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1
METHOD AND DEVICE FOR MONITORING
BOGIES OF MULTI-AXLE VEHICLES

CROSS-REFERENCE TO RELATED
APPLICATION

2

vehicles, which overcomes the above-mentioned disadvan-
tages of the heretofore-known devices and methods of this
general type and which allows deviations of changes in the
mechanical operating behavior of the bogies to be measured
independently of external influences.

5
This application is a continuation of copending Interna- WI(tih dthf.: forego(ling and .?ﬁhfﬁ ob]ectst.m view ﬁllege li
tional Application No. PCT/CH00/00033, filed Jan. 26,  Provided, 1 accofdance wilh ‘e livention, a metiod o
: : : monitoring a bogie of a multi-axle vehicle guided on a
2000, which designated the United States. . .
running surface, such as a roadway or rails. The method
BACKGROUND OF THE INVENTION 10 comprises the following steps:
detecting respective accelerations of at least two axles of
FIELD OF THE INVENTION the bogie with acceleration sensors;
The invention relates to a method and a device for subjecting sensor 51g.nals received f.rom.the acceleration
- . . . sensors to a Fourier transformation in FFT modules
monitoring the bogies of multiple-axle vehicles. The method : : : .
. . . . . provided in an adaptation stage and generating fre-
is applicable to vehicles which are guided on a roadway or 15 : .
: . . quency profiles with the FFT modules;
on rails. The system includes acceleration sensors for con- . . .
h e ; e § ; selecting one or more comparison operations from the
verting vibrations of a monitored object into signals that are . .
b i luated b onal ; 5 following group:
U seql.len Y gvalle e. 3 2 slend processu.lg uoit, ) comparing the frequency profiles, in a first check
In rail traffic, defective elements of the bogies of train cars module, to one another, to originally measured fre-
represent a hazard. Defects can develop owing to material 20 quency profiles, and/or to a correspondingly selected
wear during driving or insufficient maintenance. Because of standard profile;
the increased spef.:ds on many §tretches, the I‘lSk. of acc1(jents comparing the frequency profiles, in a second check
caused by defective axle bearings and brakes is growing. module, to respective average value profiles formed
In order to prevent accidents, it is desirable to detect . in storage stages; and
abnormal operating conditions early, in order to be able to > comparing the average value profiles formed in storage
initiate corresponding safety measures (e.g. a reduction of stages directly to each other, to originally measured
driving speed) immediately. frequency profiles, and/or to a correspondingly
The publication Signal+Draht [signal and wire], Tetzlaff selected standard profile; and
Verlag Hamburg, January/February 1999, pages 30-33, 5 comparing determined deviations to threshold values, and
describes a system wherein infrared sensors a placed along accordingly delivering message signals to systems
a track for sensing so-called hot boxes. When taking the serving to control the vehicle.
measurement, it must be taken into consideration that the In an alternative method according to the invention, the
ambient temperature and sunshine can vary over a wide following steps are required:
range, and that the monitored parts are usually covered with .. detecting respective accelerations of at least two axles of
a layer of dirt. Furthermore, the axle bearings often have the bogie with acceleration sensors;
different operating temperatures, to which the measuring shifting sensor signals received from the acceleration
device must be adapted. In addition, the temperature mea- sensors relative to one another with a controllable
surement can only detect de.fects which cause heating of the timing element, to compensate for a time difference
monitored parts of the bogie. 40 between instants at which the wheels of the bogie
It is therefore expedient to utilize a monitoring device respectively pass a given point on the running surface;
which detects impermissible deviations not of thermal oper- subtracting the shifted signal curves from one another in
ating behavior, but rather of mechanical operating behavior, a difference stage to form a resulting signal curve
to which the measuring device expediently adapts. S,.=S11,~¥$11, Tepresenting a condition of the bogie;
U.S. Pat. No. 5,419,197 describes a device for detecting 45 and
impermissible dev.iations O.f the mechar}ical. operating comparing the resulting signal curve to at least one
behavior of a monitored object. That device includes an threshold value or threshold value profile in a signal
acceleration sensor which is mounted at the monitored processing unit.
object and which converts the vibrations of the subject into In accordance with an added feature of the invention, the
acceleration signals, which are processed in a signal pro- so time difference between the instants is calculated by corre-
cessor and a neural network in order to detect impermissibly lating the sensor signals ($;,,-811, and $15,~*$1,,), or from
deviating operating behavior. a velocity of the vehicle and a spacing between the axles
Using that type of monitoring device, it would also be carrying the respective wheels.
possible to detect impermissible deviations of the mechani- In accordance with another feature of the invention, there
cal operating behavior of a bogie on which an acceleration 55 is provided a first threshold value or threshold value profile,
sensor is mounted. Since a bogie is not led on an ideal and it is determined therewith, by comparison with the
roadway, i.e. ideal rails, the mechanical operating behavior signal curve, whether vibrations are being caused by the
of the bogie is influenced not only by changes occurring running surface or by an anomaly of the bogie; and/or
within the bogie but also by feedback from the road or track. providing a second threshold value or threshold value
The danger therefore exists that feedback of the roadway or 60 profile, and determining therewith whether the bogie con-
rails will cause misinterpretation of the mechanical operat- tains a defect that should be signaled.
ing behavior of the bogie, potentially triggering false error In accordance with a further feature of the invention, the
messages. deviations determined in the first check module and/or the
second check module are registered as defects of the bogie
SEMMARY OF “LHE, INVERTIRN 65 or the running surface in dependence on a result of an

