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Description

FIELD OF THE INVENTION

[0001] This invention concerns a method and an ap-
paratus to monitor anomalies in railway and tramway su-
perstructures, as set forth in the main claims.
[0002] To be more exact, the invention refers to a
method and an apparatus to analyse the real state of
the superstructure of the track of a railway or tramway
line, to monitor the values of a set number of parame-
ters, geometry, wear and malfunction, and to compare
them with nominal or specification values.

BACKGROUND OF THE INVENTION

[0003] The state of the art includes a machine suitable
to monitor anomalies in the track, consisting of a railway
or tramway rail car or motor car which can travel on the
rails which have to be inspected and on which a plurality
of sensors and measuring instruments are mounted.
[0004] As the rail car is made to advance along the
track, at a set speed, the sensors and measuring instru-
ments monitor, in a line and at pre-set intervals, the pre-
defined geometric parameters, such as the skew, the
camber of the two rails, the longitudinal level of the rails,
the gauge, the super elevation, and also the speed and
distance travelled from the starting point.
[0005] In this machine, all the data monitored is de-
coded and printed on board the rail car itself; therefore,
when the inspection of a particular piece of track is fin-
ished, all the data collected is memorised only analogi-
cally on a paper support consisting of a continuous or
tabulated sheet of paper.
[0006] This means that the data, collected over sev-
eral hours, must be subsequently analysed and com-
pared manually with the nominal values of the section
of track inspected.
[0007] It is obvious that this operation of reading the
data and comparing the data with the nominal, reference
data, by qualified and competent personnel, takes a
long time and entails considerable costs, which affects
the overall costs of operating the line and therefore on
the cost to the users; it also affects the times required
for maintenance interventions and therefore entails a
long time to restore working conditions.
[0008] Moreover, - and this is not unimportant - con-
trolling and comparing by hand involves a risk of human
error which should always be avoided, if the safety of
the installations is to be improved.
[0009] This method of monitoring and comparing,
moreover, does not allow to build up an archive of tables
which will enable the data to be processed so as to eval-
uate if the temporal trend of the parameters monitored
is coherent with normal wear due to progressive use or
if there is an anomalous behaviour which needs to be
attended to.
[0010] The state of the art also includes a machine to

inspect rails in order to monitor undulatory wear. In this
machine, magnetic sensors are assembled on a railway
car, which can be attached to a locomotive car; the mag-
netic sensors monitor the variations in the level of the
upper surface of the rails and indicate their deviation
from a theoretical plane.
[0011] When the inspection is terminated, this ma-
chine too is able to provide the data collected only on
paper and to approximate values, inasmuch as it is un-
known at what point of the line the data refers to. In fact,
it is necessary to monitor and process manually the
length and amplitude of the wave of the undulatory wear,
since there is a total lack of a data archive which would
allow to make the necessary processing and mainte-
nance operations. As seen in the previous case, this
takes a long time and consequently entails the same dis-
advantages as explained before.
[0012] The review "Railway Gazette International",
151 (August 1995) N°. 8, Sutton, Surrey GB, discloses
an apparatus able to monitor the geometric parameters
of the rails, to memorise them and to process them by
means of a calculator in order to compare them with the
specification parameters. This article neither describes
nor suggests how this apparatus is to be achieved, or
how the parameters of wear, undulatory wear, and the
profile of the head of the rail can be monitored and proc-
essed.
[0013] The review "Revue Generale des Chemins de
Fer", (1994) May, n°. 5, Paris, FR, discloses that studies
have been made on how to monitor data relating to the
geometric parameters of the rails and that this data can
be both processed in real time with a calculator installed
on board the vehicle which is doing the monitoring, and
also transferred to a disk and then subsequently proc-
essed by a land-based processor. This article also does
not describe or suggest how to monitor and process the
parameters of wear, undulatory wear, and the profile of
the head of the rail.
[0014] The present Applicant has designed and em-
bodied this invention to overcome these shortcomings
and to obtain further advantages.

SUMMARY OF THE INVENTION

[0015] The invention is set forth and characterised in
the respective main claims, while the dependent claims
describe variants of the idea of the main embodiment.
[0016] The principle purpose of the invention is to
achieve a method and an apparatus to monitor imper-
fections on the rails, the overall state of the superstruc-
ture meaning the measurement of the parameters, the
wear and the malfunctions, particularly in metropolitan
and tramway lines, which will provide an automatic and
objective comparison of the data collected with the nom-
inal values of the design specifications, and will give, in
real time, clear and immediate indications on the imper-
fection monitored. The invention has elaborated a sys-
tem to monitor wear on the rails - both railway and tram-
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way - within a framework which sequentially supplies:
overall situation of the wear of the whole line; position
on the line where the rails are worn; entity, type of wear
and specific aspects thereof, identifying the point on the
line where the imperfection is, with a maximum toler-
ance of one meter.
[0017] Another primary purpose of the invention is to
achieve a method with an apparatus which allows to dis-
play the points where the imperfection monitored is be-
yond the tolerances as per the design specifications, lo-
cating them univocally and automatically in the correct
segments of the line.
[0018] A further primary purpose of the invention is to
achieve a method and an apparatus which will allow to
know the trends of the most significant parameters,
even though they are not yet outside the field of toler-
ance, or to know how these parameters vary in time and
in what way, so as to be able to observe the various phe-
nomena of wear and how they vary with time, and to use
this information to program and optimise the mainte-
nance operations and also the purchase of materials,
according to the data acquired, with a considerable re-
duction in the operating costs and greater reliability and
safety. In fact, until today, maintenance was carried out
periodically or according to subjective evaluations, or
again, when users complained, instead of according to
real necessities due to the state of wear or imperfections
in the rails.
[0019] A second purpose of the invention is to achieve
a method and an apparatus which will allow a historic
archive to be easily formed of the data monitored, in or-
der to keep under control the situation of the lines in-
spected and the temporal evolution of the individual im-
perfections, possibly with indications of mutual correla-
tion between the individual parameters monitored, with
particular reference to the critical nature represented by
vibrations and/or noise which, in the case of metropoli-
tan lines, especially those in tunnels, are very important
for the serious effects they have on buildings (theaters,
churches, dwellings, etc.) which are near the metropol-
itan lines.
[0020] Moreover, the method and apparatus accord-
ing to the invention not only supplies a system which is
able to acquire an enormous quantity of technical infor-
mation on the real state of the railway and tramway su-
perstructure, it also allows to prepare plans to program
maintenance and studies of innovative systems within
the field of railway superstructure.
[0021] An important characteristic of this is represent-
ed by the mathematical models which are possible with
the data as above, and which will allow to reproduce and
simulate in the laboratory the most critical situations in
terms of vibrations and noise, and find a suitable solu-
tion thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other characteristics of the inven-

tion will become clear from the following description of
a preferred embodiment, given as a non-restrictive ex-
ample with the help of the attached drawings wherein:

Fig. 1 is a prospective and schematic view of a rail
car whereon the first part of an apparatus ac-
cording to the invention is assembled;

Fig. 2 is a block drawing of a first part of the appara-
tus according to the invention;

Fig. 3 is a block drawing of the second part of the ap-
paratus according to the invention;

Fig. 4 is a graphical representation of some data
monitored by the apparatus according to the
invention;

