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(567)  Arail vehicle comprises a vehicle body resting
on two longitudinally spaced running gears (14, 16), each
of the running gears (14, 16) comprising a running gear
frame (14.1, 16.1), a primary suspension (14.2, 16.2) be-
tween the running gear frame (14.1, 16.1) and a set of
wheels (14.3, 16.3), and a secondary suspension com-
prising at least one lateral actuator (14.4, 14.41, 16.4)
between the running gear frame (14.1, 16.1) and the ve-
hicle body (12). A method for controlling the suspension

Crosswind stabilisation method and associated rail vehicle

of the rail vehicle comprises: processing signals from
sensors (14.21, 16.21) directly or indirectly measuring a
wheel unloading condition to detect crosswind and a
windward side; and controlling the at least one lateral
actuator (14.4, 14.41, 16.4) of at least one of the running
gears (14, 16) to move the vehicle body (12) according
to a stability-oriented control strategy towards the wind-
ward side in response to the detected crosswind.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates to the crosswind stability
of a rail vehicle, in particular a high-speed rail vehicle,
e.g. an intercity rail vehicle, and/or a vehicle subjected
to high crosswind loads, e.g. a double-deck rail vehicle.

BACKGROUND ART

[0002] The crosswind stability of rail vehicles is influ-
enced by the shape of the vehicle body, the inertial prop-
erties of the vehicle body and the running gear frames,
and by the vehicle suspension systems. A rail vehicle
provided with a passive suspension system and exposed
to a crosswind reacts with a sway motion of the vehicle
body. A yaw motion of the vehicle body can also be ob-
served, in particular under the impact of a gust. Meas-
urements of vehicle response to crosswind show that in
particular the lateral stiffness of the secondary suspen-
sion, and to somewhat less extent the roll stiffness, in-
fluence the stability of the vehicle under the induced
loads. However, the magnitude of the aerodynamic loads
is often so high that it proves impossible to sufficiently
adapt the passive suspension system to crosswind with-
out compromising or even deteriorating the ride comfort.
[0003] Rail vehicles are today increasingly equipped
with active suspension systems for ride comfort purpos-
es. When such a vehicle is exposed to high crosswind
loads, the active secondary suspension may somewhat
reduce the impact of crosswind on the vehicle. The mag-
nitude and suddenness of the aerodynamic loads on the
vehicle, however, are often such that the response of the
active secondary suspension is insufficient or inappro-
priate.

[0004] There is therefore a need for a more specific
response to crosswind on rail vehicles.

SUMMARY OF THE INVENTION

[0005] According to one aspect of the invention, there
is provided a method for stabilising a rail vehicle com-
prising a vehicle body resting on two longitudinally
spaced running gears, each of the running gears com-
prising a running gear frame, a primary suspension be-
tween the running gear frame and a set of wheels, and
a secondary suspension comprising one or more lateral
actuators between the running gear frame and the vehi-
cle body, the method comprising:

- processing signals from sensors directly or indirectly
measuring a wheel unloading condition to detect
crosswind and a windward side; and

- controlling at least one of the one or more lateral
actuators of at least one, or both of the running gears
to move the vehicle body according to a crosswind
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stability-oriented control strategy towards the wind-
ward side in response to the detected crosswind.

[0006] The sideward movement imparted to the vehi-
cle body reduces the wheel unloading on the windward
side, which minimises overturning risks and increases
the stability of the vehicle. The proposed method may
take advantage of an existing active suspension system
or use dedicated actuators, in particular one or more ded-
icated lateral actuators, which are not used in the ab-
sence of crosswind.

[0007] The wheelunloading canbe assessed as a nor-
malised deviation (Q-Q)/Q, of the actual vertical wheel-
rail force Q from a corresponding static force Q; on a
horizontal track. However, directly measuring the wheel-
rail force requires instrumented wheelsets, which is cost-
ly and impractical in daily operation. Hence, the sensors
preferably measure a vertical deflection and/or force of
the primary suspension. Directly measuring the vertical
deflection of the primary suspension, in particular, proves
particularly easy and appropriate.