It is accordingly an object of the invention to provide a
method and device for monitoring the bogies of multi-axle

evaluation of the signal curve s, =s;,-*S;,,, Where s,;, 1s
a sensor signal and *s,,, is the delayed sensor signal.

Hum
IPR2023-00538
EX1024



US 6,539,293 B2

3

In accordance with again an added feature of the
invention, one of the threshold values and the threshold
value profiles is modified, selected as a function of
frequency, in dependence on one of a velocity and an
acceleration of the vehicle.

In accordance with again an additional feature of the
invention, the disturbances detected in dependence on the
deviations are linked to time and/or location information.

In accordance with a further feature of the invention, there
is determined, in the signal processing unit, a period dura-
tion of periodically occurring disturbances, and a velocity of
the vehicle is calculated as a function of a diameter of the
wheels.

With the above and other objects in view there is also
provided, in accordance with the invention, a device for
monitoring a bogie of a multi-axle vehicle guided on a
running surface such as rails or a road, comprising:

a plurality of acceleration sensors respectively disposed
for sensing vibrations of at least two axles of the bogie
and configured to convert vibrations of the axles into
sensor signals;

a signal processing unit connected to the sensors for
receiving the sensor signals for further evaluation; an
adaptation stage having at least one FFT module con-
nected to receive the sensor signals from the accelera-
tion sensors and for outputting frequency profiles;

at least one comparison unit selected from the group of
units consisting of:

a first check module configured for one of comparing
the frequency profiles to one another, comparing the
frequency profiles to originally measured frequency
profiles, and comparing the frequency profiles to a
correspondingly selected standard profile;

storage stages, and a second check module configured
to compare the frequency profiles to respective aver-
age value profiles formed in the storage stages; and

a comparator for comparing the average value profiles
formed in the storage stages directly to each other, to
originally measured frequency profiles, or to a cor-
respondingly selected standard profile; and

a device for comparing the determined deviations with
threshold values, and for delivering messages accord-
ingly to systems serving to control the vehicle.

Alternatively, the device for monitoring a bogie of a
multi-axle vehicle guided on a running surface comprises:

a plurality of acceleration sensors respectively disposed
for sensing vibrations of at least two axles of the bogie
and configured to convert vibrations of the axles into
sensor signals;

a controllable timing element connected to receive the
sensor signals for shifting the sensor signals relative to
one another to compensate for a time difference
between instants at which the wheels of the bogie
respectively pass a given point on the running surface;

a difference stage for subtracting the shifted signal curves
from one another to form a resulting signal curve
S,0s=S11,— S11p Tepresenting a condition of the bogie;
and

a signal processing unit for comparing the resulting signal
curve s, =s,;,—*s;, to at least one threshold value or
threshold value profile.

The inventive method makes it possible to detect changes
of the mechanical operating behavior of bogies without
being influenced by effects caused by the road or rails. In an
expedient development of the invention, it is possible to
measure the external influences of the roadway or rails and
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thereby determine their condition. The condition of the route
can thus be checked with each rail trip. Furthermore, in
advantageous developments of the inventive solution, it is
also possible to measure the speed and respective position of
the vehicle. Thus, the location, time and speed can also be
stamped on the individual measurement results, or on the
error or alarm messages. In expedient embodiments, the
measured speed is utilized as a parameter for evaluating the
mechanical operating behavior of the bogie, on one hand,
and for precisely determining external influences, on the
other hand. In a separate expedient development, external
influences caused by the controlling of the vehicle are also
taken into consideration.

