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(57) Abstract: A multi-platform system and a relative method for checking the braking ability of vehicles with at least two wheel
axes, as well as a checking method of the suspensions employing such system is disclosed. The system comprises pairs of detection
plates, aligned according to a motion direction on two parallel paths, apt to detect horizontal and vertical components of a stress
transferred by the vehicle wheels to the surface of said plates, wherein: - there are provided at least three pairs of aligned plates, mu-
tually dimensioned and spaced apart so as to prevent the wheels of a single axis from simultaneously resting on two pairs of plates
and the wheels of multiple axes from simultaneously resting on a same pair of plates; a checking unit is furthermore provided which
detects the development over time of said horizontal (Fh(i)) and vertical (Fv(i)) components of the stress and determines when the
wheels of an axis get on and off a single plate (P,) based on the measurement peaks of said vertical component (Fv(i)) of the stress; -
said checking unit has data processing means apt to integrate over time the measurements of said horizontal component (Fh(i)> of
the stress on a first plate (P,) and on the subsequent one (P,.;) when it is detected, within a measurement time range of the braking
action (tw1 - tw2) that said vertical component (Fv(i)) of the stress on said first plate (P,) undergoes a significant reduction and said
vertical component (Fv(i)) of the stress on said subsequent platform (Py.;) undergoes a significant increase.
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1
MULTI-PLATE APPARATUS AND METHOD FOR CHECKING THE BRAKING
SYSTEM OF LAND VEHICLES WITH AT LEAST TWO AXLES
DESCRIPTION

Field of the Invention

The present invention relates to an apparatus and a
method for checking the Dbraking system in land vehicles
with rubber treaded wheels; more in particular, the
apparatus for the checking of the braking system is suited

to vehicles with more than two axles.

Background Art- - - - -

" The safety of a road vehicle depends on the control
ability thereof, in particular on the ability thereof to
stop, especially in emergency conditions.

A running vehicle 1is Dbraked by the force which
develops between the wheels thereof and the road surface;
such force is generated due to the effect of the friction
developed when each wheel 1s in turn Dbroken down by the
(disc or drum) braking system of the vehicle. _

The braking ability of a vehicle hence depends on the
correct combination of multiple elements.

- the timely application of the correct action on the
elements (drums or discs) which define the braking system;

- the reaction mode of the vehicle chassis and of the
corresponding suspension members,

- the presence of suitable friction between the wheel
and the road surface.

The present invention deals with the check of the
correct operation of the braking system on the whole, hence
with reference not only to the operation thereof in
stationary conditions, but also to the actual interactions
which show up with the vehicle chassis and with the ground'
in dynamic conditions.

The rules provide a periodic check of the braking
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2
ability of wvehicles. Two apparatuses currently exist for
determining braking efficiency: a rollers apparatus and a

platform system. The former of the two provides motor-

driven rollers, which drive the vehicle wheels 1into

rotation; actuating the braking system, a resistant torque
is produced on the axle which drives the rollers: measuring
such torque it 1is possibie to obtain the braking force of
the system. The latter provides floating instrumented
“plates”, overall referred to as platforms, wherein it is
possible to measure both the vertical force applied onto
the platform (action of the actual or apparent weight of
the vehicle), and the horizontal force (vehicle motion and
braking forces). |

The roller system has the advantage of a greater
repeatability in the measuring, it is more compact and less
expensive; however, it allows to perform a measuring of the
braking force in an extremely “synthetic” and theoretical
manner. As a matter of fact, in a real situation, when the
vehicle brakes, dué to the effect of the behaviour of the
chassis and of the dampeners, there is a change of the
distribution of the weights which alters also the dynamics
of the braking: this effect is completely neglected in the
measuring performed by the rollers.

The platform system - despite being less repeatable
and also bulkier and more expensive - allows, however, to
simulate in a more  precise manner the dynamics of the
actual braking, including the load displacement effects
onto the individual wheels.

