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[57] ABSTRACT

A system and method for detecting the presence of
wheel flats on rail vehicles. The system includes a volt-
age source, one side of which is connected to a first
rail of a track and the other to a second rail extending
parallel with the first rail in a manner whereby the
current circuit includes the rim of the wheel being
sensed. The connection points are spaced in the longi-
tudinal direction of the track such that the distance
between the connection points is shorter than the
smallest axle distance occurring in the vehicle. The
circuit also includes an impedance and a detecting
means connected over a portion of the impedance to
sense changes in voltage resulting from a break in the
circuit caused by a wheel flat.

9 Claims, 23 Drawing Figures
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METHOD AND SYSTEM FOR DETECTING WHEEL
FLATS ON RAIL VEHICLES

This is a continuation-in-part of application Ser. No.
135,600 filed Apr. 20, 1971, and now abandoned.

The present invention relates to a method and a sys-
tem for detecting wheel flats on the rims of rail vehi-
cles, particularly railway cars.

The term wheel flat is used herein to define irregular-
ities in, or the flattening of, the rim of a rail car wheel.
Such wheel flats may be sustained, for example, when
a wheel is braked and slides on its supporting rail. In ad-
dition to the constant pressure applied by the wheel,
wheel flats cause the rail to be subjected to dynamic
forces and impact stresses, the magnitude of which de-
pends on the size of the wheel flat, the mass and the
speed of the wheel and the weight acting thereon.
These dynamic forces can be relatively high and are lia-
ble to result in damage to the rails, particularly in win-
ter time at low temperatures, when the rails are brittle
and subjected to high tension stresses. Wheel flats can
also cause damage to the rolling stock.

It is therefore extremely important that wheel flats be
discovered as early as possible, so that those cars hav-
ing sustained wheel flat damage can be taken out of ser-
vice and repaired.

A number of method have been proposed for detect-
ing wheel flats.

According to one known method, sound from a pass-
ing train is recorded and the sound caused by the im-
pact between a wheel flat and the supporting rail is dis-
tinguished by detecting the sound effect or frequences
in the sound. This method, however, does not provide
a practically acceptable solution.

Another method known in the art is one in which the
accelerations in the rail caused by a passing wheel are
measured. If a wheel which has sustained wheel flat
damage rotates at speeds above a certain value, the
wheel will ““release” the portion of the rail opposite-the
flat. This release causes accelerations in the rail with
different signs on both edges of the flat.

A further method known in the art is one in which the
changes in force caused by a wheel flat on the rails are
measured by means of strain gauges placed along the
rails. ‘

These latter, known methods have the disadvantage
that a number of sensing elements, strain gauges or the
like, must be placed along the rail in order that the ac-
celerations and force changes in the rail can be mea-
sured with the requisite accuracy irrespective of where

" the wheel flat is located on the rim of the wheel. This
also requires a complicated evaluation apparatus.

Moreover, as will be discussed more thoroughly here-
inafter, the latter, known methods also have the disad-
vantage that the determined magnitude varies, not only
with the size of the wheel flat, but also with the prevail-
ing axle load, i.e., the load on the wheel, which consid-
erably complicates an evaluation of the measuring val-

" ues obtained.

The present invention is based on a completely dif-
ferent principle. In accordance with the invention, a
method for detecting wheel flats on rail vehicles whose
wheels are made of an electrically conductive material
is mainly characterized by the step of arranging a cur-
rent circuit, which includes the wheel to be sensed and
a part of the supporting rail, so that the contact point
between the peripheral surface or rim of the wheel and
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the rail is included in the circuit, and by detecting a
break in the current circuit caused by a wheel flat.

The invention also relates to a system for putting the
method of the invention into effect, the system being
mainly characterized by a voltage source having one
terminal connected to a first rail of the track and an-
other terminal connected to a second rail extending
parallel with said first rail, e.g., the other rail of the
track, in a manner whereby the current circuit includes
the peripheral surface of the wheel to be sensed, and
wherein the connection points are arranged in spaced
relationship with respect to each other in the longitudi-
nal direction of the track, said spacing being less than
the smallest axle distance occurring in the vehicle.

The voltage source may be a DC source of an AC
source. When an AC source is used, an impedance is
preferably connected to the circuit so that the circuit
forms a resonance circuit which is tuned to the fre-
quency of the voltage source.

A break in the current circuit as the result of a wheel
flat can be detected by sensing the voltage over a por-
tion of the impedance or by inductively sensing the cur-
rent in the current circuit.

One important advantage afforded by the method
and the system of the present invention is that the axle
load has considerably less affect on the result of the
measurement when compared with the previously
known methods. Moreover, the detection of wheel flats
can be effected to advantage with the method and sys-
tem of the present invention at normal train speeds, 70
km/h and above, which is not so, for example, with
methods in which the force changes in the rail are mea-
sured. .

Under certain assumptions, including a certain mini-
mum speed of the vehicle, the time (¢,) during which
the wheel loses contact with the rail, inter alia due to
the presence of a wheel flat, can be expressed by the
formula:

L,=ljv+V K-M

where 1 = the length of the flat,

v = the vehicle speed; i.e., the speed of the center
point of the wheel,

M = total mass of car and load divided by number of
axles, ,

K=rg (1/m+1/2 m,), where m is the rigid mass of
the axle, r = the wheel radius and m, = the virtual
mass of the rail’s mobile part.