Fig. 5 is a graphical representation of a partial sec-
tion of two rails inspected by the apparatus ac-
cording to the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0023] With reference to the attached Figures, an ap-
paratus 10 to monitor imperfections in the rails 11 of a
railway track 12, for example a metropolitan line, com-
prises a monitoring device 13 assembled on a rail car
14 suitable to travel autonomously on the rails 11 to be
inspected.
[0024] The device 13 (Fig. 2) comprises substantially
three sections 13a, 13b, and 13c, and is electrically con-
nected to a series of measuring instruments and of mon-
itors of set geometrical and wear parameters, both of
each rail 11 and of the track 12.
[0025] To be more exact, the section 13a of the device
13 is connected to an odometer 16 of the electronic type,
suitable to accurately measure the distance travelled
starting from a particular initial point, and a speedometer
17, also electronic, suitable to monitor, precisely and
continuously, the speed at which the rail car 14 advanc-
es, which is also the speed at which the rails 11 are
measured and inspected.
[0026] The section 13a is also connected to a clinom-
eter 18 and two gyrometers 19 and 20, suitable to meas-
ure, in a manner known to the state of the art, the super
elevation of the track 12, or its inclination in the direction
perpendicular to the longitudinal, represented by the
distance of one of the two wheel-surface planes of one
rail 11 from the horizontal line which passes through the
wheel-surface plane of the other rail 11. These instru-
ments 18-20 also allow to monitor the skew, defined as
the rate of variation in the super elevation.
[0027] To this end, the rail car 14 may also be
equipped with an automatic sprayer, which is not shown
in the Figures and is of a type known to the state of the
art, provided with a nozzle directed towards the base of
the rails 11 and commanded by an electromagnetic
valve, suitable to automatically mark the rails 11 in the
event that the skew should be imperfect by more than
a pre-set value.
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[0028] The section 13a is also connected to two series
of transducers 21 and 22, assembled on the rail car 13,
in order to measure the lateral alignment and the longi-
tudinal alignment of the rails 11.
[0029] Finally, the section 13a is connected to a fur-
ther transducer 23 suitable to measure the gauge, that
is to say, the deviation of the real distance between the
two rails 11 compared with a pre-defined standard val-
ue, for example 1435 mm.
[0030] The section 13b of the device 13 is connected
to a measuring instrument 25 suitable to monitor the pro-
file of the rails 11 so as to determine the wear thereof.
[0031] The instrument 25 comprises a laser beam
sender 26 and a high resolution matrix TV camera 27.
To be more exact, the laser ray 26 is expanded by
means of a cylindrical optical groups provided for this
purpose, and projected with a particular angle orthogo-
nal to the rail 11. The luminous line generated by the
laser 26 on the surface of the rail 11 is monitored by the
matrix camera 27 which, by properly evaluating the illu-
minated pixels, is able to return a numerical information
on the position of each individual point monitored. By
properly interpolating the points monitored, the appara-
tus 10 is able to reconstruct the entire profile of the sec-
tion monitored and can determine any coordinate within
this profile.
[0032] The section 13b of the device 13 is also con-
nected to a measuring instrument 28 which has induc-
tive sensors suitable to monitor the wear of the rails 11
due to undulatory wear, both in terms of amplitude and
in terms of wave length, in order to correlate them with
the other parameters relating to the superstructure. The
instrument 28 is able to acquire data on the undulatory
wear with values of wave length of between 20 and 80
mm and an amplitude of between 0.001 and 1 mm.
[0033] The section 13c of the device 13 is connected
to a video-inspection device 30 to inspect the track 12,
comprising a plurality of colour TV cameras 31, in this
case five; the colour TV cameras 31 can be selectively
orientated and are equipped with motorised zoom lens-
es and autonomous lighting; they are suitable to film the
rails 11 and to transfer the relative images to a corre-
sponding plurality of video recorders 32 and television
monitors 33. In this way the images filmed by the cam-
eras 31 can be seen both directly by the worker, in the
driver's cab of the rail car 14, and also relayed to the
ground, to be subsequently analysed more deeply.
[0034] The apparatus 10 also comprises four elec-
tronic calculators 35, of which only one is shown here,
which acquire and process the respective parameters
(geometry, rail wear, undulatory wear, video-inspec-
tion). The calculators 35 are assembled on board the
rail car 14 and are connected to the respective devices
13a, 13b, 13c and 32.
[0035] Alternatively, there may be a single electronic
calculator 35, more powerful, which fulfils the functions
of all four calculators.
[0036] The calculators 35 each comprise a central

processing unit (CPU) 36, a Read Only Memory (ROM)
37 wherein the management programs of the device 13
are memorised, and a Random Access memory (RAM)
38. Between the sections 13a, 13b, and 13c of the de-
vice 13 and the calculator 35 there is an analog-digital
converter 39, suitable to convert into digital data all the
analog data arriving from the various instruments of the
device 13, including the images filmed by the cameras
31, which are also digitised.
[0037] There is also connected to each calculator 35
a keyboard 40, a monitor 41, a printer 42 and a unit 43
to process a removable data support, such as a disk or
a magnetic tape, an optical or magneto-optical disk, or
other support, which are also assembled on board the
rail car 14.
[0038] The apparatus 10 also comprises another
electronic calculator 50 (Fig. 3), installed on the ground,
and suitable to process the data collected by the device
13 and to compare it with the specification data of the
railway line inspected.
[0039] The calculator 50 comprises a central proces-
sor unit (CPU) 51, and a ROM 52 in which the programs
to process and compare the data are memorised, and
a RAM 53.
[0040] The following units are connected to the calcu-
lator 50: a mass memory 55, which is suitable to mem-
orise the specification data of the different railway lines
of the network to be inspected and also the historic data
of the different inspections already made; a unit 56 to
process a removable data support, similar to the unit 43,
in such a way that the data recorded by the unit 43 can
be read by the unit 56; a mouse 54, a keyboard 57, a
printer 58 and a display unit 59.
[0041] The mass memory 55 contains a first database
55a, into which all the specification data of the line is
inserted, that is, according to the progressive quota
(measured in metres) the points are indicated wherein
there are straight parts, bends, sidings, switch points,
stations (start, end, middle).
[0042] The memory 55 also contains a second data-
base 55b into which the data relating to the tolerances
is inserted. To be more exact, for each specification da-
tum and for each point of the line the tolerances are in-
dicated which, as far as the geometric parameters are
concerned, are fixed by the national and international
norms, while for wear and undulatory wear the toleranc-
es are usually fixed according to safety and mainte-
nance criteria established by the Company which owns
or manages the network.
[0043] To be more exact, for undulatory wear, a limit
is established above which the maintenance interven-
tion is carried out; this limit is chosen according to a se-
ries of factors such as: the level of vibration and acoustic
disturbance produced when there is this kind of wear
(this can also be monitored by the Company which owns
or manages the network) and the consequent distur-
bance for residents; and the cost of the grinding opera-
tions and their frequency to maintain the desired level
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of quality.
[0044] The memory 55 also comprises a section 55c
where the data monitored during the dynamic phase is
memorised, and that is the seven geometric parame-
ters, the wear of the head and the undulatory wear, and
also the speed of the rail car 14 which is doing the mon-
itoring.
[0045] According to a characteristic feature of the in-
vention, the calculator 50 is able to process the data
monitored and memorised in the memory 55c, associ-
ating it and comparing it with the characteristics of the
theoretical line (data contained in the database 55a)
and, according to the type of line and the datum desired,
with the data of the relative tolerances (data contained
in the database 55b).
[0046] The method to monitor the imperfections in the
rails 11, according to the invention, comprises first of all
a first step wherein all the specification data relating to
the railway line or lines which make up the network
which is to be inspected with the apparatus 10 according
to the invention is memorised in the first database 55a.
[0047] The specification data is organised in purely
linear sequential systems, each one codified and corre-
sponding to a branch of line and on each branch a pro-
gressive system of quotas is defined, equal to the dis-
tance in meters from a conventional point of origin.
[0048] The specification data is defined in terms of
contiguous elementary segments (elements). The types
of elements which may be included are the straight line,
the connecting curve, the circular arc, the switch points
and the stations (start, end, middle).
[0049] For each meter of track 12 therefore, all the
necessary data is memorised relating to the geometric
parameters both of the track 12 and also of the individual
rails 11 which form it.
[0050] The calculator 50 is able to display or print at
any moment, on request from the worker, any specifica-
tion data memorised in the memory 55a.
[0051] Then, all the values relating to the tolerances
associated with the specification values are memorised
in the second database 55b. To be more exact, for each
specification value there may be defined different toler-
ances, which determine consequent thresholds, for ex-
ample, warning, intervention advised, danger or obliga-
tory intervention.
[0052] There then follows the inspection step proper,
wherein the rails 11 of a track 12 are inspected. To do
this the rail car 14, the device 13 and the on-board cal-
culator 35 are used.
[0053] The initial monitoring point of the track 12 to be
inspected is determined, and the numerical code iden-
tifying said point is introduced into the on-board calcu-
lator 35, by means of the key board 40. The numerical
code comprises the line code, the code of the branch
travelled, the progressive quota, the identification of the
odd/even track, and the direction of travel.
[0054] The device 13 is activated, so that all the in-
struments 16-31 are operational, and then the rail car

