLR
columns 1-72, separated by blanks or commas. 11 GAM1, GAM2, GAM3, GAM4
Card # Input Parameter 12 BDEL1, BDEL2, BDEL3, BDEL4
1 IVO, IVF, IDV 13 DEL01, DEL02, DEL03, DEL04
2 FSTART, FSTEP, FSTOP 14 ALAI111, ALAM12, ALAM13, ALAM14
3 AX, APHI, OMGC, OMGS 15 Fll, F12, F22, F33
4 LABEL 16 DYF, DXF, XKYF, XKXF
5 , XMW, XIW1, XIW2 17 DYR, DXR, XKYR, XKXR
6 XMB, XIB2, XIB3 18 DTCPF, DTWF, XKTCPF, XKTWF
7 XMS, XIS2 1 9 DTCPR, DTWR, XKTCPR, XKTWR
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PROGRAM OEffEX
The program prints oat, in order of 

appearance, the following:
1. Vehicle Parameters2. Track Parameters
3. Vehicle Speed4. Mass, Damping and Stiffness Parameters
5. Component Displacement PSD’s for 

Centerline Alignment Input
6. Displacement and Alignment S.M.S. Values
7. Component Displacement PSD’s for 

Crosslevel Input
8. Displacement and Crosslevel R.M.S. 

Values9. Lateral Wheel-Rail and Centerplate 
Lateral Force' for Alignment Input

10. Lateral R.M.S. Forces for Alignment
Input •

11. Lateral Wheel-Rail and Centerplate Force 
for Crosslevel Input

12. Lateral R.M.S. Forces for Crosslevel 
Input

In addition, the program prepares CALCOMP 
v>I PSDplots for the leading truok lateral and warp 

displacements, the car body lateral and roll 
displacements, and the lateral wheel-rail contact 
forces at the leading axle of each truck. These plots are prepared for both alignment and 
crosslevel inputs.

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.d), RMS(l) 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 yawPSD(6), RMS(6) Rear truck warp
PSD(7), RMS(7) Car Body lateralPSD(8), RMS(8) Car Body yaw
PSD(9), RMS(9) Car Body roll
SPD(10), RMS(10) Track input
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Tho usage of the FR9DOF program is 
illustrated with a sample problem that utilizes 
the vehiole data described in the companion 
users’ manual for the 9 degree of freedom 
eigenvalue program [3]. The vehiole data is 
representative of an open hopper oar, where 
quasi-linearisation has been used to obtain 
equivalent linear values for most of the 
suspension 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, g sample input 
data file, the sample output, apd the plots 
generated by the program are illustrated.

SAMPLE INPUT DATA PILE
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EXAMPLE PROBLEM TYPICAL CF'CPEN HCEPEE CARS 00004

MASS PROPERTIES

xac (MASS OF THE CAR BODY) = 0.1102E+04 SLUGS
XMB (MASS OF THE BOLSTER) = 0.361 OE +0 2 SLUGS1
XMS (MASS OF THE SIDEFRAME) -■' = 0.2400E + 02 SLUGS
XMW (MASS OF THE WHEELSET) = 0. 7660E+0 2 SLUGS

XI C2 (MOMENT OF INERTIA OF THE CAR BODY IN Y AW)
XT C 3 (MOMENT OF INERTIA OF THE CAR BODY IN ROLL)
XI C2 3 (CROSS PROD UCT OF INF RTI A FCF CAR BODY)
XI B2 (MOMENT OF INERTIA OF THE BOLSTER IN YAW)
XI B 3 (MOMENT OF INERTIA OF THE BOLSTER IN ROLL)
XI S2 (MOMENT OF INERTIA CF THE SIDEFRAME IN YAW)
XI W 1 (MOMENT OF INERTIA OF THE WHEELSET ABOUT AXLE)'
XI W 2 (MOMENT CF INERTIA OF TKI WHEELSET IN YAW)

0. 23 4 OE ♦ 06 SLUG--FT * * 2

0. 13 0 OE + 05 SLUG--FT * * 2

0. 0 SLUG--FT * * 2

0. 17 86E + 03 SLUG--FT * * 2

0- 17 86E + 03 SLUG--FT * * 2

0. 77 6 OE + C2 SLUG--FT * * 2

0. 53 1 OE ♦ 02 SLUG--FT * * 2

0. 44 85E + 03 SLUG--FT * * 2

STIFFNESS PROPERTIES

XKXF (LATERAL STIFFNESS, SIDEFRAME TC BOLSTER -FRONT-)
XKXR (LATERAL STIFFNESS, SIDEFRAMF TO ECLSTER -REAR-)
XKYF (VERTICAL STIFFNESS,SIDEFRABE TO BOLSTER -FRONT-)
XKYK (VERTICAL STIFFNESS, SIDEFRAME TC BOLSTER -REAR-) 
XKTCPF (CENTERPLATE STIFFNESS -FRCNT-)
XKTCPR (CENTER PL ATE STIFFNFSS -HEAR-) • , .
XKTWF (TRUCK WARPING STIFFNESS -FRONT-)
XKTWR (TRUCK WARPING STIFFNESS -REAR-)

.2400E+05 LB/FT

.2400E+05 LB/FT
2658E+C6 LB/FT
•2658E+06 LB/FT
.0 FT-LB/EAD
.0 Fl-LB/RAD
•381CE+07 FT-LB/RAD
.38 10E + 07 FT-LB/RAD

DAMPING FRCEEETIES

DTWF (WARPING 
DTWR ■ (WARPING 
DXF (LATERAL 
DXb (LATERAL 
DYF (VERTICAL SIDEFRAME TO BOISTER 
DYE (VERTICAL SIDEFRAME TC .ECISTER 
DTCPF (CENTERPLATE DAMPING -FRCNT-) 
DTCFR (CENT EP PLAT F DAMPING -REAR-)

DAMPING-FRONT-)
DAMPING -REAR-)
SIDEFRAME TC EOIS'TER DAMPING -FRONT-) 
SIDEFRAME TC BOISTER DAMEING -REAR-)

DAMPING -FRONT- 
DAMEING -REAR-)

0. 1 322E+C5 
0 . 1 322E+05 
0•9520E + 04 
0.9520E+04 
0 . 3035E+G4 
0.3035E+C4 
0.2220E+04 
0.2220E+C4

LB-
LB-
LB-
LB-
LB-
LB-
LB-
LB-

SEC/FT 
SEC/FT 
SEC/FT 
SEC/FT 
SEC/FT 
SEC/FT 
SEC/FT 
SEC/FT
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DIMENSIONS

A (SEMI-DISTANCE BETWEEN WHEEL CONTACT POINTS)D (SEMI-SPACING OF SIDEFPAME CENTER Cf GRAVITIES)
UCG (VERTICAL DISTANCE BETWEEN TRUCK CG AND BODY CG) 
TI. (SEMI TRUCK WHEELBASE)
CLF (DISTANCE FRCM ECDY CG TC EECNT TRUCK)
CLR (DISTANCE FROM BODY CG TC PEAR TRUCK)
RO (WHEEL'ROLLING RADIUS)

0.2460E+01 FT 
0.3 25QE + 01 FT 
0.299CE+G1 FT 
0. 283 3E +0 1 FT 
0. 168 5E + 02 FT 
0. 1 68 5E *02 FI 
0. 137 5E + 0 1 FT

WHEEL CHARACTERISTICS

GAM 1 (ROLL COEFFICIENT, AXLE D = 0.5000R-01
G A M 2 (ROLL COEFFICIENT, AXLE 2) = C.5000E-01
G A M 3 (ROLL COEFFICIENT, AXLE 3) = 0.5000E-01
GAM 4 (ROIL COEFFICIENT, AXLE 4) = 0.5000E-01
BDEL1 (CONTACT ANGLE COEFEIC1ENT,AXLE 1) = 0.0 
BJEL2 (CONTACT ANGIE COEf'EICIENT , AXLE 2) f 0.0 
8DEL-3 (CONTACT ANGLE COEFFICIENT, AXLE 3) = 0.0 
BDEL4 (CONTACT ANGLE COEFFICLENT,AXLE 4) = 0.0
DEL01 (INITIAL WHEEL/RAIL CONTACT ANGLE, AXLE 1) 
DEL 02 (INITIAL U HE EL/R AIL . CC NT ACT ANGLE,' AXLE 2) 
DEL01 (INITIAL WHEEL/RAIL CONTACT ANGLE, AXLE 3) 
DELG4 (INITIAL WHEEL/RAIL CONTACT ANGLE, AXLE 4)

0, 5000E-C1 
0.5000E-C1 
0. 50 00 £-0 1 
0. 5000E-C1

ALAM11 (CON1CITY, AXLE 1) 
ALAM12 (CONICITY, AXLE 2) 
ALAM13 (CONICTTY, AXLE 3) 
ALAM 14(CONICITY, AXLE 4)

0.5000E-01 
C.50C0E-01 
C. 5pC0E-01 
C.50CQE-01

CREEP COEFFICIENTS

F1 1 (LATERAL CREEP COEFFICIENT)
F12 (LATERAL/SPIN CREEP COEFFICIENT) 
F22, (SPIN CREEP COEFFICIENT)
F33 (LONGITUDINAL CREEP COEFFICIENT)

0.6359E+06 LB 
0.3 63 3E+ 0 4 LB-FT 
0.2410E+02 LB-FT** 2 
0.6580E+06 LB

TRACK PROPERTIES

AX (CENTERLINE ALIGNMENT PSD COEFFICIENT) = 0.1104E-06 FT**2-BAC/FT 
APHI (CROSS LEVEL PSD COEFFICIENT) = 0. 11 0 4E-06. FT* * 2-R AD/FT
OMGC (PSD POLL OFF FREQUENCY) = 0.25132+00 RAD/FT
OMGS (CROSS LEVEL PSD CONSTANT) = 0. 1340E + 00; RAD/FT-
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V ELOCJTY = 40. OOP1/SEC

K-i-lATMX 
0. 4652+05 - . 2 5 4 8 + 0 7  ' - . 254E+07 0.0 0.0 0.0 - . 4 8 0 E + 0 5 - . 809E+Q6 -. 144E + 06
0. 235E+06 0 . 156E+C5 0. 114E + 05 0.0 0.0 0.0 0.0 0.0 0. 0
0 . 235E+06 0 . 1 1 4E+05 0 . 382E+07 0.0 0.0 0.0 0.0 0. 0 0.0
0 • u 0.0 0. 0 0. 485E+05 -. 254E+07 - .2546 + 07 — .4 8 0 E + 05 0 . 809E+06 -. 144E + 06
0.0 0.0 0. 0 C.235E+06 0. 156E+05 0. 1 146+05 0.0 0. 0 0. 0
0.0 0. 0 0.0 0.235E+06 0. H 4 E + 0 5 0 . 3 82E+07 0.0 0. 0 0. 0