With m = 1,500 kg, m, = 800 kg and r = 0.5, which

is the normal values on these variables in practice,

L=llv+V 65 M

By inserting ¢t = 1/v the relationship ¢/t = 1.5, for a
mass per axle of M= 16,000 kg at a speed of 72 km/h,
and the relationship #/t, varies between = 6.8 percent
when the mass per axle (M) varies between 8,000 and
20.000 kg. .

When applying a method in which the length of a
wheel flat is determined indirectly by the prior art
method of measuring the acceleration in the rail, it is
found that for the same numerical values on m, m, and
r the measuring result will vary by =+ 22 percent at a
speed of 72 km/h when the mass per axle varies be-
tween 8,000 and 20,000 kg.

The prior art method which involves determining the
additional energy in the rails also has the disadvantage
that it is strongly dependent on the axle load. In a de-
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scribed embodiment of the method (Rangiertechnik,
No. 27, 1967) the axle load is therefore measured over
separate measuring channels and the measured value is
stored for later correction in the final measurement of
the wheel flat. It is presumed herewith, however, that
the speed of the train is reduced between 20 and 40
km/h during the measuring process, in contradistinc-
tion to the method proposed according to the present
invention, wherein measurements can be made to ad-
vantage at normal train speeds (70 km/h and more).

The invention will now be described in more detail
with reference to an embodiment thereof illustrated in
the accompanying drawing, in which:

FIG. 1 is a diagrammatic view of a railway track and
two pairs of wheels of a train unit illustrating the princi-
ple of the invention.

FIGS. 2A - 2E illustrate an embodiment of a system
for detecting wheel flats with associated diagrams of
electrical signals.

FIGS. 3A - 3F illustrate another embodiment with
associated diagrams of electrical signals.

FIGS. 4A - 4F illustrate a further embodiment with
associated diagrams of electrical signals.

FIGS. 5A - 5D illustrate an embodiment including an
auxiliary rail with associated electrical signal diagrams.

FIG. 6 shows a schematic diagram of an evaluation
means and alarm indicator used in the present inven-
tion.

In FIG. 1 there is illustrated diagrammatically a rail-
way track consisting of two rails 10, 11. A train unit
moving on the track 10, 11 is illustrated by means of
two pairs of wheels 12, 13 and 15, 16 having respective
axles 14 and 17. For detecting wheel flats, such as at 18
on wheel 13, a voltage source 19 is connected to the
track 10, 11 over an impedance 20 in a manner
whereby one side of the voltage source 19 is connected
to a first rail 11 of the track at a connection point 21
and its other side is connected with the other rail 10 of
the track at a connection point 22. Evaluation equip-
ment 23 is connected over the impedance 20, or a part
thereof.

As will be evident from the following, FIG. 1 illus-
trates only one of many conceivable embodiments of a
system for detecting wheel flats, but the examplary em-
bodiment is particularly suitable for illustrating the
principle of the invention.

The connection points 21 and 22 to the rails 11 and
10 respectively are offset with respect to each other
when viewed in the longitudinal direction of the rails
10, 11. A pair of wheels 12, 13, which travel to the
right, for example, as seen in FIG. 1, approach and pass
the connection point 21 to the rail 11. The pair of
wheels 12, 13 and the axle 14 then close a circuit from
the voltage source 19, via the connection point 21, the
rail 11, the wheel 13, the axle 14, the wheel 12, the rail
10, the connection point 22 and the impedance 20.
This circuit remains closed providing that no wheel flat
is present on any of the wheels 12, 13. If, however, one
of the wheels 12, 13 has sustained a defect, such as a
wheel flat 18, the circuit will be broken momentarily as
a result of the wheel 13 “releasing” the rail 11 at the
wheel flat 18. This break in the circuit is detected by
means of the evaluation equipment 23 in a manner
hereinafter described.

As will be evident from FIG. 1, current also flows
through surrounding wheel pairs, such as 15, 16, 17. To
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eliminate extraneous influence on the measuring result,
i.e., on the current conditions in the current circuit 19,
21, 11, 13, 14, 12, 10, 22 and 20 and back to 19, the
rails 10, 11 may, of course, be cut and provided with
insulating joints at the connection points 22 and 21, al-
though this is an unnecessarily expensive and impracti-
cal solution. As hereinafter described with reference to
preferred embodiments of the system for detecting
wheel flats, there is used instead an auxiliary rail, with
which DC or AC voltage can be used, or there is used
with embodiments similar to that illustrated in FIG. 1
a relatively high frequency AC voltage, the impedance
20 being so adapted that the current circuit, including
the rails 10, 11 and the wheel pairs 12, 13, 14 forms a
series resonance circuit at the frequency in question. It
should be noted herewith that the current circuit be-
tween the connection points 21, 22 is not changed elec-
trically, provided that a fault free wheel pair is located
between the connection points 21, 22, since the total
rail length through which the current flows is constant
and equal to the distance in the longitudinal direction
of the track between the connection points 21, 22. The
resonance condition is thus maintained as long as a
fault free wheel pair is located on the measuring dis-
tance, which is defined as the portion of the track 10,
11 located between the connection points 21, 22.