14 is made to advance; its instantaneous speed is con-
trolled by the speedometer 17, in order to allow all the
instruments 16-31 to operate correctly.
[0055] As the rail car 14 advances, the instruments
monitor the geometrical data of the rails 11 and the track
12, and also the data relating to the state of wear of each
rail 11.
[0056] As the data is monitored, it is instantaneously
associated with the distance travelled from the initial
monitoring point. To do this, the data supplied by the
odometer 16 is used, even if this instrument could be
replaced by, or integrated with, a monitoring system as-
sociated with fixed markers.
[0057] During the inspection step, the data monitored
by the instruments of the device 13 is sent instantane-
ously to the analog-digital converter 39 which, after con-
verting it to digital data, transfers it to the on-board cal-
culator 35.
[0058] The on-board calculator 35 is programmed to
be able to display on the display unit 41 and also to print
with the printer 42, on the worker's command, the data
just monitored.
[0059] This data, according to a characteristic of the
invention, is also memorised by the unit 43 on a remov-
able support, such as for example a magnetic disk.
[0060] As an operating choice, and so as not to have
to memorise an enormous quantity of information, the
data monitored, depending on the scanning resolution,
is reduced before being memorised and, in a certain
sense, concentrated according to a memorisation reso-
lution, pre-defined, equal to one datum (for each param-
eter) for every meter of track 12 inspected.
[0061] The section 13a thus supplies the data on the
seven properly geometric parameters: the camber of
both lines of rails 11, and therefore their lateral and lon-
gitudinal alignment, the super elevation, the skew and
the gauge of the track 12.
[0062] The section 13b supplies data on the wear of
each of the rails 11, and also the data relating to the
imperfection caused by undulatory wear. To be more ex-
act, as described above, this monitoring is made by
means of the laser beam sender 26 and the matrix cam-
era 27 of the measuring instrument 25.
[0063] With regard to the video-inspection of the track
12, this is carried out by means of the TV cameras 31,
which send the images both to the video-recorder unit
32, and to the television monitor 33 and also to the an-
alog-digital converter 39.
[0064] In any case, the images of the film taken during
the inspection can be seen live on the monitor 33 and
are also recorded, for example on VHS videocassettes,
in analog and/or digital form, so that they can be seen
again later, so that the images recorded can be printed,
and that the prints may be accompanied by a brief com-
ment.
[0065] At the end of the inspection step proper, the
data collected and memorised on the removable sup-
port is transferred to the calculator on the ground 50.
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[0066] Once the calculator 50 has acquired the data,
it is able to do any processing operation thereof. The
data monitored is codified, catalogued and memorised
in such a way that it can be compared with the specifi-
cation data memorised in the database 55a and respec-
tively 55b, or with other data monitored previously.
[0067] Thus it is possible to form several data ar-
chives, concerning for example: the structural data of
the line and its superstructure; data relating to wear, with
particular reference to undulatory wear (amplitude and
length of wave, limit values accepted in each zone, dif-
ferentiation by chord) and the wear on the profile of the
rails (date of monitoring, limit values and differentiation
by chord); data relating to the maintenance of the line,
such as the grinding of the rails (date of last grinding,
number of passes performed, quantity removed, date of
future grinding), reinforcement of the bed, change of iron
and the maintenance of switch points (for each, the date
of previous and future interventions).
[0068] The calculator 50 is also able to display on the
monitor 59, for any segment of track 12 inspected, both
the geometric parameters and the values of wear mon-
itored, representing them graphically and comparing
them with the specification values and those relating to
the allowed tolerances. In order to make them more ev-
ident, those values which are outside the tolerance limits
can also be shown or with more or less bold lines, or
flashing, or in a different colour, as green, orange, red
and blue, in accordance with the value of the considered
parameter.
[0069] Associated with each graphical representation
all the data relating to the line and the type of track in-
spected can also be displayed automatically: number,
section, starting point, length, type of rail, position of the
pointer, comment (rectilinear, right curve or left curve)
date and time, maximum, minimum and average wear,
maximum, minimum and average tolerance, and so on.
[0070] Moreover, the calculator 50 is able to print each
image displayed on the monitor 59, by means of the
printer 58.
[0071] Fig. 4 shows an example of this graphical rep-
resentation, relating to the monitoring of wear made by
the measuring instrument 25, wherein it is clear that for
the left rail, shown by the line 70 in the upper part of the
graph, the profile is all inside the limits of tolerance,
which in this particular example is shown by the straight
line 71 at -6 mm, while for the right rail, represented by
the line 80 in the lower part of the graph, the profile is
for a certain part, that further to the right, between the
linear distance 2006 m and 2129 m, outside the limit of
tolerance of -6 mm, or below the straight line 71, with
points actually below the straight line 72, which repre-
sents the quota of -9 mm and near the straight line 73
which represents the quota of -12 mm. The straight lines
74 and 75, which represent the quotas of -15 and re-
spectively of -20 mm, are never, in this case, reached.
[0072] The calculator 50 is also able to represent the
section of any point of the rails 11, so as to compare it

