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Summary

In order to be able to compare the results obtained by different railways, both as to the value of the
equivalent conicity and as to the test results where this parameter plays an important role, it is
necessary for the equivalent conicity to be calculated according to the same principles.

This leaflet sets down the principles of calculation that must be followed, but it does not impose any
particular numerical calculation method.

It states the tolerances within which the measurements should generally be made, and beyond that it
provides reference profiles and a range of acceptability within which the results of the conicity
calculation must fit using the program and taking into account the maximum random errors introduced
by the measuring system.
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1 - Purpose

The wheel-rail interface is fundamental to explain the dynamic running behaviour of a railway vehicle.
It must therefore be understood and among the parameters by which it is characterised, the one called
"equivalent conicity" plays an essential role since it allows optimal appreciation of wheel-rail contact
on tangent track and on large-radius curves.

As the term equivalent conicity is used in a number of standard documents, including UIC leaflets, ISO
standards and European standards, there needs to be an unambiguous way of determining it.

The purpose of this leaflet is to propose a method for determining equivalent conicity which can be
applied in the context of standards documents.

This leaflet does not define limits for the equivalent conicity and gives no tolerances for the shape of
the railhead and the wheel profile to obtain acceptable results with the conicity.

2 519
OR



0 2 - Symbols, principles and definition

21 - Symbols

x

() ,_e“<

>

ds
tany,

tany,

A

y
Yem

Yemin> Yemax

\Y

displacement of wheelset in the longitudinal direction of the track
displacement of wheelset in the lateral direction of the track
angle of movement in the x-y-plane

distance between contact points (approximately 1 500 mm for standard gauge)
wave length

radius of wheels when the wheelset is centred on the track

rolling radius of right-hand wheel

rolling radius of left-hand wheel

mean rolling radius of both wheels

difference of rolling-radii between right-hand and left-hand wheels
local radius of wheel path

curve length of path corresponding to angle d¥

equivalent conicity

inclination of wheel and rail profiles in contact point

amplitude of wave

y-displacement, where Ar = 0

corresponding y.;, andy,, .. displacements for a certain wave

speed of forward movement of vehicle

2.2 - Principles and definition

The kinematic movement of a free wheelset, with no inertia, running on a track, is described by the
following differential equation:
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Without limiting the conclusions concerning calculation of the equivalent conicity, the speed of forward
movement V of the vehicle can be assumed to be constant for the purposes of this study, such that:

_ dx
V=
2 2
hence: dy _ydy g Y _ 29y
dt “dx dt dx?
The differential equation becomes:
d’y A
—% + __I; = 0
dx "o

In the case of a wheelset whose wheels have a conical profile of angle vy:
Ar = 2y tany

The differential equation then becomes:

2
dx ero

a second-order differential equation with constant coefficients whose solution is a sinewave with a
wavelenght of A :

er
A =21 0 (KLINGEL’s formula)
2tany

When the wheels do not have a conical profile, linearisation methods can be used so that the linear
differential equation can still be applied by replacing tany with tany,, which is called the "equivalent
conicity".

By definition, the equivalent conicity is equal to the tangent tany, of the cone angle of a wheelset with
coned wheels whose lateral movement has the same kinematic wavelength as the given wheelset (but
only on tangent track and on large-radius curves).
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0 3 - Method of determination

3.1 - General principles

The following assumptions are used:

both the wheel and the rail are considered rigid,

- atheoretical wheel is symmetrical in revolution,

- atheoretical rail is straight and is represented by a single profile,

- areal rail is defined by at least 11 profiles regularly spaced apart over a 100 m section of line; the
conicity is obtained by taking the average of these individual conicities, the standard deviation of
which should also be indicated,

- the wheel does not penetrate into the rail: only point contacts are considered,

- no account is taken of an axle's roll (rotation about an axis longitudinal to the track) as the
wheelset moves laterally on the track,

- at the point of contact, the planes tangent to the rail and to the wheel are parallel.

NB : a real wheel can be defined using an average profile determined by taking the average of
4 sections of the wheel located 90 degrees apart.

For any given wheel and rail profile (theoretical or real), it is possible to determine the equivalent
conicity tany, associated with the lateral movement y of the wheelset on the track.

This is done by the following procedure:

1. determine the wheel and rail profiles, either by measurement for real profiles or by a theoretical
calculation for theoretical profiles;

2. determine the Ar = f(y) characteristic giving, for each lateral movement y of the wheelset on the
track, the difference between the right-hand and the left-hand rolling radii Ar = ry —r,;

3. determine the equivalent conicity for a lateral movement y of the wheelset on the track.

The three above-defined steps of the procedure are explained below.
3.2 - Determining the wheel and rail profiles

The two rails of the railway track and the two wheels of the wheelset are referred to a track-centred
coordinate system oriented such that the x-axis is longitudinal, the y-axis transversal and the z-axis
vertical.
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The wheel and rail profiles must be characterised in a Cartesian coordinate system ((y;, z;) ) such that:

- for the rail, the profile is defined not only on top but also on the inner side;

- for the wheel, the profile is defined not only on the classic wheel tread but also on the outer part
and in the area of the wheel flange root.

When the profiles are determined by measurement, special-purpose devices can be used, such as
wheel and rail profile measuring rules or automatic rail measuring systems carried aboard special
railbound vehicles.

It must be stated in the report whether the profiles were measured in the loaded or unloaded condition.

Measurement accuracies must lie within the following tolerances:

- wheel radius 0,1 mm

- wheel back-to-back distance : 0,5 mm

- track gauge : 0,5mm

- measured data . they must be consistent with the calculation method (see
(wheel and rail profiles) point 4 - page 9)

3.3 - Determining the Ar rolling radius difference

To determine the Cartesian coordinates of the wheels, it is necessary to take into account the actual
radius of each wheel.

The Cartesian coordinates of the two wheels and the two rails, referred to a track-centred coordinate
system, may be computer-processed (smoothing or interpolation in particular) for easier utilisation in
the next step of the procedure.

Then, the Ar = f(y) characteristic which yields the rolling radius difference between the right and left
side for a lateral movement y of the wheelset on the track, is worked out relative to a centred position
and for lateral movements up to a maximum corresponding to Ar = r,—r, = 5 mm, in maximum
steps of Ay = 0,2 mm.

The Ar = f(y) characteristic is presented as in the example shown in Appendix A - page 12.
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3.4 - Determining the equivalent conicity

The equivalent conicity is determined by two-step computation as follows:

3.4.1 - Integration of the differential equation

ﬁ_Fﬁ:O
dx2 erg

using the previously determined Ar = f(y) characteristic together with the following initial conditions:

y=yy forx=0

dy _ 0 forx=0
dx

This integration, based on initial amplitude y, leads to a periodic movement of the wheelset with a
peak-to-peak amplitude of 2y and a wavelength A.

Yo

Fig. 1 -y = f(x) function
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342 - Calculation of the conicity

From the actual movement of the wheelset the conicity is computed for amplitude y :

- either by applying the Klingel formula:

2
tany, = (9 2erg

- or by applying a least-squares type linear regression to the portion of the Ar = f(y) characteristic
within the 2y interval.

The slope of this regression is equal to 2tany, .

Out of practicality, the conicity is evaluated for changes in y from 1 to 8 mm. An example of graphic
representation of this exercise is also given in Appendix A - page 12.

The maximum value 8 mm may never be reached if the Ar = f(y) characteristic is either highly
nonlinear or exhibits substantial jumps.

In Appendix B - page 13, an example is given for a method which is based on determining the wave-
length and calculating the equivalent conicity by the KLINGEL formula.

In Appendix C - page 21, hints are given for a method which is based on a linear regression of the Ar
function.

In this leaflet no procedure is dictated for calculating the equivalent conicity. But the user of any
procedure must be sure that the applied method leads to an equivalent conicity in phase with the
definition which is given in this leaflet (see point 2 - page 3), hence the necessity of reference profiles
and results as presented in point 4 - page 9.
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0 4 - Benchmark calculation

For benchmark purposes, reference profiles are defined. In Appendix D - page 23, mathematical
formulas are given for wheel profiles A, B, H and | and for rail profile A in the same way as the drawing
and the Cartesian coordinates for each profile.

NB : the reference profiles given in Appendix D are only defined for benchmark calculations to test
the software in a wide range of conditions. They have no practical relevance for the design of
a real profile.

In Appendix E - page 33, the calculated results of the Ar function and the equivalent conicity,
according to Klingel's formula, are given for the following wheel/rail-combinations:

1 - wheel A/ rail A
2 - wheel B/ rail A
3 - wheel H/ rail A
4 - wheel | / rail A

5 - wheel A/ rail A difference of left wheel-diameter 2 mm
6 - wheel B / rail A difference of left wheel-diameter 2 mm
7 - wheel H / rail A difference of left wheel-diameter 2 mm
8 - wheel | / rail A difference of left wheel-diameter 2 mm
9 - right wheel A, left wheel B / rail A (as an example for an asymmetrical Ar function)

For each wheel/rail combination, the following drawings are given in points:

Appendix E.x.1 (points E.1.1,E.2.1,E.3.1,E4.1,E.51,E.6.1,E.7.1, E.8.1, E.9.1):

Ar = f(y) difference of the roll-radii, necessary for calculating the equivalent conicity

tany, = f(y) contact angle for the right and the left profiles as well as the sum of the contact
angles, not necessary for calculating the equivalent conicity, but important for
independent wheels (as an example)

tany, = f(y) equivalent conicity
representation of the contact points.

Appendix E.x.2 (points E.1.2, E.2.2,E.3.2,E 4.2, E5.2,E.6.2, E.7.2,E.8.2, E.9.2):
representation of the roll-curves (normally not necessary).

Appendix E.x.3 (points E.1.3, E.2.3, E.3.3, E4.3, Eb5.3, E.6.3, E.7.3, E.8.3, E.9.3)gives the
numerical values for the function Ar = f(y).

Appendix E.x.4 (points E.1.4, E24, E34, E4.4, E54, E6.4, E7.4, E8.4, E9.4) gives the
numerical values for the function tany, = f(y).

In this UIC leaflet no procedure is defined for calculating the wheel/rail contact geometry, but the
accuracy of the calculation method adopted must be tested.
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Because of the accuracy of the measuring equipment, a smoothing procedure must be included in the
calculation method or in the pre-calculation stage. The smoothing procedure depends on the
measuring system adopted.

The tolerances for the calculation method, including the effects of the smoothing procedure, are given
in Appendix F - page 69.

The tolerances are based on the following formula:

A(tany,) = + min(0,05; 0,5 tany,)

In of a steep slope of the tany, function, these tolerances are very difficult to fulfil. In this case, for the
benchmark calculation only, additional tolerances of Ay on the y deviation may be considered. Ay is
calculated by the following formula:

Ay = a0(1 - cos(arctg a1dt33ye))

where: ag = 0,2 mm and a, = 10 mm.

The tolerances for a certain y amplitude as calculated by the formula A(tany,) must be increased by
a value +Ay, keeping the maximum tolerance in this range.

If the situation of a steep slope occurs when applying UIC Leaflet 518 (see Bibliography - page 94) at
the y = 3 mm point, then further measurements and/or calculations must be undertaken to understand
the practical condition.

The validation of the smoothing procedure is related to the measuring system (for example resolution
and measuring directions) and must be defined on the basis of parameters of the measuring devices,
but the influence of a random error and the influence of a grid (which is given by the resolution of the
digitizing) must be included in the validation procedure.

In both cases, the degree of error should be modulated to determine the necessary accuracy of the
measuring devices. This operation involves combining the smoothing and calculating procedure
acceptable results referring to the given tolerances.

The calculations shall be made for all reference-profile combinations as given in Appendix E -
page 33, and include the influence of asymmetrical Ar-functions produced by different wheel
diameters or different wheel profiles on both wheels as given in points E.5 - page 49 to E.9 - page 65.

The effect of a random error and a grid shall be proven by separate calculations for the cases where
an error occur only at the wheel, only at the rail and both at wheel and rail.

The effects shall be quantified in z-, y-and (z+y)- direction depending on the measuring system. For
non-cartesian measuring systems, appropriate coordinates should be used.

For each case a sufficient number of calculations (> 20) should be done for different starting
parameters for a random error and for different positions of a grid.

The whole method, englobing the measuring system and the smoothing and calculation procedure,
can be accepted with reference to this leaflet, providing the measuring device can fulfil the accuracy
determined by this validation procedure.

In Appendix G - page 87, some examples for acceptable and unacceptable results are given.
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5 - Guidelines for application

This leaflet only gives a definition of equivalent conicity and the theoretical base for the calculation.
No information is given about application.

This must be done in the appropriate leaflet (e.g. UIC Leaflet 518).

Nevertheless, some general recommendations should be made for applications:

1.

Bending of the axle under the load cannot be ignored. Therefore the calculation must be made for
normal service conditions.

For freight vehicles, contact geometry may be more significantly influenced by the load. If the
equivalent conicity is to be used to investigate running behaviour, the contact geometry should be
calculated in the empty and laden condition.

In normal service a vehicle will run on a very wide range of different rail profiles. It is impossible to
take into consideration all rail profile types.

Generally, contact geometry and equivalent conicity calculations should be done using real wheel
profiles in combination with design rail profiles. The rail inclination and the gauge must be taken
into account.

This procedure is sufficient to determine the variation of the wheel profiles during a maintenance
period.

In special cases (for example in cases of high instability, which cannot be explained by the contact
geometry of the design profiles), the real rail profiles must be used for the calculation. If possible
these measurements should be done with normal load on the track (e.g. by an inspection car),
otherwise (especially on tracks with soft fastenings) the effects of the load may be taken into
account in the interpretation of the results.

In the case of assessment of the equivalent conicity on the track, the real rail profile must be used
for the calculation. In this case, real rail profile combinations will be made with the theoretical
wheel profiles used on the line and/or typical real wheel profiles of vehicles running on the line.

The equivalent conicity is important for running at high speed on straight lines or in curves with
very large radii.
On sharp curves the equivalent conicity is insignificant but the Ar function may influence the
behaviour of the wheelset or the bogie. Because of the wear in such cases, the real rail profiles
should be used.
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Appendix A - Example of presentation of the Ar function
and conicity
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Fig. 1 -

Ar = f(y) function and tany, = f(y)
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Appendix B - Example of method for determining the
equivalent conicity - Application of the
KLINGEL formula

B.1 - Principle

The wheelset's movement on track can be formalised on the basis of angle:

y
X

¥ =

Q.lQ.
X =<

(1)

4y
y
Fig. 2 -
Representation of dx, dy
ds
,-R
dv
X
ya
y
Fig. 3 -

Representation of ds, d¥
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ds = -R d¥ (1)

for a small angle ¥, ds = dx
dx = -R d¥ (2)

and, taking into account equation (1), this yields:

hence: Y d¥ = _dy (3)

ro Y r

| * AR

Fig. 4 -

Representation of o> M4 05 €
ry+r,

2
ri—ro

@ |0

rotr

where 1 5 2 - o is the nominal radius of each wheel

ry—ry = Ar
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and e is the distance between the left and right contact points (approximately 1 500 mm).