The inductance in the rails 10, 11 increases relatively
quickly outside the connection points 21, 22 whereby
the influence on the current conditions from surround-
ing wheel pairs, such as will be evident from the follow-
ing description as 15, 16, 17 is reduced to a consider-
able extent. In addition, influence from surrounding
wheel pairs can be further reduced, by not using the
high frequency current fed to the track primarily for
detecting purposes, but instead using the current which
is induced in specially arranged coils by the current fed
to the track.

The distance between the connection points 21, 22
when seen in the longitudinal direction of the track
must be less than the smallest axle distance occurring
in the train unit, since otherwise two wheel pairs may
be simultaneously located within the measuring dis-
tance, whereby possible defects in one wheel pair may
be “short-circuited” by the other wheel pair. In the
case of carriages provided with bogies and with special
carriages adapted for heavy loads, for example, the
smallest axle distance is often less than the circumfer-
ence of the wheel and in this case the measuring dis-
tance must be divided into two or more part distances,
which are displaced with respect to each other in the
longitudinal direction of the track in a manner whereby
an individual, preferably non-overlapping portion of
the periphery of the wheel is sensed through each part
distance.

The manner in which the measuring distance is di-
vided into part distances and the distance between said
part distances is naturally determined beforehand with
knowledge of the rolling stock to be moved through the
section in question.

Railcar wheels have a circumference of approxi-
mately 3 m. The axle distance in a bogie, however, is
only 2.5 m and, hence, with respect to bogie carriages
the measuring distance must be divided into two part
distances of approximately 1.5 m each with an inter-
space of n'3 m, where n is a whole number preferably
equal to 0 or 1. On certain track systems special car-
riages or tracks are used having an axle distance of 1.5
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m and in this instance the measuring distance must be
divided into three part distances of 1 m each. The inter-
space between the part distances may be selected in a
number of ways, provided that one portion of the wheel
rim is sensed through each of the three part distances.
The interspaces between the part distances are also in
this instance selected preferably to n'3 m with n equal
to a whole number preferably 0 or 1.

Even though the distance between the connection
points 21, 22 is preferably selected so that said distance
is of the same order as, but slightly smaller than, the
smallest axle distance occurring in the train unit, it can
be made less and even equal to 0, whereby the connec-
tion points 21, 22 are located opposite each other. The
detection of possible wheel flats 18 is made somewhat
more difficult in this instance, although the advantage
is gained whereby a number of sensing means 19 - 23,
which, for example, use separate frequencies, can be
placed adjacent to each other, thereby enabling the full
wheel circumference to be sensed on a track distance
of approximately the length of the wheel circumference
irrespective of the axle distances.

The location of the measuring distance on the track
section is naturally important. The train unit should
travel along the measuring distance without it being
necessary to brake to any appreciable extent or to ac-
celerate, and the measuring distance should be placed
on a straight section of track, since when the train sec-
tion is driven round a curve the wheel flanges often rest
against the rails and may thus short circuit a possible
wheel flat.

A number of embodiments of the system for detect-
ing-wheel flats will now be described in more detail
with reference to FIGS. 2 - §.

FIG. 2A illustrates an embodiment of the detecting
system and FIGS. 2B - 2E show diagrams of the func-
tion of the system according to FIG. 2A with electric
signals occurring thereon as a function of the position
of the wheel axle b-c on the track 10, 11.

The signal voltage from a voltage generator 30 hav-
ing a frequency f is amplified in an amplifier 31 and fed
via a cable 32 and a transformer 33 to a series reso-
nance circuit consisting of a secondary inductance L of
the transformer, an impedance 34 and the impedance
in the current path portions between the points a and
b (rail) b and ¢ (the wheel axle and the transition resist-
ances between wheel and rail), ¢ and d (rail) and the
impedance in the connection lines. Since the connec-
tion points a and d are displaced in relation to each
other in the longitudinal direction of the tracks 10, 11,
with a fault-free wheel, the impedance in the series res-
onance circuit is not dependent on the position of the

wheel axle be within the measuring distance, which is
defined by the lines ah and dg. The current through L
and thereby the voltage over the impedance 34 only
have their maximum value, corresponding to series re-
sistance, when a wheel axle b,c is located within the
measuring distance and the two wheels are in contact
with the rails 10 and 11, respectively.

A part voltage is taken out from the impedance 34,
amplified in an amplifier 35, rectified in a rectifier 36
whose output voltage is identified by the reference U,,
and sensed by a Schmitttrigger or limiter 37, which trig-
gers when the wheel pair bc approach the measuring
distance, as shown in FIGS. 2B and 2C. If a wheel hav-
ing a flat is located within the measuring distance,
contact between wheel and rail is briefly broken by the
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flat and the voltage U, drops to beneath the threshold
value of the Schmitt limiter.

Rail contacts SK1 and SK2 actuated by one of the
wheels in the wheel pair are placed at the points h and
d and transmit signals for starting and stopping an eval-
uation means 38. The passage time, corresponding to
the distance ah-gd, for the whole wheel perimeter or
for the part of the wheel perimeter sensed (e.g., half the
wheel perimeter) can be determined in the means 38
as shown in FIG. 2D. The passage time can be deter-
mined in the evaluation means 38 by means of suitable
logic together with the time during which the voltage
U, as a result of a wheel flat, FIG. 2E, has fallen be-
neath the threshold level during passage of the wheel.

