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INTRODUCTION AND PURPOSE

The Asymmetric Wheel/Rail Contact Characterization Program,
WHRAILA, and associated subroutines compute the wheel/rail contéct
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 wheelsets on sym-
metric rails developed under U.S. Department of Transportation Contract
Number DOT-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 pfograms are
given in Section D. A flow chart of the WHRAILA program is shown in

Figure 2.

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 PLOT1
and PLOT2. The bulk of the communication is in COMMON storage.
A11 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 usﬁng subrou-
tines CRVFT, ORTHLS, and COEFS. The main program prints-out and
punches on cards the curve-fit results. Subroutine PLOT1 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 lTocations. Subroutine
EQSUB2, using subroutines CHOOSE and RADII, calculates values of




2)

the constraint parameters which are plotted by subroutine PLOT2,
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 Tateral 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 wheelset, rails, and rail cant angles or asym-
metric configurations. For an asymmetric wheelset, 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.

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, T1, 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, T1, T2, T3, IND2)
computes the five coefficients for a fourth order polynomial.
From the Univac MATHPAC [2].



SUBROUTINE PLOT1 (ICTR, ICTL, IWG, IRG) ﬁiots»the wheel and rail
profiles with a symbol at every other ddta 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, AXH; AR1, S1, NU) calcu-
lates an array of points on the curves ‘fitted to a profile.

SUBROUTINE EQSOLV (NUMBR XWINC) coordinates-the search for the

contact points For symmetr1c wheelsets.and rails, it transposes

pos1t1ve wheelset lateral displacement results -to get va]ues for
- négative wheelset displacement. Uses subroutine CHECK.

SUBROUTINE'CHECK (XW, DXW, WR, XOLD) uses a Fibonacci search pro-
cedure [4] to ' find the contact po1nt 1ocat1ons Uses -subroutines
CHOOSE RADII and FIBON. '

SUBROUTINE CHOOSE (X1, x2, X3 X4) chooses the curves which repre-'
sent the whee] ‘and rail prof11es at the 1nstantaneous po1nts of
1nterest ‘ :

PR SUBROUTINE RADII (RR, YR, RL, YL, X1, X2, X3, X4, R1, R2, R3, R4)
B f1nds the fUnct1ons of four fourth order polynomials for four
lnputs \“‘ )

SUBROUTINE FIBON (N, AX, XMAXW, XMAXR, XMINW, XMINR, SBX, NCA,

NCB BA BB R, Y, SIGN, X1, X2, Y1) uses the Fibonacci s1ngle
d1rect1on m1n1m1zat1on search procedure [4] to f1nd candidate contact
~point 1ocat1ons

xr SUBROUTINE EQSUBZ (NUMBR) ca]cu]ates the geometr1c constra1nt rela-
t1ons by subst1tut1ng the contact p01nt 1ocat1ons 1nto the def1n1ng‘
‘ equat1ons Uses subroutines RADII and CHOOSE

o

SUBROUTINE PLOT2 (NUMBR, ICTR, ICTL) plots the resu1ts Uses the
CALCOMP plotter and associated rout1nes[3] "

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




XWINC

ISYM

IPUNCH
IPLOT
ICURV

IFLANG

NUMB

INC

WG
RG

SUBROUTINE SPI (N, X, Y, S, XP, YP, D1, 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
Jjust find the curvature.

SUBROUTINE DCRFCN (N, AXW, AR5, AM3, AW1l, AR) performs quasilin-
earization using describing function techniques for a sinusoidal
input for symmetrical wheelsets on symmetrical rails.

Description of Parameters:

Main Program WHRAILA - Input parameters

Lateral increment of wheelset at which calculations are
made, inches.

For asymmetric wheels and/or rails ISYM = 0. (A11 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 wheelsets, for adjusting the left wheel
profile points so that right and Teft 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 cf 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.



BR

BL

IWHLR, IWHLL
DTFR, DTFL
NWR, NWL

XW1,YW1,XW3,YW3

IRAILR, IRAILL
DRWR, DRWL

NYR, NYL

XW2,YW2, XW4,YW4

ITWO

INEG

4) Input Formats:

Cant of right rail, radians (positive cant to the inside).
Cant of left rail, radians (positive cant to the inside).
Label for right and ieft wheels, alphanumeric.

Distances from tapeline to flangeback for right and left
wheels, inches.

Number of right and Teft wheel profile data points,

9 < NW < 200.

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.
right and left wheel radii at XW1(I),
XW3(I), inches.

Label for right and left rails, alphanumeric

YWI(I), YW3(I)

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.

Number of right and Teft rail profile data points,

9 < NW < 200.

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), YWA(I) = heights of right and left rails at
XW2(I), XW4(I), inches.

If the input profile data cards contain one (X,Y) data
point per card, ITWO = 0. For two data points per card,
ITWO = 1.

If the Y coordinates of the input profile data cards

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

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:




Card # o Contents Format
1 any XWINC ( ) - unspecified,
real number
1-3 ISYM (213)
4-6 IPUNCH
1-3 IPLOT (213)
4-6 ICURV
4 1-3 IFLANG (13)
5 1-3 NUMB (213)
5 4-6 INC
6 any WG ) - unspecified, real
6 any RG jumbers, in order, sepa-
6 any BR rated by commas or
6 any BL blanks
7 1-52 IWHLR (start right (13A4)
wheel input data)
8 any DTFR () - real
9 any NWR () - integer
10 any ITWO ( ) - integers, in order,
10 any INEG separated by a comma or
blank
11 to end 11-25 for ITWO = 0 (10X,2D15.7)
of right 26-40 XW1(I), YW1(I)
wheel pro- or
file data for ITWO = 1 () - real 4D15.7
(ED1) any XW1(I), YW1(I), numbers, in order, sepa-

XWL1(I+1), YW1(I+1)

rated by commas or blanks




Card # Col. # Contents Format
ED]1 + 1 1-52 IRAILR (start right (13A4)
rail input data)
ED1 + 2 any DRWR () - real
ED1 + 3 any NYR () - integer
ED1 + 4 any ITWO () - integers, in order,
ED1 + 4 any INEG separated by a comma or
bTank
ED1 + 5 to 11-25 for ITWO = 0 (10X, 2D15.7)
end of right| 26-40 XW2(1), YW2(I)
rail profile or
data (ED2) for ITWO = 1 () - real 4D15.7
any XW2(I), YW2(I), numbers, in order, sepa-
XW2(I1+1), YW2(I+1) 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 # (ED1 + 1)
%
END-3 1-52 ICTR (Right Rail Cant) | (13A4)
*
END-2 1-52 ICTL (Left Rail Cant) | (13A4)
p *
END-1 1-52 IRG (Rail Gauge) (1374)
= ¥
END 1-52 WG (Wheel Gauge) (13A4)

Character labels appearing on CALCOMP plots.
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AmP
ALAM

DELM

WSRL

XW
X1, X3

X2, X4
RR, RL
YR, YL

MR, ML

WR

Qutput: 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 wheelset 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 PLOT1 and PLOT2.