Thus: R = 20 (4)
Ar
and, by replacing R in equation (3), we obtain:
v gy = -Ardy (5)
"o
giving, by integration:
2
w1
5 = —ero[JArderC] (6)

This integration is used to obtain the movement of the wheelset on track and in particular the path
corresponding to half of the wavelength starting from y_ .. (for which ¥ = 0)andrising to Y, 1ax
(for which ygax = 0).

emin

The integral JArdy needs to be calculated only once for sufficiently large amplitudes to be able to
cover the domain that will be needed for the remainder of the determination (Figure 7 - page 19).

The wheelset's movement on track is then obtained with the help of the following integration:

_ 1 ~ [dy
dx lde or x J"{I

2
NB : equation (5) is equivalent to the differential equation d_32/ +Ar 0.

dx® ©o
Indeed: Y = dy
dx
dv _ d’
dx dx2
The differential equation becomes:
d¥ , Ar _
dx er
15 519
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- _ dy
with: dx ¥
v Ar
. — 4+ = =
whence: dyd\P erg 0
Ard
such that: g dy = 2
ery

B.2 - Steps of the procedure

In practice this method is applied in the following way:

1.

Based on the Ar function = r, —r, = f(y), find the value y, ,, that corresponds to Ar = 0 (Figure
6 - page 18).

2. Calculate the3(y) = —J'Ardy function, starting from y_ . in steps of dy = + 0,1 mm to + y and from
Yem in steps of dy = - 0,1 mm to -y (lower diagram in Figure 7 - page 19).

3. Determine corresponding amplitudes Y, and Y. ,,ax @nd calculate the mean lateral movement y
(Figure 7).

4. Find the functions Ygmin = f(y) and Yemax = f(y) which allow determination, for a given lateral
movement of the wheelset 2y, of the corresponding minimum and maximum amplitudes y, i,
and Yy, max (Figure 8 - page 19).

5. Compute the equivalent conicity tany,, for a given movement y :

+ find the constant C of equation (6) (Figure 9 - page 20), such that ¥, .. = 0 for the
corresponding Y nin ;
+ calculate the angle ¥ by integrating equation (5) to give:
Y = i[J‘Ardy+ C]
erg
in steps of dy = 0,1 mm;
+ calculate the abscissa of the wheelset movement:
d
x = f(y) = J‘_}’y between y,i and Yoax
which allows determination of wavelength A of the wheelset’s kinematic motion.
16 519
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In most cases, the integration cannot be done in only one step in the range from y .. to
Yemax - 1herefore, wavelength x must be calculated by adding up dx = \—.Ily whereby the step
of dy should be <0,1 mm;

+ calculate the equivalent conicity, applying the Klingel formula:

2
tany, = (;—t) 2er

6. Determine function tany, = f(y)

by applying paragraph 5 - page 16, for y amplitudes starting at 1 mm up to the maximum
permitted by the Ar = f(y) characteristic, with a maximum step Ay = 0,5 mm.

B.3 - Particularities

Ar = f(y) characteristic with a negative slope

7. Whenthe Ar = f(y) characteristic has a negative slope, it is necessary to select the most suitable
point for y, . .

Ar
Fig. 5 -
Ar = f(y) characteristic with negative slope

In the example illustrated in the figure, instead of choosing Point A for y .., choose Point B or Point C
according to the initial position of the wheelset.
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y
Yemin Yemax
(weoy (¥=0)
Fig. 6 -

Calculation of J' Ardy integral
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Yem

Ar=rq-ro

Fig. 7 -

Determination of ygr, : Ar = 0

Calculation:
I;y Ardy = f(y)
em
[y} Ar(-dy) = f(y)
em
Determination:
corresponding Yemin, Yemax

and y = (Yemax — Yemin)/2

Determination of 'y, ., calculation of J’ Ardy and determination of y

Yemin ~ f(y)

<>

Yemax = f(f/)

Fig. 8 -

Determination of Yemin = f(y) and Yemax = f(y) functions
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Yemin

Fig. 9 -

Determination of C constant
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Appendix C - Example of method for determining the
equivalent conicity - Linear regression of
the Ar function

C.1 - Principles

For a linear Ar function, the slope of the Ar function is equal to 2tany,.
For a non-linear Ar function, the slope of a linear regression gives an approximation of 2tany,.

For an interval of 2y, the regression of the Ar function must be done between y_ .. and y . ..
where Y, in @nd Yo a5 are the minimum and maximum amplitude of the real shape of the wave.

For symmetrical Ar functions, y..:, and y., ., are equal to mean amplitude y, but for non-
symmetrical Ar functions, y, i, @nd Yomax NOrmally ar unequal to y.

For a mean amplitude y , the minimum and maximum amplitudes y ., andy, ., canbe calculated
by the Ar function as described in Appendix B - page 13.

C.2 - Steps of the procedure

In practice, this method is applied in the following way:

1. Based on the function Ar =r,—r,=1(y), find the value y,, that corresponds to Ar = 0
(Figure 6 - page 18).

2. Calculate the S(y) = —jArdy function, starting from y, . in steps of dy = + 0,1 mm to +y and from
Yem in steps of dy = - 0,1 mm to -y (lower diagram in Figure 7 - page 19).

3. Determine the corresponding amplitudes vy, ., and y,max and calculate the mean lateral
movement y (Figure 7).

4. Find the functions Ygmin = f(y) and Yemax = f(y) which allow determination, for a given lateral
movement of wheelset 2y , of the corresponding minimum and maximum amplitudes y,;, and
Yemax (Figure 8 - page 19).

5. Calculate the linear regression of the Ar function in the range between y, ... and y,. .. and
calculate the equivalent conicity by tany, = g where B = slope of the regression.

6. Determine the function tany, = f(y)

by applying paragraph 5, for y amplitudes starting at 1 mm up to the maximum permitted by the
Ar = f(y) characteristic, with a maximum step Ay = 0,5 mm.
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C.3 - Particularities

If the Ar = f(y) characteristic presents a substantial asymmetry around the origin over the 2y
interval, which can be likened to two straight line segments, it is recommended applying a regression
to each of the parts (positive and negative) to obtain two conicities tanye,IO and tany, - The
equivalent conicity can then be obtained by:

tanyy =

Jtanve, b Jtanve
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Appendix D - Reference profiles

D.1 - Wheel A

D.1.1- Drawing

. ‘
~ A N -
|
|
|
',
D.1.2 -  Analytical definition
z coordinates of the profile are defined in the following ranges:
Fromy = -70 toy = -62.7647 . 72— +9.5193 + (2052 (y + 49.5)2)"°
Fromy =-62.7647 toy = -49.6625 L 2= 16+ (122 (y+551)°
Fromy = -49.6625 toy = -39.7645 . 7= +8.8349 + (202 (y + 58.5583)2)
Fromy =-39.7645 toy = -38.7372 .z = _93.5767 27475y
Fromy =-38.7372 toy = -29.4591 L 2= +17.6421- (142 (y + 25.5816)2)
Fromy =-29.4591 toy =-10.8749 . 2 = +97.16492 — (96.76052 — (y+ 2.6594)2)°
Fromy=-10.8749 toy=+184173  : 7 = +344.5081 (3452 (y—18.4173)%) "
Fromy=+18.4173 toy=+30 : z=-04919+0-y
From y = +30 toy = +60 .z = +1.5091- 0.0667 -y
Fromy = +60 toy =+65 : z = +57.5071-1 -y
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D.1.3- Cartesian coordinates

Wheel profile: R-UIC519-A

Right wheel

y [mm] z [mm] y [mm] z [mm] y [mm] z [mm]
-70.000 9.519 -20.000 1.971 30.000 -.492
-69.000 15.844 -19.000 1.794 31.000 -.559
-68.000 18.351 -18.000 1.628 32.000 -.625
-67.000 20.196 -17.000 1.473 33.000 -.692
-66.000 21.685 -16.000 1.328 34.000 -.759
-65.000 22.936 -15.000 1.195 35.000 -.825
-64.000 24.011 -14.000 1.071 36.000 -.892
-63.000 24.947 -13.000 959 37.000 -.959
-62.000 25.747 -12.000 856 38.000 -1.026
-61.000 26.392 -11.000 765 39.000 -1.092
-60.000 26.909 -10.000 680 40.000 -1.159
-59.000 27.314 -9.000 599 41.000 -1.226
-58.000 27.619 -8.000 521 42.000 -1.292
-57.000 27.832 -7.000 446 43.000 -1.359
-56.000 27.958 -6.000 373 44.000 -1.426
-55.000 28.000 -5.000 304 45.000 -1.492
-54.000 27.958 -4.000 237 46.000 -1.559
-53.000 27.832 -3.000 A74 47.000 -1.626
-52.000 27.619 -2.000 113 48.000 -1.693
-51.000 27.314 -1.000 .055 49.000 -1.759
-50.000 26.909 0.000 0.000 50.000 -1.826
-49.000 26.403 1.000 -.052 51.000 -1.893
-48.000 25.821 2.000 -.101 52.000 -1.959
-47.000 25.157 3.000 -.147 53.000 -2.026
-46.000 24.401 4.000 -191 54.000 -2.093
-45.000 23.538 5.000 -.231 55.000 -2.159
-44.000 22548 6.000 -.268 56.000 -2.226
-43.000 21.402 7.000 -.303 57.000 -2.293
-42.000 20.052 8.000 -.335 58.000 -2.360
-41.000 18.411 9.000 -.363 59.000 -2.426
-40.000 16.291 10.000 -.389 60.000 -2.493
-39.000 13.576 11.000 -412 61.000 -3.493
-38.000 11.178 12.000 -432 62.000 -4.493
-37.000 9.541 13.000 -.449 63.000 -5.493
-36.000 8.290 14.000 -.464 64.000 -6.493
-35.000 7.284 15.000 -475 65.000 -7.493
-34.000 6.456 16.000 -.483

-33.000 5.769 17.000 -.489

-32.000 5.200 18.000 -492

-31.000 4733 19.000 -.492

-30.000 4.358 20.000 -.492

-29.000 4.059 21.000 -.492

-28.000 3.782 22.000 -492

-27.000 3.516 23.000 -492

-26.000 3.262 24.000 -492

-25.000 3.019 25.000 -.492

-24.000 2.787 26.000 -.492

-23.000 2.567 27.000 -.492

-22.000 2.357 28.000 -492

-21.000 2.159 29.000 -492
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D.2 - Wheel B

D.2.1- Drawing

D.2.2 - Analytical definition

z coordinates of the profile are defined in the following ranges:

Fromy =-70
Fromy = -62.7647
Fromy = -49.6625
Fromy = -39.7645
Fromy =-38.7879
From y =-29.3505
Fromy =-0.4787
Fromy = +30
Fromy = +60

toy =-62.7647
toy =-49.6625
toy =-39.7645
toy =-38.7879
toy =-29.3505
toy =-0.4787
toy=+30

toy =+60

toy =+65

Z =

2 2 0.5
+9.5193 + (20.5° — (y + 49.5)°)
2 2 0.5
+16+ (12" —(y+55)")

2 2 0.5
+8.8349 + (20° — (y + 58.5583)°)
—93.5767 -2.7475 -y

2 2 0.5
+17.7814 — (14° — (y + 25.6322)%)

2 2 0.5
+119.9745 — (120° — (y — 2.5204)°)
+0-0.025 -y
+0.75- 0.05 -y
+57.75- 1.y
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D.2.3 - Cartesian coordinates

Wheel profile: R-UIC519-B

Right wheel

y [mm] z [mm] y [mm] z [mm] y [mm] z [mm]
-70.000 9.519 -20.000 2.107 30.000 -.750
-69.000 15.844 -19.000 1.920 31.000 -.800
-68.000 18.351 -18.000 1.742 32.000 -.850
-67.000 20.196 -17.000 1.573 33.000 -.900
-66.000 21.685 -16.000 1.412 34.000 -.950
-65.000 22.936 -15.000 1.260 35.000 -1.000
-64.000 24.011 -14.000 1.117 36.000 -1.050
-63.000 24.947 -13.000 .982 37.000 -1.100
-62.000 25.747 -12.000 .856 38.000 -1.150
-61.000 26.392 -11.000 .739 39.000 -1.200
-60.000 26.909 -10.000 .629 40.000 -1.250
-59.000 27.314 -9.000 .529 41.000 -1.300
-58.000 27.619 -8.000 437 42.000 -1.350
-57.000 27.832 -7.000 .353 43.000 -1.400
-56.000 27.958 -6.000 277 44.000 -1.450
-55.000 28.000 -5.000 .210 45.000 -1.500
-54.000 27.958 -4.000 152 46.000 -1.550
-53.000 27.832 -3.000 102 47.000 -1.600
-52.000 27.619 -2.000 .060 48.000 -1.650
-51.000 27.314 -1.000 .026 49.000 -1.700
-50.000 26.909 0.000 0.000 50.000 -1.750
-49.000 26.403 1.000 -.025 51.000 -1.800
-48.000 25.821 2.000 -.050 52.000 -1.850
-47.000 25.157 3.000 -.075 53.000 -1.900
-46.000 24.401 4.000 -.100 54.000 -1.950
-45.000 23.538 5.000 -.125 55.000 -2.000
-44.000 22.548 6.000 -.150 56.000 -2.050
-43.000 21.402 7.000 -175 57.000 -2.100
-42.000 20.052 8.000 -.200 58.000 -2.150
-41.000 18.411 9.000 -.225 59.000 -2.200
-40.000 16.291 10.000 -.250 60.000 -2.250
-39.000 13.576 11.000 -.275 61.000 -3.250
-38.000 11.221 12.000 -.300 62.000 -4.250
-37.000 9.610 13.000 -.325 63.000 -5.250
-36.000 8.373 14.000 -.350 64.000 -6.250
-35.000 7.377 15.000 -.375 65.000 -7.250
-34.000 6.557 16.000 -.400