Moreover, when a vehicle brakes on the road, the
braking efficiency depends on the sum of the efficiencies
of each individual wheel, and braking safety also depends
on the correct balancing of such forces: this condition is

detectable only with the platform system.
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A prior art example 1s described in US5305636. It

relates to a system for the checking of the braking

features of a vehicle, which uses‘resting plates with both

static and dynamic weight sensors and which read wvertical
and horizontal forces. In the case in which the axles are
more than two, 1t is provided that the number of plates may
vary to be able to read multiple axles at the same time,
but no indication is provided about how such plates must be
positioned. An evolution of this system Dby the same
inventor is described in US5979230: here it is provided to
arrange a pair of plates at a preset distance to detect
multiple axles of a long vehicle; preferred techniques are
suggested which impose vehicle entry and exit speeds on the
system. The axles in any case are detected individually.

None of the above-listed systems i1s per se capable of
detecting'the time relationship between the braking actions
of the various axles of a vehicle, nor to distinguish the
effect produced by the single axle. For such reason, these
prior art systems generically provide that the wheel axles
remain on the same detection plate during the braking
action. In the last analysis, that limits the test speed of
the wvehicle and forces to build the plates sufficiently
long to house the entire braking space.

In some.cases, to deal with multiple-axles wvehicles,
it has been explicitly suggested to use a multiple-plate
system, wherein - as natural evolution of the above-said
systems - a detection plate is installed for each braking
wheel (see the table of fig. 1, which exemplifyingly refers
to a two-axle vehicle and fig. 2, which refers to a three-
axle vehicle) .

As in the above-said US'636 and US'230, during
operation, typically each plate detects exclusively its own

relevant axle, for which it has been suitably arranged and
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However, due to the large variability in the wheel
base of wvehicles, but especially of heavy, multiple-axles
vehicles, it is impossible to build a multiple-plate system
which -is suitable for any type of vehicle, except a
continuous path of small detection plates is defined, said
plates being arranged at a close distance to each other, as
contemplated in U56481298, which is economically
burdensome.

In the table propesed in fig. 3, for example it 1is

‘contemplated a case of a platform system with four plates

in succession, which, however, 1is not suitable for the
above-lying three-axle vehicle: as a matter of fact, it can
be seen that the wheels of two axles, R; and R;, rest on
the two extreme plateé P, and P;, respectively, but the
wheel of a third axle R, rests across the two plates P, and
P3. In this circumstance, the conventional platform system
would provide an incorrect reading of the braking forces.

Please notice furthermore that a punctual detection on
the individual axles without the opportunity of a detection
of the forces on the entire wvehicle precludes the
opportunity of making further considerations on the state
of health of the vehicle on the whole. |

Brief Description of the Invention

The object of the present invention is to provide a
multi-platform system which allows to overcome the
described problems and, in particular, to allow the check
of the braking system on land vehicles with more than two
wheel axles, exceeding the limits of the specific inter-
axle distances. . |

In particular, it 1s desired to obtain a detection of
the forces which overall act on the entire vehicle systen,

to be able to obtain further indications on the general
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5
state of operation of the resting system on the ground of
the wvehicle, including the braking system,' wheels and
dampening system.

Such objects are achieved with a multi-platform system
having the features indicated in the attached main claims.
The dependent claims describe other preferential features
of the invention.

Brief Description of the Drawings

Further features and advantages of the invention are
in any case more evident from the following detailed
description of preferred embodiments, given purely as a
non-limiting example and illustrated 1in the attached
drawings, wherein:

fig. 1, as mentioned, is a prior-art platform layout,
which provides the support  of two wheels onto two
respective plates;

fig. 2, as mentioned, is a similar layout to that of
fig. 1 which provides the support of three wheels onto
three respective plates;

fig. 3 1is another prior-art platform layout, which
illustrates the interaction Dbetween four plates in
succession and three wheels, vone of which across two
plates; |

fig. 4 is a system layout according to an embodiment
of the invention, employing four plates, in the initial
entry-speed-measuring step;

fig. 5‘is a similar layout to that of fig. 4 1in aﬁ
initial step of the measuring test on a three-axle wvehicle;

fig. 6 is a layout similar to that of fig. 4 in the
final step of the measuring test, which shows the
displacement of part of the axles from one plate to the
other;

fig. 7 shows an integration diagram of measurements on

5
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an axle which, in the braking step, runs from cne plate to
the subsequent one;

fig. B 1s a schematic perspective view of an
exemplifying system of the invention; _

fig. 9 is a kinematic diagram of the vehicle with the
dampeners and wheels thereof;

fig. 10 is a diagram of the detected forces depending
on the time in which the parameters are reported which are
acquired according to a preferred embodiment of the
invention; and . . o o - _

figs. 11 and 12 are two diagrams relating to detection
of the oscillations of the forces measured over time for an
efficient system and for one in which the front dampener’is
inefficient, respectively.