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, (rL - rR)/Za, as a function of nondimensional wheelset
lateral position, xw/aw.

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, xw/aw.

Wheelset lateral displacement, positive to the left, inches.
Contact locations on the right and left wheels, positive out
from tapeline, inches.

Contact Tocations 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 angies 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.



Yee

RR CRV.
RL CRV

.. Vertical disp]acementﬁof wheelset. centroid. from nomjnal. posi-
.. tion, idnches. e e :Jiiﬂ_‘
i Pr1nc1pa1 ro]11ng curvature r1ght whee1 » 1/inches.
.-+ Principal rolling. curvature, left wheel. , 1/inches..

(RL RR)/2A3?.Norma11zed d1fference in rolling radii. e ,
(ML;MR)/ZﬁyrrNorma11zed difference in contact angles, . rad1ans i

CWR, CWL “a,nPr1nc1pa],transyerse,curvaturedpr1ght and - left- wheel: profiles,
.- . . positive for center of.curvature within wheel, '1/inches.
CYR,-CYLf, A(Rrincipai.transyerse curvature, rjghtkand‘]eft_raiTiprofiles,
;) 2,(,positjve4fon$center of .curvature within rail;- 1/inches.

XWR, XWL, . Distance from the tapeline on:the rfght and left wheels,
C ,;;;;p051t1ve out from the.tapeline; <inches: ;
XRR,. . .-, Distance .from the.center]ine on-the- r1ght and 1eft ra1ls,

‘positive out from the-centerline,.inches. -

‘ 6) Summary of User Reguirements - and : Recommendat1ons

All 1nput data is on cards w1th the formats shown The maxi-
mum a]]owab]e po1nts per whee] or ra11 prof11e 1s 200 points. !Eor:

’f'dasymmetr1c whee]s and/or asymmetr1c ra1ls, ISYM = 0 and two each

' :“wheel and two each rail 1nput decks are requ1red For completely
‘symmetr1c conf1gurat1ons, ISYM -ll and on]y one whee] and one.
era11 1nput deck are needed For symmetr1c whee]s and rails, but
vw1th d1fferent ra11 cant ang]es, ISYM = 2, w1th one whee] and one
'ra11 1nput deck required. )

' For punched resu]ts on cards, spec1fy IPUNCH 1 (otherw1se,‘

vspec1fy IPUNCH = O) To bypass CALCOMP p10tt1ng rout1nes, spec1fy;

'"“:IPLOT 0. To bypass all ca]cu]at1ons except prof11e curvature

h'calculat1ons, select ICURV 1. For asymmetr1c whee] prof11es, to
_ yadJust left whee] data po1nts so that r1ght and left wheel f]ange -
“top heights are 1dent1ca1, se]ect IFLANG 1 (otherw1se, select

IFLANG. = O) e . , ‘
To p1ck va1ues for NUMB the number of po1nts to be ca]cu]ated

| ':“and-XWINC the 1atera1 1ncrement of the whee]set at wh1ch po1nts Py

(NUMB - l)XWINC 1nches If ca]cu]at1ons are made for too large

a whee]set 1atera1 displacement, then p]otted resu]ts may 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 wheelset 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.

METHOD

The computations carried out in this program can be divided into
five sections:

(1) Mathematical Description of Rail and Wheel Profiles

(2) Ccalculation of Contact Point Locations

(3) Quantitative Description of Geometric Constraint Relations

(4) cCalculation of Wheel and Rail Profile Curvatures

(5) Quasi-linearization



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 wheelset 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

11

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 wheelset 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 proceddres described there are performed
in subroutine CHECK. Subroutine EQSOCLV increment increases the
wheelset 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_ + xrR = Ak, ¥ (aw B wa) cos ¢ - rp sin ¢ (1)
and, on the left
a. + er ST W (aw + xwL) cos ¢ + r_sin ¢ (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.

hright heel = imTR 998 S dag t XWR) sin ¢, (3)
Neft wheel = TF €080y F (a, + xwL) sin ¢, (4)
Mright rai1 T YR * Xp STN BR (5)
Meft rait = YLt Xp SIN B (6)

L
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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 Tine 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

(yL b yR) + X, sin B - X, sTn BR * (rL - rR) cos ¢w
o = ke ) R - (7)

(2a +x  +x ) cos ¢
U T " W

where the variables are again shown in Figures 1 and 2. Note that
¢w is defined in terms of itself. In the program, an iterative
scheme was used to soive 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 Tines).

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

Fre Ypo Mo YL - evaluated from curve-fits
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2. Contact angles
o d
§p = arc tan [dXw (rR)]
R
y (8)
§ = arc tan [Hi__'(rL)]
"
3. Normalized difference in rolling radii
r -r
L R
Ar = ——— 9
o (9)
r.
4. Normalized difference in contact angles
6 ~ 6
L R
AS = ——— (10
: )
5. Roll angle
(yL + er sin B+ I cos ¢w) - (yR * X, sin gy + rp cos ¢w)
arc tan R
(2a, +x, +x ) cos ¢
w WR WL W (11)
6. Vertical displacement of wheelset c.g.
Y *ypt er sin g + xr.R sin Bp + (rL K rR) cos ¢,
- 2 5
- - (12)
Yy typt er sin g + x,. sin gp + (rL +’rR) cos ¢,
" 2 T