-33.000 5.877 17.000 -.425

-32.000 5.313 18.000 -.450

-31.000 4.851 19.000 -475

-30.000 4.480 20.000 -.500

-29.000 4.188 21.000 -.525

-28.000 3.921 22.000 -.550

-27.000 3.662 23.000 -.575

-26.000 3.413 24.000 -.600

-25.000 3.173 25.000 -.625

-24.000 2.942 26.000 -.650

-23.000 2.720 27.000 -.675

-22.000 2.506 28.000 -.700

-21.000 2.302 29.000 -725
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D.3 - Wheel H

D.3.1- Drawing

D.3.2-  Analytic definition

=
|
|
|
|
|
V

z

z coordinates of the profile are defined in the following ranges:

Fromy =-70
Fromy = -62.7647
Fromy = -49.6625
Fromy = -39.7645
Fromy =-38.722
Fromy =-28.3119
Fromy =-10.2297
Fromy = +30

Fromy = +60

toy =-62.7647
toy =-49.6625
toy =-39.7645
toy =-38.722
toy =-28.3119
toy =-10.2297
toy=+30

toy =+60

toy =+65

2 2 0.5

z = +9.5193 + (20.5° — (y + 49.5)°)
2 2 0.5
z = +16 + (12° — (y + 55)°)
2 2 0.5
z = +8.8349 + (20° — (y + 58.5583)")
z = —93.5767 -2.7475 -y
2 2 05

z = +17.6003 — (14° — (y + 25.5663)°)
z=-17902-02-y
z =+0-0.025y
z = +1.251- 0.0667 -y
z = +57.249 1.y
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D.3.3 - Cartesian coordinates

Wheel profile: R-UIC519-H

Right wheel

y [mm] z [mm] y [mm] z [mm] y [mm] z [mm]
-70.000 9.519 -20.000 2.210 30.000 -.750
-69.000 15.844 -19.000 2.010 31.000 -.817
-68.000 18.351 -18.000 1.810 32.000 -.883
-67.000 20.196 -17.000 1.610 33.000 -.950
-66.000 21.685 -16.000 1.410 34.000 -1.017
-65.000 22.936 -15.000 1.210 35.000 -1.084
-64.000 24.011 -14.000 1.010 36.000 -1.150
-63.000 24.947 -13.000 .810 37.000 -1.217
-62.000 25.747 -12.000 .610 38.000 -1.284
-61.000 26.392 -11.000 410 39.000 -1.350
-60.000 26.909 -10.000 .250 40.000 -1.417
-59.000 27.314 -9.000 .225 41.000 -1.484
-58.000 27.619 -8.000 .200 42.000 -1.550
-57.000 27.832 -7.000 175 43.000 -1.617
-56.000 27.958 -6.000 .150 44.000 -1.684
-55.000 28.000 -5.000 125 45.000 -1.751
-54.000 27.958 -4.000 .100 46.000 -1.817
-53.000 27.832 -3.000 .075 47.000 -1.884
-52.000 27.619 -2.000 .050 48.000 -1.951
-51.000 27.314 -1.000 .025 49.000 -2.017
-50.000 26.909 0.000 0.000 50.000 -2.084
-49.000 26.403 1.000 -.025 51.000 -2.151
-48.000 25.821 2.000 -.050 52.000 -2.217
-47.000 25.157 3.000 -.075 53.000 -2.284
-46.000 24.401 4.000 -.100 54.000 -2.351
-45.000 23.538 5.000 -.125 55.000 -2.418
-44.000 22.548 6.000 -.150 56.000 -2.484
-43.000 21.402 7.000 -175 57.000 -2.551
-42.000 20.052 8.000 -.200 58.000 -2.618
-41.000 18.411 9.000 -.225 59.000 -2.684
-40.000 16.291 10.000 -.250 60.000 -2.751
-39.000 13.576 11.000 -.275 61.000 -3.751
-38.000 11.166 12.000 -.300 62.000 -4.751
-37.000 9.521 13.000 -.325 63.000 -5.751
-36.000 8.266 14.000 -.350 64.000 -6.751
-35.000 7.256 15.000 -.375 65.000 -7.751
-34.000 6.426 16.000 -.400

-33.000 5.737 17.000 -.425

-32.000 5.166 18.000 -.450

-31.000 4.698 19.000 -475

-30.000 4.321 20.000 -.500

-29.000 4.028 21.000 -.525

-28.000 3.810 22.000 -.550

-27.000 3.610 23.000 -.575

-26.000 3.410 24.000 -.600

-25.000 3.210 25.000 -.625

-24.000 3.010 26.000 -.650

-23.000 2.810 27.000 -.675

-22.000 2.610 28.000 -.700

-21.000 2.410 29.000 -725
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D.4 - Wheell

D.4.1- Drawing

.
S S I
|
|
]
D.4.2 - Analytical definition
z coordinates of the profile are defined in the following ranges:
Fromy = -70 toy = -62.7647 . 7= 495193+ (2052 (y + 49.5)2)"°
Fromy = -62.7647 toy = -49.6625 L 2= 164 (122 (y 45510
Fromy = -49.6625 toy = -39.7645 . 7= +8.8349 + (202 (y + 58.5583)2)
Fromy =-39.7645 toy = -39.0486 .z = 935767 27475y
Fromy =-39.0486 toy = -29.9231 L 2= +18.4974 - (142 (y + 25.8929)%)"°
Fromy=-29.9231 toy=+5 . 2= +119.8958 - (1202 (y - 52"
Fromy = +5 toy =+30 ; z=-0.1042+0-y
From y = +30 toy = +60 .z = +1.8968- 0.0667 -y
Fromy = +60 toy =+65 : z = +57.8948 - 1.y
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D.4.3 - Cartesian coordinates

Wheel profile: R-UIC519-I

Right wheel

y [mm] z [mm] y [mm] z [mm] y [mm] z [mm]
-70.000 9.519 -20.000 2.529 30.000 -.104
-69.000 15.844 -19.000 2.320 31.000 =171
-68.000 18.351 -18.000 2.121 32.000 -.238
-67.000 20.196 -17.000 1.930 33.000 -.304
-66.000 21.685 -16.000 1.748 34.000 -.371
-65.000 22.936 -15.000 1.574 35.000 -.438
-64.000 24.011 -14.000 1.410 36.000 -.504
-63.000 24.947 -13.000 1.253 37.000 -.571
-62.000 25.747 -12.000 1.106 38.000 -.638
-61.000 26.392 -11.000 .967 39.000 -.705
-60.000 26.909 -10.000 .837 40.000 -771
-59.000 27.314 -9.000 715 41.000 -.838
-58.000 27.619 -8.000 .602 42.000 -.905
-57.000 27.832 -7.000 497 43.000 -.971
-56.000 27.958 -6.000 401 44.000 -1.038
-55.000 28.000 -5.000 313 45.000 -1.105
-54.000 27.958 -4.000 234 46.000 -1.171
-53.000 27.832 -3.000 163 47.000 -1.238
-52.000 27.619 -2.000 .100 48.000 -1.305
-51.000 27.314 -1.000 .046 49.000 -1.372
-50.000 26.909 0.000 0.000 50.000 -1.438
-49.000 26.403 1.000 -.038 51.000 -1.505
-48.000 25.821 2.000 -.067 52.000 -1.572
-47.000 25.157 3.000 -.088 53.000 -1.638
-46.000 24.401 4.000 -.100 54.000 -1.705
-45.000 23.538 5.000 -.104 55.000 -1.772
-44.000 22.548 6.000 -.104 56.000 -1.838
-43.000 21.402 7.000 -.104 57.000 -1.905
-42.000 20.052 8.000 -.104 58.000 -1.972
-41.000 18.411 9.000 -.104 59.000 -2.039
-40.000 16.291 10.000 -.104 60.000 -2.105
-39.000 13.578 11.000 -.104 61.000 -3.105
-38.000 11.468 12.000 -.104 62.000 -4.105
-37.000 9.975 13.000 -.104 63.000 -5.105
-36.000 8.810 14.000 -.104 64.000 -6.105
-35.000 7.864 15.000 -.104 65.000 -7.105
-34.000 7.084 16.000 -.104

-33.000 6.436 17.000 -.104

-32.000 5.900 18.000 -.104

-31.000 5.462 19.000 -.104

-30.000 5.113 20.000 -.104

-29.000 4.813 21.000 -.104

-28.000 4.522 22.000 -.104

-27.000 4.241 23.000 -.104

-26.000 3.969 24.000 -.104

-25.000 3.706 25.000 -.104

-24.000 3.453 26.000 -.104

-23.000 3.208 27.000 -.104

-22.000 2.973 28.000 -.104

-21.000 2.746 29.000 -.104
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D.5- Rail A

D.5.1- Drawing

D.5.2 -  Analytical definition

z coordinates of the profile are defined in the following ranges:

Fromy =-32.6395 toy = -23.2401 . 2= 15.8990 + (132 (y + 19.6395)2)"°
Fromy=-23.2401 toy=-7.8749 .z =280.2779- (802 —(y+ 1.0825)2)0'5
Fromy=-7.8749 toy=+13.0989  : z = 299.4835_ (300 _(y_17.5966)2) "
Fromy=+13.0989 toy=+28.6709  : z = 79.5082 (802 (y—_14.2982)%) "
Fromy=+28.6709 toy=+39.2705  : z = 13.5084—(13%_(y—26.3353)%) "
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D.5.3 - Cartesian coordinates
Rail profile: S-UIC519-A
Right rail
y [mm] z [mm] y [mm] z [mm] y [mm] z [mm]
-32.500 14.000 7.000 -.329
-32.000 11.872 8.000 -.363
-31.000 9.579 9.000 -.393
-30.000 8.047 10.000 -.420
-29.000 6.878 11.000 -444
-28.000 5.944 12.000 -.464
-27.000 5.183 13.000 -.481
-26.000 4.561 14.000 -.491
-25.000 4.056 15.000 -.489
-24.000 3.652 16.000 -474
-23.000 3.339 17.000 -.446
-22.000 3.061 18.000 -.406
-21.000 2.797 19.000 -.354
-20.000 2.547 20.000 -.288
-19.000 2.310 21.000 =211
-18.000 2.087 22.000 -.120
-17.000 1.877 23.000 -.017
-16.000 1.681 24.000 .099
-15.000 1.498 25.000 227
-14.000 1.328 26.000 .369
-13.000 1.171 27.000 523
-12.000 1.026 28.000 .690
-11.000 .895 29.000 874
-10.000 776 30.000 1.126
-9.000 671 31.000 1.464
-8.000 578 32.000 1.897
-7.000 494 33.000 2.437
-6.000 413 34.000 3.098
-5.000 336 35.000 3.907
-4.000 .262 36.000 4.904
-3.000 191 37.000 6.164
-2.000 124 38.000 7.860
-1.000 .060 39.000 10.665
0.000 0.000
1.000 -.057
2.000 =11
3.000 -.161
4.000 -.208
5.000 -.252
6.000 -.292
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Appendix E - Calculation results with reference profiles

E.1 - Wheel A/Rail A

E.1.1 - Drawing of the Ar, tany,, tany, functions and representation of contact points

Wheel diameter:

- right wheel  : 920 mm
- left wheel : 920 mm

)

Gauge :1435,16 mm

tanye [

-10  y[mm] 10 5 0 -5-10
I A i (e T T T

I - - - - - - 17T - - - = = - - 7T - 17T 7
Lo I r— 1500 [mm] — 1 Lo
H |

[ I
460 mm

| |
I

i

t |
|

|

Left wheel Right wheel
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E.1.2- Representation of roll curves of axle in the track

_ 5.4 3 2 1
IS i
E | |
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i e |
= ///’ !
== :
51— %%'/'" """" e
=
- /ﬁ l
5 ///; |
/éz—, |
0 = . ] L . :
5 N U IS IS R
o e R N N EEES””--
H 1 1 A ! 1 1 1 1
0 5 10
x[m]  (with d=920 mm)
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E.A1.3 - Numerical values for the Ar function

Wheel/rail contact geometry: ry —r, = f(y) - Wheel profile: R-UIC519-A - Rail profile: S-UIC519-A

y rq-ra y rq-ra y rq-ra
-8.000 . -2.500 -.931 3.000 1.236
-7.900 . -2.400 -.879 3.100 1.299
-7.800 . -2.300 -.822 3.200 1.346
-7.700 . -2.200 -.766 3.300 1.407
-7.600 . -2.100 -719 3.400 1.471
-7.500 . -2.000 -.667 3.500 1.539
-7.400 . -1.900 -.616 3.600 1.598
-7.300 . -1.800 -.574 3.700 1.673
-7.200 . -1.700 -.527 3.800 1.752
-7.100 . -1.600 -.481 3.900 1.834
-7.000 . -1.500 -.443 4.000 1.906
-6.900 . -1.400 -.402 4.100 1.995
-6.800 -10.954 -1.300 -.361 4.200 2.088
-6.700 -9.010 -1.200 -.328 4.300 2.185
-6.600 -7.597 -1.100 -.292 4.400 2.286
-6.500 -6.521 -1.000 -.257 4.500 2.373
-6.400 -5.692 -.900 -.227 4.600 2.481
-6.300 -5.064 -.800 -.197 4.700 2.593
-6.200 -4.636 -.700 -.167 4.800 2.709
-6.100 -4.494 -.600 -.142 4.900 2.808
-6.000 -4.328 -.500 -.116 5.000 2.931
-5.900 -4.166 -.400 -.092 5.100 3.058
-5.800 -4.008 -.300 -.071 5.200 3.189
-5.700 -3.879 -.200 -.051 5.300 3.324
-5.600 -3.729 -.100 -.032 5.400 3.440
-5.500 -3.582 0.000 0.000 5.500 3.582
-5.400 -3.440 100 .032 5.600 3.729
-5.300 -3.324 .200 .051 5.700 3.879
-5.200 -3.189 .300 .071 5.800 4.008
-5.100 -3.058 400 .092 5.900 4.166
-5.000 -2.931 .500 116 6.000 4.328
-4.900 -2.808 .600 142 6.100 4.494
-4.800 -2.709 .700 167 6.200 4.636
-4.700 -2.593 .800 197 6.300 5.064
-4.600 -2.481 .900 227 6.400 5.692
-4.500 -2.373 1.000 257 6.500 6.521
-4.400 -2.286 1.100 .292 6.600 7.597
-4.300 -2.185 1.200 .328 6.700 9.010
-4.200 -2.088 1.300 .361 6.800 10.954
-4.100 -1.995 1.400 402 6.900
-4.000 -1.906 1.500 443 7.000
-3.900 -1.834 1.600 481 7.100
-3.800 -1.752 1.700 527 7.200
-3.700 -1.673 1.800 574 7.300
-3.600 -1.598 1.900 .616 7.400
-3.500 -1.539 2.000 .667 7.500
-3.400 -1.471 2.100 719 7.600
-3.300 -1.407 2.200 .766 7.700
-3.200 -1.346 2.300 .822 7.800
-3.100 -1.299 2.400 .879 7.900
-3.000 -1.236 2.500 .931 8.000
-2.900 -1.177 2.600 .992
-2.800 -1.111 2.700 1.055
-2.700 -1.055 2.800 1.111
-2.600 -.992 2.900 1177
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E.1.4- Numerical values for the tany, function