Other features which are considered as characteristic for
the invention are set forth in the appended claims.

Although the invention is illustrated and described herein
as embodied in a method and a device for monitoring the
bogies of multi-axle vehicles, it is nevertheless not intended
to be limited to the details shown, since various modifica-
tions and structural changes may be made therein without
departing from the spirit of the invention and within the
scope and range of equivalents of the claims.

The construction and method of operation of the
invention, however, together with additional objects and
advantages thereof will be best understood from the follow-
ing description of specific embodiments when read in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of a bogie 1 with moni-
toring circuit according to the invention;

FIG. 2 is a block diagram of the internal construction of
the monitoring circuit, including an adaptation stage, a
correlation stage, and a difference stage;

FIG. 3 is a block diagram of a monitoring circuit, to which
data can be fed from several modules, and whose output
signals are fed to a transmission device;

FIGS. 4A, 4B, and 4C are time graphs illustrating various
accelerations which occur at the axles of the bogie; and

FIG. 5 is a block diagram of an advantageous develop-
ment of the adaptation stage.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the figures of the drawing in detail and
first, particularly, to FIG. 1 thereof, there is shown a bogie
1 for rail cars as described in U.S. Pat. No. 6,098,551
(international PCT publication WO 97/23375). The bogie 1
is guided on rails 2 which are mounted on cross ties 3. The
bogie 1 consists of two frame parts 64, 6b, each including a
bearing for accepting the wheel axles Sa, 5b that are
connected to the wheels 4a, 4b, which are connected to each
other by a joint 6¢ and press against a spring unit 7 from
either side when a load, the weight of the bogie frame 6, and
the possibly installed car cabin press the joint 6c downward.
Likewise, accelerations of the wheel axles 5a, 5b which are
caused by defective areas 8, 9 of the wheels 4a, 4b, or the
road or tracks 2, are picked up by the spring unit 7.

In FIG. 1, the wheel 4b contains a smoothed or flattened
portion 9, and the rails 2 have two notches 8, which
influence the vibrating behavior of the bogie 1. Deviations
of the mechanical operating behavior of the bogie can thus
be caused by defects of the bogie 1 or the rails 2. According
to the invention, it should be possible to determine whether
the bogie 1 comprises a defect, regardless of any defects of
the rails 2.
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To this end, each wheel bearing is provided with an
acceleration sensor 11a, 115 for measuring accelerations of
the axles 5a, 5b. The sensors 11a, 115 are connected to a
monitoring circuit 10 by way of lines 124, 125.

6

a data channel 131. The deviations are compared with
allowable limit values in the signal processing unit 17, and
if they are exceeded (or undershot), error messages are
output to the control system of the vehicle or to the control