with the specification value. By means of the keyboard
57 or the mouse 54, it is possible, with the help of a mov-
able pointer 63, to choose any point, for example the
point identified by the vertical segment 60 shown in Fig.
4, and to have the profile of the two rails 11 represented
at that point, as shown in Fig. 5. To be more exact, the
profiles 61 are the nominal ones of the design specifi-
cations, while the profiles 62 are the real ones, moni-
tored with the device 13.
[0073] By automatically comparing the values mem-
orised in the section 55c with those memorised in the
databases 55a and 55b, it is possible to obtain, with the
calculator 50, the following information relating to wear
and undulatory wear: a summary of the quality of the
situation of the whole line, by plotting a band which as-
sumes the different colors from green to orange, red and
blue, according to the values assumed by the parameter
considered and by how much this exceeds the band of
values of established tolerances (blue shows the worst
situation): this first graph shows the presence along the
whole line, in one video screen only, of sections char-
acterised by anomalies and the seriousness thereof. By
clicking on the interesting points on this band, we obtain
the graph of the values assumed by the parameter con-
sidered.
[0074] During this step, by choosing a point on the
graph and clicking with the mouse 54, we can know the
exact position (line, track, section, curve or straight, pro-
gressive quota) of the point and the precise value of the
parameter considered.
[0075] If the value is outside the tolerances, the cor-
responding section of graph assumes a red, orange or
blue color, depending on how much the value is outside
the band of pre-set values.
[0076] To monitor wear, it is also possible, by double-
clicking on the interesting points, to obtain the profile
monitored of the head of the rails, compared with the
norm.
[0077] With regard to wear, it is also possible to auto-
matically compare two files of data monitored on differ-
ent dates.
[0078] When this option is used, the two graphs are
superimposed and the comparison stops automatically
at all those points where the discrepancy between the
two graphs exceeds a previously set value.
[0079] That is to say, we have an automatic identifi-
cation of all those points on the line which have most
significantly altered over the same interval of time con-
sidered.
[0080] It is possible on each occasion to choose what
variation of the value considered is significant for the
survey being done.
[0081] Also for the geometric parameters of the rails
11 and the track 12 it is possible to make a comparison
between the data of two files registered on different
dates. In this case, the data of each file is represented
with colored bands, one for each file, and by comparing
the colors we know the trend of the parameter observed.
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[0082] There is also the possibility of representing the
values of the parameters not only in the form of a linear
graph, but also with bars.
[0083] This kind of representation, using bars, can be
made by sub-dividing the line into significant segments,
for example, to observe the trend of a certain parameter
on the straight sections, or on all the bends with a radius
included between different radii of curvature.
[0084] Moreover, all the functions listed here, which
are available for monitoring both wear and undulatory
wear, can also be extended to monitoring the geometry;
vice versa, what has been done for the geometry can
be reproduced in the same way for monitoring wear and
undulatory wear.
[0085] The system also allows: the activation of the
same functions for all the parameters recorded, the si-
multaneous representation of different information, the
filing of data suitable to study the phenomena and to
construct mathematical models which allow to know the
evolution of the phenomena as time passes, in such a
manner as to optimise maintenance and provide useful
information for a better design of new installations, and
also to implement the technical information with eco-
nomic and management information.
[0086] These possibilities just shown are just some of
those that the calculator 50 is able to supply and man-
age; it will not be difficult for a person of skill in the art
to program the calculator 50 so as to obtain therefrom
any other type of processing operation, starting from the
specification data memorised in the database 55a and
55b and using the data monitored by the device 13.
[0087] It is evident that it is possible to make modifi-
cations and/or additions to the apparatus and the meth-
od to monitor imperfections in rails as described so far,
and still remain within the scope of the invention.
[0088] For example, the data monitored by the on-
board calculator or calculators 35 can be transmitted live
to the calculator on the ground 50 which will first mem-
orise and then process the data.
[0089] Moreover, a single calculator could be used to
manage the devices on board the rail car and also the
peripheral devices installed on the ground; also, each
of the electronic calculators could be of the portable
type.

Claims

1. Apparatus to monitor imperfections in rails (11),
comprising

- a plurality of monitoring means (13) each one
suitable to monitor corresponding geometry
and wear parameters both of each segment of
a single rail inspected and of each segment of
the two rails (11) of the same track (12),

- an analog-digital converter (39) suitable to con-
vert the values of each parameters monitored

by said monitoring means (13) into digital data,
- a first electronic memory (55c) suitable to mem-

orise at least temporarily said digital data,
- a second electronic memory (55a) suitable to

memorise the nominal or specification values
of said geometric and wear parameters,

- processing means (50) associated with said
monitoring means (13) and with said first and
second electronic memory (55c, 55a) to com-
pare said digital data with said nominal values,
and

- display means (58, 59) to selectively display the
result of the comparison, characterised in that

- said wear parameters include the undulatory
wear of said rail, in that

- a third memory (55b) is functionally connected
to said processing means (50) to memorise da-
ta relating to the pre-determined tolerances of
said nominal values, in that

- said processing means (50) are suitable to as-
sociate each one of said digital data with said
data relating to the tolerances, and in that

- said display means (58, 59) are functionally
connected to said processing means (50) to
display said data relating to the tolerances to-
gether with the result of said comparison in or-
der to automatically show whether any of said
digital data is within or outside said pre-deter-
mined tolerances and to selectively cause the
visual display both of the cross section of the
rail (11) at the corresponding point of its nomi-
nal profile, using the data memorised in said
second electronic memory (55a), and also of its
real profile, using the data memorised in said
first electronic memory (55c).

2. Apparatus as in Claim 1, characterised in that the
second memory comprises a first database (55a)
and that the third memory comprises a second da-
tabase (55b).

3. Apparatus as in Claim 2, characterised in that the
first database (55a), the second database (55b) and
the first electronic memory (55c) are contained in a
mass memory (55) connected to the processing
means (50).

4. Apparatus as in Claim 3, wherein the monitoring
means (13) are assembled on a movable means
(14) suitable to move on the track (12) to be inspect-
ed, and wherein the processing means comprise a
first electronic calculator (35) installed on the mov-
able means (14), characterised in that the
processing means comprise a second electronic
calculator (50) connected to the mass memory (55),
there being included means to transfer the digital
data from the first to the second electronic calcula-
tor.
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5. Apparatus as in Claim 4, wherein the first electronic
calculator (35) is connected to a unit (43) to record,
on a removable support, the digital data output from
the converter (39), characterised in that the sec-
ond electronic calculator (50) is connected to a unit
(56) to read the digital data memorised on the re-
movable support.

6. Apparatus as in Claim 1, characterised in that the
processing means (50) are suitable to print, by
means of printing means (58) connected thereto,
each of the images displayed on the display means
(59).

7. Apparatus as in Claim 1, characterised in that the
monitoring means (13) comprise means (30, 31) for
the video-inspection of the rails (11), connected to
means suitable to reproduce, live or relayed, the
corresponding images, including the possibility of
printing the recorded images and accompanying
the printed images with a brief commentary.

8. Apparatus as in Claim 1, characterised in that the
monitoring means (13) comprise means (25) to
monitor the wear of each rail (11), that in the said
third memory (55b) different, pre-determined levels
of tolerance associated with the wear on the rails
(11) are memorised and that the display means (58,
59) are suitable to display all the different levels of
tolerance associated with the wear on the rails (11).

9. Apparatus as in Claim 8, characterised in that the
display means (58, 59) are suitable to show in a dif-
ferentiated manner the digital data included in each
of the different fields defined by the different levels
of tolerance associated with the wear on the rails
(11).

10. Apparatus as in Claim 9, characterised in that the
display means (58, 59) are suitable to show the dig-
ital data included in the said different fields with a
different color.