460E+C5 0.0 0.0 480E+C5 0.0 0.0 C.960E+05 0.0 0 . 287E+06
809E+Q6 0.0 0.0 C.809E+06 0.0 0.0 0.0 0.2 7 3 E+08 0. 0

- . 258E+C6 0.0 0.0 -.2586+06 0.0 0.0 0 . 2 87E+06 0. 0 0. 120E + 08

c - b a t e i x
0.6 2 b E + C j 0.301E+03 0.301E+03 C.O 0. 0 0.0 - . 1 9 0 E + 0 5 -.3213+06 - . 569E+05
- . J11E+03 0 . 925E+C6 0 . 400E+C6 0.0 0.0 0.0 0.0 - . 222E+04 0. 0
-.31 1E+C3 0. 4 0 0 E + 0 6 0 . 4 1 4E+06 0.0 0.0 " 0.0 0.0 - . 222E+04 0. 0
0. L 0.0 0. 0 0.826 E + 05 0.301E+03 0 . 3 0 1 E+03 -.1 90E + -05 0.321E+06 - . 569E+05
0. u 0. 0 0. 0 - . 3 1 1E+03 0 . 9 25E+06 - Q. 4 0 0 E + 0 6  • 0.0 - . 222E+04 0.0
0 . c 0,0 0. 0 - . 3 1 1 E+03 0. 400E+06 0.414E+06 0.0 222E+04 0. 0
-. 190E+05 0.0 0. 0 -.190E+05 0.0 0.0 0 . 381E+05 0. 0 0. 114S + 06
- . 3 2 1 E+C6 - . 222E+04 - . 222E+04 0 . 321E+06 - . 2 2 2 E + 0 4 - .222E + 04 0.0 0. 108E + 08 0. 0
- . 532F+05 0. 0 0. 0 - . 582E+05 0.0 0.0 0 . 1 14E+06 0.0 0 . 469E+06

tf-MATBIX
0. 2 0 1 E + 0 3 0.0 0. 0 0.0 0.0 0.0 0.0 0. 0 Q. 0
Q A 0 . 297E+04 0. 158E + G4 0.0 0.0 0.0 0..0 0. 0 0. 0
0.0 0. 158E + C4 0. 158E + 04 0.0 0.0- 0.0 0.0 0. 0 0. 0
0. 0 G.O 0. 0 0.201E+03 0.0 0.0 0.0 0.0 0. 0
•j • G 0.0 0. 0 0.0 0 . 297E+04 0 . 1 58E+C4 0.0 0.0 0. 0
0. 0 0.0 0. 0 C.O 0 . 15 8 E+ 0 4 0 . 158E+04 0. 0 0.0 0. 0
C.O 0.0 0. 0 0.0 0.0 0.0 0.117E+04 0. 0 0 . 216E+03
3- 0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 254E+06 0. 0
0.0 0.0 0. 0 0.0 0.0 0.0 0.0 0. 0 0. 140E+05

SD VALUES fOB ALIGNMENT I N P U T S * * * * *

EKEQUENCX PSD (1) PSD (2) PSD (3) PSD (4) PSD (5) PSD (6) PSD (7) PSD (3) PSD (9)
0 . 1 cooo . 7648E-04 . 177 O E - 07 . 2252E-0S .764 8E-04 '. 1772E-07 .2255E-09 . 7 1 56E-04 . 1856H-07 .43 5 8 E - 10\J. 1 0593 .6 877 E - 04 . 1784E-07 •2426E-09 . 6878E-04 . 1787E-07 .2 429E-09 .6 383E-04 . 1869E-07 .47 17E-100.11220 . 6 1 9 2 E - 04 . 130 1E - 0 7 .2628E-09 .6192E-04 . 1804E-07 .2 63 1E-09 .56 S4E-04 . 1883£-07 . 5 1 23E-10C . 11885 . 5 5 8 1 E - 04 . 1820E-07 . 2860E-09 .5582E-04 . 1823E-0 7 .2 8 65E-09 .5079E-04 . 1899 H-0 7 .5580E-10u . 12589 . 5 0 3 9 E - 04 . 1 8 4 1E- C 7 . 3129E-09 .50 3 9E-04 . 1845E-07 .3135E-09 .4 5 32 E-04 .1918 E-07 . 6 0 9 5 E - 100.13335 .4556 E - 04 . 1866E-07 . 3 4 4 0 E- 0 9 .4557E-04 . 1871E-07 .3448E-09 .4 0 4 4 E - 04 . 1940E-07 . 6 6 7 5 E - 100.14125 •4128E-04 . 1894E-07 .38-016-09 .412 9E-04 . 1900E-07 .3 81 OE— 0 9 .3 6 C9E-Q4 .1964 E-0 7 .73262-100.14962 . 3 7 4 8 E- 0 4 . 1927E-07 . 4220E-09 .374 9E-04 . 1933E-0 7 .4232E-09 . 3 2 2 1E-04 . 1992E-07 .80582-10C . 15849 . 3 4 1 1 E-0 4 . 1965E-07 .47 C7E-09 . 3 4 1 2E-04 . 1972E-07 .4722E-09 •2876E-04 .20 24E-0 7 .888 1E-100.16788 . 3 1 13E-04 . 2008E-07 . 5277E-09. . 3 1 1 5E-04 . 2 0 1 7E-07 .52S7E-09 .2568E-04 . 2 0 6 1 E-07 . 9805E-10C . 17783 . 2 8 5 1 E - 04 .2059E-C7 . 5947E-09 . 2852E-04 .2069E-07 .5972E-09 . 2294E-04 . 2 1 0 4 E - 07 .10842-090 . 1 883b . 2 6 2 0 E— 04 .2119E-07 . 6 7 3 9 E- 0 9 .2622E-04 . 2130E-07 .6 77CE-09 .2050E-04 .2154 E— 0 7 . 1201E-090.19953 . 2 4 1 8 E - 04 .21896-07 . 7680E-09 . 242 OE-04 . 2202E-07 .7720E-09 . 1 832 E - 04 .2213E-07 . 1332E-090. 21 135 .2 2 4 3 E — 0 4 . 2273E-07 . 6807E-09 . 224 6E-04 . 2287E-07 .8 859E-09 .1639E-04 .2282 E-0 7 . 1480E-090.22387 .2 0 9 3 E — 04 .2 3 7 2E-07 . 10 17E-08 . 2096E-04 . 2389E-07 .1024E-08 .1467E-04 .2364 E-07 . 1646E-090.23714 . 1 9 6 6 E - 0 4 . 2 4 9 2 E - 07 .1183E-08 .19 7 OE-04 . 2 5 1 2E-0 7 . 1 192E-08 . 1 3 1 4 E-04 . 2462 E-07 . 18 34E-090.25119 .1862E-04 . 2639E-07 . 13896-08 .18666-04 . 2 6 626-07 . 1401B-08 .1 1 7 8 8 - 0 4 .25808-07 .2046E-090.26607 ,1780E-04 . 2 8 196-07 . 1647B-08 . 1785B-04 . 2847B-07 .16626-08 .10 5 7 B - 04 •2724E-07 .22886-09
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1 1. 8 3 9 8 1 . 1006 E- 13 . 5 2 0 4 E -  1 4 .1 1 9 2 E - 1 3 . 1 0 2 3 E - 1 3 . 5 2 0 3 E - 1 4 . 1 1 9 2 E - 1 3 • 1 0 2 6 E - 1 4 i 1 5 4 2 E - 1 9 • 2 5 6 2 E - 1 5
12. 2 3 1 8 5 . 1 1 7 7 E- 1 3 . 3 6 4 9 E - 1 4 . 1043E- 13 . 1 4 0 3 E - 1 3 . 3 6 4 8 E - 1 4 . 1 0 4  1 E - 13 . 4 3 7 5 E -  15 . 7 1 3 6 E - 1 7 . 1 0 0 9 E - 1 5
12. 5 8 9 0 3 . 1 6 2 8 E - 1 3 . 2 3 1 8 E - 1 4 . 8 5 8 2 E - 1 4 . 1 4 5 9 E - 1 3 . 2 3 1 8 E - 1 4 . 8 5 6 3 E - 1 4 • 1 6 7 4 E - 1 5 . 1 1 0 3  E - 1 6 . 3 5 2 6 E - 1 6
12. 9 5 6 6 3 . 1 9 4 1 E -  13 - 1 27 1E-.1 4 . 65 89E- 1 4 . 1 7 9 8 E - 1 3 . 1 2 7 2 E - 1 4 . 6 5 9 3 E - 1 4 . 1 5 7 9 E - 1 4 . 891 4  E— 18 • 3 0 2 1 E - 1 5
1 3. 3 3 9 9 8 . 1 7 6 0  E - 13 .541 1 E - 1 5 . 4 6 7 0 E - 1 4 . 2 0 4 3 E - 13 .54 0 9 E - 1 5 . 4 6 6  I E - 14 . 9 4 3 7 E - 1 5 . 6 0 9 1 E - 17 . 1 6 3 4 E - 1 5
1 3 . 7 2 9 3 6 . 1 8 4 8 E - 1 3 . 1 2 9 3 E- 15 . 2 9 5 9 E -  14 . 174 8E- 13 . 1 2 9 9 E - 1 5 . 2 9 5 7 E - 1 4 . 6 3 2 3 E - 16 . 1 2 1 3  E - 1 6 . 9 8 7 7 E- 1 71
14. 1 2 5 1 2 . 1 8 4 9 E -  13 . 1 1 5 9 E - 1 6 . 1 5 E 8 E - 1 4 . 1 7 1 7 E - 1 3 . 1 1 6 0 E - 1 6 . 1 5 8 9 E - 1 4 . 1 3 3 6 E - 1 4 . 1 0 4 3 E - 17 . 1863E,-fl5
1 9. 5 3 7 5 8 .14 0 5 E- 13 . 1 3 3 0 E - 1 5 . 6 4 5 0 E -  15 . 1 5 9 1 E - 1 3 . 1 3 3 1 E-  1 5 • 6 4 2 5 E - 1 5 - 6 2 7 0 E - 1 5 . 4 5 7 8  E - 1 7 . 79 6 5Sl-n6
14. 9 6 2 0 9 . 1 2 1 3 E -  13 . 4 2 1 3 E - 15 . 130 9 E -  1 5 . 1 1 2 7 E - 1 3 . 4 2 1 2 E - 1 5 . 1 3 0 8 E - 15 . 1 0 2 2 E - 15 . 6 3 2 1 E - 17. . 11 6 9 ^ - h b