[0008] While the wheel unloading can be measured or
assessed on a single wheel, it is preferred to compute a
left-side loading value and a right-side loading value for
each running gear or for the two running gears of the rail
vehicle.

[0009] The signal processing may further include com-
paring atleast one of the left-side loading value and right-
side loading value to an unloading threshold to decide
an occurrence of crosswind. The unloading threshold is
preferably determined as a result of a previous process-
ing of signals from the sensors in a static situation, i.e.
at standstill on a horizontal track or at constant speed on
a straight horizontal track.

[0010] Preferably, the signal processing further in-
cludes comparing the left-side loading value to a right-
side loading value to determine a windward direction.
[0011] The signals are preferably filtered with a low-
pass filter, preferably a 1st order low-pass filter, prefer-
ably with a cut-off frequency between 0,1 and 4 Hz, to
avoid unnecessary time delays in the response.

[0012] The crosswind stability-oriented control strate-
gy preferably includes controlling at least one of the lat-
eral actuators with a predetermined crosswind stability-
oriented constant set value upon detection of the cross-
wind. This strategy is particularly simple to implement.
The predetermined constant crosswind stability-oriented
set value can be the maximum force or deflection value
achievable with the lateral actuator.

[0013] Alternatively, if the lateral actuator is sufficiently
powerful, it can be controlled with a set force value or
deflection value which is the sum of a predetermined
crosswind stability-oriented constant mean value and of
a superimposed dynamic value. In particular, the super-
imposed dynamic value can be determined according to
a known comfort-oriented control strategy. The dynamic
value should not interfere with the constant mean value
and should therefore have no frequency component un-
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der a given split frequency. If the known comfort-oriented
control strategy generates low frequency signals, it may
be necessary to process the set value computed accord-
ing to the comfort-oriented control strategy through a
high-pass filter with a cut-off frequency at the split fre-
quency, which is preferably more than 0,1 Hz and less
than 3Hz.

[0014] If one of the running gears is provided with more
than one lateral actuator, one of the lateral actuators can
be dedicated to the crosswind stability-oriented control
strategy while another can be controlled according to the
comfort-oriented control strategy, after processing
through a high-pass filter if necessary in order not to in-
terfere with the first actuator.

[0015] The secondary suspension may be provided
with left and right vertical actuators. In such a case, the
crosswind stability-oriented control strategy may include
controlling at least one vertical actuator of the secondary
suspension to tilt the vehicle body towards the windward
side in response to the detected crosswind. In particular,
it may include lifting the vehicle body on a leeward side
of the vehicle and lowering the vehicle body on the wind-
ward side of the vehicle.

[0016] Atleastone of the vertical actuators can be con-
trolled with a predetermined constant set value upon de-
tection of the crosswind. This predetermined constant
set value can be a maximum force or deflection value of
the vertical actuator.

[0017] At least one, and preferably all, of the vertical
actuators can be controlled with a set force or deflection
value, which is the sum of a predetermined constant
mean value and of a superimposed dynamic value. In
particular, the superimposed dynamic value can be de-
termined according to a known comfort-oriented control
strategy. As discussed above in connection with the lat-
eral actuator, the dynamic value for controlling the verti-
cal actuators should not interfere with the constant mean
value and should therefore have no frequency compo-
nent under a given split frequency. If the known comfort-
oriented control strategy generates low frequency sig-
nals, it may be necessary to process the set value com-
puted according to the comfort-oriented control strategy
through a high-pass filter with a cut-off frequency at the
split frequency, which is preferably more than 0,1 Hz and
less than 3Hz.

[0018] Preferably, the method includes phasing in the
crosswind stability-oriented control strategy and simulta-
neously phasing out a comfort-oriented control strategy
in a transition phase at detection of the crosswind. The
transition phase should be short enough to react quickly
to the crosswind, but also to ensure a relatively smooth
transition between the two control approaches.