Detailed Description of Preferred Embodiments

A checking system of a braking system consists of a
plurality of detection plates, aligned according to a
testing direction (that is, the motion direction of the
vehicle) on two parallel paths arranged at a typical
crosswise distance, equal to the average of the wheel track
of the vehicles to be checked. '

Each detection plate, in a way known per se, comprises
an upper resting plate mounted integral with a support
frame which is housed above or within a seat embedded in
the reference plane (that is, the vehicle running ground).
The upper plate hence ends flush with the reference plane
or it has ascending/descending slides, so that the vehicle
wheels can go thereon continuously. For such purpose, the
upper surfaces of the plates must be mutually coplanar with
a maximum tolerance of +/-5 mm. Preferably the resting
surface of the plates must have a friction coefficient
equal to at least 0.6 even in wet conditions.

A connection mechanism between the plate and the frame

6
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7
defines a detection device of the stresses acting on the
plate, for example through a suitable arrangement of strain
gauges.

The detection device of each plate 1is furthermore
configured for detecting both vertical stresses, hence
mainly the weight acting on the plate, and horizontal
stresses. Horizontal stresses are substantially
attributable to the horizontal force generated by the-
vehicle, through the tyres, due to the ascending‘movement
thereof onto the plate and of subsequent braking.

The length of these plates is fixed and is optimised,
based on the average of the circulating vehicle fleet, so
that:

- two adjacent axles of the wvehicle can never find
themselves simultaneously on the same plate;

- the number of plates, at least equal to three, is
the least possible in connection with the maximum length of
the vehicle to be measured, taking into account that it is
necessary to "cover" also an additional length
corresponding to the braking space necessary to the vehicle
to stop:; ‘

- the interplate distance must not exceed a threshold
value, beyond which braking conditions would be altered,
because there would be a significant change of the friction
coefficient of the wheel at the ground in the passage
region between one plate and the other.

Fig. 8 shows an éxemplifying embodiment according to
the invention. As illustrated, the system provides a series
of detection plates, arranged continucusly or preferably
discontinuously (that is, two separate groups for the front
array and the rear array), with a mutual distance of 5 mm.
The illustrated system is provided for three-axle vehicles,

with axle distance L + 2 metres between the first (front)

7
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axle and the second axle and an ovefall axle distance not
exceeding X. The outer crosswise lane is at most of 2800 mm
while the inner one is minimum of 800 mm. The single plates
are 1100 mm long so as to be able to operate with vehicles
with a minimum axle distance of 1100 mm and wheels having a
maximum diameter of 1020 mm.

The arrangement of the single detection plate is not
relevant per se for the teaching of the invention. It will
hence be possible to use a brake test plate of a known
type, suited to detect (for example Dby suitably arranged
load cells) the horizontal forces and the vertical forces
acting thereon.

By building a system according to these principles it
is possible to <check, with a single epparatus, the
efficiency of the braking system of any one of the vehicles
in circulation with the technical device which is set forth
here in the following.

An electronic checking unit simultaneously detects the
stress signals coming from all the plates, coordinating
them in an original manner with each other. The peculiar
features of the system according to the invention can be
better"appreciated. by reserﬁing to a description of the
operation method thereof. .

After having entered (manually or through automatic
detection). in the checking unit the number of the wheel
axles of the wvehicle, the braking efficiency of which is to
be measured, it is preceeded as follows:

- the vehicle is accelerated up to a preset speed at
which the test is to be carried out;

- the vehicle is to run above the platform system at
the test speed (fig. 4), causing it to advance (direction
F) until all the wheels are on the detection plates;

- in this path it is detected when the wheels get onto

8
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the plates determining the instant T; in which the wvalue of
the vertical loading force on the plate changes from a null
value to a maximum value; similarly, the instant T, 1in
which the value of the vertical loading force on the plate
changes from a maximum value to a null value indicates the
instant when the wheel of that axle get off the plate; the
time which elapses between the instant ty at which the
first‘wheel R; gets onto a first plate P:; and the instant t.
at which said first wheel R; gets onto the subsequent plate
P,, knowing the length of the plate, allows to calculate
the entry speed of the vehicle (which parameter is relevant
to establish if the ' braking action meets rule
requirements) ;