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 wheelset
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 subrout1ne PRFLE, and ENTRY point
SPIC in subroutine SPI. ~.The main program selects. the range of
profile p01nts over which curvatures are calculated and calls the
ENTRY PRFLES routine to se]ect the data points through which a pro-
file sp11ne curve-fit is: passed (exp1a1ned ‘below). - The subroutine
SPLINE is then-called to fit a spline through these points. The
ENTRY SPIC in subrout1ne SPI is called to 1nterpo]ate for curvatures
at the contact p01nts found on each wheel and rail prof11e The
main program pr1nts and punches on cards prof11e curvatures for the
r1ght wheel, right rail, left whee], and left rail as a function of
whee]set lateral pos1t1on The main program uses the ENTRY PRFLEP
routine and the ENTRY,SPIC routine to interoolate for profile curva-
ture as a function of distance in 0.05 inch;increments along each
. profile and prints the results ina 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 funct1on y of one var1ab1e x is def1ned as’ o ’

alx) = - — (13)

d
curve for second and f1rst der1vat1ves of y(x), respect1ve1y, and

a(X) can be found from equation (13)
Prof11e data po1nts may be fitted with a single, high-order .
po]ynom1a1 However the inevitable wiggles of such a polynom1a1

For any X, gi%-and —X-can be found by 1nterpo1at1ng on the f1tted

fit would g1ve 1naccurate values for the f1rst and second deriva-
tives. A sequence of Tow-order po]ynom1a]s for sub-intervals cou]d
be used to fit the data po1nts This technique, using fourth order
po1ynom1als in least- squares fits over sub-intervals, was used in
PRFLE -and gives good results for 1nterpo]at1ng funct1on values

y(x). ‘However, since first andrsecond der1vat1ves are not requ1red
to -agree as we shift. from.one. sub-interval polynomial to the next,
-dlscontlnu1t1es in —-Xéf) and —xgﬁl-and thus in o(x)-occur.at the
-fboundary between sub- 1nterva15 ) s
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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 point 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 prcblem 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 Timits 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 Tocations. The main program prints and
punches on cards the curvature results as a function of wheelset
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 X of the wheelset by the equations

cos (GR(xw))

RR CRV(x )
¢ rR(Xw)
(14)

cos (GL(xw))

RL CRV(x )
! ri(x,)

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-linearization 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 = ——= 2™ F (A sin¢) A sin ¢ d¢. (15)
The relations to quasi-linearize are the following:

AR s 8
_l;___Ji; AS —L—~——B{ and O
Zar 2

Ar =

These are non-dimensional and non-hysteretic. Also, due to the
symmetry of the wheel and rail profiles, they are odd functions
of the wheelset lateral position, i.e. Ar(xw) = -Ar(-xw). If
these properties are applied, the describing function can be re-
written as:

Y 2 4 TI’/2

q - W% }§

F ( Asin¢) A sin ¢ d¢. (16)
This equation is numerically integrated in the program. To do
this, the integration increment, d¢, 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
$ = 8in? %3 0<¢<mn/2 (18)
and thus
Ay = b 7 b
- sinTl () - sin! (DY) (19)

Substitution of this result into the describing function equation
(15) gives
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Y = —/— 6"/2 F(x)x da(x) (20)

When we Tet f(x) = F(x)x and numerically integrate using the trape-
zoidal rule, we obtain

Yq N “:2 f(x1) Z f(xz2) (sin”! ﬁg__ A %;9
+ fxo) Z flx3) (sin”} ié- - sin’! ﬁgo +
+ fln - 1) * FXn)  (ip71 Xn | g7l *n - oS B 4
2 A A
where x; = 0 and X, = 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.

MAJOR DIFFERENCES BETWEEN WHRAILA AND WHRAIL PROGRAMS

1) The program can calculate wheel/rail contact points and geometric
constraint functions for any given asymmetric wheelset, asymmetric
rails, and asymmetric rail cant angles as well as the case of a
symmetric wheelset 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 artray
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.

TEST PROBLEMS

The following test problems are given to demonstrate the WHRAILA
program. The calculations were performed on a IBM 370/3165-I1I computer.
With the plot and punch options selected, CPU execution time was less
than 10 seconds for the symmetric problem and less than 15 seconds for
the asymmetric problem.

1) Symmetric Problem:

Profiles: New AAR Wheel
New AAR Rail

Gauges: Rail gauge - nominal, 56.5 inches
Wheel gauge - nominal, 53 inches

Rail Cant: 0.025 radians (1.4324 degrees)
Maximum Allowed Wheelset Lateral Displacement: 1 inch

2) Asymmetric Problem:

Profiles: Right wheel

Moderately Worn AAR Wheel

Right rail - New AAR Rail
Left wheel - Slightly Worn AAR Wheel
Left rail - Worn AAR Rail

Gauges: Rail gauge - wide, 57.5 inches

Wheel gauge - nominal, 53 inches

0.025 radians
0.025 radians

Rail Cants: Right rail
Left rail

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.




PROGRAM LISTINGS WITH INPUTS AND OUTPUTS FOR TEST PROBLEMS

1) Program Listings

2) Symmetric Problem:

a) Listing of input cards

b) Printer output v

c) - CALCOMP plotter .output
d) Partial listing of punched?card‘output'f

©3) Asymmetric Problem:

‘a) Listing of input cards - -

b)- Printer output |

c) CALCOMP plotter output AU
d)’ Partial listing of punched card output

22
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YES

READ CONTROL PARAMETERS

" XMINC, ISYM, IPUNCH
““IPLOT, ICURV, IFLANG-
'NUMB, INC

!

READ GAUGES AND CANTS
WG, RG, BL, BR

|

READ RIGHT WHEEL DATA
AND FIT PROFILE WITH
POLYNOMIALS

CALL PRFLE

(CALL CRVFT), (CALL
ORTHLS), (CALL COEFS)

READ RIGHT RAIL DATA
AND FIT PROFILE WITH
POLYNOMIALS

CALL PRFLE

(CALL CRVFT), (CALL
ORTHLS), (CALL COEFS)

—————— .
N ;
‘J-$\“

v oo N

NO

MAKE LEFT WHEEL
PROFILE THE SAME
AS THE RIGHT

READ LEFT WHEEL DATA
AND FIT PROFILE WITH
POLYNOMIALS

CALL PRFLE

(CALL CRVFT), (CALL
ORTHLS), {CALL COEFS)

i

MAKE LEFT RAIL- " -
PROFILE THE SAME

AS THE RIGHT-.