If the quotient between this time, FIG. 2E, and the
time for the sensed portion, FIG. 2D, exceeds a certain
limit value corresponding to a maximum permitted
wheel defect, an alarm, e.g., an acoustic and/or visual
signal, is transmitted from an alarm indicator 39. This
quotient will not vary with the speed v of the train unit,
but depends solely on the size of the wheel flat and, as
aforementioned, to a certain extent on the axle load.
The alarm indicator 39 may be arranged at a distance
from the remaining measuring equipment, e.g., in the
nearest signal box. Subsequent to obtaining a signal
from the evaluation means 38 to the effect that a wheel
has sustained flat damage in excess of permitted limits,
a signal can be transmitted from the means 38 to the
indicator 39 for each passing wheel portion, from and
including the damaged wheel. Unit 39 therefore also
indicates the number of axles, calculated to the end of
the train unit, thereby disclosing the position of the
damaged wheel in the train unit. The indicator 39 is
provided with an appropriate number of registering to- -
talizers so that several wheel flats in the same train unit
can be detected.

An oscillator may be incorporated in the evaluation
means 38 to serve as a reference for the time measure-
ment effected therein. Alternatively, the signal from
the generator 30 may be utilized as the reference.

As aforementioned, for the purpose of serving a pos-
sible remaining portion or portions of the wheel cir-
cumference, identical equipment may be arranged in
spaced relationship, the spacing being so adapted that
each portion is sensed per se without overlapping of
said portions.

As will be seen from FIG. 2B, the signal U, does not
fall to zero in the presence of a wheel flat, owing to the
shunting effect caused by the surrounding wheel pairs.
The threshold or switch level of the Schmitt-limiter 37
can be set, however, so that the influence exerted by
the shunting effect does not reach the evaluation means
38. The influence exerted by the shunting effect caused
by the surrounding wheel pairs may also be reduced by
increasing the Q-value of the series resonance circuit L,
abcdg, 34, which may be effected by appropriate selec-
tion of components.

Because the frequency f of the generator 30 is rela-
tively high, preferably of the order of 100 KHz, disturb-
ances from the railway traction currents (e.g., 16 %
Hz) and other low frequency signals, e.g., from domes-
tic networks (50 Hz) are suppressed. The frequency f
is also adjusted to the inductances appearing in the cur-
rent circuit L, 34, abedg.

FIGS. 3A - J3F illustrate another embodiment of a
system for detecting wheel flats, corresponding units
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being identified with the same reference as those shown
in FIG. 2A.

A signal voltage from the generator 30 having a fre-
quency fis fed to the track in same manner as with the
system illustrated in FIGS. 2. The absolute value of the
voltage U, over the impedance 34 as a function of the
position of a wheel pair on the distance between the de-
fining lines o~j and i~k is shown in FIG. 3B.

Four coils, Spl, Sp2, Sp3, Sp4 are provided for de-
tecting the current conditions in the circuit L, abed, 34,
the coils being arranged along the rails 10, 11 and the
turns of the coils lying horizontally. Voltages are in-
duced in the coils if a current passes through the rail
section along which the coils are placed. The coils Sp2
and Sp3 are placed along the whole rail section on the
measuring distance, which is defined by the lines ah
and dg. The coils Spl and Sp4 are relatively short and
are placed outside the measuring distance ah—dg at the
points & and g.

As illustrated in the lower portion of FIG. 3A, the
coils Spl — Sp4 are connected in series, and the result-
ing induced voltage e, testestey, where e, is the voltage
induced in coil 1 etc., is amplified in the amplifier 35,
rectified in the rectifier 36, whose output voltage is
shown by U, as shown in FIG. 3C, and is sensed by the
Schmitt-trigger 37. The absolute values of the voltages
ey, €3, €3 and e, are equally great for the same induced
current in the rails 10 and 11 along the whole coil.
Moreover, the coils Spl - Sp4 are connected in series
in such a way that for the same direction of the induced
current, €, is counter-directional to e, and ey is counter-
directional to e,. For all axles which are located in posi-
tions outside the measuring distance ah-dg at an arbi-
trary distance thereform, no resulting input voltage to
amplifier 35 (Ze = 0) is obtained, owing to the current
which is fed from the generator 30 into the track and
which flows through the axles. If a wheel pair is located,
for example, at of in FIG. 3A, the current flowing
through the wheel pair will pass the whole coils Sp1 and
Sp2 in the rails 10 but not one part of the coils Sp3 and
Spd. The resulting induced voltage is thus close to zero,
theoretically equal to zero, since the coils Spl and Sp2
are counter-directed and no voltage is induced in the
coils Sp3 and Sp4. In a corresponding manner, the total
voltage induced in the coils Spl and Sp2, Sp3, Sp4 is
close to zero for wheel pairs located to the right of the
line dg as seen in FIG. 3A, for example, at ik, since the
coils Sp3 and Sp4 balance each other. On the other
hand, a constant voltage is obtained from an axle hav-
ing a faultless wheel pair on the measuring distance, ir-
respective of its position between ah and dg, since no
contribution is then obtained from Spl and Sp4 and
este; = constant (e, =k - ab, e3=k ' ¢d). The two coun-
ter-connected coils Spl and Sp4 are not required for
the actual detection of the current conditions in the
current circuit L, abcd, 34, but, as will be evident from
the diagram of the voltage U; as shown in FIG. 3C, the
influence exerted by wheel pairs located outside the
measuring distance ah—dg is reduced practically to zero
by means of the coils Spl and Sp4, whereby the reli-
ability of the system in operation is considerably in-
creased.