- since the chécking unit owns the information
relating to the number of axles of wheels of the vehicle,
it can easily calculate what the instant te is at which all
the wheels got onto the plates, that 1is, when the last
wheel R3 - in a three-axle vehicle - has got last onto the
first plate P; (position shown in fig. 5) and the actual
braking measurement acquisition can begirn; optionally, at
this instant ts a sound or visual signal (see traffic
lights system in fig. 8) is issued which warns the operator
to begin braking; |

- braking 1is started: the actual beginning of the
braking at instant t,1 1is preferably determined using a
suitable sensor which detects the pressure imparted onto
the brake pedal, for example with a device as described in
EP2806255 in the name of the same Applicant;

- the vehicle performs the braking and all the plates
detect the vertical and horizontal stresses transmitted by
the wvehicle; during this deceleration intervention, the
vehicle of course continues to move and the respective

wheels move along a same plate and can also move from one

9
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plate to the other (precisely because, as stated, the
plates are not arranged specifically for a single vehicle);
at the end of the braking, that is, at instant ty; when the
vehicle is stationary and no significant changes of the
stresses are detected any longer, the vehicle will find
itself to affect some plates which are not necessarily the
same as at the beginning of the braking; more precisely,
with reference to fig. 6 (where a comparison between the

three axles of wheels is represented in the position at the

beginning of the Dbraking ty,1 - references without
superscripts -~ and at the end of the braking ¢ty -
references with superscripts), 1t can be noticed that

wheel R3 has remained on plate P;, while wheels R; and R;
have moved onto plates P3 and P,, respectively.

According to the invention, the computing processing,
implemented in a suitable software onboard the checking
unit, determines and manages this situation of change of
the detection plate during the data acquisition period. In
particular, in order to be able to acquire the braking
stress of each axle, the computing process operates by
integrating the measurements detected on two (or more)
subsequent plates when it 1s detected that an axle has
moved from one plate to the other (or to multiple plates).
As schematised in fig. 6, this operation consists, in the
simplest mode, in summing the horizontal forces detected
between two subsequent plates affected by the samé wheel
axle during the braking space; this sum (or integration in
more general terms) must hence be performed only in the
condition in which the passage of the two wheels of an axle
from one plate to the subsequent one is detected. Therefore
the checking unit must determine, within the time window of
the braking action (hence after the braking start instant),

what are the plates from which a wheel has come off and

10

SUBSTITUTE SHEET (RULE 26)



WO 2016/128899 PCT/IB2016/050687

10

15

20

25

30

11

what are the plates onto which a wheel has got on, based on
the detection of  the vertical stress mainly due to the
vehicle weight. In all the cases in which, in the braking
time window t,1 - ty2, a plate P, has undergone a marked
reduction of vertical stress and a subsequent plate Pp.1 has
undergone at least a significant increase of the vertical
stress, the checking unit performs a sum or integration of
the horizontal stress readings detected by these two plates
P, and Ppi1.

Summing up, the processing of the data implemented in
the checking unit provides to:

- detect when a first axis Ry of the vehicle gets onto
a first plate P;; that 1s performed using the vertical
force measurement,

- checking the time necessary for the weight to shift
onto the second plate P;, thereby calculating the entry
speed of the vehicle;

- determining, based on the piece of data of the
number of axles, when all the axles have got on toc the
measurement system; due to the fact that the length of the
plates 1is smaller than the minimum distance between the
axles, 1t is possible to ascertain the above-said condition
counting how many times the vertical force of the previous
axle has temporarily dropped to =zero, before increasing
again due to the weight of the subsequent axle;

- when all the axles have got ontc the measurement
system, possibly activating a signal which prompts the
operator to begin braking;

- establishing that the vehicle has not already begun
braking while it is still getting onto the plates,
detecting the horizontal component cf the force for all the
plates and checking that - during the step preliminary to

the acquisition of the braking stresses - such force never

11
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has a component in the direction and versus copposite to the
direction of the progress motion of the wvehicle (vice
versa, it 1is possible that there is a force component in
the versus of the motion of the vehicle due to the traction
force, necessary for the vehicle to be able to get onto the
measuring system);

- after the braking start instant, acquiring the
braking stress on each plate and for each individual wheel,
performing the suitable integrations - as seen further
above - when it is assessed that a wheel has moved from one
plate to the subsequent one.