FIG. 2 represents a possible internal structure of the 5 center on the ground.
monitoring circuit 10, wherein various evaluations of the The signal processing unit 17, which evaluates the sup-
signals s, ,, S, that are supplied by the acceleration sensors plied signals, thus delivers precise information about the
11a, 11b are possible. The sensor signals slia, s,,, can be fed condition of the bogie 1 and the rails 2. Messages regarding
to an adaptation stage 13, wherein a continuous adapting to the condition of the bogie 1 and the rails 2 are expediently
the mechanical operating behavior of the bogie 1 takes 10 associated with location information and possibly with time
place. information as well, so that it is possible to deliver a damage
FIG. 5 represents a development of the adaptation stage message to per§qnnel responsible for rai} maintenance indi-
13 with which various evaluations of the sensor signals s, ;,, caling the position of the .dar.naged piece of track: Th?
S,y are possible. A simpler construction of the adaptation f:ondmon of the track materlal is thus (?he.cked each time it
stage 13 is provided to the extent that it is possible to avoid 13 is CrOiSed bylkthtf tralf.ht thereby ObVIamllgTLhe neled ffOf
individual evaluations of the sensor signals s;;,, S115- nspection walks by maintenance personnel. 1he evalualion
In the adaptation stage 13, the sensor signalélsn jlsbnb ate of the signal expediently occurs in consideration of various
fed to respective FFT modules 1324 and 132b (FFT—fast parameters, such as the speed of the vehicle (see also below).
Fourier transform), which are provided for the purpose of Of course, the check modules 134, 134b detect larger
performing Fourier transformations of the supplied signals 2° deviations between the average value profiles and the instan-
S114> S11s» transforming the signals sy, $;;, from the time Lanzgls ”gqu'nfiy If)r((j)ﬁflest if ari SXIZ ?r :V(tjle'el Sug(.ietn%y
domain into the frequency domain. reaks. 1s kind of defect must be detected immediately
The frequency profiles which result from the Fourier and be recognizable as a defect of the bogie 1 and not of the
transformation are fed to a first check module 135, wherein | _ rails 2. An indicator of this is gained by comparing the
their deviations relative to each other, the originally mea- signals 120> S128 which are.dehvered.by the sensors 11a and
sured frequency profiles, and/or a correspondingly selected 110, V;’lhsCh signals etlref Shlfg{%f relatlvi}éo f()gle i‘POthirl f:lzr
standard profile are determined. enough to compensate Ior a dillerence 1d ol the times t1,
Deviations can be determined in the check module 135 at .‘I’Vh;Ch thtehwheelds 4Z,s41b of the H?glg.f}fpass a pc%lrgloftthe
swith, sractically ne dela. rails 2 or the road. ong as the difference of the two
AltI::rnativel}}// or adgitionally, the frequency profiles * shif.ted. signals s,5,, 8125, (potentially upon corre.ctio.n by the
resulting from the Fourier transformation are fed—via stor- dey laélgn ?tf thi ml;o avgreigelggue prpéilets., “ihlt;h 18 Gote
. . mine e check module are identical, there are no
ageﬁsltages 133fa andd133b, wherein gattimr;(g aveéagle Vilgl; defects gresent in the bogie 1 :Fhe deViation,s which are
profiles are formed—to a second check module ; : ’

3 o detected by the check modules 134a, 134b, between the
Wher.em the deviations of the for.m.ed average value profiles 55 T Vai/ue il st e s arilsmienms ipeeney) pe:
Ilise o Bns eliEr, B engisly SosasIe amER files are therefore attributable to defects of the rails 2
value profiles, and/or a correspondingly selected standard The dleka T 45 BIG, 4 ) FI'G 5
profile are determined. The weighting of new values is ¢ delay 1d represented in - % edll, as N = Ly
relatively low compared to the measured values of earlier occur by a correlation of the §1gnals S124> S128- This requires
measurement periods in the storage stages 133« and 133h, ,, 2 correlation stage 14, to which the signal s,,, of a sensor
wherein average values were formed, so that short-term flzllebm 1;:‘;1;1’1;(31 tliliogigt;eallng dei)afyteti tc))}t/h :r ‘S’erllsaobrlelfslai};
disturbances are practically without effect. > 11a > >

Deviations WhI;ch emede over a longer time can be supplied without being delayed. A control signal is fed to the
precisely detected in the check module 136, wherein average (liilav};ﬁileirtllzn;i?offrzvrﬁi?; soi;gﬁtti:ﬁiﬁéhgeiz;rglfasﬁzns?;ii
value profiles that are formed over a longer time can be ’
compaIr)ed to one another. On the basisg of the precise 43 S11p can be modified until the undelayed signal s11a and the
analyses, corresponding corrective measures can be auto- delayed signal *s, deliver.ed at the output 161 of the de.lay
matically requested. If the two average value profiles change elferr.lent 116t;tt least approtxhlmatelylot\ferlayi. Thi:c?rrlilatlon
similarly, it can be determined that the change is not caused ?rofrllg?aadeslr tgchorfc::lli)rgsymfor ee)((:e(:rrri;e)lz KXI csoerlrgefiatorlivhi:(;lwiz
by a defect, but rather by aging of the wheels and bearings. 5 . . ) 0 O RS
If sharper deviations occur between the two profiles, a defect ftlllftplilse?igi;ignigcggrrsé%;g;g:gcglili&tietllzsgl\iiﬁln tsrlagr?sﬁ
of the wheel set which deviates more sharply from the
original profile can be ascertained. e time of the echo signal is taught in Radar Handbook, M.1.