11. Apparatus as in Claim 1, characterised in that
movable pointer means (54) are provided in asso-
ciation with the display means (58, 59) to click on
each of the digital data displayed and to cause the
visual display of the cross section of the rail (11) at
the corresponding point of its nominal profile, using
the data memorised in the second electronic mem-
ory (55a), and also of its real profile, using the data
memorised in the first electronic memory (55c).

12. Method to monitor imperfections in rails (11), com-
prising a step to monitor through a plurality of mon-
itoring means (13) the geometry and wear param-
eters both of each segment of a single rail and of
each segment of both rails of a single track, a step

to convert into digital data each value of said pa-
rameters monitored by said monitoring means (13),
a step wherein said digital data are at least tempo-
rary in a first electronic memory (55c), a step where-
in nominal or specification values of said geometric
and wear parameters are memorised in a second
electronic memory (55a), a step to compare by
processing means (50) said digital data with said
nominal values and to selectively display by display
means (58, 59) functionally connected to said
processing means (50) the result of the compari-
son, the method being characterised in that said
wear parameters include the undulatory wear of
said rail, in that a further step is provided to mem-
orise data relating to the pre-determined tolerances
of said nominal values in a third memory (55b) func-
tionally connected to said processing means (50),
wherein said display means (58, 59) selectively dis-
play said data relating to the tolerances together
with the result of said comparison so as to automat-
ically show whether any of said digital data is within
or outside said pre-determined tolerances and to
selectively cause the visual display both of the cross
section of the rail (11) at the corresponding point of
its nominal profile, using the data memorised in said
second electronic memory (55a), and also of its real
profile, using the data memorised in said first elec-
tronic memory (55c).

13. Method as in Claim 12, characterised in that the
second memory comprises a first database (55a),
that the third memory comprises a second database
(55b), and that the first database (55a), the second
database (55b) and the first electronic memory
(55c) are contained in a mass memory (55) con-
nected to the processing means (50).

14. Method as in Claim 12, wherein the monitoring
means (13) are assembled on a movable means
(14) suitable to move on the track (12) to be inspect-
ed, and wherein the processing means comprise a
first electronic calculator (35) installed on the mov-
able means (14), characterised in that the
processing means comprise a second electronic
calculator (50) connected to the electronic memo-
ries (55a, 55b, 55c), and that the digital data are
transferred from the first to the second electronic
calculator (35, 50).

15. Method as in Claim 12, wherein the digital data is
memorised on a removable support, characterised
in that the second electronic calculator (50) is con-
nected to a unit (56) to read the digital data memo-
rised on the removable support.

16. Method as in Claim 12, characterised in that each
of the images displayed on the display means (59)
is selectively printed, by means of printing means
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(58) connected to the processing means.

17. Method as in Claim 12, characterised in that the
monitoring means (13) comprise means (30, 31) for
the video-inspection of the rails (11), connected to
means suitable to reproduce, live or relayed, the
corresponding images, and possibly to print them.

18. Method as in Claim 12, characterised in that the
monitoring means (13) comprise means (25) to
monitor the wear of each rail (11), that in the said
third memory (55b) different, pre-determined levels
of tolerance associated with the wear on the rails
(11) are memorised and that the display means (58,
59) are suitable to display all the different levels of
tolerance associated with the wear on the rails (11).

19. Method as in Claim 18, characterised in that the
display means (58, 59) are suitable to show in a dif-
ferentiated manner the digital data included in each
of the different fields defined by the different levels
of tolerance associated with the wear on the rails
(11).

20. Method as in Claim 19, characterised in that the
display means (58, 59) are suitable to show the dig-
ital data included in the said different fields with a
different color.

21. Method as in Claim 12, characterised in that mov-
able pointer means (54) are provided in association
with the display means (58, 59) to click on each of
the digital data displayed and to cause the visual
display of the cross section of the rail (11) at the
corresponding point of its nominal profile, using the
data memorised in the second electronic memory
(55a), and also of its real profile, using the data
memorised in the first electronic memory (55c).

Patentansprüche

1. Vorrichtung zum Überwachen von Fehlstellen in
Schienen (11), enthaltend:

eine Vielzahl von Überwachungseinrichtungen
(13), die sich jeweils dazu eignen, entspre-
chende Geometrie- und Verschleißparameter
sowohl jedes Segmentes einer einzigen unter-
suchten Schiene als auch jedes Segmentes
der beiden Schienen (11) desselben Gleises
(12) zu überwachen,
einen Analog-Digital-Wandler (39), der sich da-
zu eignet, die Werte der jeweiligen Parameter,
die durch die Überwachungseinrichtung (13)
überwacht werden, in digitale Daten umzuwan-
deln,
einen ersten elektronischen Speicher (55c),

der sich dazu eignet, wenigstens vorüberge-
hend die digitalen Daten zu speichern,
einen zweiten elektronischen Speicher (55a),
der sich dazu eignet, die Nominal- oder Spezi-
fikationswerte der Geometrie- und
Verschleißparameter zu speichern,
eine Verarbeitungseinrichtung (50), die der
Überwachungseinrichtung (13) und dem ersten
sowie dem zweiten elektronischen Speicher
(55c, 55a) zugeordnet ist, um die digitalen Da-
ten mit den Nominalwerten zu vergleichen, und
Anzeigeeinrichtungen (58, 59), die wahlweise
das Vergleichsergebnis anzeigen, dadurch
gekennzeichnet, dass
die Verschleißparameter die wellenförmige Ab-
nutzung der Schiene beinhalten, dadurch,
dass
ein dritter Speicher (55b) funktionsmäßig mit
der Verarbeitungseinrichtung (50) verbunden
ist, um Daten zu speichern, die sich auf die vor-
bestimmten Toleranzen der Nominalwerte be-
ziehen, dadurch, dass
sich die Verarbeitungseinrichtung (50) dazu
eignet, die jeweiligen digitalen Daten den Da-
ten zuzuordnen, die sich auf die Toleranzen be-
ziehen, und dadurch, dass
die Anzeigeeinrichtungen (58, 59) funktions-
mäßig mit der Verarbeitungseinrichtung (50)
verbunden sind, um die Daten, die sich auf die
Toleranzen beziehen, zusammen mit dem Ver-
gleichsergebnis anzuzeigen, um automatisch
zu zeigen, ob sich beliebige der digitalen Daten
innerhalb oder außerhalb der vorbestimmten
Toleranzen befinden, und um wahlweise die vi-
suelle Anzeige sowohl des Querschnitts der
Schiene (11) am entsprechenden Punkt ihres
Nominalprofils unter Verwendung der Daten,
die im zweiten elektronischen Speicher (55a)
gespeichert sind, als auch ihres tatsächlichen
Profils unter Verwendung der Daten zu bewir-
ken, die im ersten elektronischen Speicher
(55c) gespeichert sind.

2. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass der zweite elektronische Speicher
eine erste Datenbank (55a) und der dritte Speicher
eine zweite Datenbank (55b) enthält.

3. Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dass die erste Datenbank (55a), die
zweite Datenbank (55b) und der erste elektronische
Speicher (55c) in einem Massenspeicher (55) ent-
halten sind, der mit der Verarbeitungseinrichtung
(50) verbunden ist.