READ LEFT- RAIL DATA
AND FIT PROFILE WITH
POLYNOMIALS

CALL PRFLE

(CALL CRVFT), (CALL
ORTHLS), (CALL COEFS)

N £y
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READ CANT AND GAUGE
. LABELS FOR OUTPUT

IN PLOTS
—

l

PRINT WHEEL AND RAIL
POLYNOMIAL CURVE-
FITTING RESULTS

WANT
PLOTS?

PLOT WHEEL AND RAIL
PROFILE RESULTS

CALL PLOT]

(CALL GTPTS) (CALCOMP
ROUTINES)

ANT ONLY
CURVATURE
RESULTS?

SEARCH FOR CONTACT POINT
LOCATIONS, POSITIVE XW

CALL EQSOLV

(CALL CHECK),(CALL CHOOSE)!
(CALL RADIT),(CALL FIBON)

P

FIGURE 2. ' FLOWCHART, ASYMMETRIC' W

i 25N
CALCULATE SEMI-WHEEL™ “|'
GAUGE AND SEMI-RAIL
GAUGE

AW, AR

PROGRAM

PR

CALL EQSUB2

(CALL CHOOSE),(CALL RADII)

|- searcH FoR ConTACT POINT .| TRANSPOSE POSITIVE
LOCATIONS, NEGATIVE XW « | xw _CONTACT POINTS
CALL EQSOL | FOR NEGATIVE X
(CALL CHECK),(CALL CHODSE
(CALL RADII),(CALL FIBON)
e <
o exen o "I CALCULATE GEOMETRIC o
T CONSTRAINT RELATIONS™" 2 | -+ "ot *or -/ o

LT - . Earn

HEEL/RATL CONTACT -CHARACTERIZATION” '




- {[LOCATIONS

Q

PRINT. CONTACT POINT
AND GEOMETRIC
CONSTRAINT RESULTS

FIND EXTREME CONTACT
POINT LIMITS

FIT EACH WHEEL AND RAIL
“]PROFILE WITH CUBIC
SPLINES

CALL ENTRY PRFLES

CALL SPLINE

CURVATURE
RESULTS?

NO

CALCULATE PROFILE CURVA-
TURES AT CONTACT POINT

cALL sp1

PRINT CURVATURE RESULTS
AT CONTACT POINT -~
LOCATIONS

PLOT CONTACT POINT AND
GEOMETRIC CONSTRAINT -~
RESULTS

CALL PLOT2
(CALCOMP ROUTINES)

WANT
PUNCHED
ARDS?

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

PUNCH CARDS FOR:

CONTACT POINT LOCATIONS
GEOMETRIC CONSTRAINTS
PROFILE CURVATURES

PROFILE POLYNOMIAL CURVE FITS} -

- CALCULATE SINUSOIDAL
INPUT DESCRIBING
‘FUNCTION VALUES

CALL DCRFCN

CALCULATE AND PRINT

PROFILE CURVATURES AT
EQUAL INTERVALS ALONGj -
PROFILES

(CALL ENTRY PRFLEP)

END

CHARACTERIZATION PROGRAM
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SUBROUTINE ORTHLS. (X'Y.h.h,L,J'CoALPFA PETAsKoT14T2,T3, IND1}
c IMPLICIT REAL*8{A-F,0~Z) ,
c THIS SUBRUOUTINE COMPUTES THE '
¢ EQUATION OF UEGREE K_ANC THE
CLK

CF. THE PDLYNOPIAL
TA PARAMETERS. L

TALK)» TllN)yTZ(N)sIB(N),

— -

——— e i o i

(g +] md
mijmwm

- —— —— s ———— A Y = — . — Y M S " il S O e e il M S S

C
C PRGGRAM INITIALIZATICN.

¥ fon b R

KJl=K-J+1
JleLEoO) Gu TC 1¢

-Q.1) GU TO 3
olN ,

)
«0) Gu TG 1
ied

X(l)**(Z*J)
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e ) Rl el Tl Kol

P Ot Coll il nOnte O HunOunt.— Pox
Cs Hore o

Lol S 4
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C
C CGMPUTAT 1UN OF A CCEFFICIENT IN THE PGLYNONIAL ECUATION.

C{lI)=5/R0
IF {[1.GE<KJL) GU TC 15

—— S — e < 1t T i i s 2

C CCMPUTATICUN UF AN ﬂLPFA FCR THE FCLYNEFIAL EQLATIUN.
SUMXPS=) .U
DC 12 I=1,N
12 SUMXPS=S5UMXPS+X{ i
c ALPHA(ll)—SUMXPS/
E CCMPLTAIle bF A

DC 13

Y ———— v — oy e e et o S
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— e i v S~ R e

ALPHA ANC BETA TC ZERC: =

% e Aty

- P
= ot e
> 8

SET ALL C-CCEFFICIERTS,-

. : - . B

e i e e i e s v

——cia

C SUCCESSFUL RETURNs e B

ERRCR RETURN,

RETURN:

15 INDl=+]

Commme 8!
C
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QUT iNE QEFS(J.CM&PWMBH%thA'IlTLTB.HmZ)

SUBRQ
IMPLICIT REAL*8{A—-H,0-2) . .z
THI

HIS SUBRUUTINE CUNPUTES--THE A. CCEFFICIENTS FOR A PDLYNBMIAL .
oF DEGKtt KC WHERE KC IS LESS THAN GR ECUAL TO K. :

DIMENSIUN L(KC).ALPHA(EE;:EETA(KC)gA(KCI,TllKC),TZ(KC)'TB(KC)

|
%I

.~ PROGRAM . INIIIALLZATIGN.-~NAWL>

Ono OONO

l Kb J-.—l B “ B «*‘ . . “ - : o E T 'u H,.‘.A' ‘ “/ ‘
L.iEe0) 60 TG 9 T

s KCJ1
)

——— el
Ol 2 S
s Wil HOZ
oo

R2Z2&~= OO
me o L] 2

N
0
J
1 4]

NeaZZ22ZZme X

J)} GU TO 5

GIN CUMPUTATIUN.

OO0

(11)=1. o T -
3 NiN=2,11
T3 (NN)= TZ(NN—l) Ta(hN)*ALPHA(ll—l)~B'Tl(NN)

K
I
B
D
A
T
T
T
I
i
B
2 1
oc

oON n1-—muN~wq3Nmﬁ

C CCMPUTATIUN UF AN A CCEFFICIENT.