[0019] The method preferably also includes process-
ing the signals from sensors measuring a vertical deflec-
tion and/or force of the primary suspension to detect an
end of the crosswind. In particular, it may include com-
paring at least one of the left-side loading value and right-
side loading value to an end-of-unloading threshold to
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detect the end of the crosswind. The end-of-unloading
threshold may be equal to the unloading threshold. The
method preferably also includes phasing out the cross-
wind stability-oriented control strategy and simultane-
ously phasing in a comfort-oriented control strategy in a
end-of-crosswind transition phase. This transition phase
can be longer that the previous one as returning to the
comfort-oriented control strategy is not safety-related.
[0020] The method may further include processing
stored data in combination with a positioning system and
with the signals from sensors to improve the capability
to differentiate crosswind from track layout, i.e. curve
transitions.

[0021] If the rail vehicle is part of a set of rail vehicles,
e.g. a multiple unit or a train, the method can include
processing data from another rail vehicle of the set of rail
vehicles in combination with the signals from sensors to
detect crosswind.

[0022] According to another aspect of the invention,
there is provided a method of controlling a rail vehicle
comprising a vehicle body resting on two longitudinally
spaced running gears, each of the running gears com-
prising a running gear frame, a primary suspension be-
tween the running gear frame and a set of wheels, and
a secondary suspension comprising one or more lateral
actuators between the running gear frame and the vehi-
cle body, the method being characterised in that it com-
prises:

- processing signals from sensors directly or indirectly
measuring a wheel unloading condition to detect a
crosswind and a windward side;

- controlling at least one of the one or more lateral
actuators of at least one or both of the running gears
to move the vehicle body according to a crosswind
stability-oriented control strategy towards the wind-
ward side in response to the detected crosswind..

- controlling at least one of the lateral actuators of at
least one or both of the running gears according to
a comfort-oriented control strategy to maximise ride
comfort in the absence of crosswind

[0023] The comfort-oriented control strategy prefera-
bly includes a dynamic component to reduce the vibra-
tions of the vehicle body in the lateral and vertical direc-
tions, and in particular the vibration in a frequency spec-
trum considered as most uncomfortable for the passen-
gers, and a quasi-static component for curving purposes,
e.g. toreduce lateral quasi-static suspension deflections
during curve negotiation, or to tilt the vehicle body to re-
duce the impact of unbalanced lateral accelerations in
horizontal curves. The vehicle body is therefore prefer-
ably provided with lateral and/or vertical accelerometers,
which deliver input signals for the comfort-oriented con-
trol strategy.

[0024] The crosswind stability-oriented control strate-
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gy may include switching off or fading away the comfort-
oriented control strategy. It may also be combined with
the dynamic component of the comfort-oriented control
strategy.

[0025] According to another aspect of the invention,
there is provided a rail vehicle comprising a vehicle body
resting on two longitudinally spaced running gears, each
of the running gears comprising a running gear frame, a
primary suspension between the running gear frame and
a set of wheels, and a secondary suspension comprising
one or more lateral actuators between the running gear
frame and the vehicle body. The rail vehicle is also pro-
vided with sensors for directly or indirectly measuring a
wheel loading and a controller connected to the sensors
and the one or more lateral actuators for stabilising a rail
vehicle according to the control method of any one of the
preceding claims.

[0026] According to one embodiment the running
gearsinclude atleastone running gear, preferably alead-
ing running gear, with two lateral actuators. This can be
a convenient way of retrofitting an existing active sus-
pension to increase its maximum lateral force.

[0027] The secondary suspension may include leftand
right vertical actuators connected to the controller.
[0028] The various embodiments of the invention can
be combined at will.

