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@ Device for controlling the dynamic stresses transmitted by the roiling surface to the body of a

vehicle, in particular a rail and tram vehicle.

@ The device comprises at least one accelero-
meter (13) so positioned, as to detect the accelera-
tion of the body (4) of the vehicle (1) according to at
least one direction, and a processing/comparing unit
(15), which processes and compares the accelera-
tion signal detected as a function of fime. If the
amplitude of the signal exceeds a prefixed minimum
value, the frequency of the signal is determined. If
this frequency exceeds a pre-established value, a
reduction in the damping constant of the damping
elements (11, 12) of the suspension is commanded;
if, on the contrary, said frequency is lower than said
\_prefixed value, an increase in damping constant is
<commanded. If the average value of the aceeleration
within a given time interval is different from zero, a
reduction is carried out in the flexibility of the elastic
o+ elements of the suspension (8). The contrary occurs
q.in case of average acceleration values equating zero.
The adjustment can take place by adding, or exclud-
¢n)ing, additional air containers (24) associated with air
springs (8), or by adjusting the passage ports of
shock absorbers.
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DEVICE FOR CONTROLLING THE DYNAMIC STRESSES TRANSMITTED BY THE ROLLING SURFACE TO
THE BODY OF A VEHICLE, IN PARTICULAR A RAIL AND TRAM VEHICLE

The present invention relates to a device for
controlling the dynamic stresses transmitted by the
rolling surface to the body of a vehicle, in particular
of a rail and tram vehicle.

In order to reduce the dynamic stresses which,
owing to the irregularities of the surface on which
the vehicle wheels roll, are transmitted to the body
of the vehicle during the vehicle traveling, and
which, together with the forces depending on the
dynamics of the vehicle, condition the vehicle pas-
sengers traveling comfort, installing elastic suspen-
sion elements and damping elements between the
vehicle wheels and the vehicle body is known, and
namely: the first ones, in order to absorb the ir-
regularities of the rolling surface, and the second
ones in order to dampen the consequent oscilla-
fions.

According to the present state of the art, only
components with fixed characteristics are used,
with said fixed characteristics being computed as a
function of average siress values, according to the
type of vehicle, of the mass thereof, and so forth;
and, therefore, independent from the actual values
of the siress parameters, which one has at each
time peint, and which can change from time to
time, as a function of the characteristics of the
rolling surface.

These components of the suspensions are
therefore capable of yielding satisfactory perfor-
mances only under certain conditions, and for cer-
tain intensitites and/or directions of the dynamic
stresses which appear during the traveling of the
vehicle, for which they display a more or less
optimum behaviour. In different situations, on the
contrary, they show to be insufficient in order to
secure a good comfort to the passengers of the
vehicle.

The purpose of the present invention is fo
provide a device for controlling the dynamic stress-
es fransmitted by the rolling surface to the body of
a vehicle, in particular a rail and tram vehicle,
which is capable of supplying differentiated perfor-
mances of the elements of the suspension, method
to the different dynamic conditions which occur
from time to time during the fraveling of the ve-
hicle, thus securing a better comfort for the pas-
sengers of the same vehicle.

This purpose is achieved, according to the
invention, with a device for conirolling the dynamic
stresses transmitted by the rolling surface to the
bedy of a vehicle, in particular a rail and tram
vehicle. equipped with elastic suspension elements
and with damping elements, characterized in that
the elastic and or damping elements of the suspen-
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sion are adjustabie elements, and that the device
comprises at’ least one accelerometer, so posi-
tioned as to detect the accelerations of the body of
the vehicle according to at least one direction of
the traveling vehicle, a generator of a signal indica-
tive, over time, of the acceleration according to
said at least one direction, a signal
processing/signal comparing unit, in order to com-
pare the amplitude and/or the frequency of said
signal fo a prefixed value, as well as a control unit
enslaved to the processing/comparing unit, in order
to supply a command of change of the characteris-
tics of the suspension whenever the value resulting
from the comparison is different from said prefixed
value.

By means of the present invention, the
modulus and/or the frequency of the dynamic
stresses of any kinds, applied to the traveling ve-
hicle, are hence recognized. On the basis of the
processing of these parameters, detected accord-
ing to at least one direction, but preferably accord-
ing to three orthogonal directions, the device finds
out and performs the modifications in the char-
acteristics of the elastic components and of the
damping components of the suspension.

A device according to the present invention
can be applied both to vehicle running on rail, in
which case the acceleration should be suitably
detected by detecting its three components, i.e.: in
the traveling direction, transversely to the running
direction and perpendicularly to the rolling plane;
and to road vehicles, in which case detecting the
acceleration and correcting the characteristics of
the suspension in one direction only, normally in
the vertical direction, is enough.