Wheel/rail contact geometry: conicity - Wheel profile: R-UIC519-A - Rail profile: S-UIC519-A

y tany, Yemax Yemin

1.000 125 1.000 -1.000
1.200 1130 1.200 -1.200
1.400 .136 1.400 -1.400
1.600 142 1.600 -1.600
1.800 .149 1.800 -1.800
2.000 .155 2.000 -2.000
2.200 161 2.200 -2.200
2.400 .168 2.400 -2.400
2.600 175 2.600 -2.600
2.800 .181 2.800 -2.800
3.000 .188 3.000 -3.000
3.200 194 3.200 -3.200
3.400 .199 3.400 -3.400
3.600 .204 3.600 -3.600
3.800 .210 3.800 -3.800
4.000 216 4.000 -4.000
4.200 223 4.200 -4.200
4.400 .230 4.400 -4.400
4.600 .238 4.600 -4.600
4.800 246 4.800 -4.800
5.000 .254 5.000 -5.000
5.200 .263 5.200 -5.200
5.400 273 5.400 -5.400
5.600 .282 5.600 -5.600
5.800 .292 5.800 -5.800
6.000 .303 6.000 -6.000
6.200 313 6.200 -6.200
6.400 .332 6.400 -6.400
6.600 .368 6.600 -6.600
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Appendices l(l i/Q/

E.2 - Wheel B/Rail A

E.2.1 - Drawing of the Ar, tany,, tany, functions and representation of contact points

Wheel diameter:

-right wheel  : 920 mm
- left wheel : 920 mm

)

Gauge :1435,16 mm

tanye [

5 y [mm]

-10  y[mm] 10 5
L P T T T T T R0 el

Co : +— 1500 [mm]—- S— B
o

460 mm

Left wheel Right wheel
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. i”g’ )
Appendices l('l
E.2.2- Representation of roll curves of axle in the track
2 1
E
£
>

[T

10

x[m]  (with d=920 mm)
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Appendices l(' i/gj

E.2.3 - Numerical values for the Ar function

Wheel/rail contact geometry: ry —r, = f(y) - Wheel profile: R-UIC519-B - Rail profile: S-UIC519-A

y rq-ra y rq-ra y rq-ra
-8.000 . -2.500 -125 3.000 1.950
-7.900 . -2.400 -.120 3.100 2.003
-7.800 . -2.300 -115 3.200 2.057
-7.700 . -2.200 -.110 3.300 2.112
-7.600 . -2.100 -.105 3.400 2.167
-7.500 . -2.000 -.100 3.500 2.224
-7.400 . -1.900 -.095 3.600 2.281
-7.300 . -1.800 -.090 3.700 2.339
-7.200 . -1.700 -.085 3.800 2.397
-7.100 . -1.600 -.080 3.900 2.457
-7.000 . -1.500 -.075 4.000 2.517
-6.900 . -1.400 -.070 4.100 2.578
-6.800 -9.895 -1.300 -.065 4.200 2.640
-6.700 -8.270 -1.200 -.060 4.300 2.702
-6.600 -7.050 -1.100 -.055 4.400 2.766
-6.500 -6.111 -1.000 -.050 4.500 2.830
-6.400 -5.392 -.900 -.045 4.600 2.895
-6.300 -4.123 -.800 -.040 4.700 2.961
-6.200 -4.044 -.700 -.035 4.800 3.027
-6.100 -3.966 -.600 -.030 4.900 3.095
-6.000 -3.889 -.500 -.025 5.000 3.163
-5.900 -3.813 -.400 -.020 5.100 3.232
-5.800 -3.737 -.300 -.015 5.200 3.302
-5.700 -3.663 -.200 -.010 5.300 3.372
-5.600 -3.589 -.100 -.005 5.400 3.444
-5.500 -3.516 0.000 0.000 5.500 3.516
-5.400 -3.444 100 .005 5.600 3.589
-5.300 -3.372 .200 .010 5.700 3.663
-5.200 -3.302 .300 .015 5.800 3.737
-5.100 -3.232 400 .020 5.900 3.813
-5.000 -3.163 .500 .025 6.000 3.889
-4.900 -3.095 .600 .030 6.100 3.966
-4.800 -3.027 .700 .035 6.200 4.044
-4.700 -2.961 .800 .040 6.300 4123
-4.600 -2.895 .900 .045 6.400 5.392
-4.500 -2.830 1.000 .050 6.500 6.111
-4.400 -2.766 1.100 .055 6.600 7.050
-4.300 -2.702 1.200 .060 6.700 8.270
-4.200 -2.640 1.300 .065 6.800 9.895
-4.100 -2.578 1.400 .070 6.900
-4.000 -2.517 1.500 .075 7.000
-3.900 -2.457 1.600 .080 7.100
-3.800 -2.397 1.700 .085 7.200
-3.700 -2.339 1.800 .090 7.300
-3.600 -2.281 1.900 .095 7.400
-3.500 -2.224 2.000 .100 7.500
-3.400 -2.167 2.100 .105 7.600
-3.300 -2.112 2.200 110 7.700
-3.200 -2.057 2.300 115 7.800
-3.100 -2.003 2.400 120 7.900
-3.000 -1.950 2.500 125 8.000
-2.900 -.145 2.600 .130
-2.800 -.140 2.700 135
-2.700 -.135 2.800 140
-2.600 -.130 2.900 145
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Appendices l(' i/sj

E.2.4 - Numerical values for the tany, function

Wheel/rail contact geometry: conicity - Wheel profile: R-UIC519-B - Rail profile: S-UIC519-A

y tany, Yemax Yemin

1.000 .025 1.000 -1.000
1.200 .025 1.200 -1.200
1.400 .025 1.400 -1.400
1.600 .025 1.600 -1.600
1.800 .025 1.800 -1.800
2.000 .025 2.000 -2.000
2.200 .025 2.200 -2.200
2.400 .025 2.400 -2.400
2.600 .025 2.600 -2.600
2.800 .025 2.800 -2.800
3.000 .058 3.000 -3.000
3.200 .128 3.200 -3.200
3.400 172 3.400 -3.400
3.600 .203 3.600 -3.600
3.800 .225 3.800 -3.800
4.000 241 4.000 -4.000
4.200 254 4.200 -4.200
4.400 .263 4.400 -4.400
4.600 271 4.600 -4.600
4.800 277 4.800 -4.800
5.000 .283 5.000 -5.000
5.200 .287 5.200 -5.200
5.400 .291 5.400 -5.400
5.600 .295 5.600 -5.600
5.800 .299 5.800 -5.800
6.000 .302 6.000 -6.000
6.200 .305 6.200 -6.200
6.400 .319 6.400 -6.400
6.600 .355 6.600 -6.600
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Appendices

uic’/

E.3 - Wheel H/Rail A

E.3.1 - Drawing of the Ar, tany,, tany, functions and representation of contact points

Wheel diameter:

-right wheel  : 920 mm
- left wheel : 920 mm

)

Gauge

:1435,16 mm

tanye [

G R Sy S

5 y[mm]
10 5 0 -5 -10  y[mm] 10 5 0 -5-10
- T‘ “[ ‘“| “““““““ T - - - = 7T - - = - - - 7T -""—="7T " - - - -1 - — [ S
. , — 1500 [mm] — | Lo
| S ; [
460 mm - 7

|
Left wheel

Right wheel
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Appendices l(l i/Q/

E.3.2- Representation of roll curves of axle in the track

y [mm]

it

10

x[m]  (with d=920 mm)
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Appendices l(' i/gj

E.3.3 - Numerical values for the Ar function

Wheel/rail contact geometry: r, —r, = f(y) - Wheel profile: R-UIC519-H - Rail profile: S-UIC519-A

y rq-ra y rq-ra y rq-ra
-8.000 . -2.500 -.125 3.000 2.497
-7.900 . -2.400 -.120 3.100 2.520
-7.800 . -2.300 -115 3.200 2.542
-7.700 . -2.200 -.110 3.300 2.565
-7.600 . -2.100 -.105 3.400 2.587
-7.500 . -2.000 -.100 3.500 2.610
-7.400 . -1.900 -.095 3.600 2.632
-7.300 . -1.800 -.090 3.700 2.655
-7.200 . -1.700 -.085 3.800 2.677
-7.100 . -1.600 -.080 3.900 2.700
-7.000 . -1.500 -.075 4.000 2.722
-6.900 . -1.400 -.070 4.100 2.745
-6.800 -11.216 -1.300 -.065 4.200 2.767
-6.700 -3.330 -1.200 -.060 4.300 2.790
-6.600 -3.307 -1.100 -.055 4.400 2.812
-6.500 -3.285 -1.000 -.050 4.500 2.835
-6.400 -3.262 -.900 -.045 4.600 2.857
-6.300 -3.240 -.800 -.040 4.700 2.880
-6.200 -3.217 -.700 -.035 4.800 2.902
-6.100 -3.195 -.600 -.030 4.900 2.925
-6.000 -3.172 -.500 -.025 5.000 2.947
-5.900 -3.150 -.400 -.020 5.100 2.970
-5.800 -3.127 -.300 -.015 5.200 2.992
-5.700 -3.105 -.200 -.010 5.300 3.015
-5.600 -3.082 -.100 -.005 5.400 3.037
-5.500 -3.060 0.000 0.000 5.500 3.060
-5.400 -3.037 .100 .005 5.600 3.082
-5.300 -3.015 .200 .010 5.700 3.105
-5.200 -2.992 .300 .015 5.800 3.127
-5.100 -2.970 400 .020 5.900 3.150
-5.000 -2.947 .500 .025 6.000 3.172
-4.900 -2.925 .600 .030 6.100 3.195
-4.800 -2.902 .700 .035 6.200 3.217
-4.700 -2.880 .800 .040 6.300 3.240
-4.600 -2.857 .900 .045 6.400 3.262
-4.500 -2.835 1.000 .050 6.500 3.285
-4.400 -2.812 1.100 .055 6.600 3.307
-4.300 -2.790 1.200 .060 6.700 3.330
-4.200 -2.767 1.300 .065 6.800 11.216
-4.100 -2.745 1.400 .070 6.900 .
-4.000 -2.722 1.500 .075 7.000
-3.900 -2.700 1.600 .080 7.100
-3.800 -2.677 1.700 .085 7.200
-3.700 -2.655 1.800 .090 7.300
-3.600 -2.632 1.900 .095 7.400
-3.500 -2.610 2.000 .100 7.500
-3.400 -2.587 2.100 .105 7.600
-3.300 -2.565 2.200 110 7.700
-3.200 -2.542 2.300 115 7.800
-3.100 -2.520 2.400 120 7.900
-3.000 -2.497 2.500 125 8.000
-2.900 -2.475 2.600 2.407
-2.800 -2.452 2.700 2.430
-2.700 -2.430 2.800 2.452
-2.600 -2.407 2.900 2475
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Appendices l(' i/sj

E.3.4- Numerical values for the tany, function

Wheel/rail contact geometry: conicity - Wheel profile: R-UIC519-H - Rail profile: S-UIC519-A

y tany, Yemax Yemin

1.000 .025 1.000 -1.000
1.200 .025 1.200 -1.200
1.400 .025 1.400 -1.400
1.600 .025 1.600 -1.600
1.800 .025 1.800 -1.800
2.000 .025 2.000 -2.000
2.200 .025 2.200 -2.200
2.400 .025 2.400 -2.400
2.600 .075 2.600 -2.600
2.800 184 2.800 -2.800
3.000 .245 3.000 -3.000
3.200 .281 3.200 -3.200
3.400 .301 3.400 -3.400
3.600 312 3.600 -3.600
3.800 .318 3.800 -3.800
4.000 .319 4.000 -4.000
4.200 .319 4.200 -4.200
4.400 317 4.400 -4.400
4.600 313 4.600 -4.600
4.800 .310 4.800 -4.800
5.000 .306 5.000 -5.000
5.200 .301 5.200 -5.200
5.400 .297 5.400 -5.400
5.600 292 5.600 -5.600
5.800 .288 5.800 -5.800
6.000 .284 6.000 -6.000
6.200 .280 6.200 -6.200
6.400 275 6.400 -6.400
6.600 272 6.600 -6.600
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uic’/

Appendices

E.4 - Wheel I/Rail A

E.4.1- Drawing of the Ar, tany,, tany, functions and representation of contact points

Wheel diameter:

- right wheel  :920 mm
- left wheel : 920 mm 5
Gauge :1435,16 mm _
2
I

-5 -0 y[mm] 10 5

10 5 0
- - - - - T Ty — — 77T T
— 1500 [mm] — :

Right wheel

Left wheel
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E.4.2- Representation of roll curves of axle in the track
— 4 3 2 1

€

E

>

10 B

10
x[m]  (with d=920 mm)
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Appendices l(' i/gj

