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(57) Abstract: A rail vehicle (100) has a number of wheel axles (131, 132, 133, 134) and a set of brake units (101, 102, 103, 104)
applying respective brake forces to the wheel axles. A power signal (Py,) indicates the power needed to accelerate the rail vehicle (100)
between first and second speeds (vi; vo) indicated by a speed signal. Based thereon an overall weight () of the rail vehicle (100)
is estimated. Wheel speed signals indicate respective speeds (), @2, ®3, w4) of the wheel axles (131, 132, 133, 134). A brake unit
(101) gradually applies an increasing brake force to a specific wheel axle (131). During braking, an absolute difference ( | W] — Oy | )is
determined between the rotational speed of the specific wheel axle (131) and an average rotational speed (c,) of
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the other wheel axles and in response to the absolute difference exceeding a threshold value, a friction parameter () is determined
reflecting a friction coefficient (ue) between the wheels (121a, 121b) on the specific wheel axle (131) and the rails (181, 182) upon
which the rail vehicle (100) travels. The braking procedure is repeated for each of the wheel axles to estimate a respective fraction (mj,
my, my) of the overall weight (myy) carried by each of said wheel axles.
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Controller for Estimating Individual Axle weights of a Rail
Vehicle, Computer-Implemented Method Therefor, Computer
Program and Non-Volatile Data Carrier

TECHNICAL FIELD

The present invention relates generally to safety arrangements
for rail vehicle braking systems. Especially, the invention relates
to a controller according to the preamble of claim 1 for estimating
individual axle weights of a rail vehicle to enable enhanced bra-
king of the rail vehicle. The invention also relates to a correspon-
ding computer-implemented method, a computer program and a
non-volatile data carrier storing such a computer program.

BACKGROUND

In operation of an electrically powered rail vehicle, the onboard
motors are typically engaged as generators to decelerate the rail
vehicle. However, for efficiency and safety reasons, one cannot
rely solely on this braking strategy. In particular, a dedicated bra-
ke function will always be needed to ensure emergency braking
functionality and that the rail vehicle remains stationary after that
it has been brought to a stop. In many cases, the same brake
units are used for different types of braking functionality, such as
service braking, emergency braking and parking braking.

When braking a rail vehicle it is key to have accurate information
about the adhesion conditions at the wheel-rail interface, i.e. the
applicable kinetic friction coefficient. However, to accomplish a
truly efficient retardation of the rail vehicle it is further important
to know how the rail vehicle’s weight is distributed over its wheel
axles. Namely, only a comparatively low brake force can be app-
lied to a relatively lightly loaded axle before its wheels start to
slide against the rails, whereas a relatively heavily loaded axle
may be subjected to a comparatively high brake force before its
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wheels starts to slide against the rails. Both for efficiency reasons
and to avoid material damage, primarily on the wheels, wheel sli-
ding shall be avoided as far as possible. Therefore, in many
cases, to be on the safe side, an estimated lowest axle weight
may determine the maximum brake force that can be applied by
the rail vehicle. Of course, this results in an overall suboptimal
braking performance.

Various attempts have been made to determine the total weight
of a vehicle. For example, US 9,358,846 describes a load estima-
tion system and method for estimating vehicle load. The system
includes a tire rotation counter for generating a rotation count
from rotation of a tire; apparatus for measuring distance travelled
by the vehicle; an effective radius calculator for calculating effec-
tive radius of the tire from the distance travelled and the rotation
count; and a load estimation calculator for calculating the load
carried by the venhicle tire from the effective radius of the tire. A
center of gravity height estimation may be made from an estima-
ted total load carried by the tires supporting the vehicle pursuant
to an estimation of effective radius for each tire and a calculated
load carried by each tire from respective effective radii.

US 9,500,514 shows a method and a system for estimating a
weight for a vehicle on the basis of at least two forces which act
upon the vehicle. The forces are a motive force and at least one
further force, and topographical information for a relevant section
of road. The estimation is performed when the at least two forces
are dominated by the motive force.

US 9,211,879 discloses devices and methods, which relate to the
arrangement of a sensor on the shaft of a rail vehicle to determine
its mass. For example, an output signal of an acceleration sensor
is evaluated, which is disposed on a shaft of the rail vehicle. The
mass of a freight wagon can be determined in that it vibrates in a
manner typical to the mass (frequency, amplitude) after impact
(switching impact, running over a switch). The impact can be de-
termined in direction and intensity by the acceleration sensor on
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the shaft (axle), the vibration can be determined by the same
acceleration sensor or by a further sensor on the chassis. From
this measurement data, the mass of the wagon and the mass of
the load with known empty weight and thereby the loading state
can be determined.