With the system according to the invention it is hence
possible to acquire the stresses transferred from the
braking system of a land vehicle to the detection plates
both in stationary conditions and in dynamic conditions, in
a wide range of axle configurations of the vehicles.
Thereby a more realistic detection 1s obtained of the
behaviour of the braking system, since it is possible to
measure both the stationary effects (forces) and the
dynamic effects (for example activation delays on the
various axles, load transfer, inertial forces).

Due to the opportunity of having a dynamic detection
of forces, which can be correctly allotted to each wheel
axle, the opportunity opens of detecting further quantities
which allow to widen the testing abilities of the system.
In particular, according to the invention the detection
plates and the processing unit are used also for performing
a check of the dampening system of the vehicle.

As a matter of fact, as known, in order to guarantee a
certain driving comfort and allow maximum adherence also in
conditions of uneven roads, the wheels of a motor vehicle
are not rigidly fastened to the vehicle structure, but are

mounted on a suspension system. In such respect, a motor
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vehicle can be modelled from a dynamic point of view as a
system in which

the tyre 1is represented by a mass connected with a
spring in parallel to a dampener at the suspension;

the suspension in turn is represented by a spring in
parallel to a dampener (shock absorber), connected to the
rigid sﬁructure of the wvehicle Which is provided with an
own mass, the road surface makes up the stress or applied
mechanic force..

Fig.9 represents the model of a 4-wheel vehicle
wherein:

Kwheels represents the tyre model,

Ksuspension représents the suspension model.

The roughness of a road prompts' the suspension,
through Kwheels, to vibrate; in turn Ksuspension couples

the movements of the suspension with those of the vehicle

- body; 1n first approximation the suspension vibrates,

uncoupling the road roughness to leave the vehicle body
substantialiy stationary. The mass of the suspension,
coupled through Ksuspension and KXwheels, behaves like a
resonating system which has an own frequency. The vibration
of the suspension produces a periodic change of the
vertical force on the wheel: such change is highest in
correspondence of the resonance frequency of the
suspension.

When the applied vertical force drops, the maximum
friction force drops proportionately, reducing also the
maximum braking efficiency and hence the safety of the
vehicle. Also for this reason, hence, there is a
significant interaction between the operation of the
braking system and the behaviour of the suspension and of

the tyre.

13
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Checking systems therefore exist which apply to the
tyre a vibration of a fixed width and variable freqguency,
measuring the wvertical force depending on the frequency,
checking that the minimum force at the resonance frequency
be above a set minimum.

However, the suspension has a fundamental importance
also in the_manaéement of the vehicle stability during a
steering: the moment generated during a swerve changes the
distribution of the vertical forces and hence the
distribution of the same between the 4 vehicle suspensions.
The load change on the suspensions changes the position of
the mass centre of the vehicle, for example raising it, and
consequently the distribution of the forces intoc a
dangerous positive circle, reducing the vertical force on
the single wheel enough to prevent the correct operation
thereof.

This feature of the suspension cannot be measured by
conventional “vibration” systems indicated above.

According to the invention, the detection plate system
ix instead exploited to be able to provide - together with
the braking information - also an important indication on
the operation of the suspension system.

Assuming to check a 4-wheel vehicle, it must be
noticed that during braking, each wheel undergoes a braking
force Fh(i) (horizontal, linked to the friction between
wheel and plate) and a component of the vehicle weight
Fv(i) where i = 1,2,3,4 identifies the 4 wheels (in a 4-
wheel vehicle).