E.4.3 - Numerical values for the Ar function

Wheel/rail contact geometry: r, —r, = f(y) - Wheel profile: R-UIC519-I - Rail profile: S-UIC519-A

y rq-ra y rq-ra y rq-ra
-8.000 . -2.500 -2.784 3.000 3.123
-7.900 . -2.400 -2.719 3.100 3.194
-7.800 . -2.300 -2.654 3.200 3.265
-7.700 . -2.200 -2.591 3.300 3.336
-7.600 . -2.100 -2.528 3.400 3.409
-7.500 . -2.000 -2.465 3.500 3.483
-7.400 . -1.900 -2.404 3.600 3.557
-7.300 . -1.800 -2.344 3.700 3.632
-7.200 . -1.700 0.000 3.800 3.708
-7.100 -11.079 -1.600 0.000 3.900 3.785
-7.000 -9.237 -1.500 0.000 4.000 3.862
-6.900 -7.884 -1.400 0.000 4.100 3.941
-6.800 -6.849 -1.300 0.000 4.200 4.020
-6.700 -6.053 -1.200 0.000 4.300 4.100
-6.600 -5.453 -1.100 0.000 4.400 4.181
-6.500 -5.187 -1.000 0.000 4.500 4.263
-6.400 -5.157 -.900 0.000 4.600 4.345
-6.300 -5.127 -.800 0.000 4.700 4.429
-6.200 -5.096 -.700 0.000 4.800 4.513
-6.100 -5.066 -.600 0.000 4.900 4.598
-6.000 -5.036 -.500 0.000 5.000 4.684
-5.900 -4.977 -.400 0.000 5.100 4.742
-5.800 -4.947 -.300 0.000 5.200 4.771
-5.700 -4.917 -.200 0.000 5.300 4.800
-5.600 -4.888 -.100 0.000 5.400 4.829
-5.500 -4.859 0.000 0.000 5.500 4.859
-5.400 -4.829 100 0.000 5.600 4.888
-5.300 -4.800 .200 0.000 5.700 4917
-5.200 -4.771 .300 0.000 5.800 4.947
-5.100 -4.742 400 0.000 5.900 4.977
-5.000 -4.684 .500 0.000 6.000 5.036
-4.900 -4.598 .600 0.000 6.100 5.066
-4.800 -4.513 .700 0.000 6.200 5.096
-4.700 -4.429 .800 0.000 6.300 5.127
-4.600 -4.345 .900 0.000 6.400 5.157
-4.500 -4.263 1.000 0.000 6.500 5.187
-4.400 -4.181 1.100 0.000 6.600 5.453
-4.300 -4.100 1.200 0.000 6.700 6.053
-4.200 -4.020 1.300 0.000 6.800 6.849
-4.100 -3.941 1.400 0.000 6.900 7.884
-4.000 -3.862 1.500 0.000 7.000 9.237
-3.900 -3.785 1.600 0.000 7.100 11.079
-3.800 -3.708 1.700 0.000 7.200
-3.700 -3.632 1.800 2.344 7.300
-3.600 -3.557 1.900 2.404 7.400
-3.500 -3.483 2.000 2.465 7.500
-3.400 -3.409 2.100 2.528 7.600
-3.300 -3.336 2.200 2.591 7.700
-3.200 -3.265 2.300 2.654 7.800
-3.100 -3.194 2.400 2.719 7.900
-3.000 -3.123 2.500 2.784 8.000
-2.900 -3.054 2.600 2.851
-2.800 -2.985 2.700 2.918
-2.700 -2.918 2.800 2.985
-2.600 -2.851 2.900 3.054
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Appendices l(' i/sj

E.4.4- Numerical values for the tany, function

Wheel/rail contact geometry: conicity - Wheel profile: R-UIC519-I - Rail profile: S-UIC519-A

y tany, Yemax Yemin
1.000 0.000

1.200 0.000

1.400 0.000

1.600 0.000

1.800 .084 1.800 -1.800
2.000 .293 2.000 -2.000
2.200 .392 2.200 -2.200
2.400 443 2.400 -2.400
2.600 469 2.600 -2.600
2.800 483 2.800 -2.800
3.000 489 3.000 -3.000
3.200 491 3.200 -3.200
3.400 491 3.400 -3.400
3.600 489 3.600 -3.600
3.800 487 3.800 -3.800
4.000 485 4.000 -4.000
4.200 483 4.200 -4.200
4.400 480 4.400 -4.400
4.600 A78 4.600 -4.600
4.800 A76 4.800 -4.800
5.000 A75 5.000 -5.000
5.200 A71 5.200 -5.200
5.400 466 5.400 -5.400
5.600 460 5.600 -5.600
5.800 453 5.800 -5.800
6.000 447 6.000 -6.000
6.200 441 6.200 -6.200
6.400 435 6.400 -6.400
6.600 431 6.600 -6.600
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Appendices

uic’/

E.5 -

Modified Wheel A (-2 mm on left wheel diameter)/Rail A

E.5.1 - Drawing of the Ar, tany,, tany, functions and representation of contact points

Wheel diameter:

-right wheel  : 920 mm
- left wheel : 918 mm

o

Gauge :1435,16 mm

-5 -10 y[mm] 190 5
-rT-T - - - - - = 0T - - - - 7T - —_ - — -
] i |

0 -5-10
T - - - -7 - - - - = B
, — 1500 [mm]

Left wheel Right wheel

49 519
OR



Appendices

Representation of roll curves of axle in the track

E.5.2 -

R ST P

m T .

m AUAS /// AN | m
HEE;1 "
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=919 mm)

(with d

x [m]
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Appendices

E.5.3 -

Wheel/rail contact geometry: r, —r, = f(y) - Diameter difference 2 mm

Numerical values for the Ar function

Wheel profile: R-UIC519-A - Rail profile: S-UIC519-A

y rq-ra y rq-ra y rq-ra
-8.000 -2.500 .069 3.000 2.236
-7.900 -2.400 121 3.100 2.299
-7.800 -2.300 178 3.200 2.346
-7.700 -2.200 .234 3.300 2.407
-7.600 -2.100 .281 3.400 2.471
-7.500 -2.000 333 3.500 2.539
-7.400 -1.900 .384 3.600 2.598
-7.300 -1.800 426 3.700 2.673
-7.200 -1.700 473 3.800 2.752
-7.100 -1.600 519 3.900 2.834
-7.000 -1.500 557 4.000 2.906
-6.900 . -1.400 .598 4.100 2.995
-6.800 -9.954 -1.300 .639 4.200 3.088
-6.700 -8.010 -1.200 672 4.300 3.185
-6.600 -6.597 -1.100 .708 4.400 3.286
-6.500 -5.521 -1.000 .743 4.500 3.373
-6.400 -4.692 -.900 73 4.600 3.481
-6.300 -4.064 -.800 .803 4.700 3.593
-6.200 -3.636 -.700 .833 4.800 3.709
-6.100 -3.494 -.600 .858 4.900 3.808
-6.000 -3.328 -.500 .884 5.000 3.931
-5.900 -3.166 -.400 .908 5.100 4.058
-5.800 -3.008 -.300 .929 5.200 4.189
-5.700 -2.879 -.200 .949 5.300 4.324
-5.600 -2.729 -.100 .968 5.400 4.440
-5.500 -2.582 0.000 1.000 5.500 4.582
-5.400 -2.440 100 1.032 5.600 4.729
-5.300 -2.324 .200 1.051 5.700 4.879
-5.200 -2.189 .300 1.071 5.800 5.008
-5.100 -2.058 400 1.092 5.900 5.166
-5.000 -1.931 .500 1.116 6.000 5.328
-4.900 -1.808 .600 1.142 6.100 5.494
-4.800 -1.709 .700 1.167 6.200 5.636
-4.700 -1.593 .800 1.197 6.300 6.064
-4.600 -1.481 .900 1.227 6.400 6.692
-4.500 -1.373 1.000 1.257 6.500 7.521
-4.400 -1.286 1.100 1.292 6.600 8.597
-4.300 -1.185 1.200 1.328 6.700 10.010
-4.200 -1.088 1.300 1.361 6.800 11.954
-4.100 -.995 1.400 1.402 6.900 .
-4.000 -.906 1.500 1.443 7.000

-3.900 -.834 1.600 1.481 7.100

-3.800 -.752 1.700 1.527 7.200

-3.700 -.673 1.800 1.574 7.300

-3.600 -.598 1.900 1.616 7.400

-3.500 -.539 2.000 1.667 7.500

-3.400 =471 2.100 1.719 7.600

-3.300 -.407 2.200 1.766 7.700

-3.200 -.346 2.300 1.822 7.800

-3.100 -.299 2.400 1.879 7.900

-3.000 -.236 2.500 1.931 8.000

-2.900 - 177 2.600 1.992

-2.800 - 111 2.700 2.055

-2.700 -.055 2.800 2.1

-2.600 .008 2.900 2177
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Appendices

E.5.4 -

Wheel/rail contact geometry: conicity - Diameter difference 2 mm
Wheel profile: R-UIC519-A - Rail profile: S-UIC519-A

Numerical values for the tany, function

y tany, Yemax Yemin
1.000 .280 -1.584 -3.584
1.200 278 -1.370 -3.770
1.400 277 -1.149 -3.949
1.600 275 -.924 -4.124
1.800 274 -.693 -4.293
2.000 272 -.456 -4.456
2.200 .269 -214 -4.614
2.400 .266 .034 -4.766
2.600 .264 .285 -4.915
2.800 .262 .539 -5.061
3.000 .261 797 -5.203
3.200 .261 1.057 -5.343
3.400 .262 1.317 -5.483
3.600 .263 1.577 -5.623
3.800 .266 1.838 -5.762
4.000 .269 2.098 -5.902
4.200 273 2.357 -6.043
4.400 277 2.615 -6.185
4.600 .284 2.876 -6.324
4.800 .295 3.146 -6.454
5.000 .307 3.427 -6.573
5.200 321 3.719 -6.681
5.400 .338 4.021 -6.779
5.600 357 4.330 -6.870
5.800 .376 4.644 -6.956
6.000 .395 4.954 -7.046
6.200 413 5.259 -7.141
6.400 431 5.559 -7.241
6.600 449 5.853 -7.347

52

519
OR



Appendices

uic’/

E.6 - Modified Wheel B (-2 mm on left wheel diameter)/Rail A

E.6.1 - Drawing of the Ar, tany,, tany, functions and representation of contact points

Wheel diameter:
- right wheel
- left wheel

Gauge

1920 mm
1918 mm

:1435,16 mm

)]

tanye [

.....................

Left wheel

Right wheel
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Appendices

Representation of roll curves of axle in the track

E.6.2 -

10

=919 mm)

(with d

x [m]
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Appendices

E.6.3 -

Wheel/rail contact geometry: r, —r, = f(y) - Diameter difference 2 mm
Wheel profile: R-UIC519-B - Rail profile: S-UIC519-A

Numerical values for the Ar function

y rq-ra y rq-ra y rq-ra
-8.000 -2.500 .875 3.000 2.950
-7.900 -2.400 .880 3.100 3.003
-7.800 -2.300 .885 3.200 3.057
-7.700 -2.200 .890 3.300 3.112
-7.600 -2.100 .895 3.400 3.167
-7.500 -2.000 .900 3.500 3.224
-7.400 -1.900 .905 3.600 3.281
-7.300 -1.800 .910 3.700 3.339
-7.200 -1.700 915 3.800 3.397
-7.100 -1.600 .920 3.900 3.457
-7.000 . -1.500 925 4.000 3.517
-6.900 -11.246 -1.400 .930 4.100 3.578
-6.800 -8.895 -1.300 .935 4.200 3.640
-6.700 -7.270 -1.200 .940 4.300 3.702
-6.600 -6.050 -1.100 .945 4.400 3.766
-6.500 -5.111 -1.000 .950 4.500 3.830
-6.400 -4.392 -.900 .955 4.600 3.895
-6.300 -3.123 -.800 .960 4.700 3.961
-6.200 -3.044 -.700 .965 4.800 4.027
-6.100 -2.966 -.600 .970 4.900 4.095
-6.000 -2.889 -.500 975 5.000 4.163
-5.900 -2.813 -.400 .980 5.100 4.232
-5.800 -2.737 -.300 .985 5.200 4.302
-5.700 -2.663 -.200 .990 5.300 4.372
-5.600 -2.589 -.100 .995 5.400 4.444
-5.500 -2.516 0.000 1.000 5.500 4.516
-5.400 -2.444 .100 1.005 5.600 4.589
-5.300 -2.372 .200 1.010 5.700 4.663
-5.200 -2.302 .300 1.015 5.800 4737
-5.100 -2.232 400 1.020 5.900 4.813
-5.000 -2.163 .500 1.025 6.000 4.889
-4.900 -2.095 .600 1.030 6.100 4.966
-4.800 -2.027 .700 1.035 6.200 5.044
-4.700 -1.961 .800 1.040 6.300 5.123
-4.600 -1.895 .900 1.045 6.400 6.392
-4.500 -1.830 1.000 .050 6.500 7.111
-4.400 -1.766 1.100 1.055 6.600 8.050
-4.300 -1.702 1.200 1.060 6.700 9.270
-4.200 -1.640 1.300 1.065 6.800 10.895
-4.100 -1.578 1.400 1.070 6.900

-4.000 -1.517 1.500 1.075 7.000

-3.900 -1.457 1.600 1.080 7.100

-3.800 -1.397 1.700 1.085 7.200

-3.700 -1.339 1.800 1.090 7.300

-3.600 -1.281 1.900 1.095 7.400

-3.500 -1.224 2.000 1.100 7.500

-3.400 -1.167 2.100 1.105 7.600

-3.300 -1.112 2.200 1.110 7.700

-3.200 -1.057 2.300 1.115 7.800

-3.100 -1.003 2.400 1.120 7.900

-3.000 -.950 2.500 1.125 8.000

-2.900 .855 2.600 1.130

-2.800 .860 2.700 1.135

-2.700 .865 2.800 1.140

-2.600 .870 2.900 1.145
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Appendices

E.6.4 -

Wheel/rail contact geometry: conicity - Diameter difference 2 mm
Wheel profile: R-UIC519-B - Rail profile: S-UIC519-A

Numerical values for the tany, function

y tany, Yemax Yemin

1.000 .660 -1.813 -3.813
1.200 .566 -1.568 -3.968
1.400 1499 -1.318 -4.118
1.600 448 -1.064 -4.264
1.800 408 -.807 -4.407
2.000 .376 -.546 -4.546
2.200 .349 -.281 -4.681
2.400 327 -.014 -4.814
2.600 .308 .255 -4.945
2.800 292 527 -5.073
3.000 278 .802 -5.198
3.200 .265 1.078 -5.322
3.400 254 1.357 -5.443
3.600 .244 1.637 -5.563
3.800 .235 1.919 -5.681
4.000 227 2.203 -5.797
4.200 .220 2.488 -5.912
4.400 214 2.775 -6.025
4.600 .239 3.029 -6.171
4.800 .266 3.235 -6.365
5.000 .295 3.475 -6.525
5.200 .320 3.734 -6.666
5.400 344 4.011 -6.789
5.600 .369 4.304 -6.896
5.800 .391 4.607 -6.993
6.000 409 4,912 -7.088
6.200 424 5.215 -7.185
6.400 437 5.516 -7.284
6.600 449 5.814 -7.386
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Appendices l(' i/Q/

E.7 -

Modified Wheel H (-2 mm on left wheel diameter)/Rail A

E.7.1 - Drawing of the Ar, tany,, tany, functions and representation of contact points

Wheel diameter:

-right wheel  : 920 mm
- left wheel : 918 mm

)

Gauge :1435,16 mm

tanvye [

___________________________________________________________________________________

1500 [mm]

4595 mm

Left wheel Right wheel
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Appendices l(l i/Q/

