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(57) Abrege/Abstract:
An anti-rollover device (50) for a vehicle (10) having at least three wheels (19), In particular for a narrow vehicle and/or for a high-

barycentre vehicle such as a forklift, wherein at least two right and left safety legs (5) are provided, each arranged at a respective
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(57) Abrege(suite)/Abstract(continued):

side (10', 10") of the vehicle, and having a free end portion (59) and an opposite end portion (54', 54") constrained to the vehicle
(10), through which the safety legs are connected to the vehicle (10) movably between a rest position (R), of minimum
encumbrance with respect to the vehicle, and a support safety position (S) in which the free end portion (59) Is located at a safety
distance (D) from a respective side of the vehicle (10) in order to stop a lateral rollover of the vehicle thanks to the leg. The device
also comprises an actuator means (100) for moving each leg (5) from the rest position (R) to the support safety position (S); a
sensor means (110) for measuring a quantity related to an early rollover condition of the vehicle (10), the sensor means configured
for producing a measurement signal (110") of such gquantity; an automatic control means (120) for recelving the measurement
sighal and for sending the control signal to the actuator means (100) according to the measurement signal(s) (110'), so that in the
case of an early rollover condition at least one of the legs (5, 51', 51") moves from the rest position to the support safety position,
resisting the lateral overturning of the vehicle.



woO 2015/028973 A3 | {1 I RW D100 AP RO AE ) O 011

CA 02922603 2016-02-26

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
VRN O A 0 T TR0 DR

Organization oS
International Bureau moane™ . o
?:_f/)) (10) International Publication Number

(43) International Publication Date — WO 2015/028973 A3

5 March 2015 (05.03.2015) WIPO I PCT

(1)

(21)

(22)

(25)

(26)
(30)

(72)
(71)

(74)

(81)

International Patent Classification: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

B62D 49/08 (2006.01) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

. o MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

International Application Number: OM., PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW. SA,

PCLABZOIAAI0%E34 SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

International Filing Date: IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

28 August 2014 (28.08.2014) LW.

Filing Language: Italian (84) Designated States (unless otherwise indicated, for every

kind of regional protection available). ARIPO (BW, GH,

Publication Language: English GM, KE, LR, LS, MW, MZ, NA. RW. SD, SL. ST, SZ.

Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

PI2013A000076 28 August 2013 (28.08.2013) IT TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

Inventor; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

Applicant : VILLA, Pasquale [IT/IT]; Via Fratelli Cervi, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
46, 1-29013 Carpaneto Piacentino (PC) (IT). GW, KM, ML, MR, NE, SN, TD, TG).

Agent: CELESTINO, Marco; Viale Giovanni Pisano, 31, Published:

[-56123 Pisa (IT). —  with international search report (Art. 21(3))

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(88) Date of publication of the international search report:
2 July 2015

(534) Title: ANTI-ROLLOVER DEVICE FOR VEHICLES

(57) Abstract: An anti-rollover device (50) for a vehicle (10) having at least three wheels (19), in particular for a narrow vehicle
and/or for a high-barycentre vehicle such as a forklitt, wherein at least two right and lett satety legs (5) are provided, each arranged
at a respective side (10', 10") of the vehicle, and having a free end portion (59) and an opposite end portion (54', 54") constrained to
the vehicle (10), through which the safety legs are connected to the vehicle (10) movably between a rest position (R), of mimmimum
encumbrance with respect to the vehicle, and a support safety position (S) in which the free end portion (59) 1s located at a safety
distance (D) from a respective side of the vehicle (10) m order to stop a lateral rollover of the vehicle thanks to the leg. The device
also comprises an actuator means (100) for moving each leg (5) from the rest position (R) to the support satety position (S); a sensor
means (110) for measuring a quantity related to an early rollover condition of the vehicle (10), the sensor means contigured for pro -
ducing a measurement signal (110") of such quantity; an automatic control means (120) for receiving the measurement signal and for
sending the control signal to the actuator means (100) according to the measurement signal(s) (110'), so that in the case of an early
rollover condition at least one of the legs (5, 51', 51") moves from the rest position to the support satety position, resisting the lateral
overturning of the vehicle.
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TITLE
ANTI-ROLLOVER DEVICE FOR VEHICLES

DESCRIPTION

Field of the invention

[0001] The present invention relates to a safety device to prevent the rollover
of vehicles with at least three wheels, in particular of narrow vehicles and/or of
high-barycentre vehicles and/or of vehicles without suspension.

[0002] In particular, the device is useful for such vehicles as lift trucks, and for
other vehicles normally, but not necessarily, equipped with a cabin and with a
roll-bar type protection, small digging machines, and the like.

Technical problem - Background of the invention
[0003] Lift trucks are normally used to displace loads such as packed goods

or mechanical parts within industrial sheds, yards, factories and the like.
These vehicles are normally equippe‘d. with a cabin and with a protection,
known as roll cage, that are intended for improving the safety of a driver within
the cabin, in the case of an accident, or if a heavy object falls on the cabin, or
also if the truck turns over.

[0004] When travelling on an uneven ground, lift trucks carrying a load may
become particularly unstable and are likely to turn over, since these vehicles
are normally narrow, with respect to their length, énd since they are usually not
provided with a suspension, in order to be more stable when lifting a load. An
overturning while travelling can be caused by any unevenness of the ground
such as a pothole, as well as road bumps, road drains, which are frequently
found in industrial areas, and with which the wheels of the lift truck are likely to
come Into contact while the vehicle is travelling.

[0005] An overturning may also occur if the vehicle turns at a relatively high
speed, considering the radius of the turning made by the lift truck. The risk of
an overturning is therefore higher if the carried load is in a raised position, for
instance, when setting down or when loading objects on/from shelves, for
stacking pallets and containers, and so on.

[0006] When an overturning occurs, the driver is likely to instinctively try to
leave the cabin in order to save himself. The driver is often projected out from

~/
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the cabin during an initial stage of the capsizing, and falls to the ground. In this
case, the forklift may in turn fall upon the driver and hurt him/her seriously or
even bring him/her to death, typically by head injury. In most lethal accidents,
the driver is crushed by the uprights of the cabin or by the heavy structure of
the roll cage protection. Therefore, even if the roll cage is conceived to protect
the driver when he/she is in the cabin, it paradoxically turns into a serious
hazard, if an overturning occurs and if the driver is projected out of the cabin
itself.

[0007] This problem could be solved by a box-shaped cabin structure, i.e. a
structure with four closed sides. However,x this solution cannot be accepted
since it reduces the visibility, it is not user-friendly and creates an unfavourable
microclimate inside the cabin.

[0010]  Therefore, the need is felt of a device to protect a driver of a vehicle, |
in particular of a narrow vehicle and/or of a vehicle in which the weight is
mainly concentrated in a high portion"of it, and/or of a vehicle without
suspension, from the consequences of an overturning of the vehicle, as
already described. - o .

[0011]  Several types of vehicle ,'are known in the art (see WO0156866,
NL1014496, WO02010043233, US6588799, DE1297485, DE9016969U1)
which are provided with anti-rollover ‘deviceé. However, these devices
comprise actuation systems that cannot ehsure safe and reliable operation, In
case of an overturning.

summary of the invention
[0012] It is therefore an object of the present invention to provide a device

for a vehicle, in particular for a narrow vehicle and/or for a high-barycentre
vehicle and/or for a vehicle without suspension, such as a forklift, which
protects the driver of the vehicle from the consequences of a rollover of the
vehicle. -

[0013] More in pa'rticular, it is an object of the invention to provide such a
device that has a small encumbrance, and that does not hamper or disturbs
the work of the driver and the normal operation of the vehicle.
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[0014] It is also a feature of the present invention to provide such a device
that is more reliable than the known devices. against accidental and unwanted
actuation, 1.e. in the absence of a rollover condition.