The signal reaches the switch level of the Schmitt-
trigger 37 just before the wheel has passed SK1 and
falls below this level subsequent to the wheel passing
SK2 as shown in FIG. 3D. If a wheel which has sus-
tained flat damage passes the measuring distance, the
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contact between the rails is broken as a result of the flat
and the voltage U; below the re-trigger level.

The time taken for the sensed portion of the wheel
circumference to pass, i.e., the time taken to move
from SK1 to SK2 in FIG. 3E, and the time during which
the circuit is broken by the flat, FIG. 3F, are compared
in the evaluation means 38, as with the aforedescribed
arrangement illustrated in FIGS. 2A, 2E, and possible
defects are indicated on the alarm indicator 39,

As with the previous embodiment, identical equip-
ment must be arranged in spaced relationship for possi-
ble remaining portions of the wheel circumference, the
spacing being adapted so that each portion is sensed in-
dividually without overlapping.

A further system for detecting wheel flats is illus-
trated in FIGS. 4A - 4E, like parts being identified with
like references.

The signal voltage from the generator 30 having the
frequency f is fed to the track in the same manner as
with the embodiments of FIGS. 2 and 3. The absolute
value of the voltage U, over the impedance 34 as a
function of the position of a wheel pair on a distance
between the boundary lines o—j and i~k is illustrated in
FIG. 4B.

The coil Sp5, the turns of which are arranged in a
vertical plane, is equally as long as the measuring dis-
tance, defined by the lines ah and dg, and is placed cen-
trally between the rails 10, 11. The voltage e is induced
in the coil by a current passing through the wheel axle
bc when a wheel pair is located in the vicinity and
within the measuring distance ah—dg. The voltage es is
amplified in the amplifier 35, rectified in the rectifier
36, whose output voltage is Us, as shown in FIG. 4C,
and is sensed by the Schmitt-trigger 37.

The signal reaches the threshold level of the Schmitt-
trigger 37 just before the wheel passes SK1 and falls
below this level after the wheel has passed SK2, as
shown in FIGS. 4C and 4D.

The influence exerted by wheel pairs located outside
the measuring distance ah-dg can also be reduced with
the exemplary embodiment by means of extra coils,
such as the coils Sp6 and Sp7 indicated by dash lines
in FIG. 4A, the extra coils being placed outside the
coils Sp5, when seen in the longitudinal direction of the
tracks 10, 11, and connected in series with the coil Sp5
to the input of the amplifier 35 in a manner whereby
the voltages, which are induced in the coils Sp6 and
Sp7 as a result of the current in the illustrated wheel
axle, are directionally opposed to the voltage e; in-
duced by the same current in the coil Sp5.

When a wheel having a wheel flat passes the measur-
ing distance, contact with the rail is broken by the flat
and the voltage induced in the coil Sp5 falls beneath
the threshold level.

The time taken for the sensed portion of the wheel
circumference to pass SK1, SK2 in FIG. 4E, and the
time during which the circuit is broken by the flat, FIG.
4F, is compared in the evaluation means 38 in the same
manner as that described with reference to the embodi-
ments of FIGS. 2 and 3.

As with previous embodiments, identical equipment
must be arranged in spaced relationship for any possi-
ble remaining portion or portions of the wheel circum-
ference, the spacing being adjusted so that each portion
of the wheel circumference is sensed individually with-
out overlapping.
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Thus, with the illustrated embodiment a current
which flows perpendicular to the longitudinal direction
of the tracks 10, 11 is sensed. This has the advantage
of reducing the influence from disturbing currents
moving parallel with the tracks 10, 11, although the in-
fluence from the current in the supply lines to the
points a and b in the rails 11 and 10 respectively and
to the coils Sp5, Sp6, Sp7 must be eliminated. These
supply lines, considered as magnetic field generating
currents, are parallel with the wheel axle b, ¢ in at least
one section, and currents in the lines can give rise to
troublesome disturbances. One method of reducing
these disturbances is to pldce such line portions which
extend parallel with the wheel axle at a long distance
from the measuring distance ah~dg. Another possibility
is to magnetically screen at least the portions of the
supply lines which are parallel with the wheel axle.

An embodiment of the evaluation means and the
alarm indicator will be described more in detail with
reference to FIG. 6. In FIG. 6, the evaluation means 38
and the alarm indicator 39 have been indicated with
the broken lines and the inputs “SK1,” “SK2,” and
“U2,” respectively, refer to the corresponding outputs
from the rail contacts SK1, SK2 and from the Schmitt-
trigger 37, respectively. The evaluation means 38 con-
tains a retriggerable monostable flip-flop circuit MV1,
the trigger input of which can receive an activating sig-
nal from the rail contact SK1. A bistable flip-flop cir-
cuit BV1 is also connected with its set inputs to the rail
contact SK1, the reset input r of the flip-flop BV1 being
connected to the rail contact SK2. In the circuit shown
in FIG. 6 it is presupposed that the logic is such that the
monostable flip-flops are set to their 1-state by an acti-
vating signal going from the 1-state to the 0-state and
that the bistable flip-flops are set to their 1-state, i.e.,
the output is activated when an activating signal going
from its 1-state to its O-state appears on the set input s.
The 1-output of the bistable flip-flops is inactivated
when a signal going from its l-state to its 0-state ap-
pears on the reset input r of the bistable flip-flops.