With a stationary vehicle, the horizontal components
are null and the vertical ones depend on the position of
the mass centre of the vehicle with respect to the 4
wheels: Mg = Fv(l) + Fv(2) + Fv(3) + Fv(4). Be d(i) the

vector distances (with the components x(i), y(i), =z (i) in

14
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which x (i) 1is the distance measured along the displacement
axis of the vehicle, y(i) 1s the distance measured in the
orthogonal direction and z (i) in the vertical direction;
for a vehicle on a plane it can be assumed that all the
z{(i) be equal to the height from the ground of the centre
of gravity, h) of the 4 points of contact of the wheels
with the ground with respect to the centre of gravity. Due
to the different point of application of the vehicle mass
Mg and of the various Fv(i), in dynamic conditions a moment
Mv = d(L)*Fv(l) + d(2)*Fv(2) +d(3)*Fv(3) +d(4)*Fv(4) is
generated (which is zero in stationary conditions) which is
the one which determines a different distribution on the 4
wheels of the forces Fv(i). Since Fv{i) are vertical
forces, hence only with a component along the Z axis, Mv
has only components along axes X and Y which meet the
following conditions: V

Mv (x) = FEv(l)*y(l) + Fv(2)*y(2) + Ev(3)*y(3) +

Fv(4)*y(4) = 0
Mv(y) = Fv(1l)*x(1) + Fv(2)*x(2) + Fv(3)*x(3) +
Fv(4)*x(4) = 0

During the braking action it can be assumed that the
total braking force, always applied to the mass centre, is
equal to the sum of the four horizontal forces Fbraking =
Fh(l) + Fh(2) + Fh(3) + Fh(4). Due to the different point
of application of the Fbraking and of the various Fh(i),
during braking a moment Mh = d{(l1)*Fh(l) + d(2)*Fh(2)
+d (3)*Fh(3) +d(4)*Fh(4) 1is generated, which moment has
three components:

a vertically-oriented component, which tends to cause
the vehicle to steer;

a component in the direction of the motion, which

tends to change the balancing of the‘weights between the

'right and left wheels;
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a component orthogonal to the direction of the motion
which tends to change the balancing of the weights between
front wheels and rear wheels.

Since during braking the vehicle, which vehicle
consists of the assembly of body, wheels and suspensions,
must not rotate (at least until the system tolerance limits
are reached, beyond which the wvehicle loses control and
adherence to the road), this moment is compensated by a
change of the Fv(i) so that Mv + Mh = 0.

The - change of the forces applied to the suspensions
prodﬁces a deformation thereof, which slightly changes the
d(i) and hence further changes the attitude of the vehicle
when braking.

When the wvehicle stops, the horizontai component of
the forces Fh(i) drop to zero, and as such the vertical
forces return to the rest value thereof; however, the
suspensions have accumulated energy due to the change of
the forces during braking and release this energy when the
braking is over.

As soon as Fh(i) drops to zero, the suspension begins
to return towards the rest condition, instantly generating
a force equal to the force which had determined the
deformation thereof: such force is delivered to the support
plane, hence onto the detection plates of the check system
of the invention, through Kwheels (which is considered very
high) 'and to the vehicle body, generating a coupled system
of harmonic rescnators (the 4 suspensions), wherein the
resonance frequency depends on the vehicle mass M and on
Ksuspension.

Therefore, measuring with the system of the invention
the trend of forces Fv(i), at the end of a sudden braking
{that is a braking time shorter than the natural settling

time of the harmonic system of vehicle plus suspension), it
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is possible to obtain the operation status of the
suspensions. )
According to the invention, it is suggested to acquire

some significant parameters during the braking test, which
then allow to obtain with sufficient reliability the state
of health of the suspensions of a vehicle. In particular,
the parameters to be acquired are the ones indicated in
fig. 10: for each wheel, the vertical force at rest
Fv(i)rest, The maximum horizontal force Fh(i)msx, the first
two peaks of maximum vertical force Fv(i)pmax and Fv(i)maxe
and the first two peaks of minimum vertical force Fv{(i)nin
and Fv (i) min2.

With these parameters 1t 1s possible to establish a
state of the suspension thus characterised:

the forces Fh(i)max are scaled depending on the relative
forces Fv (i) at rest, to determine the efficiency of each
wheel;

the ratio Fh{i1)max/Fv (i) ,rest between the four wheels must
be reascnably even, to remove the event of a wheel not
braking and possibly sliding;

the ratio Fv (1) max/FVv (1) rest is a measure of the
displacement of the forbes caused by moment Mh; the wvalues
referred to the wheels on the same axle must not differ by
more than a few percentage units; in the contrary there is
an evident sign of dissymmetry between the suspensions of
the same axle;

the ratio between (Fv(i)max — FVv(i)rest) and (Fv(i)nin
Fv(i)rest) 1s a measure of the dampening efficiency of ~the
suspension;

the ratio between (Fv(i)max — Fv{i)rest) and (Fv(1)nax
Fv(i)rest) 1s a measure of the dampening efficiency of the

suspension.
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The comparison of the preceding parameters between the
wheels of the same axle allows to check any system
imbalances, which can cause dangerous overturning moments
of the vehicle.