1 5 . 3 9 8 9 9 . 9 1 9 6 E- 14 . 7 9 1 8 E - 1 5 . 8 9 4 6 E -  17 . 9 0 4 4 E - 1 4 . 7 9 1 7 E - 1 5 . 8 9 5 8 E - 17 • 6 7 8 9 E - 15 . 3 2 1 9 E - 19 . 7 0 1 1 8 - 1 6
15. 84 8 65 . 5 4 0 5 E- 14 .1 1 6 0 E - 1 4 . 1 9 0  I E - 15 . 5 8 7 9 E -  14 . 1 1 6 0 E - 1 4 . 1 9 0 7 E - 1 5 . 8 5  9 1 E - 1 6 . 2 4 6 8 E - 1 7 . 8 0 1 5 8 - 1 7
16. 31 143 . 3 2 8 7 E -  14 . 1 4 5 1E- 14 . 5 5 7 3 E - 15 ".2 9 8 6 E - 1 4 . 1 4 5 1 E - 1 4 . 5 5 7 3 E - 1 5 . 1 0 7 8 E - 1 5 . 835 9E- 1 8 . 9 1 1 8 8 ^ 1 7
1 6 . 7 8 7 7 2 . 1 2 3 2  E- 1 4 . 1 6 1 2 E - 1 4 . 9 8 0 8 E - 15 . 1 3 2 2 E - 1 4 . 1 6 1 2 E - 1 4 • 9 8 1 1 E - 1 5 • 7 0 3 0 E - 1 6 . 1 1 6 8 1 - 1 8 . 5 4 4 6 1 * 1 7
1 7. 2 7 7 9 2 . 2 1 80 E- 1 5 . 1 6 1 6 E -  14 . 1344E- 14 . 2 1 1 7 E - 15 . 1 6 1 6 E - 1 4 . 1 3 4 4 E - 14 . 4 5 2 6 E - 1 8 . 9 8 6 9 E - 1 9 . 3 3 7 7 1 - 1 9
1 7 . 7 8 2 4 4 . 23 8 4 E- 16 . 1 4 6 7 E -  14 . 1559E- 14 .2 3 5 9 E - 1 6 . 1 4 6 7 E - 1 4 . 1 5 5 9 E - 1 4 . 1 7 0 7 E - 17 . 3 4 0 0 E - 2 2 . 6 6 0 0 E - 1 9
18. 301 7 C . 4 878 E- 1 5 . 1 1 9 8 E - 1 4 . 1 5 6 4 E- 14 . 5 0 7 4 E - 1 5 . 1 1 9 8 E - 1 4 . 1 5 8 3 E - 1 4 • 2 0 6 3 E - 1 7 . 1997 E - 1 8 . 10 0 8 1 - 1 8
1 8 . 8 3 6 1 1 . 1 4 6 7 E -  14 .8 62 4E- 1 5 . 142 0 E -  14 . 1 3 9 1 E - 1 4 . 8 6 2 4 E - 1 5 . 1 4 2 0 E - 14 . 7 2 8 8 E - 16 . 8 8 8 5 E -  19 . 3 3 0 7 1 - 1 7
19. 3 8 6  12 . 2 3 2 0 E -  1 4 . 524 5E- 15- . 1 1 1 7 E - 1 4 . 2 4 6  8 E - 1 4 . 5 2 4 4 E - 1 5 .1 1 1 7 E - 1 4 . 3 5 7 6 E - 1 6 . . 6 8 8 0 E - 18 .14 7 3 E - 17
1 9 . 9 5 2 1 9 . 3 3 5 0 E - 1 4 . 2 4 3  9 E - 15 . 7 4 8 6 E - 1 5 . 3 1 5 1 1 - 1 4 . 2 4 3 9 1 - 1 5 . 7 4 8 6 1 - 1 5 . 1 2 4 5 1 - 1 5 . 3 6 7 2 1 - 1 8 . 4 6 2 1 1 - 1 7
2 0 . 5 3 4 8 1 . 3 4 9 5 E -  14 .637 1 E - 1 6 . 4 0 0 2 8 - 1 5 . 3 7 1 4 1 - 1 4 . 6 3 6 8 1 - 1 6 . 3 9 9 7 1 - 1 5 . 6 7 3 4 1 - 1 6 . 8 1 6 6 1 - 1 8 . 2 2 4 4 1 - 1 7

B B S  V A L O I S - A L I S H A B B T  I H P U T  '

B B S  (1) = 0 . 4 0 6 1 - 0 2  
B B S (2) = 0 . 2 3 8 1 - 0 3  
B B S (3) - 0 .  m s - 0 3
R M S  (4) = 0 . 4 0 4 E - 0  2 
B MS (5) = 0 . 2 3 7 E - 0 3  
B M S (6) =0. 1 0 3 E - 0 3  
R M S { 7 )  = 0 . 2 4 9 E - 0 2  
K M S ( 8 J  = 0 .  1 9 7 E - 0 3  
B M S  (9) = 0 . 1 7 8 E - 0 4

B B S (10) = 0 . 2 5 3 1 - 0 2  
-18-
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A-4_k-**A-A-«-*«*̂ _«lC®®-J«4O'CrNLninPPUJNJ-̂ tOPtO«4tOON-*lJ®®Pt«J-*-̂ «4inPiOtO~***v0''4LnPUJtOtO-*-«-*®® UVP U> to to0 0 0 0 0 P P U K ) « * 4 O O P O U 0 l * l 0 U l 0 U 4 I O 4  4 4  0 - t 0 4 0 0 0 4  0 0 b » 0 0 - * 0 £ O 0 l O 0 I O 0 4 0 0  0 0 K ; 4 U O 0 0 U l O l a 0 « »  lgtJO0IO0OUi00l|tf0OP0 P N } ^ ^ * * < * O 0  0 0 e 0 O K ) O ^ P O £ 0  4 S P 0 0  0 O O 0 O 4 U 0 0 0 K ) O 4 0  0 P 0 0 U ) U l ^ 0 0 4 4 « *  «000<*4««ON£40 10IO 004y(JKJ^Lj«U40^U14PIO**K)00O0O W Lo Uî Otl0tO_*m<J10t«4®'4p'4tO**t0UJ L)0 £K)40 UlUl U> lO tA MiHRUHtdnMMl4aHnHHHMnt4tdtilHHtqMt>lt4t4HMmi)t4HnHt>inMHHn H n H M t q n H » M M t 4 M H M n n H n H M H H  o I « I I I I I I I I I t fl I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I *K 000000000000000000000000000^-*.^-^00000000000000000<-*-»^-^— 0 0 0 0 0 0 0 0  0 03 0  0 0 0 (0 0 0 0 0 ( D i D 0 0 0 0 0 0  0 O O O O 0 0 0 0 0 0 0 0 0 O 0 O 0 0 0 0 O O O O O o O O O O O ^ ^ - * ^ a<«A^ w

0 Ul 0 *1̂  P «i UI4U)̂ -*-*«»̂ *A*̂ -*«t̂ ^̂ -̂*4«:tO«itJIOUU)-««AN)KUiUJ«inin000440000tflA(Os6«ft^ .®U>-»tOCTN-*ln© 0 0  H 0 « ^ O M U 0 O t 4 4 0 0 4 4 U l t O O t O O ^ O 4 0 U ; U « » a U i 0 « « f i U l O 0 O « O U 4 O £ 4 O . t O ^ a 0 O o O O O O O  ^^^0^Ul4 0^^tJ«*U«i4P0lO0tO4OO4IOP0OtOloW0U1^O^K)«U)«*P4OtOUi tOuD U)inU0lOK}0P404o^U>P U1 0 4 *0UUMfiP<fi-t0U)OO9i4lOO0^^^UIO0440UlO'«0^00P0£ tO p VO 4 O O—» U10 4O' 4 IO 4 P tO U 0 O 4 U) o P O U U1 0 Ul 10N H H H n H t Q H H  M M  M W W W W w W W W W W W W W W t t b d M W W M W W W W M W t t W t t R W W W W W W W W M M t f l M M W w W W w W M t f l W W  OI I I I I I III I IT I I I I I I I I I I I I I I I I I I III I I I I I I I I I I I I III I I I I I I I I 1 I I t l til I ^ 0000^0000000000000 0 000000 0.0 OOOOOOOOOO o © O O O O O O O O O O OO O O O O O O O O O O O O O O  kJ «j «4 <k) cd 04 •Joochoxcncvoinininincnininoiinininincninasoî K̂ĵ Kĵ cnininuiininininuimininminin in m'in in in in m p p p p ̂  ̂  p
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2.05350 .3624E-08 •2817E-08 . 15188-08 .75688-08 .2817E-08 .16238-08 .13068-06 .17501-10 .12668-07
2. 1 1346 ,22888-08 •2737E-08 . 1509B-08 .53648-08 .27418-08 .16048-08 .15578-06 .11011-10 .1545E-07
2.17517 . 1327E-08 .2 652E-08 . 1498E-08 .3380E-08 .2659E-08 .1576E-08 . 1702E-06 .5956E-11 . 1731E-07
2.23869 .7094E-09 •2561E-08 .148 EE-08 .1804E-08 •2569E-08. .1541 E-08 . 1723E-06 . 2 49 4 E- 11 . 1801E-07
2. 30 406 .37 79 E-0 9 .2466E-08 . 1477E-08 .7580E-09 .2471E-08 . 1 504E-08 . 1624E-06 .5842E-12 .1747E-07
2.37134 .2604E-09 ;2366E-08 . 1465E-08 .2708E-09 .2366E-08 .1466E-08 . 1 423E-06 .6919 E-15 .1580E-07
2.44058 .2822E-09 .2261E-08 . 1451E-08 .2745E-09 .2255E-08 .143 IE-08 . 1154E-06 .386 IE- 1 2 . 1326E-07
2.51185 .3774£-09 •2154E-08 . 1432E-08 .6158E-09 .2142E-08 .1400E-08 .8565E-07 .1319E-11 . 10 2 2E-07
2.58520 .4974 E-0 9 . 2044E- C8 •14CeE-08 .1091E-08 .2027E-0 8 .1372E-08 .5717E-07 .2392 E-11 .7107E-08
2.66069 .6136E— 09 . 1933E-08 . 1377E-08 . 1494E-08 . 1915E-08 .1344E-08 •3324E-07 .3276E-11 .4323E-08
2.73838 .7154 E-OS . 1823E-08 . 1338E-08 .1674E-08 . 1807E-08 . 1313E-08 . 1 585E-07 .37718-11 .2167E-08
2. 8 1 834 ,S017E-09 .1714E-08 .1292E-08 .1575E-08 . 1703E-08 .1277E-08 . 53 S6E- 08 .3813E-11 .781CE-09
2.9C064 .8720E-09 •1607E-08 . 1238E-08 . 1246E-08 . 1602E-08 .1232E-08 .8083E-09 .3462E-11 . 1249E-09
2.98534 f 9194E-09 . 1504E-08 . 1178E-08 .8242E-09 . 1505E-08 .1178E-08 .4034E-10 .285 IE-11 .6729E-11
3.07251 . 93 00 E-09 . 1404E-08 .1115E-08 .4655E-09 . 1409E-08 .11 17E-08 .8404E-09 .21358-11 . 1545E-09
3.16223 . 88 94 E-0 9 . 1306E-08 . 1050E-08 .277 IE-09 . 1313E-08 . 1 052E-08 .1512E-08 .1445 E-11 . 31 5 9E-09
3.25457 .7935E-09 .1212E-0 £ .S844E-09 .2661E-09 . 1217E-08 •9854E-09 .1370E-08 .8597E-12 .3453E-09
3.34960 .65 66 E— 0 9 .1120E-08 .92G7E-09 •3460E-09 . 1123E-08 .9213E-09 •6902E-09 ,4154E-12 .23 87E-09
3.44741 . 50 91 E- 09 .103 OE-08 .E588E-09 .4030E-09 . 1031E-08 . 8595E-09 .1778E-09 .1241E-12 .94 27E— 10
3.54808 .386bE-03 .9425£-09 .79 G4E-09 .3803E-09 .9424E-09 .7 9 07E-O9 •2964E-09 .2035E-14 .201 IE-10
3.65168 .3 1 55 E- 09 .8574E-09 . 7 3 8 8 E- 0 9 .3202E-09 .8580E-09 .7368E-09 .8981E-09 .7745E-13 •4903E-10
3.75831 .3069E-0 S .7754E-CS .6789E-09 .3164E-09 .7772E-09 .6736E-09 . 1399E-08 .3705E-12 .1217E-09
3.86 £06 .3601E-09 .6971E-09 .6184E-09 . 424 4 E—0 9 .6996E-09 .61 04E-09 .1316E-08 .8528E-12 . 1479E-09
3.98101 . 4 6 94 E- 0 9 .6 229E-09 .5574E-09 . 5950E-09 .6250E-09 .5457E-09 .6 966E-09 .1412E-11 .9268E-10
4.09725 .6217E-09 .5532E-09 .49 7 CE-09 . 7044E-09 .5540E-0 9 .4935E-09 .9217E-10 .1857E-1 1 . 1395E-10
4.2169C .7874E-09 .4881E-09 .4389E-09 .6565E-09 .4875E-09 .4 41 8E-09 .1181E-09 . 1984E-11 . 1984E-10
4.34003 .9157E-09 .4275E-09 .3847E-09 . 4772E-09 .4260E-09 •3929E-09 .9710 E-09 . 1685E-1 1 . 1796E-09
4.46676 . 94 95E-09 .371OE-09 •3353E-09 .3154E-09 . 3695E-09 .3450E-09 .2268E-08 • 1045E-1 1 . 45 8 3E-09
4.59719 .8603E-09 .3186E-09 .29C9E-09 .3412E-09 .3177E-09 •2974E-09 .3298E-08 .3570E-12 .7249E-09
4.73143 .6818E-09 •2701E-09 •25G7E-09 .612 8E-09 .2700E-09 .2514E-09 .34 S2E-08 .4704 E- 1 4 .8 3 25E-09
4.86959 ,5130E-09 .2256E-09 .2136E-09 . 1013E-08 .2261E-09 .209 IE-09 .2769E-08 .2453E- 1 2 . 7145E-09
5.01179 .4747 E-0 9 .1856E-09 . 1786E-09 . 1313E-08 . 1861E-09 . 1 72.1E-09 .1555E-08 .1016E-1 1 .433SE-09
5.15813 ■6332E-0S .1501E-09 . 1457E-09 . 1335E-08 . 1504E-0 9 . 1409E-09 .4 878E-09 . 1906E-1 1 .1470E-09
5.3C875 .9.4C3E-03 .1 191E-09 . 1154E-09 . 1084E-08 . 1192E-09 .1 143E-09 .1381E-10 .2367 E-11 .4501E-11
5.46377 .1243E-08 .92592- 1 0 .8883E-10 .7606E-09 .9257E-1C •9082E-10 .1569E-09 .2075E-11 .5497E-10
5.62332 . 1365E-08 •7006E-10 .6669E-10 .6I26E-09 .7003E-10 .6949E-10 .57 S4E-09 . 1192E-1 1 .2187E-09
5.78752 .1233 E-0 8 .5116E- 10 . 4895E- 10 .7396E-09 .511 6E- 1 0 .5051E-10 .8650E-09 .302 IE-12 .350 9E-09
5.95652 .93 75E-0 9 .356CE-10 • 3488E- 1 0 .1011E-08 .3560E-10 .3 469E-10 .8027E-09 .6476E-14 .3493E-09
6.13045 . 6760E-09 .2318E-10 .2360E-10 . 1177E-08 .2318E-10 .2252E-10 •4801E-09 .443 3E- 12 .2234E-09
6.30946 .6062E-09 . 137 5E- 10 . 1454E- 10 . 1082E-08 . 1374E-10 .1371E-10 .14 52E-09 .1157E-11 . 73 9 2 E-10
6.4937C .7200E-C9 . 7 06 6E- 11 .7665E- 11 .8032E-09 .7071E — 1 1 .7506E-11 .3214E-11 . 1475E-1 1 .16918-11
6.68332 .8550E-09 •2799E-11 .3081E-11 .565 9E-09 . 281OE-1 1 .3260E-11 .4780E-10 . 1112E-1 1 . 26 3 9E-10
t.87848 .8441E-09 . 5 6 6 5 E- 12 .67 70E- 1 2 .5200E-09 .5717E-12 •7778E-12 .1474E-09 .4174 E-1 2 .8509E-10
7.07933 .6676E-09 .1135E-13 .2394E-13 .604 5E-09 . 112 IE-1 3 .207 1E — 13 . 17 3 7 E^ 0 9 . 1249E- 1 3 .1039E-09
7.28605 .45 84 E-09 .8196E-12 .64 77E- 12 .6379E-09 ,.8235E-12 .7259E-12 .10S8E-09 .1508E-12 .6740E-10
7. 4 98 £ 1 .3539E-09 .2684E- 11 .2270E-11 .52 7 6E-09 .2690E-11 .2423E-11 .2955E-10 .4990E- 12 .184 1E- 19
7.71773 .3578E-09 . 5 27 4 E- 11 .4727E-11 .355 8E-09 .5271E-1 1 .4755E-11 .3877E-1 4 .5759E-12 .23 1 1l> 14
7.94314 .3631E-09 .82658-11 .7722E- 11 .2533E-09 .8251E-11 .7577E- 11 .1794E-10 .3109E-12 .11 12E-10
b. 175C9 .2 959E-0 9 .1 138E- 10 .1082E-10 .2381E-09 . 1137E-10 .107 IE-10 .35718-10 .42541-13 .21738-10
£.41380 .1916^-09 .14408-10 . 1370E-10 .22618-09 . 1440E-10 . 1378E-10 .2675E- 10 .20178-13 .15 8 IE-10
6.65949 .1228E-09 . 171 IE— 10 . 1629E- 10 . 1668E-09 . 1712E-10 •1644E-10 .7192E- 11 . 1234E-12 .4094E-11
6.9 1235 . 9892E- 10 . 1933E- 10 . 1856E-10 .9729E-10 . 1933E-10 .1858E-10 .9998E-14 . 1320 E-1 2 .5376E-14
9.17260 .7927E-10 .20918-10 .2028E-10 .6015E-10 .2090E-10 •2021E-10 . 3 6 15 E-11 .4834E-13 .1872E-11
9.44044 . 47 37 E-1 0 .21778-10 .2123E-10 .4419E-10 . 2177E-10 .2122E-10 •4724E-11 .1051E— 14 .2333E-11
9.71611 • 2097E- 10 •2191E-10 .2141E-10 •2607E-10 .2191E-10 .2145E-10 . 1677E- 11 •7765E-14 .7987E-12
S.99982 . 8493E- 1 1 .2132E- 10 .2090E-10 .9474E-1 1 .2132E-10 .2 092E-10 . 5045E— 13 .9676 E-14 .2406E-13

10.29182 .2402E- 11 •2005E-1C . 1S76E-10 .2002E-1 1 .2005E-10 .1976E-10 .4723E-13 .17148-14 .2633E-13
10.59235 . 8 7 2 0 E- 1 3 .1822E-10 . 1802E-10 .8797E-13 . 1822E-10 .1802E-10 . 1024E- 13 •5489E-17 . 83 93E-15
10.90165 . 1760E- 1 1 . 1595E- 10 . 1584E-10 .2098E-11 . 1595E-10 .15 83E-10 .1794E-12 . 56 13 E-15 . 28 8 5E-13
1 1.2 1998 .6173E-11 .134 OE- 1 0 .1336E-10 .6533E-11 . 1340E-10 .1335E-10 . 1676E-13 .6014E-14 .3232E-14
1 1.54761 .1405E-10 .1073E-10 . 10 73 E-10 .1180E-10 . 1073E-10 . 1074E-10 .6150E-12 .6545E-14 .1176E-121 1. 38481 .2066E-10 .8114E— 11 . 8148E- 11 .20 9 3E- 10 .8114E-1 1 .6148E-11 •2077E-11 .2805E-16 . 3 7 6 6 E- 12
12.23185 .242 IE- 10 .5704E- 11 .5772E- 11 .2808E-10 .5703E-1 1 .5759E-11 .8770E-12 .1446E-13 . 1479E-12
12.58903 . 32 24 E-10 .3631E-11 . 37 01E-1 1 .2936E- 10 . 3632E-1 1 .3699E-11 .33 17E-12 .2209E-13 .5154E-13
12.95663 .3765E- 1 0 •1995E-11 .2047E- 11 .3519E-10 . 1996E-1 1 .2049E-11 •3091E-11 .1784E-14 .4404E-12
1 3. 3 349d . 34 24E- 1 0 • 8477E- 12 . 8902E- 1 2 .3898E-10 •8474E-12 .886 IE-12 . 1825E-1 1 . 1173B-13 .23 7 6E- 12
13.72436 .3513E- 10 .1954E-12 .2187E- 12 .3345E-10 . 1955E-12 .2177E-12 .1207E-12 .2316 E-13 .1433E-13
14. 125 12 .3441E- 10 .10 32E- 15 .2062E-14 .32218-10 . 1Q13E-15 .1969E-14 .2520E-11 .198 9B-14 .2725E-12
14.53758 .2620E-10 .17998-12 .16441-12 .29251-10 .18008-12 .16598-12 .11698-11 .84691-14 .11508-12
14.96209 .2217E-10 .62258-12 .5945E-12 .20768-10 .62248-12 .59531-12 .18828-12 .11621-13 . 16858-13
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15,39889 . 1658B- 10 .11961-11 . 1165B-11' .16321-10 .11*61-11 .11651-11 .12371-11 .61318-16 .1006E-12
15.88665 . W j m I-11 .177W-11 . 17361-11 .10501-10 . 17701-11 .173*1-11 .15491-12 .44241-14 . 1150E-13
16.31183 .58062- 11 • 22279” 11 .22011-11 . 53 111-11 .22261-11 .22018-11 .1926E-12 . 1891E-18 . 1306E- 13
16.78772 .2168E-1 1 • 288 2E-11 .2866E-11 • 2311E-11 .2882E-1 1 .2866E-11 . 1288E- 12 .2081E-15 .77 95E- 18
17.27792 .3791E- 12 .2898E- 11 .2888E- 11 .3690E-12 .2898E-11 .2888E-11 •7935E-15 .1719E-15 .8886E-16
17.78288 .8158E-13 •2268Er11 .2272E-11 -8115E-13 .2268E-11 •2273E-11 .2957E-18 .6278E-19 .9071E-16
18.30170 .8825 E-12 . 1855E-1 1 . 1867E-11 .8737E-12 . 1855E-11 .1867E-11 .3557E-18 .3882E-15 .1820E-15
18.83611 .28 99 E- 1 1 • 133 8E-11 . 1353E-11 .2377E- 11 . 1338E-1 1 .1353E-11 . 1288E- 12 .1531E-15 .8660E-18
19.38612 .3987E-1 1 .8153E- 12 .6302E-12 .8181E-11 .8152E-12 .8298E-12 .6082E-13 . 1167E-18 .2073E-18
19.95219 .5635E-1 1 .3801E-12 .39111-12 .53111-11 .31011-12 .39111-12 •2108E-12 .6225E-15 . 6 8 9 2 E-18
20.53881 ,5870B- 11 •9965E-13 . 10581-12 .62141-11 .9*611-13 .10551-12 .11318-12 .13678-18 .3186E-18

BHS VALUES-CRORS LEVEL INPUT

RHS (1) -0., 113B--02
RHS (2) = 0., 122E--03
RMS (3) ■=0.. 693E--08
F.HS (4) = 0., 116E -0 2
RMS (5) =0., 123E -03
RMS (6) =0., 696E -08
RMS (7) = 0.. 188E -02
RMS (8) = 0.. 602E -Q8
RMS (9) = 0., 888E--03

RHS(10) =(D.692E-03

PSD VALDES FOE ALIGNMENT INPUT
FREQUENCY (.HZ) LATERAL CONTACT FORCES CENTERPLATE FORCE LATERAL MAGNITUDE

AXLE.1 AXLE 2 AXLE 3 AXLE 8 LATERAL POSITION
0.100 0.2578E + 03 0.8880E+02 0.1028E+05 0.8980E+08 0.8378E-07 0. 1188E+020.106 0.27 33 E + 0 3 0.8888E+02 0,1135E+05 0.9919E+08 0.9825E-07 0. 1337E+02
0.112 0.2928E+C3 0.8889E+02 0.1258E+05 0.1101E+05 0^ 1060E-06 0. 1505E + 02
0.119 0.3145E + 0 3 0.8568E+02 0.1395E+05 0.1222E+05 0. 1192E-06 0. 16 93E + 02
0.126 0.3398E+03 0.8671E+02 0. 1585E + 05 0. 1356E+05 0.1380E-06 ' 0. 1905E + 02
0.1 33 0.3679E+C3 0.8809E+02 0.171 1E + 05 0. 15081 + 05 0.1506E-06 0. 2188E + 02
0.181 0.8003E+03 0.8976E+02 0.1898E+05 0. 1668E+05 0.1693E-06 0. 2812E + 02
0.150 0.8373E+C3 0.9168E+02 0.2098E+05 0. 1889E + 05 0.1902E-06 0. 2715E + 02
0.158 0 .8793E+C3 0.9382E+02 0.2318E+05 0.20 88E + 05 0.2137E-06 0.3055E+02
0.168 0.527 1E + 03 0.9607E+02 0.2553E+05 0.22 6 8E+05 0.2802E-06 0.3838 F + P !
0.178 0.5815E + 03 0.9833E+02 0.2813E+05 0.2508E+05 0.2698E-06 . 0. 3870E + ul'
0.188 0.6432E+03 0. 10 08E + 03 0.30 95E + 05 0.2772E+05 0.3032E-06 0.8358E+C2
0.200 0.7133E+03 0 . 1021E+03 0.3399E+05 C.3060E+05 0.3807E-06 0. 8909E + 020.211 0.7925E+C3 0.1031E+03 0.37 27E + 05 0.3375E+05 0.3830E-06 0.5531E+02
0.228 0.8819E+03 0.1028E+03 0.80 77E + 05 0.37 17E + 05 0.83 06 E-06 0.6236E+02
0.237 0.9821E+03 0.1005E + 03 0.885 1E + 05 0.8091E+05 0.8882E-06 0.7037 E + 02
0.251 0.1093E+08 0.9530E+02 0.8850E+05 0.8898E+05 0.5889E-06 0.7987E+02
0.266 0. 1215E + 08 0.8602E+02 0.5273E+05 0.8988E+05 0i 6137 E-06 0. 89 87 E + 02
0.282 0.1388E+ 08 0.7 133E + 02 0.5725E+05 0. 58 35E + 05 0.69 21E-06 0. 10 18 E + 03
0.299 0. 1873E+C8 0.5088E+02 0.621 1E + 05 0.5982E+05 0.7818E-06 0. 1 156E + 03
0.316 0.1589E+08 0.2537E+02 0.6783E+ 05 0.66C7E+05 0.8858E-06 0. 13 17 E +03
0,335 0.1662E+08 0.78 88E + 01 0.7389E+05 0.7388E+05 0. 1006E-Q5 0. 1506E + 03
0.355 0.1639E+08 0.3957E+02 0.808 1E + 05 0.8263E+05 0.1150E-05 0. 1738E + 03
0.376 0.1832E+ 08 0.27 08E + 03 0.90 53E+0 5 0. 98 96E + 05 0. 1325E-05 0. 2013E+03
0.398 0.9578E+03 0.1229E+08 0.1052E+06 0.1133E+06 0. 1588E-05 0.2367E+03
0.822 0.5925E+03 0.8958E+08 0.1310E+06 0.1882E+C6 0.1826E-05 0. 2829 E + 03
0.887 0.8522E+ 08 0.2029E+05 0.1887E+06 0.2086E+06 0.2196E-05 0. 3882E + 03
0.873 0.8379E+05 0.8860E+05 0. 318 8E+06 0.3369E+06 0.2620E-05 0.8162E+03
0.501 0.2731E+06 0.38788+06 0.59518+06 0.57518+06 , 0.2688E-05 0.8270 E + 03
0.531 0.6825E+06 0.60878+06 0.70938+06 0.58581+06 0.13428-05 0.2202E+03
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15.399 0.7 1388*02 0.60581*02 0.70108*02 0.60261*02 0.32408-05 ,0P 13188*03
15.849 0.7056E+C2 0.57538*02 0.7279E+02 0.57271*02 0.43 19E-06 0. 1852E*02
16.311 0.7358E*02 0.6050E+02 0.6913E+02 0.59 8 3E + 02 0.5730E-06 0 . 2582E+02
16.788 0.6910E*02 .0.6292E*02 6,702 3E*02 0.6141E+02 0.3964E-06 0. 1871E*02
17.278 0.6677E+02 0.61 88E+02 0.6675E+02 0 . 6160E+02 0.2728E-08 0. 1339E*00
17.782 0.60 84E* 02 0. 6077E1+02 0. 60 73E* 02 0.60 85E*02 0.9985E-08 0.5600E+00
18.302 0.533 6E* 02 0.5775E+02 0.52548*02 0.5834E+02 0. 13 76E-07 0.7558E*00
18.836 0.4652E+C2 0.5286E+02 0.45 82E + 02 . 0.5156E+02 0.5230E-06 0.2975E+02
19.386 0 . 3827E+02 0.4551E*02 0.3765E+02 0.4651E+C2 0.2759E-06 0. 1627E + 02
19.952 0.J363E*02 0.4003E+02 0.32338*02 0.37241*02 0.10348-05 0.6312E*02
20.535 0.28271*02 0.31558*02 0.29128*02 0.32878*02 . 0.60318-06 0. 38 07 8 * 02

RMS VALUES-CROSS LEVEL INPUT

LATERAL CONTACT FORCES
AXLE 1 =0.134E+03 
AXLE 2 =0. 107B+03 
AXLE 3 =0. 130E+03 
AXLE 4 =0. 127E+03

LATERAL POSITION OF RESULTANT CENTERPLATE FORCE = 0. 254E-01 
LATERAL FORCE AT THE CENTERPLATE = 0.123E+03
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UM EU PLOTTED OUTPUT

The following 12 plots ; depict the ppwer 
spectral density of (PSD) information plotted by 
this compute? program. The first six plots 
illustrste the PSD's fpr the following variables 
in response to a random, crosslevol Input)

1. Front-truck lateral displacement

2. Front truck warp displacement

3. Car body lateral 4isplacement

4. Car body roll displacement

5. Lateral contact force, axle I

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 at 
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 ..
dominant 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 response by 
dropouts that occur 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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n c

L

C
C
C

c

L.
C
c
c
b
c
c

UEhdb4 = -w*W , .- ,
'I EBdb5=iCZ/WC 
HKd73=TEXd27**' 
■IiSM'74=TERil2u*K 
HRrt75=TEHd20*w 
i£EH7o=TEHtl1.7*W 1IEd7 7 = TERM1o*W 
TE&M73=TSRrt1 ii*W 
1 Iiia77=Ti3R:i1 4*iJ 
TEiuidO=-TERa 1 3*rf

JUJ-Y.iOSJ ■j 0 0 7 4 0 -X. 0 
0.0071) 00.0 
0 0070 00 0 
0 0 )77 000 
•0 9070 000 
0 0 079 00 0 
00080000 
0 0 G81 oao 
-0.00a200.-0

H E  d8d=I i(iX* V/ (E,0*X)
T IE 189= A 1 3 + A 1 4 
H E  {190= A1 3-A 14 
1EBM91=A1 HA12 
H E  M92 = A1 1-A1 2 1 tF M9 J = 2. *LlJ*F 1 2/ (V* A) 
TII;H94=4. *l 1 *L1*F1 1/V 
IIBd96=4.*F12/V

0 COSO 00-0 
; 0064 00 j 
.0 0 0893^0 
•J 0 0 81 0 10 
■O'OOtiVOj } 
0 00 8n 0 1)
00 00:39 CO;0 0 09 0 00:0

'iEi'wVJ8 = 4.* (F22+X*X*F 33) /V
1 IK a 99= 2. *F1 1*7! 0*21/ |X*7)
2 C 0 j- V Ai.£K C2 (.'i X , Xdij) , (I i» X, aXb 1J , (I fc t , XIX 2) , (;i i!, X M b)

0 0 09 1 0 ! .)
.0 0092 0 j 0
b b 093 0..'0

(Ob, Xli:.) , ooeoEoi:
) r (l'i C | X d C) , .0 0099

VQ34o.ro1 -i 9 (-cj A id 3) r (A 1 4 r u A i i 4) r 0 0C97C0.0
0 j J990-J.0
0 0 099 03 1

(Li3.14* K*LAnl4) , ■' OC 1 00030
|K ZF,X RY'F) , (K.XF, XKXf J , iiaX,XKYK) , (K 1 fi, XKXR) ,. (DTUB F, ill’C CF) , 0 .01 0 1 00.0
(CliiWF ,DTWF) , (XXH6F , X K/IC P t). , (X lii h I ,. X KT * F) , (DILbR, DTCPlv) , j C 1 92-)0:-
(L'lfiWK, DTtaB) , (KI iibR , XK ICPR) , (K lii I* u , X K1WR) ■- - 0 J 1 0 3 0 1,9

CCndCX 3R,31,IB,Ti
DCUfiLE PnECiSlUH UK,21,Dt13,0X11,DEI 
R £ AI L 1 , l 2 , L3 , 34 , 113£ , F.C , i 2 1 1, Lu 12-, 11 1 b ,,L 21 4 , d 3 
rial KXF , KXE , KZ F , KZ 5 , 11 lib I , K'i tlbX, K1 HU i-, KlHw X 
EIAL IS F Y , Id Y, ldZ , j. WX ,l.d Y ,.ICZ ,1CZ, it-Y Z ,d , K
DlflEfcdlOR FR (200) ,dii ( S; , IX (9) f FAR (9,a) , k AI ( 9, d) , UR (t:) , U I (o) ,
1 T E 8 C (10,200) , IRiI j (1 0) ,DR (8 I) , 01 (6 1) , LC (9) , t-iC1 (9) ,TF (9) ,11 ( 0)
2 M (9,9) ,K (9,9) ,C (9,9) ,1 ( 9,2 JO) ,i 1XdE 110) , j. 1 22D (1 0,200) .
CIS 11 SI OX FOLK (9,4 ) , I C II (9,4) , U. 1 X ( 4.) ,011(4) , 3 1 X (.9) , b 11 ( 9) ,.

11 11, (9) ,T1I (9) , 11 (9, 200
C14ESSION FRL(o) , FI (6) ,F (b,20 0) , F 1 E (6) , r 11 (u) ,F 1 (6, 200) • 
LidEkSlGN IPSD0 (10) , 1 1P3L0 ( 10), F t £ J 0 (b) , F 1 P S J 0 (u)
DldEiSiCX FRdS(b),Ft£C(b,iJ0),r1Xd£(b),F1P3C(o,200)
EidlBSiGa LABEL(20)

0 9 1 9 4 ‘j -j j
sc 10-000 ■j o 1 ')9 0-y:
0 01 0 7;■: .1 
c-oi )c'o:.o 
001ovooo 
0 0 1 1 0- 0 ■ ■? 
s 0 1 11 0,0
0 C 1 12 0 0
001 10 3 >.:' 
0.01 14 0 0.0 
001 1 J 00.0 
0 0 1 1 6 0.).,) 
00117000

CLfiMCX /NAdE 1/A 1 1 ,A 1c , A 1 2, a 14,ALI11 1, A1X2 I , ALH31 , AE1141 ,
1 C,CFL0F, D3L0fl,UL01 , C 102,0tOJ , JLO 4 , C 1 1 1, 01 1 2, JT. 1.3, DT 1 4,2 Cl R c t, DI HdR, DXF, CXX , E ZF ,U ZR, EPi, 1 1,.FE 1.2-1,2 t?L3 1,2PL4 1,
3 EPL31, EPLb 1, EPI 71, EPlb'1 ,F 1 1, FI 2, I 22 , i- 3 3.r!l 1 ,I9Y ,±bl,
>♦ ICY,IC2,ICY2»1«IX,IUY ,KlhuF, tv'Iĥ K, K1.E wF, Ki'il rii.(, kXF , KX.R,.6 KZ F , KZ R, L1 , L2, L3 , L b 1 1,L t 1 2,Lu Vj , LE 1 4 , db , .1C , .viSF , .1W ,
0 E0,RtiOl1,HHO21,RilO3l,KKC‘*1,RliOb1,EtiC61, X11U 71, a HO 81, w3, wC,
7 lf)F,MH,WK,Wl',X,D'lbWF,DlbWic,ISFZ,AIH51,Alilb1, A LX 7 1 , A 1.48 1 
CCftflCN /N AhE2/TER£11 3,1 IKC 14 , XERf] 1 5 ,IFtf116., I IXd 1 7, TEX420 ,
1 11 B A2 b , T Efi d 27 , X E Hx 3 4 , I E R A 4 0 , 1ER4 4.1., 1E X 442, 12 P. d 4 3,12 P M 4 4,
2 UE Xd45,TERd4b, IErifl4 7, IE Ed48, I2Hd4 S,*I ludbO, IEXd51 ,
3 ri £ 5 d52 , TbX Mb3 , T2Xd54 ,1E Edb5, 12 Rd 5 fc , 1 £ Kb !> 7,1 Eud,5 8,
4 lEtul59,Teufl6 0, I2Rdb4,IERd65, I2Rd89.,aEad3J, lbKd9l ,. ,
5 1Efifl92,TEXd21, rEXdJl) ; - -

0 0 1 190 00 
0 0 1 1 b 0 0 0 
0 0 1 2 0 0 0 0 
0 0 1 2 1 0 .) 1 
0 0 1 2 2 C ) : 
00123000 
.0 01 £4 00 0 
0012ObJ 0 
0012o000 
001270)0
00 12b000 
0 012 0 1 
001300b; 
0.01310 )-0 
00 1 3 2 000
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Nk=9
PI=3.141593 
C£GC2-OUGC**2 ,
CBGS2=OMGS**2

C
C *** a m  INPUT PARAMETERS *+*

WRITE (b,JOO) LABEL 
300 F C E M A'f ( 1U 1, 1 CX, 2 0 A4/y / / )

N RITE (o,J20) 3C,00,MSF,M.,iCX,IC2,Il X2,isX,IBZ,ISFY
320 FORMAT(25X,'MASS EEC E ELITES • ,///5 X , '

1'XMC (MASS OF IbE CAR to0 i ) ',5 X , 1= ',310.4,' SLUGS'/5X,V
2'XME (MASS OF Tilt ECISIER)', bX,' = ',F10,4,' SLUGS'/5X,
3 'AMS (BASS OF ToE SlDEFlw>M£) • , 4X,' = ',310.4,' SLUGS»,/5X,
4'XMW • (HASS OF lilt ki k E LLSJst) • , 5X , ' = ',010.4,.'. SLUGS ',<f//5/, .
5 ' XIC2 (MOMENT OF INF (11A OF Ui£ CAE ICDX IN XAW) ' , 8X,. ' -
o'= ',£10.4,' SLUG-FI**2',/sX, -
7 ' XI0 3 (HUMENI OF INLB1TA OF TBa CAE aODX IN HULL)', 7X, .
3'= ' , E 1 0. 4 , • SLJG-F 1**2 ' ,/3X, '
9 ' XIC23 (CROSS PaODUCT Of INERTIA FC6 CAR 6007) ',11X,
. 1'« ',310.4,' SLUG-F1**2 ' ,/3X, . .
2 ''.XI £2 (HOMES I OF 1N a 11 + A Or ids BOLSTER IN YAK) ' , 9'X",
3' = ',310.4,' SaJG-fI+*2* ,/5X,
4'XI£3 (MOMiiN’I OF INFBilA Cf THE tOLSlFR iii ;-R j F,L)' ' 8X,
5 ’ = ',£10.4,' SLUG-FI++2',/5X,
6'XI£2 . (HOME (if O F  INE'Efi A OF TriF, .SILEFa Ada IN X AN ) • ' 7X,
7'= ',£10.4,' SLU G-F I * *2 ' ]|
W FITE (o , 3 25) IWX,Is*X

325FCKMAI(5X, ’ ■' '
d'XINl (MOMENT OF INFB'IxA OF TiiE WREEISST ABOUT AXLL) ' , 4X,
9 ' - ',£10.4,' SLUG-I1**2• ,/5Xf
1 ' XI N 2 (MOMENT OF ISEBIIA Of T a £ WFEEiJET IN XAN)',8X,
2'= ' , E 10.4,' SLUG-FT**2 '///)
WRITE (o, 330) KXF , K A. a , F Xr , K X a, KT MB f , K L fa LB, K'l d* F, KTd WI. ■

330 FORMAT (25X,'S'liFFNaSS F faQFaBlaaS ',///= X ,
XKXF (LATERAL STIFFNESS, S I  0  £■  £  u. A  t  r TO BuLSiEa -FRONT-)'
= ',£10.4,' as/FT',/5X,
XKXR • (LATERAL SiaFENESS, SlUaFEAMi 1 C  BOLSTER - s Sa B-) CX,
= ' ,£10.4,' LB/tT' ,/5X , '
XKXF (V ER'I’ICa L ST I F f N EES , SIBa Fa A BE 10 BOaSIEa -FROSir) ' ,4X» 
= ',310.4,' LD/FI' ,/EX,
XXXa (VERTICAL Sili F suiiS,- SIQEFEAME TO BOaSTEa -R5A*R-)
= ',£10.4,' LD/FI' ,/EX,
XKICPF'(CEWTEBP.LAIa S'liiFNiSS - £ ii C NI -) ' , 23X ,
= ',E10.4,' FT-LB/EAlf ,/3X,
XKICPa (CENTER?*. ATE STIfFNEES -aEAfa-)', 24X,
= ',£10.4,* FT-ss/EAC',/5X,
XKI'Wr (TRUCK WARPING SI IFF NESS - F FO XT’-) ' , Z 1X ,
= ',£10.4,' Fi-aD/DAE1,/5X,
XR'IkR (TRUCK WARPING STIFFNESS - fa E AR-) ' , 2 2 X,
'- ',£10.4,' FT-aB/EAT ' , / / / )

RETIE (6,350) DTU* F , 01 fi« S ,DXF, UXR , C Xr ,1X1, D1 fiBF, DTHB;.
360 FORMAT(25X,'DAMPING. £FOtEE1I3S' ,///5X ,

1'L'I'fcF (RAaPING DfadtlNG-FBaNT-) ',27X,
1'= ' , E 10.4,' LB-SEu/FT',/5X,
2'EIHE (WARPING DABBING -REAR-)',27X,
2'= ',E10.4,' Lb-SEC/rl',/5f,
3'LXF (LATERAL SIDE F.RAHF -TO BO LSI EE 
3'= ' , E 10.4,' LB-SEC/F1' ,/5Xr 
4'LXt (LATERAL sIJEFLABa'TO BOLSTER 

.4'= ',E10.43< Lfl-SEC/FT*,/5Xf 
5'LXi (VERTICAL SIDEFRAEE TO BOLSTER 
5'= ',£10.4*' LB-SRC/FT',/5X, 
b'LXR (VERTICAL SIDEfafaEE TO BOLSTER 
b'= ',£10,4,' LB-3EC/E T ' ,/5 X,
7 ' ITCPF (CENTEUPLATE DAMPING -FRONT-)'
7'= ' , E1 0:. 4 , ' LB-3EC/ET' ,/5X,
B'ETCPa (CENT EaPLiiTE CA.-iPTNG -ROAR-)',
8 k * ' ,21 6.4., ' La-SEC/EI' ,///}
WRITE (6,360) X, D,ii1,11,L2,L3,K0 

3 bO F CBM A T (1H1,24X, 'DIMENSTUNS',///5X ,

00203000 
‘,0 0204 00 0 
00205000
o ; o 20( > o o o
0020700) 0 C 2 G 8 0 0 0 
0 02 09 ■ j ; 0 
0 02 10 00 0 00211001 
03212000 
03213000 
"002140 ■ ) j  

'00215000 
’ 0.021 o 00 0 
00217,000 
00218000 
00219000 
00220000 
00221000 
0 0 2’2 2 0 0 0 
00223000 
0 0^24 0.; j  

0 02250 ) :•
0 02 2 o 0 0  
00227 O.is 
0 0 2 2 6 C 0 3 
0 02 2 9 0J) 
3C2 303 ) ) 
00231000 
J G 2 3 2 0 0 0 
00a 3 3 33 0 
•0 0234O10 
0023503 ; 
0023.') 0 3,/ 
03237030 
0 0̂. 0 3 3

'.f cx, 0 0 2 3 9 0 ) 3
- 002, 0 0 0 )

) ' ,4X , 0 32 410'0
0 ) 2 4 a 0  ' J

) ' , 5 X, 002430-2 0

j ;■: i
0 014-4
1 O' .3 -4 5 
3 0 2 4 f 
002,70)3
302493:0 
0 02 50 0 3 : 9-320 1 ' j 0 
0 325a 30 ) 
0 C 2.5.3 •? "• 9 
002040)0 
00255007 
0 02 51) 0 3 ’7
0 02 67 0 j ) 
’00253000

Du3 PaNG -FRONT-) ' , 5 X , 00259000 
0 02oO 00 0

Da m p i n g  - k e a R-j ', oX, 00 2 b 100) 
0 02 6200 )

d a m p i n g  - f r o n t - ) ', 4 X, 0-3263 03 0 
30264000

LAMPING - REAR-) », 5X, 0026500) 
0 0 2 b o ) 0 0

,221, 00 2 s 700) 
' '--0 02 68 00 0

2 JX, 002b9000 
0C2 70 00 0
00271000

’ 0 02720'--)
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c
c

SIDEFRASS CEfiliK OF GRAVITIES)' 

BETWEEN TRUCK CG AND BOOT CG)

370

(SSttI~DISTANCE BIIHBBN WHEEL CONXACT FOISTS)', 81, 
0.4, • FT*«/5X,
(SEMI-SPACING CF 
0.4,* FT*,/5X,
(VERTICAL DISTANCE 
0.4,' FT',/5X,
(SEMI TRUCK HbEELBASE) ',301*,
0.4, • FT',/5X,
(DISTANCE 
0.4, • FT 
(DISTANCE FRCB 
0.4,' FT' , / 5 l ,
(HUBEI ROLLING 
0.4,' FT' ///)

UNITE(6,370) A 11,A 12,113 ,A14,DT11,DT 12,0T13,DT14 
FCRflAT(25X,•HUEEL CEARACTERISTICS•,///5X,

1 •A
1 • « •
2 •P
2 ■ a «
3 ' BCG
3 1 X •
5 •TL
5 • X  I
6 ' CIF
6 • s 1
7 ' CLR
7 1 X  ■
8 •BO
8 1 X •

375

390

5X,

4 X,

FROM 
»/5X ,

£0EX CG TO FBONT TRUCK) ' 

£0LX CG TO BEAB TRUCK)• 

RADIUS) •,30 X ,

14X, 

, 15X,

4X,' ■ 
4X, '=»

',E10.4,/5X, 
• ,E10.4,/5X,

, 4X,'* •,E1Q.4,/5X, 
I  . 4 X . » ? >  • - ............... *

(ROLL COEFFICIENT, AXLE 1)
(BOLL COEFFICIENT, AXLE 2)
(ROLL COEFFICIENT, AXLE 3)
(BOLL COEFFICIENT, AXLE 4)', 4X,»* • ,?10.4,//5X, 
(CONTACT ANGLE COEFFICIENT,A U I  1)1,4X,»* «,E10.4,/5X, 
(CONTACT ANGLE COEFFICIENT,AIL1 2 ) ' , 4X,'= *,E10.4,/5X, 
(CONTACT ANGLE COIFFICIBNT, AXLE 3) ' , 4X, ' t= • ,?10. 4 ,/5*, 
(CONTACT ANGLE COEFFICIENT,AXLE 4)',4X,'= ',E10.4/) 

DL01,DL02,DL03,DL04,LB11,LB12,LB13,LB14

1'GAM 1 
2 • GAN2 
2 ' GAN3 
4 • GAN4 
5 ' BDBL1 
6 • EDEL2 
7 • BDBL3 
B 'BDEL4 
H FITE (6,375) 
FCBMAT(5X,
EEL01 (INITIAL 
= ' ,E10.4,/5X,
IE 102 (INITIAL 
= ' , E10.4,/5X, 
CElO1 (INITIAL 
= ',£1 C.4-,/5X, 
CHI04 (INITIAL 
- ',£10.4 //5X, 
ALAM11 (CONICITX, 
ALAM12(CONICITX, 
ALAM13(CONICITX, 
ALAM14(CONICITX,

HHEEI/RAIL

WHEEI/RAII

HHEEI/RAIL

HHEEI/RAIL

CONTACT- ANGLE, 

CONTACT ANGLE, 

CONTACT ANGLE,

AXLE. 1) ' , 4X, 

AXLE 2) ',4X, 

AXLE 3)•,4X, 

CONTACT ANGIE, AXLE 4)',4X,

A XIE 
AX I E 
AXIL 
AXIE

D2)
3)
4)

' ,4X, «  = 
1/4X, ' =
* » 4X , • = 
' , 4 X , ' =

' ,E 1G.4 ,/5X, 
' , E 1 u. 4,/5X, 
' ,E1C.ff,/5X, 
' ,E1G.4 ///)

NEl IE (6,390) FI 1,F12 , E22 , F33 
FCBMAT(25X,'CREEP COEFFICIENTS',///5X,

1'E 11 (LATERAL CREEE CCEEEICIENT) ' , 9X,
1•= ' ,El 0.4,' LB',/5X,
2 ' E12 (LATEBAL/SPIN CREEP COEFFICIENT)', 4X, 
2'= ',El 0.4,' LB-FT• ,/5X,
3 ' F2 2 (SPIN CREEP COEFFICIENT) ', 12X,
3'= *,E10.4,' LB-FT**2 ',/5X,
4'E33 (LONGITUDINAL CREEP COEFrxClEKI)', 4X, 
4'= ',£10.4,' LB'///)
WRITE (6,395) AX,APHI , CMGC,CMOS 

395 FCRMAT(25X,'TRACK PR O £ERTIES',///5X,
. 1 • AX (CENTERLINE ALIGNMENT'"PSD CQEEEIC-iKNI) 
1' FI**2-RAD/FT',/5X,

. 2'AEH1 (CROSS LEVEL PSL COEFFICIENT) ' , 1 1 X ,
2' F1**2-RAD/FT',/5X,
3'CMGC (PSD ROLL OFF EEEGUENCX)1,16X,
3'= ' ,E10.4,» RAD/FT ' ,/5X,
4'CilGS (CROSS LEVEL £SL CONSTANT) ' , 14X,
4'= ',E10.4,' RA D / F I ')

«.,4X,'-
',El 0.4,

2VO. 4 ,

♦♦♦♦INITIALIZATION OF PABAM-eIEu S**** 
CAll SETUP(M,C,K,EAE,ECLF)
CAII PLGTS(0,0,3)
CALL EXTEND(72.0)
CALL PLOT (0.,0.,3)
CALL FACTOR (.435)

CAII PLOTA(LABEL)
K 1=0 
S=0.

0 0 2 7 3 0 0 0

00274000
00275000 
00276000 
00277000 
00278000 
00281000 
00282000 
00283000 
00284000 
00285000 
00286000 
00287000 
00288000 
00289000 
00290000 
00291000 
00292000 
00293000 
00294000 
00295000 
00296000 
00297000 
00298000 
00299000 
'00300 00 0 
00301000 
00302000 
00303000 
00304000 00305000 
00306090 
00307000 
0 C 3 3 3 0 0 0 
00309000 
103 10 00 0 
00311000 
00312000 
00313000 
00314000 
00315000 00316000 
00317000 
0 03 180 0 0 
00313000 
00320000 
00321000 
00322000 
00323000 
00324000 
00325000 
00326000 
00327000 
0 03 2-3 00 0 
OC329GO 0 
00330000 
00331000 

'00332 00 J 
: 0 0 3 33 00""! 
■0 03 34 00 0 
.00335000 
0 C 3 3 h 0 0 0 
00337000 
00338000 
00339000 
0 0340 00 0 
00341000 
00342000 
00343000
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L  Cm &

4 4—* .
Hi CD G
M Cr -*

L  L  + 
- i - i tr 
fc-" fc- to 
+ l «k  .to to' to<
to to 4 #■»>. toto to to
♦ * toto o -> 
tn Jh  w  *

to as z asso

UV
Ln

as in to M
to to Oto n oi z m tc

i -* -- to -ft -ft ,

toto to G 
to -*

G G G

U1 P
o G a to H cn cn a G G w w. w

G G Hi to It II II II
G to CD n II G H CD *̂' G H c G a O
II II a a II II li U H 1 H H H •
-ft -ft to a —« -ft a a -*

* -ft —*« « cn G
Si. &s to to CD G to ID P VOw w

i Kj -» £

U 
G 
*0

G

an

G
H
G90
Ln

*
c

a  gSO H
to to

Hi H

♦ ♦
t7S *0
o  nto to
90 CD

to to
* *G G

- f t  - f tH. fc 
to cl
4 I hR into to to to H to.
to M 
* %to to ;
*  ♦ “G C
- f t  t o
w k ; 

*̂; ■ to to'.

O O O O O O O O O O O O O ' O OO C j O O o O O O O O O o O O O
P  f  jr C p p  p  p  p  p  p  p  p  pP G Lo' Lo l»j L<j to to to to to fsj G ho G ousa'ocr^puhj-kovocx'jc' O o O G - G G O O O O O O O O O  G G G C O O G O G O G O O G O  O C J O O O O O O O O O O O O O

O o  o  oC- O  0.0 
p  p  p  p ho G G to LT! P to ho o  O  o  o  
o  o  o  o  
o  o  o  o

O O o o o o-oO O O O O O Op p p p p p p
—* O O CC'sJ C UNo  o  o  o  o  o  o  
c- o  o  o  o  o  o  O  O  O  O  CO o  o



I t

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O  O O O O O O O O O O O O O O O O O O O O O O O O O O O - O C T ' O O O O O O  © O  © © O O O O O O O O O O O O O  o.o. O 0.0 O O O O O O O O O O  0.0 os© r** 00 O *■" CM rr* z f SJ-) [-* CO O' O «“ CM CO 4* in '£> C- 03 O t- fN' r-j ' .rt m sC C" ."O O' O ©OCO®J'CT|U ' ^ f f ' ^ ^ ? ' W O ' O O O O O O O O O O r  i— r— »— t— t—' r- 4— t— *— (\jj a- in in m uvri m in in in L*) tn lo ut n u") u') ̂  u*» m m  ui© © © O O O O O O O O O O O O O O O O O O O O O O O O - O O O O O O O O  ©O* O O O O O O O O O O  O O.o O O O O O O O O O O  O O O O O O O O O O

o o o o o o o o o o o o o o o o o o o o o o o o o o CJo o o o o oo o o o o o o o o o o *-?<‘O o <oo o o o •o o o o o o o o o O o o o o o o<po o o o o o o o o o o O o o o o o 0̂1o o o o o o o o o o o o o o o oCNm -,-r;HvO p«*.COO'-o ,— CNm •tTm o r-or)CTo »— (N -zf•nsOr-COcno »— fNrnzrm(NCNCNfNCN(N CN fNr-JoS f*>m rom fnn“.on ■-T ■a*-■3-zr z f ZT zy zT inununinm inLOLT. in inin m inm inuo LOm uO.m m LOinininininin ininm inm unininininMlino O o o o o o Clo o o o o O o o o  o o o o o © o o o o o o o o o o o oo o o o o- o o o o o o o o o o o o o o o o o o o o © o o © o o o o o o

*n :vj-

Qa

C**—  *CN —** T# •*-»

fcH 'N H* * CN ♦
Z3 —# ©© OS'

S3 H 6-* w

rNf ^  * fN-* * —* * o
©

♦ <n .:N ** ** A©©■ ̂03►qca &*&4 ̂W H

**
CO<■*4
ZD

Q*oQiH H ̂ H S3 •.4 cn03 a* S3J CJ z Z •o03 » O  t/1 3 V) z % t * o HCO It T» to II < r - •O II03 N N ~ II II IIO II II« © A  z tq z cq to H II © O %as ■*o z z O o S3 H %Hto o m -h z m z H z z S3 o H o H
•m r* M %M H %i-iH z cr>,--tou> O•b  •• » n fc-lT~ *O H tH caz r» c/Js CJcrjas n  ~ z Z Z z S3 (O J4ft u u o «“ J o J U4T— J U4o M H u u Mm 1*4J u 1*4z Q kHH Q H tH

II o II. ©
O HO
rsj io S3 <J IXia o*

z • o*0 l|
©© % tq* h  ©O H ̂  Z 

u  ■ - g  hC-J CO Hr/j um -s•J^ ̂  J
CN
<JQ

**. *
SHu
na©o». UJ

33 CJ • *cU4
© Z Z © *© *- H
O  II05 Z ft3
H H * rsjQ<OQ<t 
O  CO *  *  CJ CN • -X 
^  'N II 

U  II <N* a * ;*** o D  O # O o *» r* r** co * o* *— »- r* fN

**

Hf-fcH
S3 —**N X u* O '.3* z a* Q+-Q04 \Z C fN J >•H IC \ w ; j  fN 

<Q * *  IX S3 «• '■*» r-t i.-H • X V*O H 03 2? \ CM r*3 cn ?3 3 •tfi Z \  '5 >; h  *1 t-3 X*13
r-<3u
©

o*• ~N > + fN 3
X
,-N
rnoS3CJITTCN* >> # ♦N Z 3a —  -+\ 6H OJ

C  CJS3 CJ f-l S3
X  o fj * U3 ro u» >04 *«< H 33« Oi U «33 *CIS H EH CM *r-3 CO

cu-flX 04-s *i-m rsj ■» ♦
■» ^* z

04<X '-M<c *U4 I'N' * * CM * •fr —%* z

• ̂z□e
z H
M CS

* to
O H 10 ♦ 04•rf H ♦ —

COH Q 1w  to <O 04or/3 -5-1i04'̂tr» *^  f*3» * UJor«U3 :*4ua * j1*4 *

X.-J04II

—* r* ^  z O ^  zm a in ̂  zZ M' z H ’•O ' 5̂ H Z H o '# ' • z H3 ^ 3 •* rst r* % Zm % O  .in ♦ as- %H H H M « H M H H 2q • ̂  X  h% O  * Jd + K % ̂H H zf ~A Q M Q. -c*4 ^  —  h  a^  H ^  txm N ^  tO t̂o. I . M CO ̂  V IZ H II ci* n % r- O 04 O CM , ^ ^ r ^ S Q O (Z II — • o n O Z Z to »” v£) r/) r- z z Z CO 03 CO ̂% —* zI r- Z ! =r *CN M ’» CM ?H • e* II'H '■A H POCN H % II ■i II H II n II n o IIZ CM > • *—H >-4 W H H *W r- 03 H M cqM «»*H ̂ CO S303HfN H * 'O▼— y— Z M O % © 1 t-4 H © H 'w © N 1*4C*4z» t> Ô-3 •q II z © H '■—*z m H z Z IIO O Z in o z II IIO* * o rqfN H COn M H cn C3 1—1 o m fa Z M inO Q M o d o r*;» > a iq II VJ 33 tj torN C-Jto•H (N ro i/JtoM IJI fNU3 CO tH CN CJ i/JtH tHH4CJINII II 33 X COUl ro 04 'OIM Z tol-Mz 1*4 to04 'Z 5̂ 04Z wIN'N J Z «w u «; 04 r* O 04T” J <J04 u 1*4U4 u 04T— u o 044— J u U4U4U
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TEBB 16= D*D*DXF/X 
1EBB17=D*D*D IB/X
TIES 18= L 1*11 F/X«-2.*F22/RQ/X-2.*^ 1*F 12/RO/X 
'IEHfl19=l1*Wfl/X+2.*F22/R0/X-2.*L 1*E 12/RO/X 
lEfiflx2= (2.*F12/R0-KF)*RO/X 
TEEM23=2.*F3J*X .
TERM24= (-WF*R0*L1«-2.*E22 + 2.*i,1*Fl2)/X
1 ERB25= (WF*R0*L1+2.*E22-2.*L1*E12)/X
lRRB2a=2.*F22/X
IEHB29=(2.*F12/H0-HB)*HO/X
TERB30=(-WR*RO*L 1+2.*E22+2.*L1*F12)/X
1 EH M3 1 - (<iR*BO*L 1+2. *E 22-2. *L 1 *F 12 )/X
'IEEB32=D*D*KXF
1EBB33=D*D*KXR
'I EBB34=C*D*DYF
1ERM35=E*D*DXR
IIEIJ6 1=F12/R0
TEBB65=ICZ/BC
TEHB41=- ( (A1 1+DT11) *K E-TEBB6 1 *pT 1 1)/< 
TERB43=F 1 HL1/X* (TEBfl£ 1*D111- (A 1 1 + E111) *Wrt) 
TERB44=01.01 * (HB-TEBB61)
TERM4o=- ( (A12+DI12) *tfi-1ERMb 1 *01 1 2)/X 
IEr B43=F 1 1-L 1/X* (T£Bfl£ 1*G112-(412 + C112)*rfU) 
IERK49=DL02 *(HB-TERB61) 
lIHB51=-( (A130T13) *kN-1ERB61*0 113)/X 
1ERB53=F 1 1+L1/X* (TEHB6 1*pi13-(A13♦Ell 3) *HS) 
T FRM54=CL03 * (WN-TEHB61)
TEEB56 = - ( (A 1 4+DT 1 4) * k N-l ER.161 *D T1 4) / X 
lEiiB53 = F 1 1-L 1/X* (TERE61*G114- (A 14 + El 14) *WR) 
1EEM59=DL04 * (WlJ-rlEBB61)
TEKB89=A 13+A 1 4 
TIE M 90= A 13-A1 4 
1'EEM91=A1 1+A12
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1EEB92=A11-A12 0C858000
00859000

FAR (1,1) =-TERHl* (Aj_ri 1 1 + EEL11) * TER fl 2* ERL 11 00860000
FAR (1,2) =-TERrl 1 * (ALH21 + EE121) +TERfl2*£EL21 0C861000
E AE |1,3) =-'IERil1* (ALHi 1+EFLJ1)+TRRB2*EElJ1 00862000
FAR <1,4)=-!EBH1* (ALR4 1 + E EL41) +TEHB2*EFL41 00863000
F AE (2,1) =T£RJ3*EEL1 1-l£RB4*ALii1 1-1£HBS*HU0 1 1 00864000
FAE (2,2) =TERM3*EEL2 1-3EBB4+ALH2'1-lEfift5*Rd02 1 00865000
FAR (2,3)=TEBd18*RELJ1-rlEBB4*ALH31-l£Efl5*)JH0 31 00866000
E AR (2,4) =T£RB18*E£i.4l-l£RB4*ALd4l-'lEEB5*Rti04l 00867000
FAR (3,1)=l£aa6*£FL11-l£Bi!7*Rit01 1 0 0 8 6 6 0 0 0
EAR (3,2) =TEBB 6* EPL21 -l£BM7*HiiU2 1 00369000
FAB (3,3)=T£RM6*EPL3 1-3ERM7+RH031 00870000
FAR (3,4)=TERM6*£PL41-1EBE7*EUC41 00871000
F AR (4,5) =-l£Ri110* (ALHE1+EPL51) +1£RK2*EEL51 00872000
FAR (4,o)=-TERrf10* <ALU£1+£PLb1)+1ERE2+EPL61 0087300 0
FAR (4,7) =-lERMl 0* (AIU71+EP171) tTER f!2* FPL7 1 0 G8 74 00 0
F AE (4,8)=-IE3M10* (ALH £ 1 + EP18 1) + lE'fi £2!*£EL81 00875000
FAR (5,5)=IERB11*EPL51-iEfiHl2*ALHd 1-I£RH5*RriU51 00876000
FAR (5,6) =TERB11*EPL6 1-lERBli*ALH6 1-l£.RM5*RHG61 00877000
FAR (5,7) =TERB19*EPi7 1-1ERH12*ALH7 1-'IEE35*RdC71 00873000
FAR (5,8) = 'IERM19*EEi81-lERfl12*ALH8 1-I£RB5*RHC31 C0879000
FAR (6,5)=TERM6*EPL5 1-lRRB7*Ra031. 00380000
FAR (6,6) =1ERB6*EPL6 1-1E£K7 + Biit)6 1 00381000
E AR (6,7) =TE’RM6*EPL7 1 - 1ERM 7 *RH07 1 0 0882000
FAR (6,8) =TERB6*EPL8 1-lEEB7*ruiuai 00383000
FAR (9,1) = lEfltl3*Aial 1 0 0384 00 0
FAR (9,2) -IERB8*ALil21 00885000
FAR (9,3)=1ERB3*ALH31 ooasoooo
FAR (9,4)=1ERB8*ALH41 00887003
FAR (9,5)=IERM9*ALH51 00888000
FAR (9,6)=1ERM9*ALH61 0C889000
FAR (9,7)*TEHH9tALH71 00890000
FAR (9,8)=TEBB9*AIH01 00891000

00892000
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SUBROUTINE BHtfLT
SUBROUTINE 01Bit(AR,AI,BR,BI,CB,CI) 01211000
DOUBLE PRECISION At,AI,BR,BI,CR, Cl 01212000
CR=AB*BR-AI*BI 01213000
CI=AI»BB*AB*BI 01214000
-RETURN ---- - ---- - 01215000
11D 0121*000

SUBROUTINE PLOTC
SOBBOOTIRB PLCTC (LABEL)
DIMENSION LABEL (20)
CALL BLOT (8.5,0.,2)
CALL PLOT (8.5,11.,2)
CALL PLOT (0., 11.,2 )
CALL ELOT (0.,0.,2)
CALL SYMBOL(1.5,10. 5,. 14, LABEL, 0.0, 72)
CALL PLOT (1.0,1.0,-3)
CALL LGAXS (0.,0.,13HFBEQUENCY(HZ) ,- 13, 7. 0, C.C,. 1,.429)
BETOBN
END

01217000
01218000
01219000
01220000
01221000
01222000
01223000
01224000
01225000
01226000
01227000

SUBROUTINE PLOTD
SOBROOTINE PLCTD (K1, S 1, S2, IVEL) 01228000
CALL SYMBOL(5.07,SI,. 14, R1,0.0, -1) 01229000
CALL SYMBOL(5.375,S2,.14,IVEL,0.0,4) 01230000
CALL SYMBOL(6.25,S2,. 14,6HFT/SEC,0.0, 6) 01231000
BETOBN 01232000
*BD 01233000

SUBROUTINE PLOTA
SUBBOOTINE PLOT A (LRBEL)
DIMENSION LABEL (20)
CALL PLOT (0.5,0.5,-3)
CALL PLOTC (LAEEL)
CALL LGA XS(0.,0.,'LATERAL,FBONT TBOCK PSD,CBOSS LEVEL INPUT,(FT 
12/HZ) ',52,9.5,90.,. IE-11, 1. 053)
CALL PLOT (-1.0,11. ,-3)
CALL PLOTC (LABEL)

TRUCK: PSD,CROSS LEVEL INPUT, (RAD**2/
)

CALL PLOT (-1.0,11. ,-3)
CALL PLOTC (LABEL)
CALL LGAES(0.,0.,'HABP,FRONT 
1 HZ) •,50,5.5,SC.,.1E-14,1.053) 
CALL PLOT(9.0,-1.0,-3)
CALL PLOTC (LABEL)
CALL LCAIS(0.,0.,'LATERAL,)
1Z)',49,9.5,90.,. IE-11,1.05

’ «
.CAB BODY PSD,CROSS J.EVEL INPUT, (FT**2/F 
053)

01234000
01235000
01236000
01237000
01238000
01239000
01240000
01241000
01242000
01243000
01244000
01245000
01246000
01247000

A-19
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