When a wheel pair is passing the rail contact SK1,
i.e., the line ah in the FIG. 2A — 4A, an activating signal
will be sent to the flip-flop BV1 so that the output “1”
of both flipflops MV1 and BV1 will be activated. When
the wheel pair has passed the line gd in FIG. 2A - 4A
an activating signal (a stop signal) will be sent from the
rail contact SK2 to the reset input r of the flip-flop BV1
thus disactivating the output *“1” of this flip-flop. Due
to the fact that the set inputs s of the flip-flop BV1 is
connected to the rail contact SK1 and the reset input
r of the same flip-flop is connected to the rail contact
SK2, the output 1 of the flip-flop BV1 will be acti-
vated as long as a wheel pair is situated between the rail
contacts SK1 and SK2.

The input U2 is connected to the Schmitt-trigger 37
(FIG. 2A - 4A), the voltage U2 thereby appearing
across the input of the inverter I1. PG denotes a pulse
generator which delivers a pulse formed voltage with
the frequency f on one hand to a frequency divider FD
and on the other hand to an input of an inverting and-
gate G2, the other two inputs of which are connected
to the output of the inverter I1 and to the output of the
bistable flip-flop BV1, respectively. The frequency di-
vider FD divides the frequency f of the signal from the
pulse generator PG by a factor X which is equal to the
quotient between the measuring distance ah—gd and the
maximum permitted length of a wheel flat registered.
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For example, a measuring distance of 3 meters and a
registered length of a wheel flat = 0.03 meter will give
a factor X = 3/0.03 = 100. The output of the frequency
divider FD is connected to one input of an inverting
and-gate G1, the second input of which is connected to
the output 1" of the flip-flop BVI.

The units BR1 and BR2 each consist of a binary
counter, the outputs of which are connected in pairs to

.a comparator circuit K. This circuit carries out a com-

parison between the counting position of one counter .
BR1 and the corresponding counting position of the

other counter BR2, a difference in two corresponding

counting positions resulting in an activating signal

being delivered to one input of an inverting and-gate

G3 if the counting position of BR2 is greater than BR1.

The second input of the gate G3 is connected to the

output of a monostable flip-flop MV2 which is trig-

gered by the stop signal delivered from the rail contact

SK2. Thus, when such a stop signal occurs, an activat-

ing signal from the comparator circuit K can be deliv-
ered to the bistable flip-flop BV2, which thereby deliv-

ers a “1” signal to the indicator 39 for releasing an

alarm signal.

The two inputs of an inverting and-gate G5 are con-
nected via an inverter 12 and I3, respectively to the “1”
output of the bistable flip-flop BV1 and to the “1” out-
put of the monostable flip-flop MV2, respectively. The
output of the inverting and-gate G5 is connected to an
input ol and 02, respectively, of each of the counters
BR1 and BR2, so that when a **0” signal appears on the
output of the gate G5, the counters BR1 and Br2 are
zero-set. In dependence on the output pulses from the
gates G1 and G2 which pulses are delivered as clock
pulses to the clock input cll and c12, each of the
counters BR1 and Br2 is stepped forward. Thus, as long
as the output signal from the *“1” output of the flip-flop
BV1 is activated and no output signal from the output
“1” of the flip-flop MV2 is present, and the output sig-
nal from the gate G5 is ““1”, pulses from the and-gates
G1 and G2 can be delivered to the counters BR1 and
BR2 thus causing these counters to step forward. When
a stopping pulse from the rail contact SK2 is being de-
livered, the flip-flop MV2 will be set so that its output
“1” is activated. Simultaneously the flip-flop BV1 is
reset so that its output is “0.” After an additional time
interval t,, the output of flip-flop MV2 is again “0.”
Therefore the inputs to the inverting gate G5 is *“1” and
its output is “0.” The counters BR1 and BR2 are thus
zero-set. :

When a wheel pair passes across the line ah (FIGS.
2A - 4A), an activating pulse is delivered from the rail
contact SK1 to the flip-flops MV1 and BV1, bringing
them to their “1” state. Due to the fact that a reset
pulse to the flip-flop BV1 is not delivered until the rail
contact SK2 delivers an activating pulse, i.e., when the
wheel pair has passed the line dg, the output of the flip-
flop BV1 will be “1” as long as a wheel pair is located
between the rail contacts SK1 and SK2. During the
time that the output of the flip-flop BV1 is “1” set,
stepping pulses can be delivered to the counter BR1
from the frequency divider FD. The counter BR1 will
thus count the time elapsed for a wheel passage be-
tween the lines ah and gd (i.e., the measuring distance).