DESCRIPTION OF THE FIGURES

[0029] Otheradvantages and features of the invention
will become more clearly apparent from the following de-
scription of specific embodiments of the invention given
as non-restrictive example only and represented in the
accompanying drawings, in which:

- Fig. 1is a top view of a rail vehicle according to an
embodiment of the invention;

- Fig.2 is a schematic view of a control circuit for the
rail vehicle of Fig.1;

- Fig.3is a flow chart of a crosswind stability-oriented
control strategy according to an embodiment of the
invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0030] Referring to Fig 1, a rail vehicle 10 comprises
a vehicle body 12 on two longitudinally spaced running
gears 14, 16, each of the running gears 14, 16 comprising
a running gear frame 14.1, 16.1, a primary suspension
14.2, 16.2 between the running gear frame and two sets
of wheels 14.3, 16.3, and a secondary suspension com-
prising lateral actuators 14.4, 14.41, 16.4 and vertical
actuators 14.5, 16.5 between the running gear frame
14.1, 16.1 and the vehicle body 12. More specifically, the
leading running gear 14 in the travel direction 100 is pro-
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vided with two lateral actuators 14.4, 14.41, whereas the
other running gear 16 is provided with one lateral actuator
16.4 only.

[0031] The primary suspension 14.2, 16.2 is provided
with sensors 14.21, 16.21 for measuring a deflection of
the primary suspension. The rail vehicle 10 is further pro-
vided with a controller 20, which is connected to the sen-
sors 14.21, 16.21 and to the lateral and vertical actuators
14.4, 14.41, 14.5, 16.4, 16.5 of the secondary suspen-
sions of the two running gears 14, 16. The actuators can
be hydraulic actuators, in particular electrically controlled
hydraulic actuators, or any other type of suitable actua-
tors with a short response time.

[0032] The controller 20 operates as illustrated in Fig-
ure 2. In the absence of strong crosswind, the controller
follows a comfort-oriented control strategy e.g. to mini-
mise the vertical and lateral accelerations of the vehicle
body and/or to minimize the relative displacement be-
tween running gear frame and the vehicle body.

[0033] Theinputsignals from the sensors 14.21, 16.21
are continuously processed through a low-pass filter at
step 101, and compared to stored values at step 102 to
determine whether crosswind has occurred.

[0034] More specifically, the comparison may include
the computation of a normalised deflection value
(D-Dg)/(Dp-Dg), where D is the measured and filtered
deflection, Dy, is a stored value of the maximum admis-
sible deflection for the primary suspension and Dy is a
predetermined value of the input signal measured at
standstill or at constant speed on a straight track without
crosswind. If the normalised deflection of the two wheels
on the same side (windward side) of one of the running
gears is more than a first given threshold, e.g. 80% or
90%, and if the normalised deflection of the two wheels
on the other side of the same running gear is negative,
and if the same conditions are met on the second running
gear with a second given threshold, which may be the
same as the first threshold or slightly less, e.g. 75% or
85%, the controller determines that crosswind has oc-
curred and proceeds to step 103. Otherwise, the control-
ler goes back to the monitoring step 101.

[0035] At step 103 the controller determines the wind-
ward side as the side of the vehicle on which the thresh-
olds have been exceeded and proceeds to step 104 to
implement the crosswind stability-oriented control strat-
egy. Atstep 104, the controller starts phasingin the cross-
wind stability-oriented control strategy and simultane-
ously phasing out a comfort-oriented control strategy dur-
ing a transition phase after detection of crosswind. The
crosswind stability-oriented control strategy, includes
sending control signals to the lateral actuators to move
the vehicle body towards the windward side (i.e. the di-
rection opposed to the wind) and to the vertical actuators
to tilt the vehicle body towards the windward side.
[0036] According to a first embodiment, a maximum
force is demanded from all lateral actuators in order to
move the vehicle body towards the windward side (i.e.
the direction opposed to the wind) and from the vertical
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actuators to tilt the vehicle body towards the windward
side.

[0037] According to a second embodiment, one of the
lateral actuators on the leading running gear is used for
the purpose of producing a maximum force while the con-
trol of the other lateral actuators is not changed. The ver-
tical actuators are used in order to produce a maximum
tilt.