E.7.2 - Representation of roll curves of axle in the track
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Appendices

E.7.3 -

Wheel/rail contact geometry: r, —r, = f(y) - Diameter difference 2 mm

Numerical values for the Ar function

Wheel profile: R-UIC519-H - Rail profile: S-UIC519-A

y rq-ra y rq-ra y rq-ra
-8.000 -2.500 .875 3.000 3.497
-7.900 -2.400 .880 3.100 3.520
-7.800 -2.300 .885 3.200 3.542
-7.700 -2.200 .890 3.300 3.565
-7.600 -2.100 .895 3.400 3.587
-7.500 -2.000 .900 3.500 3.610
-7.400 -1.900 .905 3.600 3.632
-7.300 -1.800 .910 3.700 3.655
-7.200 -1.700 915 3.800 3.677
-7.100 -1.600 .920 3.900 3.700
-7.000 -1.500 925 4.000 3.722
-6.900 . -1.400 .930 4.100 3.745
-6.800 -10.216 -1.300 .935 4.200 3.767
-6.700 -2.330 -1.200 .940 4.300 3.790
-6.600 -2.307 -1.100 .945 4.400 3.812
-6.500 -2.285 -1.000 .950 4.500 3.835
-6.400 -2.262 -.900 .955 4.600 3.857
-6.300 -2.240 -.800 .960 4.700 3.880
-6.200 -2.217 -.700 .965 4.800 3.902
-6.100 -2.195 -.600 .970 4.900 3.925
-6.000 -2.172 -.500 975 5.000 3.947
-5.900 -2.150 -.400 .980 5.100 3.970
-5.800 -2.127 -.300 .985 5.200 3.992
-5.700 -2.105 -.200 .990 5.300 4.015
-5.600 -2.082 -.100 .995 5.400 4.037
-5.500 -2.060 0.000 1.000 5.500 4.060
-5.400 -2.037 .100 1.005 5.600 4.082
-5.300 -2.015 .200 1.010 5.700 4.105
-5.200 -1.992 .300 1.015 5.800 4127
-5.100 -1.970 400 1.020 5.900 4.150
-5.000 -1.947 .500 1.025 6.000 4172
-4.900 -1.925 .600 1.030 6.100 4.195
-4.800 -1.902 .700 1.035 6.200 4.217
-4.700 -1.880 .800 1.040 6.300 4.240
-4.600 -1.857 .900 1.045 6.400 4.262
-4.500 -1.835 1.000 1.050 6.500 4.285
-4.400 -1.812 1.100 1.055 6.600 4.307
-4.300 -1.790 1.200 1.060 6.700 4.330
-4.200 -1.767 1.300 1.065 6.800

-4.100 -1.745 1.400 1.070 6.900

-4.000 -1.722 1.500 1.075 7.000

-3.900 -1.700 1.600 1.080 7.100

-3.800 -1.677 1.700 1.085 7.200

-3.700 -1.655 1.800 1.090 7.300

-3.600 -1.632 1.900 1.095 7.400

-3.500 -1.610 2.000 1.100 7.500

-3.400 -1.587 2.100 1.105 7.600

-3.300 -1.565 2.200 1.110 7.700

-3.200 -1.542 2.300 1.115 7.800

-3.100 -1.520 2.400 1.120 7.900

-3.000 -1.497 2.500 1.125 8.000

-2.900 -1.475 2.600 3.407

-2.800 -1.452 2.700 3.430

-2.700 -1.430 2.800 3.452

-2.600 -1.407 2.900 3.475
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Appendices

E.7.4 -

Wheel/rail contact geometry: conicity - Diameter difference 2 mm
Wheel profile: R-UIC519-H - Rail profile: S-UIC519-A

Numerical values for the tany, function

y tany, Yemax Yemin

1.000 712 -1.308 -3.308
1.200 .602 -1.057 -3.457
1.400 523 -.805 -3.605
1.600 463 -.553 -3.753
1.800 417 -.300 -3.900
2.000 .381 -.046 -4.046
2.200 .350 .208 -4.192
2.400 .325 462 -4.338
2.600 .304 718 -4.482
2.800 .286 973 -4.627
3.000 .270 1.230 -4.770
3.200 .256 1.486 -4.914
3.400 244 1.743 -5.057
3.600 .233 2.001 -5.199
3.800 223 2.259 -5.341
4.000 217 2.516 -5.484
4.200 .256 2.682 -5.718
4.400 .268 2.835 -5.965
4.600 273 2.990 -6.210
4.800 275 3.146 -6.454
5.000 275 3.304 -6.696
5.200 .336 3.570 -6.830
5.400 371 3.875 -6.925
5.600 .394 4.184 -7.016
5.800 410 4.493 -7.107
6.000 421 4.802 -7.198
6.200 429 5112 -7.288
6.400 435 5.421 -7.379
6.600 439 5.730 -7.470
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Appendices

uic’/

E.8 -

E.8.1-

Wheel diameter:

-right wheel  : 920 mm
- left wheel : 918 mm
Gauge :1435,16 mm

Modified Wheel | (-2 mm on left wheel diameter)/Rail A

Drawing of the Ar, tany,, tany, functions and representation of contact points

10 5 0 5 10 y[mm] 10 5 0 -5 -10
I ——— 1500 [mm—/ = o
- ) ) ||

459,5 mm

Left wheel

Right wheel

519
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Appendices l(l i/Q/

E.8.2- Representation of roll curves of axle in the track
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Appendices

E.8.3 -

Wheel/rail contact geometry: r, —r, = f(y) - Diameter difference 2 mm

Numerical values for the Ar function

Wheel profile: R-UIC519-| - Rail profile: S-UIC519-A

y rq-ra y rq-ra y rq-ra
-8.000 -2.500 -1.784 3.000 4123
-7.900 -2.400 -1.719 3.100 4.194
-7.800 -2.300 -1.654 3.200 4.265
-7.700 -2.200 -1.591 3.300 4.336
-7.600 -2.100 -1.528 3.400 4.409
-7.500 -2.000 -1.465 3.500 4.483
-7.400 -1.900 -1.404 3.600 4.557
-7.300 -1.800 -1.344 3.700 4.632
-7.200 . -1.700 1.000 3.800 4.708
-7.100 -10.079 -1.600 1.000 3.900 4.785
-7.000 -8.237 -1.500 1.000 4.000 4.862
-6.900 -6.884 -1.400 1.000 4.100 4.941
-6.800 -5.849 -1.300 1.000 4.200 5.020
-6.700 -5.053 -1.200 1.000 4.300 5.100
-6.600 -4.453 -1.100 1.000 4.400 5.181
-6.500 -4.187 -1.000 1.000 4.500 5.263
-6.400 -4.157 -.900 1.000 4.600 5.345
-6.300 -4.127 -.800 1.000 4.700 5.429
-6.200 -4.096 -.700 1.000 4.800 5.513
-6.100 -4.066 -.600 1.000 4.900 5.598
-6.000 -4.036 -.500 1.000 5.000 5.684
-5.900 -3.977 -.400 1.000 5.100 5.742
-5.800 -3.947 -.300 1.000 5.200 5.771
-5.700 -3.917 -.200 1.000 5.300 5.800
-5.600 -3.888 -.100 1.000 5.400 5.829
-5.500 -3.859 0.000 1.000 5.500 5.859
-5.400 -3.829 .100 1.000 5.600 5.888
-5.300 -3.800 .200 1.000 5.700 5.917
-5.200 -3.771 .300 1.000 5.800 5.947
-5.100 -3.742 400 1.000 5.900 5.977
-5.000 -3.684 .500 1.000 6.000 6.036
-4.900 -3.598 .600 1.000 6.100 6.066
-4.800 -3.513 .700 1.000 6.200 6.096
-4.700 -3.429 .800 1.000 6.300 6.127
-4.600 -3.345 .900 1.000 6.400 6.157
-4.500 -3.263 1.000 1.000 6.500 6.187
-4.400 -3.181 1.100 1.000 6.600 6.453
-4.300 -3.100 1.200 1.000 6.700 7.053
-4.200 -3.020 1.300 1.000 6.800 7.849
-4.100 -2.941 1.400 1.000 6.900 8.884
-4.000 -2.862 1.500 1.000 7.000 10.237
-3.900 -2.785 1.600 1.000 7.100

-3.800 -2.708 1.700 1.000 7.200

-3.700 -2.632 1.800 3.344 7.300

-3.600 -2.557 1.900 3.404 7.400

-3.500 -2.483 2.000 3.465 7.500

-3.400 -2.409 2.100 3.528 7.600

-3.300 -2.336 2.200 3.591 7.700

-3.200 -2.265 2.300 3.654 7.800

-3.100 -2.194 2.400 3.719 7.900

-3.000 -2.123 2.500 3.784 8.000

-2.900 -2.054 2.600 3.851

-2.800 -1.985 2.700 3.918

-2.700 -1.918 2.800 3.985

-2.600 -1.851 2.900 4.054
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Appendices

E.8.4 -

Wheel/rail contact geometry: conicity - Diameter difference 2 mm
Wheel profile: R-UIC519-I - Rail profile: S-UIC519-A

Numerical values for the tany, function

y tany, Yemax Yemin

1.000 .780 -532 -2.532
1.200 .661 -273 -2.673
1.400 575 -.008 -2.808
1.600 510 .260 -2.940
1.800 459 532 -3.068
2.000 418 .808 -3.192
2.200 .384 1.086 -3.314
2.400 .355 1.368 -3.432
2.600 .331 1.653 -3.547
2.800 413 1.866 -3.734
3.000 449 2.043 -3.957
3.200 465 2.224 -4.176
3.400 A73 2.407 -4.393
3.600 AT7 2.592 -4.608
3.800 479 2.779 -4.821
4.000 479 2.968 -5.032
4.200 ATT7 3.158 -5.242
4.400 A73 3.346 -5.454
4.600 468 3.532 -5.668
4.800 463 3.717 -5.883
5.000 458 3.901 -6.099
5.200 452 4.085 -6.315
5.400 447 4.266 -6.534
5.600 454 4.458 -6.742
5.800 AT72 4.674 -6.926
6.000 497 4.915 -7.085
6.200 524 5.182 -7.218
6.400 541 5.459 -7.341
6.600 552 5.738 -7.462
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Appendices l(l i/Q/

E.9 - (Right Wheel A - Left Wheel B)/Rail A

E.9.1 - Drawing of the Ar, tany,, tany, functions and representation of contact points

Wheel diameter:
-right wheel  : 920 mm
- left wheel : 920 mm

)

Gauge :1435,16 mm

tanvye []

Q1 P

y [mm]

-10  y[mm] 10 5 0 -5-10
T T T T - - - T =
— 1500 [mm] — : Lo

Left wheel Right wheel
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Appendices l(l i/Q/

E.9.2- Representation of roll curves of axle in the track

y [mm]
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Appendices

l(,l

ic/

E.9.3 -

Numerical values for the Ar function

Wheel/rail contact geometry: ry —r, = f(y)
Wheel profile: right wheel R-UIC519-A / left wheel R-UIC519-B - Rail profile: S-UIC519-A

y ry-r2 y rq-r2 y rq-r2
8.000 -2.500 -.295 3.000 1.075
-7.900 -2.400 -.292 3.100 1.139
-7.800 -2.300 -.288 3.200 1.189
-7.700 -2.200 -.285 3.300 1.251
-7.600 -2.100 -.282 3.400 1.318
-7.500 -2.000 -.279 3.500 1.388
-7.400 -1.900 -.275 3.600 1.450
-7.300 -1.800 -.271 3.700 1.527
-7.200 -1.700 -.268 3.800 1.608
-7.100 -1.600 -.263 3.900 1.692
-7.000 -1.500 -.260 4.000 1.766
-6.900 . -1.400 -.256 4.100 1.858
-6.800 -9.964 -1.300 -.252 4.200 1.954
-6.700 -8.342 -1.200 -.248 4.300 2.053
-6.600 -7.124 -1.100 -.245 4.400 2.157
-6.500 -6.188 -1.000 -.241 4.500 2.246
-6.400 -5.472 -.900 -.236 4.600 2.357
-6.300 -4.205 -.800 -.232 4.700 2.471
-6.200 -4.129 -.700 -.229 4.800 2.589
-6.100 -4.053 -.600 -.224 4.900 2.691
-6.000 -3.979 -.500 -.220 5.000 2.817
-5.900 -3.905 -.400 -.216 5.100 2.947
-5.800 -3.832 -.300 -.210 5.200 3.080
-5.700 -3.760 -.200 -.206 5.300 3.218
-5.600 -3.688 -.100 -.202 5.400 3.336
-5.500 -3.618 0.000 -.182 5.500 3.480
-5.400 -3.548 .100 -.166 5.600 3.629
-5.300 -3.479 .200 -.146 5.700 3.782
-5.200 -3.411 .300 -.124 5.800 3.913
-5.100 -3.344 400 -.104 5.900 4.074
-5.000 -3.277 .500 -.079 6.000 4.239
-4.900 -3.212 .600 -.052 6.100 4.407
-4.800 -3.147 .700 -.026 6.200 4,552
-4.700 -3.083 .800 .004 6.300 4.982
-4.600 -3.019 .900 .036 6.400 5.613
-4.500 -2.957 1.000 .066 6.500 6.444
-4.400 -2.895 1.100 .102 6.600 7.523
-4.300 -2.834 1.200 .140 6.700 8.938
-4.200 -2.774 1.300 174 6.800 10.884
-4.100 -2.715 1.400 .216 6.900

-4.000 -2.656 1.500 .258 7.000

-3.900 -2.598 1.600 .298 7.100

-3.800 -2.541 1.700 .344 7.200

-3.700 -2.485 1.800 .393 7.300

-3.600 -2.429 1.900 437 7.400

-3.500 -2.375 2.000 489 7.500

-3.400 -2.321 2.100 .542 7.600

-3.300 -2.267 2.200 .591 7.700

-3.200 -2.214 2.300 .648 7.800

-3.100 -2.163 2.400 .707 7.900

-3.000 -2.112 2.500 .761 8.000

-2.900 -.308 2.600 .823

-2.800 -.305 2.700 .888

-2.700 -.302 2.800 .946

-2.600 -.299 2.900 1.014
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Appendices

l(,l

ic/

E.94 -

Numerical values for the tany, function

Wheel/rail contact geometry: conicity
Wheel profile: right wheel R-UIC519-A / left wheel R-UIC519-B - Rail profile: S-UIC519-A

y tany, Yemax Yemin

1.000 137 1.686 -.314

1.200 .128 1.833 -.567

1.400 120 1.970 -.830

1.600 114 2.098 -1.102
1.800 .108 2.220 -1.380
2.000 104 2.336 -1.664
2.200 .099 2.448 -1.952
2.400 .096 2.556 -2.244
2.600 .092 2.660 -2.540
2.800 .090 2.761 -2.839
3.000 132 2.969 -3.031
3.200 162 3.231 -3.169
3.400 .183 3.485 -3.315
3.600 .199 3.730 -3.470
3.800 213 3.967 -3.633
4.000 225 4.198 -3.802
4.200 .236 4.420 -3.980
4.400 .245 4.637 -4.163
4.600 .255 4.848 -4.352
4.800 .263 5.054 -4.546
5.000 271 5.255 -4.745
5.200 279 5.452 -4.948
5.400 .286 5.645 -5.155
5.600 .293 5.834 -5.366
5.800 .300 6.021 -5.579
6.000 .307 6.204 -5.796
6.200 .316 6.380 -6.020
6.400 .330 6.540 -6.260
6.600 .364 6.699 -6.501
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Appendices