4. Vorrichtung nach Anspruch 3, bei der die Überwa-
chungseinrichtung (13) in einer beweglichen Ein-
richtung (14) angebracht ist, die sich dazu eignet,
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sich auf dem zu untersuchenden Gleis (12) zu be-
wegen, und bei der die Verarbeitungseinrichtung ei-
nen ersten elektronischen Rechner (35) enthält, der
in der beweglichen Einrichtung (14) installiert ist,
dadurch gekennzeichnet, dass die Verarbei-
tungseinrichtung einen zweiten elektronischen
Rechner (50) enthält, der mit dem Massenspeicher
(55) verbunden ist, wobei dort eine Einrichtung ent-
halten ist, um die digitalen Daten vom ersten zum
zweiten elektronischen Rechner zu übertragen.

5. Vorrichtung nach Anspruch 4, bei der der erste elek-
tronische Rechner (35) mit einer Einheit (43) ver-
bunden ist, um auf einem entnehmbaren Datenträ-
ger die digitalen Daten aufzuzeichnen, die vom
Wandler (39) eingegeben werden, dadurch ge-
kennzeichnet, dass der zweite elektronische
Rechner (50) mit einer Einheit (56) verbunden ist,
um die digitalen Daten zu lesen, die auf dem ent-
nehmbaren Datenträger gespeichert sind.

6. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Verarbeitungseinrichtung (50)
dazu geeignet ist, mit Hilfe einer mit ihr verbunde-
nen Druckeinrichtung (58) jedes der Bilder auszu-
drucken, die auf der Anzeigeeinrichtung (59) ange-
zeigt werden.

7. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Überwachungseinrichtung (13)
Einrichtungen (30, 31) für die Videoüberwachung
der Schienen (11) enthält, die mit einer Einrichtung
verbunden sind, die sich dazu eignet, in Echtzeit
oder verzögert die entsprechenden Bilder wieder-
zugeben, und die Möglichkeit bietet, die aufge-
zeichneten Bilder auszudrucken und die ausge-
druckten Bilder mit einem kurzen Kommentar zu
versehen.

8. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Überwachungseinrichtung (13)
eine Einrichtung (25) zum Überwachen des Ver-
schleißes jeder Schiene (11) enthält, dass im dritten
Speicher (55b) unterschiedliche vorbestimmte To-
leranzgrenzen gespeichert sind, die dem Ver-
schleiß auf den Schienen (11) zugeordnet sind, und
dass die Anzeigeeinrichtungen (58, 59) dazu geeig-
net sind, alle unterschiedlichen Toleranzgrenzen
anzuzeigen, die dem Verschleiß auf den Schienen
(11) zugeordnet sind.

9. Vorrichtung nach Anspruch 8, dadurch gekenn-
zeichnet, dass die Anzeigeeinrichtungen dazu ge-
eignet sind, in differenzierter Art und Weise die di-
gitalen Daten darzustellen, die in jedem der unter-
schiedlichen Felder enthalten sind, die durch die
unterschiedlichen Toleranzgrenzen definiert sind,
die dem Verschleiß auf den Schienen (11) zugeord-

net sind.

10. Vorrichtung nach Anspruch 9, dadurch gekenn-
zeichnet, dass die Anzeigeeinrichtungen (58, 59)
dazu geeignet sind, die digitalen Daten, die in den
unterschiedlichen Feldern enthalten sind, mit einer
anderen Farbe darzustellen.

11. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine bewegliche Zeigeeinrichtung
(54) in Verbindung mit den Anzeigeeinrichtungen
(58, 59) vorgesehen ist, um auf jede der digitalen
Daten zu klicken und die visuelle Darstellung des
Querschnittes der Schiene (11) am entsprechen-
den Punkt ihres Nominalprofils mit Hilfe der Daten,
die im zweiten elektronischen Speicher (55a) ge-
speichert sind, und zudem ihres tatsächlichen Pro-
fils mit Hilfe der Daten zu bewirken, die im ersten
elektronischen Speicher (55c) gespeichert sind.

12. Verfahren zum Überwachen von Fehlstellen in
Schienen (11), enthaltend einen Schritt des Über-
wachens durch eine Vielzahl von Überwachungs-
einrichtungen (13) der Geometrie- und
Verschleißparameter sowohl jedes Segmentes ei-
ner einzigen Schiene als auch jedes Segmentes der
beiden Schienen eines einzigen Gleises (12), einen
Schritt, der jeden Wert der Parameter, die durch die
Überwachungseinrichtung (13) überwacht werden,
in digitale Daten umwandelt, einen Schritt, bei dem
die digitalen Daten wenigstens vorübergehend in
einem ersten elektronischen Speicher (55c) befin-
den, einen Schritt, bei dem Nominal- oder Spezifi-
kationswerte der Geometrie- und Verschleißpara-
meter in einem zweiten elektronischen Speicher
(55a) gespeichert werden, und einen Schritt, bei
dem durch eine Verarbeitungseinrichtung (50) die
digitalen Daten mit den Nominalwerten verglichen
werden und wahlweise mit Anzeigeeinrichtungen
(58, 59), die funktionsmäßig mit der Verarbeitungs-
einrichtung (50) verbunden sind, das Vergleichser-
gebnis angezeigt wird, wobei das Verfahren da-
durch gekennzeichnet ist, dass die Verschleißpa-
rameter die wellenförmige Abnutzung der Schiene
beinhalten, dadurch, dass ein weiterer Schritt vor-
gesehen ist, bei dem Daten, die sich auf vorbe-
stimmte Toleranzen der Nominalwerte beziehen, in
einem dritten Speicher (55b) gespeichert werden,
der funktionsmäßig mit der Verarbeitungseinrich-
tung (50) verbunden ist, wobei die Anzeigeeinrich-
tungen (58, 59) wahlweise die Daten, die sich auf
die Toleranzen beziehen, zusammen mit dem Ver-
gleichsergebnis anzeigen, um so automatisch dar-
zustellen, ob sich beliebige der digitalen Daten in-
nerhalb oder außerhalb der vorbestimmten Tole-
ranzen befinden, und wahlweise die visuelle Dar-
stellung sowohl des Querschnitts der Schiene (11)
am entsprechenden Punkt ihres Nominalprofils mit
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Hilfe der Daten, die im zweiten elektronischen Spei-
cher (55a) gespeichert sind, als auch ihres tatsäch-
lichen Profils mit Hilfe der Daten zu bewirken, die
im ersten elektronischen Speicher (55c) gespei-
chert sind.

13. Verfahren nach Anspruch 12, dadurch gekenn-
zeichnet, dass der zweite Speicher eine erste Da-
tenbank (55a) enthält, der dritte Speicher eine zwei-
te Datenbank (55b) enthält und die erste Datenbank
(55a), die zweite Datenbank (55b) und der erste
elektronische Speicher (55c) in einem Massenspei-
cher (55) enthalten sind, der mit der Verarbeitungs-
einrichtung (50) verbunden ist.

14. Verfahren nach Anspruch 12, bei dem die Überwa-
chungseinrichtung (13) in einer beweglichen Ein-
richtung (14) angebracht ist, die sich dazu eignet,
sich auf dem zu untersuchenden Gleis (12) zu be-
wegen, und bei dem die Verarbeitungseinrichtung
einen ersten elektronischen Rechner (35) enthält,
der in der beweglichen Einrichtung (14) installiert
ist, dadurch gekennzeichnet, dass die Verarbei-
tungseinrichtung einen zweiten elektronischen
Rechner (50) enthält, der mit den elektronischen
Speichern (55a, 55b, 55c) verbunden ist, und dass
die digitalen Daten vom ersten zum zweiten elek-
tronischen Rechner (35, 50) übertragen werden.