More details and advantages of the invention
will better resuit from the following disclosure, re-
ferred to a preferred form of practical embodiment
of the present invention, supplied for merely indica-
tive purposes and illustrated in the hereto attached
drawings, in which:

Figure 1 shows a side view of a rail truck, to
which a device according to the present invention
can be applied;

Figure 2 shows a transversal view of the
truck of Figure 1, shown in partially sectional view
according to path lI-Il of Figure 1;

Figure 3 shows a block diagram of a device
according to the invention;

Figure 4 shows a flow diagram depicting the -
operating way of a device according to the inven-
tion;
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Figure 5 is a transversal, partially sectional,
view of a rail truck of variable-attitude type, particu-
larly suitable for the application of a device accord-
ing to the present invention.

Referring to the above cited figures, in the
following the exemplifying case will be taken into
consideration, of a constrained-drive vehicle 1
{running of a track 2), of which in Figures 1 and 2 a
truck 3 of trailer type is shown, which supports the
body 4 of the vehicle. Between the wheels 5 of the
truck 3, and the frame 6 of the truck 3, the primary
suspension 7, of known type, can be seen, and
between the frame 6 and the vehicle body 4 the
secondary suspension 8 can be seen, which sup-
ports the swing bolster 9 on which the vehicle body
4 rests. Of the secondary suspension 8, on which
the device according to the present invention per-
forms its action, the elastic elements, in the herein
depicted specific case: air springs 10, and the
damping elements, in the herein depicted specific
case: vertical dampers 11 and transversal dampers
12, are visible." Also, longitudinal dampers, not
shown, can be present.

A -device according to the present invention
comprises at least one accelerometer 13, fastened
to the vehicle body 4 in such a way as to detect
the accelerations of the body in at least one direc-
tion of the traveling vehicle. Preferably three ac-
celerometers 13, rigidly positioned on the structure
resting on the secondary suspension 8 are pro-
vided, so as to detect the accelerations according
three orthogonal directions, and precisely in the
direction of movement of the vehicle (the x axis), in
the direction perpendicular to the rolling fflane (the
y axis), and in the direction direction to the iravel-
ing direction, and parallel to the rolling plane (the z
axis). The set of three accelerometers 13 is suit-
able for detecting the function of acceleration vs.
time, decomposed into the three elementary func-
tions according to the three reference axes as
above indicated.

The three elementary funtions defined by the
accelerometers 13 are used as the inputs to a
control system, which carries out adjustments in
the elastic elements and in the damping elements
of the suspension, suitably modifying the char-
acteristics of said elements according to preset
laws, as it will be seen hereinunder.

With each accelerometer 13 a signal generator
14 is associated, in which the generated signal
represents the function of the component of the
acceleration in the relevant direction vs. time.

The signal generated by each signal generator
14 is sent to a processing/comparing unit 15, in
particular a microprocessor, which is capable of
carrying out a processing and an evaluation of the
signal, as we'll see in the following. The
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processing/comparing unit 15 essentially comprises
a detector 16 which detects the amplitude of the
signal indicative of the acceleration, a detector 17
which detects the fundamental frequency of the
signal 14 of the acceleration and, possibly, also of
the most meaningful harmonic frequencies, and a
detector 18 which detects the average value of the
signal 14. With each one of the detectors 16, 17
and 18, a relevant comparator 19, 20, 21 is asso-
ciated, which is suitable for comparing the detected
value to a relevant prefixed value. The output from
the comparators 19, 20 and 21 is connected with a
control unit 22, suitable for emitting the command
signals which enable it to drive an actuator 23
according to the result of the comparisons carried
out, as we'll see in the following. The actuator 23
acts on the elastic elements and/or on the damping
elements of the secondary suspension 8, which are
so made, as to be adjustable.

in particular, on taking into consideration the
case of the air springs 10, the adjustment of the
characteristics of the springs 10 can take place by
means of the addition, or of the exclusion of one or
more additional air containers 24 by means of
electrovaives 25 controlled by the actuator 23. The
adjustment of the characteristics of the damping
elements 11 or 12 can take place by adjusting the
passage ports between the chambers of the shock
absorbers which, per se, can be of a known type.
The adjustment of the passage ports will be carried
out by means of the actuator 23. '

In Figure 4, a possible control typology is
shown, which so designed as to make it possible
the adjusting actions to be carried out on the
damping elements according to the three directions
x, y and z, and an adjusting action to be carried out
on the élastic elements only in case transversal
accelerations having determined values arise.