The comparison between these parameters, obtained from
the acquisitions provided by the system according to the
invention, allows to obtain a measurement of the efficiency
of the suspension on the whole, in connection with the road
behaviour safety.

As summarily detectable from the comparison of the two
diagrams of figs. 11 and 12, the second system (fig. 12)
has a trend of the curve of the forces not equally
effective with respect to the first system (fig. 11),
denouncing some operation anomaly of the suspensions.

However, 1t i1s understood that the invention must not be
considered limited to the special arrangements illustrated
above, which make up only exemplifying embodiments thereof,
but that different wvariants ére possible, all within the
reach of a person skilled in the field, without departing
from the scope of protection of the invention, as defined

by the following claims.
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CLAIMS

1. Multi-platform system for checking the Dbraking
capacity of motor vehicles with at least two wheel axes,
comprising pairs of detection plates aligned according to a
motion directicn on two parallel paths spaced by a distance
related to the wheel track, wherein each detection plate
has at least a support surface configured with detection
means apt to detect horizontal (Fh(i)) and vertical
(Fv(i)) components of a stress transferred by the vehicle
wheels to such surface, characterised in that:

- at least three pairs of aligned plates are provided,
mutually dimensioned and spaced so as to prevent the wheels
of a single axis from simultaneously resting on two pairs
of plates and that on a same pair of plates the wheels of
multiple axes from resting simultaneously;

-~ a checking wunit is furthermore provided which
detects the development in time of said vertical (Fv(i))
and horizontal (Fh(i)) components of the stress and which
determines when the wheels of an axis get on and off a
single plate (Pn) based on the measurement peaks of said
vertical component (Fv(i)) of the stress;

- said checking unit has data processing means apt to
integrate over time the measurements of said horizontal
component (Fh(i)) of the stress on a first plate (Pn) and
on the subsequent one (Pn+l) when it is detected, within a
braking measurement time range (twl- tw2), that said
vertical component (Fv(i)) of the stress on said first
plate (Pn) undergoes a significant reduction and said
vertical component (Fv(i)) of the stress on said subsequent
plate (Pn+l) undergoes a significant increase.

2. Multi-platform system as claimed in 1,
characterised in that said data processing means are also

apt to detect the time elapsed between the initial
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detection time (t0) of a vertical component of the stress
on a first plate (Pl) and an initial detection time (tl) of
a vertical component of the stress on a subsequent plate
(P2) for determining a vehicle entry speed in the checking
system.

3. Multi-platform system as c¢laimed in 1 or 2,
characterised in that said checking unit also comprises
data input means by which the number (N) of vehicle axes is
entered in said data processing means, so that the time is
determined at which._the Nth peak of vertical component. of.
the stress 1is detected by a first one (Pl) of said
detection plates and an audible/visible signal is provided
to an operator to start the braking actién and the
measuring time range of the braking action (twl- tw2).

4, Checking method of a braking system of a land
vehicle equipped with at least two wheel axes, comprising
the steps of causing a vehicle to move on a multi-platform
system as claimed in any one of the previous claims and
performing a detection of the wvertical and horizontal
components of the stresses transferred Dby the vehicle
wheels to the detection surfaces of said plates,
characterised in that:

- by detecting the time difference between a peak of
the vertical component (Fv(i)) of said stresses on a first
plate (Pl) and on a subsequent one (P2), the vehicle entry
speed is determined on the system;

- by entering the number (N) of vehicle axes, the time
is determined at which the Nth peak of vertical component
of the stress is detected by said first plate (Pl) and
hence the start of a measuring time range of the braking
action (twl- tw2) is determined;

- the stresses on said plates in said measuring time

range of the braking action (twl- tw2) are detected;
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- the measurements of said horizontal component of the
stress (Fh(i)) on a plate (Pn) ahd on the subsequent one
(Pn+l) are integrated in time when it is detected, within
said measuring time range of the braking action (twl- tw2),
that said vertical component (Fv(i)) of the stress on said
plate (Pn) undergoes a significant reduction and said
vertical component (Fv(i)) of the stress on said subsequent
plate (Pn+l) undergoes a significant increase.