15. Verfahren nach Anspruch 12, bei dem die digitalen
Daten auf einem entnehmbaren Datenträger ge-
speichert werden, dadurch gekennzeichnet, dass
der zweite elektronische Rechner (50) mit einer Ein-
heit (56) verbunden ist, um die digitalen Daten zu
lesen, die auf dem entnehmbaren Datenträger ge-
speichert werden.

16. Verfahren nach Anspruch 12, dadurch gekenn-
zeichnet, dass jedes der Bilder, die auf der Anzei-
geeinrichtung (59) angezeigt werden, wahlweise
durch die Druckeinrichtung (58) ausgedruckt wird,
die mit der Verarbeitungseinrichtung verbunden ist.

17. Verfahren nach Anspruch 12, dadurch gekenn-
zeichnet, dass die Überwachungseinrichtung (13)
Einrichtungen (30, 31) für die Videoüberwachung
der Schienen (11) enthält, die mit einer Einrichtung
verbunden sind, die sich dazu eignet, in Echtzeit
oder verzögert die entsprechenden Bilder wieder-
zugeben und diese möglicherweise auszudrucken.

18. Verfahren nach Anspruch 12, dadurch gekenn-
zeichnet, dass die Überwachungseinrichtung (13)
eine Einrichtung (25) zum Überwachen des Ver-
schleißes jeder Schiene (11) enthält, dass im dritten
Speicher (55b) unterschiedliche vorbestimmte To-
leranzgrenzen gespeichert sind, die dem Ver-
schleiß auf den Schienen (11) zugeordnet sind, und

dass die Anzeigeeinrichtungen (58, 59) dazu geeig-
net sind, alle unterschiedlichen Toleranzgrenzen
anzuzeigen, die dem Verschleiß auf den Schienen
(11) zugeordnet sind.

19. Verfahren nach Anspruch 18, dadurch gekenn-
zeichnet, dass die Anzeigeeinrichtungen (58, 59)
dazu geeignet sind, in differenzierter Art und Weise
die digitalen Daten darzustellen, die in jedem der
unterschiedlichen Felder enthalten sind, die durch
die unterschiedlichen Toleranzgrenzen definiert
sind, die dem Verschleiß auf den Schienen (11) zu-
geordnet sind.

20. Verfahren nach Anspruch 19, dadurch gekenn-
zeichnet, dass die Anzeigeeinrichtungen (58, 59)
dazu geeignet sind, die digitalen Daten, die in den
unterschiedlichen Feldern enthalten sind, mit einer
anderen Farbe darzustellen.

21. Verfahren nach Anspruch 12, dadurch gekenn-
zeichnet, dass eine bewegliche Zeigeeinrichtung
(54) in Verbindung mit den Anzeigeeinrichtungen
(58, 59) vorgesehen ist, um auf jede der digitalen
Daten zu klicken und die visuelle Darstellung des
Querschnittes der Schiene (11) am entsprechen-
den Punkt ihres Nominalprofils mit Hilfe der Daten,
die im zweiten elektronischen Speicher (55a) ge-
speichert sind, und zudem ihres tatsächlichen Pro-
fils mit Hilfe der Daten zu bewirken, die im ersten
elektronischen Speicher (55c) gespeichert sind.

Revendications

1. Appareil permettant de contrôler les imperfections
des rails (11), comprenant :

- une pluralité de moyens de contrôle (13) cha-
cun permettant de contrôler les paramètres
correspondants de géométrie et d'usure à la
fois de chaque segment d'un rail unique inspec-
té et de chaque segment des deux rails (11) de
la même voie (12),

- un convertisseur analogique/numérique (39)
permettant de convertir les valeurs de chaque
paramètre contrôlé par lesdits moyens de con-
trôle (13) en données numériques,

- une première mémoire électronique (55c) per-
mettant de mémoriser au moins provisoirement
lesdites données numériques,

- une deuxième mémoire électronique (55a) per-
mettant de mémoriser les valeurs nominales ou
de spécification desdits paramètres géométri-
ques et d'usure,

- des moyens d'exploitation (50) associés
auxdits moyens de contrôle (13) et auxdites
première et deuxième mémoires électroniques
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(55c, 55a) afin de comparer lesdites données
numériques auxdites données nominales, et

- des moyens d'affichage (58, 59) permettant
d'afficher de manière sélective les résultats de
la comparaison, caractérisé en ce que :

- lesdits paramètres d'usure comportent l'usure
ondulatoire dudit rail, en ce que :

- une troisième mémoire (55b) est connectée de
manière à fonctionner auxdits moyens d'exploi-
tation (50) afin de mémoriser les données con-
cernant les tolérances prédéterminées desdi-
tes valeurs nominales, en ce que :

- lesdits moyens d'exploitation (50) permettent
d'associer chacune desdites données numéri-
ques auxdites données concernant les toléran-
ces, et en ce que :

- lesdits moyens d'affichage (58, 59) sont con-
nectés de manière à pouvoir fonctionner
auxdits moyens d'exploitation (50) afin d'affi-
cher lesdites données concernant les toléran-
ces avec le résultat de ladite comparaison afin
de montrer automatiquement si l'une desdites
données numériques se trouve à l'intérieur ou
à l'extérieur de l'éventail desdites tolérances
prédéterminées et d'afficher visuellement de
manière sélective à la fois la section transver-
sale du rail (11) au niveau du point correspon-
dant de son profil nominal, en utilisant les don-
nées mémorisées dans ladite deuxième mé-
moire électronique (55a), et également son
profil réel, en utilisant les données mémorisées
dans ladite première mémoire électronique
(55c).

2. Appareil selon la revendication 1, caractérisé en
ce que la deuxième mémoire comprend une pre-
mière base de données (55a) et en ce que la troi-
sième mémoire comprend une deuxième base de
données (55b).

3. Appareil selon la revendication 2, caractérisé en
ce que la première base de données (55a), la
deuxième base de données (55b) et la première
mémoire électronique (55c) sont contenues dans
une mémoire auxiliaire (55) connectée aux moyens
d'exploitation (50).

4. Appareil selon la revendication 3, dans lequel les
moyens de contrôle (13) sont montés sur des
moyens mobiles (14) pouvant se déplacer sur la
voie (12) à inspecter, et dans lequel les moyens
d'exploitation comprennent un premier calculateur
électronique (35) installé sur les moyens mobiles
(14), caractérisé en ce que les moyens d'exploita-

tion comprennent un deuxième calculateur électro-
nique (50) connecté à la mémoire auxiliaire (55),
des moyens permettant de transférer les données
numériques du premier au deuxième calculateur
électronique étant prévus.

5. Appareil selon la revendication 4, dans lequel le
premier calculateur électronique (35) est connecté
à l'unité (43) permettant d'enregistrer, sur un sup-
port amovible, les données numériques issues du
convertisseur (39), caractérisé en ce que le
deuxième calculateur électronique (50) est connec-
té à une unité (56) permettant de lire les données
numériques mémorisées sur le support amovible.

6. Appareil selon la revendication 1, caractérisé en
ce que les moyens d'exploitation (50) permettent
d'imprimer, grâce aux moyens d'impression (58) qui
leurs sont connectés, chacune des images affi-
chées sur les moyens d'affichage (59).