3 A{NN-1)= A(NN—LJ+L(II)*T3(NN)
IF {II.GE. KCJL) _ 6L

c :
E RESETIINb THE VtCTURS FCR TEE hEXT CCEFFICIENT.

J.Lt 0) GU TO 8

C ARRANGE CDtFFlLILNTS PRCPERLY IF J IS NCN ZERC.

6 NN=1,KCJ1l
CJi- NN+1

c ,
g SUCCESSFUL RETURN.

£ IND2=1+42
RETURN _

(aleln]

ERROR RETURN. StT ALL THE A CGEFFICIENTS EQUAL 10 ZERO.
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SUBROUTINE PLOTL(ICTR,ICTLy IWG+IRG)
INPLICLT REAL*8(A-H,0-Z1

[ L
[ Baadat aY]
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CALCOMP PLOTTER OUTPUT - SYMMETRIC PROBLEM
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FIGURE 3A. CALCOMP PLOTTER OUTPUT - SYMMETRIC PROBLEM, WHEEL/RAIL
. PROFILES AND LOCATIOM OF CONTACT POINTS.
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PARTIAL LISTING OF PUNCHED CARD OUTPUT - SYMMETRIC PROBLEM

n,53200D+02 6,295630+02 8,56502D+02 7,2975AD+02 0,25M8AD=01 0,2500RD=Q1
POFFFICIENTS FOR PROFILE CURVE FITS

NEW AAR WHEEL DATA A26
14
1 .442585190443=0,7104370+03 A.442182D+A3=0,121041D+03 #H,122739D+02
?,2040700+5%3 B,2298310+41 :
2 B.1835370+02 P,1575400401{=02, 1mm558D+@1 P,273135D+7mP  281376D=id}
A,2296834Nam1 9, 191967D+@1
3 D 1873280+ 012 P,2427170+01=0,.277827D+A1 A,1344B8D+RAL=d, ,236899D+0®
A, 1B19670«R1 4, 1334900+Q1
4 B 1B5REN+A2x0 ,37A788D+00 A.604287D+8N=0,463954D+20 8,124123D+0A
M,1334900any 9, 825R82D+00G .
5 0,1650060+02«3,6147200=01 R.1B258MD=p1=0,313329N=02=0,360865D=02
A, 8a50R82N+72 B,238872D+00
6 DI6BAGRDN+A2=N,8168624D=0) 1.321759D=01 ,119249D="]=~ ﬂ 1154260+@m
M, 2388720 +A%=0, 298239D+00
7 B 155@h9h+@?-m 8422180=0) (1.164702D=01 M,2117730+00 @, 164?8@D¢6w
= DQBP3GN4+A%=),797691D+010
8 P.16ROGANSEAR P, 1639960401 2.276585880<+21 A,208807D+01 3,624847D+0p
=0 79769194'05 veldy, 120404D+ 1
9 N.2833r0A0+02 2,383928D402 0. 46@6830+m9 ?, 246361D¢m2 B.,500367D+01
= 12m4m40¢m1u@.1“1?950+w1
1@-@ 2695400+U2=0,1189400+%3=0, 1206460+03=01, 536@57D¢w2-w 872{79D+04
o 151298001 =0,164735850+01 -
11 B,5860440+A3 M, ,12R452D+74 P.107924D+04 9.4@29A1D¢m3 2,5563560+82
=f 1647350481 =i, 17999ﬂ0+ai
12 B147649040300,3212700+03 1.2350790+w3 0 7743m20+m2 Do 9558570#61
179®qam¢m1 Ao 201?9€D+@1
'3 P 4?83871*51 w2 ,17547404+02=3 . 867933D+N1=7, 1954130+m1-@ 1758460+020
@M 2712980+ 21=2,2325360+01 ‘
14 B.B3214870+42 @, 3661550¢@2 2.339589D+72 n 88m4470+m1 Gu8263890¢5ﬁ
aM OIEIED+N LY, zagc4ag+e1 !

NEW AAR RATL DATA %5 .
14 : {
1=0,1236710407 7,349354D+07=0. 3691790+@7 m 173377D+m7 m 38533AD+@6
n,200002Ne23 A 14188RD¢01 : |
2 B a 2934?10¢aﬂ P AS78BSN+A50, 74816°D+@3 g 3724760¢Mb =i, 6953580+@d
e VA1BBRNDENY 0, 1377250421
3 B, 21876A0¢A3 & 7699759+m3w? 952?3MD+E3 @ 5558&4D¢@Smm 117&13D¢@3
01377280+ ,.1983180+wi S
4»@ Qﬂﬁmﬂﬁh-ﬂi 2y 987152D¢@2n¢ 431?910+@? 4 2858740+@2-B 7!44460¢®1
A 1270318D=A1 4, 9319770+m® : )
S D.67R31NBL » 23aaﬁ70¢ﬁ1mm Sdacbmo+@1~m 5314950$ﬂ1-9 1964740+@1
MN,931277NeRu 3, 953863D¢@B
6 D.F118480¢41«0,207583D+02 B, 636092D¢0ﬂ w 9@04470¢mw o 3855150¢ga
] 3536ﬁ30+mw P.3190158D+p0 i
7 Ga.7084700+41 A ?694dﬁD-ﬁiuw 086485D=l1=0, 479131D+ﬁ@ B.9752210+00
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B Q7704520 +G1 P,245721{0=01 0.479225D=02=2, 4739?ﬂD¢9ﬂ-G 110800D+B4
M, A66680NeR 10l ,27644D+00 '
9 %o 7@3335H+81»@,5152510#@@«@ 2305770+01eR,337448D+01=3,1819050+@1
wfl D764%40eBen 5724650+00
1ﬂ A B8876Mi+d w0 103004D+B1=R,163633D+A1=0, as7z490¢mw-m 1?12760#@9,
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‘i RoG7718A0+01 A, 1DR459D+02 Q.lﬁiﬂ&dD#@? A 1@49630*@& a, 2&669@0#@1

- BOORBENMANL, 11@9280+a1
12 Bal45265040260,764514D+02-0, 1@11520+@3-m 5929450¢m2-0 13063350+82 .
wm cL1NG2804M 1w, 1333180401
e, 16328804040, 491&880#@4w.55515?@D¢@4wm32?51320¢@4mﬂn5147570#@5
aﬂ 333180 ¢R1=B,145861D401
14 P.1787410+0B %,488819D+06 @. 5n1228D+26 0, 2283780+06 @, 39@1320*05
of, 1485861 NeN1ei, 150317D*m1

NEW AAR WHEFL DATA 226
14
{ #,8405100+33«M,7104370+03 2. 442159D+w3-m 1212410+%3 @,1227390+82
A,26A0700+M3 A,229831D+01
2 P.1555370+082 2,157340D+21=0.128658D+21 7, ?731355+mma@ 2513760mwi
M.P298310+01 2, 1“1967D+ﬁ1
3 B 15779¢80+02 B,2427170481=0. 277ag7n+m1 P,1344880+01=a, 2368990¢Gﬁ
f,18196870+01 @, 1334990+z1
4 D LEEEA3NHU2®E,3707BB80+0A0 B.604287D+00=0,463951D+02 0.124123D+00
M, 133400D+0B1 2,3050820+006 ,
5 P.1650080+02«0,6147200%01 0.1825687D=01=0,313329D=02=0,3608650~02
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6 P.1850G60+02=,6166240=01 (1.3217590=01 0,110249D=N1=0,115426D+00
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7 P i830R20+02w0 8422160201 @.1647020=-01 ®,2117730+%0 0,164280D+00
afl PORAIONSAE=R, 7076010400 . :
8 91689000402 0, 1639060+21 P.2765398D+21 z.azssa7o¢@1 B,624847D+00
«B,797691N4ARod,120404D+01
g B.28530A0+82 2,383928D+02 0.460683D+02 @ 945361D¢w2 @, 5@@3570+@1
afl I 27404D4+A1=2, 151295u¢m1
1.3@ 2695490+92-0,1189480+23=0, 12ms4su¢a3mn 536257D+ﬂ2~@ 8721790+01
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R, 20007@D«RA3 2. 1418880+@1 :
amw 22347104+75 #,667859D+05~0,74B81600+05 ©,372476D+05=0, 5953880#@@
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5 P.6700610%0) #,2383070401=0.5439600+21 7,531496D+01=0,106474D+01
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CALCOMP PLOTTER QUTPUT - ASYMMETRIC PROBLEM

WHEEL CONTACT PGSITION RARIL CONTACT PGSITION
/T 1 i
i 23} ? 23
S N
EO Etl
w’ g g’
-2.00 : [s00] 2.00 -2.00 : 1.00 2.00

-1.00 _ 'o.00 1. -1.00  ‘ol00
RIGHT WHEEL . RIGHT RAIL

ERATELY HORN WHEEL DRATA 020 . NEWfARR RAIL DATA is
WHEEL GRUGE 53.0 (IN) RAIL CANT FOR RIGHT RRIL..025

RAIL GAGE 57.%w(IN)

]

‘ o [ . ;
WHEEL CONTACT POSITICN * BAIL CONTACT POSITION
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_‘\ o ',ﬂ
RS EmiE
o =]
E R ’ ‘|28

= - =]
3 . . g

-
< .. Lo
wg w!
=3 _“ =
o . I E
pt

wo
0%

)

T
w
z

-z

g

i N =3
2l 3 [

g Z K . 2.00 ! -2.00 ,, -1.00 '0.00
- 'OEEFTOQWEEL‘ 1.00 . . ) EFTRAIL
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S o019 HOAY LEFT RAIL DATA O1
.

ARIL CANT FOR LEFT RAIL .025

g-*""‘J

1.00 2.00

FIGURE 4A. CALCOMP PLOTTER NUTPUT - ASYMMETRIC PROBLEM, WHEEL/RAIL
PROFILES AND LOCATION OF CONTACT POINTS.




NORMALIZED ROLLING RADII DIFFERENCE ROLLING RADII

RIGHT SIDE
g i
MODERATELY WORN WHEEL DATA 020
e i NEW ARR RAIL DATA 025
e ‘ARIL CANT FOR RIGHT RAIL .025
Iy =2
g ol g LEFT SIDE
-8 iz
a3 v
o . .
2 jj e SLIGHTLY WARN WHEEL OARTA 019
o, " = WORN LEFT RAIL DATA 013
L i . RRIL CANT FOR LEFT RAIL .025
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FIGURE 4B. CALCOMP PLOTTER OUTPUT - ASYMMETRIC PROBLEM, AEOMETRIC CONSTRAINTS..
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PARTIAL LISTING OF PUNCHED CARD OUTPUT - ASYMMETRIC PROBLEM

", 530@0D+r2 7,29563040%2 @,575000+022 0,30257D+02 0,25000D=01 A,250000.01
FOFFFICIENTS FNR PROFPILE CURVE FITS

MADERATELY WORN WHEEL DATA p2@
16
1=0. 1567150401 2,3046710+02«0.101486D+02 0,530064D+A1=0,547639D0+020
n,2070%00+m3 4,2131220+p1
2 0.4614r50+21 7,2532350+402=0.2724080+02 #,7183360+21=0,949460D+00
n,2131220+7M1 2,1703639D0+01
3 0.1328180402 A, 841071D+A1=0.843409D+01 7,3785320+01=0,639321D+00
A", 172638N+A1 B,134552D+01
4 2.14720:30+32 2,6319830+71=0,881744D+21 7,8540219D+21=-0,121867D+04
M, 134552DeA1 B,9781410+00
5 Ca1648330402=0,376678D+00 0.640281D+20=0,3569710+20 B,479603D=01
M,978141N+ts A,5425530+00
6 B.163820N¢02 1,5211%540=02 N.1245730+20=2,4354210+22 @,4396860+00
" . 542553N«02 2,1%4700D+00
7 2.168382680+082 7,1255620=03=0,161128D=31 7,1362370+22 0,260559D+00
P AGA720N4 N Ae? 2727170400
B B,18383RN+A2 7,202176Dw01 7.143899D=01 7,6627310=03 2,338039D=01
«? 27201 7N+PNed ,686944D+00
O P.1614670¢12=0,1217650+01=0.232798D+21=72,100585D+01=0,529247D+02
- RREQ44D+M =i, 1RQ763D+R]
19 2.,1R8081680+02 72,8932110+01 @B.113006D+02 7,623124D+01 2,129394D+01
= 1397R83N+A 1w ,1440440+0
11{=«0,7741510+21»7 50390080 +02=0,531682D+82=01,2070120+02=0,2887360+01
=7 144944N+P1=3,1739830+01 ;
12 R, 1358100+44 0 3025830+04 P.256234D+24 N,964417D+23 A,136191D+03
= _1730830+71md, 1880780401
13 R, BA428730+04 2,1741600+05 2.135251D+05 2,466906D+24 B,60456630+03
=7, 18R078D+N1=,196286D+01
14 B,.2302830n+05 A, 455784D+75 N.338647D+25 Nn,1117580+25 9,138227D+04
= 108286N+M1el,203560D+01
15@, 83303704230 ,1475080404=0,.9579250+03=0,2783010+023=02,298926D+02
«f 2A3560D+R1=d,224000D401
16 P, 46590RN+U3 2,7679960+03 P,491613D+23 n,1393620+23 3,147635D+02