5. Method as claimed 1in 4, wherein Dbefore said
measuring time range of the braking action (twl- tw2), said
horizontal component (Fh(i)) of the stress on the platform
system 1s detected to check that it does not have
components in the. vehicle motion direction and ocf the
opposite direction.

6. Method as in 4 or 5, wherein for each wheel it is
acquired

the parameter of vertical force at rest Fv(i)rest, and

during the braking time, also the parameters maximum
horizontal force Fh(i)max, the first two peaks of maximum
vertical force Fv(i)max and Fv(i)max2 and the first two
peaks of minim vertical force Fv(i)min and Fv(i)min2

in order to subsequently determine a state of
operation of the vehicle suspension arrangement
characterised by said parameters.

7. Checking method of the operation of the suspension
arrangement of a land vehicle provided with at least two
wheel axes, comprising the steps of

causing a vehicle to move on a multi-platform system
comprising pairs of detection plates aligned according to a
motion direction on two parallel paths spaced apart by a
distance related to the wheel track of a vehicle, in which
each detection plate has at least a resting surface

configured with detection means apt to detect horizontal
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(Fh(i)) and vertical (Fv(i)) components of a stress
transferred by the vehicle wheels to such surface,

acquiring for each wheel a parameter of vertical force
at rest Fv(i)rest in a stationary condition of the vehicle,

producing an abrupt braking of the vehicle and
performing a detection of said vertical and horizontal
component éf the stresses transferred by the vehicle wheels
to the detection surfaces of said plates, obtaining
parameters of maximum horizontal force Fh(i)max, the first
two peaks of maximum vertical force Fv(i)max and Fv (i)max2
and the first two peaks of minimum vertical force Fv(i)min
and Fv(i)min2

td subsequently determine a state of operation of the
suspension system of the vehicle characterised by said

parameters.

22

SUBSTITUTE SHEET (RULE 26)



WO 2016/128899

1/6

"~ Plate || Plate

PCT/IB2016/050687

R3

heél

L

Plate || Plate || Plate - =

;F’.Ia’te |

SUBSTITUTE SHEET (RULE 26)



: heél heét
2/

WO 2016/128899 PCT/IB2016/050687
2/6
F
+—
' R1
. Plate || Plate || - Plate | Plate

R3
heé!
Y

~ Plate

¢ / 2 \\,,}\\ .

|| Plate

~ Plate - _

SUBSTITUTE SHEET (RULE 26)

Rs3
1

L



WO 2016/128899 PCT/IB2016/050687
3/6

/\ Stress on the
\ \single plate

Total stress

S~

SUBSTITUTE SHEET (RULE 26)



WO 2016/128899

Consolle.

Acceleration
space

4/6

Traffic light
and laser system

SUBSTITUTE SHEET (RULE 26)

PCT/IB2016/050687




WO 2016/128899 PCT/IB2016/050687
5/6

i " Floating "_I_ . _l"_"Fl_oé.t’i'_r}g;r i
— Parts -m ! , oo S _I_ ’_Pa'i'ts -m . p—

" CARBody - |
KWheel Ksuspension |~ MassM | Ksuspension KWheel

l'—" gl.o_atishg. _Ii iI, | Fléating.}‘ __I

. E’arts -m

Road
Fig. 9
400 "
350 — FV(')_ max Fv{i) max2
300 ,/ /A\ A_W,_-g——

250 Ev(i -mi,nz______.*_ﬁ

. Fh(i) mgg Fvili) min Fvi) At rest
150 / \

50 —

0_/ Duration (sudden brz{ke)

| A T T Y Y T O O O A A N A S S T B O I R R

2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
1t 3 6 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43

Detected stress

Time

Fig. 10

SUBSTITUTE SHEET (RULE 26)



WO 2016/128899 PCT/IB2016/050687

Detected stress

Detected stress

6/6

350

300 -

250 -
200

100

50

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43

time

Fig. 11

400 --
350

300 -/
250

150 -+

100

2 4 6 8 10 12 14 16 18 20' 22 24 26 28 30 32 34 36 38 40 42 44
1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43

time

Fig. 12

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings

