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(57) Abregée/Abstract:

The invention relates to a camber control for the superstructure of a rail vehicle, comprising a transversal acceleration sensor (1)
and a camber control device (2-4) controlled therefrom for cambering the superstructure along its longitudinal axis in relation to
the running gear or the bogie supporting the superstructure. A low-pass filter (3) Is connected In the signal path between the
transversal acceleration sensor (1) and the camber control device. In order to at least amply compensate the operation time of
the low-pass filter, a steady state member (2) Is connected In the signal path between the transversal acceleration sensor (1)
and the low-pass filter (3), whose output signal is selected at least in the middle segment agem of a predetermined measuring
value of the transversal acceleration values to be detected in such a way that the transversal acceleration in the superstructure

remains almost constant in said segment.
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(57) Abstract

The invention relates to a camber control for the superstructure of a rail vehicle, comprising a transversal acceleration sensor (1) and
a camber control device (2-4) controlled therefrom for cambering the superstructure along its longitudinal axis in relation to the running |
gear or the bogie supporting the superstructure. A low—pass filter (3) is connected in the signal path between the transversal acceleration
sensor (1) and the camber control device. In order to at least amply compensate the operation time of the low—pass filter, a steady state
' member (2) is connected in the signal path between the transversal acceleration sensor (1) and the low-pass filter (3), whose output signal
is selected at least in the middle segment agem of a predetermined measuring value of the transversal acceleration values to be detected in
such a way that the transversal acceleration in the superstructure remains almost constant in said segment.
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CAMBER CONTROL FOR RAIL VEHICLES

The i1nvention relates to a tilt control system for
a body of a rail vehicle with a lateral acceleration sensor
and a tilt control device controlled thereby for tilting the
5 wvehicle body about its longitudinal axis relative to a
running gear or bogle carrying the vehicle body and with a
low-pass fllter 1nstalled in a signal path between the

lateral acceleration sensor and the tilt control device.

In a known tilt control system of this type

10 (DE 37 27 768 Cl), a gyroscope for the detection of the
rotational speed of the vehicle body and a speed sensor are
provided 1n addition to a lateral acceleration sensor to
generate a control signal for the curve-dependent tilt of
the body of a rail vehicle. The output signals of the

15 lateral acceleration sensor and the angle of rotation sensor
are fed to 1dentical electrical low-pass filters with a low
cutoff frequency 1n order to remove primary signals with
superimposed parasitic oscillation from the output signals.
The filtered rotation angle-dependent output signal of the

20 gyroscope 1s multiplied by a signal derived from vehicle
speed and acceleration due to gravity and then, together
with the filtered signal of the lateral acceleration sensor,
fed to a tilt control device used for tilting the vehicle
body 1n dependence on the 1input values about its

25> longitudinal axlis relative to a running gear or bogie
assembly supporting the vehicle body. The low-pass filters
have a cutoff frequency of 2 Hz. The low cutoff frequency
results 1n an undesirable electrical time delay of the
output signal. In order to compensate for this

30 disadvantage, which would delay the tilting action of the

vehicle body with adverse results for ride comfort, the
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output signal filtered by the low-pass filter and as such
determining the tilt of the wvehicle body 1s jolned by a
correction signal resulting from multiple multiplication and
addition, which 1s calculated from the rotational speed of
the vehicle body about its vertical axis and from i1ts speed
of travel. This i1nvolves much technical effort and an

.

increased possibility of errors. In addition, the cutoff

frequency of the low-pass filters i1is high compared to the

rate of i1ncrease of the lateral acceleration.

The invention 1s based on the problem of providing
by suitable measures a tilt control system as described
above wherein the tilt control device 1s controlled with

minimum delay while circuit design 1s simplified.

The present invention 1s characterized 1n that a
characteristic element 1s installed 1n the signal path
between the lateral acceleration sensor and the low-pass
filter, an output signal of the characteristic element
being, at least 1n a middle section of a preset measuring
range of acceleration values to be detected, selected to
keep lateral acceleration in the vehicle body approximately

constant for the middle section at least.

gt

In a design of a tilt control system according to

the invention, only the output signal of a lateral
acceleration sensor 1s used to control the actuator
arrangement of a tilt control device effecting the tilting
of the vehicle body, this signal being fed i1n 1ts original
form, noisy due to parasitic oscillation, to a
characteristic element without filtration. 1In the
characteristic element, at least one characteristic 1s
fixed, 1n accordance with which an output signal value

allocated to a defined input signal value 1s output. In
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this context, the input signal is weighted in a way to
ensure that only a medium range 1s used to control the tilt
of the vehicle body. The characteristic element may in
particular be constructed on a digital basis, whereby
associated output signal values are stored in a memory in
dependence on the magnitude of the output signal of the
lateral acceleration sensor. The characteristic of the
characteristic element has an unweighted initial range, in
which the 1input signal doces not result in an output signal,
i.e. the lateral acceleration in the vehicle body varies