7. Appareil selon la revendication 1, caractérisé en
ce que les moyens de contrôle (13) comprennent
des moyens (30, 31) permettant la vidéo-inspection
des rails (11), connectés aux moyens permettant de
reproduire, en direct ou en différé, les images cor-
respondantes, et incluant la possibilité d'imprimer
les images enregistrées et d'accompagner les ima-
ges imprimées d'un bref commentaire.

8. Appareil selon la revendication 1, caractérisé en
ce que les moyens de contrôle (13) comprennent
des moyens (25) permettant de contrôler l'usure de
chaque rail (11), en ce que dans ladite troisième
mémoire (55b) sont mémorisés différents niveaux
prédéterminés de tolérance associés à l'usure des
rails (11) et en ce que les moyens d'affichage (58,
59) permettent d'afficher les différents niveaux de
tolérance associés à l'usure des rails (11).

9. Appareil selon la revendication 8, caractérisé en
ce que les moyens d'affichage (58, 59) permettent
de montrer d'une manière différenciée les données
numériques incluses dans chacun des différents
domaines définis par les différents niveaux de tolé-
rance associés à l'usure des rails (11).

10. Appareil selon la revendication 9, caractérisé en
ce que des moyens d'affichage (58, 59) permettent
de représenter les données numériques incluses
dans lesdits différents domaines avec une couleur
différente.

11. Appareil selon la revendication 1, caractérisé en
ce que les moyens formant pointeur mobile (54)
sont prévus en association avec les moyens d'affi-
chage (58, 59) afin de cliquer sur chacune des don-
nées numériques affichées et pour afficher visuel-
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lement la coupe transversale du rail (11) au niveau
du point correspondant de son profil nominal, à
l'aide des données mémorisées dans la deuxième
mémoire électronique (55a), mais également son
profil réel, à l'aide des données mémorisées dans
la première mémoire électronique (55c).

12. Procédé permettant de contrôler les imperfections
des rails (11), comprenant une étape consistant à
contrôler par le biais d'une pluralité de moyens de
contrôle (13) les paramètres de géométrie et d'usu-
re à la fois de chaque segment d'un rail unique et
de chaque segment des deux rails d'une voie uni-
que, une étape consistant à convertir en données
numériques chaque valeur desdits paramètres con-
trôlés par lesdits moyens de contrôle (13), une éta-
pe dans laquelle lesdites données numériques sont
au moins provisoirement stockées dans une pre-
mière mémoire électronique (55c), une étape dans
laquelle les valeurs nominales ou de spécification
desdits paramètres géométriques et d'usure sont
mémorisées dans une deuxième mémoire électro-
nique (55a), une étape consistant à comparer grâce
à des moyens d'exploitation (50) lesdites données
numériques auxdites valeurs nominales et à affi-
cher de manière sélective grâce aux moyens d'affi-
chage (58, 59) connectés de manière à fonctionner
auxdits moyens d'exploitation (50) le résultat de la
comparaison, le procédé étant caractérisé en ce
que lesdits paramètres d'usure comportent l'usure
ondulatoire dudit rail, en ce qu'une autre étape est
prévue pour mémoriser les données liées aux tolé-
rances prédéterminées desdites valeurs nominales
dans une troisième mémoire (55b) connectée de
manière à fonctionner auxdits moyens d'exploita-
tion (50), dans lequel lesdits moyens d'affichage
(58, 59) affichent de manière sélective lesdites don-
nées concernant les tolérances avec le résultat de
ladite comparaison de manière à montrer automa-
tiquement si l'une desdites données numériques se
trouve à l'intérieur ou à l'extérieur de l'éventail des-
dites tolérances prédéterminées et à afficher visuel-
lement à la fois la coupe transversale du rail (11) au
niveau du point correspondant de son profil nominal
à l'aide des données mémorisées dans ladite
deuxième mémoire électronique (55a), et égale-
ment son profil réel, à l'aide des données mémori-
sées dans ladite première mémoire électronique
(55c).

13. Procédé selon la revendication 12, caractérisé en
ce que la deuxième mémoire comprend une pre-
mière base de données (55a), en ce que la troisiè-
me mémoire comprend une deuxième base de don-
nées (55b), et en ce que la première base de don-
nées (55a), la deuxième base de données (55b) et
la première mémoire électronique (55c) sont conte-
nues dans une mémoire auxiliaire (55) connectée

aux moyens d'exploitation (50).

14. Procédé selon la revendication 12, dans lequel les
moyens de contrôle (13) sont montés sur des
moyens mobiles (14) pouvant se déplacer sur la
voie (12) à inspecter, et dans lequel les moyens
d'exploitation comprennent un premier calculateur
électronique (35) installé sur les moyens mobiles
(14), caractérisé en ce que les moyens d'exploita-
tion comprennent un deuxième calculateur électro-
nique (50) connecté aux mémoires électroniques
(55a, 55b, 55c), et en ce que les données numéri-
ques sont transférées du premier au deuxième cal-
culateur électronique (35, 50).

15. Procédé selon la revendication 12, dans lequel les
données numériques sont mémorisées sur un sup-
port amovible, caractérisé en ce que le deuxième
calculateur électronique (50) est connecté à une
unité (56) permettant de lire les données numéri-
ques mémorisées sur le support amovible.

16. Procédé selon la revendication 12, caractérisé en
ce que chacune des images affichées sur les
moyens d'affichage (59) est imprimée de manière
sélective, grâce aux moyens d'impression (58),
connectés aux moyens d'exploitation.

17. Procédé selon la revendication 12, caractérisé en
ce que les moyens de contrôle (13) comprennent
des moyens (30, 31) permettant la vidéo-inspection
des rails (11), connectés aux moyens permettant de
reproduire, en direct ou en différé, les images cor-
respondantes et éventuellement de les imprimer.

18. Procédé selon la revendication 12, caractérisé en
ce que les moyens de contrôle (13) comprennent
des moyens (25) permettant de contrôler l'usure de
chaque rail (11), en ce que dans ladite troisième
mémoire (55b), différents niveaux prédéterminés
de tolérance associés à l'usure des rails (11) sont
mémorisés et en ce que les moyens d'affichage
(58, 59) permettent d'afficher les différents niveaux
de tolérance associés à l'usure des rails (11).

19. Procédé selon la revendication 18, caractérisé en
ce que les moyens d'affichage (58, 59) permettent
de représenter d'une manière différenciée les don-
nées numériques incluses dans chacun des diffé-
rents domaines définis par les différents niveaux de
tolérance associés à l'usure des rails (11).

20. Procédé selon la revendication 19, caractérisé en
ce que les moyens d'affichage (58, 59) permettent
de représenter les données numériques incluses
dans lesdits différents domaines d'une couleur dif-
férente.
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21. Procédé selon la revendication 12, caractérisé en
ce que les moyens formant pointeur mobile (54)
sont prévus en association avec les moyens d'affi-
chage (58, 59) afin de cliquer sur chacune des don-
nées numériques affichées et d'afficher visuelle-
ment la coupe transversale du rail (11) au niveau
du point correspondant de son profil nominal, à
l'aide des données mémorisées dans la deuxième
mémoire électronique (55a), et également son profil
réel, à l'aide des données mémorisées dans la pre-
mière mémoire électronique (55c).
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