In the diagram, the symbols fym, fyms fzm iN-
dicate prefixed minimum values of frequency of
acceleration signals, as respectively detected in the
three x, y, z directions; the symbols Aym, Aym Azm
respectively indicate prefixed minimum values of
the acceleration in the three directions; and the
symbols Aym, Aym A:m indicate relevant prefixed
maximum values.

Axlto), Aylto). Aclto) are the values of the accel-
eration at the time point 1., and fi(to), f,(ta), f2(to) are
the values of frequency at time t,.

Cx Cy, C. are the coefficients of the damping
elements in the three directions.

During the traveling of the vehicle 1, at each
time point the value of the acceleration is detected,
with the values of its three different components
being detected. If the value of acceleration signal is
respectively lower than Aym, Aym, Azm value, prefix-
ed as the threshold value which does not result to
compromise the comfort of the passengers, no
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changes in the characteristics of the elastic con-
stant, and of the damping constant of the compo-
nents of the suspension are carried out, with the
values of these constants being hence kept un-
changed.

In case the amplitudes of the acceleration sig-
nais reach values higher than the above-said prefix-
ed minimum values, and for which the comfort of
the passengers is regarded as being compromised,
the adjusiment system intervenes, with it dis-
criminating its action type, as a function of the
value of the frequency of the signals of accelera-
tion, and precisely as follows.

If the frequency value, processed in the block
15 as hereinabove disclosed, is lower than the
relevant prefixed minimum value (respectively fym,
f.m fzm). then an increase in the damping constant
(Cx. Cy, C.) of the damping elements 11 and 12 is
commanded. For a frequency higher than the
above-said minimum value, on the contrary a re-
duction in the damping constant is commanded.

As regards the elastic slements 10 of the sus-
pension 8, the action is carried out as a function of
the average value of the signal of acceleration
within a given time lateral At. For average values
equating zero, in particular of the transversal accel-
gration A,meq, the only one which is taken into
consideration for exemplifuing purposes in the dia-
gram shown in Figure 4, a maximization of the
flexibility of the elastic components is carried out,
i.e., the stiffness of the elastic suspension 8 is
rendered minimum, with the value of the damping
ceefficient of the damping elements being simulta-
necusly reduced to its minimum.

For average values of the acceleration signal
different from zero within the time interval At, in
particular of the transversal component Azmeq Of the
acceleration, a reduction is carried out in the flexi-
bility of the elastic component of the suspension 8,
with the value of the damping coefficient of the
damping elements of the suspension being simulta-
neocusly increased.

With the elastic suspensions of the above said
adjustable type, a correction in the attitude of the
vehicle 1 can be furthermore carried out either in
continuous, or in a discrete, multi-stage way, which
is essentially based on the principle consisting of
decreasing the volume, and hence the height, of
the suspension facing the centre of the bend along
which the vehicle runs, and of increasing the vol-
ume, and hence the height, of the elastic suspen-
sion facing the outside of the bend. In this way, a
controi of the rolling angle can be carried out, in
the sense of giving the vehicle body such an
inclination. as to reduce the centrifugal force ap-
plied o the passengers.

The device according to the present invention
is particularly suitable for being associated with a
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truck of the variable-attitude type, such as the one
as disclosed in ltalian patent No. 1,175,889 by the
same Applicant, and as shown in Figure 5.

In this figure, same elements, or elements
equivalent to those of the truck of Figures 1 and 2
are indicated by same reference numerais. In the
variable-attitude truck, the body 4 of the vehicle 1
is supported by the swing bolster 9 through a
spherical fifth wheel 26. Therefore, the vehicle
body 4 can rotate on a plane perpendicular to the
direction of traveling of the vehicle, as shown in
chain line in Figure 5, i.e., according to an axis
parallel to the direction of movement of the vehicle,
in order to reduce the effect of the centrifugal force
on the passengers while the vehicie is running
along bend stretches. The control of the rotation of
the truck 3 relatively to the swing boister 9 as a
function of the centrifugal force F is carried out by
means of actuator cylinders 27. The governing of
the suspensions takes pléce in this truck in the
same way as hereinabove disclosed with reference
to the truck of Figure 1 and 2.

As one can see from the diagram of Figure 4,
in case the acceleration results to be higher than
the maximum value (respectively A, Aym, Azm),
then the enabling of an alarm is provided.

The processing of the accelerometric signals
by the microprocessor 15 can take place both in
parallel, or according to a serial route.