[0038] According to a third embodiment, only the qua-
si-static components of the comfort-oriented control
strategy is faded out, while the high frequency compo-
nents of the comfort-oriented control strategy are re-
tained and added to a quasi-static component of the
crosswind stability-oriented control strategy, which may
be the same as in the first or second embodiment above.
As a variant, the lateral quasi-static component of the
crosswind stability-oriented control strategy is split equal-
ly between the two lateral actuators on the leading run-
ning gear, while the dynamic component of the comfort-
oriented control strategy is applied on one of the two lat-
eral actuators only.

[0039] The deflection of the primary suspensionis con-
tinuously monitored at step 105 while the crosswind sta-
bility-oriented control strategy is applied, to detect at step
106 whether the crosswind has ended. This will be the
case e.g. if the normalised deflection on the windward
side decreases below the first threshold mentioned
above.

[0040] In such a case, the crosswind stability-oriented
control strategy is phased out and the comfort-oriented
control strategy is phased in again at step 107 during a
transition phase which is preferably longer than the first
transition phase.

[0041] Theinvention is not limited to the embodiments
described so far. The number and location of the actua-
tors can vary from one vehicle to another. In particular,
there may be only one lateral actuator per running gear,
or two lateral actuator per running gear. The running
gears can be located at the ends of the vehicle body, or
between two vehicle bodies of a multiple unit vehicle.
[0042] The rail vehicle can be equipped with one con-
troller per car body or one controller per running gear.

Claims

1. A method for stabilising a rail vehicle comprising a
vehicle body resting on two longitudinally spaced
running gears (14, 16), each of the running gears
(14, 16) comprising a running gear frame (14.1,
16.1), a primary suspension (14.2, 16.2) between
the running gear frame (14.1, 16.1) and a set of
wheels (14.3, 16.3), and a secondary suspension
comprising one or more lateral actuators (14.4,
14.41, 16.4) between the running gear frame (14.1,
16.1) and the vehicle body (12), the method being
characterised in that it comprises:
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10.

- processing signals from sensors (14.21, 16.21)
directly or indirectly measuring a wheel unload-
ing condition to detect a crosswind and a wind-
ward side;

- controlling at least one of the one or more lat-
eral actuators (14.4, 14.41, 16.4) of at least one
ofthe running gears (14, 16) to move the vehicle
body (12) according to a stability-oriented con-
trol strategy towards the windward side in re-
sponse to the detected crosswind.

The method of claim 1, characterised in that the
sensors measure a vertical deflection and/or force
of the primary suspension (14.2, 16.2).

The method of claim 1 or claim 2, characterised in
that the signal processing includes computing a left-
side loading value and a right-side loading value.

The method of claim 3, characterised in that the
signal processing furtherincludes comparing atleast
one of the left-side loading value and right-side load-
ing value to a unloading threshold to decide an oc-
currence of crosswind.

The method of claim 4, wherein the unloading thresh-
oldis determined as a result of a previous processing
of signals from the sensors (14.21, 16.21) in a static
situation.

The method of any one of claims 3 to 5, character-
ised in that the signal processing further includes
comparing the left-side loading value to a right-side
loading value to determine a windward direction.

The method of any one of the preceding claims,
characterised in that the signal processing in-
cludes filtering the signals with a low-passfilter, pref-
erably a 15t order low-pass filter, preferably with a
cut-off frequency between 0,1 and 4 Hz.

The method of any one of the preceding claims,
characterised in that it includes controlling at least
one of the one or more lateral actuators (14.4,14.41,
16.4) of at least one of the running gears (14, 16)
with a predetermined crosswind stability-oriented
constant set value upon detection of the crosswind.

The method of claim 8, characterised in that the
predetermined constant crosswind stability-oriented
set value is a maximum force or deflection value of
the lateral actuator (14.4, 14.41, 16.4).