The condition for the gate G2 to give stepping pulses
from the pulse generator PG to the counter BR2 is:
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i. the output of the flip-flop BV 11is “1” set, i.e., a
wheel pair has passed the line ah.

ii. the voltage U2 across the output of the Schmitt-
trigger should be low, i.e., a wheel flat has been de-
tected and is passing over the rail section hd or ag (or
both).

If these two conditions are accomplished, then step-
ping pulses are delivered from the pulse generator PG
to the counter BR2 and the time for a wheel flat break
is being measured. The counter BR1 is being stepped
forward by pulses with the frequency f/X, the counter
BR2 is being stepped forward by pulses with the fre-
quency fand a comparison between the contents of the
two counters is carried out. This means that if no wheel
flat has been detected and thus no signal to open the
gate G2 has been obtained, then no pulses has been de-
livered to the counter BR2, and the counting position
of BR2 is less than that of BR1. Because the output
from the comparator K is then “O”, no activation of
flip-flop BV2 can take place and its output is therefore
*“0.”" On the contrary, if a wheel flat of length greater
than the maximum permitted value has passed the sec-
tion ah-gd, the counting position of BR2 is greater than
that of BR1 and the comparator K will give the output
*1.” At the passage of the section end (gd), SK2 acti-
vates MV2 and the corresponding input to the inverting
gate G3 is ““1.” Thus flip-flop BV2 is activated to its
*1" state, giving a **0” input to alarm flip-flop BV3 of
alarm indicator unit 39 through inverter I5. This in turn
activates alarm lamp LA and summer SU through am-
plifier F. The *“1"" — output from BV2 is also fed to in-
verting gate G4, whose second input is already “1,”
originating from SK2 through inverter 14. The binary
counter AR (axle counter) is therefore stepped for-
ward through the monostable flip-flop MV3, activated
by G4, by SK2 and this is repeated for each succeeding
axle since the “1" output from flip-flop BV2 remains
due to the “alarm” setting of comparator K.

The monostable flip-flop MV3 has a pulse duration
t3which is chosen less than the time interval to the next
wheel passage of rail contact SK2. Thus MV3 will be
reset before the next stop pulse from SK2. The output
from retriggerable monostable flip-flop MV1 resets to
“0" approximately 10 sec (or any other convenient
time interval) after a wheel has passed SK1 and no ad-
ditional wheel has actuated SK1 during thses 10 sec-
onds. Thus the output of BV2 is reset to “0” closing
G4. No further axles can then be counted by AR. How-
ever, the setting of BV3 and hence the alarm indication
remains. The axle-mumber indication of AR also re-
mains. After observation the units BV3 and AR can be
reset manually through actuators mr 1 and mr 2 respec-
tively.

The rail contacts SK1 and SK2 used in the embodi-
ments illustrated in FIGS. 2A, 3A and 4A, and which
may also be used in the embodiment illustrated in FIG.
SA, for connecting and disconnecting the evaluation
equipment and for determining the period of time dur-
ing which a wheel is located within a measuring dis-
tance ah-dg, can be in the form of contacts actuated
mechanically or electrically by the passing wheel. It is
also possible to use, however, additional coils placed on
the lines ah and dg respectively, e.g., adjacent, or in-
stead of the coils Sp1, Sp4 or the coils Sp6, Sp7 which
sense the current flowing through a passing wheel pair.
The voltages induced in the additional coils may, for
example, control Schmitt-triggers or limiters which are
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set so that the evaluation equipment 38 is connected
and disconnected when the wheel pair passes the lines
ah and dg.

FIGS. 5A - 5D illustrate an embodiment of the sys-
tem for detecting wheel flats in which an electrically
conductive auxiliary rail 40 and 41 mounted to each
rails 10, 11 is utilized for sensing the two wheels 43, 44
in a wheel pair.

FIG. 5B is a diagrammatic sectional view of the rails
10, 11, the wheel 43, 44 and the auxiliary rail 40, 41.
The rail 40, 41 is insulated and is also preferably yield-
ingly mounted to the rail 10, 11 by means of a rubber
suspension means 42 or the like.

Voltage sources for AC or Dc current 51 and 52 are
connected between the rails 10 and 11 and the auxili-
ary rail 40 and 41 mounted externally of each rail 10,
11.

The current through the current circuit, including the
rim of the wheel 43, 44, is measured easiest over an im-
pedance 53 and 54 connected in series with rails and
auxiliary rails, although inductive sensing of the current
can also be used in this instance.

FIGS. 5C and 5D show the voltages U; and Ug over
the impedances 53 and 54 when a defect and a faultless
wheel respectively pass the measuring distance. In the
former case the circuit is broken by the flat and the cur-
rent falls momentarily to zero, FIG. 5C.

The time taken for the wheel or a specific part of the
wheel to pass and the time during which the circuit is
broken by the flat are compared in the evaluation
means S5 and 56. If the magnitude of the flat exceeds
permitted limits, the fault indicator 39 transmits an
acoustic and/or a visual alarm signal and the position
of the axle in the train is registered by a counter device.

In this embodiment, the distance between the con-
nection points to the rails 10, 11 and the auxiliary rails
40, 41 is naturally not critical, since the measuring dis-
tance is totally determined by the auxiliary rails 40, 41.