Appendix F - Tolerances on equivalent conicity

Wheel A/Rail A

F.1 -

Drawing

F1.1-

5
R
3
2
1

[-] ®Luey

y [mm]

45678

y [mm]

23
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Appendices l(' i/gj

F1.2 - Numerical values

Benchmark calculations: tolerances
Wheel profile: R-UIC519-A - Rail profile: S-UIC519-A

y tanye max min max min
1.000 125 A75 .075 A75 .075
1.100 128 178 .078 78 .077
1.200 130 .180 .080 181 .080
1.300 133 .183 .083 .183 .083
1.400 136 .186 .086 .186 .086
1.500 139 .189 .089 .190 .089
1.600 142 192 .092 192 .092
1.700 .145 195 .095 .196 .095
1.800 149 199 .099 199 .098
1.900 152 .202 .102 .202 .101
2.000 155 .205 105 .205 .105
2.100 .158 .208 .108 .209 .108
2.200 161 211 A1 212 A1
2.300 .165 215 15 215 114
2.400 .168 218 118 218 118
2.500 A71 .221 21 222 21
2.600 75 225 125 225 124
2.700 178 .228 128 .228 128
2.800 .181 231 131 .232 131
2.900 .185 .235 135 .235 134
3.000 .188 .238 138 .238 138
3.100 191 .241 141 241 141
3.200 194 .244 144 .244 143
3.300 .196 .246 .146 .246 146
3.400 199 .249 149 .249 149
3.500 .202 .252 152 .252 151
3.600 .204 .254 154 .254 154
3.700 .207 .257 157 .257 157
3.800 210 .260 .160 .260 .160
3.900 213 .263 163 .263 .163
4.000 .216 .266 .166 .266 .166
4.100 219 .269 169 .270 .169
4.200 .223 273 A73 273 A72
4.300 .226 .276 176 277 176
4.400 .230 .280 .180 .281 .180
4.500 .234 .284 .184 .284 .183
4.600 .238 .288 .188 .288 187
4.700 .242 292 192 .292 191
4.800 .246 .296 196 297 .195
4.900 .250 .300 .200 .301 .199
5.000 .254 .304 .204 .305 .204
5.100 .259 .309 .209 .310 .208
5.200 .263 313 213 314 212
5.300 .268 .318 .218 319 217
5.400 273 .323 .223 .324 222
5.500 277 327 227 .328 .226
5.600 .282 .332 .232 .334 .231
5.700 .287 337 .237 .339 .236
5.800 .292 .342 242 .343 .241
5.900 297 .347 247 .349 .246
6.000 .303 .353 .253 .354 .251
6.100 .308 .358 .258 .360 .257
6.200 313 .363 .263 .368 .261
6.300 .321 371 271 .381 .267
6.400 .332 .382 .282 401 274
6.500 .348 .398 .298 426 .284
6.600 .368 418 318 459 297
6.700 .394 444 .344 498 313
6.800 427 477 377 .536 .334
6.900 467 517 417 570 .361
7.000 .505 .555 455 .599 .396
7.100 .538 .588 488 .626 436
7.200 .567 617 517 .650 AT73
7.300 .593 .643 543 .673 .506
7.400 .618 .668 .568 .694 .535
7.500 .640 .690 .590 714 .561
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Wheel B/Rail A
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Appendices

F.2.2 -

Benchmark calculations: tolerances
Wheel profile: R-UIC519-B - Rail profile: S-UIC519-A

Numerical values

y tanye max min max min

1.000 .025 .037 .012 .037 .012
1.100 .025 .037 .012 .037 .012
1.200 .025 .037 .012 .037 .012
1.300 .025 .037 .012 .037 .012
1.400 .025 .037 .012 .037 .012
1.500 .025 .037 .012 .037 .012
1.600 .025 .037 .012 .037 .012
1.700 .025 .037 .012 .037 .012
1.800 .025 .037 .012 .037 .012
1.900 .025 .037 .012 .037 .012
2.000 .025 .037 .012 .037 .012
2.100 .025 .037 .012 .037 .012
2.200 .025 .037 .012 .037 .012
2.300 .025 .037 .012 .037 .012
2.400 .025 .037 .012 .037 .012
2.500 .025 .037 .012 .037 .012
2.600 .025 .037 .012 .037 .012
2.700 .025 .037 .012 .037 .012
2.800 .025 .037 .012 .060 .012
2.900 .025 .037 .012 A17 .012
3.000 .058 .086 .029 .160 .012
3.100 .097 .146 .049 .186 .021
3.200 128 178 .078 .207 .038
3.300 152 .202 .102 224 .065
3.400 A72 222 122 .239 .095
3.500 .189 .239 139 .251 120
3.600 .203 .253 .153 .262 .140
3.700 215 .265 165 271 .155
3.800 .225 275 A75 .280 .168
3.900 .234 .284 .184 .287 A79
4.000 .241 291 191 294 .188
4.100 .248 .298 .198 .300 .196
4.200 .254 .304 .204 .305 .202
4.300 .259 .309 .209 .310 .208
4.400 .263 313 213 314 212
4.500 .267 317 217 .318 217
4.600 271 321 221 .321 .221
4.700 274 324 224 325 .224
4.800 277 .327 227 .328 227
4.900 .280 .330 .230 .330 .230
5.000 .283 .333 .233 .333 .233
5.100 .285 .335 .235 .335 .235
5.200 .287 .337 237 .337 237
5.300 .289 .339 .239 .340 .239
5.400 .291 .341 .241 .342 .241
5.500 .293 .343 .243 .343 .243
5.600 .295 .345 .245 .345 .245
5.700 297 .347 247 .347 247
5.800 .299 .349 .249 .349 .248
5.900 .300 .350 .250 .350 .250
6.000 .302 .352 .252 .352 .252
6.100 .303 .353 .253 .353 .253
6.200 .305 .355 .255 .355 .255
6.300 .306 .356 .256 .369 .256
6.400 319 .369 .269 .387 .259
6.500 .336 .386 .286 410 .270
6.600 .355 405 .305 440 .285
6.700 .378 428 .328 476 .301
6.800 407 457 .357 515 .321
6.900 444 494 .394 .552 .344
7.000 485 .535 435 .583 .376
7.100 .520 570 470 .611 414
7.200 .551 .601 .501 .636 453
7.300 579 .629 529 .660 .488
7.400 .604 .654 .554 .682 519
7.500 .627 .677 577 .702 .547
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Wheel H/Rail A
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Appendices

F.3.2 -

Benchmark calculations: tolerances
Wheel profile: R-UIC519-H - Rail profile: S-UIC519-A

Numerical values

y tanye max min max min

1.000 .025 .037 .012 .037 .012
1.100 .025 .037 .012 .037 .012
1.200 .025 .037 .012 .037 .012
1.300 .025 .037 .012 .037 .012
1.400 .025 .037 .012 .037 .012
1.500 .025 .037 .012 .037 .012
1.600 .025 .037 .012 .037 .012
1.700 .025 .037 .012 .037 .012
1.800 .025 .037 .012 .037 .012
1.900 .025 .037 .012 .037 .012
2.000 .025 .037 .012 .037 .012
2.100 .025 .037 .012 .037 .012
2.200 .025 .037 .012 .037 .012
2.300 .025 .037 .012 .037 .012
2.400 .025 .037 .012 .087 .012
2.500 .025 .037 .012 .164 .012
2.600 .075 112 .037 216 .012
2.700 .138 .188 .088 .252 .022
2.800 184 234 134 279 .053
2.900 .219 .269 169 .300 .104
3.000 .245 .295 195 317 151
3.100 .265 315 215 .329 .186
3.200 .281 331 231 .339 213
3.300 .292 .342 242 .347 .232
3.400 .301 .351 .251 .354 .246
3.500 .308 .358 .258 .359 .255
3.600 312 .362 .262 .363 .261
3.700 315 .365 .265 .366 .265
3.800 .318 .368 .268 .368 .268
3.900 319 .369 .269 .369 .269
4.000 319 .369 .269 .369 .269
4.100 319 .369 .269 .369 .269
4.200 319 .369 .269 .369 .269
4.300 .318 .368 .268 .368 .268
4.400 317 .367 .267 .367 .267
4.500 315 .365 .265 .365 .265
4.600 313 .363 .263 .363 .263
4.700 312 .362 .262 .362 .262
4.800 310 .360 .260 .360 .260
4.900 .308 .358 .258 .358 .258
5.000 .306 .356 .256 .356 .255
5.100 .303 .353 .253 .353 .253
5.200 .301 .351 .251 .351 .251
5.300 .299 .349 .249 .349 .249
5.400 .297 .347 247 .347 247
5.500 .295 .345 .245 .345 .244
5.600 .292 .342 242 .342 .242
5.700 .290 .340 .240 .340 .240
5.800 .288 .338 .238 .338 .238
5.900 .286 .336 .236 .336 .236
6.000 .284 .334 234 .334 234
6.100 .282 332 232 332 .232
6.200 .280 .330 .230 .330 .229
6.300 277 327 227 .328 227
6.400 275 .325 .225 .326 .225
6.500 274 324 224 .324 .223
6.600 272 .322 222 .359 .221
6.700 .270 .320 .220 419 .220
6.800 .328 .378 278 469 .220
6.900 .389 439 .339 .509 .239
7.000 437 487 .387 544 .298
7.100 AT7 527 427 575 .356
7.200 512 .562 462 .603 405
7.300 .543 .593 493 .629 445
7.400 571 .621 521 .653 480
7.500 597 .647 547 .675 511
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Wheel I/Rail A

F.4 -

Drawing

F.4.1 -
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Appendices

F.4.2 -

Benchmark calculations: tolerances
Wheel profile: R-UIC519-I - Rail profile: S-UIC519-A

Numerical values

y tanye max min max min
1.000 .000 .010 0.000 .010 0.000
1.100 .000 .010 0.000 .010 0.000
1.200 .000 .010 0.000 .010 0.000
1.300 .000 .010 0.000 .010 0.000
1.400 .000 .010 0.000 .010 0.000
1.500 .000 .010 0.000 .010 0.000
1.600 .000 .010 0.000 105 0.000
1.700 .000 .010 0.000 .237 0.000
1.800 .084 126 .042 .324 0.000
1.900 .208 .258 .158 .383 .010
2.000 .293 .343 .243 425 .061
2.100 .351 401 .301 .456 173
2.200 .392 442 .342 478 .258
2.300 422 472 372 495 317
2.400 443 493 .393 .507 .359
2.500 .458 .508 408 516 .389
2.600 469 519 419 523 410
2.700 AT7 527 427 529 423
2.800 483 .533 433 .533 431
2.900 .486 .536 436 537 436
3.000 489 .539 439 .539 439
3.100 490 .540 440 .540 .440
3.200 491 541 441 .541 441
3.300 491 .541 441 .541 441
3.400 491 541 441 .541 441
3.500 490 .540 440 .540 .440
3.600 489 .539 439 .539 439
3.700 .488 .538 438 .538 438
3.800 487 .537 437 .537 437
3.900 .486 .536 436 .536 436
4.000 485 .535 435 .535 435
4.100 .484 534 434 .534 434
4.200 483 .533 433 .533 433
4.300 .482 532 432 532 432
4.400 480 .530 430 .531 430
4.500 479 529 429 529 429
4.600 478 .528 428 .528 428
4.700 AT7 527 427 527 427
4.800 476 .526 426 .526 426
4.900 476 .526 426 .526 426
5.000 475 525 425 525 425
5.100 473 523 423 524 423
5.200 471 521 421 522 421
5.300 .469 519 419 519 419
5.400 466 516 416 516 416
5.500 463 513 413 513 413
5.600 460 510 410 510 410
5.700 457 507 407 .507 .406
5.800 453 .503 403 .504 403
5.900 .450 .500 400 .500 .400
6.000 447 497 .397 497 .397
6.100 444 494 .394 494 .394
6.200 441 491 .391 491 .391
6.300 438 488 .388 488 .387
6.400 435 485 .385 485 .384
6.500 431 481 .381 482 .381
6.600 431 481 .381 483 .381
6.700 436 486 .386 497 .384
6.800 447 497 .397 519 .389
6.900 .464 514 414 .548 .398
7.000 486 .536 436 .585 411
7.100 515 .565 465 .622 429
7.200 .555 .605 .505 .652 452
7.300 .590 .640 .540 .676 .485
7.400 .619 .669 .569 .698 523
7.500 .643 .693 .593 .719 .558
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Modified Wheel A (-2 mm on left wheel diameter)/Rail A