: s Skolnik, McGraw Hill, New York 1970; p. 20-3, FIG. 1c. As

Alternatlvely or afdiionally, the average: vdlue: profiles long as the signals are identical and coincide in time, the

ghlfd:i are rﬁ:.ag fro&nfthe Etorélgekstagzs 1133{131nd 1?13[1)32221 55 correlator corresponds to a matched filter. Wherein, the
¢ fed to third and fourth check mocules @ an ! supplied signals undergo convolution in accordance with the
wherein they are compared to an instantaneous frequency followi lution infeeral:
profile. In the check modules 134a, 134b, the corresponding olowing convolution integrat
deviations can be determined almost without delay. To the
extent that there is no variation occurring at the bogie 1, 6o V() = ﬁ Mokt - dr
deviations which are determined by the check modules 1344 =
and 134b are attributable to defects of the road or rails 2.

The evaluation of the deviations which are determined in The maximum value for y(t) is reached when the time
the check modules 1344, 134b, 135 and/or 136 is performed interval Td between the two instants t1, t2 corresponds
in the check modules 134a, 134b, 135 and/or 136 65 precisely to the set time delay. The correlation stage 14 thus

themselves, or expediently in a signal processing unit 17, to
which the data from the adaptation stage 13 can be fed over

controls the delay element 16 until the maximum value is
achieved. It is also possible to utilize a plurality of
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correlators, to which the signals s, and s,,, are fed at a
varying delay. By comparing the output signals of the
correlators, it can be determined which time shift of the
signals s,,, and *s,,, corresponds best to the time interval

8

wheels 4a, 4b (here, r represents the radius of the running
surface of the wheels, which is indicated in dashed lines).
Since practically all wheels of bogies exhibit a specific
periodic behavior, the invention thus makes it possible to