With a device as hereinabove disclosed, it is
therefore possible fo intervene from time to time,
by modifying the characteristics of the suspensions
in order to match them to the needs which may
occur from time to time, for the sake of a higher
traveling comfort for the passengers of the vehicle.

Beside the set of three accelerometers in-
stalled on the structure supported by the secon-
dary suspension, also providing a second set of
three accelerometers on the structure supported by
the primary suspension would be of course possi-
ble, with said further set of three accelerometers
being suitable for controlling the elastic characteris-
tics, and the damping characteristics of the primary
suspension. -

On course, a device according to the present
invention could be given such a structure, as to
partially act on the primary suspension, and par-
tially on the secondary suspension, distributing and
metering in an optimum way the action on both
suspensions.

Claims

1. Device for conirolling the dynamic stresses
transmitted by the rolling surface to the body of a
vehicle, in particular a rail and tram vehicle,
equipped with elastic suspension elements and
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with damping elements, characterized in that the
elastic and/or damping elements of the suspension
are adjustable elements, and that the device com-
prises at least one accelerometer, to positioned as
to detect the accelerations of the body of the
vehicle according to at least one direction of the
traveling vehicle, a generator of a signal indicative,
over time, of the acceleration according to said at
least one direction, a signal processing/signal com-
paring unit, in order to compare the amplitued
and/or the frequency of said signal to a prefixed
value, as well as a control unit enslaved to the
processing/comparing unit, in order to supply a
command of change of the characteristics of the
suspension whenever the value resulting from the
comparison is different from said prefixed value.

2. Device according to claim 1, characterized in
that it comprises three accelerometers so posi-
tioned as fo be capable of detecting the accelera-
tions according to three orthogonal directions, with
one of said three directions being the direction of
movement of the vehicle.

3. Device according to claim 1 or 2, character-
ized in that the processing unit comprises a stage
suitable for determining the amplitude of the accel-
eration signal, a stage suitable for determining the
average value of the acceleration signal, and a
stage suitable for detecting the frequency of the
acceleration signal.

4, Device according to one of the preceding
claims, characterized in that the
processing/comparing unit comprises a comparing
stage suitable for comparing the value of the accel-
eration signal to a prefixed minimum value, a com-
paring stage suitable for comparing the value of
frequency of the signal of acceleration to a prefixed
minimum value, and a comparing step suitable for
verifying whether the average acceleration value is
zero or not.

5. Device according to claims 3 and 4, char-
acterized in that the stage of processing of the
frequency of the acceleration signal can be ac-
tivated after that the stage of comparison of the
value of the signal of acceleration has detected a
value higher than said prefixed minimum value.

6. Device according to claim 1, and one of
claims 4 or 5, characterized in that the control unit
can be activated in order to command a maximiza-
tion of the flexibility of the elastic elements of the
suspension when the stage of comparison of the
average value of the signal of acceleration detects
a zero average value over a given time interval.

7. Device according to claim 1, and one of
claims 4 or 5, characterized in that the control unit
can be activated in order to command a reduction
in the flexibility of the elastic elements of the
suspension when the stage of comparison of the
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average value of the signal of acceleration detects
a average value different from zero over a given
time interval.

8. Device according to claim 1, and one of
claims 4 or 5, characterized in that the control unit
can be activated in order to command a variation in
a direction of a portion of the elastic elements of
the suspension, and a. variation in the opposite
direction of another portion of the elastic elements
of the suspension.

9. Device according to claim 1, and one of
claims from 4 to 8, characterized in that the control
unit can be activated in order to command an
increase in the damping constant of the damping
elements when the frequency of the acceleration
signal is lower than a prefixed value, and to com-
mand a decrease in the damping constant of the
damping elements when the frequency of the ac-
celeration signal is higher than said prefixed value.

10. Device according to one or more of the
preceding claims, characterized in that the adjust-
able elastic elements are air springs, which can be
adjusted by means of the addition, or exclusion, of
additional air containers.

11. Device according to one or more of the
preceding claims, characterized in that the damp-
ing elements of the suspension are shock absorb-
ers with adjustable passage ports. i

12. Device according to claims 1 or 3, char-
acterized in that the processing/comparing unit
comprises a stage of signal processing suitable for
detecting the fundamental frequency of the signal,
and one or more harmonics of the same signal.

13. Rail and tram truck provided with a primary
suspension and a secondary suspension, charac-
terized in that it comprises at least one desvice
according to one of the preceding claims, suitable
for controlling elastic elements and/or damping ele-
ments of at least one of said suspensions.