As with previous embodiments, identical equipment
must be arranged in spaced relationship for possible re-
maining portion or portions of the wheel circumfer-
ence, the spacing being adjusted so that each portion
of the wheel circumference is sensed individually with-
out overlapping.

Rail contacts, similar to SK1 and SK2 in the embodi-
ments of FIGS. 2 - 4, can also be arranged to advantage
with the embodiment of FIGS. 5A - 5D, at the end
points of the measuring distance for connecting and
disconnecting the evaluation equipment 55, 56. In this
respect the auxiliary rail 40, 41 can be extended be-
yond the measuring distance so that contact between
the wheel 43, 44 and the auxiliary rail 40, 41 is stable
when measuring is commensed.

The arrangements illustrated in FIGS. 1 - § thus con-
stitute preferred embodiments of a system for detecting
wheel flats according to the invention. It is obvious,
however, that only minor modification of the evalua-
tion means and the alarm indicator is required for the
described arrangements to operate simultaneously as a
so-called axle counter. The reduction in the influence
exerted by the surrounding wheel pairs, obtained with
the aforedescribed arrangement, is in this case a great
advantage. The system according to the invention, can
also be used solely as an axle counter, the measuring
distance 21 - 22, ah-dg, preferably being made short so
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that disturbances from the surrounding wheel pairs and
the axles, are further reduced.

The invention is not restricted to the illustrated and
described embodiments thereof but can be modified
within the scope of the following claims.

What is claimed is:

1. A method for detecting wheel flats on rail vehicles
having wheels made of electrically conductive material
and an axle between oppositely situated wheels, com-
prising the steps of: passing an alternating current hav-
ing a relatively high frequency through a current circuit
which includes a first and a second wheel to be sensed
and the axle between said wheels, said first and second
wheels being the only wheels in said current circuit
wherein a contact point between the peripheral bearing
surface of each wheel and the associated rail together
with a portion of a first and a second rail forms part of
the circuit, and detecting a change of the current am-
plitude in the current circuit caused by the presence of
a wheel flat on at least one of said wheels.

2. A method according to claim 1 wherein the step
of detecting comprises detecting the current conditions
in the current circuit inductively.

3. A system for detecting wheel flats on rail vehicles
having a plurality of pairs of electrically conductive
wheels, the wheels of each pair being situated on re-
spectlve rails of a track and connected by an axle, com-
prising: a current circuit, having a high frequency alter-
nating voltage source connected to the rails of the
track, wherein the circuit includes the peripheral bear-
ing surface of each wheel of the pair of wheels to be
sensed and the axle, and wherein one side of the volt-
age source is connected at one point to a first rail in the
track and the other side of the voltage source is con-
nected at a second point to a second rail in the track
extending parallel with the first rail and wherein the
connection points are spaced apart from each other in
a longitudinal direction of the track, said spacing being
_ shorter than the smallest distance between adjacent
axles occurring in the vehicle; and means, connected to
the circuit, for indicating wheel flats.

4. A system according to claim 3 wherein the dis-
tance in the longitudinal direction of the track between
the connection points of the voltage source is less than
or equal to the circumference of a wheel to be sensed.

" 5. A system according to claim 3 wherein the current
circuit comprises a resistance, the voltage drop over
 the resistance being applied to the indicating means for
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indicating interruptions in the current circuit.

6. A system according to claim § wherein the indicat-
ing means comprises two contacts, arranged in spaced
relationship with respect to each other, and actuated by
a passing wheel for, respectively, connecting and dis-
connecting, the indicating means.

7. A system for detecting wheel flats on rail vehicles,
having a plurality of pairs of electrically conductive
wheels, the wheels of each pair being situated on re-
spective rails of a track and connected by an axle, com-
prising: a current circuit including an AC voltage
source connected to the rails of a track, the peripheral
surface of each wheel of the pair of wheels to be
sensed, the axle and an impedance which is adjusted so
that the circuit containing the impedance, the rails, the
axle and the wheels forms a resonance circuit tuned to
the frequency of the voltage source, and wherein one
side of the voltage source is connected at one point to
a first rail in a track and the other side of the voltage
source is connected at a second point to a second rail
in the track extending parallel with the first rail and
wherein the connection points are spaced apart from
each other in a longitudinal direction of the track, said
spacing being shorter than the smallest distance be-
tween axles occurring in the vehicle; and means con-
nected to the circuit, for indicating wheel flats.

8. A system according to claim 7 wherein the indicat-
ing means is connected over a portion of the imped-
ance to sense the voltage changes occurring as a result
of a wheel flat. _ '

9, A method for detecting wheel flats on rail vehicles
having wheels made of electrically conductive material
and an axle between oppositely situated wheels, com-
prising the steps of: passing an alternating current
through a current circuit which includes a first and a
second wheel to be sensed and the axle between said
wheels, wherein a contact point between the peripheral
bearing surface of each wheel and the associated rail
together with a portion of a first and a second rail forms
part of the circuit, generating a first signal correspond-
ing to a first period of time, detecting, during said first
period of time, a change of the current amplitude in the
current circuit caused by the presence of a wheel flat
on at least one of said wheels and generating a second
signal corresponding to the time the wheel flat is de-
tected, comparing said first and second signals, and
generating an alarm signal if the comparison indicates

the wheel flat is in excess of a predetermined limit.
' * .k ok Kk %