Td. The signals s,,, and *s,,,, which are shifted relative to 5 reliably measure thf{ running velocities v.
one another in correspondence with the time interval Td, are The two time d}fferences Td and Tu are deﬁned. s
then fed to the difference stage 15, wherein the shifted signal follows: The time difference Td corresponds to the spacing
curves s, and *s,,, are subtracted from each other. The d between thf; two wheel axles of a bogie and depends on the
resulting signal curve s, _=S,, —*s,,, is delivered to a signal speed the train runs. Td becomes larger the sl.ower .the train
processing unit 17 by way of output 151. Jo Tuns and vice versa. On the other hand, the time dlfferen.ce
The signals which are delivered by the correlation stage 4 correspond§ 18 (e dlmen519n it fhe (i W Heel. st
g Y g
14 by wav of outout 142 can alternatively be evaluated b respect to its diameter at the height of the running surface.
y way b ) . Y 0.0y Tu also depends on the speed of the train as given below.
the 51gr.1a1 processing unit 17, which feeds a control signal A known relationship exists thus between the two time
for setting the delay to the delay element 16 by way of the differences Td and Tu which does not depend on the train
output. ) 15 speed as long as only their quality is regarded. Tu is equal
FIG. 4A represents the curves of the signals s, and s, to or larger than Td, if the distance d is equal to or smaller
which are delivered by the sensors 114, 11b. A disturbance than the circumferential length of the running surface of the
(namely, sharp accelerations x,, and x,, respectively) which train wheel. With respect to the quantity of Td and Tu it has
is caused by unevenness in the road or rails 2 (see FIG. 1, to be clearly pointed out that both are a reciprocal function
track defects 8), is registered in the axle 5¢ at time t1 and in 20 of the train speed, as follows: Td=d/v and Tu=2mr/v.
the axle 5b at time t2. As described above, these track The time interval Td between the two instants t1, t2 at
defects 8 should not be interpreted as defects of the bogie 1. which the first and second wheels 4a and 4b of the bogie
FIG. 4B represents the inverted curve of the signal s,,, travel over a particular track position can also be computed
and the non-inverted curve of the signal s, ,,. The two curves with the aid of the velocity v and the spacing d of the axles
of the signals s,,, and s,,, are shifted by the value Td; 25 5a, 5b. The time interval Td equals d/v, or Tu * d/2mr. The
therefore, their difference, which is formed in the difference velocity v may also be supplied by the vehicle computer.
stage 15, produces a signal curve s,., which runs along the The velocity v is expediently taken into consideration in
zero line given ideal behavior of the bogie 1. the signal processing unit 17 in the monitoring of the
This way, external influences which affect the suspension difference signal s,... For instance, a threshold value profile
1 can be distinguished from the accelerations caused by the 30 is provided, wherein threshold values are defined as a
bogie 1 with the aid of the shifting and difference formation function of velocity.
of the curves of the signals s, and s,,, which are delivered If a sudden deviation of the adapted mechanical behavior
by the sensors 11a, 11b. That is, the accelerations caused by of the bogie 1 is detected by the adaptation stage 13 and the
track defects 8 have only a slight effect, if any, on the signal processing unit 17, two causes may be responsible. To
monitoring of the bogie 1. Expediently, the difference signal 35 the extent that the difference signal sres does not exhibit a
S, 18 compared in the signal processing stage 17 to a first sudden variation, external influences are present, which can
threshold value, which is selected in such a way that be evaluated by the signal processing unit 17 and forwarded,
crossing the threshold value indicates a disturbance, and potentially upon being provided with location and time
falling short of the threshold value indicates that the bogie stamps, as warranted. On the other hand, to the extent that
1 is in perfect condition. 40 the difference signal Sre, does exhibit a sudden variation,
Accelerations which affect only one of the two wheel there is a defect of the bogie 1.
axles 5a, 5b are detected particularly clearly. FIG. 1 repre- Given the detection of damage at the road or tracks 2 or
sents a flattening 9 of the wheel 4b, which was caused by at CUD the bogie 1, the provided measures can be initiated
locking of the brakes. FIG. 4C indicates the signal curve s,., without delay. Given damage to the road or tracks 2, a
which results from the shifting and subtraction of the signal 45 reduction of speed is called for; given damage to the bogie
curves s, and s,,,, onto which the accelerations caused by 1, the vehicle should be stopped. Different conditions can be
the flattening are impressed. detected by the signal processing unit 17 with the aid of the
Low-frequency disturbances indicate a defect in the signal analysis, with corresponding measures being allo-
periphery of the wheel. On the other hand, a massive rise of cated to each. Given substantial deviations of the adapted
the signals in the high-frequency range indicates damage at 50 signal profile from a standard profile, a revision request must
the axle bearing. By analyzing the signals, it can thus be be signaled without impeding the vehicle’s journey. In this
determined which kind of damage has occurred. Fourier case, or when defects are detected in the rails 2, the provided
transformation can be used for the signal analysis, which maximum speed can be reduced. Given sudden changes of
makes it possible to represent and evaluate the signals in the smaller scale which are recognized as defects to a bogie 1,
frequency range. 55 the maximum speed can be reduced. Given sudden changes
The evaluation of the difference signal s, can be accom- of larger scale, a vehicle stop and an inspection of the
plished in different ways. Expediently, at least one second affected bogie 1 should be performed.
threshold value, and potentially a threshold value profile, is Expediently, all three monitoring methods (checking
prescribed, which contains signal values for particular fre- external influences, checking slow deviations, and checking
quency ranges. When they are exceeded, an error signal is 60 fast deviations of the behavior of the bogie) are applied
output. simultaneously. Of course, it is also possible to apply one or
It can also be seen from the signal curve s, represented two of the methods only.
in FIG. 4C that peak values which indicate damage to the The construction of the monitoring circuit 10 is substan-
running surface of a wheel 44, 4b occur periodically at time tially arbitrary. The tasks of the monitoring circuit 10 can
intervals Tu. By measuring the period duration between two 65 also be taken over by a single signal processor.

peak values, it is possible to compute the velocity v (v=2mr/
Tu) of the vehicle given knowledge of the radius of the

FIG. 3 represents the monitoring circuit 10 which can be
supplied, by a plurality of modules 22, 23, 24, 25, with data
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which are expediently taken into consideration in the pro-
cessing of the measuring signals or linked with the mea-
surement results or the error and alarm messages.