[0015] It is also a feature of the present invention to provide a roll-bar type

structure, or a roli-bar type cabin, that is equipped with such an anti-rollover

device. l

[0016) These and other objects are achieved by an anti-rollover device for a

vehicle having lateral sides, a longitudinal axis and a longitudinal midplane, the

anti-rollover device comprising:

- at least two safety legs comprising a right safety ieg and a left safety leg,
each arranged at a respective side of the vehicle,
each of the safety legs having a free end portion and an articulated ena
portion that is articulated to the vehicle opposite to the free end portion,
wherein each of the safety legs is connected to the vehicle through the
articulated end portion, o '
wherein each of the safety'.legs is movable between a rest position, with
minimum encumbrance with respect to the vehicle, and a support safety
position, in which the free end 'portion IS located at a distance from a
respective side of the vehicle so as to 'Stop the rollover of the vehicle by
one of the safety legs,

— an actuator means configUred' for 'cauSing each of the safety legs to
move from the rest position to the support safety position;

— a sensor means for detecting a value of a quantity related to an early
rollover condition of the vehicle, the sensor means configured' for
producing a measurement signal respbnsive to said value,;

—~ an automatic control unit configured for receiving this signal and for
activating the actuator means ac"cording to the signal, in such a way that,
In the early rollover condition, the actuator means causes at least one of
the safety legs to move impulsively from the rest position to the support
safety position, ' |

whose main feature is that the automatic control unit comprises a logical unit

configured for carrying out a comparison of such signal with a limit value of the

respective quantity, beyond which an early rollover condition of the vehicle
occurs, the automatic control unit configured for triggering the actuator means
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aCcording to this comparison, i.e. when the logical unit assesses this early
rollover condition by said comparison.
[0017]  This way, a safety device is obtained that operates automatically in
case the vehicle runs up against an unevenness of the ground such as a
pothole and the like, which can cause it to roll over. The device can prevent
the vehicle from rollovering and from falling down to the ground, so it prevents
the driver, who can be expelled out of the vehicle and/or thrown down to the
ground while being expelled, or while trying to escape from the cabin, from
being run over by a vehicle such as a lift trUck,- which often has lethal
consequences.
[0018] Advantageously, the safety leg is arranged in such a way that said
safety distance is longer than 0.5 m, in particular it is longer than 1 m, more In
particular, is longer than 1.5 m, even more in particular, it is longer than 2 m.
[0019] The articulated end portion can be pivotally connected for carrying out
a rotation with respect to the vehicle by a rotatable mutual engagement means
about a rotation axis, and ' '
~ In the rest position, each safety ‘Ieg' IS arranged along the respectivé side
of the vehicle with a rest inclination with respect to the longitudinal
midplane of the vehicle, and
— - in the support safety position, each safety leg has a safety inclination with
respect to the longitudinal midplane of the vehicle outwards of the
vehicle, in such a way that the free end portion is located at the safety
distance from the respective side of the vehicle.
[0020] Preferably, the rotatable mutual engagement means is configured to
be arranged with the rotation axis at an orientation angle with respect to the
direction of the longitudinal axis of the vehicle. This way, the support end of
the safety leg, besides a lateral "m'ove‘ment', carries out a forward movement
with respect to the vehicle, in such a way'th‘at the support end, In the support
safety position, is in contact with the ground at a position closer to the front
part of the vehicle, where the load lifting forks are commonly located, with
respect to when it is at the rest position. This makes it possible to prevent the
vehicle, in the case of a rollover event, from turning about a substantially
vertical axis, i.e. from leaning on and pivoting about the safety leg when the
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latter Is In contact with the ground by its own support end. This can happen in
case of some masses distributions of the vehicle.

[0021] In an exemplary embodiment, the rotatable mutual engagement
means is configured to be arranged above a cabin structure of the vehicle. For
example, the means for connecting comprises a frame arranged above a
cabin structure of the vehicle, the frame comprising right and left connection
beams, wherein a guide element for the rotation of each right and left safety
leg is connected parallel to the respective right or left connection beam.

[0022] In another exemplary embodiment, the rotatable mutual engagement
means is configured to be arranged on the respective side of the vehicle, in-
particular below a cabin structure of the vehicle.

[0023] In a further exemplary embodiment, the rotatable mutual engagement
means is configured to be arranged at an upper portion of a lifting guide
element the vehicle, in particular of a forklift.

[0024] Advantageously, each safety leg comprises an upper portion and a
lower portion configured for slideably engaging with the upper portion along a
common longitudinal direction. This Way, it is pbssible to predetermine more
reliably the position, with respect to the vehicle, where the safety leg will come
into contact with the ground. In fact, the protrusion of the lower portion, and so
the overall length of the safety Iég, IS a further geometric variable of the
configuration of the safety leg. ' ' .

[(0025] In particular, the lower portion has a lower end that, in a rest position,
Is arranged above the wheel housing of the vehicle. This provides a minimum
encumbrance configuration, in most vehicles, in which the cabin Is more
narrow than the wheel housing. ’

[0026] In particular, the upper portion has a longitudinal recess, i.e. it has a
hollow cross section, and the lower portion is slideably arranged within the
ldngitudinal recess of the upper portion. ‘

[0027] In an exemplary embodiment, the anti-rollover device comprises a
slide actuator means or a slide unlock means of the lower portion with respect
to the upper portion, and the automatic control unit is configured for operating
the slide actuator means or the slide unlock means along with the actuator
means of the rotation of the _saféty legs, so that the free end portion comes
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Into contact with the ground in a predetermined position with respect to the
vehicle. -

[0028] As an alternative, the articulated end portion can be slideably
connected to the vehicle through a slidable mutual engagement means. In
particular, the slidable mutual engagement means has a slide direction at an
operation angle with respect to the longitudinal midplane of the vehicle,
outwards of the vehicle. For example, the sliding engagement means can
comprise a slide guide ‘arranged on each side of the vehicle and at the
operation angle with respect to the vertical of the vehicle, in particular a guide
with a hollow cross section in which the safety leg engages.

[0029] The actuator means of the rotation of the safety leg with respect to the
vehicle can comprise any suitable conventional actuator means.

[0030] For instance, the actuator means can be a hydraulic actuator means.
A hydraulic actuator means has the advantage, for some vehicles, of being fed
by an on-board hydraulic circuit, for example the hydraulic circuit that makes it
possible to operate the lifting means the lift trucks.

[0031] As an alternative, the actuetor"means can be a pneumatic actuator
means. The pn'eumatic actuator means has the advantage, for some vehicles,
to be fed by an on-board compressor.

[0032] As an alternative, the actuator means can be an electromechanical
actuator means. o |

[0033] As an alternative, the acfuatdr means can be a mechanical actuator
comprising an actuation spring, and the anti-rollover device comprises a
removable lock means for locking the safety legs at the rest position, wherein
the actuation spnng IS arranged to be kept stretched or compressed when a
respectlve safety leg is at the rest p08|t|on and to recall the respective safety
leg from the rest position to the support safety position, when the removable
lock means are removed. The mechanical spring actuation means has a
manual reset means, by which the spnng |s manually pre-compressed or pre-
stretched or a reset means controlled by an actuator.