wlth the lateral acceleration at track level. In the next

range, the weighted medium range, the characteristic element
1s defined as any monotonically increasing function. 1In
particular, curve sections rising linearly in stages are
chosen. At least one curve section must have enough slope
to keep lateral acceleration in the vehicle body constant
for this curve range. This compensates at least partially
for the delay of the downstream low-pass filter. From a
preset upper acceleration value, the characteristic element
once agaln supplies an unweighted constant output signal
value 1ndependent of the input signal, so that the lateral
acceleration 1n the travelling vehicle body once again
varlies wilth the lateral acceleration at track level, there
being no further tilting of the vehicle body. The initial
range detected at track level preferably extends to
approximately 0.4 m/s°, the weighted medium range from
approximately 0.4 to 1.6 m/s®. The output signal of the
characteristic element may be either a converted lateral

acceleration value or a value determining the set tilt angle
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of the vehicle body. This low-pass filter can have a cutoff
frequency of less than 1 Hz. This cutoff frequency is
preferably adjusted to approximately 0.2 Hz. Irrespective
of the thereby increased delay of the filter, the actuator
arrangement reacts very fast owing to the weighting function
of the characteristic element, because the delay of the low-
pass filter 1is at least partially compensated for. The low
cutoff frequency of the low-pass filter results in a soft
tilt variation at the vehicle body and a rounded
characteristic transition at the beginning and at the end of
the welghted characteristic range. By omitting any further
sensors and the associated filter and computing units, a
simple tilt control system with excellent noise immunity is

created, which can be 1mplemented cost-effectively and with

very little technical effort.

The permissible lateral acceleration at track
level is limited to values between 0 and 2 m/s® in the
present context. The lateral acceleration in the vehicle
pody varies synchronously with the lateral acceleration at
track level up to approximately 0.4 m/s® while being kept
constant at approximately 0.4 m/s° in the medium range by the
activation of the actuators of the tilt control system,
followed by a further synchronous increase to approximately

0.8 m/s* in the range above 1.6 m/s*.

The control behaviour can be adapted to varying
rall vehicle types by storing several families of
characteristics i1n the characteristic element, which can be
selectively called up when installing the system on the rail
vehicle or when a change in the tilt characteristic is
desired. In a digital characteristic element, an input

signal curve can be allocated its own group of memory
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locations with static data for each characteristic, or the data

values in a group of memory locations can be changed in accord-
ance with the required characteristic curve.

The invention is described in detail below with reference to the
drawings of an embodiment, of which

Fig. 1 is a block diagram of a tilt control device for the
body of a rail vehicle; '

Fig. 2a shows a weighting function of the characteristic elem-
ent,;

Fig. 2b is a curve of the time slope of the lateral acceler-
ation at track level when entering into a curve;

Fig. 2c is a curve of the time slope of the set tilt angle
with and without characteristic element; and

Fig. 3 1s a measured curve of the lateral acceleration de-
tectable 1n the vehicle body.

A rail vehicle to be controlled has a body capable of being tilt-
ed about its longitudinal axis by means of a tilt control device
on at least two running gears or bogies, controllable mechanical
actuators in the form of electromotive or hydraulic actuators
being mounted between vehicle body and running gear/bogies. The
control of the tilt of the vehicle body is required only when
negotiating a curve and comes into effect in order to ensure the
comfortable operation of the rail vehicle without adversely
affecting the user by excessive lateral forces. For the control
of the required actuators, a running gear/bogie, an axle of the
running gear or even a bogie frame is fitted with a sensor 1
which responds to lateral acceleration forces and generates an
electrical signal in dependence of these. Owing to track faults,
vibrations produced by the vehicle itself and other similar fact-

ors, the acceleration-dependent signal representing the primary

CA 02278679 1999-07-29
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set-point signal for the control of the tilt angle is affected
by superimposed parasitic oscillations of a much higher frequ-
ency. This noisy signal is fed without filtration to a charact-
eristic element 2 supplying in dependence on the magnitude of its
input signal age a nonproportional output signal aga dependent
not only on the ideal primary set-point signal, but also on the
superimposed parasitic oscillations.

Fig. 2b 1i1llustrates the time slope of the guasi-static lateral
acceleration at track level age when entering into a curve by an
unbroken line. This acceleration signal rises from the entry of
the vehicle into the initial transition curve of a track linearly
from 0O m/s? at the time t0 (here assumed to be second 2) in a
middle section agem, remaining constant in the curve proper up
to a maximum permissible wvalue of 2 m/s2. Weighting with the
characteristic element 2 according to Fig. 2a results in the
output signal curve aga illustrated by a broken line in Fig. 2b.
This represents a converted acceleration value including a basic
value for the tilt angle. This output signal agqa remains at zero
until the input signal exceeds the value of 0.4 m/s?. Its maximum
value for vehicle body tilt is, however, already reached at an
input signal of 1.6 m/s2. This curve section aga may optionally
be made up of several curve segments. The output signal aga gen-
erated in this way therefore reaches its maximum value before
entry into the curve proper, in which acceleration at track level
age remains constant, reaching 2 m/s2 in the present case. From
1.6 m/s¢, there is no further controlled tilt of the vwvehicle
body, so that track level acceleration values above 1.6 m/s?
result in a noticeable increase in lateral acceleration in the
vehicle body (Fig. 3).