All technical and logistical data of the vehicle, i.e. the

10

selecting one or more comparison operations from the
following group:

comparing the frequency profiles, in a first check

module, to one another, to originally measured fre-

train car, whose bogies 1 are being monitored are stored.in 5 quency profiles, and/or to a correspondingly selected

a memory module 22. These data can be taken into consid- standard profile;

eration in the evaluation of the signals or transferred to a comparing the frequency profiles, in a second check

checkpoint along with the determined results. The net or module, to respective average value profiles formed

gross weight of the car can be used as parameters for the in storage stages; and

evaluation of the measuring signals. Exped.iently, the bogie 1o comparing the average value profiles formed in storage

data as well as the standard profiles are retrievable from the stages directly to each other, to originally measured

memory module 22. To the extent that an individual vehicle frequency profiles, and/or to a correspondingly

number is stored in the memory module 22, this can be selected standard profile; and

linked W%th the efrror and alarm MESSAges. comparing determined deviations to threshold values, and
Expediently, time and location information can also be 45

retrieved from additional modules 23 and 24, which can also
be linked with the error and alarm messages. Expediently,
the modules 23 and 24 are coupled to a GPS (Global
Positioning System) sender, which provides corresponding
data for this purpose. The ambient temperature should also
be considered as a parameter, which may be in the range
between —20° C. and +40° C., depending on the location and
season, which can lead to corresponding changes of the
operating behavior of the bogie 1.

The module 25 serves as an interface to the vehicle
computer, which transfers various operating information to
the monitoring unit. Of course, the operating behavior of the
bogie 1 is strongly influenced by potential braking opera-
tions. A rise of the signals in the upper frequency band
conditional to a braking process must not be evaluated as an
axle break. Thus, all actions are signaled to the monitoring
device by the vehicle computer, so that the monitoring
device either is temporarily deactivated or provided with a
valid signal profile for this status. If the operating behavior
of the bogie 1 should deviate from this signal profile during
the braking process, it can be determined that the brakes or
the appertaining control and mechanical systems are exhib-
iting an abnormal behavior and may be damaged. For
instance, if a braking operation is signaled, but no subse-
quent change of the operating behavior occurs, it can be
determined that the brakes have not been activated in the
relevant bogie 1.

The data detected by the monitoring device are expedi-
ently transferable to the vehicle computer, a tachograph,
and/or a display device in the vehicle. Of course, the
detected data can also be transferable to a control center
using beacons, radio systems, and so on (see e.g. Signal+
Wire, Tetzlaff, Hamburg, January/February 1999: 30-33).

To this end, the monitoring circuit 10 represented in FIG.
3 is provided with a transmission and reception stage 19 by
way of a data conditioning unit 18, which transfers the data
and messages to a control station over an antenna system 20
and/or to the vehicle computer 21 over a bus system 192.

Expediently, all wheels 4 and axles 5 of a bogie 1 are
monitored. The bogie 1 can be constructed in an arbitrary
fashion, for instance as a car with only two axles.

The monitoring device can be used for multi-axle vehicles
in street traffic as well as rail traffic.

We claim:

1. A method of monitoring a bogie of a multi-axle vehicle
guided on a running surface, the method which comprises:

detecting respective accelerations of at least two axles of

the bogie with acceleration sensors;

subjecting sensor signals received from the acceleration

sensors to a Fourier transformation in FFT modules
provided in an adaptation stage and generating fre-
quency profiles with the FFT modules;
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accordingly delivering message signals to systems
serving to control the vehicle.

2. The method according to claim 1, which comprises
registering the deviations determined in at least one of the
first check module and the second check modules as defects
of the bogie or the running surface in dependence on a result
of an evaluation of a signal curve s,,.=S,,,~*S;,,, Where s,
is a sensor signal and *s,;, is a delayed sensor signal.

3. The method according to claim 1, which comprises
modifying one of the threshold values and threshold value
profiles, selected as a function of frequency, in dependence
on one of a velocity and an acceleration of the vehicle.

4. The method according to claim 1, which comprises
linking disturbances detected in dependence on the devia-
tions to information selected from the group consisting of
time and location information.

5. The method according to claim 1, which comprises
determining, in a signal processing unit, a period duration of
periodically occurring disturbances, and calculating a veloc-
ity of the vehicle as a function of a diameter of wheels of the
vehicle.

6. A method of monitoring a bogie of a multi-axle vehicle
running on wheels and guided on a running surface, the
method which comprises:

detecting respective accelerations of at least two axles of
the bogie with acceleration sensors;

shifting sensor signals received from the acceleration
sensors relative to one another with a controllable
timing element, to compensate for a time difference
between instants at which the wheels of the bogie
respectively pass a given point on the running surface;

subtracting shifted signal curves from one another in a
difference stage to form a resulting signal curve s, =
S11.— 8115 representing a condition of the bogie; and

comparing the resulting signal curve to at least one
threshold value or threshold value profile in a signal
processing unit

7. The method according to claim 6, which comprises
calculating the time difference between the instants by
correlating the sensor signals.