[0034] In particular the sensor means of a quantity related to an early rollover
condition of the vehicle comprises an accelerometer configufed for measuring
lateral acceleration components of the vehicle, and for producing an electric
Iateral acceleration signal respo'n’s',ive to said acceleration components.
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[0035] As an alternative, or in addition, the sensor means of a.quantity

related to an early rollover condition of the vehicle can comprise a gyroscopic

sensor configured for measufing an orientation of the vehicle, and configured
for producing an electric space orientation signal of the vehicle.

[0036] As an alternative, or in addition, the sensor means of a quantity

related to an early rollover condition of the vehicle can comprises an

inclinometer configured for measuring a lateral inclination of the vehicle, i.e. an
inclination in a transversal direction with respect to the longitudinal axis of the
vehicle, which is a direction of a possible rollover movement the vehicle, and
configured for producing an electric latéral inclination signal of the vehicle
responsive to said lateral inclination.

[0037] In an exemplary embodiment, the logical unit comprises:

~  a data input means, in particular an input means of a control panel, for
Inputting data of: _

—~  weight and volume of the Vehicle; ‘
—  weight and volume of a load arranged on board of the vehicle;

— a computing means for computing the position of the barycentre, in
particular the distance from a longitudinal midplane of the vehicle, of a
group comprising the vehicle and the load arranged on the vehicle,
starting from the weight and volume data of the vehicle and/or of the
load; - ‘

and the logical unit is configu!red for Combining the position of the barycentre
and the electric lateral acceleration signal before carrying out the'comparis'on
of the intensity of the signals with the limit values of the respective physical
quantities. In particular the input means comprises an input means for
inputting elevation data of the load with respect to a reference plane, in order
to calculate the position of the barycentre.: In particular the means for
computing the barycentre is configured for determining a distance of the
barycentre from the fongitudinal midplane of the vehicle.

[0038] Advantageously, the means for computi'ng the barycentre comprises a

data acquisition unit configured for recei'ving weight data and/or volume data

of the load, and the means for Com‘puting the barycentre comprises a

computing means for computing the position of the barycentre, starting from

data acquired from the unit for acquisition. Préferably, the data acquisition unit
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IS configured for receiving also current elevation data of the load. in a forklift,
these elevation data can comprise the elevation of the forks. This way, the
operation of the anti-rollover device can based on a reliable mass distribution
condition, which is particularly useful in the case of a load that is in raised
position while being carried. Moreover, the data acquisition unit can be
configured for receiving weight data and/or volume data of the vehicle and/or
weight data and/or volume data of the driver. As an alternative, the automatic
control unit can comprise a memory unit configured for receiving, for example
as preliminary factory or installation settings, predetermined weight and/or
volume data of the vehicle and/or the driver, in order to limit the number of
current settings to be given when using the vehicle. .

[0039] Advantageously, the automatic control unit is configured for receiving
the position of the barycentre as calculated by the means for computing the
barycentre, and the automatic control unit comprises a means for combining
the position of the barycentre with the measurement signal generated by the
sensor means. This improves the reliability of the device of the device, since
the safety legs are actuated with reference to a reliable distribution of the
masses of the vehicle, of the load and of the driver.

[0040] Advantageously, the automatic control unit is configured for receliving
an auxiliary signal, and to emit the control signal only if the auxiliary signal
exceeds a predetermined threshold value. This makes accidental operation of
the safety legs less likely to occur, as ih' the case of fault of one of the driving
sensors, in particular if an inclinometer, used as a driving sensor, receives an
impulsive action. I

[0041] The device can comprise'an auxiliary sensor, or an interface suitable
for communicating with an auxiliary sensor, configured for measuring a quantity
related to a ground contact condition or to a ground no-contact condition of at
least one wheel of the vehicle. In particular, the automatic control unit, for
example the logical unit thereof, is configured for combining a plurality of
auxiliary signals, in order to determine whether a side of the vehicle is raised
from the ground or not, and for generating a permission signal to allow the
emission of the control signal only if one side of the vehicle is found to be
raised with respect to the gro'und. , '
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(0042] In an exemplary embodiment, the auxiliary sensor comprises a
distance sensor arranged for measunng a distance of a portion of the vehicle
from the ground, in particular the distance of the bottom of the vehicle from the
ground. For example, the distance sensor can comprise an electromagnetic
sSensor, such as a radar sensor or en optical sensor. As an alternative, or in
addition, the distance sensor can comprise an acoustic sensor, such as an
ultrasonic sensor. As an alternative, or in addition, the distance sensor can
comprise a mechanical tasting device configured to engage with the ground.
As an alternative, or in addition, the auxiliary sensor comprises a force sensor
arranged for measuring the weight borne by each wheel of the vehicle. In
these cases, the automatic control unit is configured for comparing the
auxiliary signal with a threshold value. In particular, the automatic control unit
Is configured for detecting a sudden change of the weight borne by a plurality
of wheels, for example by a couple of right or ieft wheels, in a vehicle having
an even number of wheels, for example four wheels, and is also configured to
generate a permission signal to allow the emission of the control signal in case
of change in a same direction only on a nght or on a left plurality of wheels.
[0043) it falls within the scope of the invention also a protection apparatus
comprising a passive roll-bar type protection' structure and as well as a
protection device as described above, to be mounted to vehicles having with at
least three wheels, in particular to narrow vehicles and/or to high-barycentre
vehicles and/or to vehicles without suspeneion, which are likely to overturn, that
are not equipped with a roll-bar preteCtio"n.' |

Briet description of the drawings
[0044] The invention will be now shown with the description of an exemplary

embodiment thereof, exemplifying but not limitative, with reference to the
attached drawings in which: ' ‘ ‘ |

- Fig. 1is a diagrammatical‘front or rear view of a vehicle and of an anti-
rollover device according to an aSpeet of the invention;

- Fig. 2 Is a perspective front view .of' a forklift having an anti-rollover device
according to a first exemplary embodiment of the invention, in which the safety
legs of the device are shown in its rest position;
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— Figs. 3 and 4 are front and lateral perspective views of the forklift of Fig.
2, in a condition in which an overturning has been avoided thanks to the
device according to the invention;

~ Figs. 5, 6 and 7 are perspect‘ive views of a detail of the anti-rollover
device according to the first exemplary embodiment of the invention that is
provided with a hydraulic or a pneumatic or a electromechanical or a
selectively compressed spﬁng mechanical actuation device, respectively:

—~  Fig. 8 is a perspective front view of a forklift provided with an anti-roliover
device according to a second exemplary embodiment of the invention, wherein
one of the safety legs is shown i'n its rest position;

— Fig. 9 i1s a perspective rear view of the forklift of Fig. 8, In which an
overturning has been avoided thanks to the device according to the invention;
- Fig: 10 I1s a perspective front view of a forklift having an anti-rollover
device according to a third exemplary embodiment of the invention, wherein a
sliding safety leg is shown ih its rest position;

- Fig. 11 shows a perspective view of the actuator means for a safety leg
of the anti-rollover device Fig. 10; with a safety leg of the device shown in its
rest position: ' o

- Fig. 12 shows a perspectivé view of thé anti-rollover device Figs". 10 and
11, with one of the safety legs of the device shown In its support safety
position: -

~  Fig. 13 is a view of a detail of the safety leg of Fig. 12;

-  Fig. 14 is a diagrammatical front or rear view of a vehicle and of an anti-
rollover device according to another aspéct of the invention,; '

- Fig. 15 is a perspective view of a forklift provided with an anti-rollover
device according to a fourth exerhplary embodiment of the invention, wherein
one of the safety legs is in its support safety position and the other is In its rest
position; ' ‘

—  Fig. 16 is a side view of the forklift of Fig. 15, in which an overturning has
been avoided thanks to the device aCcordihg to the invention;

-  Figs. 17 and 18 are Iongitudinél? sectional views of a safety leg of the anti-
roliover device according to the invention, in which an actuator means of the
lower portion Is a hydraulic or pneUmatic actuator means, or an explosion
actuator means, respectively; '
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-~  Figs. 19 and 20 are longitudinal sectional views a safety leg of the anti-
rollover device according to the invention, in which an actuator means of the
lower portion is a selectively locked spring actuator means, respectively;
—  Fig. 21 is a perspective rear view of a forklift that is provided with an anti-
rollover device according to a fifth exemplary embodiment of the invention, in
which the safety legs of the device are shown in their rest position;
-  Fig. 22 is a perspective rear view of the forklift of Fig. 17 with a leg in the
support safety position, in which an overturhing has been avoided thanks to
the device according to the invention;
—  Figs. 23 and 24 show an anti-rollover device according to a sixth
exemplary embodiment of the invention, configured for Installation in
already-existing vehicles without a cabin, and for being mounted on a vehicle
during its construction: '
—  Figs. 26 and 27 are diagrams that show the operation of the automatic
control unit for bringing one of or both the Safety legs from their respective rest
positioh to their respective suppoft safety position. '

Description of a preferred exemplary embodiment
[0045] Fig. 1 is a diagrammatical front Or rear view Qf a vehicle 10 having an

anti-rollover device 1 according to an aspect of the invention. Anti-rollover
device 1 comprises at least two safety legs 5, which are arranged at respective
sides 10°,10" of vehicle 10. Each safety leg 5 is connected to vehicle 10 by an
own articulated end portion 4, and is movable between a rest position R, In
which its encumbrance with reSpect to the vehicle is at a minimum, and a
support safety position S, Wherein a free end portion 3 is located at a
predetermined support distance D from a respective side 10,10° of vehicle 10.
This way, leg 5 can rest on a support base, for example the ground 18, In a
suitable way for stopping the rollover of vehicle 10. Device 1 also comprises
an actuator means 100 configuredfor causihg each safety leg 5 to move from
rest position R to support safety position S, and also comprises a sensor
means 110 for measuring a quantity related to an early rollover condition of
vehicle 10, the sensor means cOnfigu'réd to generate a measurement signal
110’ responsive to the value of this quahtity. An automatic control unit 120,
configured for receiving measurement signal 110’, comprises, according to the
invention, a logical unit 125 configured for comparing signal 110’ with a limit
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value of the quantity measured or detected, beyond which an early rollover
condition of vehicle 10 occurs. If this comparison points out an early rollover
condition, logical unit 125 is configured for causing automatic control unit 120
to emit to a control signal 99 for actuator means 100 that, upon receiving said
signal, impulsively brings at least one safety leg 5 from rest position R to
support safety position S.

[0046] Figs. 2 to 4 show a forklift 10 having an anti-rollover device 50
according to a first exemplary embodiment of the invention. Forklift 10 has four
wheeis 19, and two forks 11 connected to a frame 13 sliding vertically along a
lifting guide element 14, in particular along a couple of lifting guide uprights 14
integral to forklift 10. Forks 11 can engage with a support pallet 12 for a load
17 (Figs. 3 and 4) to be lifted and/or displaced. Forklift 10 also has a cabin
structure 20 that defines a cabin 24 fof a driver, not shown, and comprises a
couple of front uprights 21, a couple of rear uprights 22 and a roof 23. Cabin
structure 20 can be designed to serve as a roll-bar type protection structure or
can be equipped with such a profeCtiOn Structure.

[0047] Even if these figures and the following ones always show a forklift 10
equipped with four wheels 19 and With"a cbuple of forks 11, anti-rollover
device 50 can be used for any véhiCI_e intended for lifting and carrying a load
17, which can have three wheels instead of four, in particular it can have a a
central steering wheel, not shown. ' ‘ | ' : '
[0048] Anti-rollover device 50 COmprises a o.ouple of right and left safety
legs 51,517, with reference to the nOrmal travelling direction of vehicle 10,
each leg configured to move between a rest position R, as shown in Fig. 2, in
which it has a minimum encumbrance with respect to vehicle 10, and a
support safety position S, as shown In Figs. 3 and 4, where a free end portion
59 is located at a predetermined distance D from a respective side of vehicle
10 (Fig. 3). In its own rest position R, safety leg 51',51" is arranged along side
10°,10” of vehicle 10, and has a su'bstan‘tially zero rest inclination with respect
to a longitudinal midplane 16 of vehicle 10. In other words, safety leg 51°,51" is
substantially vertical when vehicle 10 is in a regular position upon a horizontal
plane 18, and has its own free end portion 59 raised with respect to the lowest
portion of wheels 19 of vehicle 10, i.e. with respect to ground 18.
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[0049] Figs. 3 and 4 show vehicle 10 in an early rollover condition, with right
safety leg 51’ of anti-rollover device 50 in support safety position S. More in
detail, safety leg 51’ is at an in‘clinatoion angle o with respect to vertical
midplane 16 of vehicle 10, and rests upo',n ground 18 with its own end portion
59 at a safety support distance D by side 10’, in order to provide a lateral
support to vehicle 10 so as to -StOp a lateral overturning of vehicle 10.

[0050] In order to move from rest position R to support safety position S,
each safety leg 51',51" is configured for carrying out a rotation about a rotation
axis 57’,57”, in particular a horizontal rotation axis 57’,57". In the exemplary
embodiment of Figs. 2 to 4, rotation axis 57'.57" is also oriented according to
an orientation angle B with respect to a longitudinal axis 15 of vehicle 10 (Fig.
2). This way, support end 59 of safety leg 51',51" carries out a movement that
has a component longitudinal with respect to vehicle 10 same. In other words,
support end 59, in support safety position S, is at a position closer to the front
portion of vehicle 10, therefore nearer to forks 11 and to load 17 than in the
rest position. This prevents a rotational ¢omponent of the overturning to arise
or to increase, which may occur with some arrangement of the masses of
vehicle 10 and of load 17, when free end 59 of safety leg 51°,51" comes into
contact with ground 18, in order to reach the support safety position.

[0051] More in detalil, in order to obtain orientation B between rotation axes
57',57" of safety legs 51',51” and longitudinal axis 15 of the vehicle, each
safety leg 51',51" has one articulated end 'portion 54’ 54” opposite to free end
portion 59 and orthogonal to the Iongitudinal méin direction of the leg, pivotally
connected to vehicle 10 through guide elements 58 that define a rotation axis
57°,57" at an angle B with respect to the direction of axis 15 of vehicle 10.