14. Variable-attitude rail and tram truck of the
type provided with a swing bolster equipped with a
spherical fifth wheel, and with attitude-actuator hy-
draulic cylinders, characterized in that it comprises
at least one device according to one of claims from
1 to 12, suitable for conirolling elastic elements
and/or damping elements of at least one of the
suspensions of said truck.

15. Rail and tram vehicle equipped with trucks
provided with a primary suspension and a secon-
dary suspension, characterized in that it comprises
at least one device according to one of claims from
1 to 12, suitable for controlling elastic elements
and/or damping elements of at least one of said
suspensions.

16. Rail and tram vehicle equipped with trucks
of the variable-attitude type provided with a primary
suspension and a secondary suspension, charac-
terized in that it comprises at least one device
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according to one of claims from 1 to 12, suitable
for controlling elastic elements and/or damping ele-
ments of at least one of said suspensions.

10

15

20

25

30

35

40

45

50

55

10



EP 0 334 412 A1

Fig.2
s 9
\ Y 8
L T_Z-’ | / 10
L\\i“ ’ T 25 /24
o ]
10 : <1l 2= —Nﬂl
3/ s— | - - 5 L




EP- 0 334 412 A1

Fig.3
T |
| . - | 10
|| £ f | )
| 16. 1 |
R _ |
// // | L / |
13 14 I 17 20 I i
| 23
= [ [ | 23 n,
Ml el st
5 B 21 22
Fig.5
/1
4
\"’:‘ == —
. 2“‘\\ e
2 \ “a = o5 2/4
27 ' L - 7
) I
10 L o—e—FGlll |0
5L / FT
12 S
2 12 2

N——\_/
w



EP 0 334 412 A1

23 N1 35V3433Q

iaduep ayy jJo
0T138Ti830e3RD

Z3 NI 3SY3YINT
Jadwep ayy jo
JT3sTaa3oeIEYD

ay3y sabueyy

ayy sabuey)

S3A
%‘

CE

T anten ayj
S5as$3004y

.

WV Y

puag

8yj jJo opIs
TeuIsjut ayj

o sbutads are
ay3 Jo jybray
8y} sasealosp
pue puaq
ayy jo apts
TeUlalxa ayj
uo sbutads ate
ay3 jo jybray
8y} sasealou]

(o)) 2y

40 antea

ayj speay

2) NI 3SYIINT

Jdogwep ayj 4o
OTIajoeaeyo
ay3 sabueyy

AJ NI 3SV3¥33Q
Jadwep a4y jo

2138TI3310BIRYD
ay3 ssbueyy

A3 NI 3Sv3aNT
Jadwep ayjy
30 3T31STI830e48YD
ay3 sabueyy

S3A

= Z

ON o7 Py
W

TeAIajUT  awT3 ayj
butanp *paw zy anyea
abezane ayj speay

iy

1
wzy

W2y uzy
1

S3A

(onA

o anten ayy
§95590044

X2 NI 3SVIINT
Jadwep ayj jo
0T3STis30eIRYD

ayy sabueyy

WYY Y

ON

(03) Ay Jo
anten
ay3 speay

XJ N1 35v34230
Jadwep ayy

40 o13sTIazoRIEYD
ayy sabueyy

ON

S3A

anTea ay3
$3553930414

WaY Y

ON

(O3 xy
40 enten
ay} spesay

Wiy
WAy Wiy

wx;}

v484 CLKA\

Ligvug]




D)

EPO FORM 1503 03.82 (PO401)

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 89 20 0477

DOCUMENTS CONSIDERED TO BE RELEVANT
Cat Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
ategory of relevant passages to claim APPLICATION (Int. C1.4)
X |FR-A-2 593 455 (HITACHI) 1,3,9,
* Abstract; figure 1; page 1, lines 10,13, g g% E g;?g
1-5; page 4, line 32 - page 5, line 34; 15,16
page 10, lines 18-22; claims 1-5 *
A 4,5,12
X |EP-A-0 032 158 (HITACHI) 1-3,7,9
* Abstract; figqures 1,7,9; claims 1,6 * ,10,15,
16
A 12
X |EP-A-0 184 960 (ANF INDUSTRIES) 1,5,10,
* Abstract; claims; figures 3-5 * 15,16
X |GB-A-2 025 572 (HITACHI) 1,2,10,
* Whole document * 15,16
X |GB-A-2 176 162 (HITACHI) 1,10,15
* Whole document * ,16
TECHNICAL FIELDS
SEARCHED (Int. Cl1.4)
B 60 G
B 61 F
GO05D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
. THE HAGUE 27-06-1989 SCHMAL R.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
) E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