F.5 -

Drawing
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Appendices l(' i/gj

F.5.2 - Numerical values

Benchmark calculations: tolerances
Wheel profile: R-UIC519-A - Diameter difference 2mm - Rail profile: S-UIC519-A

y tanye max min max min

1.000 .280 .330 .230 .330 .230
1.100 .279 .329 .229 .329 229
1.200 .278 .328 .228 .328 .228
1.300 .278 .328 .228 .328 .228
1.400 277 .327 227 .327 227
1.500 .276 .326 .226 .326 .226
1.600 275 .325 .225 .325 .225
1.700 274 324 224 .324 224
1.800 274 .324 224 .324 224
1.900 273 323 223 .323 .223
2.000 272 .322 222 .322 222
2.100 .270 .320 .220 .320 .220
2.200 .269 319 219 319 219
2.300 .267 317 217 317 217
2.400 .266 .316 216 316 .216
2.500 .266 .316 .216 .316 .216
2.600 .264 314 214 314 214
2.700 .263 313 213 313 213
2.800 .262 312 212 312 212
2.900 .262 312 212 312 212
3.000 .261 311 211 311 211
3.100 .261 311 21 311 211
3.200 .261 311 211 311 211
3.300 .261 311 21 311 211
3.400 .262 312 212 312 212
3.500 .262 312 212 312 212
3.600 .263 313 213 313 213
3.700 .265 315 215 315 214
3.800 .266 316 216 316 .216
3.900 .267 317 217 317 217
4.000 .269 319 219 319 219
4.100 271 .321 221 .321 221
4.200 273 .323 .223 .323 .223
4.300 .275 325 225 325 .225
4.400 277 .327 227 .328 227
4.500 .280 .330 .230 .331 .230
4.600 .284 .334 234 .335 234
4.700 .289 .339 .239 .341 .238
4.800 .295 .345 .245 .346 .243
4.900 .301 .351 .251 .353 .249
5.000 .307 .357 .257 .360 .255
5.100 314 .364 .264 .367 .261
5.200 .321 371 271 375 .268
5.300 .329 379 279 .384 .276
5.400 .338 .388 .288 .393 .284
5.500 .347 397 297 403 .292
5.600 .357 407 .307 413 .301
5.700 .367 417 317 422 311
5.800 .376 426 .326 431 .321
5.900 .386 436 .336 440 .331
6.000 .395 445 .345 449 .340
6.100 .404 454 .354 458 .349
6.200 413 463 .363 467 .358
6.300 422 A72 372 476 .367
6.400 431 481 .381 485 .376
6.500 .440 490 .390 494 .385
6.600 449 499 .399 .503 .394
6.700 .458 .508 408 513 .403
6.800 467 517 417 525 412
6.900 AT7 527 427 544 420
7.000 492 .542 442 .567 428
7.100 51 .561 461 .596 441
7.200 .535 .585 485 .626 457
7.300 .564 .614 514 .656 478
7.400 .595 .645 .545 .680 .503
7.500 .623 .673 573 .702 .533
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Appendices

i Rail A
Wheel B (-2 mm on left diameter)/
Modified

F.6 -

Drawing

F.6.1 -
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Appendices

F.6.2 -

Benchmark calculations: tolerances

Numerical values

Wheel profile: R-UIC519-B - Diameter difference 2mm - Rail profile: S-UIC519-A

y tanye max min max min
1.000 .660 .710 610 812 .536
1.100 .609 .659 .559 .746 498
1.200 .566 616 516 .689 467
1.300 .530 .580 480 .640 439
1.400 499 .549 449 .598 415
1.500 472 522 422 .562 .393
1.600 448 498 .398 .531 374
1.700 427 AT77 377 .504 .357
1.800 408 458 .358 480 .341
1.900 .391 441 341 459 .327
2.000 .376 426 .326 441 314
2.100 .362 412 312 424 .302
2.200 .349 .399 299 410 .291
2.300 .338 .388 .288 .396 .281
2.400 327 377 277 .384 271
2.500 317 .367 .267 373 .262
2.600 .308 .358 .258 .363 .254
2.700 .300 .350 .250 .354 .246
2.800 .292 .342 242 .345 .239
2.900 .285 .335 .235 .338 .232
3.000 .278 .328 .228 .330 .226
3.100 271 .321 221 323 .219
3.200 .265 315 215 317 214
3.300 .260 .310 .210 311 .208
3.400 .254 .304 .204 .305 .203
3.500 .249 .299 .199 .300 .198
3.600 .244 294 194 .295 193
3.700 .240 .290 .190 .291 .189
3.800 .235 .285 .185 .286 .185
3.900 231 .281 .181 .282 .181
4.000 .227 277 A77 278 A77
4.100 224 274 74 274 173
4.200 .220 270 170 271 170
4.300 217 .267 167 .267 .166
4.400 214 .264 .164 271 163
4.500 213 .263 163 292 .163
4.600 .239 .289 189 .302 163
4.700 .253 .303 .203 315 182
4.800 .266 .316 216 .330 .205
4.900 .281 .331 231 .342 .218
5.000 .295 .345 .245 .354 .233
5.100 .307 .357 .257 .367 247
5.200 .320 .370 270 379 .260
5.300 .332 .382 .282 .391 273
5.400 .344 .394 294 403 .285
5.500 .357 407 .307 416 .298
5.600 .369 419 319 427 310
5.700 .380 430 .330 437 .322
5.800 .391 441 .341 446 .334
5.900 .400 .450 .350 455 .345
6.000 409 459 .359 463 .355
6.100 A17 467 .367 470 .363
6.200 424 474 374 477 371
6.300 431 481 .381 483 379
6.400 437 487 .387 489 .385
6.500 443 493 .393 495 .392
6.600 449 499 .399 .501 .398
6.700 .455 .505 405 .506 .403
6.800 460 510 410 512 409
6.900 .465 515 415 .530 412
7.000 478 .528 428 .5562 417
7.100 498 .548 448 .578 427
7.200 .520 570 470 .608 444
7.300 .546 .596 496 .638 .464
7.400 577 .627 527 .666 487
7.500 .607 .657 .557 .689 515
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Modified Wheel H (-2 mm on left wheel diameter)/Rail A

F.7 -

Drawing

F.7.1 -
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Appendices

F.7.2 -

Benchmark calculations: tolerances

Numerical values

Wheel profile: R-UIC519-H - Diameter difference 2mm - Rail profile: S-UIC519-A

y tanye max min max min
1.000 712 .762 .662 .904 571
1.100 .652 .702 .602 .815 527
1.200 .602 .652 .552 741 491
1.300 .559 .609 .509 .682 .459
1.400 .523 573 473 .634 431
1.500 491 .541 441 .591 .406
1.600 463 513 413 .565 .384
1.700 439 489 .389 523 .364
1.800 417 467 .367 495 347
1.900 .398 448 .348 471 .330
2.000 .381 431 .331 450 .316
2.100 .365 415 315 431 .302
2.200 .350 400 .300 414 .290
2.300 .337 .387 .287 .398 278
2.400 .325 .375 275 .385 .268
2.500 314 .364 .264 372 .258
2.600 .304 .354 .254 .360 .249
2.700 .294 .344 244 .350 .240
2.800 .286 .336 .236 .340 .232
2.900 277 327 227 .331 224
3.000 .270 .320 .220 .323 217
3.100 .263 313 213 315 .210
3.200 .256 .306 .206 .308 .204
3.300 .250 .300 .200 .302 .198
3.400 .244 294 194 .295 192
3.500 .238 .288 .188 .290 187
3.600 .233 .283 .183 .284 182
3.700 .228 278 178 279 A77
3.800 .223 273 A73 274 A72
3.900 .219 .269 169 274 .168
4.000 217 .267 167 .295 167
4.100 .243 293 193 .304 167
4.200 .256 .306 .206 310 .186
4.300 .263 313 213 315 .208
4.400 .268 .318 218 319 217
4.500 271 .321 221 .321 221
4.600 273 .323 .223 .323 .223
4.700 .275 325 225 325 .225
4.800 275 .325 .225 .325 .225
4.900 .276 .326 .226 .340 .226
5.000 275 .325 225 .370 .225
5.100 .309 .359 .259 .391 .225
5.200 .336 .386 .286 407 .244
5.300 .355 405 .305 420 277
5.400 371 421 .321 431 .303
5.500 .384 434 .334 440 .322
5.600 .394 444 .344 449 337
5.700 .403 453 .353 .456 .348
5.800 410 460 .360 462 .357
5.900 416 .466 .366 467 .364
6.000 421 471 371 472 .370
6.100 425 475 375 476 375
6.200 429 479 379 479 379
6.300 432 482 .382 482 .382
6.400 435 485 .385 485 .385
6.500 437 487 .387 487 .387
6.600 439 489 .389 489 .389
6.700 .440 490 .390 490 .390
6.800 441 491 .391 491 .391
6.900 442 492 .392 492 .392
7.000 443 493 .393 493 .393
7.100 443 493 .393 518 .393
7.200 444 494 .394 .566 .394
7.300 .487 537 437 .604 .394
7.400 .535 .585 485 .634 412
7.500 571 .621 521 .659 .456
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Modified Wheel | (-2 mm on left wheel diameter)/Rail A

F.8 -
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Appendices

F.8.2 -

Benchmark calculations: tolerances

Numerical values

Wheel profile: R-UIC519-I| - Diameter difference 2mm - Rail profile: S-UIC519-A

y tanye max min max min
1.000 .780 .830 .730 .978 .630
1.100 .715 .765 .665 .886 .583
1.200 .661 711 .611 .809 .543
1.300 .614 .664 .564 .745 .508
1.400 .575 .625 525 .693 ATT
1.500 .540 .590 490 .646 .450
1.600 510 .560 460 .606 426
1.700 .483 533 433 572 .404
1.800 459 .509 409 .541 .384
1.900 437 487 .387 515 .366
2.000 418 468 .368 491 .350
2.100 .400 .450 .350 469 .334
2.200 .384 434 .334 450 .321
2.300 .369 419 319 433 .308
2.400 .355 405 .305 417 .296
2.500 .343 .393 .293 403 .288
2.600 .331 .381 .281 444 .281
2.700 .369 419 319 472 .281
2.800 413 463 .363 486 .299
2.900 435 485 .385 497 .339
3.000 449 499 .399 .505 379
3.100 .458 .508 408 511 .401
3.200 465 515 415 516 412
3.300 .469 519 419 520 418
3.400 473 .523 423 523 422
3.500 475 525 425 525 425
3.600 ATT7 527 427 527 427
3.700 478 528 428 .528 428
3.800 479 529 429 529 429
3.900 479 529 429 529 429
4.000 479 529 429 529 429
4.100 478 528 428 .528 428
4.200 AT7 527 427 527 427
4.300 475 525 425 525 425
4.400 473 .523 423 523 423
4.500 470 520 420 521 420
4.600 468 518 418 518 418
4.700 .465 515 415 515 415
4.800 463 513 413 513 412
4.900 .460 510 410 510 410
5.000 458 .508 408 .508 407
5.100 .455 .505 405 .505 .405
5.200 452 .502 402 .502 402
5.300 .450 .500 400 .500 .400
5.400 447 497 .397 498 .397
5.500 449 499 .399 .500 .399
5.600 454 .504 404 .508 402
5.700 462 512 412 519 .408
5.800 472 522 422 .531 416
5.900 .484 534 434 544 425
6.000 497 .547 447 .558 436
6.100 510 .560 460 571 449
6.200 .524 574 474 .580 463
6.300 533 .583 483 .587 476
6.400 .541 591 491 .593 487
6.500 .547 597 497 .598 495
6.600 .552 .602 .502 .602 .501
6.700 .556 .606 .506 .606 .505
6.800 .559 .609 .509 .609 .509
6.900 .562 .612 512 .612 512
7.000 .564 614 514 614 514
7.100 .566 .616 516 .616 .516
7.200 .568 .618 518 .624 518
7.300 .576 .626 .526 .641 .522
7.400 .590 .640 .540 .664 .528
7.500 .608 .658 .558 .691 .539
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(Right Wheel A - Left Wheel B)/Rail A
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F.9.2 - Numerical values

Benchmark calculations: tolerances
Wheel profile: right : R-UIC519-A/left: R-UIC519-B - Rail profile: S-UIC519-A

y tanye max min max min
1.000 137 187 .087 .188 .086
1.100 132 .182 .082 .183 .082
1.200 128 178 .078 A79 .078
1.300 124 74 .074 A75 .074
1.400 120 170 .070 A71 .070
1.500 A7 167 .067 167 .067
1.600 114 .164 .064 .164 .064
1.700 A1 .161 .061 .161 .061
1.800 .108 .158 .058 159 .058
1.900 .106 .156 .056 .156 .056
2.000 104 154 .054 154 .053
2.100 .101 151 .051 152 .051
2.200 .099 149 .050 149 .050
2.300 .098 .146 .049 .146 .049
2.400 .096 144 .048 144 .048
2.500 .094 141 .047 141 .047
2.600 .092 139 .046 139 .046
2.700 .091 .136 .045 137 .045
2.800 .090 134 .045 .164 .045
2.900 .108 .158 .058 .185 .045
3.000 132 .182 .082 199 .055
3.100 149 199 .099 .210 .076
3.200 162 212 112 220 .099
3.300 A73 223 123 .229 115
3.400 .183 .233 133 .237 A27
3.500 191 .241 141 .245 A37
3.600 199 .249 149 .252 .146
3.700 .206 .256 .156 .259 .153
3.800 .213 .263 .163 .265 161
3.900 .219 .269 169 271 167
4.000 .225 275 A75 276 A73
4.100 .230 .280 .180 .282 A79
4.200 .236 .286 .186 .287 .184
4.300 241 .291 191 292 .190
4.400 .245 .295 195 .296 194
4.500 .250 .300 .200 .301 .199
4.600 .255 .305 .205 .305 .204
4.700 .259 .309 .209 .309 .208
4.800 .263 313 213 314 212
4.900 .267 317 217 .318 .216
5.000 271 321 221 .322 .220
5.100 .275 325 225 325 .224
5.200 279 .329 229 .329 .228
5.300 .282 332 .232 .333 .232
5.400 .286 .336 .236 .336 .236
5.500 .290 .340 .240 .340 .239
5.600 .293 .343 .243 .343 .243
5.700 .296 .346 .246 .347 .246
5.800 .300 .350 .250 .350 .249
5.900 .303 .353 .253 .354 .253
6.000 .307 .357 257 .357 .256
6.100 31 .361 .261 .362 .260
6.200 .316 .366 .266 .369 .265
6.300 .323 373 273 378 271
6.400 .330 .380 .280 .396 .276
6.500 .344 .394 .294 421 .282
6.600 .364 414 314 451 .292
6.700 .388 438 .338 486 .310
6.800 419 469 .369 524 .330
6.900 .455 .505 405 .560 .356
7.000 493 .543 443 591 .387
7.100 .528 578 478 .618 424
7.200 .558 .608 .508 .643 462
7.300 .586 .636 .536 .666 496
7.400 .611 .661 .561 .688 527
7.500 .634 .684 .584 .708 .554
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Appendix G - Examples of calculation results with

introduced errors

Case 1

Wheel A/Rail A - Random error in mm -
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Wheel A/Rail A - Random error in mm - Case 2

G.2 -
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Wheel A/Rail A - Random error in mm - Case 3

G.3 -
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Wheel A/Rail A - Grid error in mm - Case 1
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Wheel A/Rail A - Grid error in mm - Case 2
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Wheel A/Rail A - Grid error in mm - Case 3
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Equivalent conicity: tany, = f(y)

Wheel H/Rail A - Random error in mm

G.7 -
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