[0052] More in detail, as shown in Fig. 5, a frame 40 is arranged upon roof 23
of cabin structure 20, comprising two side beams 41 specularly arranged with
respect to each other, at orientation a'ngle B with respect to the direction of
longitudinal axis 15 of the vehicle. Two.g‘uide elements 58 are arranged along
each beam 41, with their axes aligned to each other, within which articulated
end portion 54’,54” of safety leg 51°,51” is rotatably arranged. '
[0083] As described, anti-rollover device 50 also Comprises actuator means
100 (Fig. 1) for bringing each of safety legs 51',51" from its rest position R (Fig.
2) to its support safety position S (Figs. 3 to 5).' In particular, in the exemplary
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embodiment of Fig. 5, a hydraulic br pneumatic actuator means 55 is provided
comprising, for each safety leg 51’°,51", a hydraulic or pneumatic piston-
cylinder unit 55 consisting of a cylinder 63 and of a piston 64 slideably
arranged within cylinder 63 and Configured for moving between an extended
configuration (piston 517), in which piston 64 protrudes from cylinder 63 for a
longer portion, and a retracted configuration (piston 51°), in which piston 64
protrudés from cylinder 63 for a s_hOrter portion. Cylinder 63 has one end
portion pivotally connected to frame '40 in @ housing 45. In particular, housing
45 is arranged at one end 42’ of a beam 42 adjacent to a beam 41 along
which guide elements 58 are aligned, wherein end 42’ is opposite to end 42°
connecting beam 41. Piston 64 has an own free end portion, i.e. an end
portion protruding from cylinder 63, pivotally connected to articulated end
portion 54’,54” of safety leg 51’,51” in a hinge-like housing 49 offset with
respect to rotation axis 57'.57" of the rotatable mutual engagement means
consisting of guide elements 58 and of articulated portion 54°,54". This way, by
actuating cylinder-piston unit 55 starting from the extended configuration
towards the retracted configuration, a rotation of safety leg 51’,51” occurs from
rest position R towards support safety position S of safety leg 51',51”, and
vice-versa. In the shown exemplary embod.iment, frame 40 also comprises two
further front and rear connection elements 44 and ‘43 in the form of beams.
[0054] In an exemplary embodiment, hydraulic actuator means 55 is
configured to be seléctively arranged In a hydraulic connection with a hydraulic
circuit, not shown, of vehicle 10, for example the actuation circuit of forks 11 or
the lubrication circuit of a diesel motor of vehicle 10. The hydraulic actuator
means can comprise a oll reservoir configured for being pressurized with a
gas, for example nitrogen, not shown. In this case, a means is provided for
notifying the pressure of the gas, and/or low gas pressure alarm means t, so
that a user of vehicle 10 can assess whether actuator means 55 is adapted to
operate anti-rollover device 50. . '

[0055] As an alternative, actuator means 100 can comprise a pneumatic
actuator m'eans 55, also shown in Fig. S, where the piston-cylinder groups 63-
64 are pneumatic groups. In particular, pneumatic actuator means 55 is
configured for being selectively 'arrénged' in a hydraulic connection and for
being fed by a compressor installed on the vehicle, not shown. The pneumatic
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actuator means can comprise a re'servoi'r'bf-pressurized gas, also not shown.
In this case, a means is provided for notifying the pressure of the gas, and/or
low pressure alarm means of the gas reservoir, so that a user of vehicle 10
can assess whether actuator means 55 is adapted to operate anti-rollover
device 50. , B

[0056] An electromechanical actuator means 56 is shown In Fig. ©,
comprising, for each safety leg 51',51”, a motor 65 and a piston 66 that can be
operated by motor 65 to move between an extended configuration (leg 517)
‘and a retracted configuration (leg 51’). Eléctromechanical actuétors 56 Is
arranged like piston-cylinder groups 63,64 of Fig. 5.

[0057] A mechanical spring means is shown in Fig. 7. In this case, an
actuation spring 60 is provided for each safety leg 51',51", and is kept
compressed when the safety leg, in this case leg 517, is in rest position R. As
shown, actuation spring 60 can be manually made ready to operate again after
the use. Anti-rollover device 50 further comprises a reversible lock means
67,68,69 for Iocking/unlocking‘ saféty'leg 51’,51” in/from rest position R. In an
exemplary embodiment, as shown, the fe\)ersible lock means comprises a lock
element or tooth 69 radially protruding from articulated end portion 54°,54" of
the safety leg at one guide elements 58, and an electromechanical or
hydraulic or pneumatic or different éctuator 67, which operates a pin 68 that is
movably arranged between a lock positio'n '(Ieg 517), in which pin 68 Is In an
extended configuration with respect to actuator 67, and an unlock position (leg
51’), in which pin 68 is in a retracted configuration with respect to actuator 67.
In the lock position, pin 68 engages w'ith tooth 69, in order to prevent safety
leg 51" from rotating away from rest position R, maintaining safety leg 51” in
rest position R, while in the unlock position pin 68 is raised with respect to
tooth 69 and allows safety leg 51’ to rbtate towards the support safety position.
In Fig. 7, pin 68 of right actuator 67 is in the lock position, and right safety leg
51" I1s In rest position R, whereéé pin 68 of left actuator 67 is in the unlock
position, and safety leg left 51" is in support safety position S. Actuation spring
60 has an own end portion 61 connected to a housing 49 integral to articulated
end portion 54° 564" of safety Ieg 51',51” and offset with respect to rotation axis
57',57" of the rotatable mutual engagement means consisting of guide
elements 58 and of articulated portion 54’,54”. Actuation spring 60 is also
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provided with an end portion 62 opposite to end po'rtion 61, which is connected
to frame 40 in a housing 45. In particular, housing 45 is arranged at end 42’ of
a beam 42 adjacent to beam 41 along which guide elements 58 are aligned,
end 42’ being opposite to end 42" where beam 41 is connectea. Actuation
spring 60 i1s kept stretched, when pin 68 and tooth 69 engage in the lock
position, and is released, becoming contracted, when pin 68 moves to the
unlock position, so as to allow safety leg 51',51" to rotate from the rest position
to the support safety position. Even if only a spring kept compressed in the
rest position R of legs 51°,51" Is shdwn, in Fig. 7, the actuation spring can be

kept stretched In the rest position R, with modifications that are obvious for a
' person skilled in the art.
[0058] As described, anti-rollover device 50 (Figs. 2 to 7) has an automatic
control unit 120 configured for operating actuator means 100 (Fig. 1), for
example in the form of a hydraulic or pneumatic actuator means 55 (Fig. 5), or
of an electromechanical actuator means 56 (Fig. 6) or of removable lock means
67,68,69 (Fig. 7), in order to cause at least ohe of safety legs 51',51" {o rotate
from rest position R to support safety po'siti‘oh S, in the case of an early lateral
overturning condition of vehicle 10. -
[0059) More in detail, as shown in thé diagram of Fig. 26, anti-rollover device
50 comprises a sensor means 110 arranged on board of vehicle 10, not shown
In figures 2 to 4, for measuring the values of at least one physiéal quantity
related to a possible overturning of vehicle 10, and for generating at least one
electric measurement signals 110, respectively, whose intensity depends
upon the values measured of such physical quantity or quantities. For
instance, sensor means 110 can comprise an inertial sensor, in particular an
accelerometer 91 'configured for measuring components of a lateral
acceleration of vehicle 10, i.e. acceleration 6omponents that are orthogonal to
longitudinal direction 15, and also co'nfigu'r'ed for producing an electric lateral
acceleration signal 91’ responsive tbthese acceleration components;
[0060] As an alternative, or in addition, sensor means 110 can comprise a
gyroscopic sensor 92 for deteCting the orientation of vehicle 10, and configured
for producing an electric orientation signal 92’ of vehicle 10. ‘
[0061] As an alternative, or in'addition', sensor means 110 can comprise an
inclinometer 94 arranged for detecting the lateral inclination of vehicle 10, i.e.