The above documents describe different strategies for determi-
ning the weight as well as other characteristic properties of vehic-
les. However, there is yet no satisfying solution for establishing
how a vehicle’s total weight is distributed over its axles, such that
for example braking of the vehicle may be improved.

SUMMARY

The object of the present invention is to solve the above problems
and offer a solution that enables determining the individual axle
weights of a rail vehicle in an accurate and reliable manner.

According to one aspect of the invention, the object is achieved
by a controller for estimating individual axle weights of a rail vehic-
le with a number of wheel axles and a set of brake units configured
to apply a respective brake force to each of the wheel axles so as
to cause retardation of the rail vehicle. The controller is configured
to obtain power and speed signals. The power signal indicates an
amount of power produced by an onboard motor to accelerate the
rail vehicle from a first speed to a second speed. The speed signal
indicates respective values of the first and second speeds. Based
on the power and speed signals, the controller is configured to
estimate an overall weight of the rail vehicle. The controller is fur-
ther configured to:

(a) obtain wheel speed signals indicating respective rotational
speeds of the wheel axles,

(b) produce a brake control signal to a specific brake unit in the
set of brake units, such that this brake unit applies a gradually
increasing brake force to a specific wheel axle of said wheel axles,
(c) determine, repeatedly during production of the brake control
signal, an absolute difference between the rotational speed of the
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specific wheel axle and an average rotational speed of the wheel
axles except the specific wheel axle, and in response to the ab-
solute difference exceeding a threshold value

(d) determine a parameter reflecting a friction coefficient between
a pair of wheels on the specific wheel axle and a pair of rails upon
which the rail vehicle travels,

repeat steps (a) to (c) for each of the rail vehicle’s wheel axles,
and based thereon estimate a respective fraction of the overall
weight carried by each of said wheel axles.

The above controller is advantageous because it provides accu-
rate values of the overall weight of the rail vehicle as well as the
individual axle weights. As a bonus effect, this also enables the
rail vehicle to accelerate without risking slippage.

Furthermore, the proposed controller is beneficial, since it allows
for dynamic adaptation of the braking functionality during travel
in response to redistribution of the load, e.g. due to passengers
moving around. More important, the operation of the brakes may
be adequately adjusted whenever cargo is loaded and/or unloa-
ded in a very convenient manner.

According to one embodiment of this aspect of the invention, the
controller contains at least one interface configured to receive first
and second vector signals. The first vector signal expresses an
acceleration of the rail vehicle, as such, for instance laterally and
vertically. The second vector signal expresses a respective rota-
tional movement of the wheels on each of the rail vehicle’s wheel
axles. Thus, the rotational movement is performed in a plane be-
ing orthogonal to a respective rotation axis of the wheel axle. The
controller is configured to obtain the wheel speed signals indica-
ting the respective rotational speeds based on the first and second
vector signals. Thereby, accurate values of the wheel speed can
be derived without any tachometer. This, in turn, vouches for ro-
bust and reliable measurements.

Preferably, the first vector signal further expresses an inclination
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angle of the rail vehicle relative to a horizontal plane. Namely, this
enables the controller to adjust the power signal indicating the
amount of power produced by the onboard motor and/or the speed
signal indicating the second speed based on the inclination angle
when estimating the overall weight of the rail vehicle. Such adjust-
ment is necessary if the overall weight of the rail vehicle is estima-
ted when the rail vehicle travels on non-horizontal ground because
in an uphill slope a part of the motor power is converted into poten-
tial energy, and conversely, in a downhill slope a part of the kinetic
energy originates from potential energy.

According to another embodiment of this aspect of the invention,
the controller is configured to provide the respective fractions of
the overall weight to a braking controller to enable the braking
controller to produce a respective brake force signal to each brake
unit in the set of brake units. Hence, respective brake force sig-
nals may be based on the respective fractions of the overall
weight, and the rail vehicle can be retarded in an optimized man-
ner.

Preferably, in the light of the above, the controller is co-located
with the braking controller. For example the controller may be in-
tegrated into the braking controller, or vice versa.

According to yet another embodiment of this aspect of the inven-
tion, the controller is configured to transmit the brake control sig-
nal via a data bus in the rail vehicle. This renders the implementa-
tion cost-efficient and flexible.