The method of any one of the preceding claims,
characterised in that it includes controlling at least
one of the one or more lateral actuators (14.4,14.41,
16.4) of at least one of the running gears (14, 16)
with a set force or deflection value which is the sum
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of a predetermined crosswind stability-oriented con-
stant mean value and of a superimposed dynamic
value.

The method of any one of the preceding claims,
wherein the secondary suspension of at least one of
the running gears (14, 16) comprises left and right
vertical actuators (14.5, 16.5), characterised in that
the method includes controlling at least one of the
vertical actuators (14.5, 16.5) of the secondary sus-
pension to tilt the vehicle body towards the windward
side in response to the detected crosswind.

The method of the preceding claim, characterised
in that it includes lifting the vehicle body (12) on a
leeward side of the vehicle (10) and lowering the
vehicle body (12) on the windward side of the vehicle
(10).

The method of any one claims 11 or 12, character-
ised in that it includes controlling at least one of the
vertical actuators (14.5, 16.5) with a predetermined
constant set value upon detection of the crosswind.

The method of claim 13, characterised in that the
predetermined constant set value is a maximum
force or deflection value of the vertical actuator (14.5,
16.5).

The method of any one claims 11 to 14, character-
ised in that it includes controlling at least one of the
vertical actuators (14.5, 16.5) with a set force or de-
flection value which is the sum of a predetermined
constant mean value and of a superimposed dynam-
ic value.

The method of any one of the preceding claims,
characterised in that it includes phasing in the
crosswind stability-oriented control strategy and si-
multaneously phasing out a comfort-oriented control
strategy in a first transition phase after detection of
the crosswind.

The method of any one of the preceding claims,
characterised in that itincludes processing the sig-
nals from sensors measuring a vertical deflection
and/or force of the primary suspension to detect an
end of the crosswind.

The method of claim 17 and claim 3, characterised
in that it includes comparing at least one of the left-
side loading value and right-side loading value to a
end-of-unloading threshold to detect the end of the
crosswind.

The method of claim 18 and claim 4, characterised
in that the end-of-unloading threshold is equal to the
unloading threshold.
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20.

21.

22.

23.

24.

25.

26.

The method of any one of claims 17 to 19, charac-
terised in that it includes phasing out the crosswind
stability-oriented control strategy and simultaneous-
ly phasing in a comfort-oriented control strategy in a
end-of-gust transition phase.

The method of any one of the preceding claims,
characterised in that it includes processing stored
data in combination with a positioning system and
with the signals from sensors to detect the cross-
wind.

The method of any one of the preceding claims,
wherein the rail vehicle is part of a set of rail vehicles,
characterised in that it includes processing data
from another rail vehicle of the set of rail vehicles in
combination with the signals from sensors to detect
the crosswind.

A rail vehicle (10) comprising a vehicle body (12)
resting on two longitudinally spaced running gears
(14, 16), each of the running gears (14, 16) compris-
ing a running gear frame (14.1, 16.1), a primary sus-
pension (14.2, 16.2) between the running gearframe
and a set of wheels (14.3, 16.3), and a secondary
suspension comprising one or more lateral actuators
(14.4, 14.41, 16.4) between the running gear frame
(14.1, 16.1) and the vehicle body (12), character-
ised in that it comprises sensors (14.21, 16.21) di-
rectly or indirectly measuring a wheel unloading and
a controller (20) connected to the sensors (14.21,
16.21) and to the one or more lateral actuators (14.4,
14.41, 16.4) for stabilising the rail vehicle according
to the control method of any one of the preceding
claims.

The vehicle of claim 24, characterised in that the
secondary suspension of at least one of the running
gears (14, 16) includes at least two lateral actuators
(14.4, 14.41).

The vehicle of claim 23 or claim 24, characterised
in that the secondary suspension of at least one of
the running gears (14, 16) includes left and right ver-
tical actuators (14.5, 16.5).

The vehicle of any one of claims 23 to 25, charac-
terised in that the sensors (14.21, 16.21) include
deflection sensors for measuring a deflection of the
primary suspension (14.2, 16.2)
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