CA 02922603 2016-02-26

WO 2015/028973 PCT/IB2014/064134

- 17 -
the inclination in a transversal direction with respect to longitudinal axis 15 of
vehicle 10, and configured for producing an electric inclination signal 94’
vehicle 10. o ,
[0062]  Automatic control unit 120 comprises, according to the invention, a
logical unit 125 configured for réceiving electric measurement signal or signals
110°, for example lateral acceleration signal 91’ and/or orientation signal 92’
and/or inclination signal 94’ and for causing automatic control unit 120 to emit
a control signal 99 for operating actuator means 55,566,67 of a safety leg
51,91" according to at least one of electric measurement signals 110’ or to a
combination of these electric measurement signals 91’,92',94' coming from
sensor means 100, in order to bring at least one of, or both, safety legs 51°,51"
to support safety position S, or in any case to a position corresponding to
suppdrt safety position S. '
[0063] In particular, logical unit 125 can be configured for carrying out a
comparison of value of acceleration s:ignal 91’ and/or of orientation sighal 92’
and/or of inclination signal 94’ with a respective predetermined safety or
stability limit value, established by experience or calculated. '
[0064] In another exemplary embod'i'r'nen't', logical unit 125 can be configured
for carrying out a comparison of a 'c':'ombina'tion of the values of acceleration
signal 91’ and/or orientation signal 92’ and/or inclination signal 94’ with
combinations of stability limit values estabﬁshed by experience or calculated.
In this case, at least one inertial sensdr 91 and/or gyroscopic sensor 92 and/or
inclinometers 94 can form different detection chains, so as to obtain redundant
electric rheasurement signals 110", ' '
[0065] Logical unit 125 is configuréd for cau'sing automatic control unit 120
to emit an electric control signal 99 for operating actuator means 100 if the
comparison carried out by logical unit 125 points out an immediately
subsequent or early overturning, condition of vehicle 10. Control signal 99 can
be received by actuator means 100, i.e. 55,56,67, which is configured for
causing or allowing one or both safety legs 51’,51” to move from rest position
R (Fig. 2) to support safety' position. S (Figs. 3 and 4), upon receiving said
control signal 99. o | |
[0066] Anti-rollover device 50 can cOmprise a plui'ality of chains of sensor
means 100 and of logical means 12§, configured in such a way that actuator
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means 55 of the rotation of safety legs 51',51" is operated only if a control
signal comes from all or from most of the chains, or anti-rollover device 50 can
comprise a plurality of inertial sensors, and logical unit 125 causes automatic
control unit 120 to generate control signal 99 only if most or all the sensors
point out an immediately subsequent or early overturning condition of vehicle
10, to avoid unwanted and unnecessary actuation of safety legs 51°,51”.

[0067] Fig. 26 also shows, in dotted line to refer to a particular exemplary
embodiment, an auxiliary signal 98 fed to automatic control unit 120,
generated by an auxiliary sensor 97, in order to generate a permission signal
o allow actuator means 100 of at least one safety leg to emit control signal 99
only if auxiliary signal 98 exceeds a pfedetermined threshold value. Typically,
auxiliary sensor 97 can measure a qguantity related to a ground contact
condition 18 or to a ground no-contact condition 18 of at least one wheel 19 of
vehicle 10, preferably by detecting the distance of a vehicle portion such as
the bottom of vehicle 10 from the ground, in particular the distance of the
bottom at one of the sides of vehicle 10, or by a plurality of force sensors each
arranged for measuring the weight resting on a respective wheel 19 of vehicle
10, typically by strain gauges arranged at a support or at the suspension of
each wheel. '

[0068] Advantageously, the automatic control unit is configured to generate
a block signal that engages a connection means configured for connecting in a
control unit for controlling vehicle 10 or in a chain of driving vehicle 10 to block
the motor of vehicle 10 control si‘gnal 99 is emitted and/or if permission signal
98 and/or a failure signal is présent in at least one detection means 110 or in
at least one auxiliary sensor 97.

[(0069] The diagram of Fig. 27 it relates to an exemplary embodiment in
which device 50 comprises a barybe'ntre computation means 93 for computing
the position of the barycentre of the group consisting of vehicle 10, load 17
(Figs. 3 and 4) and the driver. This ex‘emplary, embodiment of the device is
useful for a vehicle arranged to lift Iloa'ds, such as a forklift. In particular,
barycentre computation means 93 is COnfigured for determining the distance of
the barycentre from longitudinal midpla'ne 16 of v‘ehicle 10. '

[0070] More in detail, barycenire computation means 93 can comprise a
data acquisition unit 95, for example‘a data input section of a control panel,
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configured for receiving weight data- W and volume data V of load 17 and
preferably of lift truck 10 and preferably of the driver of lift truck 10. In
particular, the data W and/or V of vehicle 10 can be predetermined in a
memory unit, not shown, of automatic control unit 120, when device 50 is
Installed on vehicle 10, and/or the data W and/or V of the driver can be
predetermined average data, also recorded in the memory unit. Moreover,
data acquisition unit 95 can be configured for receiving current elevation data
of load 17.
[0071]  Furthermore, barycentre co‘mputati’on means 93 can comprise a
computing means 96 for computing the position of the barycentre, starting
from the data acquired from data acquisition unit 95.
[0072] In this exemplary embodiment, automatic control unit 120, or logical
unit 125 thereof, is configured for receiving the position of the barycentre as
calculated by barycentre computatlon means 93. In particular, as shown in Fig.
27, automatic control unit 120 can comprlse a means 121 for combining the
position of the barycentre with mea_surement signal 91’ generated by inertial
sensor 91, as shown in Fig. 27, and/or with measurement signal 92’ generated
by gyroscopic sensor 92, and/or with measurement signal 94' generated by
inclinometer 94. This way, the position of the barycentre of the system vehicle-
loading-driver can be used by IOgicaI ’mea'ns_ 125 of automatic control unit 120
in combination with acceleration signal 91’, as shown in Fig. 27, in addition or
as an alternative to orientation signal 92’ coming from gyroscopic sensor 92,
and/or in addition or as an alternative to inclination signal 94’ coming from
iInclinometer 94, in order to establish the stability or instability conditions, i.e.
an immediately subsequent or early overturning condition of the lifting vehicle
10, and therefore in order to operate actuator means 100 of safety legs 5 or
51°,51”. '
(0073] In addition, device 50 can comprlse a manual drive unit, not shown,
accessible to the driver when the latter engages the drive seat of lift truck 10,
In order to manually operate actuator means 55,56,67. For instance, the
manual drive unit may have the shape of an emergency button.
[0074]  Still with reference to Figs. 2 to' 4, each safety leg 51',51" comprises an
upper portion 52 and a lower portion 53 confiQUred for slideably engaging with
upper portion 52 according to the common direction of the longitudinal axes of
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both portions 52 and 53. In particular, upper portion 52 has an inner cavity,
therefore it has a hollow cross section, and lower portion 53 is slideably
arranged within the inner cavity'of. upper portion 52, forming a telescopic
coupling. For instance, upper portion 52 can be a cylindrical hollow portion
having a predetermined inner diameter, and lower portion 53 can be a cylindrical
portidn having an outer diameter smalleri than the inner diameter of upper
portion 52. In a safety leg comprising upper and lower portions 52 and 53
slideably engaged with respect to each other, lower portion 53 can slide
between a rest protrusion length, and a safety protrusion length, where the rest
protrusion length and the safety protruéion length respectively correspond to the
rest configuration and to the safety support configuration of safety leg 51°,51,
with respect to vehicle 10.