According to another aspect of the invention, the object is achie-
ved by a computer-implemented method for estimating individual
axle weights of a rail vehicle with a number of wheel axles and a
set of brake units configured to apply a respective brake force to
each of the wheel axles so as to cause retardation of the rail
vehicle, which method is performed in at least one processor in-
volves obtaining a power signal indicating an amount of power
produced by an onboard motor to accelerate the rail vehicle from
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a first speed to a second speed, obtaining a speed signal indica-
ting respective values of the first and second speeds, and based
thereon estimating an overall weight of the rail vehicle. The me-
thod further involves:

(a) obtaining wheel speed signals indicating respective rotational
speeds of the wheel axles,

(b) producing a brake control signal to a specific brake unit in the
set of brake units such that this brake unit applies a gradually
increasing brake force to a specific one of the wheel axles,

(c) determining, repeatedly during production of the brake control
signal, an absolute difference between the rotational speed of the
specific wheel axle and an average rotational speed of wheel ax-
les except the specific wheel axle; and in response to the absolute
difference exceeding a threshold value

(d) determining a parameter reflecting a friction coefficient bet-
ween a pair of wheels on the specific wheel axle and a pair of rails
upon which the rail vehicle travels,

repeating steps (a) to (c) for each of said wheel axles, and based
thereon estimating a respective fraction of the overall weight car-
ried by each of said wheel axles.

The advantages of this method, as well as the preferred embodi-
ments thereof are apparent from the discussion above with refe-
rence to the proposed controller.

According to a further aspect of the invention, the object is achie-
ved by a computer program loadable into a non-volatile data car-
rier communicatively connected to a processing unit. The compu-
ter program includes software for executing the above method
when the program is run on the processing unit.

According to another aspect of the invention, the object is achie-
ved by a non-volatile data carrier containing the above computer
program.

Further advantages, beneficial features and applications of the
present invention will be apparent from the following description
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and the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now to be explained more closely by means of
preferred embodiments, which are disclosed as examples, and
with reference to the attached drawings.

Figure 1 schematically illustrates a rail vehicle equipped
with a controller according to one embodiment of
the invention:;

Figure 2 shows a brake unit according to one embodiment
of the invention;

Figure 3 shows a graph illustrating an example of the friction
coefficient as a function of wheel slippage;

Figure 4 schematically illustrates an accelerometer accor-
ding to one embodiment of the invention;

Figure 5 shows a block diagram of a controller according to
one embodiment of the invention; and

Figure 6 illustrates, by means of a flow diagram, the general
method according to the invention.

DETAILED DESCRIPTION

In Figure 1, we see a schematic illustration of a rail vehicle 100
equipped with a controller 140 according to one embodiment of
the invention.

The controller 140 is arranged to estimate individual axle weights
of the rail vehicle 100, which has a number of wheel axles. Figure
1 exemplifies four such wheel axles in the form of 131, 132, 133
and 134 respectively. Typically, in practice, a rail vehicle contains
a substantially larger number of wheel axles. Traditionally, each
bogie has two wheel axles carrying altogether four wheels, and
each car body of the rail vehicle 100 includes a respective bogie
in the front and rear ends.
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The rail vehicle 100 also contains a set of brake units 101, 102,
103 and 104 respectively configured to apply a respective brake
force to each of the wheel axles 131, 132, 133 and 134. Conse-
quently, by operating the brake units 101, 102, 103 and 104, the
rail vehicle 100 may be caused to retard/decelerate.

Referring now to Figure 5, the controller 140 is configured to ob-
tain a power signal P, indicating an amount of power produced by
an onboard motor to accelerate the rail vehicle 100 from a first
speed vq to a second speed v2, for example from a standstill to 10
km/h. Of course, however, according to the invention, the power
signal Pm may equally well be received during acceleration bet-
ween any other two speed levels. In any case, the controller 140
is configured to obtain a speed signal indicating respective values
of the first and second speeds v and va.

Based on the power signal P, and the values of the first and se-
cond speeds vq and vz, the controller 140 is configured to estimate
an overall weight m: of the rail vehicle 100.

This may be done under the assumption that any losses in the
motor and losses due to wind and rolling resistance are negligible,
which is basically true for low speeds. Namely, if so, all the supp-
lied power is converted into kinetic energy of the rail vehicle, i.e.
P+t =Wk, where P is the supplied power, t is the time during which
the power has been supplied and Wk is the resulting kinetic ener-

gy.
The resulting kinetic energy Wk, in turn, may be expressed as:
Wk = Miot* V2/2, where v = vo — vy,

In other words, the controller 140 may calculate the overall weight
M.t Of the rail vehicle 100 as:

_(vavy )2
Meot= 5 py

Referring now also to Figure 2, the controller 140 is further confi-
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gured to:

(a) obtain wheel speed signals indicating respective rotational
speeds w1, w2, w3 and w4 of the wheel axles 131, 132, 133 and
134 respectively,

(b) produce a brake control signal B1 to a specific brake unit 101
in the set of brake units such that this brake unit 101 applies a
gradually increasing brake force to a specific wheel axle in the rail
vehicle 100, here exemplified by 131,

(c) determine, repeatedly during production of the brake control
signal B1, an absolute difference | wi — wa| between the rotatio-
nal speed of the specific wheel axle 131 and an average rotational
speed w, of all the rail vehicle’s 100 wheel axles except the spe-
cific wheel axle 131, and in response to the absolute difference
| w1 — wa| exceeding a threshold value

(d) determine a parameter um reflecting a friction coefficient pe
between a pair of wheels 121a and 121b respectively on the speci-
fic wheel axle 131 and a pair of rails 181 and 182 upon which the
rail vehicle 100 travels.