NEW AAR RATL DATA 725

12

1=0.,7179740+268 ¢,202315D0+07=0,213774D+07 0,1083870+27=0,1767740+06
M, 20707200+ 23 A,14115%5D+01

2=0,4713271+24 2,1467710+05~-0,172R560+25 0,8838250+04=-0,1713550+04
2,141155D0+1 2,132706D+021

IwP 1727650482 N,9323R4D+02=-0,1324270+23 ,832903D+P2=0,106223D+02
M, 132728N«R1 1,103020D+01

4 0, 7R3277D+01=0,368328D0+01 0.661960D+21=-7,5151990+21 0,138470D+01
" 103920DeA1 2,71872¢D+00

5 B.7117R7D+01=? ,2373300+020 0.759644D+00=0,111208D+04 2,5018081D+00
n,71872aN+0% 3,3191580+00




6§ U.77946AD+0) ©,2872B6DaNi=n.803595D=B1=0,595744D+00 A,114622D+01
7,21915804+0%m,373100D=01
7, 8.7993100401 0,21564p0~71 0.235734D«dn 0,808897D+30 8,608104D+20

B el 3731 00D =i, 3829630400

8 B.7185240+31 N,674892D+90 A, 1761150+G1 m,207601D+721 2,8098560+00
= 38”9630+ﬂﬁm@,7?94170+0@

9 P.757947D+0) 2,186464D+01 P.2486420+01 0, 142973D+ﬂ1 ¥,230883D+002
of,729417NeR=d, 1?4797D¢01
,1ﬁn? 925237N+0 1=, 59“2730+m2-@.7°57950#B9-ﬂ 475942D+02=2,106845D+02
=7, 104797D47108,1333180+01

11=ﬂ 2174180+04=0, 65%945D+04-8.7281050+G4-F 361792D+24=2, 6739330+03
n 2133318N4N1=d,146813D+01

12 P.3127140426 0O, R52385D+n6 0. 871187D+86 M,395682D0+26 E.67383ID+05
0 1468150#91-@.15@317D+ﬁ1

"SLIGHTLY WORN WHEFL DATA 219
16 .
1R 1 TBREEDEAL 7 2973670#&2-@ 217411D+E? Ne735471D+71=0,859258D+00
S MLPANQANC 4B m.amgmm7o¢mx ,
2 0.2246060¢32=2,1281680+02 @, 10257SD*G?-M 362104D¢m1 B 4742310+00
S P2r9pA7DeAl B,160674D+01
3 9, 2981690+39vﬂ 1052570+02 @, 1171920#39-& 573018D0+01 2, 1935580+01
R, 168R674D+M1 4. 117713D+01
4 P.186938N+N2=0,106922D+01 0. 2265740+m1-ﬂ 1962540+01 2,390000D+00
. ﬂ 01177130t 3,7532310+022
5 B.1888130¢32 @ 7@776l0nm1~m 228A5m0+3m ?q 43443m0+mw-ﬂ 2646260+G@
CP.7532310407 B, 2370330*@$ '
6 Ba1850470602 2,5230370=02 3. 1133@60+am-m 81785@D-m1-|.267297o+.z
",787933N<n=0, 117933D+gm .
' 7 RN,165A84N+32 @ «134114D=2§ 0. 132“110+Gﬂ N, 54“4170-@1-0 236652001
_-‘7i 117936"5#01/'-0 53&4810'@‘@@ .
) 8 e 15343804 Y2=0, 9499820 +RA0=2, 1922760+m1~“.1771620+G1-D 5712250+@E
- *344a10+m ‘-] ,B8915970+00
‘ g B.18R470+N2=0 194@140+m1mm 292@160+@1-m 196159D+71=0Q, 4583140+lm
- ﬂ915@7o¢aw-a.124467o+@1
1@ R.2UKR2RANGAI =T, 5928140+ﬂ2-m 4134350+62-G 185038D+722=3,30203220+01
«f,124487Ns21=7, 154953D+01
11 g 636777w+@3 N,17119¢0+04 @. 163843D+04 A, 6965@7D+ﬂ3 0.1110180#03
nf 154@61n*m1-w 172&560+@1.
’ 12 @.11838R:4%35 0,256190D+05 0. 2154340+w5 7,8048360404 3,1127230+04
17?8560¢ﬁ1-a.1815220+@1
13 N.43632111¢04 R ,9264680+74 P.739158D+04 A,261622D+04 2,346694D+03
~?,1813220¢71= @.1°155“D+@1
14 NaBl144210N¢A2m? 1716800D+03m. 1125730*03-ﬂ 3310@AD+¢2 B 3678980#01
iy 19155mo+m1 A 212858D+01
_ 15~@ 4100B70+A2mB Q?*@ﬁiD*@Zu@ 6ﬁ39100¢@?-ﬂ 168212D+72=0,177863D+01
«l 91?8560+m1-@ '252983h+p21
16 ﬂ.2311ﬂ°3+64 903569850+m4 3. 2msm540¢@4 7.538212D+23 @, 5213730+22
=M, P520830+M 14, 2819420+@1