[0075] The slide movement of lower portion 53 with respect to upper portion
52 can be operated by means of a hydraulic actuator means, diagrammatically
shown in Figs; 17 and 18. In this case, upper portion 52 and lower portion 53
of each safety leg 51°,51” are made respectively in the form of a cylinder 52
and of a piston 53 sliding within said\cylinder. The hydraulic actuator means
comprises a pressurization chamber 72 obtained in a closed end portion of
cylinder 72, equipped with at least one inlet/outlet opening, not shown for an
actuation fluid. o ‘ '

[0076]) In another exemplary embodiment, cylinder 52 and piston 53 can
form a pneumatic piston-cylinder unit, in which pressurization chamber 72 is
configured for receiving a gas as an actuation fluid, typically compressed air.
[0077]  In particular, pressurization chamber 72 is selectively connected with
a reservoir or a bottle containing a high' pressure gas through a passageway at
which selective open/close means are arranged, configured to open upon a
sudden movement of the safety leg, as it occurs when the actuator means of
the rotation of leg 51°,51", with respect to vehicle 10, are operated, to obtain a
device similar to a car air-bag. In particular, the reservoir containing high
pressure gas can be arranged within pressurization chamber 72.

[0078) A leg 51’ of the safety device is shown in figures 17 and 18, according
to two exemplary embodiments of the invention that are shown in Figs. 21 to 22
and 23 to 24, and that are de.scribed', below. In particular, actuation means 35 is
shown for actuating the rotation of the piston with respect to side 10’ of vehicle
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10, and a rear upright 26 of cabin 20 is also shown having an inner cavity
configured for receiving leg 51’ when piston 53 is in a contracted position with
respect to cylinder 52, i.e. when safety leg 51 is in its rest position. However, a
leg that has a structure of a cylinder-piston unit with pressurization chamber 72
between the end of piston 53 and a corresponding closed end 73 of cylinder 52
can be used also in the exemplary embodiments described before. In this case,
leg 51’ comprises a first and a second rod 52,53, wherein the second rod is
slideably arranged in a first longitudinal cavity of the first rod, and is in turn
equipped with a longitudinal cavity. A .compression spring 71 is arranged within
the first longitudinal cavity and the second longitudinal cavity, arranged between
respective abutment surfaces 52°,53’, in order to be compressed when second
hollow rod 53 is arranged in a contracted positioh ..e. it is arranged within the
first hollow rod 53. Leg 571’ further comprises a selective lock means 74 for
locking the slide movement of second rod 53 with respect to first rod 52, and of
a preferably mechanical unlock actuator, not shown, for deactivating lock means
74 so as to cause second rod 53 to slide towa'rds an extended configuration,
protruding out of first hollow rod 52.
[0079] The slide movement of lower portion 53 with respect to upper portion
52 can be operated by means;ofi a selectively lockable spring mechanical
actuator means, as diagrammaticaliy shown in Figs. 19 and 20, in this case.
[0080] The actuator means of the slide movement of lower portion 53 with
respect to upper portion 52 is preferabiy operated. according to a same
condition that causes the rotation of articulated end portion 54’,54” and of
upper portion 52 with respect to vehicle 10, to cause safety leg 51',61" to
move from rest position R to support safety position S. To this purpose, the
actuator means of the relative slide movement can be operated by automatic
control unit 120 (Figs. 1,23,24) that'operates actuator means 55 for actuating
the rotation of safety leg 51’,51”. In particular control signal 99, by which
actuator means 595,56,67 is operated for causing articulated end portion
54°,54" and upper portion 52 to rdtate, also operates the actuator means of the
slide movement of lower portioh 53 with respect to upper portion 52.
[0081] In an exemplary 'erhbodiment,' anti-rollover device 50 comprises a
selective unidirectional sliding means of lower portion 53 with respect to upper
portion 52 of each safety leg 51’,51”, which allow lower portion 53 to increase
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the length of its own portion protruding out of upper portion 52, but do not
allow it to decrease, under the effect of the reaction force acting on lower
portion 53 through free end 59, when‘the' latter hits ground 18 upon reaching
the support safety position, and when it is in contact with ground 18. The
selective unidirectional sliding means can comprise a removable unidirectional
mechanical lock means of portions 53,52, for example a ratchet mechanism,
designed for resisting to the reaction force of the ground. As an aiternative, or
in addition, in the case of a hydraulic actuator means, the selective
unidirectional sliding means can comprise a non-return device, such as a
check valve, arranged along an oll 'feed duct feeding actuation oil to a
hydraulic actuator means of lower portion 53, if present.
[0082] As an alternative, safety leg 51 can simply comprise a lock/unlock
means for locking/unlocking the slide movement of lower portion 53 with respect
to upper portion 52, configured to - move from a lock configuration, in which lower
portion 53 is locked at the rest protrusion Iength, and an unlock configuration, In
which lower portion 53 is free to slide with respect to upper portion 52 under the
effect of its own weight and of inertial forces that act on lower portion 53,
wherein slide means 53 can be deactivated in order to restore the rest
protrusion length. This lock/unlock means of the slide movement of lower portion
53 with respect to upper portion 52 can be brought to its unlock configuration by
automatic control unit 120 similarly to a previously described exemplary
embodiment of the device, In which the automatic control unit operates the
actuation means for moving sliding. lower portion 53 with respect to upper
portion 52. This way, when safety I'eg 51",51” moves from rest position R to
support safety position S, the lower 'portic'm slides under the effect of its own
weight and of inertial forces, until it abuts against ground 18, then maintaining
the corresponding protrusion length. - ' '
[0083] The rest protrusions length is_ selected in such a way that free end
portion 59 of safety leg 51',51" is ét a predet'ermined height with"respeCt to the
lowest portion of wheels 19 of vehicle '10, i.e. with respect to ground 18. The
safety protrusion length can be predetermined in such a way that support end
59 comes into contact with the ground in a predetermined position with respect
to vehicle 10, when reaching the support safety position, in particular in a
position at a safety distance D from vehiCIe 10.
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[0084] Preferably, free end portion 59 of safety leg 51',51" has a roundead
end part 46, for example a hemispheric end part, to allow end portion 59 to
slide when it comes into contact With ground 18. As an alternative, free end
portion 59 can be equipped with a sUpport plate to be engaged with the
ground, not shown, which is preferably articulated with respect to safety leg
51',51".

[0085] Figs. 8 and 9 show a forklift 10, sirhilar to the venhicle shown in Figs. 2
to 4, provided with an anti-rollover device 70 according to a second exemplary
embodiment of the invention. Anti-rollover device 70 differs from device 50
substantially in that it does not comprise frame 40 (Fig. 2) and In that
articulated end portion 54’,64” of safety legs 51°,51” is pivotally connected to
vehicle 10 through a guide element 75, which can belong to device 70, which
is fixed to side 10°,10" of vehicle 10, for example below cabin 24 of vehicle 10.
‘[0086] In the figures, an actuator means 35 is shown for causing safety leg
- 51",51” to move from rest position R to support safety position S, comprising a
hydraulic or pneumatic piston-cylinder unit 55, whose cylinder 63 has one end
portion rotatably connected to a houSing 76 of the side of vehicle 10, and piston
64 has its own end portion that is outside of the cylinder, i.e. that is opposite to
said end portion of the'cylinder, which is rotatably connected to a housing 77 of
~ articulated end portion 54’,54" of safety leg 51°,61” and offset with respect to
axis 57°, 57" of articulated end po'rtion 54’ 54" However, as an alternative to this
kind of hydraulic actuator means, an electromechanical actuator means can be
used, as well as a mechanical release means ihat can be manually made ready
to operate again after the use, as described above with reference to the first
exemplary embodiment of the invention ahd'to Figs. 6 and 7. Furthermore, also
in this case, the anti-rollover device can comprise a sensor means 110 and an
automatic control unit 120 configured for working as described with reference to
the first exemplary embodiment of the invention.