Figure 3 shows a graph illustrating an example of how the kinetic
friction coefficient px may be expressed as a function of the wheel
slippage s, which here is understood to designate a sliding motion
of the wheel relative to the rail. However, technically, the wheel
slippage s may equally well express a spinning motion of the
wheel relative to the rail. In other words, the wheel slippage s is
applicable to a retardation scenario as well as an acceleration
ditto.

Characteristically, for lower values, the kinetic friction coefficient
Mk increases relatively proportionally with increasing wheel slip-
page s. When approaching a peak value pye, however, the kinetic
friction coefficient px levels out somewhat. After having passed
the peak value, the kinetic friction coefficient yx is essentially
constant for all values of the wheel slippage s. Thus, the friction
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coefficient peak value ye is associated with an optimal wheel slip-
page s. after which a further increase of wheel slippage s results
in a gradually reduced, and then almost constant kinetic friction
coefficient .

According to the invention, a parameter un is determined that re-
flects the friction coefficient between the rail vehicle’s 100 wheels
and the rails 181 and 182 upon which the rail vehicle 100 travels.
Ideally, the peak value pe should be derived. For example, the
peak value ye may be derived as follows. When the absolute dif-
ference | w1 — wa.| between the rotational speed of the specific
wheel axle 131 and an average rotational speed w. of all the rail
vehicle’s 100 wheel axles except the specific wheel axle 131 ex-
ceeds the threshold value, this corresponds to a situation where
the wheels 121a and 121b on the specific wheel axle 131 expe-
riences a wheel slippage sm near the optimal wheel slippage se.
The kinetic friction coefficient pk is given by the expression:

F
Mot g

M=

where F is the force applied by the brake unit,
Mot iS the overall weight of the rail vehicle 100, and
g is the standard acceleration due to gravity.

Under the assumption that the wheel slippage sn is near the opti-
mal wheel slippage s., the peak value pe of the kinetic friction
coefficient yx may be estimated relatively accurately; and the
proximity of wheel slippage sm to the optimal wheel slippage s. is
ensured by said threshold value for the absolute difference
| w1 — wa| between the rotational speed of the specific wheel axle
131 and the average rotational speed w. of all the rail vehicle’s
100 wheel axles except the specific wheel axle 131.

Finally, the controller 140 is configured to repeat steps (a) to (c)
for each wheel axle 131, 132, 133 and 134 of the rail vehicle 100,
and based thereon estimate a respective fraction ms, mo, ..., mp
of the overall weight m: carried by each of these wheel axles.
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It is worth mentioning that the above-mentioned specific wheel
axle 131 does not need to be any particular wheel axle, e.g. a
frontmost or a rearmost wheel axle of the rail vehicle 100. On the
contrary, the above procedure may start with an arbitrary selected
wheel axle in the rail vehicle 100.

Moreover, it is generally advantageous to execute the above pro-
cedure in line with a schedule, fixed or dynamic, wherein each
wheel axle in the rail vehicle 100 alternately either represents the
specific wheel axle or is included in the complement set, i.e. all
the wheel axles except the specific wheel axle. Repeated execu-
tion of procedure is nevertheless beneficial to enable adjustment
of the braking functionality in response to any changes in the over-
all weight mt and/or a redistribution of the overall weight mt over
the wheel axles.

The controller 140 may be configured to produce control signals
B1, B2, B3 and B4 to the brake units 101, 102, 103 and 104 res-
pectively, such that an average brake force applied to the wheel
axles 132, 133 and 134 except the specific wheel axles 131 is
gradually decreased when the brake force applied to the specific
wheel axle 131 is gradually increased. In other words, the braking
on the other wheel axles 132, 133 and 134 compensate for the
somewhat excessive force applied to the specific wheel axle 131.

Preferably, this compensation is temporally matched. This means
that the controller 140 is configured to produce the control signals
B1, B2, B3 and B4 such that, at each point in time, the gradual
decrease of the average brake force applied to the wheel axles
132, 133 and 134 except the specific wheel axles 131 corresponds
to the gradual increase of the brake force applied to the specific
wheel axle 131. Namely, thereby the deviating brake force applied
to specific wheel axle 131 is masked by the opposite deviation
represented by the brake force applied to the wheel axles 132,
133 and 134 except the specific wheel axles 131.

Referring again to Figure 2, we see a brake unit 101 according to
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one embodiment of the invention. The brake unit 101 is configured
to receive the control signals, e.g. representing a brake command
B1 from the controller 140, for example via a data bus 150. In
response thereto, the brake unit 101 is configured to execute a
brake action. The brake unit 101 may contain a rotatable member
111, first and second pressing members, here symbolized by 211,
a brake actuator 220, a gear assembly (not shown) and an electric
motor 230. The rotatable member 111, which may be represented
by a brake disc or a brake drum is mechanically linked to at least
one wheel 121 of the rail vehicle 100. Specifically, in response to
the brake command B1, the brake actuator 220 is preferably con-
figured to produce a brake force signal BF1 to the electric motor
230, which, in turn, causes the electric motor 230 to cause the
first and second pressing members 211 to move relative to the
rotatable member 111.

It should be pointed out that, according to the invention, the elec-
tric motor 230 may be replaced by a pneumatically operated pis-
ton-and-cylinder arrangement configured to actuate the first and
second pressing members 211.

Further, for the overall efficiency, the data bus 150 may, of course,
be configured to transmit the all the control signals B1, B2, B3 and
B4 from the controller 140 to each brake unit in the set of brake
units 101, 102, 103 and/or 104.

Each of the first and second pressing members 211 is configured
to move relative to the rotatable member 111 to execute the brake
action. Typically, the brake action involves applying a particular
brake force on the rotatable member 111. However, the brake ac-
tion may also involve reducing or releasing an already applied
brake force.

Referring now to Figures 4 and 5, according to one embodiment
of the invention, the controller 140 contains at least one interface
511 and 512 configured to receive first and second vector signals
VS1 and VS2 respectively. The first vector signal VS1 expresses
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an acceleration ax, av, az, ar, ar, and/or aw of the rail vehicle 100
in at least one dimension, for instance linearly in one or more
spatial directions and/or rotations around one or more of these
directions. The second vector signal VS2 expresses a respective
rotational movement of the wheels 121a, 121b; 122a, 122b; 123a,
123b and 124a, 124b on each of the wheel axles. Consequently,
since each wheel is configured to rotate around a respective one
of the wheel axles, the rotational movement is performed in a
plane being orthogonal to a respective rotation axis of the wheel
axle.

The controller 140 is configured to obtain the wheel speed signals
indicating the respective rotational speeds w1, w2, w3 and w4 ba-
sed on the first and second vector signals VS1 and VS2 by app-
lying physical mechanics algorithms known in the art. Of course,
determining the average rotational speed wa, is trivial once each
of the individual rotational speeds w1, w2, ws and w4 is known.

Figure 4 schematically illustrates a first accelerometer 425 accor-
ding to one embodiment of the invention. The first accelerometer
425 is arranged in a frame element 110 of the rail vehicle 100.
The first accelerometer 425 is configured to produce the first vec-
tor signal VS1 representing an acceleration of the a rail vehicle
100 in at least one dimension, typically in each of the three spatial
directions ax, ay and az and respective rotations ar, ap and aw
around axes along each of these directions.

Preferably, according to one embodiment of the invention, the first
vector signal VS1 further expresses an inclination angle a of the
rail vehicle 100 relative to a horizontal plane H. Here, the control-
ler 140 is configured to adjust the power signal Pn indicating the
amount of power produced by the onboard motor and/or the speed
signal indicating the second speed v> based on the inclination
angle a when estimating the overall weight mi: of the rail vehicle
100. Consequently, the estimate of the overall weight mt may be
adequately adjusted if the rail vehicle 100 travels on non-horizon-
tal ground when obtaining the power signal Pn and the speed sig-
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nal, such that in an uphill slope the part of the motor power that is
converted into potential energy is discarded; and conversely, in a
downhill slope the part of the kinetic energy originating from po-
tential energy is discarded.

Naturally, for the same reasons, it is also preferable to compen-
sate for the inclination angle a when repeatedly executing the
above steps (a) to (c) to estimate the respective fraction mq, moy,
..., my of the overall weight m: carried by each of the wheel axles
131, 132, 133 and 134 of the rail vehicle 100.

Figure 2 illustrates a second accelerometer 235 that is eccentri-
cally arranged relative to a rotation axis of at least one wheel, say
121. The second accelerometer 235 is configured to produce the
second vector signal VS2 expressing movements of the second
accelerometer 235 in a plane orthogonal to the rotation axis of the
at least one wheel 121, and transmit a signal containing the se-
cond vector signal VS2 to the controller 140.

Figure 5 shows a block diagram of the controller 140 according to
one embodiment of the invention. The controller 140 includes pro-
cessing circuitry in the form of at least one processor 530 and a
memory unit 520, i.e. non-volatile data carrier, storing a computer
program 525, which, in turn, contains software for making the at
least one processor 530 execute the actions mentioned in this
disclosure when the computer program 525 is run on the at least
one processor 530.

The controller 140 contains input interfaces configured to receive
the first and second vector signals VS1 and VS2 respectively and
the power signal P, and the speed signal expressing the speeds
vi and vo respectively. Further, the controller 140 contains outputs
configured to provide the control signals B1, B2, B3 and B4 infor-
mation about the individual axle weights, such as the respective
fractions m¢, m2,..., m, of the overall weight mw:. As mentioned
above, one or more of the input and/or output signals may be com-
municated via the data bus 150.
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According to one embodiment of the invention, the controller 140
is configured to provide the respective fractions m¢, mo,..., mn of
the overall weight mi: to each braking controller 161, 162, 163
and 164 to enable the braking controllers to cause its associated
brake actuator 220 to produce a respective appropriate brake
force signal BF1. The appropriate brake force signal BF1 is here
a brake force signal that is based on the respective fraction mq of
the overall weight mi+ applicable to the wheel axle in question,
e.g. 131.

According to one embodiment of the invention, the controller 140
is co-located with the braking controller. Thus, for example, the
controller 140 may be integrated into the braking controller 161,
or vice versa. Alternatively, the functionality of the controller 140
may be distributed over two or more of the braking controllers 161,
162, 163 and/or 164.

In order to sum up, and with reference to the flow diagram in Fi-
gure 6, we will now describe the computer-implemented method
for a rail vehicle that is carried out by the controller 140.

In a first step 605, signals are obtained that express first and se-
cond speeds vi and vz and an amount of power produced by a
motor onboard the rail vehicle 100 to accelerate it from the first
speed v1 to the second speed v».

In a step 610 thereafter, a speed signal is obtained, which indica-
tes a rotational speed w1 of a specific one the rail vehicle’s 100
wheel axles, say 131.

In a step 615, preferably essentially parallel to step 610, an avera-
ge value is obtained, which represents an average wa. of the rota-
tional speeds w2, ws and w4 of the rail vehicle’s 100 wheel axles
132, 133 and 134 except the specific wheel axle 131.

In a step 620 subsequent to step 610 and preferably essentially
parallel to step 615, a brake control signal is produced that is con-
figured to cause a brake unit to apply an increased brake force to
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the specific wheel axle 131.

Thereafter, a step 625 checks if an absolute difference | wi — wa |
between the rotational speed of the specific wheel axle 131 and
the average rotational speed w. of the wheel axles except the
specific wheel axle exceeds a threshold value. If so, a step 630
follows. Otherwise, the procedure loops back to steps 610 and
615.

In step 630, a parameter um is determined that reflects a friction
coefficient ye between the wheels 121a and 121b on the specific
wheel axle 131 and the rails 181 and 182 upon which the rail ve-
hicle 100 travels.

Subsequently, a step 635 checks if all the wheel axles 131, 132,
133 and 134 of the rail vehicle 100 have been tested. If so, the
procedure ends. If not, the procedure continues to a step 640 in
which a not yet tested wheel axle is selected.

Then, in a step 645, a speed signal is obtained, which indicates a
rotational speed w1 of the selected wheel axle.

In a step 650, preferably essentially parallel to step 645, an avera-
ge value is obtained, which represents an average wa. of the rota-
tional speeds of the rail vehicle’s 100 wheel axles except the
selected wheel axle.

In a step 655 subsequent to step 645 and preferably essentially
parallel to step 650, a brake control signal is produced that is con-
figured to cause a brake unit to apply an increased brake force to
the selected wheel axle.

Thereafter, a step 660 checks if an absolute difference between
the rotational speed of the selected wheel axle and the average
rotational speed w. of the wheel axles except the selected wheel
axle exceeds a threshold value. If so, a step 665 follows. Other-
wise, the procedure loops back to steps 645 and 650.

In step 665, a respective fraction of the overall weight m: carried
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by the selected wheel axle is estimated. Thereafter, the procedure
loops back to step 635. It should be noted that the fraction of the
overall weight m+ carried by the first wheel axle may be determi-
ned as a remaining faction of the overall weight mi.t when the res-
pective fractions on all the other wheel axles have been deter-
mined.

All of the process steps, as well as any sub-sequence of steps,
described with reference to Figure 6 may be controlled by means
of a programmed processor. Moreover, although the embodi-
ments of the invention described above with reference to the dra-
wings comprise processor and processes performed in at least
one processor, the invention thus also extends to computer
programs, particularly computer programs on or in a carrier, ad-
apted for putting the invention into practice. The program may be
in the form of source code, object code, a code intermediate
source and object code such as in partially compiled form, or in
any other form suitable for use in the implementation of the pro-
cess according to the invention. The program may either be a part
of an operating system, or be a separate application. The carrier
may be any entity or device capable of carrying the program. For
example, the carrier may comprise a storage medium, such as a
Flash memory, a ROM (Read Only Memory), for example a DVD
(Digital Video/Versatile Disk), a CD (Compact Disc) or a semi-
conductor ROM, an EPROM (Erasable Programmable Read-Only
Memory), an EEPROM (Electrically Erasable Programmable
Read-Only Memory), or a magnetic recording medium, for ex-
ample a floppy disc or hard disc. Further, the carrier may be a
transmissible carrier such as an electrical or optical signal which
may be conveyed via electrical or optical cable or by radio or by
other means. When the program is embodied in a signal, which
may be conveyed, directly by a cable or other device or means,
the carrier may be constituted by such cable or device or means.
Alternatively, the carrier may be an integrated circuit in which the
program is embedded, the integrated circuit being adapted for
performing, or for use in the performance of, the relevant proces-
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S€es.

The term “comprises/comprising” when used in this specification
is taken to specify the presence of stated features, integers, steps
or components. The term does not preclude the presence or
addition of one or more additional elements, features, integers,
steps or components or groups thereof. The indefinite article "a"
or "an" does not exclude a plurality. In the claims, the word “or” is
not to be interpreted as an exclusive or (sometimes referred to as
“XOR?”). On the contrary, expressions such as “A or B” covers all
the cases “A and not B”, “B and not A” and “A and B”, unless
otherwise indicated. The mere fact that certain measures are reci-
ted in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advantage.
Any reference signs in the claims should not be construed as limi-
ting the scope.

It is also to be noted that features from the various embodiments
described herein may freely be combined, unless it is explicitly
stated that such a combination would be unsuitable.

Variations to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed in-
vention, from a study of the drawings, the disclosure, and the ap-
pended claims.

The invention is not restricted to the described embodiments in
the figures, but may be varied freely within the scope of the claims.
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Claims

1. A controller (140) for estimating individual axle weights of a
rail vehicle (100) comprising a number of wheel axles (131, 132,
133, 134) and a set of brake units (101, 102, 103, 104) configured
to apply a respective brake force to each of the wheel axles (131,
132, 133, 134) so as to cause retardation of the rail vehicle (100),
which controller (140) is configured to obtain:

a power signal (Pm) indicating an amount of power produced
by an onboard motor to accelerate the rail vehicle (100) from a
first speed (v1) to a second speed (v2),

a speed signal indicating respective values of the first and
second speeds (v1, V2),
and based thereon estimate an overall weight (mwt) of the rail ve-
hicle (100), characterized in that the controller (140) is further
configured to:

(a) obtain wheel speed signals indicating respective rota-
tional speeds (w1, W2, w3, ws) of the wheel axles (131, 132, 133,
134),

(b) produce a brake control signal (B1) to a specific brake
unit (101) in the set of brake units such that this brake unit applies
a gradually increasing brake force to a specific wheel axle (131)
of said wheel axles,

(c) determine, repeatedly during production of the brake con-
trol signal (B1), an absolute difference (| w1 — wa|) between the
rotational speed of the specific wheel axle (131) and an average
rotational speed (w.) of said wheel axles except the specific wheel
axle; and in response to the absolute difference exceeding a
threshold value

(d) determine a parameter (um) reflecting a friction coeffi-
cient (Je) between a pair of wheels (121a, 121b) on the specific
wheel axle (131) and a pair of rails (181, 182) upon which the rail
vehicle (100) travels,

repeat steps (a) to (c) for each of said wheel axles, and ba-
sed thereon estimate a respective fraction (ms, mz, m,) of the
overall weight (m«t) carried by each of said wheel axles.



10

15

20

25

30

WO 2024/008404 PCT/EP2023/065829

20

2. The controller (140) according to claim 1, comprising at least
one interface (511, 512) configured to receive first and second
vector signals (VS1, VS2), wherein

the first vector signal (VS1) expresses an acceleration (ax,
av, az, ar, ar, aw) of the rail vehicle (100) in at least one dimen-
sion, and

the second vector signal (VS2) expresses a respective rota-
tional movement of the wheels (121a, 121b; 122a, 122b; 123a,
123b; 124a, 124b) on each wheel axle of said wheel axles (131,
132, 133, 134), which rotational movement is performed in a plane
orthogonal to a respective rotation axis of the wheel axle, and
wherein the controller (140) is configured to obtain the wheel
speed signals indicating the respective rotational speeds (w1, w2,
w3, W4) based on the first and second vector signals (VS1, VS2).

3. The controller (140) according to claim 2, wherein the first
vector signal (VS1) further expresses an inclination angle (a) of
the rail vehicle (100) relative to a horizontal plane (H), and the
controller (140) is configured to adjust at least one of the power
signal (Pm) indicating the amount of power produced by the on-
board motor and the speed signal indicating the second speed (v2)
based on the inclination angle (a) when estimating the overall
weight (mtt) of the rail vehicle (100).

4. The controller (140) according to any one of the preceding
claims, wherein the controller (140) is configured to provide the
respective fractions (m1, mz2, mn) of the overall weight (mwt) to a
braking controller to enable the braking controller to produce a
respective brake force signal (BF1) to each brake unit (101) in the
set of brake units (101, 102, 103, 104), which respective brake
force signal (BF1) is based on the respective fractions (m¢, mo,
mn) of the overall weight (Miot).

5. The controller (140) according to claim 4, wherein the con-
troller (140) is co-located with the braking controller (161, 162,
163, 164).



10

15

20

25

30

35

WO 2024/008404 PCT/EP2023/065829

21

6. The controller (140) according to any one of the preceding
claims, wherein the controller (140) is configured to transmit the
brake control signal (B1, B2, B3, B4) via a data bus (150) in the
rail vehicle (100).

7. A computer-implemented method for estimating individual
axle weights of a rail vehicle (100) comprising a number of wheel
axles (131, 132, 133, 134) and a set of brake units (101, 102, 103,
104) configured to apply a respective brake force to each of the
wheel axles (131, 132, 133, 134) so as to cause retardation of the
rail vehicle (100), which method is performed in at least one pro-
cessor (530) and comprises:

obtaining a power signal (Pn) indicating an amount of power
produced by an onboard motor to accelerate the rail vehicle (100)
from a first speed (v1) to a second speed (v2),

obtaining a speed signal indicating respective values of the
first and second speeds (v4, v2), and based thereon

estimating an overall weight (mtt) of the rail vehicle (100),
characterized by:

(a) obtaining wheel speed signals indicating respective rota-
tional speeds (w1, W2, W3, ws) of the wheel axles (131, 132, 133,
134),

(b) producing a brake control signal (B1) to a specific brake
unit (101) in the set of brake units such that this brake unit applies
a gradually increasing brake force to a specific wheel axle (131)
of said wheel axles,

(c) determining, repeatedly during production of the brake
control signal (B1), an absolute difference (| w1 — wa|) between
the rotational speed of the specific wheel axle (131) and an ave-
rage rotational speed (w.) of said wheel axles except the specific
wheel axle; and in response to the absolute difference exceeding
a threshold value

(d) determining a parameter (um) reflecting a friction coeffi-
cient (Je) between a pair of wheels (121a, 121b) on the specific
wheel axle (131) and a pair of rails (181, 182) upon which the rail
vehicle (100) travels,
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repeating steps (a) to (c) for each of said wheel axles, and
based thereon

estimating a respective fraction (m1, m2, m,) of the overall
weight (mtt) carried by each of said wheel axles.

8. The method according to claim 7, comprising:

receiving first and second vector signals (VS1, VS2) via at
least one interface (511, 512), which first vector signal (VS1) ex-
presses an acceleration (ax, av, az, ar, ar, aw) of the rail vehicle
(100) in at least one dimension, which second vector signal (VS2)
expresses a respective rotational movement of the wheels (121a,
121b; 122a, 122b; 123a, 123b; 124a, 124b) on each wheel axle of
said wheel axles (131, 132, 133, 134), which rotational movement
is performed in a plane orthogonal to a respective rotation axis of
the wheel axle, and

obtaining the wheel speed signals indicating the respective
rotational speeds (w1, w2, W3, wWa) based on the first and second
vector signals (VS1, VS2).

9. The method according to claim 8, wherein the first vector
signal (VS1) further expresses an inclination angle (a) of the rail
vehicle (100) relative to a horizontal plane (H), and the method
comprises:

adjusting at least one of the power signal (Pn) indicating the
amount of power produced by the onboard motor and the speed
signal indicating the second speed (v2) based on the inclination
angle (a) when estimating the overall weight (mi:) of the rail ve-
hicle (100).

10. The method according to any one of the claims 7 to 9, further
comprising:

providing the respective fractions (m¢, mz2, m,) of the overall
weight (mtt) to a braking controller to enable the braking controller
to produce a respective brake force signal (BF1) to each brake
unit (101) in the set of brake units (101, 102, 103, 104), which
respective brake force signal (BF1) is based on the respective
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fractions (m+1, m2, m,) of the overall weight (Mot).

11. The method according to any one of the claims 7 to 10,
comprising:

transmitting the brake control signal (B1, B2, B3, B4) via a
data bus (150) in the rail vehicle (100).

12. A computer program (525) loadable into a non-volatile data
carrier (520) communicatively connected to at least one processor
(530), the computer program (525) comprising software for exe-
cuting the method according any of the claims 10 to 16 when the
computer program (525) is run on the at least one processor (530).

13. A non-volatile data carrier (520) containing the computer
program (425) of the claim 12.
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