Fig. 2a shows a weighting function in the characteristic element
2. The initial range (no output signal) here extends from 0 m/s?
to 0.4 m/s?. In the range of 0.4 m/s? to 1.6 m/s2, the linear
rise is so chosen that the output signal aga relevant for tilt
control corresponds to acceleration values between 0 m/s2 and 2
m/s?. In the next and final range agemax of the input signal agqge

CA 02278679 1999-07-29
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for track level acceleration values above 1.6 m/s?, the output
signal aga relevant for tilt control remains constant and in-
dependent of the input signal, corresponding to 2 m/s=<.

The output signal aga of the characteristic element 2 is fed to
a low-pass filter 3. Owing to the contouring error or delay of
the low-pass filter 3, the filter output signal nsw indicated by
an unbroken line in Fig. 2¢ is generated, which corresponds to
the set tilt angle about which the vehicle body negotiating a
curve 1s actually tilted by the associated tilt control device
in dependence on the prevailing lateral acceleration in the range
between 0.4 and 1.6 m/s?2. The broken line in Fig. 2c, on the
other hand, indicates the curve of the set tilt angle which would
apply to the tilt control of the vehicle body without the use of
the characteristic element 2. The use of the characteristic el-
ement 2 therefore results in a steeper rise of the set tilt angle
nsw corresponding to the output signal aga in the middle ramp
section of the input signal age between the selectable values of

0.4 m/s? and 1.6 m/s?. This means a time lead of the set tilt
angle signal nsw.

Fig. 3 i1llustrates values measured at a trial run of a rail
vehicle equipped with a tilt control system according to the in-
vention. The quasi-static acceleration values measured in the
vehicle body are plotted above the quasi-static lateral accel-
eration values age measured at the axle of the running gear or
bogie of a rail vehicle (corresponding to lateral acceleration
at track level). The curve indicates an initial rise of the ac-
celeration values in the wvehicle body negotiating a curve to a
value of approximately 0.4 m/s?2, whereupon the lateral acceler-
ation value in the vehicle body remains approximately constant
up to bogie acceleration values of approximately 1.6 m/s? owing
to the active tilt control of the vehicle body, finally rising
continuously with increasing lateral acceleration age. In the
curve, the passenger therefore feels - consistent with optical
impressions - that a curve is in fact being negotiated, without
experiencing the actual centrifugal forces in full.

CA 02278679 1999-07-29




Vocabulary for figures

Sensor Sensor

Kennlinie characteristic

Filter filter

Regler regulator

Steuerglieder control elements

Ausgang output

Kennlinienglied characteristic element
Eingang input

Beschleunigung acceleration

Kennlinien-

Eingangssignal characteristic input signal
Kennlinien-

Ausgangssignal characteristic output signal
Sollneigewinkel set tilt angle

mit Kennlinienglied with characteristic element
ohne Kennlinienglied without characteristic element
Wagenk. vehicle body

CA 02278679 1999-07-29
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CLAIMS:
1. Tilt control system for a body of a rail vehicle

with a lateral acceleration sensor and a tilt control device
controlled thereby for tilting the vehicle body about its
longitudinal axis relative to a running gear or bogie
carrying the vehicle body and with a low-pass filter
installed in a signal path between the lateral acceleration
sensor and the tilt control device, characterized in that a
characteristic element is installed in the signal path
petween the lateral acceleration sensor and the low-pass
filter, an output signal of the characteristic element
being, at least in a middle section of a preset measuring
range of acceleration values to be detected, selected to
keep lateral acceleration i1in the vehicle body approximately

constant for the middle section at least.

2. Tilt control system according to claim 1,
characterized 1n that the middle section for the lateral

acceleration values prevailing at track level lies between

approximately 0.4 and 1.6 m/s<.

3. Tilt control system according to claim 1 or 2,

characterized 1in that the tilt control device tilts the
vehicle body at lateral acceleration values between 0.4 m/s?
and 1.6 m/s? only far enough to maintain a lateral

acceleration of approximately 0.4 m/s¢ in the vehicle pody.

4. Tilt control system according to any one of claims
1l to 3, characterized 1n that several families of
characteristics are stored in the characteristic element for

selective call-up.
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5. Tilt control system according to any one of claims
1 to 4, characterized in that the cutoff frequency of the

low—-pass filter 1s less than 1 Hz.

6. Tilt control system according to any one of claims
1 to 5, characterized in that the cutoff freguency of the

low-pass filter 1s approximately 0.2 Hz.

7. Method for the implementation of a tilt control
system according to any one of claims 1 to 6, characterized

in that a tilt control device 1s activated only at track

level lateral acceleration values between 0.4 m/s2 and 1.6

m/sz.

8 . Method according to claim 7, characterized in that
the tilt control device 1s so controlled that the lateral
acceleration in the vehicle body 1s kept approximately

constant.
FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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