8. The method according to claim 6, which comprises
calculating the time difference between the instants from a
velocity of the vehicle and a spacing between the axles
carrying the respective wheels.

9. The method according to claim 6, which comprises
providing a first threshold value or threshold value profile,
and determining therewith, by comparison with the resulting
signal curve, whether vibrations are being caused by the
running surface or by an anomaly of the bogie; and provid-
ing a second threshold value or threshold value profile, and
determining therewith whether the bogie contains a defect
that should be signaled.
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10. The method according to claim 6, which comprises
providing a threshold value or threshold value profile, and
determining therewith, by comparison with the resulting
signal curve, whether vibrations are being caused by the

12

frequency profiles to originally measured frequency
profiles, and comparing the frequency profiles to a
correspondingly selected standard profile;

storage stages, and a second check module configured

running surface or by an anomaly of the bogie. 5 to compare the frequency profiles to respective aver-

11. The method according to claim 6, which comprises age value profiles formed in said storage stages; and
providing a threshold value or threshold value profile, and a comparator for comparing the average value profiles
determining therewith whether the bogie contains a defect formed in the storage stages directly to each other, to
that should be signaled. originally measured frequency profiles, or to a cor-

12. The method according to claim 6, which comprises 10 respondingly selected standard profile; and
registering deviations determined in at least one of a first a device for comparing determined deviations with
check module and a second check module as defects of the threshold values, and for delivering messages accord-
bogie or the running surface in dependence on a result of an ingly to systems serving to control the vehicle.
cvaluation of a signal curve s, =s;,~*s;,, Where s, , is a 17. A device for monitoring a bogie of a multi-axle
sensor signal and *s,y, is a delayed sensor signal. 15 vehicle guided on a running surface, comprising:

13. The method according to claim 6, which comprises
providing a first threshold value or threshold value profile
and modifying one of the threshold values and the threshold
value profiles, selected as a function of frequency, in depen-
dence on one of a velocity and an acceleration of the vehicle.

14. The method according to claim 6, which comprises
linking disturbances detected in dependence on deviations to
information selected from the group consisting of the time
and location information.

15. The method according to claim 6, which comprises
determining, in the signal processing unit, a period duration
of periodically occurring disturbances, and calculating a
velocity of the vehicle as a function of a diameter of the
wheels.

16. A device for monitoring a bogie of a multi-axle
vehicle guided on a running surface, comprising:

a plurality of acceleration sensors respectively disposed
for sensing vibrations of at least two axles of the bogie
and configured to convert vibrations of the axles into
sensor signals;

a signal processing unit connected to said sensors for
receiving the sensor signals for further evaluation;

an adaptation stage having at least one FFT module
connected to receive the sensor signals from said
acceleration sensors and for outputting frequency pro-
files;

at least one comparison unit selected from the group of
units consisting of:

a first check module configured for one of comparing
the frequency profiles to one another, comparing the
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a plurality of acceleration sensors respectively disposed
for sensing vibrations of at least two axles of the bogie
and configured to convert vibrations of the axles into
sensor signals;

a controllable timing element connected to receive the
sensor signals for shifting the sensor signals relative to
one another to compensate for a time difference
between instants at which wheels of the bogie respec-
tively pass a given point on the running surface;

a difference stage for subtracting the shifted signal curves
from one another to form a resulting signal curve
S,es=S11a— S11p epresenting a condition of the bogie;
and a signal processing unit for comparing the resulting
signal curve s,..=S;;,~*$;;, to at least one threshold
value or threshold value profile.

18. The device according to claim 17, which comprises a
correlation stage configured to calculate the time difference
between the instants by correlating the sensor signals.

19. The device according to claim 17, wherein said signal
processing unit is configured to calculate the time difference
between the instants from a velocity of the vehicle and a
spacing between the axles carrying the respective wheels.

20. The device according to claim 17, wherein said signal
processing unit is configured to classify deviations deter-
mined in one of a first check module and second check
modules as defects of the bogie or the running surface in
dependence on the results of the evaluation of the signal
curve Sres=slla_*sllb'
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