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A. INTRODUCTION AND PURPOSE

The Asymmetric Wheel/Rail Contact Characterization Program, 
WHRAILA, and associated subroutines compute the wheel/rail contact 
positions, geometric constraint functions and profile curvatures 
for any given wheel profile, rail profile, rail cant angle and rail 
gauge for an asymmetric wheelset on asymmetric rails. The program is 
an extension of the WHRAIL program for symmetric wheel sets on sym
metric rails developed under U.S. Department of Transportation Contract 
Number D0T-0S-40018 and documented in [1]. Much of the material in 
this manual parallels directly the description of the WHRAIL program 
in Appendix A of [1], Major differences between the two programs are 
given in Section D. A flow chart of the WHRAILA program is shown in

Figure 2.

B. PROGRAM DESCRIPTION

1) Usage: The program consists of a main program and sixteen sub
routines. Input is coordinated by the main program, WHRAILA, and 
subroutine PRFLE. Printed output is from the main program, sub
routine PRFLE, and subroutine DCRFCN. Punched card output is 
from the main program. Plotted output is from subroutines PL0T1 
and PL0T2. The bulk of the communication is in COMMON storage.
All floating-point computations are done in double precision.

The main program, WHRAILA, coordinates the input and calcu
lations. Subroutine PRFLE reads in the digitized profiles and 

fits a series of 4th order polynomials to the data using subrou
tines CRVFT, ORTHLS, and COEFS. The main program prints-out and 

punches on cards the curve-fit results. Subroutine PL0T1 plots 
the profile data points and the curve-fits using subroutine GTPTS 

to calculate the fitted points and using the plotting routines [3] 
associated with the CALCOMP 936 digital drum plotter to produce 
the plots. Subroutine EQSOLV coordinates subroutines CHECK, FIBON, 
CHOOSE, and RADII to find the contact point locations. Subroutine 

EQSUB2, using subroutines CHOOSE and RADII, calculates values of
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the constraint parameters which are plotted by subroutine PL0T2, 

using the CALCOMP plotter routines. The main program, WHRAILA, 

coordinates entry points PRFLES and PRFLEP in subroutine PRFLE 

and the subroutines SPLINE and SPI to find profile curvatures.

The main program outputs contact point, constraint parameter, and 

profile curvature results on the line printer and on punched cards. 

Profile curvature results are printed both as a function of wheel - 

set lateral position and as a function of position on the profile.

The user has the option to suppress punched card output and 

plotter output. He can use the program for either symmetric con

figurations of the wheel set, rails, and rail cant angles or asym

metric configurations. For an asymmetric wheel set, an option is 

available to adjust the left wheel profile points so that the left 

wheel flange top is at the same height as the right wheel flange 
top. The program can be optionally used to only generate wheel 

and rail profile principal transverse curvatures.

2) Subroutines Required: SUBROUTINE PRFLE (NW, XW, YW, NC, RR, XB,

INC, IW), the profile fitting routine, reads in data points des

cribing a profile, divides each profile into a series of regions, 

and fits a 4th order polynomial to each region. Uses subroutines 

CRVFT, ORTHLS, and COEFS. Contains entry points PRFLES and PRFLEP 

to set up arrays for the spline fit calculation of profile curva

tures.

SUBROUTINE CRVFT (N, L, X, Y, W, A) finds the coefficients of the 

4th order polynomial that best fits an array of data points. Uses 

subroutines ORTHLS and COEFS.

SUBROUTINES ORTHLS (X, Y, W, N, L, J, C, ALPHA, BETA, K, Tl, T2,

T3, IND1) computes parameters for a fourth order polynomial using 

a least-squares procedure. From the Univac MATHPAC [2].

SUBROUTINE COEFS (J, C, ALPHA, BETA, KC, A, Tl, T2, T3, IND2)

computes the five coefficients for a fourth order polynomial.

From the Univac MATHPAC [2].



3

SUBROUTINE PLOT1 (ICTR, ICTL, IWG, IRG) jjl'ots the wheel and rail 
profiles with a symbol at every other data point and draws a line 
representing the curve-fit. Uses subroutine GTPTS and the CALCOMP 
plotter routines [3].

SUBROUTINE GTPTS (XMAX, XMIN, RR» B, NC, AXW; AR1, SI, NU) calcu
lates an array of points on the curves fitted tb a profile.

.* ' i

SUBROUTINE EQSOLV (NUMBR, XWINC) coordinates the search for the 
contact points. For symmetric wheel sets, and rails, it transposes 
positive wheel set lateral displacement results to get values for 

negative wheel set displacement. Uses subroutine CHECK.

SUBROUTINE CHECK (XW, DXW, WR, XOLD) uses a Fibonacci search pro
cedure [4] to find the contact point locations* Uses subroutines 

, CHOOSE, RADII, and FIBON.

SUBROUTINE!-CHOOSE (XI, X2, X3, X4) chooses the curves which repre
sent the wheel and rail profiles at the instantaneous; points of

rf ' ’ v

interest.

SUBROUTINE RADII (RR, YR, RL, YL, XI, X2, X3, X4, Rl, R2, R3, R4) 
finds the functions of four fourth order polynomials for four 

V  "inputs. <

SUBROUTINE FIBON (N, AX, XMAXW, XMAXR, XMINW, XMINR, SBX, NCA,
NCB, BA, BB", R, Y, SIGN, XI, X2, Yl) uses the Fibonacci single 
direction minimization search procedure [4] to find candidate contact 

point locations.

* SUBROUTINE EQSUB2 (NUMBR) calculates the geometric constraint rela

tions by substituting the contact point locations into the defining 
equations. Uses subroutines RADII and.CHOOSE;

SUBROUTINE PL0T2 (NUMBR, ICTR, ICTL) plots the results. Uses the 
CALCOMP plotter and associated routines[3].

SUBROUTINE SPLINE (N, X, Y, C, IPRINT) computes parameters for a 
cubic spline curve-fit of profile data points.
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XWINC

ISYM

IPUNCH

IPLOT

ICURV

IFLANG

NUMB

INC

WG
RG
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SUBROUTINE SPI (N, X, Y, S, XP, YP, Dl, D2, RC, CV, IER) inter

polates along the profile spline curve to find values of the pro

file ordinate, first and second derivatives, radius of curvature, 

and curvature. ENTRY point SPIC (N, X, Y, S, XP, CV) is used to 

just find the curvature.

SUBROUTINE DCRFCN (N, AXW, AR5, AM3, AW1, AR) performs quasilin

earization using describing function techniques for a sinusoidal 

input for symmetrical wheel sets on symmetrical rails.

Description of Parameters:

Main Program WHRAILA - Input parameters

Lateral increment of wheel set at which calculations are 

made, inches.

For asymmetric wheels and/or rails ISYM = 0. (All four 

wheel and rail input decks required.) For symmetric case 

ISYM = 1. (One wheel and one rail profile input deck 

required.) For symmetric case, but with different rail 

cants ISYM = 2. (Same decks as ISYM =1.)

For punched results on cards IPUNCH = 1.

To bypass CALCOMP plotting routines, IPLOT = 0.

To only perform profile curvature calculations, ICURV = 1 

(bypass contact point and geometric constraint calcu

lations).

For asymmetric wheel sets, for adjusting the left wheel 

profile points so that right and left wheel flange top 

heights coincide, set IFLANG = 1.

Number of points to be calculated, £  121. The amplitude 

of wheelset lateral displacement = (NUMB - 1)*XWINC 

inches.

Number of data points per curve-fit zone, 3 £  INC £  M/3, 

where M = number of data points.

Wheel gauge measured from flangeback to flangeback, inches. 

Rail gauge measured from inside one rail at a point 5/8" 

from the top of the rail to the corresponding point on 

the other rail, inches.
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BR Cant of right rail, radians (positive cant to the inside).
BL Cant of left rail, radians (positive cant to the inside).
IWHLR, IWHLL 

DTFR, DTFL
Label for right and left wheels, alphanumeric.

Distances from tapeline to flangeback for right and left 

wheels, inches.
NWR, NWL Number of right and left wheel profile data points, 

9 £  NW < 200.

XW1,YW1,XW3,YW3 Arrays of data points for wheel profiles, dimensions 

NWR and NWL:

XW1(I), XW3(I) = distances from tapeline for right and 

left wheels, positive out, inches. 

YW1(I), YW3(I) = right and left wheel radii at XW1(I), 

XW3(I), inches.

IRAILR, IRAILL 

DRWR, DRWL

Label for right and left rails, alphanumeric 

Distances from rail head centerline to a point on the 

inside of the rail 5/8" down from the top of the rail 

for right and left rails, inches.

NYR, NYL Number of right and left rail profile data points, 

9 < NW £  200.

XW2,YW2,XW4,YW4 Arrays of data points for rail profiles, dimensions NYR 

and NYL:

XW2(I), XW4(I) = distances from centerline for right 

and left rails, positive out, inches. 

YW2(I), YW4(I) = heights of right and left rails at 

XW2(I), XW4(I), inches.

I TWO If the input profile data cards contain one (X,Y) data 

point per card, ITWO = 0. For two data points per card, 

ITWO = 1.

INEG If the Y coordinates of the input profile data cards 

are positive, INEG =0. If they are negative, INEG = 1.

4) Input Formats: Sample deck set-ups are listed in Section F. The

program requires the wheel and rail profile data, rail cant, rail 

gauge, wheel gauge and certain program control information in the 

following format:
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Card # Col. # Contents Format

1 any XWINC ( ) - unspecified,

real number

2 1-3 ISYM (213)
2 4-6 I PUNCH

3 1-3 I PLOT (213)
3 4-6 ICURV

4 1-3 IFLAN6 (13)

5 1-3 NUMB (213)
5 4-6 INC

6 any WG { ) - unspecified, real

6 any RG lumbers, in order, sepa
6 any BR rated by commas or

6 any BL blanks
| .................  . ..

7 1-52 IWHLR (start right 

wheel input data)

(13A4)

8 any DTFR : ( ) - real

9 any NWR ( ) - integer

10 any I TWO ( ) - integers, in order,

10 any INEG separated by a comma or 

blank

11 to end 

of right 

wheel pro

11-25

26-40

for ITWO = 0 

XW1(I), YW1(I)
(10X.2D15.7)

.... 01
file data for ITWO = 1 ( ) - real 4D15.7

(EDI) any XW1(I), YW1(I), numbers, in order, sepa

XWKI+I), YWKI+1) rated by commas or blanks
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Card # Col. # Contents Format

EDI + 1 1-52 IRAILR (start right 
rail input data)

(13A4)

EDI + 2 any DRWR ( ) - real

EDI + 3 any NYR ( ) - integer

EDI + 4 

EDI + 4

any

any

I TWO 

INEG

( ) - integers, in order, 

separated by a comma or 

blank

EDI + 5 to 

end of right 

rail profile 

data (ED2)

11-25

26-40

for ITWO = 0 

XW2(I), YW2(I)
(10X, 2D15.7)

any

. - or

for ITWO = 1 

XW2(I), YW2(I), 

XW2(I+1), YW2(I+1)

( ) - real 4D15.7 

numbers, in order, sepa

rated by commas or blanks

For asymmetric case, add the following 

data decks:

1) Left wheel input data (identical format 

to right wheel input data starting with 

card #7)

2) Left rail input data (identical format 

to right rail input data starting with 

card # (EDI + 1)

END-3 1-52 ICTR (Right Rail Cant) (13A4)

END-2 1-52 ICTL (Left Rail Cant)* (13A4)

END-1 1-52 IRG (Rail Gauge)* (13A4)

END 1-52
★

IWG (Wheel Gauge) (13A4)

*
Character labels appearing on CALCOMP plots.
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5)

AMP

ALAM

DELM

WSRL

XW

XI, X3

X2, X4

RR, RL 

YR, YL 

MR, ML

WR

Output: For a sample output, see Section F. The main program, 

WHRAILA, first prints out the selected user options followed by 

a printout of the profile input cards. The wheel and rail descrip

tions and coefficients of the polynomials used to fit the profiles 

are printed. Two tables are then printed that contain all the 

contact point, geometric constraint, and profile curvature results 

as a function of the wheel set lateral position. For symmetric con

figurations, sinusoidal describing functions of certain of the 

results are printed by the DCRFCN subroutine. Finally, the main 

program prints tables of wheel and rail profile curvatures as a 

function of position on the profile. If selected, the results as 

a function of wheelset lateral position are punched by WHRAILA.

If selected, the input profiles and the contact point and geometric 

constraint results are plotted by subroutines PL0T1 and PL0T2.

The FORTRAN names used in the program output are the following:

Amplitude of wheelset lateral motion, inches.

Describing function of the nondimensional difference in rolling

radii, (r̂  - rR)/2a, as a function of nondimensional wheelset

lateral position, x /a .w w
Describing function of one half the difference in contact 

angles as a function of nondimensional wheelset lateral posi

tion, xw/aw .

Describing function of the wheelset roll angle as a function 

of nondimensional wheelset lateral position, x /a .

Wheelset lateral displacement, positive to the left, inches. 

Contact locations on the right and left wheels, positive out 

from tapeline, inches.

Contact locations on the right and left rails, positive out 

from centerline, inches.

Rolling radii, right and left wheels, inches

Rail head profile height, right and left rails, inches.

Contact angles on the right and left wheel with respect to 

the axle, radians.

Wheelset roll angle with respect to the horizontal (positive 

up on left), radians.
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YCG Vertical displacement ;of wheel set. centroid, from nominal p.osi-

...... tion, inches. , ■ .

RR CRV. Principal rolling .curvature, right w h e e l . , 1/inches,. ,

RL. CRV;.,, Principal rolling, curvature, left wheel, , 1/inches.•

(RL-RR)/2A Normalizedr difference in,rolling r a d i i . ( -

(ML-MR)/2 Normalized difference in contact angles, radians. ,

CWR, CWL . , Principal; transverse curvature,, right and, left wheel; profiles,

, positive for center of.curvature, within wheel, 1/inches.

CYR., CYL Principal transverse cu rv a t u r e , ri ght and, 1 eft rail profi 1 e s , 

positive ,for cepter of curvature within r a i l , 1/,inches.

XWR, XWL Distance .from the tapeline on the right and left wheels,

. positive out from the tapeline, inches. ;

XRR, XRL ; Distance from the centerline on the right and left rails,

positive out from the center!ine, i n c h e s .

6), Summary of User Requirements a n d ;R e co mm en da ti on s:; - - - :

All input data is on cards, with the formats shown. The m a x i 

mum allowable points per wheel or rail profile is 200 points. For 

asymmetric wheels and/or asymmetric rails, ISYM = 0, and two each 

wheel and two each rail input decks are required. For completely 

symmetric configurations, ISYM - I, and only one wheel and one 

rail input deck are needed. For symmetric wheels and rails, but 

with different rail cant angles, ISYM = 2, with one wheel and one 

rail input deck required.

For punched results on cards, specify IPUNCH = 1 (otherwise, 

specify IPUNCH = 0). To bypass CALCOMP plotting routines, specify 

IPLOT = 0. To bypass all calculations except profile curvature 

calculations, select ICURV = 1. For asymmetric wheel profiles, to 

adjust left wheel data points so that right and left wheel flange , 

top heights are identical, select IFLANG = 1  (otherwise, select 

IFLANG = 0). , : ; v / s ,

To pick values for NUMB, the number of. points to, be calculated, 

and XWINC, the lateral increment o f  the wheel set at which points , ,, 

are calculated, note that NUMB and XWINC determine the range of the 

wheel set lateral positions, i.e., the maximum wheel set amplitude ,= 

(NUMB - 1)XWINC inches. If calculations are.made for too large 

a wheeiset lateral displacement, then plotted results ma y extend
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past the borders of the graphs. The suggested value for XWINC is 

0.01 inch. However, XWINC = .02 inch is completely acceptable and 

the WHRAILA execution time is almost cut in half. When larger 

values of XWINC are selected, the wheel set location at which the 

contact point jumps from the wheel tread to the flange is less 

accurately defined. Suggested values for NUMB (with XWINC = .01 

inch) are (1) for wide gauge take NUMB =121 (the maximum allowed), 

(2) normal gauge take NUMB = 101, and (3) narrow gauge take NUMB = 

81. INC determines the data points per curve-fit zone. If INC is 

small then the fitted curve will fit the points more closely. If 

INC is larger, more numerical smoothing will be done. Take INC =

6 for a start. If the curves do not fit the profiles well enough 

(this is determined from the plot where the profile data points 

and curve-fits are plotted together) then decrease INC. The maxi

mum number of curve-fit regions allowed is 30. The maximum number 

of increments of the wheelset in the positive direction is 121.

Remember to input the profile data points (wheel and rail) in 

a sequence that starts with the largest "X" value and moves toward 

the smallest. This is necessary because the program separates the 

profiles into zones assuming this order. A message is printed if 

any of the "X" coordinates are out of order. There are a few other 

error messages in the program which are self-explanatory. There is 

also a warning printed when the wheelset roll angle iteration does 

not converge. When IFLANG = 1, for asymmetric wheels, a message is 

printed noting the amount that the left wheel profile "Y" values 

were adjusted.

C. METHOD

The computations carried out in this program can be divided into 

five sections:

(1) Mathematical Description of Rail and Wheel Profiles

(2) Calculation of Contact Point Locations

(3) Quantitative Description of Geometric Constraint Relations

(4) Calculation of Wheel and Rail Profile Curvatures

(5) Quasi-linearization
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The computational procedures and mathematical representations used in 

these five sections, respectively, are described below. A program 

listing for each subroutine may be found in Section F. Additional 

information on the theory behind the approach and methods used in the 

WHRAILA programs can be found in Chapter 4 of [1].

1) Mathematical Description of Rail and Wheel: The inputs to the

program are:

(a) parameters specifying the size of regions to be curve- 

fit and the amplitude of wheel set lateral displacement 

allowed

(b) wheel and rail gauges

(c) tabular wheel and rail profile data

(d) tapeline to flangeback distance and one-half head rail 

width

The rail and wheel profiles are described by fourth order polyno

mials fitted to sub-intervals of the profiles. The sub-intervals 

consist of a specified number of data points with an overlap of 

three data points on each adjoining interval. The tabular profile 

data is read into a subroutine, PRFLE, that separates the data into 

the regions and then calls another subroutine, CRVFT, to fit a 

fourth order polynomial to each region. The curve-fitting is 

accomplished in subroutines ORTHLS and COEFS [2] that use an orthog

onal polynomial, least-squares curve-fitting approach.

The output of the profile subroutine for each profile is:

(1) the input profile data cards, (2) a set of fourth order poly

nomials with each polynomial fitting a certain interval of the 

profile, and (3) the limits defining each interval of the profile.

2) Calculation of Contact Point Locations: The numerical procedure

to find the contact point locations is conducted in the manner 

described in Chapter 4 of [1] with the following exceptions:

(a) To handle asymmetric wheels and rails, the contact point 

search is conducted both for the wheel set displaced in 

the positive and negative directions.

(b) The contact points are found for XWINC inch increments 

(user selectable) of the wheelset lateral position.
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(c) The iterative search procedures are conducted using multi

ple Fibonacci minimization searches [4] rather than an ex

haustive search for each contact point over the entire 

wheel and rail profiles.

The iteration and sweeping procedures described there are performed 

in subroutine CHECK. Subroutine EQSOLV increment increases the 

wheel set lateral displacement and calls on the CHECK subroutine to 

find the contact points. Several geometric relations are used in 

subroutine CHECK. The first is the equation describing the corre

spondence between points on the wheel and points on the rail. The 

equations that express the requirement that the wheel and rail 

contact at the same lateral positions are, on the right

a + x r rr -x , + (a,, + x ) cos <j> - rD sin <f>w w wR w rw (1)

and, on the left

!

ar + xrL = *w + (aw + cos + rL sin +w (2)

The variables in these equations are shown in Figures 1 and 2. The 

equations equate the lateral distance of corresponding wheel and 

rail points from the track centerline. They are used in subroutine 

CHECK and FIBON to find corresponding points on the wheel and rail 

to check for the minimum separation distance. Recall that the mini

mum separation distance indicates a contact point.

The heights that are required in calculating the minimum sepa

ration distance are computed from the following four equations, one 

set for the wheels and one set for the rails.

L.
right wheel = -rR cos

^left wheel = -rL c°s $w

'right rail

II

<< 73 + X
-5 73
to

^left rail * yL + V L si

* V sin
cb (3)

+ \ > s1n
d) (4)

(5)

(6)
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t

The datum used for the wheel heights is a horizontal line through 

the wheelset centroid. Distances above the line are positive. The 

datum used for rail heights is the horizontal line through the base 

of the rails. Rail cant is assumed to tilt only the top of the 

rail head about its midpoint, in accordance with the standard prac

tice of measuring the rail gauge after the rail has been canted.

The actual datums used for the wheel or rail are arbitrary, as we 

are only interested in the minimum separation.

Wheelset roll angle is calculated from

(y. - yD) + x„ sin $. - x^ sin gD + (r. - rD) cos <f>r ---■ ->1 
rL j L R w

rw (7)

(2 a + x + x ) cos <j>w w R w, w

where the variables are again shown in Figures 1 and 2. Note that 

<f>w is defined in terms of itself. In the program, an iterative 

scheme was used to solve this equation. In case of difficulties 

with convergence of the contact point search, print statements have 

been left in the coding for debugging. The variable IPRT is set to 

IPRT = 0 in the beginning of the main program to suppress contact 

point search printout. To print information (7000 lines) during 

the search this variable can be set to IPRT = 1. To print values 

of the Fibonacci search procedure, set IPRT = 2 (produces more than

20,000 lines).

3) Quantitative Description of Geometric Constraint Relations: The

defining equations used to calculate the geometric constraint rela

tions are evaluated in subroutine EQSUB2. EQSUB2 calls subroutines 

CHOOSE and RADII to choose the applicable curve-fits and to evaluate 

them at the contact locations determined from the value of wheelset 

lateral position under consideration. The defining equations for 

these constraint relations follow below. See Figure 2 for an illus

tration of the variables appearing in the equations.

1. Rolling radii and rail heights 

rR* yR’ rL* yL evaluated from curve-fits
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2. Contact angles

<SR = arc tan [ i - ( r R)] 

WR

\  = arc tan (r,)]
w,

(8)

3. Normalized difference in rolling radii

Ar = rL ~ rR

2 a
(9)

4. Normalized difference in contact angles

A6 6l - 6r
(10)

rw = arc tan

5. Roll angle

(yL + xr sin eL + rL cos <|>w ) - (yR + sin (3R + rR cos
______ L____ R

<2 aw + \  * *wL> cos *„
(11)

6. Vertical displacement of wheel set c.g. 

yL + yR + xr sin eL + xr Sin eR + (rL + rR) cos

eg

(12)

J x  = 0 w

4) Calculation of the Wheel and Rail Profile Curvatures: Curvature

of the wheel and rail profile shapes are important parameters in 

the calculation of creep coefficients as a function of wheel set 

position. The main program, WHRAILA, coordinates the calculation 

of wheel and rail profile curvatures by calling subroutine SPLINE,
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ENTRY points PRFLES and PRFLEP in subroutine PRFLE, and ENTRY point 

SPIC in subroutine SPI. The main program selects the range of 

profile points over which curvatures are calculated and calls the 

ENTRY PRFLES routine to select the data points through which a p r o 

file spline curve-fit is passed [explained below). The subroutine 

SPLINE is then called to fit a spline through these points. The 

ENTRY SPIC in subroutine SPI is called to interpolate for curvatures 

at the contact points found on each wheel arid rail profile. The 

main program prints and punches on cards profile curvatures for the
j - ' .
right wheel, right rail, left wheel, and left rail as a function of 

wheel set lateral position. The main program uses the ENTRY PRFLEP 

routine and the ENTRY,SPIC routine to interpolate for profile cu rv a

ture as a function of distance in 0.05 inch increments along each 

profile and prints the results in a table.

Curvature at any point on a wheel or rail profile is computed 

from a curve fitted to the profile data points. The curvature of 

a function y  o f  one variable x is defined as

', d 2y(x)

»(*■) = f , - dX- - - - ■  , (13)

[i +

For any x,

curve for second and first derivatives of y(x)j respectively, and 

a(x) can be found from equation (13).

Profile data points may be fitted with a single, high-order 

polynomial.! However, the inevitable wiggles o f  such a polynomial 

fit would give inaccurate values for the first and second d e ri va

tives. A Sequence of low-order polynomials for sub-intervals could 

be used to fit the data points. This technique, using fourth order 

polynomials in least-squares fits over sub-intervals, was used in 

PRFLE and gives good results for interpolating function values

U  and. can be fourid by interpolating on the fitted

y(x). However, since first aridfsecond derivatives are not required 

to ag re e as we shift from one sub-interval polynomial to the next* 

discontinuities in and ^ x-  and thus in a (x) occur at the

boundary between sub-intervals .> , ' .
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To cope with this problem, a composite interpolation technique 

called the cubic spline fit was used. In cubic spline interpola

tion, a set of cubics is passed through the points in sub-intervals 

along the profile and the function value, first derivative, and 

second derivative are required to be the same at the ends of the 

sub-intervals where one cubic meets the next. Thus we have a con

tinuous second derivative (and a continuous curvature) throughout 

the whole range of interpolation. Each data Doint through which 

the spline fit passes is called a joint and defines the boundary 

between two adjacent sub-intervals. In computing the coefficients 

for the cubic in each sub-interval, the function value, the first 

derivative, and the second derivative at each joint are used in a 

set of n x n simultaneous equations for n joints. Thus the loca

tion of each joint affects the entire spline fit. The values of 

the second derivatives at the end points must be specified by the 

spline user.

Fitting profiles with joints at each data point resulted in 

curvature values that oscillated excessively between joints. This 

is due to at least three problems.

a) In the recording of profile data points (done by digitization 

of profile plots or some other means), minor data point deviations 

from a "smooth" curve inevitably result. These small deviations 

are amplified in the calculation of derivatives of a curve passed 

through these points. In a spline fit, each joint (located at a 

data point) affects the entire curve-fit. The cumulative affects 

of small deviations of the data points from a smooth curve may 

cause large oscillations in the curvature. A solution to this 

problem is to select only a few of the data points for spline 

joints, which will tend to smooth out the fit and the curvature 

results.

b) A cubic spline will fit a cubic (3rd degree polynomial) exactly 

to joints located on a cubic curve. However, when fitting joints 

lying in a straight line, oscillations or wiggles in the curve-fit 

occur between joints. This problem is particularly noticable in 

the fitting of the straight taper of the new AAR wide flange wheel 

tread. The problem can be minimized by selecting joints at widely 

spaced data points along the wheel profile tread.
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c) A very large range in the first and second derivatives between 

data points causes the curvature of a spline passed through the 

points to oscillate excessively. This was noticed in the fitting 

of a new standard AAR rail profile. When points on the vertical 

gauge and field sides of the rail were included in the spline fit, 

large oscillations in the curve-fit occurred along the top of the 

rail. This problem was solved by only including the contact por

tion of the rail in the spline fit.

Thus the procedure of selecting locations of spline joints 

from profile data points is important in obtaining accurate curva

ture results. The main program limits the range of profile data 

points for candidate joints to the range of contact points on the 

wheels and rails. The ENTRY PRFLES routine is called to select 

joint locations for the spline fit. End joints for the wheel curve- 

fits are located on the top of the flange and at either the fur

thest contact point from the tapeline on the tread or one inch 
from the tapeline (whichever is larger). Approximate joint spacing 

is 0.15 inch on the flange, 0.30 inch on the flange root, and 0.50 inch 

on the tread. This selection defines the curvature better on the 

flange and minimizes curve-fit oscillations on the tread. End 

joints for the rail curve-fits are located at the contact point 

closest to the centerline between rails and at either the furthest 

contact point from the rail centerline to the field side or one 

inch from the centerline (whichever is larger). Joint spacing is 

0.1 to 0.2 inches on the gauge side of the rail and 0.4 inch on the 

rail head. This selection defines the curvature accurately on the 

rail gauge edge, while avoiding curve-fit oscillations on the rail 

head.

After selection of joint locations, the main program calls 

subroutine SPLINE to solve the set of simultaneous equations asso

ciated with a spline fit. Then the ENTRY SPIC routine is called 

for each wheel and rail profile to interpolate for profile curva

tures at contact point locations. The main program prints and 

punches on cards the curvature results as a function of wheel set 

lateral position.

A separate printout of lateral profile principal curvatures 

as a function of distance along the profiles (in 0.05 inch incre

ments), is furnished by the main program by calling the ENTRY
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PRFLEP routine and the ENTRY SPIC routine. The coordinate systems 

used are given in Figure 1. This printout can be generated by 

itself by use of the user option ICURV = 1 (contact point search 

and geometric constraint calculations are bypassed).

The principal lateral profile curvature computation procedure 

was verified by comparing spline fit results of digitized profile 

data against design curvatures of the following profiles: New AAR

rail, new AAR wide flange wheel for freight vehicles, new modified 

Heumann wheel, and new Canadian National Profile A wheel.

The principal rolling curvatures of the right and left wheels 

are computed for each location xw of the wheel set by the equations

RR CRV(x ) w'

COS (6r(xw)) 

rR(xw )

RL CRV(x ) 
w

cos (5L (XW ))

(14)

Limitations to the accuracy of principal lateral curvatures 

of wheel and rail profiles should be remembered:

a) Inaccuracies or noise in the taking of profile data points 

can cause oscillation inaccuracies in the interpolated 

curvature values.

b) Curvature values may oscillate slightly in the wheel tread 

region, particularly for a straight taper tread.

c) Curvatures interpolated from the end spline sub-intervals 

can be in error. This is due to the assumption that the 

second derivative at the end joints is a linear extrapo

lation of the second derivative values of the adjacent 

two spline joints.

5) Quasi-linearization: The quasi-1inearization method described here

assumes that we have symmetric wheels on symmetric rails. The 

sinusoidal input describing function is defined by the following 

equation:
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Y = ~t t  /2it F ( A sin <|)) A sin <f> d<f>. (15)
9 ttA z o

The relations to quasi-1inearize are the following:

A r and <j>w .

These are non-dimensional and non-hysteretic. Also, due to the 

symmetry of the wheel and rail profiles, they are odd functions 

of the wheel set lateral position, i.e. Ar(xw) = -Ar(-xw). If 

these properties are applied, the describing function can be re

written as:

Y = -4t- f ^ z F ( A sin <|>) A sin <j> d<{>. (16)
q frA o

This equation is numerically integrated in the program. To do 

this, the integration increment, dcf>, was expressed as a function 

of x, because the functions to be quasi-linearized were tabulated 

as functions of x. The substitution was made by letting

x = A sin <}> (17)

or

<j> = sin”1 0 <_ <f> £  tt/2

and thus

A<|> J> ” (j)
Kn Yn-i

= sin'1 (jp) - sin"1

(18)

(19)

S u b s t i t u t i o n  o f  t h i s  r e s u l t  i n t o  t h e  d e s c r i b i n g  f u n c t i o n  e q u a t i o n
( 1 5 )  g i v e s
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(20)

When we let f(x) = F(x)x and numerically integrate using the trape

zoidal rule, we obtain

+

+ f(xn - i) + f(xn) (sin - sin"1 *■? - l (21)
2 A

where Xj = 0 and xn = A.

This equation was programmed in subroutine DCRFCN. It was 

multiplied, in the subroutine, by a^ to non-dimensionalize the 

describing function for the parameters considered.

D. MAJOR DIFFERENCES BETWEEN WHRAILA AND WHRAIL PROGRAMS

1) The program can calculate wheel/rail contact points and geometric 

constraint functions for any given asymmetric wheel set, asymmetric 

rails, and asymmetric rail cant angles as well as the case of a 

symmetric wheel set on symmetric rails.

2) Execution time of the contact point search procedure, where most 

of the computer time is spent, has been reduced by about a factor 

of 10 by replacing the exaustive search with a Fibonacci search 

procedure.

3) Execution time has been streamlined in several other places, partic

ularly in CHECK, CHOOSE, EQSOLV, and EQSUB2. For example, redundant 

IF statements, redundant variable calculations and unneeded arVay 

processing have been removed.

4) Principal profile curvatures of the wheels and rails are calculated 

using cubic spline fits.

5) Options for suppressing punched card and plotter outputs have been 
introduced.



21

6) The plotting routines allow wheel rolling radii of any diameter and 

allow any rail height.

7) Processing of all real variables is in double precision.

E. TEST PROBLEMS

The following test problems are given to demonstrate the VJHRA1LA 

program. The calculations were performed on a IBM 370/3165-11 computer. 

With the plot and punch options selected, CPU execution time was less 

than lo seconds for the symmetric problem and less than 15 seconds for 

the asymmetric problem.

1) Symmetric Problem:

Profiles: New AAR Wheel

Mew AAR Rail

Gauges: Rail gauge - nominal, 56.5 inches

Wheel gauge - nominal, 53 inches

Rail Cant: 0.025 radians (1.4324 degrees)

Maximum Allowed Wheel set Lateral Displacement: 1 inch

2) Asymmetric Problem:

Profiles: Right wheel 

Right rail 

Left wheel 

Left rail

- Moderately Worn AAR Wheel

- New AAR Ra i1
- Slightly Worn AAR Wheel

- Worn AAR Rail

Gauges: Rail gauge - wide, 57.5 inches 

Wheel gauge - nominal, 53 inches

Rail Cants: Right rail

Left rail

- 0.025 radians

- 0.025 radians

Maximum Allowed Wheelset Lateral Displacement: 1.2 inch

The program listing, card input, printer output, plotter output, and 

punched card output listing for these problems are contained in the 

following section.
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F. PROGRAM LISTINGS WITH INPUTS AND OUTPUTS FOR TEST PROBLEMS

1) Program Listings

2) Symmetric Pr ob le m:

a) Listing of input cards

b) Printer output

c) CALCOMP plotter .output

d) Partial listing of punched card output

3) Asymmetric Pr o b l e m :

a) Listing o f  input cards

b) Printer output

c) CALCOMP plotter output

d) Partial listing of punched card output

• h i' r,



ro
co
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. R A I L  C O O R D I N A T E  S Y S T E M S  
R E A R  V I E W

F I G U R E  IB W H E E L / R A I L  C O O R D I N  A T E  S Y S T E M S  [From;Ref. 1]
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I

FIGURE 2. FLOWCHART,
PROGRAM

A s y m m e t r i c 1 w h e e l / r a i l - c o n t a c t  Ch a r a c t e r i z a t i o n '



26

1

FIGURE 2 (continued). FLOWCHART, ASYMMETRIC WHEEL/RAIL CONTACT
CHARACTERIZATION PROGRAM

1
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PROGRAM LISTINGS

C
cc
c
c
c
c
c
c
c
ccc
€
c
ccccc
c

THE ASYMMETRIC W H E E L / R A I L  C H A R A C T E R IZ A T IC N  PROGRAM -  WHRAILA

WRITTEN AT ARIZONA ST A T E  U N I V E R S I T Y  EY R .  H U L L .  N .  K .  CGCPERRIOER  
REWRITTEN A1 CLEMSON U N I V E R S I T Y  BY R .  H E L L E R .  C .  H .  C STL IN G

SUPPORTED BY U .  S« D E P T .  GF T R A N S P C R T A 7 IC N /F E D .  R A I L  A D M I N I S T R A T I O N  
CONTRACT D 0 T - U S - 4 J J 1 8 ,  PROGRAM D IR EC T O R ,  E .  HARRY LAW, CLEMSON U N I V .

FOR 
i )

2)

O E S C R I P I I O N  REFER T C 2
HELLER, R . »  N .  K .  CC C PER R IO ER , "U SER S ' .  MANUAL. 
W H E E L /R A IL  CONTACT C H A R A C T ER IZ A T IO N  PROGRAM",  
CCOPERRID ER, N .  K . ,  E .  H .  LAW, R .  H U L L ,  P ,  S .  
"A N A L Y T IC A L  AND E XPER IM EN T A L  D E T E R M IN A T IC N  OF

FOR ASYMMETRIC  
FRA R E P O R T ,  AUG 1 9 7 7  
KAOALA, J .  M .  T U T EN ,  
NONLINEAR W H E E L / R A I L

GEOMETRIC C O N S T R A I N T S " ,  REPORT NO. FRA—OR6 D 7 6 - 2 4 4 ,  DEC 1 9 7 5

F IB O N A C C I  SEARCH 
INCLUDES CALCOMP 
INCLUDES  
H C C I F I E D  
M O D IF IE D

V E R S IO N  
P L O T T I N G

P R O F IL E  S P L I N E  F I T  RADIU S OF CURVATURE C A LCULATIO NS  
TO ALLOW MORE PUN OPTIONS  
TO RUN WITH DOUBLE P R E C I S I O N

I M P L I C I T  R E A L * 81 A—H , 0 - Z )
D IM EN SIO N  1 R O I I 3 ) ,  IW G ( 1 3  ) ,  I C T R I 1 3 )  ,  I C T U  13 )
D IM E N S IO N  A R l C I 2 4 4 ) , A R 2 C ( 2 4 4 l , 4 R 3 C ( 2 4 4 ) i A R 4 C ( 2 4 4 l ,

1 A R R 1 C 1 2 4 4 ) , A R R 3 C I 2 4 4 ) , X 1 0 5 ( 1 4 0 1  
D IM E N S IO N  X J 1 I 5 0 ) , Y J H  5 0 )  ,  S J 1 ( 5 0  ) ,  X J2 ( 50  ) ,  YJ2  ( 50  ) , S J 2 ( 5 Q ) ,

1 X J 3  ( 5 0 )  , Y J3.C5 0 )  »3 J 3 (  50  ) » X J 4 (  5 0 )  ,  Y J 4 (  5 C ) ,  S J 4 (  5 C ) -
C -

COMMON /C O M A /  AW, AR ,BR , B L , R R C 3 0 , 5 1 , YRC3 C, 5 ) , R L ( 3 0 , 5 ) , Y L < 3 0 , 5 ) ,  
l  B 1 ( 3 0 , 2 ) , B 2 ( 3 J , 2 )  , 8 3 ( 3 0 , 2 ) , B 4 ( 3 0 , 2 ) , S 1 ( 5 ) , S 2 ( 5 ) , S 3 ( 5 ) , S 4 ( 5 ) ,
1AXW(2 4 4 ) , A X I I 2 4 4 ) ; A X 2 ( 2 4 4 ) , AX3C2 4 4 ) , A X 4 ( 2 4 4 )  , A P I 1 2 4 4 ) , A R 2 ( 2 4 4 1 ,
1 A R 3 I 2 4 4 ) , A R 4 I 2 4 4 ) »A R 5 I 2 4 4 ) » AM I I 2 4 4 ) » A M 2 ( 2 4 4 ) , AM3 1 2 4 4 ) , A W i ( 2 4 4 ) ,
1 A Y I I  2 4 4 ) » N C I ,  NC2 , N C 3 , N C 4 » I S Y K  

COMMON / C O M B /  Y W 1 M . IF L A N G
COMMON / C O M C /  IWHLR 11 3 ) ,  IW H L L 1 1 3 ) . I P A I L R ( 1 3 ) , I  PA ILL 1 1 3 )
COMMON /C O M D /  XW H  2 0 0 ) , Y W 1 1 2 0 C ) , XW212 0 0 ) , Y W 2 ( 2 0 0 ) , N W F , N Y R ,

I  X W 3 I 2 0 U J , Y W 3 ( 2 0 0 ) , X W 4 ( 2 0 0 ) , Y W 4 1  2 0 0  ) ,  NW t ,  NYL 
COMMON / C O M E /  X M I N W R , X M I N R R . X M I N W L , X M IN P L ,X M A X V R ,X M A X R R ,

1 XMAXWL, XMAXRL a
COMMON / C O M F /  M I , M 2 , M 3 , M 4 , M 5 , M 6  , S T E P , I P P T

C
DATA X J 1 , Y J 1 , S J 1 , X J 2 , Y J 2 , S J 2 , X J 3 , Y J 3 , S J 2 , X J 4 ,  Y J 4 , S J 4 / 6 0 0 * 0 . 0 0 0 /

C
C # * * * * M A X I M U M  P R O F IL E  PTS 2 0 0
C * * * * * M A X I M U M  NUMBER O f  CURVE F I T S  3C -
C * * * * * M A X I M U M  INCREMENTS OF XW IN P O S I T I V E  D I R E C T I O N  121  

P R IN T  8 0 1
8 0 1  FORMAT!* THE ASYM M ETRIC  W H R A I L / R A I L  CONTACT C H A R A C T E R IZ A T IO N  PROGR 

1 A M ' / / *  RUN O P T IO N S  S E L E C T E D ' / )

1
C
C
c

C
X
c
c
c

3 3

R E A D ! 1 , * ) X W 1 N C  
W R I T E ( 3 , 1 ) X W I N C
F C R M A T I * • , T 1 0 » *  X W IN C 3 * , F 8 . 4 / I  

XW INC I S  LATERAL IN CREM ENT OF WHEELSET C E N T P C ID  
NUMB OF PTS TO BE CALC MUST JAKE XVjlNC IN TC ACCOUNT

READ 3 0 ,  1SYM, (P U N C H  
WRITE ( 3 , 2 )  I S Y M ,  IPU N C H

l FORMAT ( • ' * T I 0 , ' i S Y M = * , I 3 , T 2 5 , ' I  PUNCH= • ,  1 2 / ) ,
3C FCRMATI 3 A 3 )

ISYM3 1 FOR SYMMETRIC CASE
I S  Y M=2 FOR SAME P R O F I L E S  ON ECTF WHEELS ANC R A I L S ,  BUT WITH  
D IF F E R E N T  R A I L  C A N T S.
IPUNCH3 I  FOR PUNCH RESULTS

RE AD 30 ,  IP L U T  ,  ICUR Vi, f 
W R I T E ( 3 , 3 3 ) I P L O T , 1 CUPV
FORMAT( '  ' , T 1 Q , « I P L O T = » , I 2 , T 2 5 , 9 I C U R V 3 • , 1 2 / 1

C I P L O T = 0  FOR NO CALCOMP PLOTTIN G (BYPASS PL O T T IN G  R O U T IN E S )
C ICURV3 !  FOR ONLY P t R F O R M I N G  PR O FIL E  CURVATURE CALC (BYPASS CONTACT 
C PC IN T .G EO M  CALC)
C



n
o
 

od
 

n
o
o
o
o
o
o
n
o
o
o
 

o
 

n
o
n
n
 
u»
 

n
o
n

28

3 4
REAC 3J,iFLAHo
W R I T E I 3 , 3 4 ) iFLANGFCRPAT(* •,11J,•iFLANG =*,I2/)

IFLANG = 1 I U  ADJUST L i  WHEEL OATA SUCH TFAT TCP OF FLANGEUN LI WHEEL = RT WHEEL
READ 30• i<iUMb• i Nu WRITE (3,bl) NJMb.iNC1 F CRHATC • , T 1 0 , ' N U M B  = * , I 3 , T 2 5 , *  INC = * , 1 2 )NUM0R=2.*nUMbNUfBR=NC GF HI 3 Tu bE CALCULATEC* NC OF PTo TO bE CALCULATED MUST BE LT 4CC, XW I S ♦ CR - NUMBR*.Cl/2.* FIT A CURVt EVcRV INC DATA PTS ISUGGEST INC=5)
ST EP=O.Ui I PR T = 0 M L= 12 M2 = 9 M 3 = 9 M4= 12 M5=9 
Nfc = 11WRITE(3,3)STEP,I PRT,Ml, M2,M3 , M4,M5,N6

3 FGRMATI/ '  • , T i 0 ,  • 3 TEP = » , F 8 . 4 , T25  , • I PRT = • , l 2 / /1 * ' ,TiJ,*Mi = « .13,9X,*M2=', I3,9X,'M3=*, 13/1 • *»T10»'M4=* »13»9>**M5=,»l3»9X»*Mfc=*,13)STEP = INCRtMENT ALONG WHEEL PRFLE CURING CONTACT PT SEARCH (SUGGcSI STtP=O.Cl)Ml, ... ,M6 ARE 3i ZE3 Cf FIBONACCI SEARCHESA CHANGE To o)EP REQUIRES CORRESPONDING CHANGES TO M1,...M6.ST E P= .01 Mi,...Mb = 12 9 9 12 S 11 S IEP=.005 M1....M6 = 14 10 10 14 1C 12I PR T PRINTOUT SHOULD bE USED ONLY FOR PARTIAL RUNS (TESTING PURPOSES)I PR T = 1 TO PRli^T INFORMATION CURING CCNT ACT PT SEARCH 17000 LINES)IPRT= 2 TO PRINT FIbUNACCI CONTACT PT SEARCH PRCCEOLRE 0  20000 LINES)
KG=WHEEL GAGE, RG=RAIL GAGE, BR=8L=CANT CF RAILS READ(l,$)Wo,KG,BR,EL PRINT b0202 FORMAT(/• WHEEL o a LGE (IN), RAIL GAUGE (IN), RIGHT RAIL CANT (RAD)I, LEFT KAIL GANT (RAC)•)WPIT t (3,4)WG»RG*bK,BL4 FCRMAT(/4Fil.5/J
+ *♦ READ A ONE LINE LA E EL FOR THE TYPE GF RIGHT WHEEL READ 10, U W H L R U  ) , 1 = 1,13)1C FORMATI13A4)PRINT B03803 FORMAT(/• RioHI WHEEL PROFILE INPUT DATA *,85( •*»)/)WRITE(3*12) ( 1m HLK( I),1 = 1,13)12 FCRMATliX,13A4)REAC(l«* jDTFK WRITE(3,5) OTFRC ** CTFR = D 1ST FROM TAPtLINE TO FLANGEBACK CN RIGHT WFEEL CALL PRFLEIN«R,XWI , YW l, NCl,RR ,B 1 , INC , 1)IF ( ISYM.EU.i.UK.I3YM.EC.2 ) IFLANG = 0 IF(IFLANo.Nt.I) uu TO 15C FINC TCP OF FLANoE FuK RT WFEEL YW IM = YWl ( I)CO 14 I = 2, NWR1F( YWII1 )-YWiM) 14,14,1313 YWIM = YW1II)14 CONTINUE15 CONTINUECC * ♦ *  READ A o n e  LINE LABEL FOR TYPE CF RIGHT RAIL READ 1J,(lRAiLR(i),1=1,13)PRINT 604804 FORMAT!//* RioHT RAIL PROFILE INPUT DATA *,85( •♦')/)WRITE(3,12) 4IKAILR (I) ,1 = 1,13)READ ( 1, * )ORWR WRIT£(3,5) DRW K

*•
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CC

* * *  DRWR= 1 / 2  RIGHT RA4L  WIDTH AT 5 / 8  I N  DOWN 
CALL P R F L E ( NYR » X W 2 , YW2, N C 2 , YR, B 2 , I N C . C l

CHECK FOR SYMMETRIC CASEIF ( ( ISYM-NE-L l.ANC. (I SYM,NE;2WC USE THE SAME WHEEL PROFILE ON EITHER NC3=NCi DO 60 1=1, NCI .DC 50 J= 1,5 •;RL(I,Ji=RR4I»J1 , 5C CCNTINUE83( I , 11 = 344 4,1 1 B3( I ,21=8144,21 ■ :CCNTINUETHE SAME RAIL PROFILE NC4=NC2 DC 80 1=1, NC2 CO 70 J=i,5 YL( I, J 1 = YR 4 4«J 1 CCNT INUE B4(I, 11 = 824 1,1)64(1,21=82(4,21 CONTINUE ! .NWL=NWR DC 90 1=1,NWR XW3(i)=XWl(iJ YW31I ) = YW1T1)CONTINUE N YL=NYRDO 91 1 = 1, N YR'-;XW4U) = XW2(iJ YW4 ( I )=YW2( U  , /CC NT LNUE > V • •DTFL-DTF R ■' :•>"!
ORWL-DRWR • ,j 
DO 9 2  1 = 1 , 1 3  
I W H L L t I 1 = 1 W HER 4 41 ?IRAILLU 1=IRAILR(I )CONTINUE . . ,GO TO 45 ! ='

GO TC 25 END OF THE WHEEL SET

6 C USE

70

ec

9 C

91

,9,2.

ON EITHER SICE OF THE TRACK

CC * * *25
805

CC

806

C
c *** 

45 
C * * *

READ A ONE LINE LABEL FOR THE TYPE OF LEFT WHEEL READ 10,41WHLL(11, 1 = 1,13}PRINT 805FORMAT!//* LEFT WHEEL PROFILE INPUT DATA *,85( **')/) WRITE43,12) l1WHLL(11,1=1,13)READ (1, =9=1 DTFL , fWRITE43,5) DTFLCALL PRFLE(NWL,XW3 »YW3»NC3,RL »B3* INC,2 1 • ! ^
READ A ONE LINE LABEL FOP TYPE OF LEFT RAIL ! M  f } : READ 10, IIRAILL! I) ,1 = 1,13) 'PRINT 806 . . : "FCRMATI//* LEFT RAIL PROF ILE INPUT DAT A * ,851 ** *•)/ )r WRITEI3,12) 4 1 RAIL L IT 1 »T = 1, T31 ■ 1REACH,*)ORWL v'V- ’WRITE 4 3,51 URWL . 'CALL PRFLE (NYL,XW4 ,VW4,NC4,YL,B4jtlNC,0T
FORMAT! 2Fi I® 5) _ . ' ; ' ' ' : "
AK=SEMI WHEEL GAGE=i/2 DIST BETWEEN TAPE LINES - AW=!WG*UTFR+OTFL )/ 2«.AR=i/2 UIST FROM CENTER OF ONE RAIL TO CENTER CF THE OTHER AR= ! RG+URWR+UR ML 1 / 2. ‘ 1 ■ . -
XMINWR=XW14NWR) ' l' ‘ 'XM INR R=X W2 i NYR J XMI NWLfX W34 NWL 1 ...XMINRL= XW44NYL 1 ,-r ■' uXMAXWR=Xwl 4 Li v :XMAXRR=XW2( 1) ^XMAXWL=XW3 (IJ ' . 'XMAXRL=XW44 J.1

JL
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C  READ THE CANT, WHEEL GAGE, AND RAIL GAGE FCR USE Oh CN OUTPUTTING C THEM IN THfc' PLCTIA'wG ROUTINES ;READ!1,10)IICTR(I) ,1 = 1,131 READ.Il.iaHiCTLl 11,1=1,13)READ (1,1U) UR„ (I) , 1=1,13) t ..-READ (1,1 0 )  (IwGU), 1 = 1, 13) ,WRI TE (3,ilI ICTL WR IT £ (3,11’) ICTR WRITE<3,11) 1KG WR ITE15,11) iWG l1 FORMAT!' ',13A4)
c .
C P R I M  RESULTS OF P R O F I L E  C U R V E - F I T T I N GPRINT 190 ' ;190 FORMAT!1H1,21X,**************** RESULTS *************** *j PRINT 195 ■ ■ > • * •195 FORMAT!// 34X,'RIGHT SIDE*/) ^

PRINT MATHtMATICAL DESCRIPTICNS CF WHEELSET AND TRACK ,PRINT 2 J J »IWnLR,WG ,AW , INC ' ';2CG FORMATi12X,'WHEEL/RAIL CONTACT CHARACTERIZATICN'// 9X,13A4/
1 2X »* WHEEL G A o E = * , F 6 . 3 / 2 X , » 1 / 2  D I S T  EE TWEEN TAPE U N E S = • , F 6 . 3 / /1 5X,'CURVE Fid* ,3X,12 ,» PTS/CURVE FIT ZONE*/ / 14X, ' OTH* , 12X, »1ST',. " "1 12X, 'ZNU8,12X, ' 3R C * » 12X,.*4IH* )
DC 210 i = 1,NG1 ’ : ' V ■PRIM 2J5,I,!RR!I, J),J = i,5) ,E1(I, 1),E1( 1,2)205 FORMAT!2X»13,3X, 5! D13.6.2X)»3X,*FRCM f,F8«4,* TC *,F7.4)210 CONTINUE \ • ; • . . ; . ; ,
PRINT 22J,lKAiLR,RG«AR,BR,ING22C FORMAT! //9X» 13 A4»//2X,*RAIL; GAGE=,»F6e2/2X,*l/2 CIST BETWEEN RAIL 1 CENTERS=‘,F6«3,/2X,'RAIL CANT= •*F6•3, s1 //5X, 'CURVE F ITS* ,3X, 12,' PTS/CURVE FIT ZONE'//14X ,'OTH* ,1 12X,'1ST',12X,9 2NC'»12X,'3RD' , 12X » *4TH8) {
DO 230 1 = 1,NC2 , ; _PRINT 215,1,!VR! I, J),J = 1,5),82(1,1 ),B2( 1,2I 23C CCNTINUE ' 1 ; ' \PRINT 231231 FORMAT 41H1,35X,'LEFT SlCE'/J ■ :PRINT 211,IWHlL,WG,AW, INCDC 234 I = 1,NC3 .■■■»' . /
PRINT  2 U 5 , I , ! R L (  I , J ) , J = 1 , 5 ) , B 3 ( I  ,  1 ) , 8 3 11, 2 )234 CCNTINUE .V :PRINT 220,IRA1LL,KG,ARfBL,INC*DO 238 1 = 1,NC4 ..PRINT 205, 1 , ( XLI I , J ) , J=1 ,5) ,B4 (I, 1) , E4 (1,2 ) ..236 CCNTINUE '

PLCT TABULAR WHEEL AND R A I L  CAtA AND F I T T E C  CURVES 
I F !  I P L 0 T « E G * 0  .UKo IC U R V .  EQ. 11 GO TC 2 3 6  
CALL PL 0 T S ! t)» 0 » 0 J 
CALL PLOT! 0 ,  , 0 *  , 3 1  
CALL PLOT 1 !  ICT R, 1C TL , I  WG ,  I R G 136 CCNTINUE , M |
IF! ICURV»EQ»li GO TO 3C1FINDS THE CONTACT PT LOCATIONS ,tvCALL EQSOLV(NUMBK,XWINC) i;FINDS THE GEOMETRIC CONSTRAINT RELATIONSCALL EGSUB2!NUMBK) , ^

PRINT A TABLE OF MOST CF THE RESULTS
FCR ROLLING RADII CJRV ATURE PRINTOUT ■ DO 239 1 = 1»NUMBR -ARRIC(I)=DCOSlAMI!I))/ARI(I)ARR3CI1)=DCOS! AM2I I))/AR3(I)23 9 CCNTINUE ' • 1 ;‘ PRINT ;240 . • . w t J •}240 FORMAT11 HI 2X, 9 ******* ******** DATA PCINTS ****************/ )

M.
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PRINT 6 1 0
8 1 0  FORMAT I * CONTACT P O I N T S ,  GEOMETRIC C O N S T R A IN T S .  AND PRO FIL E  CURVAT 

L U R E S * / '  AS A F U N C T IO N '  OF WHEE1SET LATERAL D I S P L A C E M E N T * / /1 * XW = WHEELSET L A T E R A L ,  P O S I T I V E  TC THE LEFT U N ) * /
I *  XL = CONTACT LOCATIO N CN RIGHT WHEEL,  P O S I T I V E  OUT FROM TA PELIN E  1 T I N ) » /
1* X2 = C O N T A d  LOCATIO N CN RIGHT R A I L ,  P O S I T I V E  CUT FROM C E N T E R L IN  
IE T I N ) ' /
1* X3 = CONTACT LOC A TIO N  CN LEFT WHEEL, P O S I T I V E  OUT FROM T A P E L IN E  
1 J I N ) ' /
1* X4 ■= CONTACT L O C A TIO N  CN LEFT R A I L ,  P O S I T I V E  CUT FROM C EN T ER L IN E  
1 J I N ) * /
1* RR = R O L U N o  R A D I I ,  RIGHT WHEEL ( I N ) * /
I *  YR = R A I L  HEAD P R O F IL E  H E I G H T ,  RIGHT R A IL  U N S * /  
l *  RL = ROLLING R A U I I ,  LEFT WHEEL ( 1 M * /
1* YL =  R A I L  HEAD P R O F IL E  H E I G H T ,  LEFT P A I L  I I N I * /
1* MR = CONTACT ANGLE W . R . T .  A X L E ,  RIGHT WHEEL ( P A D ) * /
I *  ML ~= CUNT ACT ANGLE W . R . T .  A X L E ,  LEFT WHEEL ( RAD) • )

PRIN T 8 1 S8 15 FORMAT1 * RR CRV = P R IN C IP A L  ROLLING CURVATURE OF R IG H T  WHEEL PRCFI  
IL E  I  1 / I N )  ' /
1 *  RL CRV = P R I N C I P A L  ROLLING CURVATURE OF LEFT WHEEL PROFIL E  I l / I N  

. . I) •) -
PRINT 2 4 5

2 4 5  F 0 R M A T 1 / 4 X , * X W *  , 7 X , ' X l *  ,  fcX, • X2 • , 6 X • * X3 * , 6 X , * X 4 * , 7 X ,  * RR* , 7 X , * Y R » »
1 7 X , * R L * , 7 X , * Y L » , 9 X , ' M R » , 8 X , * M L * , ? X , » F R  C R V ' , 4 X t »RL C R V * /
1 3 X , »  U N ) *  , 5 X , J 1 *  1 I N ) *  , 4 X ) , 5 I * U N ) ' , 5 X ) , 2 X ,
1 2 ( * TRAU1 * . .5XJ , 2 (  ' ( 1 / 1N ) * » 4 X ) /  )

PRINT 2 5 j , T A X W ( I ) i A X l ( I ) , A X 2 I I ) , A X 3 ( I ) , A X 4 ( I ) , A P 1 ( I ) , A R 2 ( I  )»
1 A R 3 ( I ) , A R 4 T I ) , A M i ( I ) , A M 2 ( I ) , ARR1 C ( I ) , A R R 3 C < U , 1 = 1 , NUMBR)

2 5 0  FORMAT(2X »F 6 . J , 2 X , F 7 . 4 , 1 X , F 7 . 4 , I X . F 7 . 4 , 1 X » F 7 . 4 , 2 X , F  8 . 5 , 1 X . F 8 . 5 ,
1 1 X . F 8 . S ,  i X , F 8 . i > , 2 X , F S . 6 , l X , F 9 . 6 , F 1 1 . 6 , F 1 0 . 6 i

CALCULATE PR O FIL E  CURVATURES USING S P L IN E  F I T S

F IN D  LTMCST ( MOST NLGi G RTMCST TMCST PCS) CP LOCATIONS  
A X IR  • = AX1T i )
AX2L = AX2 T 1J ■ , . t .
AX2R = AX2T 1)
AX3R = A X S ( i i  
AX4L -  A X 4 T i )
AX4R = AX44 1 )
DO 3 0 0  I  = 2 ,  NUMBR 
I F  t A X I t  n . G I . A X I R )  AX LR *  A X I T I )
IFTAX21 D . L T . A X 2 L )  AX2L = A X2(  I )
I F ( A X 2 ( 1 ) »  G1 • A X2R ) AX2R = A X 2 T I )
I F ( A X 3 1 U  . o l » A X 3 R ) AX3R = A X 3 ( I ) 
l F T A X 4 m . L T . A X 4 U  AX4L = AX4 ( I )
I F T A X 4 I U . G I . A X 4 R )  AX4R = A >4 ( I )

3CC CONTINUE  
GO TO 3U3C - ■, , ■

C SET THE LEFTMOST £ R IG HTM O ST PTS FOR CURV CALC WHEN ICURV=1  
C WHEELS SET RT C U R V E - F I T  L I M I T  AT 1ST PT LT CF 2 . 2  INCH  
3C 1  DC 7C1 1 = 1 , NWR

I F t X W l U  J . L I . 2 . 2 )  GO TO 702
7 0 1  CONTINUE
7 0 2  A X l R = X M i m

DO 7C3 1 = 1 ,NWL
1FTXW3T 1 ) . L T . 2 . 2 ) GC TO 704

7 0 3  CONTINUE
7 0 4  AX3R=XW3I I  )
C RAILS SET RT CURVE—F I T  L I M I T  AT 1ST PT WITH SLOPE I T  2 .
C R A I L :  SET l T C U R V E - F I T  L I M I T  AT 1ST PT BEFORE SLOPE GT 6 .

NR=NYP—1
N l= N Y L —i  ,
DC 7 0 5  1 = 1 , NR •
I F  ( DABS T ( YW21 U H  ) —YW2 ( I )  ) /  ( XW2( 1 + 1 ) —XW2 ( I  ) ) )  * L  T . 2 . J  GO TO 7 0 6

7 0 5  CONTINUE
7 0 6  A X 2R = X W 2T I )

DC 7C7 I  =  I  ,  NR
!1 F ( D A B S U Y W 2 U + 1 ) - Y W 2 (  I )  ) / C XW2 T 1 + 1 J-XW2 ( I )  ) I  . G i . 6 .  ) GO TO 7 0 8
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707 CONTINUE I = NYP708 AX2L=XW2!I)DO 709 1 = i » NL *IF! DA0SUYW4I1+1 )-YW4! I) J/IXW41 I «1 )-XW4(I)I)«L7.2.) GO T O 7107C9 CONTINUE710 AX4R=XW4ii)DO 711 1=1 * NLIF!DABS iIYW4!H-1)-YW4(I))/(XW4II+1)— XW4(I))).GT.6.) GO TO 712711 CONTINUE I=NYL712 A X4L=XW4! I )3Q3 CONTINUE
€  'C FIT PROFILES WITH CUblC SPLINES C RIGFT WHEEL SPLINE FITCALL PRFLES(NWKtXWlfYWI»NJlfXJlfYJlfif£XlR«AXLF)CALL SPLINE!nJ1,Xj I»YJ1,SJ1,0)C RIGHT RAIL SPLINE FATCALL PRFLES{NYR,Xw2,YW2,NJ2,XJ2,YJ2,C,AX2R,AX2L) ,CALL SPl 1NE(NJ2,XJ2,YJ2,SJ2.0)C LEFT WHEEL SPLINE FITCALL PKFLt$!NWi.,XW3,YW3,NJ3 ,X J3.YJ3, 1, AX3R.AX3P ) ' . ;CALL SPLlNElNJ3.Xj3.YJ3tSJ3,C)C LEFT PAIL SPLINE FITCALL PRFLE S1NYL.XW4.YW4'. NJ4.XJ4.YJ4.0.AX4R .AX4 L )CALL SPLINE(NJ4,XJ4,YJ4,SJ4,01 302 CONTINUE

1 F I  I C U R V . E U . i )  GU TC 4 G I  
CC INTERPOLATE ALONG SPLINE FITS TO FIND PRFLE CRV AT THE CONTACT FT LCC C CURVATURES ARE POSITIVE IF CENTER CF CUPVATURE IS WITHIN BODY DO 304 I = 1»IMUMbRCALL SP1C(NJ1.XJ1.YJI«SJ1.AX1(II.ARIC(I))CALL SP1C(NJ2,XJ2,YJ2,SJ2,AX2(I) .AR2C(I)I CALL SPIC l N J3» X J 3» Y J 3 » S J 3 , A X 3 ( I ) ,AR2C( l) ). CALL SP1CINJ4, XJ4, YJ4,SJ4,AX4l I3.AP4CI U)304 CONTINUEc ■ iPRINT 82082C FORMAT!'1tRL^RRJ/2 A = NORMALIZED DIFFERENCE IN ROLLING RAO II IIN/I IN)*/1* {ML-MR)/2 = NORMALIZED DIFFERENCE IN CONTACT ANGLES (RAD ) • /I* WR = WHEELSET ROLL ANGLE W.P. T. HORIZONTAL. POSITIVE UP 0IN LEFT (RAD)*/1* YCG = VEKIICAL DISPLACEMENT CF WHEELSET CENTRCIC FRCM NGMIINAL PGS. I IN)* i PRINT 830830 FCPMAT(* CWR = PR INC I PAL TRANSVEPSE CURVATURE OF.'RIGHT WHEE1L PROFILE,«/l3X, 'POSITIVE FCP CURVATURE CENTER IN BODY 11/ IN)*/1® CYR = PRINCIPAL TRANSVERSE CURVATURE OF RIGHT RAIL PROFILE1,*/13X, • POSITIVE FOR CURVATURE CENTER IN BODY U/1N)*/1' CWL = PRINCIPAL TRANSVERSE CURVATURE OF LEFT WHEEL PROFILE1,*/13X,•PUSITI Vt FOR CURVATURE CENTER IN BODY 1 I/IN i */1* CYL = PRINCIPAL TRANSVERSE CURVATURE CF LEFT RAIL PROFILE*l* /13X,9 POSIT! VE FCP CURVATURE CENTER IN BODY Jl/IN)*/)PRINT 2^5255 FORMAT( 4X,•XW',4X,*!RL-RR)/2A* , IX»»IML-MR)/2 * .1 6X»'WR*,8X,aYCG®»8Xf*CWP,»8X,*CYR,,8X,,CWL*f 8 X» ®CYL '/1 3X , * (IN ) * , 4X, 'iiN/IN) *, 5 X , ' (R A D ). * . 7 X . * C R AD 5 **£ X »1 •(IN)*,6X,41* ( 1/1N )',5X)/)DC 256 1 = 1, NUMBR . ; •PRINT 26J.AXMllJ.AR5m. AM31I)»AM1( D.AY11I).1 AR1C1I ),AR2C1 1) ,AR3C! I) ,AR4C!I )256 CONTINUE26C FORMAT! 2X,F6.3,8F1 I . 6 ) . 'C IF!IPLUT.EO.U) GC TC 265C PLCT THE C.P. LOCATIONS AND THE GEOMETRIC CONSTRAINT RELATIONS CALL PL0T2 i NUMBR, ICTR,ICTL)C PLOTTER CONTROL CARO, VARIES WITH COMPUTER ,CALL P L O T ! 999)

k
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CURVE FITS' )

) ,1=1, 131

i) *1=1*13)

C265 CCNTINUEIF(I PUNCH.NE.l ) GO TC 4GC C CUT PUT RESUL VS UN CARDSi iPUNCH 345« MG* AMVRG * BR *BL, .PUNCH lb18 FORMAT!/' COEFFICIENTS FGR PROFILE PUNCH 19*1IMHLRil)*1=1*13)1 9 ’ FCRMAT1/13A4) , . ^PUNCH 335,NCI OG 322 1=1,NCiPUNCH 340 *1*<KR(1 *J) , J = l*5),e1{I * 1),E U  I ,2)322 CONTINUE PUNCH 19,(IRAILRII PUNCH 335,NC2 DC 323 1 = 1*NC2PUNCH 340,I » ( YKT i,J),J=1,5) ,B2(I,11,62(1,2)323 CONTINUE PUNCH 19,11MHLL!PUNCH 335,.NC3 .DO 324 1=1,NC3PUNCH 340,I,IRL!I,J),J = 1,5) ,63(1 ,1),63( 1,2)324 CCNTINUE :PUNCH 19,(IRAILLlI),1=1,131 PUNCH 335,NC4 DO 325 1=1,NO4 PUNCH 34J* 1* (YU 1325 CCNTINUE PUNCH 398398 FORMAT! /' THE DATA PUNCH 810 , .
8 2 0  1 ■ - ' . ' 7 :815830 ‘ : - : V: . " - ; ' :30 ,NUMBR,INC " :33 0,i AXw(I)* AX1(I),AX2(I),AX3(I),AX4(I) 1 AR31I),AK4(i),AMI II),AM2(I 1 ,AR5(I),AM3 (I),AW 1 ARR1CU ), ARR3CU) , AR 1C ( I), AR 2C11) , AR 3C (I ) ,AR

J),J=1,5> ,64(1 , 1) ,B4( 1*2 )

IS CRCEREC AS FOLLOWS:*/)
PUNCHPUNCHPUNCHPUNCHPUNCH , A R 1  

M I )  4C( I
33C FORMAT! 6 E 1 3 . 6 / 6 E 1 3  

F O R M A T!1 3 )
FORMAT! I  3 , 5 E 1 3 . 6 / 2  E1 3 . 6 )  
F O R M A T ( t»E 12 .5 )
CONTINUE

6/3E13.6/6E13.6)

(I ) , ,AY 1 
),I =

AR 2!I ) ,
(I 1,1,NUMBR)

■J Z ^' 340 345 4CCC 7. 1 - -•C COMPUTE DESCRIBING FUNCTIONS OF SOME OF THE C RESULTS^ ONLY VALID FOR SYMMETRICAL CASE.IF(ISYM.Nt.l) GU TC 401 . 'CALL DCRFCN!NUMBR,AXW,AR5,AM3,AM1,AR)401 ■ CONT INUE VC ' •• L V: ■"* vv .• ; ■■■■ ,G PR I NT-CURVATURES AT EQUAL INTERVALS-' ALONG .PROFILE . XI05 (li = ,-3i50 DO ■: •' - DCS 410 1 = ;2» 140 '■410 XI05(U =fX105!l-i ) + OiC5 CO ^C ZERO OUT AXL».i.,AX4 ARRAYS TO REUSE ;•/.DC 411 1=1,244 :AX1! I )=O.ODU AX2S 11=0.000A >3! I )=O.ODO i" • . -AX4( I )= Oi»GDO ■' „ '■ . ' '■ *411 CCNTINUEC FIND POINTS AT 0.05,f INCREMENTS ALONG PROFILESCALL PRFLEPiNWRiXW 1,X--I05*AXU - . -. ,CALL PRFLEPINYR, XM 2 , XI 05‘»AX21 •,CALL PRFLEP!ML»XW3,XI05,AX3)CALL PRFLEP1NYL,X«I4,XI05,AX4)C INTERPOLATE TU F I N D PRFLE CRV'S AT OC 412 1 * 1 NWR412 CALL SP1cIn j I,XJ1,YJ1,SJ1 *AX 1JI),AR1C!I ))DG 414 1 = 1, NY R414 CALL SPiC( NJ2, XJ2* YJ2* S&2»AX2M ) ,AR2C (I ) )DC 416 1 = l.NWL

RELATIONS AND PRINT

THESE POINTS
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4 1 6  CALL S P 1 C I N J 3 , X J 3 , Y J 3 , S J 3 , A X 3 I I ) , A R 3 C I I ) )  
DC 4 1 8  1 = i , N Y L

4 1 8  CALL SPiC (  N J 4 ,  X J 4 , Y J 4 , S J 4 , A X 4 < I  I , A R 4 C ( I J )  
C ZERC CUT UNUSED PORTION OF CURVATURE ARRAYS 

= 1 , 1 0 0

4 2 0  
C

8 4 0

♦
+
+
+

1J
1)
1)
li

4 3 0

DC 4 2 0  X 
AR1C INWK 
AR2C ( NYR 
AR3CINWL 
AR4C t NYL 
CONTINUE

PR IN T  CUT PRO FIL E  
N = NWR
I F t N Y R . G T . N )  N 
I F I N W L . G T . N J  N 
I F C N Y L . G T . N )  n 
P R IN T  8 4 0
FORMAT!• i P R O F i L E  P R I N C I P A L  TRANSVERSE CURVATURES U / I N ) f / /

1* XWR= LOCATION ON RIGHT WHEEL,  P C S I T I V E  OUT FROM T A P E L IN E  1 1 N I  * /  
1* XRR= LOCATION ON RIGHT R A I L ,  PCS I t  IV E  . GUT'FRCP .C EN TER LIN E .  < IN  ) • /  
1*  XWL= LOCATION ON LEFT WHEEL, P C S I T I V E  OUT FROM T A P E L IN E  ( I N ) ' /
1* XRL= LOCATION ON LEFT P A I L ,  P C S I T I V E  CUT FRCP CENTERLIN E I I N ) » )  

PRINT 8 3 0  
PR IN T  4 3 0
FORMAT 1 / / 6 X ,  « XWR * ,  7 X ,  «C W R »,S X ,  »XRR» , 7 X ,  *CYRr ,

0. 0 0 0  
= 0. cco 
= 0. c o o  
= o.cco
CURVATURE ARRAYS

= NYR 
= NWL 
= NYL

S X , ' XWL* , 
* r i w I  •

7 X , *C W L * ^ X . ' X P L *  ,7 X ,  • C Y L • /

4 4 0

1
1 6 X , * ( I N  J ' , 5X» 11 i /  I N )  ' ,  3 ( 7X ,  * ( I N )

PRINT 4 4 0 ,  l A X l i l ) ,  A R 1 C U  ) , A X 2 (  I  ) ,  AR2C I I  J,  
1 A X 3 ( I J , AR 3 C 1 1 J , A X 4 ( I ) , A R 4 C I I ) , I ~ 1 , N )  

F C R M A T I 4 ( 3 X , F 8 . 5 , F 1 1 . 6 ) )
STOP
END

* * 5 X *  M  I / I N . )  * ) / )

1
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c
c
c
c
c
c
c
10
15

SUBROUT IN EP KF CE l N W t XW , YW ,NC »RR ,XB»INC»IW) 
IMPLICiT REAL*6l A-H,0-Z)
D I ME NSi ON XW!1),Yw!l) ,R R (30,1),Xe{3 C ,1),
1 Fl!200).F2!200),f312001,SSC5)
DIMENSION XJ!i) » Y J (1)

UIMENSiUN X I U ) ,A X< 1)
CCMMGN /COMB/ YW1M * IFLANG
INPUT

NW=NC CF UAI A PTS
CATA MUST BE IN ORDER STARTING WITH POSITIVE X 

ITW0=1 FUR Jwu l  a » Y) COORDINATES PER INPUT CARC 
INEG=1 FOR CHANGING SIGN OF INPUT Y COORDINATEIW = 1 IS RT WHEEL, IW = 2 IS LT WHEEL

INPUT CARCS
21

31
32
33

0 IS KAIL, IW =
FORMATl IX, 3i.il 
FCRMATii0A,2015.7i 
RE ACH,*) NW 
WRIT E (3 »1J ) NW 

DECIDE WHICH FORMAT FUR 
RE AD( 1,*)IT WO,iNEo 
WRITE(3,*)ITWO.INEG 
IF ( ITWu.EO.l) Gu TO 3 
READ 15, !X WU ) ,YWI I) ,1=1 ,NW)
GC TO 6
DC 4 1=1,NW ,2
M= I +1
READ II,*) XW(I)»YW(I),XW(M) ,YW(M ) 
IF(INEG.NE.1) GU TC 6 DC 7 1=1,NW Y W ( I ) =— Y Wi I )
CONTINUE

CHECK IF PRFLE CARDS 
NW 1 = NW — l 
CC 31 I = 1, NW1 
IFIXWlU-i).OT.XWI1 ) JGG TC 32 
CONTINUl 
GO TO 34 
JJ=I+1
WRITEI3,33) XWIJJ)
FCPMATI//251**'),•

I 5!* *•)» * PROFILE 
2 'ORDER a T

ARE IN ORDER

3 5 (•*•), •

WARNING *,25!* *•)/INPUT CARCS NCT IN DECENCING *,X COORDINATE =«,F 1 2 . 6 , 5{ •* *)/INVALID CURVE FIT IN THE CURVE FIT REGION CONTAINING *
34

CC

* , 5l '*')//)

FLANGE CN LT WH PT WH

4 'THAT PuINT CCNTINUE. IF(IFLANG.NE»1) GO TC 17 IF! IW.NE.2) GO TO 17 FOR ASYMMETk IC CASE, MAKE TCP CF FINC TOP OF FLANGE OF LT WHEEL YW3M = YW41J DC 13 1 = 2«NW IFlYW(l) - Yw3 M) 13,13,1212 YW3M = YWU)13 CCNTINUEC ADJUST LT WH DATA AND PRINT NOTE YWD = YwlM - YW3M DC 14 1 = 1 ,NW14 Y W U  ) = YWU) ♦ YWD WRITE(3,16) YwD16 FORMAT!• TO fcUUAIE TCP OF WHEEL FLANGES CN LEFT •,1'AND RIGHT, LEFT WHEEL ROLLING RADII CATA HAVE BEEN 1'ADJUSIcU BY'.Fll.fc,' INCH')17 CCNTINUEWRITE 13.19) (1»XW( I),YW{ I) , 1=1 ,NW)
19 FORMAT!14,4X,2015.7)C C EC IDE THE NU UF CURVE FITS, NC, TC USE C FIT A CURVE EVERY INC OATA PTS NC=NW/INCIF!(NW-iNC*NC).GE.3 )NC=NCU IFINC.LT.3) PRINT 1818 FORMAT!2X.•*** ERRCR *** TOC LARGE AN 1 PTS*) INCREMENT CR NOT ENOUGH D A T A
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C FIT FIRST CURVEC X E l I, l )=UPPER LIMIT CF CURVEF IT C XB( I ,2)=LUWER Li Ml T XEU,li=2O0.XE{l» 2J = XWl INC )J=INC+3 DC 20 1 = 1,J F 1(I ) = XW( I j F2(I)=YM11 ).. 2 C CONTINUECALL Ck VFT (J,j,Fl» F 2, F3, SS )DC 25 1=1,5 RR (1» IJ = SS ( I)25 CONTINUE C FIT CTHER CURVES NC I=NC— 1 DO 100 i 1=2,NCI J=II-1XB( 11,1J=X6(J, 2JJ= I NC*IIXB(11,2 i =XwIJ)J=I 11-iJ*1NC~2 K= 11 * I NC +• 3 L=0DC AO i=J,K L=L + 1FI!L)=XW(IJ F2(L)=Ywli)AC CONTINUECALL CRVFTIL*0,F1»F2,F3 »SS)CC 45 1=1,5 RR( II ,1 ) = SSUi 45 CONTINUE ICC CONTINUE C FIT LAST CURVEXB<NC,1)=XBINC1,2)XB(NC,2)=XWINW)
K =  Q

J=NC1*1NC—2 CO 150 1=J , NW K=K + IF 1 ( K ) =XW I I )F2(K)=Yhim 15C CCNTINUcCALL CRVFT(K,U,FI,F2,F3,SS)DO 155 i=l,5 RR INC,1)=SS(II 155 CONTINUE RETURN
SET UP JT ARRAYS FUR S P L I N E  F I T  CALC CF RAC CF CURV

ENTRY PkFLESIN P»XW  iYW ,N J  *XJ  i Y J i  I W , X P , X L  ) -1 
C REARRANGE PRFLE P I S  SO THAT X W I I I  < X W l I + 1 )
C F I , F 2  USED AS TEMP STORAGE ARRAYS 

CC 50 1 = 1 , NP
J = 1 + NP -  I  '>■
F I J I )  = XHl J )  . . :

50 F 2 (  I  J = Y W (J )
DC 55 1 = 1 , NP
x w m  = Fi  i i i

55 Y W ( I } =  F 2 I I I

6 0

I F  ( I V I .E U .J  ) GU I U  80  
TCP OF FLANGE SEARCH 

YVvM = YWI1 J 
M =  1
DC 65  1 = 2 , NP
I F I Y W I I  J-YWMi 6 5 , 6 5 , 6 0
YtoM = YWl i  )
XV»M = XWI I  )
M= I
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6 5  C C N T I N U t  .  „
C LSE LNL Y CONTACT PUKT 1CN OF WHEEL F P C F I L E  FCR S P L I N E  F I T  

OC 70 1 = 1 ,  NP 
XW( I ) -XW I M I 
Y W ( I ) = Y w I M J
I F ( X W I I ) . G t . X W ( N P ) ) C-C TC 7 5  
I F I X W I i ) . o T . X R . A N U . X W ( l ) . G T . 2 . C G )  GC TC 75  
M = M+ l7 0

75 NP= I
C S P E C I F Y  R E u i G N S  AND I NCREMENTS ALONG WHEEL PRFLE TC PLACE J C I N T S  

XR EG l  = -  1 . 6 0 1 ) 0  
XREG2=—J . 9 5 U J  
X J I N C 1 = 0 .  15DU  
XJ l N C 2 = 0 . 3 0 U 0  
X J I N C 3 = o . 5 OUO 
GC TO 9 9

C LSE CNLY Cu N T m CT PU R T 1 C N  OF R A I L P R C F I L E  FCR SPL I NE F I T
80  CC 85  1 = 1 , NP

I F I X L . L I  . X W U )  ) Gu TC 9 0  
8 5  C C N T I N U t
9 0  L= I - 1

DC 9 5 1 = 1, NP 
XW ( I ) = X w ( L  )
YW( 1 ) = Y w I L I
I F I X W m . G t . X w l N P J  ) CO TC 9 6  
I F I X W I l ) . G T . X R . A N D  .XW I I ) .GT . 1 . 0 0 J GC TC 9 6  
L=L ♦ 19 5

5 6  N P= I
C S P E C I F Y  R E G I O N S  AND I NCREMENT S ALCNG R A I L  

X R E G 1=— i . 2  JDJ  
X R E G 2 = - o . / DUG 
X J I N C  1 = 0 . 1UDU 
X J I  NC2 = 0 . 2UDU  
X J I N C  3 = 0 . 4 0 0 0

PRFLE TC PLACE J C I N T S

C
9 9  C C N T I N U t  

N P1 = N P+ 1
DC 101  1 = N P 1»2  0 0  
XW( I ) = J . J D 0  

1 0 1  Y W m = 0 . o D 0
C
C SET UP S P L I N t  J O I N T  CuCRO I NATES  

DO 1 0 6  1 = 1 , 5 9  
X J I I ) = J . O D O  

1 0 6  Y J ( I ) = O . O D O  
J = 1
CC 1 1 0  1 = 1 , NP 
X J ( I ) = X W 1 J J 
Y J I  I ) =YW( J I 
X JNE XT= AJ l 1 J + X J I N C  1
I F I X J N t X T . o t . X R E u i  ) X J N E X T = X J ( I ) * X J I N C 2  
I F  I X J N t  X T .  G t . X K t G 2  ) X J N E X T = X J (  I M X J I N C 3  
I F I X J N E X i . G E . X W 1NP ) ) GO TO 120  
S M D I F = i O O .
CC l i f e  K = 1 , NP
D I F X J = D A b S I X W l J + K J - X J N E X T  ) 
I F I D I F x J - S M u i F ) 1 1 5 , 1 1 7 , 1 1 7

1 1 5  SMD l F = D I F X  J
1 1 6  C C N T I N U t
1 1 7  J = J + K - i  
1 1C CCNT I NUE  
120 K= I +1

I F I X J I I J . t O . X w I N P J  ) K = I  
X J I K  ) = Xw 1 NP )
Y J ( K ) =Y W ( NP )
N J = K 
RETURN



n
o SET UP X PRI NT ARRAY FCR F I N A L  PRT OF PRFLE CRV

ENTRY P R F L E P 1 N P » XW » > I » A X  )
DC 151  i = 1 « 1 <► J 
I F (  X M 1 )  . L E . X I  ( 1  ) J  GC TC 16C  

1 5 1  CCNT I N U E  
1 6 C  AX ( l  J = x w m

CO  170 J = 2 .  1 4 0  
AX { J ) = X I ( I I
I F  ( AX( J  I . t i t . X w l N P  ) ) GO TC 1 8 0  

l 7 0  1 = 1 + 1
1 8 C  A X ( J ) = X w l N P )

NP = J 
RETURN 
ENO

SUBROUTINE CR V F T ( N , L , X , Y ♦ W, A )
I M P L I C I T  R E A c * 8 1  A - H , 0 - Z )
D I M E N S I O N  X ( l ) , Y l l ) t W ( l ) * A (  1)
D I M E N S I O N  0 1 5 )  , A L P H A ( 4 ) ♦ 8 ETA 14 I , T 1 1 4 0 2  ) , T 2 ( 4 0 2  1 , T 3 ( 4 0 2 )
J = 0  
K = 4

C F I T  CURVE
CALL G R T r i L S t X . Y . W , N , L , J , C , A L P H A , E E T A , K , T 1 , T 2 , T 3 . I N D I  )

C GET C O E F F I C I E N T S  OF THE CURVE
CALL COLES I J , C . A L P H A , B E T A , K , A , T  l  , T 2 , T 3 » I ND2 1
RETURN
END
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SUBROUTINE UK I  Hi. S < X ♦ Y ,V» , N ♦ L ,  J ,C ♦ AL PFA . BET A,  K ,  T l ,  T2 »T3*  I ND1J  
I M P L I C I T  k E A L * 8 ( A - F , G - Z )

T H I S  SUBROUTINE COMPUTES THE C O E F F I C I E N T S  CF THE. POLYNOMIAL  
EQUATION OF DEGREE K ANC THE ALPHA AND BETA PARAMETERS.

OI MENSI ON X I N J , Y IN ) • WIN I , C ( K J , ALPHA I K ) , E E T A l K ) » T K N  ) , T 2 I N  J , 1 3  I N )

PROGRAM I N I T I A L I Z A T I O N .

KJ 1 =K—J + i
I F  i K J i . L E . O j  Gu TC 16 
SU M = 0 . 0
I F  5 L . t Q . l J  OO TO 3 
DC 2 1=1 *N 
T 3 I I ) = X 1 I )
I F  ( J . G T . O J  GO TO 1 
SUM=SUM+i . J  
GC TO 2

1 SUM=SUM+XI  I ) * * 1 2 * J  )
2 WCIJ = U O  

GO TO 7
3 DC 6 1 = 1 , N 

T 3 < I  l = X i  n
I F  ( J . G T . J J  GO TO A 
SUM = SUM*fei( I  J 
GC TO 5

A SUM = S U M + M ( i ) * x m * * ( 2 * J )
5 X ( I ) = M l i ) « X ( i )
6 T m = w m * Y U )
7 B= 0 « 0  

RC=SUM
DO 9 1 = 1 ,  N 
I F  ( J . G T . J  J Go TO 8 
T2< I  1 = 1 . 0  
CG TO 9

E T 2 I I } = T 3 I 1 ) * * J  
S Tit I )=0.0

BEGIN COMPUTATION.  

ii=i
IC S= 3 . C

DO 11 1 = 1 .  N 
11 S = S + Y ( 1 J * T 2  I I  J

CCMPUTAI I ON OF A C O E F F I C I E N T  IN THE POLYNOMIAL EQUATI ON.

C ( I  I  ) =S / RU
I F  I I  I . G E . K J 1  J GO TC 15 _____________ _________

COMPUTATION OF AN ALPHA FOR THE POLYNOMIAL E Q U A T I O N .

s u M X P S = j . a  
DC 12 1 = 1 . N

12 S U M X P S = S U M X P S + X 1 i J * T 2 < I ) * T 2 ( I )
ALPHA( 1 1 ) =SUMXPS/ RC

CCMPUTAI  1 ON OF A NEW POLYNOMIAL.

DC 13  1 = 1 , N 
T E M P = T 2 l I  )
T2 l I ) = t  T3 i I  J —ALPHA ( I D  > * T 2 I  I . ) - E * T l ( I i

12 T H  I )=TEMP

COMPUTATION OF A BETA FOR THE PCLYMOMIAl  EQUATI ON.

R=C • C
DG 14 I = i , N

14 R=R*WI  I J  #12  < IJ  * T 2 ( I I  
B E T A ! I I J = K / R O
PC=R
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B = B E T A U 1 1 
11=11+1 
GO TO 1U

SUCCESSFUL R t f U R N *

15 TND1 = +1 
RETURN

ERROR RETURN.  SET ALL C C C E F F I C 1 E M S  , ALPHA ANC BETA T C ZERO.

16  DC 17 1 1 = 1 , K 
C ( I I ) = O.U 
ALPHA l I  U  = U.O

17 BETA 1 I I 1 = 0 m0 
C C K + l J = u . U  
IND1=-1 
RETURN
END
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SUBROUTINE CUEFS l J , C , ALPHA * B E T A . K C t A , T 1 , T 2 , T 3 ,  I N D 2 I  , 
I M P L I C I T  REAL*  81 A—H » G - Z )

T H I S  S U B R O U T I N E  C O M P U T E S T H E  A C O E F F I C I E N T S  F O R  A P O L Y N O M I A L  - 
O F  D E G R E E  K C  W H E R E  KC I S  L E S S  T HA N  C R  E C U A L  T O  JK.

DI MENSl uN C ( K C ) .  ALPHA ( KC ) * B E T A ( K C ) « A ( K C ) • T l ( K C  > , T 2 ( K C  ) # T 3 ( K C  )

PROGRAM I N I T I A L  1 Z A T I C N .

K C J l = K C - J  + l  • - -  .
I F 1 K C J 1 . L E . 0 )  GO TO 9
8=0.0
DC I  NN= 1» KCJ1 
A ( N N ) = C I N N )
T1 ( NN  1 = 0 . 0  
T 2 ( N N ) = J . J  

1 T3 ( NN ) = 0 .  0
I F  ( K C . L E . J J  G O  T O  5 
11=2
B E G I N  C u M P U T A T I U N .

2 T 2 (  11 ) = I . O  
DC 3 N N = 2 , I I
T3 ( NNJ  = T 2 ( N N —1 ) - T 2  ( N N ) * A L PH A ( 11—l  )—B * T l ( N N  I  

COMPUTATION OF AN A C O E F F I C I E N T .

3 A ( N N - 1 ) = A ( NN—I ) + C l  I I ) * T 3 ( N N )
I F  ( I  I . G E . K C J 1 I  GO TO 5

R E S E T T I N G  T H E  V E C T O R S  F C R  T H E  N E X T  C O E F F I C I E N T .

DC A N N = 1 * 1 1  
T K N N  ) = T 2 I  N N)

A T 2  I N N ) = T 3 ( N N )  
8 = B E T A ( I I - l )
11=11+1 
GO TO 2

5  I F  ( J . L E . 0 )  GO TO 8

A R R A N G E  C O E F F I C I E N T S  P R C P E R L Y  I F  J  I S  NGN Z E R O .

DC 6  N N = 1 , K C J 1  
N 1 = K C J I —NN + 1 
N2=N1+J

6  A ( N 2 ) = A ( N 1 )
DG 7 NN=1» J

7 A ( N N ) = 0 . 0

S U C C E S S F U L  R E T U R N .

E IN D 2= +2 
_ R E T U R N

E R P O R  R E T U R N

S DC 1 0  N N = 1 » K C  
1C A ( N N ) = 0 . 0  

A ( KC +  1  ) =  0 .  0  
I N D 2 - - 2  
RETURN 
END

S E T  A L L  T H E  A C O E F F I C I E N T S  E Q U A L  TO Z E R O .
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SUBROUTINE PLOTl  ( 1  C TR ,  IC 7L ,  I  KG ,  I  RG ) 
I M P L I C I T  R E A L * 8 ( A - H  » 0 — Z )

REAL SAXta( 2 4 4 )  
I  S XV* 1 ( 2 4 4 )  « SXW2 
1SYW1 ( 2 4 4 ) , SYW2 
1 S A R 1 I 2 4 4 ) , S A R 2  

COMMON / C u M A /
1 6 1 ( 3 0 , 2 ) , 3 2 ( 3  
1 AXW( 2 4 4 )  ,  AXL(  
1 A R 3 ( 2 4 4 ) , A R 4 (  
1 A Y l l  2 4 4 )  ,  N C I , 

DIMENSION i C f R

, S A X l ( 2 4 4 ) , S A X 2 ( 2 4 4 ) , S A X 3 ( 2 4 4 ) , S A X 4 ( 2 4 4 ) ,
( 2 4 4  ) , S X W 3 ( 2 4 4 ) , S X W 4 1 2 4 4 ) ,  
( 2 4 4 ) , S Y W 3 ( 2 4 4 ) , S Y W 4 ( 2 4 4 ) ,
( 2 , 4 4  ) ,  S A R 3  ( 2 4 4  ) , S A R 4 ( 2 4 4 )
A W , A R , B R , B L , R R ( 3 C , 5 ) , Y R ( 3 C , 5 ) , R L ( 3 0 , 5 ) , Y L 1 3 0 , 5 9 ,  
0 . 2 ) , B 3 ( 3 0 , 2 ) , B 4 ( 3 0 , 2 ) , S 1 ( 5 ) , S 2 ( 5 ) , S 3 ( 5 ) , S 4 1 5 ) ,
2 ‘♦ 4 )  , A X 2 (  2 4 4 )  * A X 3 (  2 4 4 )  , A > 4 ( 2 4 4 )  » 4 R 1  ( 2 4 4 )  ,  A R 2  1 2 4 4 1 ,  
2 4 4 )  , AR 5 ( 2 4 4 ) , AM 1 ( 2 4 4 ) , A M 2 ( 2 4 4 ) , A M 3 C 2 4 4 ) , A W 1 1 2 4 4 ) ,  
N C 2 , N C  3 , N C 4
( 1 3 )  y I C T L (  1 3 ) y I W G ( , 1 3 ) y I R G ( 1 3 )

COMMON / COMC/ 1WHLR( 1 3 ) , I W H L L ( 1 3 ) , I R A I L R « 1 3 1 , I R A I L L ( 13)

COMMON / COMD/ XW1( 2 0 0 ) • Y W H 2 C C ) * XW2( 2 CC) • Y W 2 ( 2 C C ) , NW R , N Y R ,  
1 XW3( 2 0 0 ) ,  YW3 12 0 0 )  * XW4(  2 0 0 ) ,  YW4{ 2 0 0 ,  NHL,  NYL

CALCULATE AN ARRAY OF 
CALL G T P J S ( X W H l ) , 
CALL G T P T S U W 3 U ) ,  

CALCULATE AN ARRAY OF 
CALL G I P T S ( X W 2 1 1 ) ,

PTS FROM POLYNOMIALS F I T  TO WHEEL P R O F I LE  
XVi l (NWR)  , R R , B 1  , N C 1 , A X 1 , A R 1 , S 1 , N U R )
XW31NWL) , RL,B3 , N C 3 , A X 3 , A R 3 , S 3 » N U L )
PTS FROM POLYNOMIALS F I T  TO R A I L  PROFI LE  
X f c 2 ( N Y R ) , Y R , B 2 , N C 2 , A * 2 , A R 2 , S 2 , N B R )<-»■ r « tflnt i n ,  futtiiM'i, , o e. , nun f

CALL GTP T S ( XW4( 1 )  , X W 4 ( N Y L ) , Y L , B 4 , N C 4 , A X 4 * A R 4 , S4,NBL I

D E F I N E  STARTING AND OfcLTX VALUES FOR PLOTS 
NWR1=NWR+1 
NWP2=NWR+2 
NYR1=NYR*1  
NYR2=NYR+2  
NWL 1=NWL* 1 
NWL 2 = NWL+2 
NYL1=NYL+1  
NYL2 = NYL+2 
XWHNWR1)  = 0 .
YW1(NWR1)  = 0 .
X W 2 ( N Y R 1 ) = 0 .
YW2(NYR1)  = U.
XW1(NWR2) = 1 .
Y V* 1 ( N WR2  )  = l  •
X W 2 ( N Y R 2 ) = 1 .
YW2( NYR2 ) = 1 •
XW3 1 NWL1 ) =0 .
Y W 3 ( N W L 1 ) = 0 .
XW4( NYL1)  = 0 .
YW4 ( NYL1 ) = 0 .
XW3(NWL2) — i «
YW3 (NWL2 ) = l  •
XW4 < NYL2)  = 1 •
YW41 NYL2 ) =  i  •
NBR1-NBR+1  
NBR2=NBR+2  
NURl = NUR+ l  
NUR2=NUR+2  
NUL1=NUL+1  
NUL2=NUL+2  
N8 H = N 8 L * i  
NBL2=NBL*2  
A X H N l R i ) - 0 .
A R 1 ( N U R 1 ) = J .
A R 2 ( N B R 1 ) = 0 .
AX2 I NBR1 ) = 0 *
A X l ( N U R 2 ) = l .
A R l l N U R 2 ) = r - l .
A R 2 ( N BR2) = 1 .
A X 2 ( NBR2) = 1 •
A X 3 ( NUL1) —0 .
AR31NUL1 ) - 0 *  . , ,
A R 4 ( N 8 L I )  =  0 .
A X 4 I N B L i . ) = 0 .
AX3 1NUL2 ) = 1 .
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AR3 I N0L2 )  = - 1 .  ' . . .
A R 4 ( N B L 2 ) = 1 .
AX4 I NBL2 ) = i

SUBTRACT CONSTANT l t.RM S FRCM CAT A PCI NTS TC RECUCE MAGNITUDES  
C S T W=I )bLt  l ( A I N U  SUGL( AR1 ( N U R / 2 ) *  1 C . ) ) ) /  1 0 .  ) . 
C S T R = O b L c U A i , N T ( S N G L (  AR2 ( N B R / 2  ) * 1 C .  ) ) ) . / IQ -  > ,
DC IC 1 = 1 , NUK : ‘ . ' ..

. ARl  ( I  )= A k i  ( I I - U S I  W .........
i t  c c N i i N u f c  ' i ■ ;

DC 11 1 = 1 , NUL , •
A R 3 ( I ) = A R 3 ( 1 1 -  C61h

11 CONTINUE ' ’ “
DC 15 1 = 1 , NbR 
AR2(  I ) = A R 2 I i ) - C b I R

15 CCINT I NUt  .
DC 16  1 = 1 ,  NbL .
A R 4 I I  ) = a R 4 ( I ) - C S T R

16 CCNT I N U t  /
DO 20 1 = 1 , NWR I
Yfci ( I ) = - Y W l U i + C S i  v

2 C C C N T I N U t ■
DC 21  1 = 1 ,  NWL
Vic3{ I ) = - Y W 3  ( I ) +CSTV>

2 1 CONTINUE
DC 3 0  .1 = 1 ,  NYR 
YW2( I  ) - YW2I  1 ) - C i T K  

3 0  CCN T I N U t
DO 31 1 = 1 , NYl  
YVi4 ( I ) = Y W 4 U ) - C S f R  

2 1 CCNT I NUt

* *  CHANGE D u U B L t  P R t C l S I C N  ARRAYS TC SINGLE PREC I S  ICN FCR PLOTTI NG  
DC 4 0  1 = 1 , 2 4 4  
SAXis( I ) = SNuLlAXM 1 1 ) )
SAX1 ( I ) = S N u L U X l 4  1 )  ) '
S A X 2 ( I )  = SNGL( A X 2 ( I  ) ) , .
SAX31 I ) = S N G L ( A X 3 (  1 ) )
SAX4 ( l ) = , » N G L ( A X 4 U  ) ) ..V \
S A R i m  = S N U U A R l (  1 ) )  ;c
SAR2C I J = 6 N G L ( A R 2 ( 1 ) )
SAR31 I )  = S N o U A k i ( i  ) )  , .
SAR4 I  I )  = S N G H A R 4 ( 1  ) )

4 0  CCNT I NUt
DO 50  1 = 1 , 2 0 0  ■ O
SXW1 ( 1) = S N GL ( X W 1 U  ) 1
SXW2C U  = SNG' UXU2(  i t ) )  r
SXW3 ( I ) = 3 n GL(X In3 t 1 ) )
SXVI4< I )  = SNGLlX W411 ) I 
S Y W l ( I ) =  SNGL( Y M l ( l  ) )
SYW21 I J = S N G L l Y V i 2 ( i  ) ) 1
SYW3 ( I J  = SNGLIYW3 t i l l  ,
SYW4t I ) = S n G L I Y r t41 1 ) )  !

5 0  CCNTINUE
C PLCT ThE P R u F I L t S  AND LABEL THEN

CALL PLOT!  3 9 , ,  1 7 - 5  , t 3 )  .. .
C ALL AX l  S 1—2 .  f o / 5 , 1 1  FRIGHT ViH E EL »— l l * 4 . t Q «  »—2 •  » 1 , )  .
CALL L I N E !  S A X U S A k  1 , NUR*  1 , 0 , 2 )
CALL L i N h (  SXVil » SYW 1 »NWR * 1 »—2 » 3 )
CALL S Y M B U U - 2 .  4 ,  . 1 4 i I R H L R , 0 . , 5 2 )  ^
CALL P L 0 T 1 5 . 5 ,  J . , - 3 )  . .
CALL AXi  S ( - 2 . , i  7t>, 1CHR IGHT P A I L , - l C , 4 . , C. , - 2 . ,  1 -  1 
CALL L 1 N E I S A X 2 , S A R 2 , N B R , 1 , 0 , 3 )  ■
CALL U N t t  S X W 2 , S Y V , 2 , N Y R , l , - 2 , 3 ) ^
CALL SYMBOL( - 2 . 4 , « 1 4 ,  1 R A I L P , C. , 5 / )
CALL S Y M B O L  1 - 6 . 0 , - 1 . 4 , , 1 4 ,  I k i G , 0 * , 5 2 )  ,
CALL SYMbUL1 - 6 . 0 , - 1 . 6 3 , . 1 4 ,  I R G , C . , 5 2 )
CALL NUMBER(—4 . 0 , - l i 6 3 , . 1 4 , R G , 0 . , 2 |
CALL S Y M B u L ( - 2 . 4 B , - 1 . 4 t . l 4 , I C T R » G . , 5 2 )
CALL PLuT ( - 5 . 5 , - 1 3 . 2 5 , - 3 1  „ „ , ,
CALL A X 1 S ( - 2 . , . 7 5 , ' L E F T  VHEEL• 1 0 , 4 .  , C . , - 2 . , l  .  )
CALL L I N E 1 SAX3 « SAR 3 »NUL, 1 , 0 , 3 )
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CALL L l N E I 5 X « i 3 , : » Y K 3 , N f c L , l , - 2 , 3 )  o
CALL SYMbUL ( - 2  . . - .  4 , •  1 4 ,  I W H L L , C . *  52 )
CALL PLOT ( 5 . 5 / 0 . , .................. ..  ■
CALL AX I  S I - 2 . ,  . / 5 ,  ’ LEFT R A I L  '  , - S , 4 .  , C .  
CALL L I  Net  SAX4 » iAR4.»NEL , 1 , 0 , 3 )
CALL L I N E ! S X * 4 , S Y w 4 , N Y L , l , - 2 , 3 l  
CALL SYMBOL ( - 2 . 4  ,  . 1 4 ,  IRA I L L  * 0 5 2  J 
CALL SYMBOL 1 - 2 . 4 b , - 1 . 4 , . 1 4 , I C T L , C .  , 5 2 )  
CALL PLOT 1—4 4 . 5 , - 4 . 2 5 , —3 )

»—2* *,1» )

DO 6 C I = L,  NWR
6 0 YR]L ( I )= —Yto 1 ( U  +CST W

DO 61 I = 1 , NWL
6 1 YW3 ( I ) = - Y W 3 L I )  +CSTW

DC 70 1 = 1 , NYR
7 0 YW2I  I )= YW2( 1 )  + CSJR

DC 71 1 = 1 , NYL
7 1 YW4 ( I )= Y V i 4 I 1 l + C S I R

RETURN
END

, r,

SUBRCUT1NE GTPTSI X  MAX , X M I N , R R  ,  B ,  NC , A XW ,  AR l  , S  1 ,  NL ) 
I M P L I C I T  'REALS BI  A - F V C - 2 )  ■ i
DIMENSION A X W i l ) , A R 1 ( 1 ) , S 1 I 1 ) , R R ( 3 0 , 1 ) , E ( 3 C , 1)

C DEFI NE STARTING VALUES 
X=XMAX
u = i  : '.'-.‘p y * v  -■>

C LCCP TO FING EACH P T .  ■ -  ' <l 1 ■ ■
DC 6  1 = 1 , 4 0 0  ■■■'■  ̂ K:
NU= I

C CFCCSE THE POLYNOMIAL V A L I C  FOR THE S P E C I F I C  X 
DC 2 J = I j ,NC
I F  I B l  J , 2 ) . L E . X . A N D . B I J . l l . G T . X )  GC TC 2 ‘

2 CONTINUE
■3 I J = J

C STCRE THE POLY COEFS 
DC 4 K = l , 5  
S1 1K) = R R I J  , M  

4 CCNTINUE
A x w m = x

C CALCULATE THE Y VALUE
AR 1 ( 1  )=S 1 ( 1 )  +s 1(  2 )  *X + S i m * X * * 2 + S l ( 4 J * X * * 3 + S l l 5 ) * X * * 4  

C INCREMENT X BY - . 0 2 5  I NCHES  
X=X—. 0 2  5

C CHECK FCR END OF P R O F I L E  
I F ( X . L T . X M I N )  GO TC 76 CCNTINUE

7 CCNTINUE 1 :! ,
RETURN
END ■■■'"! 0 'L. -

■T.L
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C

C

SUBROUTINE EQSULVl NUMBR, XWl NC)
I M P L I C I I  R E A L * B I A - F » 0 - Z )  .
COMMON / GGMA/  AW, A R , B R »B L , R R ( 3 0  * 5)  t Y P ( 3C ,  5 I  « RL i 30 *5 I , Y L T 3 0 . 5 ) t  

1 B H 3 D . 2 I  , B 3 ( 3 0 , 2  ) , E A ( 3 0 , 2 1 , S 1 1 5 > ♦ S21 5 ) , S 3  ( 5 1 ,  SAI  5 ) ,
1AXW ( 2A<tJ f A A i l  2A<r) , AX2 I  2A A ) , AX 3 ( 2 A A ) V A X A T 2 A A ) . AR1( 2AA 1 , A R 2 ( 2 4 A 1 ?
1 AR 3 ( 2AA i • AR41 2A A ) ,  AR 5 12AA ) ,  AM 11 2 A A J ,  AP 2 < 2 AA i  ,  AM 312 A A A W  1 1 2 4  A J ,  
1 A Y l ( 2 * A i . N C 1 . N C 2 , N C 3 , N C A , I S Y P  •?'. j

CCMPCN / C u M F /  Ml  » M 2 »M 3 , M A, M 5 ,  P6 * STEP,  I PPT  .
COMMON /GGlMH/ IF  LAG » I  FL AG A > !

'Cl  MEN SI ON XULD1AJ 
I N I T I A L I Z E  WHe ELSET U 1 SPLACEPENT,  

Xto = 0 .
X W I = 0 .
WR=Q .

INCREMENTS CF D I SPLACEMENT,  AND ROLL

I FLAG=0  
1FL AGA= J

C CGPPLTE 1 / 2  THE NO MB E R 
NFAL F=NUMBR/2  

C COMPUTE C . P .  LUCATi uNS  
C P C S I T I V E  DIREGI10IM  

I START-=NHALF+i  
CO 2 5 0  NUMB=1START,NUPBR  

G ROUTINE THAI  F I NOS GONTACT PT LCCATIONS  
GALL CHECK! Xh,  XWi » toR,XCUJ)

C XW IS INCREMENTED W I T H I N  CHECK

CF DATA FT S CESIPEC

AS WHEEL SET IS LATEFALEC I  NCREMIN T AL LY I N  THE

M3= 1C 
M3 = 12

AND WHEELSET

IS INCREMENTED 
M 3 - 9
I F ( X W .L E .  0 .  Ai> i 
I F I X t o . L E . 0 . 1 5 1  

STORE CONTACT PTS 
AXto(NLMB)=XW 
AX 1 ( NUMB) = XOLD1 1 )
A X 2 ( NUMB j = XOLD12 J 
AX31NUMBJ -  XOLD 1 3 )
AXA1 NUMB) =XULU1,4-1 , ;
I F ( I P R T . E g . i . O R . l P R T . E Q . 2 )

X W I = S I Z E  OF WHEELS El  LATERAL INCREMENTS 
> to I = X toi NC

LATERAL

WRITE ( 3 , 1 ) 1XCLD< J 1; , J ^ 1 ,  A Y,

250  CCNT INUE
C FCR SYMMETRIC CAi E  FORCE SAME VALUES AT XW = C .  

I F  f I S Y M o E y . i l  A X i l  I START 1 =  A X 3 1 I  START I 
I F ( I S Y M . E Q . l l  AX2 l I ST ART 1 *  AXA(  I START J 

1 F C R M A T 1 / 4 F 1 3 . 7 )
C »■_? " . .
C CHECK FOR SYMMETRIC CASE

I F I I S Y M . E Q . i l  GO TO 3 0 1  *,
C
C NEGATIVE D I R E C T I O N  

Xto = 0 .
xtoi=o.
WP = 0.
I FLAG=0  
I FLAG A= 1 
P 1 = M A
HZ-M5 ' i. ... v  ■ - . : ’ - • • ■ 1 -
P.3=P6
MA = M 1
P5= M2 
Pfc=M3
ISTART=NHALF  
DO 3 0 0  NUMB=i  , ISTART  
CALL CHECKl XW»Xt ol » WR,XCLC1 

C XW IS INCREMENTED W I T H I N  CHECK 
M6=9
I F ( X W . G E . - . A 5 i  M6 = 10 
I F C X W . G E . - . 1 5 J  M6 =  12

C STORE CONTACT P I S  AND WHEEL SET LATERAL 
AXW11—NUMB+1SIART 1 =XW 
A X I i 1 - N U M B  +1 ST ART) = XOLDI  1)
A X 2 1 1 - N U M B * 1 S T A R T 1 = X 0 L 0 { 21 
AX31 1-NUMB +1 S J ART 1 = X C L 0 ( 3 )
AXA ( I - N U M B +1 ST ART.) = X OL Di  AJ
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I F { I P R T . E Q « 1 » 0 R .  I P  R T . E Q . 2 )  WR I T E  ( 3 * 1  
C X W I = S  I Z E  OF WHEELS ET L A T E R A L  I NCREMENTS  

X W I - - X W I N C  
3CC CONTI NUE

C FORCE SAME VALUES A I  XW = 0 .
AX l (  NHA'LF + i  J = A X L I  iVHALF 1 
A X 2 ( N H A L F  + W = A X 2  I N F A L F  ) ; 
A X 3 ( N H A L F + 1 J = A X 3 1  N H A L F )
A X 4 1 N H A L F + 1  J = A X 4 I  N h A L F )
RETURN

C
3C1 N U MB L = I S T AR T

0 0  3 1 1  N U M B - i S T A K T  »NUMBR
NUMB I = N U M B 1 —1
AXW{ NUMB 1 ) = - A X W l  N U M B )
AX U N U M B i  J - A X 3  ( NUME )
AX21 NUMB 1 ) = A X 4  1NUME)
A X 3 ( NUMU1) = A X 1 I N U M  6 )
A X 41 NUMB L I * A X 2  1 NU MB )

3 1 1  C C M I N U E  
RETURN  
END

IXCLDTJ)» J = l ,4 J
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SUBROUTINE C H E C K ! X W , D X W , k p , X C L D )
I M P L I C I T  R E A L * * !  A - H , C - Z )
COMMON / CO M A /  AW, A R • BR, BL»R R ( 3 0 , 5 J» VR( 3 0 , 5 ) , RL C 3 C , 5 ) . Y L ( 3 0 • 5 ) ,

1 B 1 I 3 0 , 2 ) , 8 2 ( 3 0 , 2 )  t B 3 ( 3 G » 2 > » B 4 C 3 0 » 2 ) » S l ( 5 > , S 2 ( 5 ) » S 3 ! 5 ) » S 4 I 5 ) ,
1 Z ( 3 6 6 J  ) * NC1 »NC2 ,  NC3»NC4» I  SYM

COMMON / C O M E /  X M I N k P . XMINRR , X M I N W L , XMTNRL, XMAXkP, XMAXRR,
1 XMAXWL.XMAXRL

CCMMCN / C O M E /  M i , M 2  ,M3 , M4 , M5, M6 , S T E P , IP  
COMMON / COMO/  X X W , C , S  
CCMMCN / CO M H /  I F L A G , I F L A G A  
DI MENSI ON X G L D ! 1)

c
C INCREMENT WHEELSET LATERAL  

XW=XW+UXW 
XXW—Xk
I F ! I P . E y . l . O R . I P . E G . 2 )  ViR I T  E ( 3 , 3CC ) >k 

3 0 0  F O R M A T ! / / / • XW = • , F 8 . 4 )
CFGR EACH INCREMENT OF X k ,  CHCCSE STARTING PTS

I F  C I F L A G . E Q . i l  GG T C I  ,
A1 = XMlNwR*  0 . 4

4 7  I F  C A l . b I . - i . 6 J GO TO 48
A1 = A1 *■ STEP
GO TO 4 7

4 8  CONTINUE  
A3 = A1 
I FLAG =  1 
STEPBK= 1 0 .  *  STEP

1 A1 = A1 + DXW -  S I E P BK
A3 = A3 -  DXW -  S I EPBK
I F  C A 3 . L T . X M  IN WL 1A3.  = XMINWL 
SBR = D S l N i 8 R)
SBL = DS1 N ! B L )
S P 1 = 1 . 0 0 0  
S M = - 1 .  GOO

C I TE RAT I ON LuuP ON WHEELSET POLL ANGLE 
DO L 20 1 JK= 1,  d
I F ! I P . E Q . l . O R . A P . E C . 2 )  WR I T E C 3 , 4 0 C ) I JK  

4CC F O R M A T ! / '  I J K  = ' , I 2 / )
C CHCCSE PTS,  UN I N S I D E  EDGES,  FRCM WHICH TC START SEARCH 

A X 1 = A 1 
A X 3= A 3 
C=DCOS! wRJ 
S = D S I N ! W R )

C LOCATE I N S l u E  EUGt  OF PT RAI L  
GO 10 l l i i  = 1 , 3 0 0  
00 11 t = 1,NC1 
I F  ( B i t  i , 2 J . L E . A X l  ) GC TG 12

11 CONTINUE
12 R l = R R ( i , l ) 4 - A X 1 *  ( RRCI  , 2 ) + A XI  * l R R ( I , 3 ) * A X 1 * « R R C I , 4 ) +AX 1*RRC I • 5  ) )  )1

AX2=-XW-AR+CAW>AX1 ) *C - R 1 * S
IFC I P . E Q . l .  OR. 1 P . E C . 2 )  W P I T  E C 3 , 5 0 0  I I  e 1 ,  A X I  ,  AX2  

5 0 0  FORMAT! i o , < i l F 9 . 4 J  )
I F C A X 2 . G E . X M I N R R J  GO TC 15 

10  A X 1 = A X 1 * 3 T E P
15  CCN I I N U E

I F I I P . E Q . i . U R . 1 P . E C . 2 )  W R I T E C3 , S CC)
90C FCRMAT( '  *1
C LOCATE I N S I D E  EDbE OF LT RAI L  

DO 23  1 0 1 = 1 , 3 0 0  
DO 21 1 = 1 , NC3
I F  ( B 3 ( 1 , 2 J « L £ . A X 3 J GO TC 22

2 1 CONTINUE
2 2 R 3 = R L ( I , i ) + A X 3 * ! R L  ( 1 , 2 )  + A X 3 * ( R L I  I ,  3 ) +AX 3 *  ( RL ( I  , 4 ) + A X  2 * RL  U  • 5 ) ) i I  

A X 4 = X k - A R + ! AW+AX3) *G + P3*S
I F !  I P . t w . i - . O R . I P . E G . 2 )  WR I TE ( 3 , 5 C C  ) I B  I  , A X 3 , A X 4  
I F ( A X 4 . G E . X M I N R L ) GC TC 40  

2 0  AX3=AX3-4-STEP
4 0  CONTINUE .

C SAVE CURRENT STARTING VALUES 
A 1 - A X 1

C T F P E E ' l N T E R V A L  F I BONACCI  SEARCH TC F I N E  CANDIDATE CONTACT PTS
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C
C
c

2
3

4
5

6
C

M l » . . . M6 ARE CHANGED I N EQSOLV  
I F L A G A = 1  FOR XW I N CREMENT ED I N  NEG D I R  
F I N D  CONTACT P O I N T  ON THE R I G H T

CALL F I  B O N ( M l , AX 1 , X M I N W R , XMAXWR, X M I N R R , X M A X R R , S B R , N C 1 , NC 2 ,  
1 R R , Y R , S N 1  , X i , X 2 , Y i )

A X 1 = X 1 - 0 . 6 5 D 0  
I F U F L A G A . E Q . l  ) AX1 = A1
CALL F I BON<  M 2 , A X 1 , X M I N W R , XMAXWR, X M I N R R , X M A X R R , S B R , N C I , NC2 , 

1 RR, YR»  SN1 »X 1 A ,  X 2 A ,  Y1A )
AX1 = X 1 * 0  • 1 ODO
I F ( I F L A G A . E Q . 1)  A X 1 = A 1 + 1 . 5 D 0
CALL F I  BON( M 3 ,  A X 1 , X M I N W R , X M A X W R , X M I N R R , X M A X R R , S B R , N C 1 , N C 2 , 

1 R R , Y R , S N 1  , X 1 B »X2B »Y 1 B )
I F ( Y I - Y I A )  2 , 2 , 4  
I F ( Y I - Y I B )  6 , 6 , 3  
X I * X 1 B  
X2 = X2B  
GO TO 6
I F ( Y I A - Y I B )  5 , 5 , 3  
X 1 = X 1 A  
X 2 = X 2 A  
CONT I NUE

F I N D  CONTACT P O I N T  ON THE L E F T
CALL F I B 0 N ( M 4 , A X 3 , X M I N W L , X M A X W L , X M I N R L , X M A X R L , S B L , N C 3 , N C 4 ,  

1 R L , Y L , S P 1 , X 3 , X 4 , Y 1  )
A X 3 = A 3
I F I I F L A G A . E Q . 1)  A X 3 = X 3 - 0 . 6 5 D 0
CALL F I B 0 N ( M 5 , A X 3 ,  XMI NWL , XMAXWL, X M I N R L , X M A X R L , S B L , N C 3 , N C 4 ,  

1 R L , Y L , S P 1 , X 1 A , X 2 A , Y 1 A )
A X 3 = A 3 + 1 . 5 D 0
I F ( I F L A G A . E Q . l )  A X 3 = X 3 + 0 . 1 0 D0
CALL F I B 0 N 1 M 6 , A X 3 , X M I N W L , X M A X W L , X M I N R L , X M A X R L , S B L , N C 3 , N C 4 ,  

1 R L , Y L , S P 1 , X 1 B , X 2 B , Y 1 B )
I F ( Y I - Y I A )  7 , 7 , 9  
I F I Y 1 - Y 1 B )  1 9 , 1 9 , 8  
X 3 - X I B  
X 4 = X 2 B  
GO TO 19
I F ( Y I A - Y I B )  1 8 , 1 8 , 8  
X 3 = X 1 A  
X4 = X2A  
CONT I NUE
I F C I P . E Q . l . O R . I P . E Q . 2 ) W R I T E ( 3 , 2 0 0 ) X 1 , X 2 , X 3 , X 4  

2 0 0  F 0 R M A T ( / 4 ( F 9 . 4 ) / )
C KEEP PRE VI OUS ROLL ANGLElin u p 7 - u p
C COMPUTE NEW ROLL ANGLE

CALL C H 0 0 S E ( X l , X 2 , X 3 , X 4 )
CALL R A D I I ( S 1 , S 2 , S 3 , S 4 , X 1 , X 2 , X 3 , X 4 , R 1 , R 2 , R 3 , R 4 )
W R = ( R 4 - R 2 + X 4 * S B L  - X 2 * S B R  + ( R 3 - R 1 ) * C  ) /

1 ( ( 2 . * A W + X 1 + X 3 ) * C  )
I F d P . E Q . l . O R .  I P . E Q . 2 )  W R I T E ( 3 , 6 0 0 )  WR2,WR  

6 0 0  F O R M A T ! • WR2 = » , F 1 5 . 7 / »  WR = • , F 1 5 . 7 )
C CHECK FOR CONVERGENCE BY C O M P A I R I N G  ‘

7
8

9
1 8

19

I F ( D A B S ( W R - W R 2 ) . L E . . 0 0 0 0 1  
1 2 0  CONT I NUE  
1 2 5  CON T I N UE  
ERROR CHECK 

ER=WR-WR2
I F U J K . G E . 8 )  P R I N T  1 3 0 , ER

) GO
ROLL ANGLES  
TO 1 2 5

XW
1 3 0  FORMAT ( 4 X , ' * * *  WARNI NG * * *  WHEELSET ROLL ANGLE CONVERGED

1 T H I N  W R ( NE W ) - W R ( O L D ) = ' , F 9 . 5 » * 
STORE THE CONTACT PT L O C A T I O N S

AT XW='  , F 6 . 3  )

X 0 L D ( 1 ) = X I
X O L D ( 2 ) = X2
X O L D (3 ) = X3
X O L D ( 4 ) = X4
RETURN
END

B 1 ,  B 2 , 

B i t B 2 , 

B 1 , B 2 ,

B 3 , B 4 ,  

B 3 ,  B 4 ,  

B 3 , B 4 ,

ONLY WI
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C
c

c
c

c
c

c
c

SUBROUTINE CHUGSE1 X 1 , X 2 , X 3 ,  X 4 )  . .
I M P L I C I T  R E A L * 8 ( A - H , 0 - Z )

' , COMMON / C O M A /  Ata«.AR »BR, E L »RR1 3 0 , 5  ) » YRI  3 C»5 ) • RL ( 3 0 , 5 )  » Y L I 3 0 * 5 )  »
1 B l (  3 0 , 2 )  , 6 2 1 3 0 , 2 )  , 6 3 ( 3 0 , 2 )  ,  B4 ( 30  * 2  ) , S l ( 5  i , S 2 1  5 ) »S3 ( 5 ) .  S 4 (  5 ) • 
1 A X W I 2 4 4 ) , A X 1 U 4 4 1 , A X 2 I 2 4 4 ) , A X 3 ( 2 4 4 ) , A X 4 ( 2 4 4 ) , A R 1 ( 2 4 4 } i A R 2 ( 2 4 4 ) •  
1 A R 3 ( 2 4 4 J * A R 4 1 2441  , AR5< 2 4 4 1 . A M I ( 2 4 4 ) * AM2( 2 4 4 ) , A M 3 I 2 4 4 ) , A W l ( 2 4 4 1 

 ̂ 1 A Y U  2 4 4 1 ,  N C I ,  NC2 ,  NC3 , NC4

CHCCSE THE CURVEFl  T V A L I D  FCR PT X I  CN THE PT ViHEEL 
DC 2 0  1 = 1 ,  NCI

I F  ( B L M  , 2 )  »LE . X 1 1 G 0  TC 25  ; ;2 C CCNT I NUt  
2 5 DC 30  J = 1 . 5

S I  ( J )=RR I I  * J )
3 C CONTINUE * :

CHCCSE THE C U R V E E I I  V A L I D  FCR PT X2 ON THE RT R A I L  
DO 4 0  1 = 1 , NC2

I F ( B 2 l I , 2 ) . L E . X 2 ) GC TC 4 5  
40 CONTINUE  
4 5  DC 5 0  J = 1 , 5

S 2 ( J ) = Y R ( I  »J)
50  CCN T I N U t  , > a , .

CHCCSE THE CURVEHI T  V A L I D  FOR PT X3 ON THE LEFT WHEEL 
DC 60  1 = 1 , NC3 , . .

I F  I B 3 1 1 , 2 ) . L E «  X 3 ) GC TC 65  6 C CONTINUE ' ' " ‘ ’ ’
6 5  DO 70  J = l ,  5

S3 ( J 1= RL 11 * J 1
7C CONTINUE • - ' !  1 " V '

CHCCSE THE CURVEHI T  V A L I D  FCR PT X4 CN THE LEFT R A I L  
DC 80 1 = 1 , NC4

I F  ( B4{  I  , 2 ) . L E . X 4  ) GC TC 85  
€ C CCNTINUE  
85 DC 9 0  J = l ,  5

S 4 I J )  = Y L 1 I  ,  J ) . ..
9C CCNTINUE ,

RETURN
END

SUBROUTINE RAG 1 1 < R B , Y R , R L , Y L , X l , X 2 , X 3 , X 4 , R l , R 2 # R 3 , R 4  ) 
I M P L I C I T  R E A L ^ a i  A - H , C - Z )
D I MENSI ON R R U ) , Y R  ( 1 ) , R L ( 1 ) , Y L C 1 )

C COMPUTES THE VALUES GF FOUR 4TH ORDER PCLYHCMIALS AT -THE GI VEN  
C P I S ,  RESPECTI VELY ,

R1=RR( 1J  + X l * ( K R ( 2 ) + X I * ( RR1 3 ) * X 1 * ( R R  14 J H X I * R R T 5  1 I T )
R 2 = Y R I 1 ) + X 2 * ( Y R 1 2 ) ■  + Xi2 * C Y R ( 3  )*X'2*'< Y R ( 4 I * X 2 * Y R {  5 1 ) ) )
R 3 = RL (  1 J + X 3 * ( R L l 2 )  « - X 3 * C R L l 3 l + X 3 *  ( R L ( 4 ) * X 3 * R L  C5 I f )  A ; i 
R 4 = Y L ( 1 1 + X 4 * I  Y L 1 2 ) + X 4 * ( Y L < 3 ) * X 4 * ( Y L 1 4 )  + > 4 * Y L ( 5  T) ) )  ,
RETURN
END . * ■ ■ ■ ■  ^  .
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C
c
c
c
cn
c
c
c
c
c

c
c

SUBROUTINE F I  BON( N, AX , XMI NW, XMAXW, X M I N R , X M A X R , S B X , N C A , NCB, B A , B B , 
1 R , Y , S I G N , X I , X 2 , Y 1 )

F I BONACCI  SEARCH TO F I ND  CONTACT P O I N T S .
LOOKING FOR PROFI LE PTS WITH MIN I N  HGT BETWEEN WH £ R A I L .

N = N PT F I B  SEARCH,  AX = A X 1 , A X 3 ,  STEP = X INCREM ALONG WH PROFI LE  
C = C O S ( W R ) ,  S » S I N ( W R ) ,  SBX a S B L , S 8 R ,  S I GN = + OR -  1 .  IN EQNS 
1 )  S I G N = - 1 .  FOR AX 1 CALLS,  2 )  S I G N = I .  FOR AX3 CALLS:  I P  = P R I N T  FLAG 
ARRAYS: BA = B 1 , B 3 ,  BB *  B 2 , B 4 ,  R = R R , R L ,  Y = Y R , Y L  
OUTPUT OF SUBRJ CANDIDATE CONTACT PTS:  X I  = X I , X 3 ,  X2 *  X 2 , X 4  

J MINIMUM HEI GHT AT CONTACT PT = Y1 *

I M P L I C I T  R E A L * 8 1 A - H , 0 —Z )
DI MENSI ON F ( 1 5 ) , B A ( 3 0 , 2 ) , B B ( 3 0 , 2 ) , R ( 3 0 , 5 ) , Y { 3 0 , 5 )
COMMON /COMA/  AW, AR, BR, BL
COMMON / C O M F /  M l , M 2 , M 3 , M 4 , M 5 , M6 , S T E P , I P
COMMON / COMG/  X W , C , S
DATA F / l . , 2 . , 3 . , 5 . , 8 . , 1 3 . , 2 1 . , 3 4 . * 5 5 . , 8 9 . ,  1 4 4 .  ,

1 2 3 3 . , 3 7 7 . , 6 1 0 . , 9 8 7 . /

SKI

6 0 0
6 0 1
C

P L I N E  FOR F I B  SEARCH PRINTOUT  
I F U P . N E . 2 )  GO TO 601  
W R I T E ( 3 , 6 0 0 )
FORMAT( •  
CONTINUE

)

C SET UP F I R S T  F I BONACCI  SEARCH INTERVAL
N1 N - l
XL .s AX
XR s AX + F ( N ) * S T E P
XFI B = F ( N 1  ) * STEP
X I s XR -  XF I B
X2 XL + X F I B

( N - l ) INTERVALS
C
C F I BONACCI  SEARCH PROCEDURE,

DO 1 0 0  I F I B  = 2 , N 
C CALC FUNCTI ON VALUES ( H E I G H T S )
C FOR THE LEFT F IBONACCI  P O I N T ,  X I  

I F I X l . G T . X M A X W ) X 1 = X M A X W  
I F ( X 1 . L T . X M I N W ) X 1 = X M I N W  
DO 10 I  = 1 , NCA 
I F  ( B A ( I , 2 ) . L E . X 1 ) G 0  TO 11

1 0  CONTINUE
11 R 1 = R i  1 , 1 1  + X 1 *  ( R(  I  ,  2 )  + X 1 * ( R U , 3 )  + X 1 * ( R ( I , 4 )

XZ = SIGN*XW -  AR + ( AW+X1 ) * C +  S I G N * R 1 * S  
I F ( X Z . G T . X M A X R )  GO TO 15
I F ( X Z . L T . X M I N R )  GO TO 15
DC 12 I  =  1 , NCB
I F  ( B B ( I  , 2 ) . L E . X Z )  GO TO 13

12 CONTINUE
13 R2 = Y I I  ,  1 ) + X Z *  ( Y ( I  ,  2 ) + X Z * ( Y ( I , 3 )  + X Z * ( Y ( I , 4 )

H I  = —R 1 * C , +  S I G N * ( A W + X 1 ) * S
H2 = R2 + XZ*SBX  
Y1 *  H I  -  H2 
X1AX2 = XZ 
GO TO 19 

1 5  Y l = 1 0 0 0 .
1 9  CONTINUE
C FOR THE R I GH T  FIBONACCI  P O I N T ,  X2

I F ( X 2 • GT.XMAXW) X2=XMAXW 
I F ( X 2 . L T . X M I N W ) X2=XMINW 
DO 2 0  I  = 1,NCA  
I F  ( B A ( 1 , 2 ) . L E . X 2 ) G 0  TO 21

2 0  CONTINUE
2 1  R1 = RC 1 , 1 )  + X 2 * < R U  , 2 )

+ X 1 * R { 1 , 5 ) ) ) )

♦ X Z * Y ( 1 , 5 ) ) ) )

22
23

XZ = SIGN*XW -  AR 
I F I X Z . G T . X M A X R )  GO 
I F 1 X Z . L T . X M I N R )  GO 
DC 22  I  
I F  ( B B ( I
CONTINUE  
R2 = Y ( I

= 1 , NCB 
, 2 ) . L E . X Z )  1

+ X 2 * ( R ( 1 , 3 )  + X 2 * ( R ( I  
( AW + X 2 ) * C +  S I G N * R l * S  

TO 25  
TO 25

GO TO 2 3

, 4 )  + X 2 * R ( 1 , 5  ) ) ) )

1 )  + X Z * ( Y ( I , 2 )  + X Z * ( Y ( I , 3 )  + X Z *  ( Y ( 1 , 4 )  + X Z * Y ( I , 5 ) ) ) )
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= - R 1 *C + S I G N * ! AW+X2 )*S 
= R2 + XZ*SBX 
= H I  -  H2 
TO 29

5
9

AT

H I  
H2 
Y2 
GO
Y 2 = 1 0 0 0 .  
CONTINUE  

T H I S  PT WE HAVE X l , X 2 , Y l , Y 2 ,  & X 1 A X 2 , X 2 A X 2

PRI NT OUT RESULTS OF I F I B  DO LOOP 
I F ( I P . N E . 2  ) GO TO 5 0 1
WRITE { 3 , 5 0 0 ) I F I B , X F I B , X L , X 1 , Y 1 , X 2 , Y 2 , X R , X 1 A X 2 , X Z

00  FORMAT( I 3 , 3 F 9 . 4 , F 1 3 . 7 , F 9 . 4 , F 1 3 . 7 , 3 F 9 . 4 )
01 CONTINUE

I F ( I F I B . E Q o N  ) GO TO 9 
X F I B  = F I N  -  I F I B ) * S T E P  
I F  ( Y1 -  Y 2 )  1 , 2 , 2  

MIN FROM X2 TO THE LEFT  
XR = X2
X2 = X I
X I  = XR -  X F I B
I F ( I F I B . E Q . N l )  X I  = XL 
GO TO 1 0 0

C MIN FROM X I  TO THE RIGHT
2 XL = X I

X I  = X2
X2 = XL + X F I B
I F  ( I F I B . E Q . N 1 )  X2 = XR 
CONTINUE100 

C
C STORE CANDIDATE CONTACT POINTS

I F  ( Y l  -  
C MIN AT PT ON 
3 X I  = X2

X2 = X1AX2  
GO TO 5

C MIN AT PT ON R I G H T :

Y 2 )  3 , 4 , 4  
L E F T :  AX 1MIN = X 2 » A X 2 M I N = X 1 A X 2 , MI N VAL Y l

A X 1 M I N = X 1 ,  AX2 MI N=X2 AX2 =XZ»  MIN VAL Y2
4 X2 = XZ

Y l  = Y2
5 RETURN

END
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A T  E A C H  C F  T H E  I N C R E M E N T S  OF

S U B F O U T  i  ME E D S U B 2 I  M J M B R )
I M P L I C I T  R E A L * B i  A - H , C - Z )  . ’
CCMMCN / C U M A /  Aw » A R  , BR , B L , R R  I 3 C  #.5 i . Y R I 3 C  ,  5  ) ,  R L  ( 3 0 * 5  i . Y L  1 3 0 * 5 1  •

I  B I I  3 0 , 2  1 , 8 2 1 3  0 , 2 )  , 8 3 ( 3 0 , 2 ) » B 4 f 3 C , 2 ) » S l  ( 5  ) , S 2  ( 5 ) ,  S 3  I  5  ) ,  S 4 (  5 1 ,  
1 AXW ( 24** 1 . A ' X U m i i  A X 2 ( 2 4 4 ) , A X 3 I 2 4 4 )  » A X 4 ( 2 4 4 1  ,  A R 1  ( 2 4  A ) » A P 2  ( 2 4 4 )  t 
1  A R 3 ( 2 4 4 )  , A R 4 ( 2 4 4 )  ,  A R 5 ( 2 4 4  ) ,  AM 1  ( 2 4 4  ),» AM2 ( 2 4 4 )  ,  AM 3 ( 2 4 4 ) ,  AW H  2 4 4 )  
1  A Y K  2 4 4 )  » N C I ,  N C 2 *  N C 3  » N C 4

c
C C A L C U L A T E  T H E  C O N S T R A l N T  R E L A T I C N S
C W H E E L S E T  L A T E R A L  

S B R = D S 1  N I B R )
S E L = D S 1 N  ( B L )
A W T 2 = 2 « * A W
A R T 2 = 2 . * A K  ; ■ .
DO 1 0 0  I  =  1 »  NUMBR

C C H C G S E  T H E  C U R V E  F I T S  V A L I D  A T  T H E  P C I N T S
C A L L  C H O u S E I A X l l I )  , A X 2 ( I ) , A X 3 ( I  ) , A X 4 ( I )  )

C  C A L C U L A T E  THE R O L L I N G  R A D I I  AND H E I G H T  C F  T H E  R A I L  AT T H E  P C I N T S  
C A L L  R A Q i i ( S I ,  S 2  » S 3 ,  S 4  » A X 1 1 I )  * A X 2 ( I ) ,  A X 3 ( 1 1 » A X 4 ( I ) , A R 1 ( I ) ,

I  A R 2 ( I ) » A K  j ( I ) *  A R 4 ( I ) )  ; .
C C A L C U L A T E  W H E E L S E T  R O L L  A N G L E

A W 1 I I  ) = ( A K 4 U ) - A R 2  I I I + A X 4 ( I ) * S 8 L  - A X 2 I I ) * S B R  ♦ A R 3 ( I )
1 - A R 1 ( I ) ) / ( A W T 2  + A X i m + A X 3 ( m  ■* ,

A l f i K I  ) = OAT AN ( A w l  ( i  ) ) ■
AW 1 ( 1  ) =  ( A R 4 (  i  ) - A R 2  ( I ) + A X 4 (  I  ) * S B L  - A X 2 ( I ) * S E R  „ +  ( A R 3 i n -

1  A R I  ( I )  ) * D C u S  ( Aw 1  ( I )  5 )  /  ( ( AWT 2 * A X 1 ( I ) + A X 3 (  I ) ) . * C C Q S (  A W1 (  I )  ) I  /
A W1 ( I ) = D  A T  A N ( A W 1 ( 1 ) )  , \

C C A L C U L A T E  R I G H T  C O N T A C T  A N C L E  - . f
A M 1 ( ! ) = - ( S i  1 2 ) +  2 . * S I ( 3 ) * A X 1 ( I ) + 3 . * S l ( 4 ) * A X l ( I ) * * 2 + 4 - * S 1 ( 5 ) *

1 AX 1 ( 1 ) * 4 3 )
A M I  1 I ) = D A T A N ( A M L  1 1  ) )

C C A L C U L A T E  L E F T  C O N T A C T  A N G L E
AM2 ( I ) =  —( S 3 ( 2 ) + 2 »  =* S 3  ( 3 } * A X 3  ( I  ) +  3 . * S  3 ( 4  ) * A X 3 (  I  ) * * 2 + 4 „ * S 3 <  5 ) *

1  A X 3 ( I ) * * 3 )  / i
A M 2 1 I ) = O A T  A N 1 A M 2 ( I  ) )

C  C A L C U L A T E  M O R M A L i Z E D  D I F F E R E N C E  I N  C O N T A C T  A N G L E S  
A M 3 ( I ) =  ( A M 2 ( i ) —A M I ( I )  ) / 2  *

C C A L C U L A T E  N O R M A L I Z E D  D I F F E R E N C E  I N  R O L L I N G  R A D I I
A P 5 ( I ) = ( A R 3 I i ) - A R l  ( I D / A R T 2  , , >

C C A L C U L A T E  V E R T I C A L  D I S P L A C E M E N T  C F  W H E E L S E T  , 1
A Y K  I  ) =  ( A R 4  ( I ) + A R 2  ( I ) + A X 4 (  I  ) * S 8 L  + A > 2 ( I ) * S E R  , +  ( A R 3 C I I

1  + A R I ( 1 ) ) * O C U S ( A t t I ( I ) ) ) / Z .  % :  *
I C C  C O N T I N U E

C  NORMAL I Z E  V E R T I C A L  D I S P L A C E M E N T  T C  Z E R O  AT XW=0
N = N U M B R / 2 Y=AYl(N)
DC  I I C  I  =  1 1 NUMBR
a y k i ) = a y k  d - y

U C  C O N T I N U E  
R E T U R N  
END
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1

S U B R O U T  I  \HL P L u T 2 ( N U N B R , I C T R ,  I C T L  )
I M P L I C I T  R E A L * 8 (  A—F » 0 —Z )
R E A L  SAXWl  2 4 4 )  , S A M 1 < 2 4 4 )  , S A M 2 < 2 4 4 )  » S A N 3  ( 2 4 4 )  » S A R K 2 4 4 ) »

C S A R 3 ( 2 4 4 ) , S A R 5  ( 2 4 4  ) ,  S AW1 ( 2 4 4  ) » SAX 1( 2 4 4 ) , S A X 2 ( 2 4 4 ) , S A X 3 ( 2 4 4 ) *
C S A X 4 I 2 4 4 )

CC MMCN / C O M A /  AW ,  A R  ,  BR ,  B L  ,  R R  ( 3 0 ,  5 ) ,  Y R  ( 3  C ,  5 )  , R L  < 3 0 , 5  ) ,  Y U  3 0  » 5 ) ,
1 B 1 ( 3 0 ,  2 )  , B 2 (  3  0 , 2 )  , 0 3 ( 3 0 , 2 )  , 8 4 < 3 C , 2 ) , S 1  ( 5 )  » S 2 <  5 )  » S 3  ( 5 S 4 I  5 ) ,  
1 A X W I 2 4 4 )  ,  A X U 2 4 4 )  ,  A X 2  ( 2 4 4 )  ,  A X 3 (  2 4 4 )  ,  A X4 ( 2 4 4 )  ,  AR H 2 4 4  ) ,  A R 2  ( 2 4 4 )  ,
I  A R 3 1 2 4 4 )  ,  A R 4 (  2 4 4 )  , A R 5 ( 2 4 4 )  ,  AMI  ( 2 4 4  ) ,  AM2 5 2 4 4  ) ,  A M 3 I 2 4 4 I ,  A W K 2 4 4 ) ,
1  A Y 1 ( 2 4 4 ) , N C I , N C 2 , N C  3 , N C 4  

C
CCMMGN / C U M C /  I N H C R ( 1 3 ) ,  I W H L L (  1 3  ) , I R A I L R ( 1 3 ) , I  PA I L L  I 1 3 )

C
0 I M E N S i u N  I C T R (  1 3 )  , I C T L (  1 3 )

C . . .
C C O MP U T E  S C A L I N G  F A C T O R S  

A N = NU MB R
X W = - A N * . O G 5  + . 0 1  
N I = - X W / . 0 1 * 1 .
M  =  N U M b k + l  
N 2 = N U M B R + 2  
M i  = NI+l 
M 2 = N I  +  2
AX W I N  1 )  = - i  • 2  . ,
AXW< N 2 )  =  . 3 ,
A R i ( N i ) - O b L t ( (  A i N T  ( S N G L ( ( A R l ( N U M B R / 2 ) - . S ) * L 0 . ) ) ) / 1 0 •)
AP l ( N 2 ) = . 4  
A R 3 ( N 1 ) = A R 1 ( N 1 )
A R 3 ( N 2 ) = A R l ( N 2 )
A R 5 ( N l )  =  - . O b  
A R 5 ( N 2 ) = . J 1  

C
AW 1 ( N 1  ) = —.  0 2 5  
A W 1 ( N 2 ) = . 0 0 5  

C 
C

AM 1 ( N 1 )  = —.  2  
A M 1 ( N 2 ) = . 2  
A M2 ( N 1 ) — AM L ( N 1  )
A M 2 ( N 2 ) = A M l l N 2  )
AM3 ( N l ) = —1 •  ;
A M 3 ( N 2 ) = . 2  **

* *  C H A N G E  D O U B L E  P R E C I S I O N  A R R A Y S  T O  S I N G L E  P R E C I S I O N  F O R  P L O T T I N G  
DC  5 0  1 = 1 , 2 4 4  
S A X W ( I ) = $ N G L ( A X W ( I  ) )
S A M I ( I )  =  S N G L ( A M I ( 1  ) )
S A M 2 I  I ) = S N G L 4  A M 2 I 1  ) )
S A M3  ( I )  =  S N G L (  AM3 ( I  ) )
S A R K  I )  =  S N G L 4 A R 1 4  1 ) )
S A R 3 I  I ) = S N G L 4 A R 3 ( I  ) )
S A R 5 I I ) = S N G L ( A R 5 4 i ) )
S A W1  ( I ) = S N u U A W K  1  ) )

5 0  C O N T I N U E
C F L C T  D I F F  I N  C O N T A C T  A N G L E S  

C A L L  P L O T  & . 5 , 3 .  , - 3  )
C A L L  S Y M B O L ( . 5 , 1 0 . 2  ,  . 2  1 ,  ' O N E  H A L F  C O N T A C T  A N G L E  D I F F E R E N C E * , 0 • , 3 3 1  
C A L L  G R I 0 1 G . , 0 . , . 5  , . 5 , 1 6 , 2 0  )
C A L L  A X i  S ( 0 . , 0 . , 2 1 H U H E E L S E T  L A T E R A L  < I N )  , - 2 1 « 8 . * 0 . « A X M f N l )  ,

1  A X W I N 2 K
C A L L  L I N E ! S A X W , S A M  3 , N U M B R , 1 , * 1 , 5 )
C A L L  A X 1 S 4 4 . J ,  J . , 4 6 H l / 2  D I F F .  I N  C O N T A C T  A N G L E S  W . R . T .  A X L E  « L T - R T  

1 , 4 6 , 9 . 9 , 9 0 . , A M 3 ( N l ) , A M 3 ( N 2 ! )
C P L O T  C I F F  I N  R O L L I N G . R A C I I  

C A L L  P L O K O . , 1 1 . 5 , - 3 )
C A L L  S Y M B O L ( . 3 , 1 0 . 2 , - 2 1 ,  ' N O R M A L I Z E D  R O L L I N G  R A D I I  D I F F E R E N C E * , 0 . »

1  3 5 )
C A L L  G R 1 0 I G . , 0 . , . 5 , . 5 , 1 6 , 2 0 )
C A L L  A X I S ! J . , J . , 2 1 H W H E E L S E T  L A T E R A L  ( I N  ) , - 2 1 » 8 . « C . , A X W ( N i ) ,

1 A X W ( N 2 ) )
C A L L  L I N E ! S A X W , S A R 5 , N U M B R ,  1 , * 1 , 5  )
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C A L L  A X I S !  4 . 0 ,  0 .  , 3 9 H D I F F .  I K  R O L L I N G  R A C I I / R A I l  G A G E ,  L F - R T ,  
1  3 9 , 9 . 9 , 9 0 . , A R 5 1 N i ) , A R 5 C N 2 )  )

P L O T  P O L L I N G  R A D I I
C A L L  P L U T ! 9 . , 0 . , - 3  )
C A L L  S Y M B 0 H 2 . 6 ,  1 0 . 2 , . 2 1 , ' R O L L I N G  R A C I  I  * , 0 . ,  1 3  )
C A L L  G R I 0 ( 0 . , 0 . * . 5 , . 5 , 1 6 , 2 0  )
C A L L  A X I S !  0® » 0 . »  2 1 H N H E E L  SE T L A T E R A L  C I  IS) , - 2 1  ,  8 .  , C « ,  AXMI  M  ) ,

1  A X N I N 2 I )
C A L L  A X I  S I  4 . 0 ,  0 .  , 3  5 H R C L L  I N G  R A D I U S ,  * = P I G H T , * = l € F T ,  I N . , 3 5 , 9 . 9 ,  

1  9 0 . , A R 1 IN 1 ) » A R l I N 2 ) )
C A L L  L I N E !  SAXW , S A R  1  , M J P B R  ,  1 , * 1 , 3 )
C A L L  L i N E I S A X W , $ A R 3 , N U M B R , 1 » + 1 , 1 1 )

PLOT CCNTACI ANGLES
CALL P L U T I O . , —i i . 5 , - 3 }
C A L L  SYMBOL 1 2 . 5 * 1 0 . 2 , . 2 1 , ’ C O N T A C T  A N G L E S ' * 0 . •141  
C A L L  G R I  L){ J . ,  J  • ,  . 5  ,  . 5 , 1 6  * 2 0  )
CALL A X I S !  0 . , 0 . , 2 1 H W H E E L S E T  LATERAL { I M , * 2 1 , 8 . , 0 . i  

I  A X W I N 2 ) )
CALL A X I S !  4 . 0 , 0 .  , 3  7HCCNT ACT ANGLE f e . F . T .  AXLE,  *=RT 

I  9 . 9 , 9 0 . , A M 1 ! N U ,  A M H N 2 M  
CALL L I N E ( S a X W , S A M 1 , N U K B R , I , + 1 , 3 )
CALL L I N E  1SAXto ,  SAM 2 « N U M B R * 1 , + 1  , 1 1 )

AXW! M l  

* LT , 37,

PLOT HHEELSET ROLL ANGLES 
CALL P L U T 4 9 . . 0  . , - 3  )
CALL SYMBOL 1 2 . 6 , 1 0 . 2 , . 2 1 , ' WHEELSET R O L L * , 0 . , 1 3 )
CALL G R i D ! 0 . , 3 . , . 5 , . 5 , 1 6 * 2 0 )
CALL A X 1 S I 0 . , 0 . , 2 1 H W H E E L S E T  LATERAL I I N  ) , - 2 1 , 8 . , 0 . ,  A X W I N 1 ) ,

1 A X W I N 2 U
CALL AXi  SI  4 . 0 , 0 . . 1 3 HNHE E L S E T  ROL L , 1 3 , 9 . 9 , 9 0 . , AN I I N I ) , A W 1 1 N 2 I ) 
CALL U N E ( S A X W , S A K 1 , NUMBR, 1 » +  1 , 5  )

T I T L E S
CALL S Y M B O L ! . 5 , 2 1 .  , . 2 1 , ' R I G H T  S I D E ' » C . ,  101 
CALL SYMBOL! 1 . 0 , 2 0 . , . 2 1 , 1 W H L R , C . , 5 2 )
CALL SYMBOL i l . J , 1 9 . 5 » . 2 1 , I R A I L R , 0 . , 5 2 )
CALL SYMBOL 1 1 . 0 , 1 9 . , . 2 1 , I C T R , C .  , 5 2 $
CALL S Y M B OL ! . 5 , I B .  0 , . 2 1 ,  ' L E F T  S I D E ' , 0 . , 9 )
CALL SYMBOL ( 1 . 0 , L 7 . C , . 2 1 , I V « F L L , 0 . , 5 2 )
CALL S Y M B O L l i . O , 1 6 . 5 , . 2 1 , IRA I L L , 0 . , 5 2 )
CALL S Y M B O L ! i . 0 , 1 6 . 0 ♦ . 2 1 , I C T L , C . , 5 2  I

C  * *

60
C

S C A L I N G  F A C T O R S  
A X 1 ! N U  =  0 .
A X 1 I N 2 )  =  1 .
A X 2 I N 1 ) =  0 .
A X 2 I N 2 ) = i .
A X 3 ( N 1 )  =  0 .
A X 3 ( N 2 ) = i .
A X 4 ( N 1 ) = 0 .
A X 4 ! N 2 ) = 1 .

CHANGE D o UbL E  P R E C I S I O N  
DC 60 1= 1 , 2 4 4  
SAX I I I ) = S N G L ! A X 1 11)  ) 
SAX2I  I i  = SWGL I AX2 11 i ) 
SAX3I  I )  =SNGL! AX3 (1 ) )
S A X 4  ! l ) = S N G L ( A X 4 l 1 ) ) 
C O N T I N U E

P L O T  R I G H T  W H E E L  C O N T A C T  
C A L L  P L O T  1 2 0 . 5 , 1 3 . 2 5

V A L U E S  T C  S I N G L E  P R E C I S I O N  FOR P L O T T I N G

C A L L
C A L L
C A L L
C A L L

P T S
-3)

A X I S !  0 » , 0 . , 2 1 H  WH E E L  S E T  L A T E R A L  I I M  , 2 1 , 7 . 9 , 9 0 .  , - 1 . 2 ,  . 3  I
SYMBOL 1 —2 . 5 , B . 2 , . 2 1 , ' W H E E L  CONTACT P O S I T I C N * , 0 . , 2 2 )
G R I D I - 2 . 6 , 0 . , . 5 , . 5 , 1 0 , 1 6 )
L 1 N E ( S A X 1 , S A X W , N U M B R , 1 , + 1 , 5 )

C PLOT RI GHT R A I L  CONTACT PTS

C A L L  A U S !  0 1  ? 0 . *  2 1  HHH E E L  S E T  L A T E R A L  ( I M ,  2  i ,  7 . 9 ,  9 0 .  , - l .  2 ,  .  3  I  
C A L L  S Y M B O L ! —2 . 0 , B . 2 » . 2 1 , ' R A I L  C O N T A C T  P O S I T I O N ' , 0 .  , 2 1 )
C A L L  G R 1 0  4—2 . , 0 . * . 5 , . 5 , 8 * 1 6  )
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CALL L I N E !  S A X 2 , 3 A X V > , N U ' ' B R , 1  , + 1 , 5  I 
C PLCT L EF T  R A I L  CONTACT PTS 

CA L L  PLUTT 0 . , - 1 3 . 2 5 , - 3 )
CALL A X i S ( J . » J . » 2 1 h W F E E L S E T  LATERAL ( I N ) » 2 1 f 7 . S « 5 J . , - 1 . 2 , . 3 )  
CALL SY MBOL ! —2 . 0 , < J . 2 , . 2 1 « * R A I L  CONTACT PCS I T  IC N • ,0. , 2 1 )
CALL GR1 D ( —2 . »  0 .  , . 5 , . 5 , 6 , 1 6 )
CALL L I N E  T 3 a a 4 ,  oAX V > » M > M B R » i , l , 5 )

C PLCT L E F T  WHEEL CONTACT PTS  
CALL PLOT 1—5 . 5 , 0 . , - 3 )
CALL A X I S ! 0 . , 0 . , 2 1 H W H E E L S E T  LATERAL 1 1 M , 2 1 , 7 . S , 9 0 . , - l . 2 , . 3  ) 
CALL S Y M B U L ( - 2 . 5 , d . 2 , . 2 1 , ' W E E E L  CONTACT P C S I T I C N • , 0 .  ,  22 )
CALL G R 1 0 T - 2 . 5 , 0 . , . 5 , . 5 , I C , 1 6 )
CALL  L l N E ( S A X 3 , 3 A X V i , N U M B R « l , l , 5 )
RETURN
ENO
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C U B I C  S P L l N t  H I T  I N G  R O U T I N E

B I D  = ELEMENTS 
D ( I )  = ELEMENT S 
A U )  = ELEMENTS 
C U )  = CONSTANT

F L R P G S E •
S O L V E  B A S I C  S I M U L T A N E O U S  S E T  C F  N S P U M E  L I N E A R  E Q U A T I O N S  „
F G R  S E C O N D  D E R I V A T I V E S  S ( I )  AT S P L I N E  J O I N T S .  R E S U L T S  S T O R E D  I N  
V E C T O R  C .  R O U T I N E  C AN A C C C M C D A T E  UP T C  N = 2 0 0  S P L I N E  J O I N T S .

V A R I A B L E S :
N =  NUMBER OF S P L I N E  J C I N T S  U N P U T )
X =  N X I  V E C T O R  O F  A B S C I S S A  J C I N T  C C C P C I N A T E S  U N P U T )
Y =  N X i  V E C T O R  O F  O R D I N A T E  J C I N T  C C C P C I N A T E S  U N P U T )  ,
C =  N X 1  V E C T O R  O F  S ( I )  2 N C  C E R I V  S C L N S  I O U T P U T )

I P R  I N I  =  P R I N T  F L A G ,  0 = N C  P R I N T ,  I  =  P R I N T  ( I N P U T )
H U )  =  X l i + i )  -  X U )  =  C I S T  B E T W E E N  A D J A C E N T  J C I N T S

T R I  C l A G O N A L  S Y S i E M :
S Y S T E M  I S  T R I O I  A G O N A L  A L L O W I N G  C U I C K  S O L U T I O N  C F  A L A R G E  N U MB E R  
O F  E Q U A T I O N S .

B E L O W D I A G O N A L  
ON 0 1  A G O N A L  
A B O V E  D I A G O N A L
R I G H T  H A N C  S I C E  E L E N E N T S  ■

T H E  N S I M U L T A N E O U S  E Q N S  I N  2 ND D E R I V A T I V E S  S I D  H A V E  B E E N  R E D U C E D  
T C  ( N - 2 )  E O N S  TO T A K E  A D V A N T A G E  C F  T F E  P A P I O  S C L N  O F  A T R I  D I A G O N A L  
S Y S T E M .  T H E  1 S T  E C N  F A S  B E E N  I N C O R P O R A T E D  I N  T H E  2 N C  E GN ,
AND T HE  N T H  I N  T H E  ( N - l ) S T  E C N .

T H E  END C O N D I T I O N S :  „ _
T H E  END C O N D I T I O N S  F C R  S P L I N E  F I T T I N G  MUST B E  C H C S E N .
T H E  V A L U E S  OF T H E  2 ND D E R I V A T I V E S  AT E N D
J C I N T S  X i l i  AND X I  N)  A R E  E S T I M A T E D  AS A L I N E A R  E X T R A F L O A T  I  ON 
CF T H E  2 N D  D E R I V A T I V E S  A T  T H E  TWO A D J A C E N T  J O I N T S ,  R E S P E C T I V E L Y

T H I S  S U B R O U T I N E  C A N  B E  C H A N G E D  T C  A C C O M O D A T E  O T H E R  E ND C O N D I T I O N S  
BY R E P L A C I N G  T H E  C E D I N G  L O C A T E D  E E T W E E N  T H E  L I N E S  O F  A S T E R I S K S .

S U B R O U T I N E  S P L I N E ! N , X , Y , C , I  P R I N T  )
I M P L I C I T  R E A L * 8 I  A—H » 0 - Z I
D I M E N S I O N  X U ) , V i l ) , C m , B l 2 C l ) , D I 2 C l ) , A ( 2 C I ) , H ( 2 0 1 )
N 1 =  N - 1  
N 2 = N —2
H ( l ) = x i 2 i - x m  
H I  2 )  =  XI  3 J - X I 2 )
H ( N 1 ) = X ( N ) - X ! N 1 )

T F E  M O D I F I E D  S E C O N D  S Y S T E M  EQN 1 1 = 2 )
E 1 2  ) = 0 .£******************************************************
D I 2 ) - ( 2 . + H U ) / H ! 2 )  ) * I H U ) + H I 2 ) I  
AC 2 ) = H I  2 I - H U )  * H i  1  ) / H I  2 ?

£ * * * * * * * * * * 4 * * * * * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * *

C (  2 )  =  6 .  * 1  ( Y I 3 ) - Y I 2 )  ) / H C 2 ) - C  Y I 2  J - Y U 1  ) / U l )  )
C  T F E  N E X T  I N - 4 )  S Y S  E Q N S  { 1 = 3 , 4  , . . . , N - 2  )

D C  1 0  I = 3  « N2
H I  I  ) = X U + 1  ) - X I l i
E I I I = H I I - i l
D I  I  ) =  2 . * I H I I - 1 U - H I  I ) l

C u i  =  6 i * U  V I H - U - Y  ( I )  ) / H C I ) - C Y U  )—Y U - 1 3  ) / H «  1 - 1 1 }
1 0  C O N T I N U E
C T H E  M O D I F I E D  N E X T  T O  L A S T  S Y S  E GN I 5 = N - 1  I

£********* ****** **** ** ******** *************************
B I N ! ) = H ( N 2 ) - H (  N i ) * F ( N 1 ) / H { N 2 )
D l N l )  =  I 2 .  +  H l N i  J V H I N 2 )  ) * ( F I N 1 I - * H I N 2 1 I  

£ * * * * * * *  * * * * * * * * *  * * * * * * *  * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * *
C I N l  ) = 6 . * U Y I N ) - Y (  N l )  ) / H  I N I  ) - I Y ( N l  ) ~ Y (  N2  U / H C N  2 )  )

C
C P R I N T  R E S U L T S

I F l I P R I N T . E Q . O ) GO T G 1 5  
W R I T E C 3 ,  1 0 0 )

I O C  F O R M A T  I  6 0® )
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W R I T E ( 3 *  2 G 0 J  ( l , t t (  I  ) , 0 ( 1  I , A ( I  } , C I I  ) , H « I  3 , 1 = 2 ,  N U  
2 0 0  F G R M A T I I 5 9 5 F 1 4 . 6 J  
C
C S C L V E  T R I D I A G U N A L  S Y S T E M  BY E L  I M I N A T I C K «  ,
C  S T O R A G E  I S  M I N I M I Z E D  BY C O M P R E S S I N G . C O E P S  I N T O  4  V E C T O R S .
C , ; N - 2  E ONS  I N  N - 2  UNKNOWNS'  , ■ <
C
C C O M P U T E  NEW M A T R I X .  V A L S  OF  V A R  W I L L  B E  S T O R E D  I f .  C A R R A Y * ' ,  
1 5  DC 2 0  1 * 3 . N i  , , ;

r = b i n / u i i —i j  . , /• i V  - ■
D l  l  ) = D U  ) - R * A l  I - I  J 

2 C  C ! I ) = C M ) - f t C i I - i )
C  E A C K  S U B S T I T U T I O N .

C { N 1 ) . = C I ' N I J / Q ( N 1 J  
DC 3 0  1 = 2 . N 2  
J = M - I * 1  .

3 0  C ( J I  =  I C U i - A U J * C I J + l ) ) / D ( J )
c .
C  C A L C U L A T E  T HE  S O L U T I O N  V A L U E S  F G R  1 = 1  AND 1 = N
C 4 4 * 4 4 4 * 4 4 4 * * * 4 * 4 4 4 4 * 4 * 4  * 4 4 4 4 4  4 4 4  4 * 4  4 4  4 4  4 4 4 * 4 4 * * * 4 * 4 4 * 4

C U )  =  ( I H I I  3 + H I 2 J  J * C ( 2 ) - C ( 3 J * F ( l i ) > H l 2 ) ,
C ( N ) = ( l H I N 2 J * H ( N 1 J ) * C  ( N 1  ) - C  ( N 2  } * H  t' N- 1)  ) 7 ' h ( f i i 2 )Q * * * * 4 4 * 4 4 * 4 4 4 4 4 4 4 4 4 4 4 4 4 * * 4 * 4 4 4 * * * * 4 * 4 4 4 4 * 4 * t * * * * * * * * * *

v ' ‘ - . • ' ' •  " ' ' ■ . . ; .
C  P R I N T  R E S U L T S

I F C  I P R I N T . E Q . O i  GO ' TO 4 0  
W R I T E B . 1 U G J
W R I T E ( 3 . 3 0  0 1  I i . C I  I )  . 1  = 1 , NS 

3 0 0  FORM AT I i  i>» F 1 4 .  6 J
C  ..
4 0  •" RE T UR N' - ' -  : ' ■ , '..••• '

: END ' .< '■ ■ " "

!
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D CUBIC SPLINE INTERPOL ATI CN ROUTINE  

FLRPGSEs
I N T E R P O L A T E  TO F I N D  Y  O R D I N A T E  V A L U E  B E T W E E N  J O I N T S  
A ND  F I N D  V A L U E S  O F  1 S T  D E R I V ,  2 N D  D E R I V ,  R A D I U S  O F  
C U R V A T U R E ,  AND C U R V A T U R E  A T  T H I S  Y V A L U E ,
T H I S  R O U T I N E  I S  U S E D  I N  C O N J U N C T I O N  W I T H  T H E  S P L I N E  
R O U T I N E  W H I C H  F I N D S  T H E  V A L U E S  OF  2 N D  D E R I V  S I D  AT J O I N T S

VARI ABLES;  ;
N =  NUMBER OF  J O I N T S
X a  I N P U T  V E C T O R  OF  J O I N T  C O O R D I N A T E S  -  A B S C I S S A S
y  »  i n p u t  v e c t o r . c f  j o i n t  c o o r d i n a t e s  -  o r d i n a t e s
S =  I N P U T  V E C T O R  C F  2 N D  D E R I V A T I V E S  AT J O I N T S
XP a  I N P U T  X V A L U E
Y P  =  O U T P U T  Y V A L U E
D I  *  O U T P U T  1 S T  D E R I V A T I V E
D 2  a  O U T P U T  2 N D  D E R I V A T I V E
R C  =  O U T P U T  R A D I O S  C F  C U R V A T U R E
C V  a  O U T P U T  C U R V A T U R E  *  l . / R C
I  F R  =  E R R O R  F L A G ,  U = N G  E R R O R ,  1 = X  V A L U E  I N P U T  E R R O R

S U B R O U T I N E  S P I ! N , X , Y , S , X F , Y P , C l , 0 2 , R C , C V ,  I E R )
I M P L I C I T  R E A L * B (  A - H , G - Z )
D I M E N S I O N  X U )  , Y U  ) , S ! U  
E N T R Y  $ P I C i N , X , Y , $ , X P , C V )

C H E C K  F O R  X I N P U T  E R R O R .
I E R = 0
I F  ( X P . G E  . X 1  U . A N D . X P . L E . X ( N )  ) G C  T C  1 0
I F !  I E R . L Q . I  ) GO TO 5
I E R = I
XP I a C . OOOOOl
I F ( X P o G T . J . O )  X p l = - Q . 0 0 0 G 0 1
XP=XP* XP l
GO TO 1
W R I T E !  3 , 1 0 0 )  XP

OC  F O R M A T ! • T H E  I N P U T  X V A L U E  X = e » F 1 2 . f c ,
I  • I S  O U T S I D E  J O I N T  R A N G E  * * * * * * * * * * * * * • )

R E T U R N

LOCATE WHICH I NTERVAL XP I S  I N .
0  DO 2 0  L = 2 , N

I F ! X ( L ) . G E . X P )  GO TO 3 0
0 C O N T I N U E
'o i= L t ! •. •;

C A L C U L A T E  C U B I C  C O E F F I C I E N T S  ON I T H  I N T E R V A L  
H =  X I L ) - X ! I J  
A P  = I  S ! L  ) - S I I  ) ) / ! 6 . * H )
B P = ? S I I ) / 2 .
C P = ( Y ! L ) - Y ! l ) ) / H - ! S ! L )  * 2 . * S ! I ) ) * H / £ .
XC=XP—X !I)

C A L C  Y P  V A L U E ,  D E R I V A T I V E S ,  A N D  R A O  C F  C U R V  F O R  T H I S  X P .  
Y P = A P * X D * * 3 * B P * X D * X 0 * C P * X D + Y (  I )  1 ,
D 1 = 3 . * A P * X 0 * X D * 2 . * B P * X D + C P  
D 2 = f e . * A P * X D + 2 . * B P  
R C  = I  ( l . F D l * D i )  * * 1 .  5 ) / D 2  

C N E G A T E  T H E  C U R V A T U R E  F O R  W H R A I L  P R O F I L E S  
C V = - 1 . / K C  
R E T U R N  
ENO
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SliBROUT ii'it D C R F C N I N . A X W , A R 5 , A M 2 , A W 1 , A R 1
I M P L I C H  R t A L * 8 l  A - F t C - Z  i
D I MENSI ON A X W < I ) , A R 5 t l ) t A M 3 I 1 ) , A W 1 < 1 )

C L I N E A R I Z A T I O N  US I NG DESCRI B I NG FUNCTIONS WITH A SI NUSI OOAL I NPUT  
C AMF=AMP GF MGTIUN=A  
C ALAM=SLCPE OF iR L - R R i / 2 AR=AN2 
C CELM=SLCPE oF I M L - M R ) / 2  = AN1
C WSRL-SLCPE UF WHEELSET ROLL ANGLE DATA =AN3

P R I M  LG '
10 F C R M A T ( / / / / Z X t  • L I N E A R I Z A T I O N  USING DESCRI B I NG FCNS* / 3 X »  • A R P 8 *

1 5X» • A L A M * , 5 X , » D E L f • » 5 X , ' W S P L ' / J  
C CCN PUTE POINT I N  ARRAYS CCRRESPCNOING TC START OF I k  GT 0 1 

N 2 = N / 2 + 2  , ,
C COMPUTE FOR fcACH AMPLI TUDE

DC 1 0 0  I J K = 1 , 3 J  t
A I  = I  JK 5 •
A= oC5#Ai

C CHECK L I M I T  UF ARRAY
I F I A . G T . A X W l N ) +» GG 2 S GO TO 2CC ■

C DEFI NE OR I N I T I A L I Z E  PARAMETERS 
A K = V „ / < ; i . l 4 1 i > 9 * A * * 2 . )
AN1=0  
A N2=C
AN3=0 ‘ '

C LSE TRAPAZUIUAL RULE TC NUMERICALLY INTEGRATE EQUATIONS  
DC 4 0  i = N ^ » 4 U 2
1 1 = 1 - 1  •• —

C  #  4 4 : * * *  # 4  4  4 4 4 *  # *  * * # #  * 4 * 4  4 4 4 4 4 4 4 * * 4 * 4 * * * 4  4 4 * * 4 4 * * * * * *  * # * # * * * 4 # * # # * *

C * *  PCUND-UP R u U T I N t  FOR ARCSIN ARGUMENT GREATER THAN ONE 
T EST 1 = AXW( I  I / A  
T E S T 2 = A X W ( I I J / A
I F !  T E S T 1 . G T . I .  OOOGCC- ANO* TE S I I  „ L T .  U Q O C C l ) GOTO 1 
GOTO 2

1 TEST 1 = 1 . UUUUOOUGUUCCOOQD+OO
2 I F I T E S T ^ 3G T « l o 0 G G G C C . A N D . T E S T 2 . L . T . l . C C C C l ) G 0 T 0  3

GC TO 4
3 TEST2=1-GGOGUGOOOOCCCCCD+CO
4 CCNTINUE
C * *  I F  ARGUMENT UF A R S i N  I S  GREATER TFEN 1 . C C 0 0 1  
C * *  I F E  PROGRAM WILL TERMINATE AeNCRMALLY 
C * *  END OF ARGUMENT PRuTECTI CN ROUTINE
C  # 4 4  4  4 4 4 4 4 * 4 4 4  4 * * * * * 4 # # *  4 4 4 # 4 * 4 4 # 4 * 4 # * * # 4 * # 4 * 4 * * * * * * * # * * 4 * 4 # * * * # # # * 4 4 # * 4

S1 = D A R S I N I  TEST I J —D APS I M T E S I 2 )
A N l = A N i + ( A M 3 ( i  ) * A X W U ) + A M 3 {  I 1 ) 4 A > W (  I l i ) * S l / 2 .
A N 2 = A N 2 * t A R 5 ( i  J * A x M I ) + A R 5 (  I I  J t A X M M l  ) ) * S l / 2 «
AN3=AN3+(  A W i l  I  ) * A X W U  ) * Ah ' l t  1 1 ) * A X U ( 1 1 ) ) * S l / 2 .

C CHECK TO SfcL I F  AMPLI TUDE REACHED
I F 1 I A X W I  1 J - A ) . G E . - o0 0 2 )  GC TC 50  

4C CCNTINUE
C CCMBINE TERMS AND NORMALIZE  

5C A M = A N 1 * A K * A K  
A N 2 = A N 2 * A K * A k  
A N 3= A N3 *  AK *  AK 

C C l T P U T
PRI NT 6 0 » A X W ( I  J»A N 2 » AN 1®AN3 ,

6 C FCRMATI  F 7 . 3 , 3 (  F 9 « 4  ) )
ICC CCNTINUE  
20C CCNTINUE  

RETURN
END :
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LI STI NG OF INPUT CARDS -  SYMMETRIC PROBLEM

• *i
01*1*01

0*0
1*1*05
53,0 56,5 .025 .025 
NEW AAR WHEEL DATA 026

3'.0*25
007?
1 l

0.26499926+81
0.24823746+01 
0.22983086+01 
8.21215S6E+.01 
0,V19005S9E + &1 
0.17244556+01 
0,15187356+81 
w,13349R0E+01 
0,11066576+81 
fe.90826136+00 
0,88084906+90 
0,45283«0E+00 
0.2388720E+«0 
0,2382800E-0J 

-9,1738080E+00 
•0.4M85430E+00 
-0,59961406+00 
-0,79769106+00 
-0.96010386+00 
=».1136849E+0i 
-0.12789166+01 
«0,13912946+01 
-0.15129486+01 

1567407E+01 
•0.1623141E+01 
-0.16862006+01 
*0.17355676+01 
-0.17909826+01 
-8,18686906+01 
■-0.1960089E+01 
-0.20731446+01 
-0.21779176+01 
-0.23253616+01 
-0,2464843E+01 
-0.26090996+01 
-0.27587666+01

0 0l5176516+82 
0,16370626+02 
0,1638788E+02 
0,16 4014 96,+ 02 
0.16421016+02 
0,16429056+02 
0,16432606+02 
0,16438356+02 
0,16454226+02 
8.16464366+02 
0,16474446+02 
0,1648.421E + 02 
0,16496676+02 
0,1650694E + 02 
0.1652T80E+02 
0•16535066+02 
0,16548736+02 
0,16542046+02 
8,16S5791E+82 
0,1658423E+02 
0,1662659E+02 
0,1-6688806+02 
0.16791536+02 
0.16S6533E+02 
0 g1696332E+02 
8,1707988E+02 
0,17188746+02 
0.17283516+02 
0.1737601E+02 
0 ,'17450946 + 02 
8,1752028E+02 
0,1756200E+02 
0,17578996+02 
0,1757506E+02 
0,17524756+02 
0.17425326+02

0.25638996+01 
0.23795146+01 
0.22l80'96E+0i 
0,20040576+01 
0.18196726 + 01 
0.16212766+81 
0.14231996+01 
0.12244846+01 
0.1003796E+01 
0.80508206+00 
0.56273906+00 
0.34937606+00 
0.12868806+00 

-0,77350976-81 
-0.2988390E+00 
+0.50487906+00 
-0.70948006+00 
-0.8 859 0 30 E+0 0 
-0.1062963E+01 
-0.12040406+01 
-0.1338110E+01 
-0.1459127E+01 
-0,15361966+01 
-0.1599255E+81 
-0.16473466 + 01 
-0i 17037186+01 
-0.17680906+01 
-0.i 822830E + 0 1 
-0.19145496+01 
-0.20129546+01 
-0.21256906+01 
-0.22441556+01 
-0.23986056+01 
-0.2529006E+01 
-0.26880736+01 
-0.2829459E+81

0 s1605087E + 02 
0.1638278E+02
0,16396556+02 
0,16412676+02 
0.1642586E+02 
0,16429666+02 
0,1643344E+02 
0,1644630E+02 
0,16459206+02 
8.16469256+02 
0.1647919E+02 
0.1649142E+02 
0,15501826+02 
0.1651505E+02 
0.16529986+02 
0,16540156+02 
0.16541246+02 
0,16551256+02 
0,16570826+02 
0.1660268E+02 
0,16638316+02 
0,16742206+02 
0.1661941E+02 
0,16918096+02 
0.1700359E+02 
0.1711224E+02 
0,1723038E+02 
0,17323036+02 
0.17415706+02 
0.17485576+02 
0,17545886+02 
0,1757417E+02 
8,1758299E+02 
0.17559306+02 
0,1747803E+02 
0,17356416+02
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MEW BAIL fiATA «28 
' 5

r >
0 0

0.14389410 01 0.61061130 01
0.14291980 «l 0,61597160 01
ft.14256830 01 0.62024020 01
0.14221670 01 0,62558520 01
0.14168780 01 0•629991SD 01
0.14115450 01 0.64079960 01
ft. 14084830 01 0.64595930 01
0.14052700 01 0,65026490 81

.•0.13848190 «1 0.6620405D 01
0.13772590 01 0,66489650 01
0.1-3565820 «1 0, ,67203300 01
0.13270590 01 0,67767390 01
0.12887660 21 0.6827859D 01
0.-12460500 01 0.08722490 01
■7.12031830 01 . 0,69068200 01
0.115 S 8180 01 0.69354830 01
0.11.040300 01 8.69588720 01

. ft.10392000 01 0.09851670 0-1
0.97879400 00 0,70091350 01
ft.93127700 00 0,70256050 ■01
«.88361000 00 0.70380430 01
ft .83594200 00 0,70459280 01
0.78385200 m 6.7052-5030 01
0.71872000 00 0.70597570 01
ft.65366300 00 0,70683340 81
8.59295400 00 0,70750920 81
0.93644100 00 0,70799950 0-1
,ft.44957300 00 0.70834930 01
0-. 38436600- 00 0,7085.8620 01
ft.31915800 00 0.70883990 01
&..2490790O 00 .0,7091257/0 01
0.19316600 00 0,70935360 01
0.14534700 00 0.70957540 01
. ft.,93256980*>01 0,70967250 01
0.36668000-■ 01 0,70966410 01

-ft,3731000O«•01 0.70929160 01
-.0 *9824 60-10-■01 0,70913560 01
-6, 155910600 00 ■ 0,7.0909650 01
-0.2156190-0 00 0,70933-440 81
-0.27640400 00 0, -70930600 01
•0.34176300 00 . 0,70?0148D 01
-0.38096300 -00 0,70872740 01
-■ft. -47 667 600 00 0,70784160 01
-0.51.602750 00 0,70773310 01
-ft.§7246510 00 0,70720110 01
•0.62478230 m 0 a 70704020 01
-ft.68571830 00 0,70815160 @1
-ft.72941680 00 0,70554230 01
-0,78608129 00 0,70413460 01
-0.82985530 m 0,70346050 01



-0.89948560 m 0.70233440 01
-15.94745560 m 0,70174310 01
-0,99107850 .00 0,70067760 01
-0,10479700 0i 0.69881620 01
-0.11092840 01 0,69678310 01
-0.il680240 01 0,89449910 01
-0.12143720 01 0.69243820 01
-0.12582220 si 0,68990890 01
-0.12978000 01 0.88719200 01
-0.13331820 01 0.68444620 01
-P.13728350 01 0.68047690 01
-0.M04022O 01 0,67669180 01
-0.14308610 01 0,67112460 01
-i.14403870 01 0,86880750 01
.0.14586070 01 0,66212080 01
-0.14681330 01 0,65845440 01
-K.14775830 01 0,65141430 01
-0.14785660 01 0,65070630 01
• B .14835940 01 0,64519760 01
-0.14929890 01 0,63853160 01
-8.14937250 01 0,83817730 01
-B.1503175O 01 0,63237230 01

r a t l c a n t f o r r i g h t  r a i l .025
RAIL CANT FOR LEFT RAIL ,025 
RAIL GAUGE 56,5 (IN)

WHPEL GAUGE 53.0 (IN)
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PRINTER OUTPUT - SYMMETRIC PROBLEM

I h t  A i T P n t l K l l .  MH KA iL / KA lL  U M f l L I  l l -H K A U  tK l i A l  1UN PKUGKAM 

RUN C P T IC N S  S tLtCTfcU

XWINC= O.O IOO

ISYM= 1 1PL'NCH= 1 .

! PLGT= 1 l  CUR V= C

I F L A N G  = 0

NUMB=1J1 1 NC= 5

WHEEL GAUGE ( I N ) ,  K A IL  oAUGE ( I N ) ,  R IG H T  R A IL  CANT ( R A D ) , LEFT  R A I L  CANT (R A D I  

53.CCOOO 3 6 .5 0 0 0 0  C .C 25CC  C .C25C0

R IG H T  WHEEL PRUFILfc  IN P U T  DATA * * * * * * * * * * * $ * * * * * * * * * * + + * * * * * * * * * * * * * 4 * * * * * + * * * * * * * +

NEW
3.

72

3
A
56
78 
9101112

13
14
15
16
17
18 
19 
2C 21 22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38 
35
40
41 
4 2
43
44
45
46
47
48
49  
5C
51
52
53
54
55
56
57
58  
55 
60  
61 
62
63
64
6566
6768 
69  
7C
71
72

AAR WHEEL 
06250

DATA 026

1 l
0 .2 8 4 9 9 9 2 0 *0 1  
0 .2 5 6 3 8 9 9 0 *0 1  
J . 24823 740*01  
0 .2 3 7 9 3 1 4 0 *0 1  
0 .2 2 9 8 3 0 8 0 *0 1  
0 .2 2 1 0 0 9 6 0 *0 1  
0 .2 1 2 1 5 6 6 0 *0 1  
0 .2 0 0 4 0 5 7 0 *0 1  
0 .1 9 0 0 5 3 9 0 *0 1  
0 .1 8 1 9 6 7 2 0 *0 1  
0 .1 7 2 4 4 3 5 0 *0 1  
0 .1 6 2 1 2 7 6 0 *0 1  
0 .1 3 1 8 /3 3 0 * 0 1  
0 • 1 4 2 3 1 9 9 0 *J1 
0. 13349 880*01  
0 .1 2 2 4 4 8 4 0 *  01 
0 .1 1 0 6 6 5 7 0 *0 1  
0 .1 0 0 3 7 9 6 0 *0 1  
C . 50826130*00  
C . 8 0 5 08200*00  
0 .6 8 3 2 4 8 0 0 *0 0  
C . 56273900*00  
0 .4 5 2 2 3 6 0 0 *0 0  
C . 34937600*00  
0 . 2 3 6 8 /2 0 0 * 0 0  
C . 12 8 6 8 8 00* 00 
C .2 3 O 2 8 0 0 0 -0 1  

-0 . 7 7 3 5 0 9 / 0 -0 1  
- 0 . 1 / 3 2 0 6 0 0 * 0 0  
-0 .2 9 8 0 3 9 0 0 * 0 0  
-0 .4 0 8 5 4 3 0 0 * 0 0  
-3 .5 0 4 0 7 9 0 0 + 0 0  
- C . 59961400+00  
-0 .7 0 9 4 8 0 0 0 + 0 0  
- 0 . 7 9 / 6 9 1 0 0 + 0 0  
-0 .8 8 5 9 0 3 0 0 * 0 0  
-C .  560 1 0 3 00* 00 
-0 .1 0 6 2 9 6 3 0 + 0 1  
- C . 11368450*01  
-0 .120404O 0 +01  
- C . 1 2 / 0 9 160+01  
- 0 .  13J81100+01  
-0 .1 3 9 1 2 9 4 0 * 0 1  
-C .  14391270*01  
-0 .1 5 1 2 9 4 8 0 + 0 1  
-0 .1 5 3 6 1 9 6 0 * 0 1  
-0 .1 5 6 7 4 0 7 0 + 0 1  
-C .  159 92 5 50* 01 
-0 .1 6 2 3 1 4 1 0 + 0 1  
- C . 16473460+01  
-0 .1 6 8  62 0 00 + 01 
- C . 17037180+01  
-0 .1 7 3 5 5 6 7 J + O 1  -0.17uOO9OO*01 
- C . 17909820+01  
-0 .1 8 2 2 8 3 0 0 * 0 1  
-0 .1 8 6 8 6 9 0 0 + 0 1  
-0 .1 9 1 4 5 4 9 0 + 0 1  
-C .  19600890+ o l  
-0 .2 0 1 2 9 5 4 0 * 0 1  
-0 .207 3 1 4 4 0 + 0 1  
-0 .2 1 2 5 6 9 0 0 + 0 1  
-0 .2 1 7 7 9 1 7 0 * 0 1  
-0 .2 2 4 4 1 5 5 0 + 0 1  
-0 .2 3 2 5 3 6 1 0 + 0 1  
-0 .2 3 9 8 6 0 5 0 + 0 1  
-0 .2 4 6 4 8 4 3 0 + 0 1  
-0 .2 5 2 9 8 0 6 0 + 0 1  
-0 .2 6 0 9 0 9 9 0 + 0 1  
-0 .2 6 8 8 0 7 3 0 + 0 1  
-0 .2 7 5 8 7 6 6 0 + 0 1  
-0 .2 8 2 9 4 5 9 0 + 0 1

0 .15 1 7 6 5 1 0 + 0 2  
C . 16050870*02  
0.16 .370620*02  
C. 1638278C + C2 
0 .1 6 3 8 7 8 8 0  + 02 
0. 16396550*02  
C. 1640 149C + C2 
0 .1 6 4 1 2 6 7 0 *0 2  
C . 16 42 1010*02  
0 .1 6 4 2 5 8 6 0 + 0 2  
C.1642905D +C 2  
3 .1 6 4 2 9 6 6 0  + 02 
C. 16432600 + 02 
0 .1 6 4 3  3440 + C2 
0 .1 6 4 3 8 3 5 C + C 2  
C .164 4 6 3 0 C + C 2  
0 .1 6 4 5 4 2 2  C+02  
0 . 1645920D+C2  
C . 16464360+02  
C .1 6 4 6 9 2 5 0 + C 2  
0 .1 6 4 7 4 4 4 0 + 0 2  
C . 16479190+02  
0 .1 6 4 8 4 2 1 0 + 0 2  
C .1649 1 4 2 0 + C 2  
0 .1 6 4 9 6 6 7 0  + 02 
C . 16501820+02  
C .  16 506S40  + C2 
0 .1 6 5 1 5 0 5 0 + 0 2  
C .165218C C +C 2  
0 . 16525980+C2  
C. 16535C60 + C2 
0 .1 6 5 4 0 1 5 0 + 0 2  
C .165 4 C 7 3 0 + C 2  
3 .1 6 5 4 1 2 4 0 + 0 2  
C .16  54204D+C2  
0 .1 6 5 5 1 2 5 0 + 0 2  
C .16557510+C 2  
0 .1 6 5 7 3 8 2 0 + 0 2  
0 .  16584230 + 02 
C . 16602680 + 02 
C . 16626590+02  
C .1 6 6 5 8 3 1 0 + C 2  
C . 1668880C+C2  
C .167422C 0+C 2  
0 . 1 6 7 5 1 53C+C2  
C .1 6 8 1 5 4 1 0 + C 2  
0 .1 6 8 6 5 3 3 0 + 0 2  
C .1 6 5 1 8 0 9 C + C 2  
C .1 6 9 6 3 3 2 0 + C 2  
C .1 7 0 0 3 5 9 C + C 2  
C .17C 7588D +C 2  
C .1 7 1 1 2 2 4 C + 0 2  
C .1 7 ie e 7 4 D + C 2  
0 .1 7 2 3 0 3 8 0 + 0 2  
C .1 7 2 8 3 5 1 0 + C 2  
0 .1 7 3 2 3 C 3 0 + 0 2  
C .1 7 3 7 6 C IC + C 2  
0 .1 7 4 1 5 7 0 0 + 0 2  
C . 1 745C94C+02  
C .1 7 4 8 5 5 7 0 + C 2  
0 .1 7 5 2 0 2 6 0 + 0 2  
C .1 7 5 4 5 8 8 D + C 2  
0 .1 7 5 6 2 0 0 0 + 0 2  
C .1 7 5 7 4 1 7 D + 0 2  
0 .1 7 5 7 8 9 9 0 + 0 2  
C . 17582590+02  
0 .1 7 5 7 5 0 6 0 + 0 2  
C . I7 5 5 5 3 C D + C 2  
C .1 7 5 2 4 7 5 0 + C 2  
0 .1 7 4 7 8 0 3  C + C2 
C .1 7 4 2 5 3 2 D + C 2  
0 .1 7 3 5 6 4 1 0 + 0 2
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o o «jo «o -j«jo mi7iik»«A n* *ar oooaoooooooooo' i * • l •

oooooooooo - .ooooomm>mmmmmrnmmm*T»m©0000»»50JC»»»5BBJO»3D30» 
N t - N N C O O O O O B Q O O O O O O O  .x i z x z z m n z x z '
<•»» M

m i  oN H p o o a o n o n ^ M N Q  
X v X W W i  l i I i l • i ll l i.l IcrrrrxiiMfiuiMeuî tA^̂ fi miiim tM»>oM->-tu)»»tftu>o-t»-o 
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oaoaoooooooooo
I I M  I I II I NMNi*Ni«i>OOOOn^M• •••••••l•••••
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(/>C3
02

me* 20 ex •* X > fr
m

M  it I i I I M  oooonoondooftoo . •■•••••«•••••«
kfttft»»»-»«N>Xl>«60> 1*4*43̂ 1*1 
O  1ft O  ̂  tftUI \J» Ul 4» W  ®  X* <ft
M  Ul ft- O  PM* M  4* 43 *0 M  M  ft- M  rg*4inaunagMan>tOU(p̂ 7 ®0MX»u*"4iAt*K)0—n43»n 
□ O D O O O O O O O O O O O  ♦ ♦*♦♦♦1 !♦♦♦♦♦♦ ooneooooooooonCft̂ WMft-ft-Mft-omMUiiA-g

ill iio o o o o n o n o o o o n o  ••••••***«••••
Ul ®Mft- ft- X*MA*U**«^Mft- x*
>A*Afl*>IOnO>X<̂ M̂ <40M
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*««**»*****6#** DATA PCINTS ***************

CONTACT PCINTS* GEOMETRIC CCNSTRAINTS. ANC PRCF1LE CURVATURES 
AS A FUNCTION OF WHctLSfcT LATERAL DISPLACEMENT
xw
XI 
X2 
X 3 
X4 
RR 
YR 
RL 
YL 
HR 
ML

WHEELSET LATERAL. POSITIVE TC THE LEFT ( I M
CONTACT LOCATION UN RIGHT WHEEL• PCStTIVE OUT FROM TAPELINE IIN) 
CCNTACT LOCATION uN RIGHT RAIL. PCSITIVE GUT FRCP CENTERLINE U N )___  _________ ... .  ...... ___U._ ... ____ ________
CCNTACT LOCATION ON LEFT WHEEL. POSITIVE OUT FROM TAPELINE 
CONTACT LOCATION ON LEFT PAIL. PCSITIVE CUT FROM CENTERLINE 
RCLLING RADII. RIGHT WHEEL U N )
RAIL HEAD PROFILE HEIGHT. RIGHT RAIL (IK)
RCLLING RADII, LEFT WHEEL (IK)
RAIL HEAD PROFILE HEIGHT, LEFT RAIL U N )
CCNTACT ANGLE W.R.T. AXLE, RIGHT WHEEL (RAD) - 

.. CCNTACT ANGLE m .R.T. AXLE. LEFT WHEEL (RAO)
RR CRV = PRINCIPAL ROLLING CURVATURE OF RIGHT WHEEL PRCFILE ll/INI 
RL CRV = PRINCIPAL ROLLING CURVATURE OF LEFT WHEEL PROFILE (L/IN)

(INI
IN)

XW XI X2 X3 X4 RR YR RL YL MR ML RR CRV RL CRV
( I M (IN) 1 INI (IN) U N ) ( IN) (IN) ( IN) ( IN) (RAO) (RAO) (1/IK) (1/IN)

- 1 . 0 0 0 -2.1^95 -1.0551 1.6405 0.1716 17.55498 6.98795 16.42539 7.C5502 0.303139 0.013757 C.054367 0.060861
— C.590 -2.1495 -l. 0562 1.63C5 0.1729 17.55176 6.98758 16.42953 7.09459 0.320336 0.014123 C.054C76 0.060860
-C.980 -2.1495 -1.0674 1.6105 0.1640 17.55176 6.98393 16.42962 7.09523 0.320336 0.015211 0.054076 0.060858
-C.970 -2.1395 -1.0666 1.60C5 0.1652 17.54634 6.98352 16.42558 7.C9520 0.337575 O.C15520 C.053769 0.060857
-C.960 -2.1395 -1.0799 1.1405 -0.2838 17.54834 6.57964 16.45115 7.09291 3.337575 0.066210 0.053769 0.063653
-C.S50 -2.1295 -1.0814 1.1305 -0.2824 17.54474 6.97911 16.45182 7.09257 0.354845 0.065893 0.053446 0.060652
-C.S40 -2.1295 -1.0927 1.12C5 -0.2811 17.54474 6.97504 6.45247 7.093C2 0.354845 0.065516 0.053446 0.0606S1
-0.930 -2.1195 -1.0943 1.1105 -0.2796 17.54093 €.97446 L6.45313 7.053C9 0.372133 0.065088 * C.0531C7 0.060650
-C.920 -2.1195 -1.1056 1.10C5 -0.2781 17.54093 6.97012 16.45378 7.09315 0.372133 0.C64606 0.G53107 C.C60650
-C.910 -2.1J95 -1.1J74 1.0905 -0.2766 17.53693 6.96950 L6.45442 7.09321 0.369429 0.064074 0.052753 0.060649
— C.900 -2.0695 -1.0996 1.C7C5 -0.2846 17.52831 6.97247 J6.45569 7.09287 0.423995 0.062875 C.051999 0.06C649
-0.890 -2.1395 -1.1312 1.0605 -0.2829 17.53693 6.55848 L6.45632 7.09255 0.389429 0.062213 0.052753 0.060649
-C.68C -2.1095 -1. 1429 1.C5C5 -0.2812 17.53693 6.95367 L6.45694 7.053C2 0.389429 0.061513 C.052753 0.060650
-0.870 -2.0995 -1.1446 1.0405 -0.2796 17.53272 6.95294 6.45755 7.09309 0.406720 01060780 0.052383 0.060650
-c.e6c -2.0995 -i.1564 1.03C5 -0.2778 17.53272 6.94799 16.45616 7.05316 0.406720 0.06CC14 C.052383 0.060651
-C.850 -2.0995 -1.1679 1.01CS -0.2863 17.53272 6.94310 16.45534 7.09279 3.406720 0.058400 0.052383 0.060652
-C.84C -2.0995 -1.1797 1.0005 -0.2846 17.53272 6.93802 16.45952 7.09287 0.406720- 0.057556 C.052383 0.060653
-0.830 -2.0895 -1.1815 0.59C5 -0.2829 17.52831 6.93722 L6.46C45 7.09295 0.423995 0.056696 0.051999 0.060654
— C. 820 -2.0895 -1.1933 0.98C5 -0.2811 17.52831

17.52370
6.9320C l6.461C6 7.093C2 0.423995 0.C556&7

0.054925
C.051999 0.060655

— C.filC -2.0795 -1.1952 0.57C5 -0.2793 6.93115 6.46161 .7.09310 0.441242 C.G51600 3.060656
-C.7SC 
-0.780 
-C. 770 
-0.760 
-C.75C - 
-0.740 
- C . 730 
-0.720 
-C.710 
-C.70C 
-0.690 
-C.68C 
-0.670 
-C.660 . 
-C.650 
- C.640 
-C.630 
-C.62C 
-0.610 
-C.600 
-0.590 
-0.580 
-C.570 
-0.560 
- C . 550 
-0.540 
- C . 530 
-0.520 
— C.510 
-0.500 
-C.49C 
-0.480 
-C.470 
-C.460 
-0.450 
— C.440 
-0.430 
- C . 420 
-0.410 
-C.4C0 
-C.390 
- C . 360 
-C.370 
-0.360 
-C.35C 
— C-340 
-C.230 
-0.320 
-C.310 
-C.300 
- C . 290 
-C.280 
-C.270 
-0.260 
— C.250 
-C.240 , 
-C.230 
-C.220 
-0.210 
- C . 200 
-0.190
-c.iec
— C.170 
-C. 16C 
-0.150 
-C.14C 
- C . 130 
—C.120 
-C.110 
-0.100 
-C.C90 
-0.080 
-C.C70 
-0.060 
-C.C5C 
-0.040 
-C.C30

•2.0795 -1.2J7J 
-2.0795 -1.2188 
-2.0695 -1.2208 
-2.0695 -1.232b 
-2.0595 -1.2349 
-2.D495 -1.2370 
-2.0495 -1.2490 
-2.0395 -1.2513 
-2.0295 -1.2536 
-2.0295 -1.2659 
-2.0195 -1.2664 
-2.0195 -1.2808 
-2.0195 -1.2935 
-1.9995 -1.2664 
-1.9695 -1.28tib 
-1.9795 -1.2916 
-1.9695 -1.2944 
-1.9595 -1.2974 
-1.9495 -1.3006 
-1.9395 -1.303b 
-1.9295 -1.3073 
-1.9195 -1.3105 
-1.9095 -1.3141 
-1.9095 -1.32 78 
-1.8995 -1.3316 
-1.8195 -1.3258 
-1.8695 -1.33J2 
-1.6795 -1.3560 
-1.6395 -1.3302 
-1.8695 -1.3747 
-1.6595 -i.3795 
-1.6495 -1.3845 
-1.6395 -1.3899 
-1.6295 -1.3957 
-1.6095 -1.3923 
-1.7995 -1.3995 
-1.7895 -1.4080 
-1.7695 -1.4082 
-1.7595 -1.4204 
-1.7295 -1.4145 
-1.7095 -1.4206 
-1.6795 -1.4182 
-1.6495 -1.4148 
-1.6295 -1.4177 
-1.5995 -1.4067 
-0.4595 -0.2651 
-0.4495 -0.2853 
-0.4395 -0.2856 
-0.4295 -0.2859 
-0.4195 -0.2861 
-0.4095 -0.2864 
-0.3695 -0.2766 
-0.3795 -0.2769 
-0.3695 -0.2772 
-0.3595 -0.2774 
-0.3495 -0.2777 
-0.3395 -0.2760 
-0.3295 -0.2783 
-0.3195 -0.2786 
-0.3095 -0.2789 
-0.2995 -0.2792 
-0.2995 -0.2896 
-0.2995 -0.3000 
-0.2995 -0.3104 
-0.2995 -0.3208 
-0.2495 -0.2612 
-C.2395 -0.2816 
-0.2995 -0.3521 
-0.2195 - 0.2824 
-0.2O95 -0.2627 
-0.1993 -0.2831 
-0.1895 -0.2835 
-0.1795 -0.2839 
-0.1695 -0.2843 
-0.1395 -0.2646 
-0.1495 -0.2850 
-0.1395 -0.2854 
-0.1295 -0.2856

0.9605 -0.2775 
C.94C5 -0.2857 
0.9305 -0.2838 
0.52C5 -0.2819 
0.9105 t 0.2799 
C.9CC5 -0.2779 
C.88C5 -C.2859 
0.8705 *0.2838 
0.86C5 -0.2815 
0.8505 -0.2793 
C.84C5 -0.2769 
0.8205 -0.2846 
0.eiC5 -0.2818
0 .  8305 -0.2792 
C.81C5 -0.2569 
3.6105 -0.2443 
C.8105 -0.2316
1. C79S 0.0415 
1.0605 0.0445 
I.C4C5 0.C376 
0.7105 -0.2793 
C.69C5 -0.2862 
0.6805 -0.2828 
C.67C5 -0.2792 
0.9805 0.0446 
C.96C5 0.0385 
3.6305 -0.2774 
0.93C5 C.0386 
3.6005 -0.2778 
C.9105 0.0470 
0.57C5 -0.2785 
0.5505 -0.2837 
0.5405 -C.2786 
0.5205 -0.2829 
0.51C5 -0.2767 
0.4905 -0.2798 
C.47C5 -0.2816 
3.4505 -0.2816 
C.43C5 -C.28Q0 
0.4105 -0.2766 
0.3805 -0.2810 
0.35C5 -0.2841 
0.3305 -0.2760 
0.30C5 -0.2855 
0.2805 -0.2848 
0.27C5 -0.2788 
0.2605 -0.2786 
0.23CS -0.2983 
0.2305 -0.2880 
0.23C5 -C.2778 
0.2205 -0.2775 
0.21C5 -0.2773 
0.20C5 -C.277C 
0.1905 -0.2767 
0. 18C5 -0.2765 
0.16G5 -0.2862 
0.1505 -0.2859 
0.1405 -0.2856 
C.13C5 -0.2853 
3.1205 -0.2850 
0.11C5 -0.2847 
0.1305 -0.2843 
C.G905 -0.2840 
0.C8C5 -0.2836 
0.0705 -0.2831 
0.06C5 -0.2627 
0.0505 -0.2623 
0.04C5 -0.2818 
0.0305 -0.2816 
0.02(5 -0.2812 
3.0105 -0.2808 
O.OOC5 -0.2804

-3.0095 -0.2800 
-0.C195 -0.2797 
-3.0255 -0.2793 
-0.0395 -0.2789 
-0.C495 -0.2765 
-0.0595 -0.2781

17.52370
17.52370
17.51887
17.51887 
17.51382 
17.50857 
17.5085? 
17.50309
17.49738
17.49738
17.49146
17.49146
17.49146 
17.47747 
17.47097 
17.46430 
17.45745 
17.45041 
17.44318 
17.43572 
17.42802 
17.42007
17.41183
17.41183 
17.40329
17.38516
17.37552
17.38516 
17.34386
17.37552 
17.36545 
17.35491 
17.34366 
17.33226 
17.30724 
17.29373 
17.27873 
17.24596 
17.22838 
17.17147 
17.13086 
17.C6615 
17.00678 
16.56970 
16.51720 
16.53711 
16.53682 
16.53651 
16.53618 
16.53584 
16.53549 
16.534 73 
16.53433 
16.53391 
16.53347 
16.53302 
16.53255 
16.53206 
16.53155 
16.53103
16.53049
16.53049
16.53049
16.53049
16.53049 
16.52634 
16.52566
16.53049 
16.52428 
16.52358 
16.52289 
16.52220 
16.52150 
16.52081 
16.52012 
16.51943 
16.51874 
16.51805

6.92575 
6.92017 
6.91921 
6.91329 
6.91224 
6.91114 
6.90481 
6.903 58 
6.90229 
6.89526 
6.89382 
6.88614 
6.87765 
6.88251 
6.88090 
6.87901 
6.87703 
6.87492 
6.87267 
6.87028 
(.86766 
6.86522 
6.862 39 
6.85103 
6.84766 
6.85273 
6.84891 
6.81992 
6.64885 
6.80209 
6.79726 
6.79192 
6.78589 
6.77870 
6.78293 
6.77379 
6.76140 
6.76100 
6.73916 
6.75049 
6.73875 
6.74353 
6.749898.74454
6.76018
7.09285
7.09284
7.09283 
7.09281 
7.09280 
7.09279 
7.09321 
7.C9320 
7.09319 
7.09318 
7.09317 
7.09315 
7.09314 
7.09313 
7.09312 
7.09310 
7.09264 
7.09211 
7.09153 
7.09090 
7.C9302 
7.C930C 
7.08879 
7.09297 
7.09295 
7.09294 
7.09292 
7.09290 
7.Q9269 
7.09287
7.09285
7.09283 
7.09262

6.46216
6.46322

.6.46374
16.46425
6.46475

16.46524
6.46619
6.46665
6.46711
6.46756
6.46799
6.46685
6.46926
6.46503
6.46526

7.05317 
7.09282 
7.C9250 
7.C9249 
7.09307 
7.09316 
7.05261 
7.05241 
7.09301 
7.C4310 
7.09320 
7.04287 
7.09299 
7.09310 
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-RR)/2A 
*“*)/“!m l -NR)/2 = 

WR 
YCG 
CWR
CYR

: NURMALlZfcU CIFFERENCE IN POLLING RADII (IN/1N)
NURMAU/fcO UIFFERENCE IN CONTACT ANGLES (PAD)
WHfcELSET ROLL ANGLE W .R.T. HCRIZCNTAL* PCSITIVE UP ON LEFT (RADI 
VERTICAL DISPLACEMENT CF HHEELSET CENTRC IC FRCP NOMINAL PCS. (IN) 
PRINCIPAL IRANSVERSE CURVATURE CF RIGHT WHEEL PROFILE*

P u S I U V E  FOR CURVATURE CENTER IN eCDY (1/IN)
PRINCIPAL TRANSVERSE CURVATURE' CF RIGHT RAIL PROFILE*
POSITIVE FUR CURVATURE CENTER IN ECDY U / I N I  
PRINCIPAL IRANSVERSE CURVATURE CF LEFT WHEEL PROFILE*
POSITIVE FOR CURVATURE CENTER IK EGDY IL/IN) .
PRINCIPAL TRANSVERSE CURVATURE CF LEFT RAIL PROFILE*
PUSiTIVt FUR CURVATURE CENTER IN ECCY (L/IN)

Xh (RL-RRI/2A IML-HP )/2 WR YCG - CWR CYR CWL CYL
( IN) I IN/1N) (RAC) (RAD) (IN) . (1/IN) . (1/IN) ( 1/IN) ( 1/IN)

-l.CCO — 0.U18918 -0.199691 -0.016859 0.418599 1.556777 C-965547 -C.009239 0.C83165
-C.990 -0.016061 -0.152107 — 0.C1675C C.416674 1.597991 0.968966 -0.008951 0.082919
-C.980 -0.018856 -0.152563 -0.016723 0.415084 1.597991 C.959366 -C.C08374 0.C84922
-C.97C -0.018796 - 0 . 16C828 -O.C 16655 C.413251 1.597110 C.958289 -0.008086 0.C8465S
-C.960 -0.J1899J -0.135683 -0 .016583 C.415022 1.59711C C.548314 0.005171 0.261169
-C.950 — O.Ol8i6d -0.199976 -0.C16998 C.413338 1.594137 0.946957 0.005459 0.260523
-C.940 -O.J18357 -0.199663 -0.016919 G.411559 1.594137 C.936697 C.C05747 0.259941
-C.930 -0.018282 -0.153522 -0.C16329 0.409747 1.589087 C.535235 C.€06035 0.259262
-C.920 — 0.018272 -0.153769 -0.016235 ' C.407833 1.585087 C.524525 0.006126 0.258577
-C.910 -0.018193 -0.162677 -0.016192 0.405901 1.581985 C.923027 0.C06C92 0.257893
— C .900 -0.018027 -0.18C56C — 0.C16C35 0.40-3573 1.561785 C.930323 0.006022 0.261,505
-C.E9C -0.018162 -0.163608 -0.015925 C.40G892 1.581985 C.9C0309 C.CC5986 0.260737
-C.880 -0.018151 -0.163958 -0.015E27 C.398731 1.581985 0.888898 0.005953 0.259992
-c.eTC -0.018070 -0.17297C -0.015729 0.396632 1.572865 C.687176 C.CC5919 0.259244
-C.66C -0.016060 -0.173353 -0.C15625 C.354394 1.572869 0.075446 0.005884 0.258427
-0.850 -0.J1809J -J.179160 -0.015539 0.392133 1.572865 C.863924 C.CC5615 0.262284
-C.64C -0.016030 -0.179561 -0.C15932 C.289825 1.572865 0.852044 0.005760 0.2615C7
-C.C30 -0.017997 - J.l83650 -0.015230 C.387571 1.5t> 1789 . C.65C192 0.005746 0.260727
-C.E2C —  O.ul793 7 -0.1€9089 -0.015226 0.385182 1.561789 C.638167 0.005711 0.259932
-0.610 -0.017850 -0.193159 -0.Q15119 0.362788 .1.546805 0.636223 0.005677 0.259119
-C.ECC — C.017691 - 0 . 15361C -0.C15012 0.380299 1.548805 0.824076 C.C05642 0-2583C6
-C.790 -0.017823 -0.199529 -0.014907 0.377642 1.548805 C.560533 0.005573 0.262025
- C . 780 -0.017733 -0.^03587 -0.014795 C.375077 1.533973 1.023975 C.G05538 0.261112
-C.770 -0.017725 - 0 . 2C9095 — 0.C1468C 0.372316 1.533973 1.390113 0.005504 .0.260288
-C.76C -0.017632 -0.2 13080 -0.014563 0.369587 1.517366 1.45C393 C.C05469 0.259396
-0.750 -0.017535 -0.222079 -0.019441 C • 366 727 1.499093 1.511156 0.005435 G.258479
-Q.740 -0.017519 -0.222968 -0.014325 0.363641 1.495093 1.629293 C.C05365 C.2621C2
-C.73C -C.017919 -0.231912 -0.014158 C.36C596 1.479249 1.684171 0.005331 0.261131
-C.720 -0.017316 -0.290803 -0.014066 0.357407 1.457937 1.539255 .C.C05296 0.260124
-C.71C -0.017308 -0.291216 -0.013931 0.354074 1.457937 2.196156 0.005262 0.259096
-C.700 -0.017201 -0.250035 -0.013753 G.350686 1.435261 2.240162 C.C05227 0.258048
-C.69C -0.017187 -0.25C753 -0.013654 0.346894 1.435261 2.426545 C.C05156 0.261493
— C.680 -0.017180 -0.25X197 -0.013454 0.342627 1.435261 2.55C864 0.005123 0.260270
-C.67C -0.016999 -0.262508 -0.013338 0.338356 1.366268 2.489762 C.C05C8S 0.259091
-0.660 — 0.016o35 -Q.27C5C6 -0.C132C2 C.334006 1.360175 2.512828 0.005123 0.248986
-C.65C -0.016723 -0.276977 -0.013045 C.329904 1.333183 2.536273 0.C05123 0.243231
-C.640 -0.016608 -0.^62708 -O.C12e£4 C.325663 1.305396 2.556916 0-005123 0.237426
-C.63C -0.O16718 -0.278917 — 0.012714 0.319683 1.276933 2.574876 G.CC6C22 0. 112642
-C.62C -0.016586 -0.285666 -0.012537 C.315313 1.2 4 790 7 2.589522 0.005988 0.111966
-C.610 -0.016990 -0.293715 -0.012352 C.310859 1.21642 7 .2.6CC418 0.C05919 C . 113526
-C.6CC -0.016099 -0.3C9179 -0.012153 G.308255 1.188599 2.607258 0.004777 0.259098
-0.590 -0.015900 -0.317920 -0.011566 0.303268 1.15652 5 2.609245 C.C04708 0.262243
— C.580 -0.015759 — 0.J 26169 . -0.011762 0.298082 1.202456 2.606738 0.004673 0.260668
-C.573 .-0.015796 -0.326199 -0.011550 0.292620 1.202456 2.554695 0.004639 0.259073
— C.560 -0.015836 -0.33C268 -C. 011334 0.285092 1;304138 2.529266 0.005711 0.111939
— C.550 -0.015513 -0.351155 -0.011097 0.279109 1.45C11 E 2.566057 0.005642 0.113306
-C.54C -0.015105 -0.366097 -0.01G851 0.274484 1.494044 2.539147 C.CC450C 0.258267
-C.530 -0.015986 -0.352568 -0.01C499 0.263227 1.4501ie 2.278078 0.005538 0.113297
-C.52C -0.019550 -0.900517 -0.010280 0.259397 1.517616 2.536631 0.C04397 G.25846C
-C.510 -0.015307 — 0.369210 -0.CC5557 C.250024 1.494044 2.020492 0.005469 0.111367
-0.500 -0.019889 -0.376921 -0.009726 0.244544 . 1.515186 1.S5C799 C.0C4293 0.258775
- C .990 -0.019697 -0.3 88397 -C.0C9441 C.236880 1.52657C 1.876702 0.002175 0.261121
-0.980 -0.019503 -J.900167 -0.005125 C.228727 1.517616 1.791453 C.G00461 0.2588CC
— C.970 -0.019292 -0.912185 -0.0C8752 0.219636 .1.494055 1.710447 -0.002968 0.260760
-0.960 -0.013869 -0.937011 -0.00e917 0.205783 1.411012 1.760668 -0.004682 0. 257,936
— C-95C -0.013621 -0.999993 -0.0C801l 0.198792 1.355685 1.655724 — C.CC8110 C.259344
-0.990 -0.013353 -0.975785 -0.007520 0.185472 1.293883 1.533630 -0.011538 0.260164
-C.43C -0.012766 -0.997997 -0.0C693a 0.165431 1.158302 1.530277 -C.CI4965 0.260256
-0.920 -0.012979 -0.5C7092 -0.0C6225 C. 15C188 1.076665 1.363016 -0.018393 0.259437
-C.91C -0.011501 -0.527679 -0.005417 C . 128157 C.534541 1.443385 -0.C21819 0.257899
-0.900 -0.010799 -0.535253 -0.CC4985 C. 102578 0.303285 1.360344 -0.C26958 0.259890
-0.390 — 3.009715 -0.5 37290 — 0.003466 0.074356 C.03446 1 1.392553 -C.C32095 0.261271
-C.28C -0.008666 -0.5252C9 -0.CC245C 0.C47658 -C.222927 1.438833 -0.035519 0.256541
-0.370 -0.006017 -0.509069 -0.001738 0.C26548 -C.43C50C 1.399673 -C.C40652 0.261922
-C.36C -0.007117 -U.9 £56 79 -o.ocioes 0.C05189 -0.891631 . 1.523020 -0.044072 0.261566
-C.350 -0.000720 0.011776 -0.000720 -O.CQ0003 0.196817 C.261723 -C.C45782 0.258907
- C . 390 -0.000707 0.011232 -0.CCC706 0.000112 0.192864 0.261832 -0.047491 0.258796
-0.330 — 0.000666 0.009389 -0.000686 0.000298 Q.186913 0.261962 -0.052616 0.267693
-C.32C -0.0U066O ,0.008655 -O.OCC665 0.000510 0.180965 C-262105 t C.C52616 0.263044
-C.3I0 -0.000659 O.OC79GC -0.0CC651 C.C0C6B5 0.175015 C.262200 -0.Q52616 3.258431
-C.300 -C.000690 0.007176 -0.000636 0.000760 ,0.165076 C.262314 -C.054324 0.258311
-0.290 -0.000619 0.0C5655 -O.OCC625 C.C00974 0.157199 0.257912 -0.056031 0.258199
-0.280 — 0.00 06 03 O.OC9938 — 0.000605 0.C01Q27. C.l51265 C.258033 -C.C57737 0.258C79
-C.27C -0.000588 0.0C9233 -0.0CC553 C.CG1073 ,0.145335 C.258155 -0.059443 0.257957
-G.260 -0.JJD572 0.003593 -0.000576 0.001113 0.13940e C.258259 -0.G61149 0.257853
-C.250 -C.000597 O.OC3057 -0.000562 G1C01066 0.13 3484 0.258387 -0.064558 0.262245
-C.290 -0.OJJ53J 0.002919 -0.000544 0.C01095 0.127564 C.258515 -0.C66261 0.262114
- C . 230 -0.000513 0.0C1785 -C.0C0526 0.001117 0.12164 7 C.256653 -Q.C67964 0.261980
-0.220 -O.JJJ995 0.001171 — 0.000508 0.CO 1132 0.115734 0.258790 -0.069666 •3.261843
-C.21C -0.000978 O.OCC571 -0.000489 0.001142 0.109024 0.258930 -0.C71368 C.2617C4
-0.200 -0.000959 -0.0CCC12 -C.CCC47C 0.001145 0.103917 0.259074 — 0.073069 3.261560
— C . 190 — C.00U950 0.000269 -0.000448 C.C01071 C.103917 0.263755 -C.074768 . 0.261396
-C.18Q -0.000991 0.0CC561 — 0.0CG425 C.C00969 0.103917 G.268433 -0.076468 0.261223
— C.170 -0.000931 0.000862 -0.000401 0.000843 0.1C3917 C.273107 -C.C78166 0.261C41
-Co 160 -0.000922 0.0C117C -0.CCC376 C.CCG696 0.103917 0.277776 -0.C79863 0.260652
-0.150 -0.JJ0392 -0.005271 -0.000347 C.C00477 C.07443C 0.259992 — 0.C81559 0.260644 .
-C.19C -0.0U0321 -0.0C5131 -C.0C0325 C.C00425 C.060541 0.260161 -0.083255 0.260416 ;
-0.130 -0.JJJ392 0.J02126 -3.000256 G.C00169 0.103917 C.291721' -0.C84949 0.260259
— C . 120 -0.000278 -O.OC9733 -0.0CC280 0.000326 0.0 5677 C C.26C496 -0.086643 0.260141
-0.110 -0.JJJ256 -J.J09981 -3.000257 G.C00280 0.05C88 7 C.260667 -0.004324 . 0.259970.
-C.1C0 -0.000239 -0.0C9197 — C.0GC234 0.000236 0.045007 C.260836 -C.C7843C Q..259759
-C.C90 -0.000212 -0.0C3885 --0.000211 0.000195 0.039128 C.261C10 -0.072539 0.259627
-C.C80 -0.000190 —0.0C3596 -0.000188 0.000157 0.033251 0.261183 -0.06665l , 0.259454
-C.C70 -0.000168 -0.0C3189 — 0.0CC164 C.CGG123 0.027375 C.261357 — 0.060 76 5 . 0.259280
-C.C6C -0.000196 -0.002801 -0.000141 0.C00C92 0.0 2 150 C C.261531 -C.054881 Q.2591C6
-C.050 -0.000129 -O.OC290C -0.00C118 C.C0CC66 0.015626 0.261706 -rO .049000 0.258931 -
-0.C9Q — 0.0001Jl -O.OC1985 — 0.0CG0S4 0 .000043 0.005752 C.261681 — C.C43120 0.258755
-C.C3C -C.000079 -O.OC1556 -0.0CCC71 G.C00024 0.003879 0.262057 -0.037241 0.258579
-0.020 -0.0JJ056 -0.001119 -0.0012047 C.C00010 -0.001994 0.262233 . -0.C31365 0.256403
-C.C10 -0.000022 -0.OCC966 -0.000023 0.000002 -0.013740 0-257889 -0.025489 0.258226
Q.G 0.0 0.0 0.0 o.c -0.015614 0.258058.. -0.019614 0.258056
G.C 0.0 0.0 0.0 o.c -0.019614 0.256056 -0.C19614 - 0.258C56
C.010 0.0O0022 O.OG0966 0.000023 C.C00002 -0.025485 0.256226 r-Q.013740 0.257889
C.C20 C.0J0056 0.001119 0.000047 C.€00010 -0.031365 C. 256403 -0.001994 0.2622 3 3 ’
0.030 0.UO0079 0.O C 1556 0.CCCC71 C.C0CC24 -0.037241 0.256579 Q.003879 0.262057
C.C90 0.000101 0.0C1985 0.0GC054 0.000043 — 0.04312C C.258755 C.C09752 Q.261C62
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0.C50 0.000124 0.UC2400 0.0CC11G C.000066 -0.049000 0.258931 0.015626 0.261706
0.C60 0.000146 0.002801 0.000141 0.000092 -0.054881 G.259106 0.C2150C 0.261531
C.C7C 0.000168 O.OC3184 0.GCG164 C.C00123 -0.060765 C.259280 0.027375 0.261357
c.ceo 0.000190 0.003546 0.000188 0.000157 -0.066651 C.259454 0.033251 0.261183
c.csc 0.000212 O.QC3805 0.000211 0.000195 -0.072539 0.259627 0.039128 0.261010
0.100 0.000234 J.J041S7 0.000234 C.000236 -0.078430 0.259799 0.C450O7 0.260838
C. lie 0.000256 0 . DC4481 0.000257 0.000280 -0.084324 C.255970 0.C50887 0.260667
0. 120 O.OOJ278 0.004733 0.000280 0.C00326 -0.086643 C.260141 0.056770 0.260496
C. 130 C.000392 -0.0C2126 O.OCC296 0.000169 -0.0 84949 0.260259 0.103917 0.251721
C • 140 0.000321 U.OC5131 C.0CC325 C.C00425 -C.083255 C.260476 0.068541 0.260161
C.15C C.000342 0.0C5271 0.G00347 C.C00477 -C.081559 0.260644 0.07443C 0.259552
C. 160 0.000422 - O . O C U 7 0 0.CCC376 C.C00696 -0.079863 0.260852 0.103917 0.277776
0.170 0.000431 — O.OOC862 0.000401 0.000643 -0.078166 C.261C41 0.103917 0.273101
C.18C 0.000441 — 0.000561 O.OCC425 C.CC0969 -0.076466 0.261223 0.103917 0.268433
0.190 0.000450 -0.000269 0.000446 0.001071 -0.074768 C.261396 0.103917 0.263755
C.200 0.OO0459 0.000012 C.C0C470 0.001145 -C.073069 0.261560 0.103917 0.259074
C.210 0.000478 -0.000571 0.000485 0.C01142 -0.071366 C.261704 0.109824 0.258930
C.22C 0.000495 — 0.001171 0.GCC5C8 0.001132 -0.069666 0.261843 0.115734 0.258790
0.230 0.000513 -0.001785 0.000526 0.001117 — 0.067964 G. 261980 0.121647 0.258653
C. 2 AC C.0O0530 -0.002414 0.0GC544 0.001095 -0.066261 C.262114 0.127564 0.258515
C.250 0.000347 -Q.0C3057 0.CCC562 0.001066 — 0.0 6455 8 C.262245 0.133484 0.258387
C.26C 0.000572 -0.003543 0.000576 0.001113 -0.061149 0.257853 0.139406 0.258255
0.270 0.000588 -O.OC4233 O.CCC5S3 C.C01Q73 -0.059443 0.257957 0.145335 0.258155
C.28C C.00 06 03 -0*0 04938 0.000609 0.001027 -C.057737 C.256C79 C. 151265 0.258033
C.250 0.000619 -O.OC5655 0.000625 C.CCC974 -0.056031 0.258199 0.157199 0.257912
0.300 0.000640 -0.007176 0.000636 0.000760 — C.054324 C.256317 C . 169076 0.262314
C.31C 0.0006 54 - 0 . 0C7900 0.000651 0.000685 -0.052616 C.258431 0.175019 0.2622C0
0.320 0.000660 -0.008655 0.000669 0.000510 -G.052616 C.263044 0.180965 0.262105
C.33C 0.000666 -0.0C5385 C.GC068e 0.000298 -0.052616 0.267693 0.186913 0.261962
0.340 0.000707 -0.0 11232 3.QC0706 O.GOQ112 -0.047491 0.258798 0.192864 0.261832
C.35C 0.000720 -0.011776 0.0CO72C 0.000003 -0.045782 0.258907 C . 190817 0.261723
C.36C 0.007117 0.489675 0.CO 1085 Q.Q0S189 -0.044072 0.261586 -0.891631 1.523020
C.37C O.OOdol7 0.5C9069 0.001736 0.026948 -C.040652 0.261922 -C.430500 1.399673
0.380 0.008666 0.5252C4 0.CC249C G.C47658 -C.035519 C.258541 -0.222927 1.438633
C.39C 0.O09715 0.537290 0.003466 0.074356 -C .032095 C.261271 0.034461 L.352553
C.400 0.010794 0.535253 0.CC4485 0.102576 -0.026958 C .259890 0.303285 1.360344
0.410 0.011501 0.5276 79 0.005417 0.128157 -C.021819 C.257899 C.534541 1.443385
C.420 0.012474 0 . 5C7092 0.0C6225 0.150180 -C.018393 C.259437 1.076685 1.363C16
C.430 0.012786 0.497947 O.OC693C C. 165431 -0.014965 C.26C256 1.158302 1.530277
C.44C 0.013353 0.475785 C.0C752C C.185472 -0.011538 C.26C164 1.293863 1.533830
0.450 0.013621 0.449443 o.ooeon 0.158792 -0.Q08L1 C C.259344 1.355685 1.655724
C.46C C.013664 0.437011 0.CC8417 C.209783 -0.004682 0.257936 &.41IQ 12 1.760666
C.47C 0.01429t 0.4 12185 O.CCe752 0.215636 -0.002968 C. 260760 1.494055 1.710447
C.48C 0.O14503 0.40C167 0.009129 0.228727 C.0 00461 0.25880C 1.517616 1.757453
C.490 0.014697 0.388347 C.CC5441 C.236G80 C.00217 5 0.261121 1.526570 1.876702
C.5CC 0.014889 0.376921 0.CC9726 0.244544 C.004293 0.258775 1.519186 1.550155
0.510 0.015307 0.364210 0.CC9957 C.25C024 0.005469 0.111387 1.494044 2.020492
C.520 0.014550 0.40C517 0.010280 0.259397 C.004397 C.25846C 1.517616 2.538631
C.f 30 0.016486 0.352568 0.01C455 0.263227 0.005538 C. 113297 1.450116 2.278C78
0.540 0.015105 0.366047 0.010851 0.274484 C.00450C C.258267 1.494C44 2.539147
C.55C 0.015513 0.351195 C.G11097 0.279109 0.005642 C . 113306 1.450118 2.566C57
0.560 0.015836 0.330268 0.011334 0.265092 0.00571l C. 111939 1.304138 2.529266
C. 570 0.O15746 0.326144 0.011550 0.292620 0.004639 0.259073 1.202458 2.554655
C. 580 0.015754 0.326164 0.011762 0.258062 0.004673 C.26G688 1.202456 2.606738
C.5SC 015900 0.317420 0.011966 0.303268 0.004708 0.262243 1. 158525 2.605245
C.fcOO 0.016049 0.3C9179 0.012153 C.3C8255 C.004777 0.259098 1.188599 2.607258
C.fclC 0.016440 0.293715 0.012352 0.310859 G.0C591S C • 113526 1.218427 2.6C0418
0.620 0.016586 0.285666 0.C12537 C.315313 0.005988 0.111966 1.247907 2.589522
0.630 0.016718 0.278417 0.012714 0.319683 0.006022 C. 112642 1.276933 2.574876
C.64C 0.016608 0.2627C8 0 . C 12664 C. 325663 C.005123 0.237428 1.305396 2.556916
0.650 0.016723 0.276477 0 .013045 C.329904 0.005123 0.243231 1.333183 2.536273
C.66C 0.016835 0.27C5C6 0.C132C2 0.334006 0.005123 0.246986 1.360179 2.512828
0.670 0.016949 0.262536 0.013338 C.338356 0.005089 0.259091 1.386268 2.489762
C. 680 0.017180 0.251147 0o013494 0.34 2 827 0.005123 C.26C270 1.435261 2.550864
C.69C 0.01 7167 0.250793 3.013654 0.346894 O.OQ5158 C.261493 1.435261 2.426945
C. ICG 0.017201 0.250035 0.013793 C.350686 0.005227 C.258048 1.435261 2.240162
0.710 0.017308 0.241216 0.C13531 C.354C74 0.035262 0.259096 1.457937 2.196156
C. 72 C 0.017316 O.240803 0.014066 0.357407 C.00*296 C.26C124 1.457537 1.535259
0.730 0.017419 0.231912 0.C 14158 C.36C596 0.005331 C.261131 1.479249 1.884171
C.740 0.017519 0.222968 0.014325 0.363641 0.005365 C.262102 1.499093 1.629293
C.75G 0.017535 0.222079 0.014441 C.366727 C.005435 C. 258479 1.499093 1.511156
C.760 0.017632 0.213083 0.014563 0.369587 C. 005469 C.259396 1.517366 1.450393
C.770 0.017725 U.2C4045 C.C1468C 0.372316 0.005504 0.260288 1.533973 1.390113
C.780 0.017733 0.203587 0.014755 0.375077 0.00553e C.261172 1.533973 1.023975
C. 790 0.017823 0.154524 0.014907 0.377642 0.005573 0.262G25 1.S466G5 C.960533
Co 800 0.017841 3.193610 0.015012 0.380299 0.005642 0.258308 1.548805 0.624078
C.81C 0.017850 0.193159 0.015119 0.382788 0.005677 C.259119 1.548605 0.836223
C.820 0.017937 0. *84089 0.015226 0.385 182 0.005711 0.259932 1.561769 0.838167
C. 630 0.017947 0.183650 0.01533C 0.387571 C.005746 C.260727 1.561765 C.85C152
C.840 0.016030 0.174501 0.C1S432 C.389825 0.005780 0.261507 1.572965 0.852044
0.650 0.018040 0.174160 0.015534 0.392133 0.005815 C.262284 1.572865 0.663924
C.66G O.ul6060 0.173353 0.C15625 C.354394 0.005834 0.258427 1.572669 0.875446
o.e70 0.018070 0.172970 0.015729 0.396632 0.0C5919 C.259244 1.572869 C.887178
c. 60C 0.018151 0.163956 0.015627 0.398731 0.005953 0.259992 1.581965 0.888858
0.890 0.018162 0.163608 3.015925 C.40C692 Q.305966 C. 260737 1.581985 C.900309
C.5CC 0.018027 0 . 1 6C56C G.016035 0.403573 0.006022 0.261505 1.561789 0.930323
0.910 0.018193 0.162677 0.016142 0.405531 0.006092 0.257893 1.581965 0.923027
(•920 0.018272 0.153764 0.016235 0.407633 C.006126 C.258577 1.589061 C.524525
C.S30 0.016282 0.153522 0.016324 C.405747 0.036035 C.259262 1.589067 0.935239
C.54C 0.016357 0.144663 0.016414 0.411559 C.005747 C.259941 1.554137 C.536697
0.950 0.018368 0.144476 0.016456 C.413338 C.005459 C.260523 1.594137 0.946557
0.960 0.018440 0.135683 0.016583 0.415022 C.0 0 5 1 7 i, C . 2 6 U 6 9 1.597110 0.946314
C.57C 0.016796 0 . 16C826 0.016655 C.413251 -G.008Gb6 0.084659 1.597110 0.958289
C.980 0.018856 0.152563 3.016723 G.415C84 — C.00837 4 C.C84922 1.557991 0.959366
C.S90 0.016661 0.1531C7 0.C1675C 0.416874 -0.008951 0.062919 1.597991 0.568966
1.000 0.018918 0.144691 3.016654 C.418599 -C. 00 523 5 C.C83165 1.596777 C.969947

LINEAR!ZATIUN USING DESCRIBING FCNS
A*P ALAM DfcLM WSRL

0.050 0.0723 1.4145 0.0673
0.1CC 0.0696 1. 2840 C.0686
0.150 0.0710 0.916 7 0.0683
C.2CC 0.0713 0. 1680 C.0693
C.250 0.0676 -0.0073 G.G660
C.3CC 0.C655 -0.3601 0.0656
0.350 0.06_>3 -0.6509 0.0635
C.400 0.4313 22.6173 0.L6C5
0.45C C.62B6 25.3948 C.32C4
0.500 0.7153 23.3357 0.4167
C.55C 0.7432 21.4271 C.4747
0.600 0.7506 19.3392 3.5107
C.65C C . 7494 16.7951 C.5315
0.700 0.7385 14.8645 0.5420
C.75C 0.7216 13.1634 0.5460
C.fiCC 0.7026 11.5718 0.5453
0.650 0.6dl7 10.2456 0..5415
0.9CC 0.6594 9.2115 C.5359
0.550 0.6386 8.193J 0.5294
l.CCC C.6221 7. 4934 C.5214



P R O F I L E  P R I N C I P A L  T R A N S V E R S E  C U R V A T U R E S  I l / I M  '

XWR= LOCATION UN R1UHT MFEEL. POSITIVE CUT FPCM TAPELINE (IN)
XRR= LCCATICN UN RIGHT RAIL. POSITIVE CUT FRCP CENTERLINE UN)XWl= LCCATICN UN LEFT WHEEL, POSITIVE CUT FRCP TAPELINE I IN)XRL = LGCATIGN uN LEFT RAIL, POSITIVE CUT FRCP CENTER1INE (IN)
CUR = PRINCIPAL TRANSVERSE CURVATURE CF RIGHT bHEEL PRCFILE.

POSITIVE FUR CURVATURE CENTER IN eODY ( 1 / IN)CYR PRINCIPAL IRANSVERSE CURVATURE CF RIGHT PAIL PRCFILE.PGSWlVfc FOR CURVATURE CENTER IN EGCV ( 1/ IN)
CWL PRINCIPAL TRANSVERSE CURVATURE CF LEFT hPEEL PRCFILE.

POSITIVE FUR CURVATURE CENTER IN ECCV (1 / IN )
CYL PRINCIPAL TRANSVERSE CURVATURE CF LEFT RAIL PRCFILE.

POSITIVE FOR CURVATURE CENTER IN eOCY (1 / IN )

XWR C MR XRR CYR XML CWL XRL CVLI INI J I 1 / IN) ( IN) ( 1 / IN ) ( IN) I 1/ IN i ON) (1 / IN )
-2 .39  861 1.086594 -1 .430et 1.229CC9 -2.39861 1.086594 -1.43086 1.229009-2.35000 1.239624 -1.40000 1.648176 -2.350CC 1.239624 —1.4CCCC 1.648176
-2.30000 1.381223 -1.35000 2.351565 —2.300CC 1.381223 -1.3500C 2.351565
-2.25030 1.495469 -1.30000 2.587111 -2.250CC 1.495469 -1.3CCCC 2.587111-2.20000 1.3 70747 -1.25000 1.8531CC —2.200CC 1.570747 — 1.2500C 1.85310C-2.15030 1.597979 -1.20300 C.831286 -2.150CC 1.597979 —1.20CCC 0.831286- 2 . 1CC00 1.573413 -1.15CCC C.88185C -2.100CC 1.573413 —1.15G0C 0.88185C-2.05030 1.500123 -1.10300 C.929957 -2.350C0 1.500123 -l.ICCOC 0.929957—2.CC000 1.36 7651 -I.C50CC C.974213 -2.000CO 1.387651 -1.05CCC C.974213-1.95000 1.2 49490 -1.00000 1.013176 —1.950CC 1.249490 -1.00000 1.013176-1.90000 1.299115 -0.95000 0.833619 —1.900CO 1.299115 -C.95CCC 0.833619
-1.85000 1.526603 -C.9COOO C.566CE3 -1.850CO 1.526603 -C.9000C 0.586083-1.80000 1.358862 -C .85000 C.325156 — 1.800CC 1.35 8862 -C.85CCC 0.325156
-1.75000 0.868422 -C.800CC C.058165 —1.750CC 0.868422 -C.800CC 0.058185
-1.70C0C 0.212215 - C .75000 0.0116C8 — 1.700CC 0.212215 -C.75CCC C.011608
—1.65C00 -0.217905 -C.70CC0 C.C5C584 —1.650CC -0.217905 —0.7000C 0.050584
-1.60000 - J . 880738 -0.65300 0.089676 -1.600CC -C.88C7C6 —C.65CCC 0 . C89676
—1.5500C -1.243132 —C.6CCC0 C.128962 —I.550CC -1.243132 -0 .6  000C 0.128962
-1.50000 -1.639226 -0.55000 0.168508 -1.500CC -1.639226 -C.55CCC C.166508
— 1.45000 -1.970916 -C.50CCC 0.208357 -1.450C0 -1.970916 -C.5CCCC C.208357
-1.40000 -2.380345 -0.45000 0.246522 -1.400C0 -2.080045 —0.4500C 0.248522-1.35000 -1.855027 -0.400C0 0.288981 -1.350CC -1.855027 —C.4CCCC 0.288981
-1.30000 -1.312252 -C.350C0 C.29C796 -1.300CC -1.312252 -0.35000 0.290796
-1.25000 -0.882938 -C .30000 C.268455 -1.2 50CC -0.882938 -C.3CCCC 0.268455-1.20000 -0.846465 —C.250CC C.245829 -I.200CC -0.848465 —0.2500C 0.245829-1.15COC -0.802314 -C .20000 0.222997 —1.150CC -0.802314 -C.2CCCC C .222997
-1.1CC0C -0.746202 -C. 1500C C.2CCC23 -I.100CC -0.746202 —0.15CCC 0 .500023
-1.05000 -3.682032 - C . 10000 0.176958 —I.050CC -0.682002 -C.ICCCC 0.. * 5958
-l.CCOOO - u . 6 1 1 5 5 9 -C.C5CCC C .153841 -l.OOOCC -0.611559 —0.0500C 0. l.JQ41•0.95000 -0.535782 0.00300 C.130 1C 1 —C.950CC -0 .5 3  5782 C.OCCCC 0.1307C1C.9C000 -0.433786 C.C5CC0 C.110712 —C.900C0 -0.453786 G.05CCC . C. 110712-0.85000 -0.369733 0 . 1 0 0 0 0 C.C594GC -0.850CC -0.365733 0 .1000C 0.099400c.eccoc -0.284482 C.15CCC C.C88C92 -0.80000 -0 .28  448 2 C.15CCC C.C88092C.75000 -0.196605 C.20OC0 C.C7675C —0.750CC -0.198605 0.2000C 0.076790C.7CCOO -0.112446 C.25000 C.065497 -0.7O0C0 -0.112446 C.25CCC 0.065497-0.65000 -0.026164 C.300CC C.C54213 -0.650C0 -0.026184 C.3000C 0.054213—C.6CC0C 0.060097 0.35000 0.042931 —C.600CC 0.C6C097 C.35CCC C.042937
-0.55000 0.146333 C.4COCO C.03167C — C.550CC 0.146333 0.4000C 0.031670-0.50000 0.222968 C.45000 0.021373 -0.500CC 0.222968 C.45CCC 0.021373—0.45000 0.193186 C.5CCCC C.123C32 -C.450C0 0.193186 0.50C0C 0.123032-0.40030 3.163457 0.55000 0.224404 —0.400CC 0.163457 C.55CCC 0.224404-C.35C00 0.133805 C.6CCC0 0.3251C9 -0.350CC 0.133805 C.6CCCC 0.325109-0-30000 3.134237 0.65000 0.424509 —0.300CC 0.104237 0.6500C 0.424509-C.25CCC o .074749 C.700CC 0.52162C —0.250CC 0.074749 0.7CCCC 0.52162C- C . 20000 0.045325 C.75CC0 C.615C29 —0.200CC 0.04532 5 0.7500C 3.615029-C.15C0C 0.015944 C.80000 C.702866 —0.150C0 0.015944 c.eoccc C.702866-C.ICOOO -0.013422 C.850CC C.78265C -C.100CC -0.013422 C.85C0C 0.782850-C.C5000 -0.042801 C.900C0 0.852391 -0.050CC -0.042801 C.9CCCC C.852391O.CCCOO -0.072220 C.95000 C.9C6636 C.OOOCC -0.07222C C.95C0C 0.9088360.C5000 -0.083347 1 . 0 0 0 0 0 0.949768 0.050CC -0.083347 l.OCCCC C.949768C. 1CCOO -0.074860 1.C352C C.969793 ouoocc — 0 .074860 1.03920 0.9697930.15003 -0.066354 0. 0 0 . 0 C.15OC0- -01066354 C.O C.O
0 . 2 0 0 0 0 -0.057830 c.c 0. 0 r..20oco —0.05783C 0.0 0 . 00.25030 -0.049292 0. 0 0 . 0 J.25000 -0.045292 0.0 0 . 0C.3CCC0 -0.040744 c.c 0. 0 0.300CQ -0.040744 0 . 0 0 . 0C.35000 -0.032188 0. 0 0. 0 C.35000 — 0.03218 E 0.0 0 . 0C.4CC00 -0.023625 c.o 0. 0 C.400C0 -0.023625 0.0 c.c0.45000 -0.015058 0. 0 c.c 0.450CC — 0.01 505 £ 0 .0 , 0 . 0C.50000 -0.006489 0. 0 0. 0 0.500CC -0.006485 C.O c.o0.55000 0.002082 c.c C.C 0.550CC 0.002082 0. 0 0 . 00.60000 0.004395 0.0 0 . 0 C.600CC 0.004395 0.0 0 . 0C.65000 0.00456 8 0.0 c.c C.650CC 0.004568 0. 0 0 . 00.70000 0.004741 OiO . 0.0 3.700CC 0.004741 0.0 c.oC .75000 0.004914 c.c 0 . 0 0.75000 0.004914 0.0 0 . 00.80000 0.005087 0.0 0 . 0 0.800C0 0.005087, 0.0 0 . 0C .85000 0.0 0 5260 c.c c.o 0.850CC 0.00 5260 0.0 0 . 00.90000 0.005433 c.c c.c 0.90000 0.005433 0.0 0 . 0C.95C0C 0.005606 0.0 0. 0 0.950CC 0.005606 0.0 0.0
1 . 0 0 0 0 0 0.005778 0.0 c.c l.OOOCC 0.005778 0 . 0 0 . 01.C5C00 0.005951 0.0 0 . 0 1.050CC 0.005951 c.o o.c
1 .1GC00 0.006124 0.0 c.c 1.100CC 0.006124 0 . 0 0 . 01.15000 0.334898 3.0 0.0 1.150CC 0.C0489E c.o c.c
1 . 2 0 0 0 0 U. 003457 C. 0 0. 0 1 .200CC 0.003457 0.0 0 . 01.25000 0.032316 0.0 0 . 0  ’ 1.250CC 0.002016 c.o c.o1.30000 0.000576 c.o 0. 0 1.30000 ’ 0.000576 0.0 c.c1.35000 -0.000865 0.0 0.0 1.35000 -0.00C865 0.0 0 . 01.4CC00 -U. 002306 0.0 0 . 0 1.40000 -0 .00  2306 0 . 0 0 . 01.45000 -0.003747 c.o c.c 1.45000 -0.003747' 0.0 0.0
1.5COOC -0.005188 0.0 0 . 0 l.SOOCC —0.C0518E 0 . 0 o.c1.55000 -0.006629 c.o c.c 1.550CC -0.006629 0 . 0 0 . 0
1 .6CC00 -0.008070 ,0.0 c.o 1.600CC —0.00807C c.o c.o1.65000 -0.009512 c.o c.o 1.650CC -0.009512 0 . 0 0 . 01.70000 -0.010954 0.0 0.0 1.700CC —0.01C954 c.o 0.0
1.75C0C -0.012396 c.o o.c 1.750CC -0.012396 0.0 0 . 01.80000 -0.013838 0.0 0 . 0 1.80000 -0.013838 c.o 0 . 0
1.85C0C -0.015281 C3 C 0 . 0 1.85000 -0.015281 c.o o.c1.90000 -0.016724 0.0 0. 0 1.900C0 -0.016724 0 . 0 0 . 01.95000 -0.018168 0 .  c 0 . 0 1.95000 -0.018168 0.0 o.c
2 .C0000 -0.019612 0. 0 c.c 2.300CC -0.019612 0.0 0.0
2.00406 -0.019729 0. 0 0 . 0 2.004C6 -0.019729 0.0 o.c



CALCOMP PLOTTER OUTPUT - SYMMETRIC PROBLEM

WHEEL CONTACT POSITION RAIL CONTACT POSITION

R A I L  C A N T  F O R  R I G H T  R A I L  . 0 2 5

WHEEL CONTACT POSITION RAIL CONTACT POSITION

FIGURE 3A. CALCOMP PLOTTER OUTPUT - SYMMETRIC PROBLEM, WHEEL/RAIL 
. PROFILES AND LOCATION OF CONTACT POINTS.



NORMALIZED R0LLING RRDII DIFFERENCE R3i_L I N3 RADII
R I G H T  S I D E

N E W  f l f i R  W H E E L  ' D A T A  0 2 6  -

N E W  A A R  R A - I L  D A T A  0 2 5

R A I L  C A N T  F O R  R I G H T  R A I L  . 0 2 5

L E F T  S I D E

N E W  A A R  W H E E L  D A T A  0 2 6

, N E W  A A R  R A I L  D A T A  0 2 5

R A I L  C A N T  F O R  L E F T  R A I L  . 0 2 5

O N E  H A L F  C O N T A C T  R N G L E  D I F F E R E N C E - C O N T A C T  A N G L E S  W h E E L S E T  R O L L

FIGURE 3B. CALC.OMP PLOTTER OUTPUT - SYMMETRIC PROBLEM,. GEOMETRIC CONSTRAINTS.
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PARTIAL LISTING OF PUNCHED CARD OUTPUT - SYMMETRIC PROBLEM

0 . 5 3 0 0 0 D + 0 2  0 , 2 9 5 6 3 0  + 02  0 . 5 6 S 0 0 D + 0 2  0 , 2 9 7 5 0 0  + 02  0 , 2 5 0 0 0 0 - 0 1  0 , 2 5 0 0 0 0 - 0 1

C O E F F I C I E N T S  FOR p r o f i l e  CURVE F I T S

NEW AAR WHEEL DATA 0 2 6  
14

1 0 . 4 4 0 5 1 9 0 + 0 3 - 0 . 7 1 " 4 3 7 0 + 0 3  0 . 4 4 2 1 8 2 0 + 0 3 - 0 . 1 2 1 0 4 1 0 + 03  3 , 1 2 2 7 3 9 0 + 0 2  
0 . 8 0 3 1 0 0 0 0  + 03  0 . 2 2 9 8 3 1 0 + 0 1

2 0 , 1 5 5 5 3 . 7 0  + 02  0 , 1 5 7 5 4 0 0  + 0 1 - 0 , 1 0 0 6 5 8 0 + 0 1  0 , 2 7 3 1 3 5 0  + 0 0 - 3 . 2 8 1 3 7 6 0 - 0 1  
0 , 8 2 9 8 3 1 0 + 0 1  0 . 1 8 1 9 6 7 0 + 0 1

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

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

5 0 . 1 6 5 0 9 6 0 + 0 2 - 0 . 6 1 4 7 2 9 0 - 0 1  0 . 1 8 2 5 6 0 0 - 0 1 - 0 . 3 1 3 3 2 9 0 - 0 2 - 0 . 3 6 0 8 6 5 0 - 0 2  
0 . 6 0 5 0 6 2 0 + 0 0  0 . 2 3 6 8 . 7 2 0  + 00

6 0 , 1 6 - 5 * 9 6 0 +  $ 2 - 0 , 6 1 6 6 2 4 0 - 0 1  0 . 3 2 1 7 5 9 0 - 0 1  0 . 1 1 9 2 4 9 0 - 0 1 - 0 , 1 1 5 4 2 6 0  + 00  
0 . 9 3 8 8 7 2 0 + 0 0 - 0 . 2 9 8 0 3 9 0 + 0 0 '

7 0 , 1 6 5 0 8 2 0 ' + 0 2 - 0 . 8 4 2 2 1 9 0 - 0 1  0 , 1 6 4 7 0 2 0 - 0 1  0 , 2 1 1 7 7 3 0  + 00 0 , 1 6 4 2 8 0 0  + 00  
- 0 . 9 0 8 0 3 9 O + 0 0 - 0 . 7 9 7 6 9 1 0 + 0 0

8 0 . 1 6 8 9 9 * 0 + 0 2  0 , 1 6 3 9 9 6 0 + 0 1  0 . 2 7 6 5 9 8 0 + 0 1  0 , 2 * 8 8 0 7 0 + 0 1  0 . 6 2 4 8 4 7 0 + 0 0  
- 0 , 7 9 7 6 9 : 1 0 + 0 0 - 0 . 1 2 0 4 0 4 0  + 01

9 0 . 2 8 5 3 0 0 0 + 0 2  0 , 3 8 3 9 2 8 0 + 0 2  0 . 4 6 0 6 8 3 0 + 0 2  0 , 2 4 6 3 6 1 0 + 0 2  0 . 5 0 0 3 6 7 0 + 0 1  
- 0 . 1 2 0 4 0 4 0 * 0 1 - 0 , 1 5 1 2 9 1 5 0  + 01

1 0 - 0 , 2 6 9 5 4 9 0 + 0 2 - 0 . 1 1 8 9 4 9 0 + 0 3 - 0 . 1 2 0 6 4 6 0 + 0 3 - 0 . 5 3 6 0 5 7 0 + 0 2 - 0 . 8 7 2 1 7 9 0 + 0 1  
- " . 1 5 1 2 9 5 0 + 0 1 - 0 . 1 6 4 7 3 5 0 + 9 1 '

11 0 , 5 8 6 9 4 4 0 + 0 3  0 , 1 2 8 4 5 2 0 + 0 4  0 . 1 0 7 9 2 4 0 + 0 4  0 . 4 0 * 9 4 1 0 + 0 3  0 . 5 5 6 3 5 6 0 + 0 2  
- " , 1 6 4 7 3 . 5 0  + 0 1 - 0 , 1 7 9 0 9 6 0  + 81

1 2 - 0 , 1 4 7 6 4 9 0  + 0 - 3 * 0 , ' 3 2 1 2 7 0 0 + 0 3 - 0 . 2 3 5 9 7 9 0  + 0 3 - 0 . 7 7 4  3;0 20 + 0 ^ 2 - 0 , 9 3 5 8 5 7 0  + 01 
- 0 . 1 7 9 0 9 8 0 * 0 1 - 0 . 2 0 1 2 9 5 0 + 0 1  ;

13 0 . 4 2 8 3 8 7 0  + 0 1 - 0 . 1 7 5 4 7 4 - O + 0 2 - 0 . 867933-0  + 0 1 - 0 . 1 9 5 4 1  30 + 0 1 - 0 , 1 7 5 9 4 6 0  + 08
2 0 1 2 9 5 0  + 0 t - 0 - ; 2 3 2 5 3 6 O + 0 1  <

U  0 . 5 2 1 4 5 7 0  + 0 2  0 . 5 6 0 1 5 5 0  + 0 2 . 0 , 3 3 9 5 9 9 0  + 0 2  * , 8 8 * 4 4 7 0  + 0 1  0 1 . 8 2 6 3 8 0 0  + 0 0  
- * , 9 3 2 5 3 6 0 + 0 1 - 0 . 2 8 2 9 4 6 0 + 0 1  :

K'EW AAR R A I L  DATA 0 2 5
1 4  . . .  i '

1 -  0 . 1 2 3 9 7 1 0 + 0 7  0 . 3 4 9 3 5 4 D + 0 7 - 0 . 3 6 9 1 7 0 O + 0 7  ' * . 1 7 3 3 7 7 0 + 0 7 - 0 . 3 0 5 3 3 4 0 + 0 6
0 . 9 0 0 0  " ’0 0 * 0 3  ' 3 , 1 4 1 8 8 8 0  + 01  j

2 -  0 . 2 9 3 4 7 1 0 + 0 5  0 . 6 6 7 8 5 9 0 + 0 5 - 0 . 7 4 8 1 6 9 0 + 0 5  0 , 3 7 2 4 7 - 6 0 + 0 5 - 0 . 6 9 5 3 5 8 0 + 0 4  . ,
0 . 1 4 1 B S 8 D + 0 1  0 , 1 3 7 7 2 6 0 + 0 1  1

3 -  0 « 2 1 8 7 & 0 O' +0 3  0 , 7 6 9 9 7 5 0 + 0 3 - 0 . 9 8 2 2 3 0 0 + 0 3  f 0 . 5 5 5 8 0 4 0  + 03-0' ' .  1 1 7 8 1 3 0 + 0 3
0 . 1 3 7 7 2 6 0 + 0 1 '  ' 3 . 1 2 0 3 1 8 0  + 01 • . - ,

4 -  0 . 2 8 3 0 0 6 0 - 0 . 1 .  0 . 2 8 7 1 5 2 0 + 0 2 - 0 . 4 3 1 2 9 1 0  + 0 2 : 0 . 2 8 5 8 7 4 0  + 0 2 - 0 . 7 1 4 4 4 6 0 + 0 1
0 , 1 2 0 3 1 8 0 + 0 1 .  0 . 9 3 1 2 7 7 0 + 0 0  ‘

§ 0 . 6 7 0 9 0 1 0 + 1 0 1  " 0 , 2 3 18307O + 0 1 - 0 . 5 4 3 9 6 0 0  + 01 0 . 5 3 1 4 9 6 0 + 0 1 - 0 . 1 9 6 4 7 4 0  + 01 
0 , 9 5 1 2 7 7 0 + 0 ^  - 0 . ' 6 5 3 8 6 3 0 + 0 0  •

6 0 . 7 t ' 1 5 4 8 O + ' 0 l - « : , 2 0 7 5 8 3 0 + 0 0  0 . 6 3 6 9 0 2 0  + 0 0 - 0 , 9 0 9 4 4 7 0  + 00 0 , 3 8 8 3 1 6 0 + 0 0  
0 , 6 5 3 6 6 3 0  + 00 0 . 3 1 & - 15 8 D  + 00--

7 0 . 7 0 9 4 7 9 D  + 01 0 e2 6 9 4 4 g D - 0 i - 0 « , 9 5 6 4 8 5 D - 0 1 « 0 . 4 7 9 1 3 l D + 0 0  0 . 9 7 5 2 2 1 D + 0 0  
0 . 3 1 9 1 6 8 0 + 0 0  0 , 3 6 6 6 8 0 0 - 0 1
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8 8 . 7 0 0 4 5 2 0 + 0 1  B , 2 4 5 7 2 1 0 - 0 1  0 . 4 7 9 2 2 5 0 - 0 2 - 0 . 4 7 3 9 0 0 0 + 0 0 - 0 . 1 1 0 8 9 9 0 + 0 1  
0 , 3 6 6 6 8 0 O»0 i - 0 , 2 7 6 4 0 4 0 + 0 0
9 0 . 7 0 3 8 6 9 0  + 0 1 - 0 ,  S I  5 2 3 1 D + 0 0 - 0 ' .  2 3 0 5 7 7 0  + 0 1 - 0 , 3 3 7 4 4 8 0  + 9 1 - 0 . 1 8 1 9 0 5 0  + 81

- » . ? 7 5 4 0 4 O + 0 r t - ! 2 ! . § 7 2 4 6 5 0  + 00
1.0 0 . 6 0 f l 7 4 « o  + 0 1 - 0 , 1 0 3 9 9 4 0  + 8 1 - 0 . 1 8 3 6 3 3 0  + 0 1 * 0 . 8 5 7 0 4 2 0 + 0 0 - 0 . 1 2 1 2 7 6 0  + 00  

- 0 . 5 7 2 4 6 5 0 + 0 0 - 0 . 8 2 9 8 5 5 0 + 0 0
11 0 . 9 7 7 1 5 0 0 + 0 1  0 . 1 0 8 4 6 9 D + 0 2  0 . 1 6 1 0 8 4 0 + 0 2  0 , 1 0 4 9 6 3 0 + 0 2  0 . 2 4 6 6 9 0 0  + 0 1 

- 0 , 8 2 9 8 5 5 0 * 0 0 - 0 . 1 1 0 9 2 8 0 + 0 1
1 . 2 - 0 . 1 4 5 9 6 5 0  + 0 2 - 0 . 7 6 4 5 1 4 0  + 0 2 - 0 . 1 0 1 1 5 2 0 * 0 3 - 0 , 5 9 2 9 4  50  + 0 2 - 0 . 1 3 . 0 6 3 5 0 + 0 2  . 

- 0 . 1 1 0 9 2 8 0  + 0 1 - 0 , 1 3 3 . 3 1 8 0 + 0 1
1 3 - 0 . 1 6 3 2 5 8 0  + 0 4 * 0 . 4 9 1 1 8 8 0 + 0  4 - 0 . 5 5 1 5 7 0 0  + 0 4 - 0 . 2 7 5 1 0 2 0  + 0 4 - 0 ' .  5 1 4 7 5 7 0 + 0 3

- 0 . 1 3 3 3 1 8 0 + 0 1 « 0 . 1 4 5 8 6 1 0 + 0 1
14 0 . 1 7 8 7 4 1 0 * 0 8 ' 0 , ' 4 8 8 8 1 9 O * 0 6 ' 0 . 5 0 1 2 2 8 0 + 0 6  0 , 2 2 8 3 7 8 0 + 0 6  0 , 3 9 0 1 3 2 0  + 05  

- 0 . 1 4 5 8 6 1 0 * 0 1 - 0 , 1 5 0 3 1 7 0 + 0 1

WEW AAR WHEEL DATA 0 2 6  
14

1 0 . 4 4 0 5 1 9 0  + 0 3 - 0 . 7 1 , 0 4 3 7 0  + 03  0 . 4 4 2 1 8 2 0 + 0 3 - 0 , 1 2 1 0 4 1 0  + 03  0 . 1 2 2 7 3 9 0 + 0 2
0 . 9 0 0 0 9 0 0 + 0 3  9 . 2 2 9 8 3 1 0 + 0 1  ■ .

2 0 . 1 3 5 9 3 7 0 + 0 2  0 ,  1 . 5 7 5 4 0 0 + 0 1 - 0 . 1 0 0 6 5 8 0  + 01 0 , 2 7 3 1 3 5 0 + 0 0 - 0 . 2 8 1 3 7 8 0 * 0 1  
0 , 2 2 9 8 3 1 0 + 0 1  0 . 1 8 1 9 6 7 0 + 0 1

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

4 0 , ' l « 5 6 « 3 O + 0 2 - 0 , 3 7 0 7 8 8 0  + 00  0 . 6 0 4 2 0 7 0 + 0 0 - 0 . 4 6 3 9 5 1 0 + 0 0  0 . 1 2 4 1 2 3 0 + 0 0
0 , 1 3 3 4 9 9 0 + 0 1  0 , 8 0 8 0 8 2 0 + 0 0

5 0 . 1 6 5 0 9 6 0  + 0 2 * 0 . 6 1 4 7 2 9 0 - 0 1  0 . 1 8 2 5 8 ® D “* 0 t - 0 , 3 | 3 3 2 9 P raf) 2 - 0 , 3 6 0 8 6 5 0 - 0 2  
0 . 8 0 5 0 8 6 0  + 00  0 . 2 3 8 8 7 2 0 + 0 0

6  0 . 1 6 5 0 9 6 O + 0 2 - 0 , 6 1 6 6 2 4 0 - 0 1  0 . 3 2 1 7 5 9 0 - 0 1  0 . i 1 9 2 4 9 0 - 0 1 - 0 . 1 1 § 4 2 6 0 + 8 0  
0 , 9 3 8 6 7 2 D * ! S 0 - 0 . 2 9 8 0 3 9 0  + 00

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

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

9 0 . 2 8 5 3 0 0 0 + 0 2  0 . 3 8 3 9 2 8 0 + 0 2  0 . 4 6 0 6 8 3 0 + 0 2  0 , 2 4 6 3 6 1 0 + 0 2  0 . S 0 0 3 6 7 O + 0 1  
- 0 . 1 . 2 0 4 0 4 0 + 0 1 - 0 , 1 5 1 2 9 5 0 + 0 1

l 0 - 0 . 2 6 9 5 4 9 O  + 0 2 - 0 , 1 1 8 9 4 9 D  + 0 3 - 0 . 1 2 0 8 4 8 D  + 0 3 - 0 , 5 3 6 0 5 7 O  + 0 2 - 0 . 8 7 2 1 " 7 9 O + 0 1  
- 0 . 1 5 1 2 9 5 0 + 0 1 - 0 . 1 6 4 7 3 5 0 + 0 1

U  0 . § 8 6 9 4 4 0 + 0 3  0 , 1 2 8 4 5 2 0 + 0 4  0 . 1 0 7 9 2 4 0 + 0 4  0 . 4 0 0 9 4 1 0 + 0 3  0 . 5 5 6 3 5 6 0 + 0 2  
- 0 . 1 6 4 7 3 5 D + 0 1 - 0 . 1 7 9 B 9 8 D + 0 1

1 2 - 0 , 1 4 7 6 4 9 0 + 0 3 * 0 , 3 2 1 2 7 0 0 + 0 3 - 0 . 2 3 5 9 7 9 0 + 0 3 - 0 , 7 7 4 3 0 2 0 + 0 2 - 0 . 9 5 5 8 5 7 0 + 0 1  
- 0 , 1 7 9 0 9 8 0  + 0 1 - 0 , 2 0 1 2 9 5 0  + 01  •'

13 0 . 4 2 8 3 8 7 0 * 0 1 - 0 . 1 7 5 4 7 4 0 + 0 2 - 0 . 8 6 7 9 3 3 0 + 0 1 - 0 , 1 9 5 4 1 3 0 + 0 l - 0 . 1 7 5 9 4 6 0 + 0 0
- ® „ 2 0 1 2 9 5 0  + 0 1 - 0 . 2 3 2 5 3 6 0 + 0 1

1.4 0 . 5 2 1 4 5 7 0  + 02  0 , 3 6 6 1 5 5 0  + 0 2  0 . 3 3 9 5 9 9 0  + 0 2  0 , 1 8 0 4 4 7 0 + 0 1  0 , 8 2 6 3 8 0 0 + 0 0 .  
- 0 , 2 3 2 5 3 8 0 * 0 i » 0 , 2 0 2 9 4 6 0 + 0 1

N£W AAR RAI L  DATA 0 2 5
14

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

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

3 -  0 . 2 1 8 7 9 0 0 + 0 3  -0-, 7 6 9 9 7 5 0 + 0 3 - 0 . 9 8 2 2 3 0 0  + 03  0 , 5 5 5 8 0 4 0 + 0 3 - 0 . 1 1 7 8 1 3 0 + 0 3  
S 0 . 6 7 0 9 0 1 0 + 0 1  8 , 2 3 8 3 0 7 0 + 0 1 - 0 . 5 4 3 9 6 0 0 + 0 1  0 , 5 3 1 4 9 6 0 + 0 1 - 0 . 1 9 6 4 7 4 0 + 0 1
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fl1. o 3 1 2 7 7 0 * M . 6 5 3 * 6 3 D  + K K

6 0.71 l S c a H + n l - f r , 2 0 7 5 5 3 0 + 0 0  0 . a 3 6 Q0 ? D + 0 P1 - c?!. 9 0 9 4 4 7 0 + 0 0  0 . 3 8 6 5 1 6D + 80 
0 . 8 5 3 6 6 3 0 * .  jif'. vs, 3 1 9 1 5 R D  + C0
7 F . 7 ! * 9 < J 7 b , -: +  (*! P . 2 6 9 4 4 0 0 - 0 1 - 0 . 9 5 6 4 8 5 0 - 0 1 - CT, 4 7 9 1 3 l D + 0 0  0 , 9 7 5 2 2 1 0 + 0 0  

9 f? . 7  0 3 »  * 8 0 +  D l - P . 8  1 5 2  5 1 D  +  0 0 - 0 . 2 3 0  5 7  7.D +  0 1 - 0 , 3 3 7 4 4 8 0  +  0 1 - 0 . 1 8 1 9 0 5 0  +  0 1

- P  „ 9 7 6 4 0 4  0  + 0  f>- 0 , 5 7 2 4 6 5 0  +  0 0

1.0 0 , 6  8  6  7 4 & o +  ;S 1 -  K . 1 0 3 9 9 4 0  + 0 1 - 0 . 1 6 3 6 3 3 0  + 0 1 - 0 , 8 3 7 0 4 2 0  +  0 0 - 0 , 1 2 1 2 7 6 0  +  0 0  

- * ,  * 7 3 4  680+sifr,.;/!*. 8 2 9 * 5 5 0 + 0 0

1 1  0 , 9 7 7 1 5 0 1 . + 0 1  0 , 1 0 8 4 4 9 0  + 0 2  0 . 1 6 1 0 8 4 0 + 0 2  0 , 1 0 4 9 6 3 0  +  0 2  0 , 2 4 6 6 9 0 0  +  0 1  
- 0 . R 2 9 8 4 5 O  +  0-- - 0 . 1 1  0 9 2 8 0  +  0 1

1 2 - 0 . 1452' *4 i - + m2 - 0 , 7 6 4 5 1 4 0  + 0 2 - 0 . 1 0  11520 + 0 3 - 0 , 592945D + 0 . 2 - 0 , 1306350  + 02
1 1 0 9 2 8 D  +  0 1 - - 4 . 1 3 3  3 1  P D  + 0 1

1 3 - 0 . 1 6 3 2 6 8 i; + 0 4 - 0 . 4 9 1 1RBO. + 0 4 - 0 . 5 5 1 5 7 0D + 0 4 - R , 2 7 5 1 8 2 0  + 0 4 - 0 , 5 1 4 7 5 7 0  + 03 
- 0 , 1 3 3 3 1 8 0 + 0 1 - 0 . 1 4 5 « 6 1 0 + 0 1

14 B ,  1 7 6 7 « l P  + 06 0 , 4 8 8 8 1 8 0  + 06 0 . 5 0 1 2 2 8 0  + 06 0 , 2 2 8 3 7 8 0 + 0 6  0 , 3 9 0 1 3 2 0  + 05 
- o ,  1 4 5 6 6 1 0  + s i l - v l ,  1, 503170 + 01
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3 . 492899D+00 Pi. 4 8 5 4 0 8 0 - 0 1 - 0 . 1 7 5 3 4 9 0 - 0 1

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

ETC.
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LISTING OF INPUT CARDS - ASYMMETRIC PROBLEM

.<*2
1

001(300
0«1000
0«100«
53,0 57.5 .025 .025 

m h d p r a t e l y  WORN WHEEL
3.0*25
00 9«
1 1

0 9g426139£+gi 
0.8310379E+01 
0.2194052E+01 
0.2059517E+01 
0.1961965E+01 
0,1837996E+01 
0.i652092e+01 
0.1522414E+01 
0.1407786E+01 
0. J.29259iE + 01 
".1185604E+01 
0.1040408E+01 
0.9099301E+00 
0.7947354E*g0 
0,61l3299E+00 
0.4579259E+00 
0.326.8815E + 00 
0.1734775E+00 
0.4899915E-01 

-0,102763«E + 00 
•0.2179576E+00 
•0.3331521E+00 
*0.4789l42E+00 
^0,6058827E+00 
«0,7639287E+00 
»0.e031810E+00 
•«.10P7716E+01 
-0.1152250E+01 
-0.1284427E+01 
-0,1379526E+01 
-0.1504627E+01 
-0,161S708E+01 
■ 8 ai699354E+01 
-0.1766716E+01 
■0*1818228E+01 
« - 0 , 1 8 6 3 2 3 0 E  + 01 

-0.1900024E+01 
® 0 , i 929743E + 0 1 
*.0.1951819E+01 
• 0.197333SE + 0 1 
•0.1995406E+01 
■0.2016917E+01 
•8.8045503E+01

DATA 0 2 0

•0.1838135E+02
«0»1837800E+02 
-0,1639578E + 0‘g 
"0,1641274E+02 
**0,1641 689E+02 
•0.l'648406E + 02 
••0,1843§0lE+02 
-0.1643066E+02 
w0«1842724E+02 
•0.1048309E+02 
-0.1841339E+02 
«0..1640548E+02 
» 0 O1S40576E+02 
•0.1639981E+02 
-0,1638622E+02 
*■0,1838334E+S2 
•0.1638565E+02 
-0.1838223E4-02 
-0.1S38326E+02 
•0.1638253E+02 
*■0,1638113E+02 
■0,1638013E+02 
-0.1637744E+02 
-0.1838264E+02 
•0.1638717E + 02 
*0,1639S95E+02 
•0,16417902*02 
"0.1844249E+02 
•0,1646835E+02 
w0 ,i 649506E + 02 
-0.1852915E+02 
-0.1858703E+02 
-0.1665851E+02 
■Be 1674117E+02 
*0,1682096E+82 
•0.1690551E+02 
-0.1890547E+02 
•0.1710227E+02 
"0»1718142E+02 
*»0.1725868E+02 
*0.173'8l29E+02 
•0a 1743076E+02 
•0,1750527E+02

0.23S6796E+01 
0 o22551i7E+01 
0,2131219E+01 
0 O2014892E+01 
0.1899897E+01 
0.1706388E+01 
0.15911911+01 
0.1468921E+01' 
0.l3455'l8fc+0t 
3 . 1246740E+01 
0 e 1124469E+01 
0.97814 U E + 0 0  
0,8558706E+00 
0.0801070E+00 
0.5425S29E+00 
0.3902247’E+00 
0.2581045E+00 
0 a 1047004E + 00 
0.3418267E-02 
0 81644642E+00 
0 b2 7 2 0 1 6 9 E + 0 0  
0.4024952E+00 
0,5406154E+00 
0 o 6869437E+00 
0.8338379E+00 
0.96544S4E+00 
0.109762SE+01 
0e1207442E+01 
0.1331977E+0I 
0 O1449435E+01 
0.1559818E+31 
0.1684824E+01 
0.1739827E+01 
0.1791906E+01 
0.1844550E+01 
0.1880778E+01 
0.19104&8E+01 
0.1933705E+01 
0.1962S58E+01 
0.1934934E+01 

• 0«19988B3E+01 
+0.2035397E+01 
•0.2055976E+01

0,1637052E+02 
0.1638466E+02 
0.1640157E+02 
0.1641339E+02 
0.1641766E+02 
0 * 1643241E*02 
0.1643305E+02 
0 , 1642669E+02 
0.1642546E+02 
0.1641792E+82 
0.1640S88E+02 
0.1640560E+02 
0.1640162E+02 
0.1639132E+82 
0.163B342E+02 
0.163B536E+02 
0«163B540E+02 
0,1638213E+02 
0,1638344E+02 
0.1638017E+02 
0 , 1637954E+02 
0.1637759E+02 
0.1633028E+02 
0.1638493E+02 
0.1639190E+02 
0.1640773E+02 
0.1642993E+02 
0.1649221E+02 
0.1648047E+02 
0o1651424E+02 
0 , 16S5545E+02 
0.16629381+02 
0,1670933E+02 
0.1678137E+02 
0.1687026E+02 
0.1694565E+02 
0.1702543E+02 
0.1711329E+02 
0,17215672*02 
0e1730452E+02 
0o1737267E+02 
0o1747601E+02 
0.1753198E+02
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M E W 

1 . 5  
0 « 7 9 
0 0

A A R

« 0 > , ? 0 0 2 2 9 8 E + 0 1  - 0 .  
- 0 . 2 1 8 6 7 3 7 E + 0 1  - 0 ,  
- 0 , 2 3 1 1 8 3 8 E + 0 1  - 0 .  
- 0 . 2 4 8 8 7 3 3 E + 0 1 * 0 ,  
» 0  « ? 6 3  i 0 9 9 E  + 0 1 - 0 ,

1 7 5 7 4 5 1 E + 0 2
1 7 6 4 0 6 0 E + 0 2
1 7 5 S 8 7 4 E + 0 2
1 7 6 7 5 4 3 E + 0 2
1 7 6 3 5 7 3 2 + 0 2

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

S A I L  D A T A 0 2 5

0 . 1 4 3 2 9 4 J 0 01 0 . 6 1 0 6 1 1 3 0 01
0 . 1 4 2 9 1 9 8 0 01 0 , 8 1 5 9 7 1 6 D 01
0 . 1 4 2 5 6 8 3 0 01 0 . 8 2 0 2 4 0 2 0 01

0 . 1 4 2 2 1 6 7 0 01 0 . 6 2 5 5 8 5 2 0 01
0 . 1 4 1 8 8 7 8 0 01 0 . 6 2 9 9 9 1 6 D 01
ft, 1 4 1 1 5 4 5 0 01 0 . 6 4 0 7 9 9 6 0 01
0 . 1 4 0 8 4 8 3 0 01 0 . 6 4 5 9 5 9 3 0 01

0 . 1 4 0 5 2 7 0 0 01 0 . 8 5 0 2 6 4 9 0 01
0 . 1 3 8 4 8 1 9 0 01 0 . 8 6 2 0 4 0 5 D 01
>4. 1 3 7  7 2 5 9 0 01 0 . 6 6 4 8 9 6 5 D 01

? . 1 3 5 8 5 8 2 0 01 0 . 8 7 2 0 3 3 0 0 01
0 . 1 3 2 7 0 5 9 0 01 0 . 8 7 7 6 7 3 9 0 01

ft!.1 9 8 8 7 6 6 0 01 0 , 8 8 2 7 6 5 9 0 01

0 . 1 2 4 6 0 5 0 0 01 0 . 6 8 7 2 2 4 9 0 01
0 . 1 2 0 3 1 8 3 0 01 0 . 6 9 0 6 8 2 0 0 01

0 . 1 1 5 5 8 1 8 0 01 0 . 8 9 3 5 4 8 3 0 01

0 . 1 1 0 4 0 3 0 0 0 1 0 . 6 9 5 8 6 7 2 0 01

B , 1 0 3 9 2 * 0 0 01 0 . 6 9 8 5 1 6 7 0 01
0 . 9 7 8 7 9 4 0 0 0 0 0 . 7 0 0 9 1 3 5 0 01

ft*.9312770O 0 0 0 . 7 0 2 5 6 0 5 0 01
0 . 8 8 3 6 1 2 0 0 0 0 0 . 7 0 3 8 0 4 3 0 01

0 , 8 3 5 9 4 2 0 0 0 0 0 , 7 0 4 5 9 2 8 0 01
0 . 7 8 3 6 5 7 0 0 00 0 , 7 0 5 2 5 0 3 0 01
0 . 7 1 6 7 2 0 0 0 0 0 0 . 7 0 5 9 7 5 7 D 01

0 . 6 5 3 6 8 3 0 0 0 0 0 . 7 0 6 8 3 3 4 0 01
ft'. 5 9 2 9 5 4 0 0 00 0 , 7 0 7 5 0 9 2 0 01
0 . 5 3 6 4 4 1 0 0 0 0 0 , 7 0 7 9 9 9 5 0 01
0 . 4 4 9 5 7 3 0 0 0 0 0 , 7 0 8 3 4 9 3 0 01
0 . 3 8 4 3 6 8 0 0 0 0 0 , 7 0 8 5 8 6 2 0 01
0 , 3 1 9 1 5 8 0 0 0 0 0 , 7 0 8 8 3 9 9 0 01
0 . 2 4 9 6 7 9 0 0 0 0 0 , 7 0 9 1 2 5 7 0 01

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

0 . 3 6 6 6 8 0 0 0 - ■ 01 0 , 7 0 9 6 6 4 1 0 01

• 0 , 3 7 3 1 0 0 0 0 - ■ 01 0 , 7 0 9 2 9 1 6 0 01

- 0 . 9 8 2 4 6 0 1 0 - • 01 0 . 7 0 9 1 3 5 6 0 01

- 0 . 1 5 9 1 0 6 0 0 0 0 0 , 7 0 9 0 9 6 5 D 01

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

- 0 , 2 7 6 4 0 4 0 0 0 0 0 , 7 0 9 3 0 6 0 0 0 1

— 0 . 3 4 1 7 6 3 0 0 0 0 0 , 7 0 9 0 1 4 8 0 01

- 0 . 3 8 0 9 6 3 0 0 0 0 0 . 7 0 8 7 2 7 4 0 01

- 0 . 4 7 6 6 7 6 0 0 0 0 0 . 7 0 7 8 4 1 6 0 01

- 0 . 5 1 6 0 2 7 5 0 0 0 0 . 7 0 7 7 3 3 1 0 01

- 0 . 5 7 2 4 8 5 1 0 0 0 0 . 7 0 7 2 0 1 1 0 01

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



a
 •

80

s l i g h t l y

0 * 2 5
9 *

m?- , 6 2 4 7 8 2 3 0 0 0 0 . 7 0 7 0 4 0 2 0 01
m . 6 8 5 7 1 8 3 9 0 0 $ . 7 0 6 1 5 1 6 0 01
03 !/’. . 7 2 9 4 1 * 8 0 00 0 . 7 0 5 5 4 2 3 0 01

. 7 8 0 0 8 1 2 0 0 0 0 . 7 0 4 1 3 4 6 0 01
« >/ . 9 2 9 9 5 5 3 0 0 0 0 , 7 0 3 4 6 0 5 0 01
•  /. . 8 9 9 4 8 9 6 0 00 0 . 7 0 2 3 3 4 4 0 01
« V' . 9 4 7 4 5 5 6 0 00 0 . 7 0 1 7 4 3 1 0 01
•  7, . 9 9 1 0 7 8 5 0 0 0 0 . 7 0 0 6 7 7 6 0 01
m !/ . 1 0 4 7 9 7 0 0 0 1 0 . 5 9 8 8 1 6 2 0 01
m / . 1 1 * 9 2 9 4 0 01 0 . 6 9 6 7 8 3 1 0 01
ml/ . 1 1 6 6 0 2 4 0 01 0 . 6 9 4 4 9 9 1 0 01
m . 1 2 1 4 3 7 2 0 0 1 . 0 . 6 9 2 4 3 8 2 0 01
«.:< . 1 2 5 8 2 2 2 0 01 0 , 6 8 9 9 0 8 9 0 01

. 1 2 9 7 8 0 0 0 01 0 . 6 8 7 1 9 2 0 0 01
m'A . 1 3 3 3 1 8 2 0 01 0 . 6 8 4 4 4 6 2 0 01

. 1 3 7 2 8 3 5 0 01 $ . 6 8 0 4 7 6 9 0 01

. 1 4 0 4 0 2 2 0 01 0 , 6 7 6 6 9 1 8 0 01
« ••'I . 1 4 3 0 8 6 1 0 01 0 , 6 7 1 1 2 4 6 0 01
«*<* . 1 4 4 0 3 8 7 0 01 0 , 6 6 8 8 0 7 5 0 01

. 1 4 3 8 6 0 7 0 01 0 . 6 6 2 1 2 0 8 0 01•0 Vi. 1 4 6 8 1 3 3 0 01 0 . 6 5 8 4 5 4 4 0 01
m *r<. 1 4 7 7 5 8 3 0 01 0 . 6 5 1 4 1 4 3 0 01

.  1 4 7 9 5 6 6 0 01 0 , 6 5 0 7 0 6 3 0 01
•  */ . 1 4 8 3 5 9 4 0 01 $ . 6 4 5 1 9 7 6 0 01
•  L5. 1 4 9 2 9 6 9 0 01 $ . 6 3 8 5 3 1 6 0 01

. 1 4 9 3 7 2 5 0 01 0 . 6 3 8 1 7 7 3 D 01
«£• o 1 5 0 3 1 7 5 0 01 0 . 6 3 2 3 7 2 3 0 01
WORM '4H£ FL 04T/S> 0 1 9

i 1

0 . 2 S 3 1 4 5 1 E + 0 1
0 . P 3 S 7 7 6 7 E + 0 1  
$ . ? 1 7 1 » 2 ? E + 0 1  
3 . 1 9 7 7 4 6 9 E + 0 1  
* . 1 8 1 4 4 5 8 E + 0 1  
f l .  J6961f l ' «E + 01 
0 , 1 3 3 3 1 4 5 E + 0 U  
0 . t 4 1 3 1 6 « E * 0 t  
0 . 1 2 8 0 1 6 B E + 0 1  
0 . 1  1 0 9 7 9 4 E + 0 1  
$ . 9 6 B 3 0 9 S E + 0 0  
$ » 8 2 0 0 1 7 S E + 0 $  

0 , 6 6 4 9 l 8 3 E + 0 0  
0 . S 1 7 1 7 8 4 E + 0 W  
$ . 3 8 4 1 5 7 2 E + 8 $  
$ . 2 0 6 9 7 9 8 E + 0 0  
0 . 7 3 S 5 8 5 8 E - 0 1  
$ , S 9 062 6$E«>01  
0 . 1 7 0 S 5 7 7 E + 0 0  

$ . 3 2 J 5 2 0 9 2 E  + 0$  
0 . 4 7 4 5 0 J4E+00  
$ . 6 0 1 8 1 9 8 E + 0 $  
0 , 7 1 3 3 1 4 9 E + 0 0

l«37307E+02 
-0,1642572E+02 
-0.1044704E+22
- 0 , 1 8 4 6 2 2 3 E + 0 2  
« 0 . 1 S 4 7 0 1 8 E + 0 2  
- 0 . 1 6 4 7 4 1 4 E + 0 2  

1 6 4 7 9 7 9 E + 0 2  
-0.l«49162E+02 
- 0 . 1 6 4 9 9 3 0 E + 0 2  
* 0 . 1 6 4 9 1 3 2 E + 0 2  
- 0 . 1 6 g $ 2 6 7 E + $ 2  

• 0 . 1 6 5 $ 6 5 8 E + $ 2  
- 0 , 1 6 5 0 4 9 1 E + 0 2  
-0,ia49886E+02
»0.1649435E+02 
“0 . 1649018E+02 
-0.1648706E+02
-0.1848502E+02 
-0.1648746E+02
-0,1649458E+02 
- 0 . 1 8 5 0 1 9 0 5 + 0 2  

-0.16511105+02 
-0.18517465+02

0 . 2 4 4 0 9 2 9 E + 0 1 - 0
0 . 2 2 6 0 4 3 9 E + 0 1 * 0
0 , 2 0 9 0 0 6 9 E + 0 1 - 0
$ . 1 8 9 5 9 6 4 E + 0 1 «*0
0 . 1 7 3 2 9 5 3 E + 0 1 - 0
0 , 1 6 0 6 7 3 9 E + 0 1 B>0
0 . 1 4 7 9 9 7 3 E + 0 1 mg
PJ. 1 3 3 S 0 4 0 E + 0 1 - 0
0 . 1 1 7 7 1 3 3 E + 0 1 13 0
0 , 1 0 4 2 4 5 6 E + 0 1 » 0
0 . 8 8 6 8 0 4 2 E + 0 0 ■ 0
0 . 7 5 3 2 3 0 8 E + 0 0 - 0
0 . 5 8 3 4 1 2 8 E + 0 0 - 0
0 . 4 2 8 8 8 5 7 E + 0 0 ®0
$ , 2 8 7 9 3 3 0 E + 0 0 * 0
$ , 1 3 3 3 8 5 8 E + 0 0 mg
0o 1 8 7 5 1 6 2 E - 0 3 - 0
0 . 1 1 7 9 3 7 7 E + 0 0 ®0
0 . 2 5 2 0 S 3 2 E + 0 0 «■ 0
0 . 4 0 0 3 3 5 3 E + 0 0 <a 0
0 . 5 3 4 4 8 0 9 E + 0 ® w 0
0 ■ 6 6 0 1 4 2 6 E + 0 0 - 0

0 . 7 6 4 8 3 0 6 E + 0 0 •  0

1 6 4 0 7 0 1 E + 0 2  
1 6 4 4 2 4 9 E + 0 2  
1 6 4 5 4 6 3 E + 0 2  
1 6 4 6 8 8 9 E + 8 2  
1 6 4 7 1 9 5 E + 0 2  
16 4 7 4 0 8 E + 0 2  
1 6 4 8 3 4 6 E + 0 2  
1 6 4 9 1 5 4 E + 0 2  
16 4 8 7 4 5 E + 0 2  
1 6 4 9 S 2 4 E + 0 2  
1 6 5 0 4 6 8 E + 0 2  
1 6 5 0 6 1 8 E + 0 2  
1 6 5 0 1 4 2 E + 0 2  
1 8 4 9 5 1 9 E + 0 2  
1 6 4 9 4 0 1 E + 0 2  
1 6 4 8 7 3 8 E + 0 2  
1 6 4 8 7 2 7 E + 0 2  
1 6 4 8 5 8 1 E + 0 2  
1 6 4 9 2 9 8 5 + 0 2  
1 6 4 9 6 4 2 E + 0 2  
1 6 5 0 7 9 9 E + 0 2  
1 6 5 1 6 6 2 5 + 0 2  
1 6 5 2 5 4 3 E + 0 2
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0 . 5 9 2 3 1 B 0 E + 0 0 0 . 6 9 5 4 5 5 6 E + 0 1
8 . 5 3 0 9 9 R 0 E + 0 0 0 . 6 9 5 8 1 3 2 E + 0 1
0 . 4 9 5 1 5 5 0 E + 0 0 0 . 6 9 5 8 4 2 7 E + 0 1
( -1 .4446320E + 00 0 . S 9 6 1 6 0 6 E + 0 1
0 . 3 9 0 7 9 5 0 E + 0 0 0 . S 9 6 3 7 0 0 E + 0 1
0 . 3 3 3 2 1 7 0 E + 0 0 0 . 5 9 6 6 0 9 4 E + 0 1
« » 2 6 8 3 0 0 0 E + 0 0 0 , 6 9 6 8 5 9 2 E + 0 1
m . 2 0 0 0 6 B 0 E + 0 0 0 . 6 9 7 0 1 0 0 E + 0 1
0 . 1 4 2 3 4 8 0 E + 0 0 0 . 6 9 7 1 0 2 0 E + 0 1
* . 3 1 8 2 5 0 1 E - 0 1 0 . 6 9 7 1 9 7 3 E + 0 1
0 . 3 0 7 9 0 9 8 E - 0 1 0 . 6 9 7 5 7 4 9 E + 0 1

- 0 . 2 3 0 4 5 9 9 E - 0 1 0 . 6 9 7 8 9 4 0 E + 0 1
- * ) . 8 7 9 S 4 0 0 E - 0 1 0 . 6 9 8 2 6 9 9 E + 0 1
- 0 . 1 4 1 8 0 0 0 E + 0 0 0 . 8 9 8 4 7 0 2 E + 0 1
- 0 . 2 1 0 1 7 4 0 E + 0 0 0 . 6 9 8 7 4 1 4E+01
- 0 . 2 6 4 2 9 8 0 E + 0 0 0 . 6 9 8 7 4 3 9 E + 0 1
- 0 . 3 2 5 6 1 5 0 E + 0 0 0 . 6 9 8 4 6 9 4 E + 0 1
• 0 . 3 7 9 8 7 9 0 E + 0 0 0 . 6 9 8 3 7 2 3 E + 0 1
- 0 . 4 4 8 2 5 3 0 E + 0 0 0 . 6 9 8 0 7 9 7 E + 0 1
- 0 . 4 8 8 1 2 3 0 E + 0 0 0 . 6 9 8 0 0 7 1E+01
> 0 . 5 4 9 4 4 2 1  E+ 0 0 0 . 6 9 7 6 8 1 0 E + 0 1
- « . 6 0 3 5 6 3 9 E + 0 0 0 . 8 9 7 4 9 0 6 E + 01
- 0 . 6 7 9 4 2 0 0 E + 0 0 0 . 6 9 7 0 6 5 3 E + 0 1
- 0 . 7 3 7 2 8 3 0 E + 0 0 0 . 6 9 8 5 3 6 7 E + 0 1
- 0 . 7 9 8 8 8 7 2 6 + 0 0 0 . 8 9 3 9 2 0 2 E + 0 1
- i > . 8 6 0 3 4 S 8 E  + 00 0 . 6 9 5 1 8 5 9 E + 0 1
- 0 . 9 1 8 3 5 4 4 E + 0 0 0 . 6 9 4 3 2 6 0 E + 0 1
- 0 . 9 7 2 9 0 3 9 6 + 0 0 0 . 6 9 3 2 1 3 5 E + 0 1
- 0 . 1 0 2 3 8 5 5 6 + 0 1 0 . 8 9 2 0 3 9 2 E + 0 1
- ? - . 1 0 7 8 4 0 4 E  + 01 0 . 6 9 0 6 2 5 4 E + 0 1

■ - # .  1 l 2 9 4 9 8 E + 0 1 0 . S 8 8 9 9 3 7 E + 0 1
- 0 . 1 1 8 4 4 7 5 6 + 0 1 0 . S 8 6 7 5 8 7 E + 0 1
• 0 . 1 2 5 4 2 7 4 6 + 0 1 0 . 8 8 3 4 6 3 3 E + 0 1
- 0 . 1 3 0 5 7 9 5 6 + 0 1 0 , 8 8 0 4 6 8 2 6 + 0 1
- * . 1 3 3 9 3 2 3 E + 0 1 0 . S 7 7 8 8 7 4 E + 0 1
- 0 . 1 3 7 5 8 7 8 E + 0 1 0 . 5 7 3 5 7 2 4 E + - 0 1
- B . 1 4 1 1 3 4 6 6 + 0 1 0 . 6 6 7 6 6 5 9 E + 0 1
- 0 . 1 4 2 7 9 3 7 E + 0 1 0 o 6 6 3 0 4 8 9 E  + 0 1
- • 0 . 1 4 4 1 0 1 4 6  + 01 0 . 6 5 5 7 9 5 2 E + 0 1
- 8 , 1 4 6 7 4 1 8 E  + 0*! 0 . 6 3 6 0 4 5 5 E + 0 1
- 0 . 1 4 7 7 1 8 1 E + 0 1 0 . 6 2 6 8 2 4 6 E + 0 1
- ^ . 1 4 7 8 9 6 5 6 + 0 1 0 . 6 0 7 6 6 7 1E+01
- 0 . 1 4 8 1 3 8 9 6 + 0 1 0 . 6 0 4 6 4 9 9 E + 0 1

RATL CANT FOR RIGHT RAI L . -025 ’
R A I L  C A N T  F OR L E F T  R A I L  . 0 2 5  
R A T L  G A G E  5 7 . 5  ( I N )
WH E E L  G A U G E  5 3 . 0 '  ’ ( I N )



PRINTER OUTPUT - ASYMMETRIC PROBLEM

THE A S Y M E T P l b  Wrik*AL/kAIL CONTACT CHARACTER IZ A T ION FRGGRAH 

RUN CPTICNS StLfcCIbU

XhINu- U.U20U

1PUNCH= 1

IPLCT= 1 A CURV* 0

IFLANo = i

NUM0=- 01 1 NC = 6

4HEEL GAljGE ( 1 , KAIL bAUGE (IN). Rll
s 2 OOCCO 5/.50OUU G.025C0 C

t [GET WHEEL FKUHlLE 1 NRJT DATA **♦**♦'

KCDE RA TELY ncKN WHEEL CATA C20
3. C625C

96

1 C • 2426 L 390 + 01 C. 1636 135D + C2
2 0.235o796O+Ji 0.1637C52C+C2
3 C.231 J3 790+01 C. L637eCCD+C2
4 0 • 22 :> 5l 8 /0+ 01 0 • 1 6 3 8 466C +C 2
5 0.21940520+Jl C.L63S578C4C2
6 0.2iJ12190+01 C.164C157D+C2
7 C.2u695l/0+01 C. 1641274C+C2
8 0. 20148920+ Ui C. 164133SD + C2
9 C.l9bi9650+Ul C.1641689C+C2

1C 0 . Ia996970+0i C. 164L766C + C2
11 0 • ld3 79 960+ Jl 0.1642466C+C2
12 0* l 7uo3 doO+ 01 C • 1643 24 IC + C2
13 3. 16526920+01 0.1643501C+C2
14 C. 15911910+ 01 C. 16433C5C + C2
15 0.15224140+01 C . 1643C66C+ C 2
16 C. 146d921U+0l C.1642669C+C2
17 0.14077860+01 C.1642724C+C2
18 C.1J4551 80+Ul C.1642546C+C2
19 0. 1«.925910+01 C. 1642265C + C2
20 0. !24o74Ju+Ol 0.1641792C+C2
21 C • 11b 56U‘»u+ul C.1641239D+C2
22 0.11244690+01 0.1640ee6C+C2
23 C. 10<*u408D+ Ul C. 164C848C + C2
24 C.97ol4110+0J 0 . 1640563C + C2
25 C.9U993JIO+OU C. 164C576C + C2
26 C. 85587060+00 C- 164C 162C ♦C 2
27 C • 794 73 540+ou 0•16 399 8 l C + C2
28 0.6ouiu /UU +QU C.1639132C+C2
29 C.6il3c990+Ju C • 1638622 C + C2
3C 0.5*255290+00 C.1638342C+C2
31 0.457925904-JJ C.1638334C+C2
22 C.39o224/JfJU C.1638536C+C2
33 0.326 881 504- 0 J 0 . 1638565C+C2
34 C.25dlo450+ UU C.163854CC+C2
35 0.1 7347 7504- jj G.1628223C+C2
36 C. U * / U 0 4 O +  00 C.163e213C+C2
37 0.42999150-Jl 0 . 1638226C + C2
38 -C.341d2 6 70-u2 C.1638244C+C2
39 -C. 102 703004-00 C.1628253D+C2
4C -C. 164464204-JU- C. 1638017C + C2
41 -0.21 7957604-00 C.163811 3C + C2
42 -C.27cJ169U+0J 0.1637554C+C2
43 -0.3331521^4-00 C.1628C13D+C2
44 -0.4Jc49520+J0 G.1637759C+02
45 -C.47d9l4204-00 C . 16 3 7 744C + C2
46 -0 • 54 Jol 5404- OJ 0.1628326C+C2
47 -C. 60*882 704-00 C.1638264C+C2
48 -0.686943704-00 0.1638493D+C2
49 -C. 70392 8 /04-00 C •1638 717C + C2
50 -0.83^837904-00 C . 1639150C+C2
51 -C.9UJ18100+00 C.1639955C+C2
52 -0.965448404-00 C.164C773C+C2
53 -0. 1J2 77l6u+0l 0.1641790C+C2
54 ’-0.109 7o2504-01 C . 16429930+02
55 ' -0.115225 J04-01 ' 3.1644249C+C2
56 -C. 120744204-01 C. 1645 2210 + C2
57 -1. I2o44270+Ji 0.164.6835C + C2
56 -C. 135197 704-01 C.1648C47D+C2
59 -0. 13795^604-01 C. U 4 9 5 C 6 C  + C2
6C -C. 144943504-01 C. 165L424C + C2
61 -0 • 15 J462 704-01 C. 16 525 A 5C + C2
62 -C. 155981804-01 0.16 55 545 C+C 2
63- -0. l6io7080+0l C. 16587C3C + C2
64 — 0.166482404-Jl 0.1662538C+C2
65 -C. Io993540+0i C.1665E510+C2
66 -0.17398270+01 0.1670S33C+G2
67 — C.17o 67 1604- Ul C.1674117C+C2
68 -0.1/919 06 D4-01 ■ 0.1678137C+02
69 — 0.181 822 804- Jl C. L682C96C+02
70 -0. 184455004-01 0 • 1667C2 6C + C2
71 -C. 106323 004-01 C.169055IC+C2
72 -0.168 j 7 7804-01 C.1694565C+C2‘
73 -0. 19J JJ2404-01 0.1699547C+C2
74 -0.191 0*9604- 01 C.17C25430+C2
75 -0.192974304-Jl 0.1710227C+02
76 -0. 19337050+ Ul C.1711229C+C2
77 -0. I95lol90+Ul 0.1718 142C + 02
76 -C. 19626580+01 C.1721567C+C2
79 -C. 19 7 33300+ul C. 1725868D+02
ec - C . 19849340+01 C.1730452C+C2
p i -0.19954060+01 C. 172C129D + C2
.62 - - C . 19968030+01 0.1737267C+C2
83 -C.2ul69i 70+01’ C. 1743C760+C2
64 -0.2J355970+01 0 . 1 747601C+C2
85 — C. 20**a5 030+ ul C.1 75C527D+C2
66 -0.20559 760+01 0.1753190C+C2
e7 - C . 26822980+01 C. 1 7 5 7 4 5 1 0 C 2
88 -0.21309790+01 0.176 i 505C + C2
89 -C.21667370+01 C.1764C60C+C2
90 -0.22490040+ 01 C.1765S830+C2
91 -C.231183 80+01 C •l766874C + C2 *
92 — 0.24041060+01 C.11676790+C2
93 -0.2468 7336+01 C • 1 767543C +C2
94 -0.25/279*0+01 C. 1765680C + C2
95 -0.26310990+01 0.17635 73C + C2
96 -0.26634600+01 C. 1765249D+C2
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R I G H T  R A I L  P R O F I L E  I N P U T  C A T A  * * * * * * * * * * * * * *

N E W A A R  R A I L  D A T A 0 2 5
1 . 5 0 0 0 0

7 2
0 u

I 0 .  1 4 3 2 9 4 1 0 * 0 1 0 . 6 1 0 6 1 1 3 C + 0 1 ■ ■
2 0 .  1 4 2 9 1 9 8 0 * 0 1 C • 6 1 5 S  7 1 6 D  +  C 1
3 0 . 1 4 2 5 6 8 3 0 * 0 1 0 . 6 2 0 2 4 0 2 0 * 0 1 ' . ... s.
4 0 .  1 4  2 2  1 6 7 0 *  0 1 C . 6 2 5 5 8 5 2 C + C l
5 0 . 1 4 1 8 8 7 8 0 * 0 1 0 . 6  2 9 9 9 1 6 C  + C 1 V," .
6 0 . 1 4 1 . 1 5 4 5 0 * 0 1 C . 6 4 C 7 9 9 6 C + G 1 • - ■ V ' -
7 0 . 1 4 0 8 4 8 3 0 * 0 1 C • 6 4 5 5  5 9  3 0 +  C 1 ; ’ i : T  . • » '
8 C .  1 4 0 5 2  7 0 0 * 0 1 0 . 6 5 0 2 6 4 9 0 * 0 1
9 0 . 1 3 6 4 8 1 9 0 * 0 1 C . 6 6 2 0 4 C 5 C  +  C 1  ;

1 0 0 . 1 3  7 7 2  5 9 0 * 0 1 0 . 6 6 4 8 9 6 5 0 * 0 1  _ ' ’ ” * v ; ‘
1 1 0 .  1 3 5 6 5 8 2 0 * 0 1 C . 6 7 2 C 3 3 0 D + C 1
1 2 0 . 1 3 2 7 0 5 9 0 * 0 1 0 . 6  7 7 6 7 3 9 C * 0 1 -v •“ t .. • : ■
1 2 0 .  1 2 8 6 7 6 6 0 * 0 1 C . 6  6 2  7 8 5 9 0 *  C l  , ; ‘ . i ■ . . ;
1 4 0 . 1 2 4 6 0 5 0 0 * 0 1 0 . 6 8 7 2 2 4 9 0 * 0 1
1 5 0 . 1 2  0  3 1 8 3 0 *  0 1 G . 6 9 G 6 8 2 0 C + 0 1 ’ ■*
1 6 0 . 1 1 5 5 8 1 6 0 * 0 1 C . 6 9 3 5 4 8 3 0 * 0 1 , r i * ■
1 7 0 . 1 1 0 4 0 3  0 0 * 0 1 C . 6 9 5 8 6 7 2 0 * 0 1 ■ :  ’ . •• • -
1 8 0 . 1 0 3 9 2 0 0 0 * 0 1 C . 6 9 8 5 1 6 7 D  +  C 1 V
I S C . 9 7 8 7 9 4 0 0 * 0 0 0 . 7 0 0 9 1 3 5 0 * C l - v •- '• .
2 0 C . 9 3 1 2 7  7 0 0 * 0 0 C . 7 0 2 5 6 Q 5 0 + C 1
2 1 0 . 8 8 3 6 1 0 0 0 * 0 0 0 . 7 0 3 8 C 4 3 C + 0 1 : 1' .
2 2 C .  8 3 5 9 4 2 0 0 * 0 0 C . 7 C 4 5 5 2 8 D + C I  " T
2 3 0 . 7 8 3 8 5 2 0 0 * 0 0 0 . 7 0 5 2 5 0 3 0 * 0 1 "  -
2 4 C .  7 1 6  7 2  0 0 0 *  0 0 C . 7 0 5 9 7 5 7 0 * 0 1
2 5 0 . 6 5 3 6 6 3 0 0 * 0 0 0 . 7 0 6 8 3 3 4 0 * 0 1 , , . ! '
2 6 C .  5 9 2  9 5 4 0 0 * 0 0 0 . 7 0 7 5 0 9 2 0 + 0 1  . : i . ' • ' . - * ’ .
21 0 . 5 3 6 4 4 1 0 0 * 0 0 C . 7 C 7 9 9 9 5 D + C 1
2 8 0 . 4 4 9 5 7 3 0 0 * 0 0 0 . 7 0 8 3 4 9 3 0 * 0 1 . ‘ •r' J
2 9 0 . 3 6 4 3 6 6 0 0 * 0 0 C . 7 0 8  5 6 6 2 C + C 1 -T , -"
3 0 0 . 3 1 9 1 5 8 0 0 * 0 0 0 . 7 0 8 8 3 9 9 0 * 0 1
3 1 0 . 2 4 9 6 7 9 0 0 * 0 0 C . 7 C 9 1 2 5 7 D + C 1  J /

0 . 7 0 9 3 5 3 6 0 * 0 1
0 . 7 0 9 5 7 5 4 D + C I

... ’

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

3 5 0 . 3 6  6 6 8  0 0 0 -  0 1 0 . 7 0 9 6 6 4 1 0 * 0 1 • , - " ;

3 6 - 0 . 3 7 3 1 0 0 0 0 - 0 1 0 . 7 0 9 2 9 1 6 0 * 0 1 . , . . . *
3 / - 0 . 9 8 2 4 6 0 1 0 - 0 1 C . 7 C 9 1 3 5 6 D + C 1  ; / ‘ - • L ■’ -;-;r
3 8 - 0 . 1 5 9 1 0 6 0 0 * 0 0 0 . 7 0 9 0 9 6 5 0 * 0 1 * : : -.3 r  t -
3 9 - 0 . 2 1 5 6 1 9 0 0 * 0 0 C . 7 0 9 3  3 4 4 0  +  C l
4 0 - 0 . 2 7 6 4 0 4 0 0 * 0 0 C . 7 C 9 3 C 6 0 D + 0 1 ,
4 1 - 0 . 3 4 1 7 6 3 0 0 * 0 0 C . 7 0 9 0 1 4 8  C * C 1 . .... »
4 2 - 0 . 3 8 0 9 6 3 0 0 * 0 0 C . 7 0 8 7 2 7 4 D + C 1 ;  '
4 3 - 0 . 4 7 6 6 7 6 0 0 * 0 0 0 . 7 0 7 8 4 1 6 0 * 0 1
4 4 - 0 . 5 1 6 0 2  7 5 0 * 0 0 C . 7 0 7 7 2 3 1 C  +  C 1 V i. «* f v t "1.
4 5 - 0 . 5 7 2 4 6 5 1 0 * 0 0 0 . 7 0 7 2 0 1 1 0 * 0 1  i
4 6 - 0 . 6 2 4 7  8 2 3 D *  0 0 C . 7 0 7 0 4 C 2 D  +  C 1 ;. : ! t
4 7 - 0 . 6 8 5 7 1 8 3 0 * 0 3 0 . 7 0 6 1 5 1 6 0 * 0 1 ; : - ,  Vj'/i. • V  '■ 

C . 7 0 5 5 4 2 3 0 * 0 1  : V T  : 
0 . 7 0 4 1 3 4 6 0 * 0 1  ' TV,:''..

• ..
4 8 - 0 . 7 2 9 4 1 6 8 0 * 0 0 .r 1 ' •. •
4 9 - 0 . 7 8 6 0 8 1 2 0 * 0 0
5 C - 0 . 8 2 9 8 5 5 3 D + 0 0 0 . 7 0 3 4 6 0 5 0 * 0 1 ,  ;
5 1 - 0 . 8 9 9 4 8 5 6 0 * 0 0 0 . 7 0 2 3 3 4 4 D  +  C I  V  T ' ■ t *' ... ■; - ;

5 2 - C . 9 4 7 4 5 5 6 0 + 0 0 C . 7 0 1 7 4 3 1 0 * 0 1  : • ; ' • . .. ... /
5 3 - 0 . 9 9 1 0 7 8 5 0 + 0 0 C . 7 0 C 6 7 7 6 C + C 1  T  V  r •'•’V ' •
5 4 - 0 . 1 0 4 7 9 7 0 0 * 0 1 0 . 6 9 8 8 1 6 2  0 * 0 1  \  .
5 5 - C .  1 1 0 9 2 8 4 0 + 0 1 C . 6 9 6 7 E 3 1 D * C 1; T  V • ‘ : i
5 6 - 0 . 1 1 6 6 0 2 4 0 + 0 1 0 . 6 9 4 4 5 9 1 0 * 0 1  , V

C . 6 9 2 4 3 8 2 0 * 0 1  V . *
0 . 6 8 9 5 0 8 9 C + C 1

- . « ; t
5 7 - 0 . 1 2 1 4 3 7 2 D + 0 1 1 ' ' • f > ,.
5 8 — 0 . 1 2 5 8 2 2 2 0 + 0 1 , s . , ■
5 9 - 0 . 1 2 9 7 8 0 0 0 + 0 1 C . 6 8 7 1 5 2 0 C + C I  T
6 0 - 0 . 1 3 3 3 1 8 2 0 * 0 1 0 . 6 8 4 4 4 6 2 0 * 0 1  * ;
6 1 - C .  1 3 7 2 8 3  5 0 +  0 1 0 * 6 8 0 4 7 6 9 0 + 0 1 >  

C . 6 7 6 6 5 L 8 0 + C 16 2 - 0 . 1 4 0 4 0 2 2 0 + 0 1 , ‘ v.’V. r . . i6 3 - 0 . 1 4 3 0 8 6 1 0 * 0 1 0 . 6 7 1 1 2 4 6 0 * 0 1  : ;
6 4 - 0 . 1 4 4 0 3 8 7 0 + 0 1 C . 6 6 8 8 C 7 5 0 + C 1 :-V- ,»V' '»♦<> - . •
6 5 - 0 . 1 4 5 8 6 0 7 0 + 0 1 0 . 6 6 2 1 2 0 8 0 + 0 1  : . 'V .
6 6 - 0 .  1 4 6 8 1 3 3 0 * 0 1 C . 6 5 8 4 5 4 4 D  +  C 1  ; . 

0 * 6 5 1 4 1 4 3 0 + 0 1  ;V •6 7 - 0 . 1 4 7 7 5 8 3 0 + 0 1 > * . ‘ v •«o c 0 «  H  ! » o 6 D *  U 1 L«oju iLu^L+ijl v '
6 9 - 0 . 1 4 8 3 5 9 4 0 + 0 1 0 . 6 4 5 1 9 7 6 0  + 0 1  • ,«■.
i t - C .  1 4 9 2 9 6 9 0 * 0 1 0 . 6 3 8 5 3 1 6 0 + C 1
7 1 - 0 . 1 4 9 3 7 2 5 0 + 0 1 C . 6 3 8 1 7 7 3 D + C 1/ 2 - 0 .  1 5 0 3 1  7 5 0 * 0 1 0  . 6 3 2 3 7 2 3 0  + 0 1

Ir

' : 
>
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L E F T W H EEL  P R O F I L E  I N P U T  CA TA  * * * * » « * * <

S L I G H T L Y  WuRN - H E E L U A T A  C I S
•a• C 6 2 5 0

9 6 '

TO  E Q U A T E  T O P  UP NrtEfcL F L A N G E S  ON L E F T
1 C .  2 5 3 1 4 5  I D *  01 C . 1 6 3 9 2 8 6 C * C 2
2 0 . 2 4 4 0 9 2 9 0 * 0 1 C .  16  4 2  6 C O D * C 2
3 C « 2 J 5 7 7 6 7 D * 0 1 0 ® 1 6 4 4 4 7 1 0 * C 2
4 0 . 2 2 6 0 4 3 9 U *  01 C .  1 6 4 6  1 4 8 C * C 2
5 0 * 2 1 7 1 J 2 2 0 + 0 1 0 . 1 6 4 6 6 6 3 0 * 0 2
6 C . 2 0 9 0 0 6 9 0 * 0 1 C® 1 6 4 7 3 6 2 0 * 0 2
7 0 . 1 9 7 7 4 6 9 0 * 0 1 0® 1 6 4 8 1 2 2 0 * 0 2
8 0 .  1 6 9 3 9 6 4 0 * 0 1 C® 1 6 4 8 7 8 8 C * C 2
9 0 * 1 8 1 4 4 5 6 0 *  01 3 . 1 6 4 8 9 1 7 0 * 0 2

1C 0 * 1 7 3 2 9 5 3 0 *  01 C . 1 6 4 9 C 9 4 C * C 2
11 0 , 1 6 6 6 1 6 6 0 * 0 1 C . 1 6 4 9 3 1 3 C * C 2
12 C . 1 6 0 6 7 3 9 0 * 0 1 C . 1 6 4 9 3 0 7 C * C 2
13 0 . 1 5 3 3 1 4 5 0 *  01 C .  1 6 4 9 E 7 8 C * C 2
14 0 . 1 4 7 9 9  7 3 0 * 0 1 0 . 1 6 5 0 2 4 5 0 * 0 2
15 0 . 1 4 1 3 1 8 6 0 * 0 1 C . 1 6 5 1 C 6 1 C * C 2
16 0 . 1 3 3 9 0 4 0 0 * 0 1 0 . 1 6 5 1 0 5 3 0 * 0 2
17 C .  1 2 8 0 1 0 5 0 * 0 1 C .  1 6 5 C € 2 9 0 * C 2
16 0 . 1 1 7 7 1 3 3 0 * 0 1 0 . 1 6 5 3 6 4 4 0 * 0 2
19 0 .  11 o 9  7 9 4 0 *  01 C . 1 6 5 1 C 3 1 C * C 2
2 0 0 .  1 0 4 2 4 5 6 0 * 0 1 C . 1 6 5 1 1 2 3 0 * 0 2
21 C .  9 6  8 3  0 9 6 0 *  0 0 0 . 1 6 5 2 1 6 6 0 * 0 2
2 2 0 . 8 8 6 8 0 4 2 0 * 0 0 C .  1 6 5 2 3 6 7 D * C 2
2 3 C.  8 2 0 0 1  7 6 0 * 0 0 0 . 1 6  52  5 5 7  C * C 2
24 C .  7 3 ^ 2 3 0 6 0 * 0 0 C . 1 6 5 2 5 1 7 0 * C 2
2 5 0 . 6 6 4 9 1 6 3 0 * 0 0 0 . 1 6 5 2 3 9 0 C * 0 2
26 C .  5 8 3 4 1 2 6 u * 0 0 C . 1 6 5 2 C 4 1 C * C 2
2 7 0 . 5 1 7 1 7 8 4 0 * 0 0 0 . 1 6 5 1 7 6 5 C * C 2
26 C .  4 2 8 8 6 5 7 0 *  0 0 C • 1 6  5 1 4 1 6 C * C 2
2 9 0 . 3 8 < * 1 5  7 2 0 * 0 0 0 . 1 6 5 1 3 3 4 C *  C2
3 0 C . 2 o 7 9 3 3  0 0 *  0 0 0 . 1 6  5 1 3 0 0 C  * C 2
3 1 0 . 2 0 6 9 7 9 8 0 * 0 0 C . 1 6 5 0 9 1 7 C * C 2
32 C . 1 3 3 3 8 5 8 0 * 0 0 C • 1 6  50  63  7 C * C 2
3 3 0  .  73 9  3 6  5 8 0 -  0 1 0® 16 50  6 C 5 D *  C2
3 4 - 0 ® 1 8 7 3 1 6 2 0 - 0 3 G • 1 6  5 0 6 2 6 C  * C  2
3 5 -  C • 5 9 0 o 2 6 0 0 -  01 C . 1 6 5 C 4 C 1 0 * 0 2
3 6 - 0 . 1 1  7 9 3  7 7 0 * 0 0 0 . 1 6 S 3 4 8 0 C * C 2
37 - 0 .  1 7 o 33  7 7 l l *  0 0 C . 1 6 5 0 6 4 5 D * C 2
36 - 0 . 2 3 2 0 6 3 2 0 * 0 0 0 . 1 6 5 1  1 S 7 D * C 2
3 9 — C® 3 2 6 2 0 9 2 D * 00 C . 1 6 5 1 3 5 7 C * C 2
4 0 - 0 . 4 0 0 3 5 5 3 0 * 0 0 C . 1 6 5 1 5 4 1 0 * 0 2
41 - 0 ®  4 7 4 5 0 1 4 D *  0 0 0 . 1 6 5 2 Q 4 9 C * C 2
4 2 - 0 . 5 3  4  4  6  0  9 0 *  0 0 C • 16 5 2 6 9 8 C * C 2
4 3 — C® 6 0 1 6 1 9 8 0 * 0 0 0 . 1 6 5 3 0 0 9 0 * 0 2
4 4 - G . 6 o O l 4 2 6 J * 0 0 C . 1 6 5 3 5 6 1 0 * C 2
4 5 - 0 . 7 1 3 3 1 4 9 0 * 0 0 0 . 1 6 5 3 6 4 5 0 * 0 2
4 6 - 0 .  7 6 4 8 3  C 6 0 * 0 u C . 1 6 5 4 4 4 2 0 * C 2
4 7 - 3 * 8 2 4 8 1 0 0 0 * 0 0 0 . 1 6 5 4 7 3 1 0 * 0 2
4 6 - 0 . 8 9 1 5 9 6  7 0 * 0 0 C . 1 6 5 5 7 4 1 C * C 2
4 9 — 0® 9 3 9 4 8 7 7 0 * 0 0 0 . 1 6 5 6 5 4 0 0 * 0 2
5C - G .  1 0 1 8 9 1 5 0 * 0 1 C . 1 6 5 7 5 C 4 0 * C 2
51 - 3 . 1 0 7 8 6 9 4 0 * 0 1 0 . 1 6 5 8 0 9 7 0 * 0 2
5 2 - 0 .  1 1 3 0 9 6 2 0 * 0 1 C .  16  59  3 6 1 C * C 2
5 3 - 0 . 1 1 6 4 6 8 7 0 * 0 1 0 . 1 6 6 0 6 2 4 0 * 0 2
5 4 - G .  1 2 4 4 6 6 6 0 * 0 1 C .  1 6 6 2 2 9 2 0 * 0 2
5 5 - 0 . 1 2 9  72  8 6 D *  01 C .  1 6 6 3 3 8 7 C * C 2
56 - 0 . 1 3 4 2 5 4 7 0 * 0 1 0 . 1 6 6 4 5 2 2 0 * 0 2
5 7 - 0 . 1 4 0 3 0 7 9 0 * 0 1 C . 1 6 6 6 3 1 6 C * C 2
58 - 3 .  1 4 3 6 2 5 1 0 * 0 1 0 • 1 6 6 8 2  79 C * C 2
59 - 0 . 1 3 0 9 9 7 5 0 * 0 1 C .  1 6 7 1 1 7 8 0 * 0 2
6 0 - 0 . 1 5 4 9 5 3 3 0 * 0 1 0 . 1 6 7 4 5 5 4 0 * 0 2
6 1 - C .  1 3 6 1 7 3 2 0 * 0 1 C . 16  7 7C C  7 D * C 2
6 2 — 0 ® 1 6 2  8 6 4 9 0 * 0 1 3 . 1 6 8 1 2 6 3 0 * 0 2
6 3 - 0 . 1 6 6 C 8 4  7 0 * 0 1 C . 1 6 8 4 C 1 6 C * C 2
6 4 - C . 1 7 0 0 4 U 5 0 * 0 1 C • 1 6  8 69  8 C 0 * C 2
6 5 - 0 . 1 / 1 0 5 2 5 0 * 0 1 C . 1 6 9 0 7 9 4 0 * C 2
6 6 - 0 •  172  d5  5 7 0 *  01 C . 1 6 9 6 5 7 7 D * C 2
6 7 - 0 . 1 7 3 9 / 8 2 0 * 0 1 0 • 1 6 9 9 2 8 1 C * C 2
6 e - 0 .  1 7 o 3 1  7 3 0 * 0 1 C . 1 7 C 6 6 5 0 0 * C 2
6 9 - 0 . 1 7 0 8 4 8 6 0 * 0 1 0 . 1 7 0 9 3 6 4 0 * 0 2
?C - C o  17  7 1 7 9 9 0 *  01 C • 1 7 1 1 9 6 4 C * C 2
71 - 0 . 1 7 8 9 2 7 9 0 * 0 1 3 . 1 7 1 7 2 6 6 0 * 0 2
72 - 0 .  1 6 1 3 2 2 2 0 * 0 1 C . 1 7 2 4 1 9 7 0 * 0 2
73 - 0 •  1 8 1 o5  3 6 0 * 0 1 0 . 1 7 2 4 9 8 8 0 * 0 2
14 - C . 1 6 3 6 5 6 7 0 * 0 1 C . 1 7 3 1 79  6 C * C 2
75 —0 . 1 8 4  7 ^ 4 0 0 *  01 C ® 1 7 3 4 6  7 3 C * C 2
16 - 0 .  1 6 6 5 2  7 2 0 * 0 1 C . l 7 3 S 5 1 6 C * C 2
7 7 - 0 . I o o 2 7 5 1 0 * 0 1 C . 1 7 4 2 7 2 9 D * C 2
7e - 0 * 1 9 1 5 5 0 2 0 * 0 1 0 . 1 7 4 7 6 1 0 0 * 0 2
79 - 0 .  1 9 ^ 0 3 4 1 0 * 0 1 C . 1 7 5 C 4 0 7 D * C 2
eo - 0 . 1 9 7 1 9 6 7 0 * 0 1 0 . 1 7 5 3 7 2 2 0 * 0 2  ■
81 - 0 . 2 0 1 1 5 4 5 0 * 0 1 C . l 7 5 7 3 7 7 0 * 0 2
82 - 3 . 2 0 4 3 7 4 4 0 * 0 1 0 . 1 7 5 9 7 5 5 0 * 0 2
83 - 0 . 2 0 6 9 5 5 7 0 * 0 1 C . l 7 6 2 8 4 5 C * C 2
8 4 - 0 . 2 1 2 6 5 6 ^ 0 * 0 1 C . 1 7 6 4 5 1 8 0 * 0 2
65 - C . 2 1 6 9 0  9 4 0 * 0 1 C . 1 7 6 7 C 3 5 C * C 2
8 6 - 0 . 2 2 5 7 3 3  7 0 * 0 1 C . 1 7 6 8 1 2 3 0 * 0 2
6 7 - 0 . 2 3 2 3 2 1 9 0 * 0 1 0 . 1 7 6 9 2 4 9 0 * 0 2
£ 8 - 0 . 2 4 0 6 3 8 1 0 * 0 1 C . 1 7 6 9 C 3 1 0 * C 2
8 9 - 3 . 2 4 7 1 3 1 1 0 * 0 1 0 . 1 7 6 8 6 8 1 C * C 2
9 0 - 0 . 2 3 2 5 6 3 4 0 * 0 1 C . l 7 6 7 C 4 8 0 * C 2
9 1 - 3 . 2 3 5  7 6 0 5 0 * 0 1 0 . 1 7 6 5 1 3 2 0 * 0 2
9 2 - C ®  2 6 4 4 8 2 4 0 * 0 1 C . l 7 6 2 3 6 1 C * C 2
9 3 - 0 . 2 6 9 4 1 3 1 0 * 0 1 0 . 1 7 5 9 5 4 6 D * G 2
9 4 - C . 2 / 3  6U  7 6 0 *  01 C . 1 7 5 6 1 2 9 0 * 0 2
9 5 - 0 . 2 7 7 6 0 2 6 0 * 0 1 C . 1 7 5 2 5 9 3 0 * 0 2
56 - 0 . 2 8 1 9 4 2 1 0 * 0 1 0 • 1 7 5 6 8 6 5 0 * 0 2
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L E F T  R A I L  P R O F I L E  1 N P U I  C A T A  * * * * * * * * * * * * >

R A I L  CATA 013V» GF N L E F T  
I . 5 C 0 0 C

6 8
0  0

1 C . 1 5 0 6 0  7 7 0 +  0 1
2 C . 1 5 0 U 0 2 U D + 0 1
3 0 . 1 4 *  0 9  3  5 0 +  0 1 '
A  C . 1 4 o  6 7 6 2 0 + 0 1
5 C .  1 4 & 6 4 4  7 D +  0 1
6  0 .  I A 7 3 4 7 8 0 +  J i
7  0 .  1 4 6 4 1 0 8 0 + 0 1
8 0 . 1 4 3 4 4 3 2 0 + 0 1
5 0 .  1 4 4 8 3  9 6 0 + 0 1

1 C  0 . 1 4 4 2 1 9 6 0 + 0 1
1 1  G .  1 4 0 6 9 2 0 0 + 0 1
1 2  0 . 1 3 6 7 4 8 1 0 + 0 1
1 3  C . 1 3 1 3 5 0 1 0 + 0 1
1 4  0 . 1 2 6 0 0 9 2 0 + 0 1
1 5  0 . 1 2 0 9 8 5 4 0 + J l
1 6  C .  1 1 6 3 2 1 3 0 + 0 1
1 7  0 . 1 1 0 2 1 8 1 0 + 0 1
1 8  C .  1 0 4 1 1 4 7 0 +  0 1
1 9  0 . 9 9 J 9 J 9 J D + J J
2 C  C . 9 1 9 3 6  4 o J + 0 0
2 1  C .  8 6 o 9 o 4 0 0 + 0 o
2 2  C .  8 2 2 3 4 4 0 0 + 0 0
2 3  0 . 7 7 1 9 6 4 0 0 + 0 0
2 4  C .  7 2 1  7 2  5 0 0 + 0 0
2 5  C . 6 4 9 7 5 3 0 0 + 0 0
2 6  0 . 5 9 2 3 1 8 0 0 + 0 3
2 7  C .  5 3 0 9 9 9 0 0 + 0 0
2 8  0 . 4 9 3 1 5 5 0 0 + 0 0
2 5  C . 4 4 4 6 3 2 0 0 + 0 0
3 0  0 . 3 9 0 7 9 5 0 0 + 0 0
3 1  C .  3 . 3 3 2 1  7 0 ) +  0 0
3 2  0 . 2 6 8 i u 0 0 0 + 0 0
3 3  C . 2 0 6 0 6 8 0 0 + 0 0
3 4  0 . 1 4 2 3 4 8 0 0 + 0 0
3 5  0 . 9 1 8 2 3 0 1 0 - 0 1
3 6  C . 3 U 7 9 C 5 8 0 - 0 1
3 7  - C . 2 3 0 4 5 9 9 0 — 0 1
3 8  - 0 . 8 7 9 6 4 0 0 0 - 0 1
3 9  - 0 . 1 4 1 8 0 0 0 0 + 0 0
4 C  - C . 2 1 0 1 7 4 0 0 + 0 0
4 1  - 0 . 2 6 4 2 9 6 0 0 + 0 0
4 2  - 0 . 3 2 5 6 1 5 0 0 +  0 0
4 2  - 0 . 3 7 9 o 7 9 0 0 + U 0
4 4  - C . 4 4 8 2 5 3 0 0 + 0 0
4 5  - 0 . 4 8 8 1 ^ 3 0 0 + 0 0
4 6  - C . 5 4 9 4 4 2 1 0 + 0 0
4 7  — 0 . 6 0 8 5 6 3 9 0 + 0 0
4 6  , - 0 . 6 7 9 4 2 0 0 0 + 0 0
4 5  - 0 . 7 3 7 2 8 3 0 0 + 0 0
5 0  - 0 . 7 9 « 8 8 7 2 0 + 0 0
5 1  - C .  8 6  0  3  4  8  8 0 +  0 0
5 2  - 0 . 9 1 8 3 5 4 4 0 + 0 0
5 3  - C . 9 7 2 9 0 3 9 0 + 0 0
5 4  - O o 1 0 2 3 o 5 5 0 + 0 l
5 5  - C . 1 0  7 8 4  0 4 0 +  u i
5 6  - 0 . 1 1 2 9 4 9 8 0 + 0 1
5 7  - 0 . 1 1 8 4 4 7 5 0 + 0 1
5 6  - 0 . 1 2 5 4 2  7 4 0 + 0 1
5 5  - 0 . 1 3 0 3 7 9 5 0 + 0 1
6 C  - C .  1 3 3 9 3 2 3 0 + 0 1
6 1  - 0 . 1 3 7 6 8 7 8 0 + 0 1
6 2  - C . 1 4 1 1 5 4 6 0 + 0 1
6 3  - 0 . 1 4 2 7 9 3 7 0 + 0 1
6 4  - C .  1 4 4 1 0 1 4 0 + 0 1
6 5  - 0 . 1 4 6  7 4 1 8 0 + 0 1
6 6  - 0 . 1 4 7 7 1 8 1 0 + 0 1
6 7  - O i 1 4 7 8 9 6 5 0 + 0 1
6 8  - 0 . 1 4 8 1 3 8 9 0 + 0 1  
R A I L  C A N T  F O R  L E F T  R A I L  
R A I L  C A M  F U R  R I G H T  R A I  
R A I L  G A G E  5 7 . 5  U N I
VIF E E L  G A U G E  5 3 . 0  I I N I

C . 6 5 5 7 6 1 3 D + C 1 
C . 6 5 7 8 5 9 3 C + C 1  
C . 6 6 3 4 4 8 5 D + C 1  
0  . 6 6  5 6 4 0 4  C * 0 1  
C • 6'fc 7 8 2 C 4 D  +  C 1 
0 . 6 7 3 1 2 5 7 C + G 1  
C . 6  1 6 1 1 C 6 0 + C I  
0 . 6 7 5 7 3 7 7 C + C l  
C . 6 8 2 0 7 1 2 C + C 1  
0 . 6 8 3 6 6 5 1 C + C 1  
C . 6 8 6 1 6 1 6 C + C 1  
C . 6 .6 7 C  8 C 8 D  + C 1 
C ; 6 8 7 9 1 5 5 C + C 1  
C . 6 8 8 7 4 3 7 D + C 1  
G . 6 8 9 6 5 4 0 C + 0 1  
C . 6 5 C 1 5 8 4 C + C 1 
0 . 6 9 0 7 5 2 5 C + 0 1  
C . 6 S 1 4 1 8 0 D + C I  
0 . 6 9 2 1 0 8 8 C + C 1 
C . 6 5 3 C 2 4 0 C + C 1  
C . 6 5 3 6 4 3 2 D + 0 1  
C . 6 9 3 9 3 9 0 C + C 1 
C . 6 5 4 3 6 3 6 C + C 1  
0 . 6 9 4 6 8 2 7 C + C 1  
C . 6 5 5 2 4 C 9 C + C 1 
0 . 6 9 5 4  5 5 6 C * C 1 
C . 6 5 5 8  1 3 2 D  +  C 1  
0 . 6 5 5 8 4 2 7 C  + 0 1 
C . 6 5 6 1 6 C 6 C + C I  
0 . 6 5 6 3 7 0 0 0 + 0 1  
C . 6 5 6 6 C 9 4 C + C 1  
C . 6 5 6 8 5 5 2 D  + C 1 
0 . 6 9  7 0 1 0 0 C  +  C 1 
C . 6 5 7 1 C 2 0 C + C  1 
C . 6 5 7 1 9 7 3 C + C 1  
C . 6 5 7 5 7 4 5 0 + C 1  
0 . 6 9 7 8 9 4 0  C + C  1 
C . 6 9 8 2 6 9 5 C + C 1  
0 . 6 5 8 4 7 0 2 C + C l  
C . 6 5 8 7 4 1 4 0 + C 1  
0 . 6 9 8 7 4 3 9 C + C l  
C . 6  5  8 4  6 9.4 0  ♦  C  l 
0 . 6 9 8 3 7 2 3 C + C 1  
C . 6 9 8 C 7 9 7 C + G 1  
C . 6 5 8 C C 7 1 D + C 1  
C . 6 9 7 6 8 1 0 C + C 1  
C . 6 5 7 4 5 C 6 C + C 1 
C  . 6 9  7 0 6 5 3  C  + C 1 
C . 6 5 6 5 2 6 7 D + C 1  
0 . 6 9 5 9 2 0 2 0 * 0 1  
C . 6 5 5 1 8 5 9 0 + C 1 
0 . 6 9 4 3 2 6 0 0 + C 1 
C . 6 5 3 2 1 3 5 C + C 1  
C . f e 5 2 C 2 5 2 C + C 1 
C . 6 9 0 6 2 5 4 C + C 1 
C . 6 8 8 9 5  3 7 0  + C  1 
0 . 6  E 6 7 5 8 7  C + C 1 
0 . 6 8 3 4 6 3 3 0 + C l  
0 . 6 8 0 4 6 8 2 C + C l  
C • 6  7 7 6 6  7 4 C  +  C 1  
0 . 6 7 3 5 7 2 4 0 + 0 1  
C . 6 6 7 6 6 5 5 C + C 1  
0 . 6 6 3  0 4 8 9 0  + C 1 
C . 6 5 5 7 9 5 2 0  +  0 1  
C . 6 2 6 0 4 5 5 C  +  C l  
0 . 6 2 6 8 2 4 6 C + C l  
C . 6 C  7 6 6 7 1 D  +  C 1  
C . 6 0 4 6 4 9 9 C + C I  

. C 2 5  
L  . 0 2 5
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IO O O O O O O Q 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 U O U n O O O O O O O O O O O O O O O O O O f l O O O O O O O O O O Q O C i f * H h < f H H N H H H > - i “HrH*.HHfNH»«i,"N^
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C. ?<»e 
C. 76C 
C. 780
c. eoc
C.82 J 
C. 84C
0. ee j 
c. tec 
c.soo 
C.52C 
C.940 
C.56C 
C.580 
1.0 JO 
1-C2C 
1.040
1 . C6C 
1.06 J 
1. ICC 
1.120 
1.14C 
1.160 
i. iec 
1.200

1 .61 65 
1 .b ibb  
1 . G'to? 
1 .65b5 
1.bbob 
l.b /o b
1.6603 
l.oVbb 
1 .0*65 
1. 6 9o5 
1.b>6b
1.6965 
1 .69b5
1.6965 
1.6 965 
1 .696? 
1.69c*5 
1.726? 
l.7<*o? 
1 .7bo5 
1.7065 
1.o i 6? 
I .0465 
l  .0/65

J. 1996 
J . 1093 
J . 109 1 
J. 17 o5 
J . lo  79 
U. 1572 
J.14o5 
0.1357 
0.1144 
0. 0922 
0.0707 
0 . 044 7 
0 .01o4 

-J. 0099 
;U .1460 
-J.2177 
-0.2517 
-J.2456 
- J .2603 
-0.2604 
-0 .275b 
-0.2723 
-0.260a. ■ 
-u .2634‘

-0.5435 
-0 .5 4  35 
-0.7635 
-0.6235 
-3.6835 
-C .£835 
-3 .6835 
- l . 1235 
-1.1835 
-1.2535 
-1.2535 
-1.5835 
-1.6135 
-1.6635 
-1.6335 
-1.4435 
-1.5135 
-2.0035 
-1.5735 
-1 .5935 
-2.0135 
-2.C235 
-2.0435 
-2.0635

-0 .50 16 
-C .4813 
-0.6811 
-C.72C5 
-0.7599 
-C.7342 
-C.7185 
-0.5377 
-0.9764 
-I.C241 
-1.CC27 
-1.3065 
-1.31C I 
-1.3315 
-1.36CC 
-1.3958 
-1.3319 
-1.3968 
-1.3321 
-1.3235 
-1.3158 
-1.299C 
-1.2928 
-1.2872

16.43279
16.43253
16.43314
16.43321
16.43325
16.43325
16.43322
16.43315
16.43315
16.43315
16.43315
16.43315
16.43315
16.43315
16.43315
16.43315
16.43315 
16.43093 
16.42979 
16.42859 
16.42734 
16.42543 
16.42351 
16.42162

7.C9421
.7.09459
7.C946C
7.G9494
7.09525
7.09551
7.C9574 
7.09592 
7.09614 
7.096 18 
7 .C960 5 
7.C9567 
7.C951C 
7.C943I 
7.09283 
7.C9268 
7.09224 
7.C9234 
7.09207 
7.C9190 
7.09172 
7.C9161 
7.C919C 
7.G9201

16.52669 6.57523 -0.015165 0. C62993 0.06C647 0.060388
16.52669 6.980C1 -0.013042 0.C62593 0.06C648,' 0.060388
16.54261 6.97G3C -0.0081C8 OL 094884 0.06C851 0.060178
16.54882 6.96718 -0.005265 0.UC977 C.C6C652 0 .C6QC56
16.55554 6.96354 -C.0C2152 0.124676. 0.06C8521 0.059932
16.55554 6.96552 0.001247 0.124676 C.06C652 0 .C59932
16.55554 6.56735 0.004947 0.124676 C.06C852 0.059932
16.59259 6.93525 0.0C8964 G.2C4081 C.06C650 C. C590U
16.6C577 6.93172 0.008964' 0.227917 0.060650 0.058663
16.62431 6.92167 0.0C8564 0. 153715 C.C6C850 0.059028
16.62431 6.92559 0.008964 0.193715 0.06C650 0.059028
16.77126 6.8C724 0.0C6964 0.675365 C.G6C850 0 .C66386
16. 79569 6.80448 0.008964 0.694370 0.06C850 0.065753
16.84331 6.76562 G-0C8964 0.854983 0.060850 0.038961
17.3C333 6.73729 0.008964 1.245794 C.C6C850 C.C l865f
1 7 .5C824 6.7C573 0.0C8964 0.858931 C.060850 0.037311
17.47900 6.76526 0.0C8964 0.918055 C.C6C850 0.036768
1 7 .56E06 6.7C676 0.054594 0.704144 0.060770 0.063386
17.54047 6.76512 0.056637 C.762C16 C.06C760 0.C60669
1 7. 55534 6.75310 0.061410 0.730082 C.06C755 0.062636
17.57633 6.75579 0.063G56 0.678325 C.06C753 0.066299
1 7. 5 6418 6.61260 0.063986 0.652709 f 0.06C757 0.065179
17.59865 6.81715 0.063454 C.6C2325 C.C6C766 0.066823
17.61173 6.82064 0.062112 0.553471 . 0.060778 0.068303

( RL 
< HL-r 
*R
1CG
: wr

RR1/24 “)/2 <

: yr

= • NL»RMALl/tJ 
NORMALISED 
WttttLSEI ROL 
VfcKI1CAL UlS 

= PRINCIPAL T 
POSITIVE FOR 
PRINCIPAL 1R
p u b it ivt for
PRINCIPAL IK 
POSITIVE FOR 
PRINCIPAL IK
p o s it iv e  for

DIFFERENCE IN POLLING RADII I IN /IM  
IFFERENCE IN.CONTACT ANGLES (RAO)
L ANGLE W.R.T. HCRIZCNTAL* PCSITIVE UP CN LEFT (RAC1 
PLACEMENT OF HHEELSET CENTROID FROP NOMINAL PCS. (IN ) 
RANSVEPSE CIRVATURE CF RIGHT WHEEL PRCF1LE.

CURVATURE CENTER IN e G D Y .il/IM  
ANSVERSE CURVATURE CF.RIGHT RAIL PROFILE*
CURVATURE CENTER IN BODY ( I / IN )  . : • «.

ANSVERSE CURVATURE CF LEFT WHEEL PROFILE*
CURVATURE CENTER,IN 8CDY l l / I N ) ,

ANSVERSE CURVATURE CF LEFT RAIL PROFILE,
CLRVATURE .CENTER IN BODY t i / I f c l  ,

< RL-KK)/2A l ML—P R)/2 WR YCG CWR CYR CWL CYL
(IN ) . ( IN /IN ) (RAC) (RAC ) (IN ) U /IN ) . (1 /IN ) U / IN ) ( 1/IN )

-1.2CC -C .Jld64b - 0 . JIC151 -0.C1642C 0.441802 7.6 65333 3.908910 0.095866 0.147355
-1 .1 8 J -0 .J18142- - J . 418128 -0.015504 0.428021 2.575906 .3.906563 C.C92457 0.142524
- 1 . I6C —Q.Ulb4/a -0 .  3 51GI.C -C.C15329 0.412069 6.089517 2.616145 C.C89G42 0. 137054
-1 .140 —0.J1B3J3 - J . 388601 -0.014612 0.357675 4.70442 £ 2.17130C 0.065622 0.132214
-1.12C , -0.01.4149 - u . 645065 -0.C1C864, 0.285079 0.080805 .2.819222 0.C7S341 0.117324
-1 . 100 -0.00oo93 1—0.6 C6C 78 - -C.CC355C 0.077570 — 0.43 415 7 C.565435 0.020180 , 0.214783
-1.C8C . .-0.005397 • —0.4 842 79 -0.001231 C.C11870 -04938502 1.666632 0.020180, 0. 183667
-1 .060 , -0.0O4J54 -0.460006 -0.CCC216 -C .C l 5839 -1.259093 1.75C292 0.016723 0.174398
-UC4C . ' O.OUZU59 0.029306 0 .CC0066 ' -C.C23007 C.032306 C.C51545 -0.C13266 0.171846
-1.C2C 0.0u'2065 ' 0.O27266 C.CCCC7E -C.C22425 C.037371 C.090495. 0.011537 0.166175
-l.COO 0 .JJZJ69 J . 024757 ,0.00 C090 . -0.C21891 C.047501 C.G9C465 , C.C12393 C. 160518
-C.5EC 0.002U7<* 0.022646 C.CCC101 -0.021408 C.05Z566 0.089017 0.014554 0.154862
-C.563 O.JJ2J70 J .J  20112 0.Q0C1 11 -C.C2C567 C.054903 C4C68972 0.C16715 . 0.149128
-C.54C 0.002U&1 ' 0. U 1 7619 . 0.CCG120 -C.C20582 0.046260 ■ O.C60952 . 0.018877 0.143493
- C. 52 3 0.UJ2O86 J.O 15553 0.000125 -0.C20249 0.044968 . C.C675O0 04021038 0.137867
-C.,5CC O.uu2089 0. 0132C 7 C.CC0136 -0.C19962 . 0.038343 C.087492 0.023200 0. 132249
-C.880 0.UO2092 0.011CC2 0.000143 -0.C15725 0.031715 C.CE7479. 0.025361 0.126640,
-C.E6C G.oo2J95 J.OC8977 0.0CC149 -0.019534 0.025095 0.087467 0.027523 , 0. 121C4C
-C.'e4G O.GU^IOU 0.0C5658 C.CCC154 -C.C19388 C.O1047C 0.087450. 0.031847 : 0.121QQ4
-C.E2C .0.001102 0.004228 C.0CC156 -0.019275 0.011846 - C.C87462 C.C34010 0. 115463
-C.800 . 0.UOZ090 0.01C559 . 0.0CC156 -C.C19C67 -C.01134C C-094597 0.036172 0.IG9942
- C .780 0. JJ2JB9 J.0C9291 0.000153 -0.C18860 -0.014653 C.C53182 0.C38335 0.104427
-C.76C C.oo/od? 0.0 C 6 5 26 C.0CC145 -C.C16699 -0.021277 C.093193 0.042662 0. 104468
- C .740 0.JJ2J82 J • J 0 5 86 5 0.000144 -0.018563 -C.02459C C.C51780 0.C44826 0.098963
-C.72C 0.UU2O77 O.OC4C73 0.0C0139 -0.C18463 -0.031214 C.C51758 0.049154 0.098377
-C.70G 0.JJ2244 J . 034671 0.000 14 6 -0.017574 -0.037836 C.051757 0.105507 0.219919
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-c«,tec 0.002252 0.033C65 0.000164 —0 - Cl 7283 -0.041151 C.05C294 C. 107676 0.2185S4
-C.660 0.002250 0.032013 o.oooiei —0.C16622 -0.047774 C.090256 0.107676 0.215171
-t.640 0.002258 0.030246 0.000197 -0.C15987 -0.051086 0.08e791 0.109844 0.2GS4ei-C.620 0.002256 0.029112 0.CCC214 -C.C15378 -0.057710 C.0 88751 0.109844 0.198240-C.6CC 0.0022A7 0.029755 0.0CC236 -0.C14662 -rC.061021 C.C87275 0.107676 0.181353— C .580 0.002264 0.026117 C.0CC254 -C.C14094 -0.067643 0.087232 0.112013 0.181228—C.560 0.002130 0.055338 0.000287 -0.014097 —C.059464 C.34568C 0.114181 0.175415-C.54C 0.002118 0.05A161 0.CCC282 -0.C12995 -C.056489 0.345757 0.116350 0.1699 11-C.520 0.002105 0.052658 0.000277 —C.Cl1920 -0.053516 C.345848 0.118517 0.164414-C.50C 0.002091 0.05C843 0.0CC271 —C.C10680 -0.050543 0.345952 0.120685 0.158926-C.480 0.002087 0.048995 0.000263 -0.C05878 — C.04905 8 C.337406 0.122852 0.153445
-C.46C 0.0020/3 0-0467C8 0.000255 —C.008919 -0.046087 0.337533 0.124905 C.147970—0 .440 0-002058 0.0A4140 0.000246 -0.008011 -0.043117 0.337672 0.122784 0.142503-C.42C 0.002053 0.041872 0.000236 -0.007143 -0.041633 0.328975 C. 120663 C.136946-C.400 0-002039 0.038892 0.CCC226 -C.C06339 -C.038665 0.329122 0.118541 0.131485
-C.38C 0.002033 0.036406 0.000215 —0•C05587 -C.037182 C.32C554 0.116419 0.126030-0-360 0.002027 0.033853 O.OCC2C3 -C.C04897 —C.035698 0.311964 0.114296 0.120581
-0.340 0.002013 0.030383 0.000191 -0.004264 -C.032732 C.312138 0.112173 0.115138
-C.32C G.002O67 0.027661 0.0CC175 —C.C03691 -0.031250 0.303539 0.110050 0.109701-C.300 0.002J0O 0.02A854 0.000166 -0.003181 -0.027763 C.294921 C.1C7926 0.1C4268
-C.280 0.001993 0.022091 C.0CC152 -0.002733 -0.023248 C.286286 0.105802 0.098840
-0.260 0.001980 0.0 18131 0.0C0138 -C.C02348: -C.01422C C.286488 Ca 103678 0.093416
—C-2AC C.0O1973 0.015225 0.CCC124 -0 .002022 -0.005707 0.277844 0.101554 0.087997
-C.220 0.001964 0-0 10665 0.000105 -0.C01760 -0.005194 C.269185 0.097305 0.088131
-C.2CC C.001959 O.OC9381 C.CCCC94 -0.001558 -0.000681 C.260511 0.C973C5 C.C77165
-C.180 0.001959 O.OC5381 0.CCCC75 — 0.CO 1466 -0.000681 C.242914 0.097305 0.066220
-C. 160 i 0.001959 0.009381 0.C00062 -0.001491 -C.00C681 0.225263 C.C97305 0.C55276
-C.1A0 0.001942 O.OCA057 0.CCCC45 -C.C01542 -C.OOC681 0.207529 0.088807 0.066452
—C.120 0.0ul938 O.0C3008 0.000037 -0.001647 —C.00C68 1 C.l89756 0.C86683 0.061C71
-C.1CC 0.001812 0.022C08 C.000035 -C.C02151 0.098763 0.366352 0.084558 0.055518
— C - 0 8 0 0.001753 0.023388 0.0,00002 -0.001698 C.l16908 C.383826 C.C80310 0.C55821
-C.C60 0.001722 0.023144 -0. CfOCC32 -0.001238 0.125989 0.384305 0.078186 0.050553
-0.CA0 0.001691 0.022119 -0.00C068 —C.C00795 C.135076 C.3 £4792 0.076062 0.045371
-C.C2C 0-001672 0.02102C -C.CCC103 -0.000382 0.139621 C.376807 0.073939 0.0401 SC
0-0 0.001636 0.0 18249 -0.000137 C.C 0.14871 4 0.377364 0.069692 0.040516
c.c 0-001636 0.018245 —0.000137 c.c 0.148714 0.377364 0.069692 0.040516
C.C2G 0.001686 O.U28507 -C.000171 0.000381 C.153262 0.369266 0.C97305 -0.003945
t.CAC 0.001675 0.026814 -0.000197 0.000914 0.157811 C.361C82 0.097305 -0.CC1241
0-060 0.001677 0.028A55 —C.0CC222 C.C01447 C.157811 0.344200 0.099429 0.002e56
c.ceo 0-001667 0.028130 —C.000244 0.001991 C.16236C C.335848 C.101554 0.CC6958
C-100 0.001668 0.025856 -C.CCC264 C-CC2507 C.16236C 0.318688 0.103678 0.011066
0- 120 0-001668 0.03 16 l A -0.000280 0.002984 C.16236C C.3C1375 C.105802 o.oi5iei
C -1 AO 0.001668 0. 03 16 1A -0.0CC254 C.C03417 C.162360 0.283926 0.105802 0.017917
0-160 0.001668 0.0 31614 —O.0C03C6 0.C03795 C.16236C C.286359 0.105802 0.020659
C. 180 0.001668 0.03161A -0.000316 0.C04116 0.162360 0.248550 0.105802 0.023426
0.200 0.001645 0.019227 -0.000322 0.C04323 C.185110 0.275378 0.105802 0.026171
C. 220 0.001639 0.016873 —C.0CC334 0.004675 0.189659 0.266764 0.103678 C.C275J3
0.2 AO 0-001628 0.0 15865 -0.000345 0.C050O6 0.191516 0.266936 0.103678 0.030252
C.26C 0.001621 0.013712 -O.OCC357 0.005298 0.187792 0.258216 0.101554 0.C316C7
0.280 0.001611 0.0 1297 A -0.CCC3&5 C.C05563 0.18C337 C.258395 0.101554 0.034345
C.3CC 0.0ul599 0.0 10652 -0.000382 C. CO5791 0.172873 C.258579 0.C99429 0.C356S8
0.320 0.001592 0.0C8713 -C.CCC355 C.CC5982 0.165138 0.249861 0.097305 0.037050
C.3A0 0.001573 O.OC5188 -C.000414 0.005985 C. 161665 C.25C136 0.093056 0.C37CC8
C.36C 0.001557 O.OC215Q -O.OCC43C C.C06056 0.154186 0.250367 0.C88807 0.0369720.380 0.001544 -0.000215 -0.000447 C.006073 C.15C446 0.241691 C.G84558 0.036933
C. ACC 0.0O156U O.OC6277 -O.OCC462 0.006108 0.142963 0.241910 0-097305 0.053016
0.A2C 0.001556 0.005787 -0.000476 0.C06161 0.135221 C.233177 C.C97305 0.061712
C.AAC 0.001552 0.0C5238 -0.0CC4 85 0.006191 0.135479 0.224425 C.C97305 0.070408
C.A6C 0.001545 J.00393A -0.000502 0.CO62O6 0.127994 0.224621 0.097305 0.079101
C.A8C 0.001542 0.OC3164 -0.0C0515 0.006193 0.124252 0.215847 C.C97305 0.C8775C
C .500 0.001539 O.OC230A -0.0CC528 C.C06153 0.12C51C C.207C58 0.097305 0.096476
C.52C 0.001536 . O.OC13A8 -0.0C054C 0.006082 0.116768 £.198253 0.C97305 0.105156
0.5A0 0.001521 -O.OC38S1 —O.OCC553 C.C05945 C.l13026 C. 189457 0.090931 0.100677
0.560 0.001532 -0.000887 -0.000563 0.C05840 0.105284 C.18C609 0.097305 0.122450
C.58C 0.001514 -0.0C75CA -0.C0C514 0.C05690 C.105543 0.171765 0.088807 0.113664
C.600 0.001509 -0.009975 -0.00C585 0.C05516 0.101803 162902 0.C86683 0.117966
C.£ 20 0.001509 -0.0C5975 —O.OCC555 • C.C05308 0.101803 0.145008 0.C86683 0.126634
0.6A0 0.001531 —0.0 01541 -0.000611 0.C05243 C. 135221 C.097807 C.C84558 C.130881
C. 660 0.001523 -0.0C295A -0.000627 0.005193 0.135479 C.096422 0.C82434 0.135124
0.680 0.001514 -O.OOA3A5 -0.000644 C.C05111 0.131737 C.095036 0.080310 0.139364
C.7CC 0.001502 -0.006497 -C.0CC660 0.005004 0.124252 0.095075 C.078186 0.1436CC
C.720 0.001555 0.040036 -C.CCC658 , 0.005817 C.120S1C 0.093649 0.061481 0.234216
C.7AC 0.001552 0.039079 -0.000641 0.C06639 C.l 16768 0.092181 0.061481 0.231657
0.760 0.001550 o.oseoie —0.0CG624 C.C07416 0.113026 0.090715 0.061481 0.229161
C.78C 0.001809 0.051A96 —0.000609 0.008132 0.1C 5543 C.C9C6B1 -C.220322 0.253164
c.eoc 0.001914 0.058121 —0.00C578 C.C09253 0.101803 0.089182 -0.338962 0.257606
C. 820 0.002028 0.063414 —0.000538 0.010544 C. 098062 C.087663 -0.455342 0.261912
C. £ AO 0.002028 JO.061714 —C.CCC496 0.011794 0.094323 0.086139 -0.455342 0.259663
0.860 0-002028 0.059864 -0.000455 C.012930 0.090584 C.C84617 -C.455342 0.257382
c. esc 0-002635 0.057558 -C.0CC4C3 C.C1438 7 0.086845 0.083071 -C.497536 0.791937
0.500 0.002853 0.109477 -0.000320 0.C16575 0.086845 C.080026 -0.125215 0.900,473
C.52C 0.0O3160 0.092376 -0.000186 0.020063 0.086845 0.076853 C.301582 0.7676C5
0.5 AO 0.003160 0.092376 —0.000096 0.C22056 0.086845 0.073792 0.301582 0.826457
C.56C 0.005589 0.3 3521C 0.000268 ■0.031 849 0.086845 C.070071 -4.043732 3.088272
C.580 0-005992 0.J42703 0.CCC654 C.C42016 0.086845 C.0663 09 -3.122414 3.066941
l.CCC 0.006779 0.423009 0.001157 0.055370 C.086845 C.C62264 -1.707040 2.835462
1.C20 0-014383 0.618415 0.0C821C 0.257854 0.086845 C.084979 0.301160 2.357429
1. QAO 0.017770 0.424983 0.011254 0.344620 C.086845 C.136558 3.960206 1.701913
1 -C60 0.0 1 72 8 7 0.454545 0.012083 0.367751 0.086845 0.161188 2.643874 2.830219
1.080 0.016796 0.324775 0.012315 0.372196 0.075633 C.156802 3.146302 1.685660
1. ICO 0.018358 0.361651 0.01319C 0.396306 0.068162 0.167478 4.492783 2.828254
1.120 0.018&9J 0.334336 0.013676 0.4C8931 0.060693 C.173349 3.81695l 2.940083
1. 1 AO 0-016992 0.3C7617 0.014109 0.419963 0.053226 0.178651 2.257468 3.C21074
1.160 0.019153 0.294362 0.014495 0.429641 0.042031 0.176134 1.320850 3.114886
1. 18C 0.019425 0.269436 0.014844 0.438200 C.03C839 C.173153 -0.790926 3.116532
1.200 0.019671 0.24568C 0.015156 C.445723 0.019651 0.169715 -0.450558 3.101384



PRCF1LE PRINCIPAL 1R ANb V ERSE CURVATURES (1/IP)
X WR = 
XRR« 
X WL = 
XRL* 
C WR

C VR

CYL

LOCATION ON RIGHT M LCCATION UN RIGHT LOCATION UN LEFT wH LCCATION UN LtFT RA = PRINCIPAL I PUNITIVE FUR = PRINCIPAL ik pubiiivt fur = principal irPuiiTIVfc FOR* principal trPUNITIVE FOR

HEEL,  P O S IT I V E  CLT FPCP T A P E I I P E  ( I N )
A I L ,  P O S IT IV E  CUT FRCP CEN TE RLINE ( I N )
E E L ,  P O S IT I V E  CUT FRCP T A P E L IP E  ( I P )
I L ,  P O S IT IV E  CUT FRCP CENTERLINE ( I N )  
PANSVEPSE CURVATURE CF RIGHT WFEfcU P R O F IL E ,  

CURVATURE CENTER IP eCOY ( i / I M  
APSVEPSE CURVATURE CF RIGHT PAIL P R O F I L E ,  

CURVATURE CENTER IN BCDY ( 1 / I N )
APSVERSE CURVATURE CF LEFT NFEEU P R O F I L E ,  

CURVATURE CENTER IN BCDY ( 1 / I P )
ANSVERSE CURVATURE CF LEFT R A IL  P R O F I L E ,  

CURVATURE CENTER IP BCCY t l / I P )

X WR CWR XPR CYR XWL CWl XRL CYL
( I N ) ( 1 / 1 N) ( I N ) < 1 / I P ) ( I N ) ( 1 /  IN) ( I P ) ( I / I N 1

- 2 . 6 6 3 4 6 - 4 . 9 1 6 7 0 1 - 1 . 4 5 8 6 1 C . 7 4 3 1 9 1 - 2 . 3 2 3 2 2 5 .6 6 6 3 8 0 - 1 . 4 1 1 5 5 1 . 4 4 4 3 6 8
- 2 . 6 5 0 0 0 - 6 . 0 0 2 / 7 3 - 1 . 45CCC C . 6 5 5 7 1 4 —2 . 3 0 0 C C 5 . 2 7  6864 - 1 . 4 0 0 0 C 1 . 6 3 0 6 5 7
- 2 . 6 C C 0 0 - 5 . 3  73230 - 1 . 4 0 0 0 0 1.9 6 6 C 6  1 - 2 . 2 5 0 C C 3 . 7 7 6 5 9 1 - 1 . 3 5 C C C 2 . 5 3 7 8 3 6
- 2 . 5 5 0 0 C -  2 . 9 4d42 5 - 1 . 3 5 C C C 2 . 552C56 - 2 . 2 0 0 C C 2 . 2 6  5 416 - 1 . 3 C C 0 C 3 . 1 1 2 9 2 7
-2 .5 C O O O - J . 4 5 2 1 1 J - 1 . 3 0 0 0 0 3 . 3 2 6 7 C 6 - 2 . 1 5 0 C C 1 . 1 0 1 8 0 C - 1 . 2 5 C C C 2 . 5 8 5 0 5 8
- 2 . 4 5 C G C l . S d i 3 0 0 - 1 . 2 5 C C C C . 546556 - 2 . 1 0 0 C C 0 . 1 7 8 3 3 2 - 1 . 2 0 0 0 C C . 9 8 3 77 6
- 2 . 4 0 0 0 0 4 . J 9 4 7 9 J - 1 . 2 0 0 0 0 C .6 6 4 C S 1 - 2 . 0 5 3 C C - 0 . 7 0 3 2 5 7 - 1 . 1 5 C C C C . 4 5 2 9 2 5
- 2 . 3 5 C 0 0 1 . 1 0 2 9 4 1 - l . 1 5 C C C 0 . 7 5 2 4 6 7 - 2 . 0 0 0 C C 3 . 4 0 0 7 6 2 - 1 . 1 0 0 C C C . 5 7 1 5 7 3
- 2 . 3 0 3 0 0 - i . 7 5 7 3 2 1 - I . 1 0 JCO C.5 3 4 6 C E - 1 . 9 5 0 C C 4 . 1 9 2 1 8 4 - 1 . 0 5 0 0 C 0 . 6 9 8 5 5 6
- 2 . 2 5 C 0 0 - 4 . 7 6 1 1 9 8 - 1 . C5CCC 1 . 0 6 5 5 7 5 - 1 . 9 0 0 C C 2 . 0 9  7 7 22 - l . O C C C C C . 633664
- 2 . 2 0 0 0 0 5 . 1 3 6 0 i 3 - l . C C C C C C . 9 1 7 4 5 5 - 1 . 8 5 0 C C 0 . 5 1 5 3 0 6 - 0 . 9 5 C O C 0 . 8 3 4 3 7 0
-  2 . 1 5 0 0 0 l i  .0 6 9 2 2  8 - C . 95000 C . 7 C 1 7 4 5 - 1 . 8 0 0 C C 0 . 0 3 6 6 7 6 - C . 9 C C C C C . 6 5 6 1 4 6
- 2 . 1 0 0 0 0 4 . 2 6 5 2 3 9 - C . 9 0 0 C 0 C . 4 6 7 C 5 5 - 1 . 7 5 C C C - 0 . 3 5 9 7 6 1 - C . 8 5 C 0 C 0 . 4 6 6 4 7 3
- 2 . C 5 C O O O. 76 764 6 - 0 . 8 5 0 0 0 C . 2 2 1 9 9 0 - 1 . 7 0 0 C C -  1 . C 4 3 5 4 4 - C . 8 C C C C C . 2 7046 C
- 2 . C C 0 0 C 0 . 1 2 4 0 2 2 - C . 8 C C C C C.  126 2C 5 - 1 . 6 5 0 C C - 2 . 0 3 3 8 0 3

- 3 . 5 5 4 7 6 3
- C . 7 5 C C C 0 . 2 6 0 8 4 2

- 1 . - 9 5 0 0 0 - J . 2 0 3 1 2 5 - C . 75000 0 . 1 6 5 5 4 8 - 1 . 6 0 0 C C - C . 7 C C C C C . 25 5 3 1 C
- 1 . 9C00C - 0 . 4 8  900 6 - C . 7 C C C C C.  15 39 5 4 - 1 . 5 5 0 C C - 4  . 5 9 6 1 3 0 - 0 . 6 5 C O C 0 . 2 4 9 5 9 2
- 1 . 8 5 0 0 0 - J . 75 4 823 - C . 6 5 0 C 0 0 . 2 2 2 2 3  E -  1 .5 0 Q C 0 - 3 .6 6 0 5 C 5 - C . 6 C C C C C . 2 4 3 7 C 7
- 1 . 8 C 0 0 0 - 1 . 1 2 2 1 1 3 - C . 6 C C C 0 C . 2 5 C 7 5 1 - 1  . 4 5  OC C - 1 . 2 4 9 6 0 4 - 0 . 5 5 0 C C 0 . 2 3 7 6 7 1
- 1 . 7 5 0 0 0 - 1 . 5 3 J 6 5 J - J . 55000 0 . 2 7 5 5 6 7 — 1 . 4 0 0 C C 1 . 2 9 1 7 0 2 - C . 5 C C 0 C 0 . 2 3 1 5 0 1
- 1 . 7CCC0 - i .  78 7291 - C . 5 C C C C C . 3 0 8  5 7 A - 1 . 3 5 0 C C C . 9 3 2 2 1 6 - C . 4 5 C C C 0 . 2 2 5 2 1 4
- 1 . 6 5 0 0 0 - 1 . /o 9 000 - C . 4 5 0 C 3 0 . 2 0 3 4 6 5 —1 . 3 0 0 C C 0 .5 9 6 0 5 C —0 .40 00 C 0 . 2 1 8 8 2 5
- 1 . 6 C C 0 0 - i . o / 4 4 7 8 - 0 . 4C0C0 C . 2 6 8 C 5 5 - 1 . 2 5 0 C C 0 . 2 8 0 2 0 e - C . 3 5 C C C C .  19 5 6 7 3
- 1 . 5 5 0 0 C - i . 7 5 4 6 1 2 - C . 3 5 C C C C . 2 3 2 2 5 7 - 1 . 2 0 0 C C - 0 . 0 2 4 7 2 4 - 0 . 3 0 C O C 0 . 1 7 1 9 2 0
- 1 . 5 C C C C - 1 . 4 3 1 8 0 8 - 0 . 3 0 0 C O C . 1 5 6 1 5 5 - 1 . 1 5 0 C C - C . 3 3 C 6 5 2 - C . 2 5 C C C C.  14 4 1 4 C
- 1 . 4 5 0 0 0 - 0 . 9 5 / 5 9 2 - C . 2 5 C C C C.  15 5 5 7 6 - 1 . 1 0 0 C C - 0 . 6 4 9 2 7 7 - 0 . 2 G G Q C 0 . 1 1 6 3 6 2
- 1 . 4 C Q O O -  0 . 3  9 7J 5 2 - C . 20000 C .  12 3 6 6 4 -  1 . 0 5 0 C C - C . 74 75 45 - C . l 5 C C C C . C 8 8 6 0 1
-  1 . 3 5 C 0 C - 0 .  1 8080 6 - C .  15CCC C - C 6 7 3 C I - l .O O O C C - C . 667054 - O . I O C O C 0 . C 6 0 8 6 3
- 1 . 3 0 3 0 0 - J .  2 2 3 8 3 1 - 0 . 130C0 O .C 5 0 5 1 6 - Q . 9 5 0 C C - 0 . 5 7 9 4 3 6 - C . C 5 C C C C . C 3 3 1 4 5
- 1 . 2 5 C 0 C - 0 . 2 6 / 8 6 / - C . C 5 C C 0 C . 056 537 - C . 9 0 0 C C - 0 . 4 8 6 7 9 5 O.OOCOC C . 005440
- l  . 2 3 0 0 0 - J . 3 1 3 J 1 4 C . 00300 0 .0 636 6 4 - C . 8 5 0 C C - 0 . 3 9 0 8 1 4 0 .0 5 C C C - 0 . 0 0 8 9 6 1
-  1 .  15C 0C - 0 . 3 5 9 3 1 8 C.C 5C C0 C .0 7 0 6 3 C - C . 8 0 0 C C - 0 . 2 9 2 7 6 5 C . I C C C C - C . C C 2 C 4 C
- 1 .  10000 - u . 4 0 6 / 5 3 0.  10300 0 . C 7 7 5 7 2 - 0 . 7 5 0 C C - 0 . 1 9 3 5 2 5 C . 1 5 0 0 C O.Q 048e2
- 1 . C 5 C 0 C - 0 . 3 9 1 4 6 0 0. I50C 0 C . C 8 5 1 10 —0 . 7 0 0 C C - 0 . 0 9 3 6 8 2 C .2 C C C C G . C U 8 C 4
- l . C C O O O - 0 . 3 / 1 9 6 4 C.2C C C C C . C 5 2 2 4 1 - C . 6 5 0 C C 0 . 0 0 6 4 1 C 0.25CO C 0 . 0 1 8 7 2 4
- C . 9 5 C 0 C —o* 3 5 1 5 5  0 C . 25000 C . C 5 5 3 6 1 - 0 . 6 0 0 C C 0 . 1 0 1 5 5 5 C .3 C C C C C . C 2 5 6 4 2
- C . 90000 - 0 . 3 3 0 3 6 7 C .3C 0C 0 C . 1 C 6 4 6 6 —C .5 5 C C C C . 0 6 6 1 1 2 C . 3 5 C 0 C C . 0 3 2 5 5 7
- 0 . 8 5 3 0 0 - 0 . 3 0 8 5 4 9 0 .3 5 0 C 0 0 . 13 7 C 5 5 — 0 . 5 0 0  CC C . 0 3 C 7 2 5 C.4C CC C C . C 3 9 4 6 6
- C . 8 C C O O - 0 . 2  8 o 2 i  9 C.4C CC C C .  1 6 2 1 4 3 - C . 4 5 0 C C - 0 . 0 0 4 6 2 5 0 . 4 5 0 0 C 0 . 0 4 7 9 9 6
- C . 7 5 C 0 0 - J . 26 3 4 8 7 0 . 4 5 0 C J 0 . 2 2 7 C 4 3 - 0 . 4 0 0 C C - C . 035983 C .5 C C C C C .C 6 9 9 9 C
- C . 7 C C 0 C - 0 . 2 4 0 4 4 4 C.5 C C C C C . 2 7 1 6 3 C - 0 . 3 5 0 C C - 0 . 0 7 5 3 7 5 0 . 5 5 C 0 C 0 . 0 9  19 5 2
- 0 . 6 5 0 3 0 - 0 . 2 1 7 1 / 1 0 .5 5 0 0 0 0 . 2 1 5 7 3 2 - 0 . 3 0 0 C C - 0 . 1 1 C 8 4 1 C .  6 0 C 0 C C . 1 1 3 8 6 5
- C . 6 C C 0 0 - 0 . 1 9 3 0 3 9 C.6CC C0 0 . 3 5 5 H 6 - 0 . 2 5 0 C C - 0 . 1 4 6 3 8 7

0l7 QC0C
0 .  1 3 5 7 C 7

- C  - 5 5 C 0 C - 0 . 1 6 8 4 4 8 0 .6 5 3 0 0 0 . 4 0 1 4 6 6 - 0 . 2 0 0 C C - 0 . 1 8 2 0 1 5 0 . 1 5 7 4 5 2
- C . 5 C C 0 G - 0 . 1 4 3 1 8 4 C.7 C 0 C C C .  442484 - C . 1 5 0 C C - 0 . 2 1 7 7 1 7 0 . 75CCC 0 .  17 5 C 6 5
- C  .4 5 0 0 0 — 0 • 1 i  /  86 i C .7 5 C C C C . 46 1663 - O . I O O C C - 0 . 2 3 1 4 3 1 C.8 00 0C 0 . 2 0 0 5 0 4
- C . 4 C C C 0 - 0 . 0 9 2 5 5 9 C . 80000 C . 5 1 8 6 C C - 0 . 0 5 0  C C - C . 2 0 5 7 2 C C .8 5 C C C 0 . 2 2 1 7 1 6
- C  . 3 5 0 0 0 - 0 . 0 6 / 2 3 2 C .8 5 CCC C . 5 5 2 7 C 7 c . o o o c c - 0 . 1 7 9 9 2 6 C.90 00 C 0 . 2 4 2 6 4 2
- C . 3 0 C 0 0 - 0 . 0 4 1 9 0 / C.900C0 C . 5 6 3 4 4 7 0 . 0 5 C C C - C . 1 5 4 0 5 4 C .5 5 C C C 0 . 2 6 3 2 1 1
- C . 2 5 C 0 C - 0 . 0 1 6 5 8 4 C .5 5 0 C 0 C . 6 1 C 2 6 4 C . iO O C C - 0 . 1 2  8254 l.OOOCC C . 28 3 3 4 1  

C . 2 9 9 5 1 3- 0 . 2 0 0 0 0 0 . 0 0 6 7 3 / l.OOOCO 0 . 6 3 2 6 2 7 C . 1 5 0 C C - C . 10 2 4 2 5 1 . 0 4 1 1 5
- C .  15C0C 0 . 0 3 4 0 5 9 1 . C 3 9 2 C C . 6 46 735 0 . 2 0 0 C C - 0 . 0 7 6 6 1 6 0 . 0 Q.O
- Q . 10 030 0 . 0 5 7 0 6 9 0 . 3 0 . 0 0 . 2 5 0 C C - 0 . 0 5 C 8 2 5 c . o C . C
- C . C 5 C 0 C 0 . 0 4 0 3 1 0 C . C C . C 0 .3 0 0 C C - 0 . 0 2 5 0 5 5 0 . 0 C . C

C.CCCOO o . 023949 0 .0 o . c 0 . 3 5 0 C C
0 .4 0 0 C C

0 . 0 0 0 7 0 1 0 . 0 0 . 0
C . C 5 C 0 C O . 0 0 / 3 8 7 0 . 0 0 . 0 0 . 0 2 1 6 5 5 0 . 0 0 .  C
C . 1 0 0 0 C - 0 . 0 0 9 1 7 4 C .C C . C C .4 5 0 C G 0 . 0 3 2 2 4  E 0 . 0 0 . 0
C .  15C0C - 0 . 0 2 5 / 3 6 C . C 0 . 0 0 . 5 0 0 C C C .C 4 2 8 4 6 0 . 0 c . c
C.2COOC - o . 04 2296 C . C C .C C . 5 5 0 C C 0 . 0 5 3 4 4 9 Q.O 0 . 0
C .2 5 G 0 C - 0 . 0 5 6 8 5 5 o . c c . o C .6 00 CC 0 . 0 6 4 0 5  E c . o c . c
C . 3 C C 0 0 -  0 . 0 7 5 4 0 9 0 . 0 C . C C .6 5 0 C C 0 . 0 7 4 6 7 4 0 . 0 0 . 0
C . 35003 - 0 . 0 9 1 9 5 5 0 . 3 c . o 0 . 7 0 0 C C 0 . C 8 5 2 5 3 C.O C . C
C .4CC 00 - 0 .  1 0 6 6 / 3 C . C C .C 0 . 7 5 0 C C C . 0 9 5 9 15 0 . 0 0 . 0
0 . 4 5 0 0 0 - 0 . 0 9 9 2 0 7 3 . 3 0 . 0 0.8 0 0 C C 0 . 1 0 6 5 3 7 c . c C . C
C .5 C C C 0 - 0 . 0 9 1 / 4 1 C .C c . c C . 8 5 0 C C 0 . 1 1  7 1 5 3 C . C o . c
0 . 5 5 0 3 C - 0 . 0 8 4 2 7 9 0 .  3 0 . 0 C .90 0C C 0 . 1 2 2 1 0 2 0 . 0 0 . 0
C .6 C C G 0 - 0 . 0 / 6 6 2 1 C .C o . c 0 .9 5 0 C C 0 . 1 1 1 2 6 3 0 . 0 C . C
C .6 5 0 0 0 —u . 0 6 9 3 / 0 C .C c . c l.OOOCC 0 . 1 0 C 4 1 E 0 .0 0 . 0
C .7 C C C C - 0 . 0 6 1 9 2 5 o . c 0 . 0 1 . 0 5 0 C 0 0 . 0 0 9 5 7 3 c . o C.O
C . 75000 - 0 . 0 5 4 4 8 8 C . C c . c 1 . 1 0 0 C C 0 . 0 7 8 7 3 1 0 . 0 0 . 0
C .8 C C C C — O .o 4  7058 c . o c . o 1 . 1 5 0 C C C . C 6  7894 ^ . 0 C . C
0 .B 5 C G C - 0 . 0 3 9 6 3 6 o . c c . c 1 . 2 0 0 C C 0 . 0 5 7 0 6 4 0 .0 0 . 0
0 . 9 3 0 3 0 - 0 . 0 3 2 2 1 9 0 . 0 0 . 0 1 . 2 5 0 C C 0 . 0 4 6 2 4 1 c . o o . c
C . 5 5 C C C - 0 . 0 1 2 6 3 9 C . C c . o 1 . 3 0 0 C C C . 0 3 54 24 0 . 0 0 . 0
1 . C 0 0 3 0
1 . C 5 0 0 0

0•009906 0 . 3 0 .0 1 . 3 5 0 C C 0 . 0 2 4 6 1 3 0 . 0 0 .  c
0 . 0 3 2 4 7 7 c .  c c . o l  . 4 0 0 CC 0 . 0 1 3 8 0 7 0 . 0 C . C

1 .  I000C 0 . 0 5 5 0 6 5 0 .0 0 . 0 1 . 4 5 0  CC 0 . 0 1 7 3 2 1 Q.O 0 . 0
I . 1 5 C 0 C O . 0 / 7 6 8 1 0 . 0 0 . 0

1 : 1 8 8 8 8
0 . 0 2 5 9 6 2 c . o c . c

1 .2CG00 0 . 1 0 0 3 3 2 C . C c . c 0 . 0 3 4 5 5 5 0 . 0 2* 21 . 2 5 C C 0 0 . 1 2 3 0 1 9 C . C c . o 1 . 6 0 0 C C C . 0 4  32 3C c . o c . c
1 . 3 0 0 0 0 0 . 1 4 5 / 4 0 C . C c . c 1 . 6 5 0 C C 0 . 0 5 1 8 5 3 0 . 0 0 . 0
1 . 3 5 C 0 C 0 . 1 6 8 4 6 4 C . o c . c 1 . 7 0 0 C C C.0 6 C 4 6 6 C~ " c . c
1 . 4 C C C C u . 1 9 1 2 3 3 C .C c . c 1 . 7 5 0 C C 0 .0 6 5 0 6 6 0. o . c
1 . 4 5 3 3 0 0 . 1 7 9 0 4 6 0 . 0 0 . 0 1 . 8 0 0 C C 0 . 0 7 7 6 5 C C.O C . C
1 . 5 C C 0 C 0 . 1 6 0 3 7 1 C .C c . c 1 . 8 5 0 C C 0 . 0 8 6 2 1 4 0 . 0 0 . 0
1 . 5 5 0 0 0 0 . 1 4 1 6 6 9 0 . 0 0 . 0 1 .9 Q 3 C C 0 . 0 9 4 7 5 3 0 . 0 0 .  0
1 . 6 C C C C
1 . 6 5 0 0 0

0 . 1 2 2 9 5 7  
o •10 4249 § : $ 8 : 8

1 . 9 5 0 C C
2 . 0 0 0 C C 8 : 8

0 . 0
0 . 0

1 • 7CCGC 0 . 0 6 5 5 5 2 0 . 0 o . c 2 . 0 5 0 C C 0 . 1 2 0 1 6 7 0 . 0 C . C
1 . 7 5 0 0 0 0 . 0 6 6 6 7 0 0 . 0 c . c 2 . 0 9 0 C  7 0 . 1 2  68 6 E 0 . 0 0 .  0
1 . 8 C C 0 C 0 . 0 4 6 2 0 3 0 . 0 0 . 0 0 . 0 0 . 0 c . o C.  G
1 . 8 5 0 0 0 0 . 0 2 9 5 4 9 C . o c . c C.O 0 . 0 0 . 0 2 * 21• 5CG00 0 . 0 1 0 9 0 3 0 . 0 c . o 0 . 0 0 . 0 c . o c . c
1 .9 5 C0 C - o . 0 0 77 39 C .C c . c 0 . 0 0 . 0 0 . 0 0 . 0
2 . C C 0 0 0 - 0 . 0 2 6 3 8 3 0 . 0 c . o 0 .0 0 . 0 c . o c . c
2 . C 1 4 8 9 - 0 . 0 3 1 9 3 / C . C c . c 0 . 0 0 . 0 0 . 0 0 . 0



CALCQMP PLOTTER OUTPUT - ASYMMETRIC PROBLEM

WHEEL CONTACT POSITION RAIL CONTACT POSITION

RAIL CRNT FOR RIGHT R A I L , . 025

FIGURE 4A. CALCOMP PLOTTER OUTPUT - ASYMMETRIC PROBLEM, WHEEL/RAIL 
PROFILES AND LOCATION OF CONTACT POINTS.



NORMALIZED ROLLING RRDII DIFFERENCE ROLLING RRDII

ONE HRLF CONTACT ANGLE DIFFERENCE CONTACT ANGLES

RIGHT SID E

MODERATELY WORN WHEEL DATA 020 
NEW AAR R RIL  DATA 025 
RAIL CANT FOR RIGHT R AIL  .0 2 5

LEFT SIDE

SLIGHTLY WORN WHEEL DATA 01 9 
NORN LEFT R AIL  DATA 013  

RAIL CANT FOR LEFT R AIL  .0 2 5

WHEELSET ROLL

FIGURE 4B. CALCOMP PLOTTER OUTPUT - ASYMMETRIC PROBLEM, GEOMETRIC CONSTRAINTS
<o
CO
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P A R T I A L  L I S T I N G  O F  P U N C H E D  C A R D  O U T P U T  -  A S Y M M E T R I C  P R O B L E M

+. 53000D+02 « . 3 9 5 6 3 0  + 0? 0 . 57 5 0 0 D + 0 2  0 . 302 580+ 82 0 . 2 5 8 0 0 D - 0 1  0 , 2 5 0 0 0 0 - 0 1

r O P F P K I K N T S  FOR PROFI LE CURVE F I T S

m o d e r a t e l y  worn  w h e e l  o a t a  0 2 0  
16

1 - 0• 1567150 + 01 0 , 3 0 4 8 7 1 0 + 0 2 - 0 . 1 9 1 4 8 6 0 + 0 2  0 , 53 0 0 6 4 0  + 0 1 - 0 . 5 4 7 6 3 9 0  + 00
+ . 8 0 0 0 0 0 0 + 0 3  0 , 2131220+01

2 0 . 4614050+01 0 , 2 5 3 2 3 5 0 + 0 2 - 0 . 2 0 2 4 0 6 0 + 0 2  0 , 7 1 8 3 3 6 0 + 0 1 - 0 , 9 4 9 4 6 0 0 + 0 0  
0 , 9131220+01 0 . 1706390 + 01

3 0 . 132 5360 +02 0 . 6 4 1 0 7 1 D + 0 1 - 0 . 8 4 3 4 0 9 D + 0 1  0 . 3 7 8 5 3 2 0 + 0 1 - 0 . 6 3 9 3 2 1 0 + 0 8
0, 1786390+01 0. 1345520+01

4 0 . 14 7 2 0 3 0 + 0 2  6 3 1 9 8 3 0 + 0 1 - 0 , 6 8 1 7 4 4 0 + 0 1  0 , 5 4 0 2 1 9 0 + 0 1 - 0 . 1 2 1 8 6 7 0 + 0 1
8. 1345520+01 0 , 9781410+00

5 8 . 1 6 4 5 3 3 0 + 0 2 - 0 . 3 7 6 6 7 9 0 + 0 0  0 . 6 4 0 2 8 1 0 + 0 0 - 0 , 3 5 6 9 7 1 0 + 8 0  0 , 4 7 9 6 0 3 0 - 0 1  
0 . 9 7 8 1 4 1 0 + 0 ^  0 , 5425530+80

6  0 , 163 9200 +02 8 , 5 2 1 1 5 4 0 - 0 2  8 . 1 0 4 5 7 3 0 + 8 0 - 0 . 4 3 5 4 2 1 0 + 0 0  0 , 43 9 6860 +00 
0 . 64 2 5530 +08 3 . 1047000+00

7 0 . 163 8260 +32 0 . 1 2 5 5 6 2 0 - 0 3 - 0 . 1 6 1 1 2 8 0 - 8 1  0 , 13 6 2 3 7 0 + 8 0  0 . 260 5590 +00 
0 . 1 0 4 7 0 0 0 + 0 8 - 0 . 2 7 2 0 1 7D+00

8  0 . 163 8380 +32 0 . 2 0 2 1 7 6 0 - 0 1  8 . 1 4 3 8 9 9 0 - 8 1  0 . 66 2 7 3 1 0 * 0 3  0 . 3 3 8 0 3 9 D - 0 1  
- * " . 2 7 2 0 1 7 0 + 0 0 - 3 . 6 8 6 9 4 4 0  + 00

9 8 . 1 6 1 4 6 7 0 + 0 2 - 0 , 1 2 1 7 6 5 0 + 8 1 - 0 . 2 3 2 7 9 6 0 + 0 1 - 0 . 1 9 0 5 8 5 0 + 0 1 - 0 . 529247D+00
- 0 , 6 8 6 9 4 4 0 + 0 8 - 0 . 1 0 9 7 6 3 0 + 0 1

18 0 . 18 9 8160 +02 0 , 8932110+01 8 . 1 1 3 0 0 6 0 + 0 2  0 . 623 1240 +81 0 . 1293940+01 
- i " .  1 097630 + 0 1 - 0 . 14 494 4D + 01

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

<2 0 . 135 6100 +04 0 , 302 5830 +04 0 . 2 5 6 2 3 4 0 + 8 4  0 . 96 4 4 1 7 0 + 8 3  0 . 136 191D+0 3
- + . 1 7 3 9 8 3 O + 0 1 - 0 . 1 8 8 0 7 8 O + 0 1

13 0 . 842 6730 +04 0 , 17 4 1 6 0 0 + 0 5  8 . 1 3 5 2 5 1 0 + 0 5  0 . 46 5 9 0 6 0 + 8 4  0 . 684 6 6 3 0 + 0 3  
- * . 1 8 8 0 7 8 0 + 0 1 - 0 . 1 9 6 2 8 6 0 + 8 1

14 0 , 23 0 0530 +05 0 . 455784D+05 0 . 3 3 8 6 4 7 0 + 0 5  0 . 1 1 1 7 5 8 0 + 0 5  0 . 138227D+04
- 0 . 1 9 6 2 8 6 0 + 0 1 - 0 , 2 0 3 5 6 0 0 + 8 1

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

16 0 . 46 5 9 8 8 0 + 0 3  0 . 767996D+03 0 . 4 9 1 6 1 3 0 + 8 3  0 , 1 3 9 3 6 2 0 + 0 3  0 . 147 6350 +02
- 0 , + 2 4 9 8 0 0 + 0 1 - 0 . 2 6 8 3 4 6 0 + 0 1

WEW A A R  R A I L  DATA 025
1 2

1 -  0 . 717 9740 +86 0 . 2 0 2 3 1 5 0 + 0 7 - 8 . 2 1 3 7 7 4 0 + 0 7  0 . 1 0 8 3 8 7 0 + 0 7 - 0 . 1 7 6 7 7 4 0 + 0 6
0, 2 0 0 0 0 0 0 + 0 3  0 . 1411550+01

2 -  8 . 471 3270 +84 0 . 1 4 6 7 0 1 0 + 0 5 - 0 . 1 7 0 8 5 6 0 + 8 5  0 . 8 8 3 8 2 5 0 + 0 4 - 0 . 1 7 1 3 5 5 0 + 0 4
0. 141 1550 +01 8. 1327060*01

3 -  0 . 172 7850 +02 0 , 9 3 8 3 8 4 0 + 0 2 - 0 . 1 3 2 4 2 7 0 + 0 3  0 . 8 3 2 9 0 3 0 + 0 2 - 0 . 1 9 6 2 2 3 0 + 0 2
0, 1327060+01 0. 1030200+81

4 0 . 7 0 3 2 7 0 0 + 0 1 - 0 , 3 6 8 3 2 8 0 + 8 1  8 . 6 6 1 9 6 0 0 + 0 1 - 0 . 5 1 5 1 9 9 0 + 0 1  0 . 1384700+01
0. 103 9200 +81 8 . 7187200+00

5 0 . 71 1 7 8 7 0  + 0 1 - 0 . 2 3 7 3 3 9 0 + 0 0  0 . 7 5 9 6 4 4 0  + 0 0 - 0 . 1 1 1 2 8 8 0 + 8 1  0 . 581 801D+0 0
0. 71 8 7 2 0 0 + 0 0  0 . 3191580+00
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6 0.7*94600+01 0.2872860-01-0.8035950-01-0,5957440+00 0.114622D+01 
0,5191580+00-0.3731000-01
7j 0.7093190+01 0.2156400-01 0.2357340+00 0.8088970+00 0.6081040+00 

-0.3731000-01-0.3809630+00
8 0.7185240+01 0,6748920+00 0.1761160+01 0,2076010+01 0.8098560+00 

-0.3809630+00-087394170+00
9 0.7579470+01 0,1864640+01 0.2486420+01 0.1429730+01 0.2308830+00 

-0.7294170+00-0.1047970+01
10- 8,9,25237D+01-0.59PI273D+02-0.796795D + 02-0.4759420 + 02-0.1068450 + 02 

-0,1047970+01-0.1333180+01
11- 0.2174160+04-0,6509450 + 04-0.728106D + 04-0,361792D + 04-0.6739330+03 

-0,1333180+01-3,1468130+01
12 0.3127140+06 0.8523860+06 0.8711870+06 0,3956820+06 0.6738310+05 

-0.1468130+01-0.1503170+01

SLIGHTLY WORN WHEEL OATA 019 
16 .
1 0.1?826SD+01 0.2973670+02-0.2174130+02 0.705471D+01-0.859258D+00 

.0,9000000 + 03 J8,2090070 + 01 .
2 0.2246660+02-0,1281680+02 0.1025780+02-0.3621040+01 0.4740310+00 

,0.9090070 + 01 ,0.1606740 + 01
’ 3 0.2001920+02-0.1052570+02 0.1171920+02-0.5730180+01 0.1035580+01 
0.1606740+01 0.1177130+01
4 0.1689380 + 0 2 - 0 » 10 6 9 2 2 D + 01 0.226674D + 01-0.1962640 + 01 0.590000D + 00 

0.1177130+01 0.7532310+00
5 0.1889130+02 0,7077600-01-0.2284500+00,0.4344300+00-0.2646260+00 

.9,753.2310 + 90 0,2879330 + 00
6 0.1859470+02 0.5239370-02 0.1133080+00-0,8178500-01-0,2672070+00

*,987633D+*0-0.1179380 + 00 .
7 0;165054O+02'0,t34il4D-01 0.1325110+00 0,5454370-01-0.2366520-01

-«,1 1793.80 + 00-0.5344810 + 00 .
8 0.1634380 + 02-0,9499820 + 00-0.1922780 + 181-0,1771620 + 01-0,5712250 + 00 

-8,5,34.481O + 0W-0.8915970+00.
9 0.160470!)>02-0,1940340 + 01-0,2920160 + 01-0.1961590 + 01-0.4583140 + 00 

-'0,*915970 + 00-0.1244670 + 01
1.0' 0.2062840+01-0,4028140+02-0.4l34350+02-0.1850380+02-0.3003200+01 

-*,.1244670 + 01-0,1549-530 + 01
11 0,6867770 + 03'' 0,1711900 + 04 0.1638430 + 04 0.6965070 + 03 0.1110180 + 03 

-0.1 549.530 + 01-0.172856D + 01
12 0.1143550+05 0.2561900+05 0.2154340+05 0.8048360+04 0.1127230+04 

-*,1728560+01-0,1815220+01
1.3 0,4363210 + 04 0,9264680 + 04 0.7391580 + 04 0.261622D + 04 0.3466940 + 03

-0.1 815920 + 5)1-0.1915500 + 01
.14^0.8144210 + 02-*. 17 1600D + 03-0.1125730 + 03-0.3310040 + 02-0,3678980 + 01 
-*,1915500+01-0.2128580+01
15-0.4199570 + 02-0,9750610 + 02-0.60391*0 + 02-*,168212D + 02-0,1778630+91 

-'*','912856 0 + 01-0.2529830 + 01
16 0.231189D+04 2,3569850+04 0.2*80540+04 0.5382120+03 0.5213730+02 

-*,95298t30 +01-a.2819 420 + 01

W0*N U f T  RAIL DATA 013 /
, U  ' !

1 0.4005R7O + 06-0,1084540 + 07 0.1101240 + 07-0,4969330 + 06 0.8408170 + 05
0.2000000+03 0.1473480+01
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2 - 0 . 9 1 1 6 8 4 D + 0 3  0 , 2 8 1 0 6 1 D  +  0 4 - 0 . 3 2 2 0 8 0 D  +  0 4  0 . 1 6 3 8 3 6 D + 0 4 - 0 . 3 1 2 1 6 2 D + 0 3  

0 . 1 4 7 3 , 4 8 0 * 0 1  0 . 1 3 6 7 4 8 0  +  0 1

3  0 . 2 9 1 3 6 7 0 + 0 1  0 , 1 5 3 7 2 1 0 + 0 2 - 0 . 2 1 6 3 3 9 0 + 0 2  0 . 1 3 3 2 0 1 0 + 0 2 - 0 , 3 0 5 1 6 6 0 + 0 1  

0 . 1 3 6 7 4 8 D + 0 1  0 . 1 0 4 1 1 5 0 + 0 1

4 0 . 7 2 1 8 9 4 0 + , 0 1 - 0 . 1 3 3 6 0 9 0 + 0 1  0 . 2 5 7 8 7 7 0 + 0 1 - 0 , 2 2 1 8 4 7 0 + 0 1  0 , 6 7 6 8 8 7 0  +  0 0  
’' . 1 0 4 1 1 5 0 + 0 1  0,. 7 2 1 7 2 5 0 + 0 ®

5  0 • 6 9 6 6 5 7 D + 0 1 0 , 7 0 1 7 3 3 0 - 0 1 - 0 . 3 4 6 0 9 5 0 + 0 0  0 . 4 7 9 4 1 0 0 + 0 0 - 0 . 2 5 7 0 1 4 0 + 0 0  
’* . 7 2 1 7 2 5 0  +  0 0  0 . 3 9 0 7 9 5 0 + 0 0

' 6  0 . 6 9 7 7 3 4 0  + 0 1 - 0 , 5 1 7 1 9 5 D - 0 1  0 . 4 8 9 3 0 4 0 - 0 1  0 , 1 4 6 7 7 1 0 + 0 0 - 0 , 3 8 8 7 3 5 0 + 0 0  
0 , 3 9 0 7 9 5 O + n 0  0 , 3 0 7 9 1 0 0 - 0 1

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

‘0 . 3 0 7 9 1 0 0 - 0 1 - 0 . 3 8 5 6 1 5 0 + 0 0 '

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

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

- 0 , * 7 9 4 2 0 0 + 0 0 - 0 . 1 0 2 3 8 5 0 + 0 1

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

- ( * , 1 0 2 3 8  5 0  +  0 1 - 0 . 1 3 3 9 3 2 0 + 0 1

1 1 -  0 . 7 2 4 2 5 5 0  +  0 4 - S ' ,  2 1 5 8 3 6 0 + 0 5 - 0 . 2 4 0 8 1 0 0 + 0 5 - 0 , 1 1 9 3 3 4 D + 0 5 - 0 . 2 2 1 6 3 2 D + 0 4  

« • * , 1 3 3 9 3 2 0 + 0 1 - 0 , 1 4 8 1 3 9 0  +  0 1

T H E  D A T A  1 8  O R D E R E D  A S  F O L L O W S :

C O N T A C T  P O I N T S #  G E O M E T R I C  C O N S T R A I N T S ,  A N D  P R O F I L E  C U R V A T U R E S  

A S  A F U N C T I O N  O F W H E E L S E T  L A T E R A L  D I S P L A C E M E N T

V W  a W H E E L S E T .  L A T E R A L ,  P O S I T I V E  T O  T H E  L E F T  ( I N )

V I  » C O N T A C T  L O C A T I O N  O N  R I G H T  W H E E L .  P O S I T I V E  O U T  F R O M  T A P E L I N E  ( I N )

X 2  a C O N T A C T  L O C A T I O N  O N  R I G H T  R A I L ,  P O S I T I V E  O U T  F R O M  C E N T E R L I N E  ( I N )  ■

V 3  a C O N T A C T  L O C A T I O N  O N  L E F T  W H E E L ,  P O S I T I V E  O U T  F R O M  T A P E L I N E  ( I N )

X 4  a C O N T A C T  L O C A T I O N  O N  L E F T  R A I L ,  P O S I T I V E  O U T  F R O M  C E N T E R L I N E  ( I N )

R R  a R O L L I N G  R A D I I ,  R I G H T  W H E E L  ( I N )

V R  a  R A I L  H E A D  P R O F I L E  H E I G H T ,  R I G H T  R A I L  ( I N )

P L  a R O L L I N G  R A Q I I ,  L E F T  W H E E L  ( I N )

V L  a R A I L  H E A O  P R O F I L E  H E I G H T ,  L E F T  R A I L  C I N )  

m r  a C O N T A C T  A N G L E  W . R . T ,  A X L E .  R I G H T  W H E E L  ( R A D )

M L  a C O N T A C T  A N G L E  W . R . T ,  A X L E .  L E F T  W H E E L  ( R A D )

1 fRL.-RR) /2A a N O R M A L I Z E D  D I F F E R E N C E  IN R O L L I N G  RADI I (IN/IN)
( M L - M R ) / 2  a N O R M A L I Z E D  D I F F E R E N C E  I N  C O N T A C T  A N G L E S -  ( R A D )

W R  a W H E E L S E T  R O L L  A N G L E  W . R . T ,  H O R I Z O N T A L ,  P O S I T I V E  U P  O N  L E F T  ( R A O )

Y C G  » V E R T I C A L  D I S P L A C E M E N T  O F  W H E E L S E T  C E N T R O I D  F R O M  N O M I N A L  P O S .  ( I N )

P R  C R V  a P R I N C I P A L  R O L L I N G  C U R V A T U R E  O F  R I G H T  W H E E L  P R O F I L E  ( 1 / I N )

PL CRV a P R I N C I P A L  R O L L I N G  C U R V A T U R E  OF L E F T  W H E E L  P R O F I L E  (1/IN)
P W R  a P R I N C I P A L  T R A N S V E R S E  C U R V A T U R E  O F  R I G H T  W H E E L  P R O F I L E ,

P O S I T I V E  F O R  C U R V A T U R E  C E N T E R  I N  B O D Y  ( 1 / I N )

C Y P  a P R I N C I P A L  T R A N S V E R S E  C U R V A T U R E  O F  R I G H T  R A I L  P R O F I L E ,

P O S I T I V E  F O R  C U R V A T U R E  C E N T E R  I N  B O D Y  ( 1 / I N )

C W L  a P R I N C I P A L  T R A N S V E R S E  C U R V A T U R E  O F  L E F T  W H E E L  P R O F I L E ,

P O S I T I V E  F O R  C U R V A T U R E  C E N T E R  I N  B O D Y  ( 1 / I N )

C Y L  . a P R I N C I P A L  T R A N S V E R S E  C U R V A T U R E  O F  L E F T  R A I L  P R O F I L E ,

P O S I T I V E  FOR C U R V A T U R E  C E N T E R  IN BODY (1/IN)
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1 ^ 2  6  ■ ; ■ • • ' ' - ■' v  .......
-fl, 1 2 0 0 5 5 5 1 5  +  9 1 1 - 0 , 2 1 2 3 4 6 0  +  0 1 - 0 . ,  1 3 . 2 5 5 4 0  +  0 1  ,0..19 0 6 5 4 D + 0 1 - 0 . 2 5 5 7 9 4 0 + 0 0  0

5 . ' 5 8 9 2 8 2 0  +  0 1  "'0. 1'64 8 5 9 0  +  0 2  0 . ' 6 9 8 ( 5 9 1 0  +  0 1  ■ 0 ; 6 6 9 3 6 ? D + 0 0  0 . 4 9 , 0 5 8 8 0 - 0 1 - 0 ' !  
- 0 . 3 1 0 1 5 1 P  +  0 0 - 0 . , 1 . 6 4 2 0 4 0 - 0 1 .  0 , 4 4 1 8 0 2 0  +  0 0  ...

0 , 4 4 5 2 2 0 0 - 0 1  0 ' . 6 0 5 8 4 8 0 - 0 1  0 . 7 - 6 6 9 3 3 0  +  0 1 "  0«3¥>'(3S 9 i D  +  0 1  0 , 9 5 8 6 . 7 8 0 - 0 1  0, 

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

» , « 8 5 3 4 8 O  +  0 l  0 . 1 6 4 8 6 ffD'+fca" 0 ,  « 9 8 6 9 8 0 + 0 1  ' 0 ^ 8 8 0 7 5 1 0  +  0 0  0 . 4 4 4 9 5 9 0 - 0 1 - 0 ,  
- 0 . 4 i a i 2 8 D  +  0 « - 0 . 1 5 9 . 0 3 7 0 - 0 1 .  , 0 . 4 2 8 0 2 1 0  +  0 0  _

« . 3 6 2 0 0 9 0 + 0 1  0 * 8 0 3  9 4 3 0 “ 01 ‘ 0 ; 3 5 7 9 9 9 0  + 01 0 . 39136560 + 0 1 ' 0 . ' 9 2 4 5 7 0 0 - 0 1  0, 
- 0 . 1  1 6 0 0 0 0  + 0 1 - 0 . 2 ^  1 3 4 6 0  + 0 1 - 0 . 1 3 7 4 4 6 0  + 01 , 0 . 1 8 6 6 5 4 0  + 0 1 - 0 , 2 3 7 2 4 6 0  + 00 ,0, 

0 . 6 8 0 0 1 7 0 + 0 1  0 . 16 4'87 7 D + 02 0 . 8 9 8 7 0  20 + 0’l J f *  7 4 2 0 5 6 0  + 00/ 0 * 4 0 0 3 6 3 0 - 0 1 - 0 ,  
- 0 , 3 5 1 0 1 0 0 + 0 0 - 0 . 1 5 3 2 9 1 0 - 0 1  0 , 4 1 2 0 6 9 0 + 0 0  

0 . 4 1 8 6 6 2 0 - 0 1  0 , 6 0 6 0 2 7 D — 01 0 * 608>52O' +0 1 0 . 2 8 1 6 1 4 0 + 0 1  0 . 8 9 0 4 1 , 6 0 - 0 1  0,  
- 0 , 1  1 4 0 0 0O  + 0 l T 0 . 2 1 , 0 3 4 6 D + 0 i - 0 . 13,93440 + 01 .0,  1J . 4654D + 0 1 - 0 . 2 2 8 5 3 5 D + 0 0  0,  
■ 0 , 6 7 8 0 8 6 0 + 0 1  '0• 1 6 4 8 8 5 0 + 0 2;‘ 0 ' . 8 9 8 7 0 2 0 + 0 1  0 . 6 1 2 9 7 2 0  + f t  0 . 3 5 7 7 1 3 0 - 0 1  - 0 ,  

- 0 , 3 8 8 6 0 1 0  + 0 0 - 0 . 1 4 8 1 1 . 8  0 - 0 1  0. 397, 875, 0 + 0 0 .  .
0. 3906290-01 0. 606097D - 01 0 , 4 7W4 430 + 01 V . 217 1300 + 0 1' 0.8562200-01 0, 

- 0 , 1120000 + 01-0. ,199.3460 + 01+0,1374370+01 0.1786540 + 01-0, 2017320 + 00 i\ 
0 * 6 8 0 0 2 5 0+21: 0 . 16 4 9 0 30+0 2 0 ,6986 83 DV01 0* 132 319 D + 01 - 0,2 5 0 56 60 -  01 -  0, 

- 2 . 6 4906 50+0 ^ - 0 . 10 8640 0- 0 1  0.2850790+00 
0. 1412910-01 0. 6062280-01 0,8080530-01 0.28192,20+01 0.7534130-01 0, 
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- 0 , 6 0807 80+0 0- 0 . 3 5895 80- 02  0. 7757010-01'  '
0 , 1 7 0 8 0 8 0 - 0 1  0 . 6 0 4 8 4 2 0 - 0 1 - 0 , 4 3 4 1 5 7 0 + 0 ^  0 . 9 6 ' 5 4 3 ' 9 D  +  0 0  V .  2 0 l"80 I D  -  0 1  0, 

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

0 . 6 7 5 8 8 0 0  +  0 1  0 . 1 6 5 0 4 2 0  +  0 2  0 , 8 9 8 5 5 7 D  +  0 i' 0 . 1 ^ 0 2 7 8 3 0 + 0 1  0 . 5 9 2 6 9 0 0 - 0 1 - 0 ,  
- 0 , 4 8 4 2 7 9 0  +  0 0 - 0 ‘, ’1 2 3 0 6 2 0 - ( 3 2  0 * 1 , 1 8 6 9 7 0 - 0 1  • - '

0 , 3 0 6 9 8 6 0 - 0  r  0  * 6 0  4 8  4 2 D - V i - 0 ,  ̂ 3 0 5 0 2 0 + 0 0  r .  1 * 6 6 3 8 3 0 + 0 1  ' 0 , 2 0 1 8 0 i D - 0 1  0, 

J 0 6 0 0 0 0  +  0 1  -  0 V l 7 8 3 4 6 D + 0  1 - 0 , 1  4 0 7 : 4 0 0 + 0 1  0'. 1 4 ' 4 6 5 4 ,D  +  0 1 - 0 , 3 0 4 4 6 2 0  +  0 0  0, 
0 . 6 7 6 3 0 5 0  +  0 1 0 . 1 8 5 0 5 4 0  +  0 2  0 , 8 9 8 6 8 4 0  + 0 1 0 . 9 7 , 3 8 0 3 0  +  0 0  ' 0 . 5 3 7 9 0 9 D - 0 1 - 0 ,  

• 0 , 4 6 0 0 0 6 0 + 0 0 - 0 . 2 1 8 3 5 4 0 - 0 3 - 0 . 1 5 8 3 9 3 0 - 8 1  
0 . 3 3 5 2 4 2 0 - 0 1  0 . 6 0 4 9 8 8 0 - 0 1 - 0 . 1 2 5 9 0 ' 9 0 + 0 ' r -  0 . 1 7 5 0 2 9 0 + 0 1 -  0 . 1 6 7 2 3 2 0 - 0 1 '  0, 

-9*. 1 0 4 0 0 0 0  +  0 1 - 0 . 1 5 3 4 6 0 0  +  0 0  0 . 1 9 7 9 5 5 O  +  00 0 . 1 4 2 6 5 4 0  +  0 1  -  0 . 2 9 9 8 6 6 0  +  0 0  0, 

0 , 7 0 9 4 2 8 0  +  0 1  0 . 1 6 5 0 6 4 0 + 0 2  0 . 6 9 8 6 1 6 O  +  0 1 ;:» 0 . 1 0 9 2 8 9 0 - 0 1  O , ’4 7 6 ' 8 2 5 D - 0 1 0, 

0 , 2 9 3 0 5 7 0 - 0 1  0 . 6  6 1 1 5  7 D  -  0  4 -  0 .'2 3 00 7 2 0  -  0 1  ' lV

0 . 6 1 0 3 9 6 0 . 0 1  0 . 6 0 5 1 3 8 0 - 0 1  0 . 3 2 3 0 6 5 D - 0  T  0 . 9 1 9 4 ;9 3 D - 0 1 0 . 1 3 2 6 6 0 0 - 0 1  0, 

- 0 . 1  0 2 0 0 0 0  +  0 1 - 0 . 1 4 3 4 6 0 0  +  0 0 ’ 0 . 1 8 7 7 5 6 0  +  0 0  '0-. 1 4 1 6 5 4 0  +  0 1 - 0 . 2 8 9 6 6 6 0 + 0 0  0, 

0 , 7 0 9 4 6 4 0  +  0 1  0 . 1 6 5 0 6 8 0 + 0 2 ; 0 . - 6 9 8 6 3 9 D + &  1 - 0 . 1 0 0 8 2 6 0 - 0 1  0 . 4 4 4 5 3 7 0 - 0 1  0, 
0 v 7 7 ? 6 f l 2 ' b - 0 1 -  3 * 7 8 2 5 7 9 D - 0 4 » 0 * 2 !2 4 2 4 8 D ’- 0 1  .

0 1', 6 1 0 3  9 8  0  mV! i 0  . ' 6 0 5 ? ’l 1 0 - 8  V  0 , 3 7 3 7 1 3 0 - 0 1 -  0 . 9 0 4 9 5 5 0 - 0 1  0 . 1 1 5 3 7 2 0 - 0 1  0. 
- 0 , 1 0 0 0 0 0 0  +  0 1 - 0 . 1 2 3 4 6“00 + 0 0  ' 0 . 1 8 7 5 6 8 0  +  00, 0 . 1 4 0 6 5 4 0 + 0 1 - 0 * 2 7 9 4 7 6 0 + 0 0  0, 

0 . 7 0 9 4 6 5 0  +  0 1 - .iflvi6 5 0 7 3 0 + 0 2  ■ 0 * 6 9 8 6 5 9 0 + 0 1 - 0 . 8 3 7 2 3 2 0 - 0 2 '  0 , 4 1 1 4 1 6 0 - 0 1 '  0, 
0 . 9 4 7 5 7 0 D - 0 . 1  0 , 8 9 7 6 5 ' i8 O - 0 4 - 0 ‘»‘2 1 8 9 0  5 0 - 0 1  '

0 . 6 1 0 4 0 1 0 - 0 1  0 , 6 0 5 2 8 1 0 - 0 1  0  . ■ 4 7 5 0 0 8 0 - 0 1  0 . 9 0 4 6 8 6 0 - 0 1  ' 0 . 1 2 3 9 3 4 0 - 0 1  0, 
- 0 . 9 8 0 0 0 0 0  +  0 0 - 0 \  1 1 3 4 6 , 0 0  +  0 0  ■? >* -1 77 39  0 0 + 0 0 .  0 :. 1 3 9 6 5 4 0  +  0 1 - 0 . 2 6 9 2 9 6 0 + 0 0  =0, 

0 . 7 0 9 4 9 8 0  +  0 1  0 . 1 6 5 0 7  7  D +0.2 . 0 * 6 9 8 6 7 5 0  + 0 1  -  0 . 7 5  2 0  8  I D  -  0  2  0 . 3 7 7 7 1 0 0 -  0 1  0,  

0 , 2 2 6 4 5 9 0 - w i 5- 0 : . 1 0 0 6 8 4 O - 0 3 - 0 , 2 1 4 0 7 6 0 - 0 1  ' '

0 . 6 1 0 4 0 2 0 - 0 1  0 . 6 0 5 3 4 8 0 — 0 1  0 * 5 2 5 6 5 9 0 - 0 1  0 . 8 9 0 1  7 3 D - 0 1 0 , 1 4 5 5 4 4 0 - 0 1  0,  

- " 1 , 9 6 0 0 0 0 0 + 0 0  -0-, 9 3 4 5 9 5 0 - 0 1  "0'*' 1 7 7 07 3 0 + 0 0 ■.0 * 1 3 8 6 5 4 0 + 0 1 - 0 , 2 5 8 9 7 7 0 + 0 0  0.  

" 1 . 7 0 9 4 9 9 0  +  0 1  0 . 1 6 5 0 8 0 0  +  0 2  0 , 6 9 8 6 8 8 0  + 0 1 - 0 . 5 ‘8 5 6 4 !2 D - 0 2  0 , ’3 4 3 6 ,6 8 D - 0 1 0,  
0 . 2 0 1 1 1 6 0 - 0 1  0 . 1 1 0 7 8 1 0 - 0 3 - 0 . 2 0 9 6 6 7 D - 0 1

0 . 6 i 0 4 0 4 D - n i  0 , 6 0 5 4 0 9 D - 0 1 0 , 5 4 9 0 3 0 0 - 0 1  0 . 8 8 9 7 2 1 0 - 0 1  0 , 1 6 7 1 5 5 0 - 0 1  0,

,1761420+02 
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- » . ° 4 0 0 0 0 P * 0 ^ . 0 . 7 3 4 5 9 8 D - 0 t  0,1 7 6 9 3 2 0 + 0 0  0 . 1 3 7 6 5 4 0 + 0 1  - 0 . 2 4 8 8 3 5 0  + 00 
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0 ,611714050-01 0 . 6 0 5 5 9 3 0 - 0 1  0 . 3 1 7 1 9 3 0 - 0 1  0 . 8 7 4 7 8 6 0 - 0 1  0 . 2 5 3 6 1 2 0 - 0 1  
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0 . 7 0 9 5 2 8 0 + 0 1  0 . 1 6 5 0 9 3 D + 0 2  0 . 6 9 8 6 9 1 0 + 0 1 - 0 . 2 4 1 9 0 4 0 - 0 3  0 . 1 7 7 1 2 3 0 - 0 1  
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— 0.7400000 + 0!̂ 
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0 . 1 6 5 0 9 6 0 + 0 2  0 , 6 9 8 6 9 1 0 + 0 1  

0 . 1 5 3 7 4 8 0 - 0 3 - 0 . 1 9 3 8 7 8 0 - 0 1  

0 . 6 0 5 6 6 7 0 - 0 1  0 . 1 8 4 7 0 3 0 - 0 1  
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0 . 6 0 5 6 8 0 D - 0 1  0 . 1 1 8 4 5 7 0 - 0 1  
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0 . 1 6 5 0 9 9 0 + 0 2  0 . 6 9 8 6 1 9 0 + 0 1  
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0 . 1 6 5 0 9 8 0 + 0 2  0 . 6 9 8 6 1 9 0 + 0 1  
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0 . 6 0 5 6 9 6 0 - 0 1 - 0 . 3 1 2 1 4 1 0 - 0 1
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0 . 1 6 3 8 2 5 0 + 0 2
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0 . 2 0 9 2 0 7 0 - 0 2
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0 . 1 6 3 8 2 6 0 + 0 2

0 . 2 0 9 5 0 4 0 - 0 2

0 . 1 2 1 0 4 0 0 + 0 0

0 . 1 6 3 8 2 6 0 + 0 2

0 . 2 0 9 9 9 1 0 - 0 2
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0 . 1 6 3 8 2 6 0 + 0 2

0 . 2 1 0 1 7 4 0 - 0 2

0 . 1 1 5 4 6 3 0 + 0 0

0 . 1 6 3 8 3 3 0 + 0 2

0 . 2 0 9 0 4 0 0 - 0 2

0 . 1 0 9 9 4 2 0 + 0 0

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

0 . 2 0 8 8 8 1 0 - 0 2

0 . 1 0 4 4 2 7 D + 0 0
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0 . 1 6 3 8 3 9 0 + 0 2  
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ETC.
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