Wonn LEFT RAIL DATA mls
L1 ‘
C 1 0.4R05670¢08=0, 103454o+m7 m.11@1240+z7-m 4969330406 0,8428170405
] 9nmammn¢ma m.1473480+ﬂi
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2=0.911684D+43 ©,2810A10+04=0.3220800+84 A, 1638360+M4-@ 312162D0+83
- P,1473480+01 B, 135748D+@1
3 P 2913570401 B,1537210+402«0.216339D+082 7, 133201D+02=0,305166D+01
" « 138748041y &, 1841150+@1
4 B.7218040+21=0,133609D+01 0.257877D+01=7,221847D+01 @,676887D+00
A, 1043150+01 B,7217250+00
5 P.5066887D+31 0,701733Da01ap.346095D+00 M,4794160+0P0w0,257014D+80
” 721795n+m? A 3°u7950+mm , ,
B D.6977340+21=7,517195D=p] D.4893040eD1 ©,1467710+00=0,388735D+00@
m,38M7Q50«0s B,3079100=01
7 B.6977370+0)1=0,8580210=0) (.212585D~G1 A,7642810+32 0,956031D+80
A AR7R10NmR1=D, 3256150*02
8 0.6985170421=2,513711D=R1=p.2543940+8%=7,3708360+00=0,22920804+00
=A,3256150%2¢=0, 67942MD+@m
9 P.685212D+01=3, 67°2460+m® 2.130968D+21=7,110554D+01=0,400664D+00
=0 67949@D+mv-d.1¢2385p+@1
1@-@ 1636RED+22=0 ,R513130402=R.1157670+03=0,6961500+72-0,156815D+02
=f iP23R5D+N1=il, 133982D+0)
11-m 7242558N%04m0, 2158360+m5-m 240810D+25%0,119334D+25=0, 2216320+@4
A, 1330320+ 1e0, 1481300401

THE DATA 1S DROERED. AS FOLLOWS:

CONTACT PNTNTSo GENMETRIC CONSTRAINTS, AND PRDFILE CURVATURES
AS A FUNCTION OF WHEELSET LATERAL DISPLACEMENT

i

= WHEELSFET LATERAL, POSITIVF TD THE LEFT (IN)
¥{ = CONTACY LOCATION ON RIGHT WHEEL, POSITIVE QUT FROM TAPELINE (IN)
¥2 = CONTAET LNCATION ON RIGHT RAIL, PDSITIVE OUT FROM CENTERLINE (IN) ..
¥3 = CONTACT LOCATION ON LEFT WHEEL, POSITIVE QUY FROM TAPELINE (IN)
- ¥4 = CONTACT LOCATION ON LEFT RAIL, POSITIVE OUT FROM CENTERLINE (IN)
PR = RALLTING RADII, RIGHT WHEEL (IN)
YR = RAIL HEAD PROFILE HEIGHT, RIGHT RAIL (INJ
RL = ROLLING RADII, LEFT WHEEL (IN)
YL = RAIL WEAD PROFILE HEIGHT, LEFT RAIL (IN)
MR = CONTACT ANGLE W, R Te AXLE, RIGHT WHEEL (RAD)

ML = CONTACT AMGLE W.R.T. AXLE, LEFT WHEEL (RAD)
A (RL=RRY/2L & NDRMALIZED DIFFERENCE IN ROLLING RADII (IN/IN)
{Ml.=MRY/2 = NORMALIZFD DIFFERENCE IN CONTACT ANGLES. (RAD)
WR = WHEELSET RNLL ANGLE W,R,T, WORIZONTAL, POSITIVE UP ON LEFT (RADJ
yen . = VERTICAL DISPLACEMENT OF WHEELSET CENTRQOID FROM NOMINAL PQOS, (IN)
- BR CRY = PRINCIPAL ROLLING CURVATURE OF RIGHT WHEEL PROFILE (1/IN) Y
BL CRY ® PRINCIPA, ROLLING CURVATURE OF LEFT WHWEEL PROFILE (1/IN)

PUR a2 PRINCIPAL TRANSVERSE CURVATURE OF RIGHT WHEEL PROFILE,
o POSITIVE FOR CURVATURE CENTER IN BODY (1/1IN)
- BYPR = PRINCIPAL TRANSVERSE CURVATURE OF RIGHT RAIL PROFILE,
: POSITIVE FOR CURVATURE CENTER IN BODY (1/1IN)
el z PRINCIPAL TRANSVERSE CURVATURE OF LEFT WHEEL PROFILE,
: POSITIVE FOR CURVATURE CENTER IN BODY (1/IN)
cyL . & PRINCIPAL TRANSVERSE CURVATURE OF LEFT RAIL PROFILE,

POSITIVE FOR CURVATURE CENTER IN BODY (1/1IN)




122 6

L1 12@@@%0*01 d 2123460#@1-0 13?554D+M1

n,685282D+71 0,1648590+02 0,608691D+0]
-M.51m1510+Vﬂ-z 164204D-01 7,441802D+00
P, 4452200l ¥, 60584800 0L7668033D¢RY"
=2, 11807004 1=0,209346N+01=0,13248204+71
m,685345N.21 B,16WR69D2 m.sgasgen+m1

=7,418128D+07=7,1592370=-01 2,42802({0+00

n, 362009091 B,60504%Dap! p,3579009D+¢0]
-7,1160M0D+01=0,2113460+0)ull, 1374460421
n,68Rp170) B, 1648770402 0,898702Dem )"
=, 351010N+05~2,153291D=01 0,412069D+0p
n,A1RE62Dm01 #,606027D=01 7,50895820%nay"
=, 1140200 1=d, 21w1459+m1-m 139344Deny
m 678@860#@1 N, 168RB8D+G2 @, 89870 2Ne0Y

3BAEMIN+NUB. 148118D=0] A, 397875N+00
M.2171390+@1 2. 5562200-01 R 132214D+ﬂﬂ

m 19a5290.m1 2,606097p=01 B 472443001
-t 119mmmn+m1-m 10934RD+G1-G 1374370+
n, 68@@250*¢1 Ne 1649030402 ©#,5086B83D+0
=7 BA9GEEN+Rie}, 1 7B640D=R] N, ,285879D+20
m.141291o-m1 B.6P622R8D=p)l 7A,80RA53N=N]
d 11002 AD+A 1=, 101346D+D1wP,144316NDe¢N}

ﬂ + 5682960471 2, 1‘5942D¢@2 P,B898362D+n Y
wl? 5@3@780#9ﬁ-ﬁ 3589580-22 ?e 7757@1”-“1
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