[0087) Figs. 10 to 12 show a forklift 10 similar to the vehicle shown in Figs. 2
to 9, which is equipped with an a_nti-rolbver device 90 according to a third
exemplary embodiment of the invénti'on. Anti-rollover device 90 comprises a
couple of safety legs 31,31", each of them arranged to slide between a rest
position R (Fig. 11) and a suppOﬁ safety position (Fig. 12), outwards of vehicle
10, along a respective slide direction 47*,47” at an angle y with respect to vertical
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midplane 16 of vehicle 10. In its rest p’bsition,»safety leg 31°,31” has an own free
end portion 59 raised with respect to the. lowest portion of wheels 19 of vehicle
10, i.e. with respect to ground 18. In the support safety position, free end
portion 59 is located substantially at a same height of the lowest portion of
wheels 19, by the same side of vehicle 10. |
[0088] In order to move from the rest position to the support safety position,
each safety leg 31’,31” is coh'figured for translating along slide direction
47°,47°. More in detail, each safety leg ’31’,31” has an own articulated end
portion, opposite to free end portion 59, not shown in the figures, which is

slideably connected with a slide guide 32 arranged on side 10" of vehicle 10

and at an angle y with respect to longitudinal midplane 16 of vehicle 10, 1e.
oriented according to slide direction 47',47°. The slide guide, in the case
shown, has an inner cavity within which safety leg 31’,31” is slideably
engaged. For example, as shown in the figures, slide guide 32 is connected to
the side of vehicle 10, in part'icunlar" below Cabin 24 of vehicle 10. As an
alternative, the slide guide can protr'ude inside the outline of vehicle 10. In
particular, slide guide 32 can be arfanged behind a driver seat 24’.

[0089] In order to cause safety leg 31°,31” to slide along respective slide
direction 47’ 47", an actuator means is provided, in casé of the device of Figs.
10 to 12, comprising an electromechanical actuator 35. The electromechanical
actuator can be of one of the-types indicated when describing Fig. 6.

[0090] As shownin Figs. 11 to 13, in an exempiary embodiment, the mutual
engagement means between safety |eg‘ 31°,31" and vehicle 10 comprises a
non-return means 36 of the slide movérhent,- in this case a ratchet mechanism
36 comprising a plurality of sawtooth elements 38 arranged along safety leg
31” and an engagement tooth 37 protruding from a rotatable support element
34 arranged along slide guide 32, in such a way to engage with the back
portions of sawtooth elements 38.A_'r_e'-turn spring 39 can be provided that has
a first end connected to slide guide 32 and a second end peripherally
connected to the rotatable support element 34, in order to keep the
engagement tooth 37 oriented towards safety leg 31” and then arranged to
engage an adjacent sawtooth element 38, when each sawtooth element 38 is
disengaged under due to the slide movement.
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[0091]  Obviously, as an alternative to electromechanical actuator means 35
shown above, a hydraulic or pneumatic actuator means can be used. As an
alternative, a mechanical release means that can be manually made ready to
operate again after the use can be provided, comprising a previously
compressed actuation spring fixed to slide guide 32, in particular arranged
within the latter. Moreover, also in this case, the anti-rollover device can
comprise a sensor means 110 and an automatic control unit 120 configured
for working as described with reference to the first exemplary embodiment of
the invention.
{0092} Fig. 14 i1s a diagrammatical front or rear view of a vehicle 10 having
an anti-rollover device 2 according to another aspect of the invention. Also
anti-rollover device 2 comprises at least two safety legs 5, which are arranged
at respective sides 10°,10" of vehicle 10. Each safety leg 5 i1s connected to
vehicle 10 at an own articulated end portion 4, through a hinge 6. Each safety
leg S is also connected to vehicle 10 at an own iIntermediate portion 4’, at a
predetermined distance from end p'oftio'n 4, through an adjustable length
element 7. Adjustable length element 7 can bé, as shown, a unit consisting of
a cylinder 7° and of a piston 7” slideébly a:rranged within cylinder 7°, with the
opposite ends of cylinder 7’ énd of pistdn' 7" pivotally constrained to vehicle 10
and to leg 5, respectively, or vice-versa, i.e. formingtwo hinges 8 and 9. Each
safety leg 5, rotating about"hingé 6, is pivotally movable between a rest
position R, in which it has a minimum encumbrance with respect to the vehicle,
and a support safety position S, wherein a free end portion 3 is located at a
predetermined support distance D from respective side 10,10’ of vehicle 10.
This way, leg 5 can rest on a support base, for example ground 18, in such a
way to stop the rollover of vehicle 10. |
[0093] Moreover, also in this case, the anti-rollover device can comprise a
sensor means 110 and an automatic,thtrol unit 120 bonfigured for working as
described with reference to the first exemplary embodiment of the invention.
[0094] Figs. 15 and 16 show a forklift 10 similar to the forklift shown in Figs.
2 to 9, which has an anti-rollover device 80 according to a fourth exemplary
embodiment of the invention. Like anti-rollover devices 50 and 70, anti-rollover
device 80 comprises a couple of safety legs 51’,51” each rotatably arranged
between a rest position R and a support safety position S in which safety leg
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51,51" turns from an orientation that is substantially the same as the
orientation of vertical midplane 16 of forklift 10, to an inclination a with respect
to vertical midplane 16 of forklift 10 (Fig. 16)..Fig. 16 shows forklift 10 in an
early rollover condition, with safety leg left 517 in the support safety position.
[0095) In the exemplary embodiment' of Fig. 15, safety leg 51',51" is
arranged In such a way to have, when in rest position R, lower end 59 above a
wheel housing 19’ of vehicle 10, which is more narrow than the profile of the
vehicle, along which safety leg 51",5.1 ’; IS arr_anged when in rest position R.
[0096]) In order to move from the rest position to the support safety position,
each safety leg 51’,617 is configured for carrying out a rotation about a rotation
axis 57,577, for example, a horizontal axis. Moré iIn detail, each safety leg
51,561 has one end portion 87',87", preferably orthogonal to its own
longitudinal direction, that is rotatably connected to forklift 10 in a connection
element such as a bush 88 fixed to forklift 10 at a top portion of a lifting means
of forklift 10, in particular at a top of a couple of guide uprights 14, in this case
through a frame 82 integral to guide uprights 14,
[0097) In order to cause the rotation of each safety leg 51',51" about
respective rotation axis 57°,57", an actuato'r'means' 55 is provided comprising,
In the case of the device of Figs. 15 and 16, and for each safety leg 51’,51,
hydraulic or pneumatic piston-cylinder unit 55, whose cylinder 63 has one end
portion rotatably connected in a hOUSing 86 of a frame 84, with which it forms
a hinge 8 (Fig. 14), while piston 64 has an own end portion, outside of the
cylinder, i.e. opposite to the above engaged end portion of cylinder 63,
rotatably connected to a hoUSing 85 of safety leg 51’,51”, with which it forms a
hinge 9 (Fig. 14). This way, by operating cylinder-piston unit 55 starting from
its retracted configuration towards the extended configuration, safety leg
51°,51" is caused to rotate from rest poéition R towards support safety position
S, and vice-versa.
[0098] Obviously, as an alternative to the above shown hydraulic or
pneumatic actuator means, an electromechanical actuator means as well as a
mechanical release means that can be manu'ally made ready to operate again
after the use can be provided, compr_ising'a previously compressed actuation
spring, similarly to what has b'e.en déscribed with reference to the first
exemplary embodiment of the invention. Moreover, also in this case, an
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automatic control unit can be provided of the type described with reference to
the first exemplary embodiment of the invention and to Figs. 6 and 7.

[0099] Also in this case, each safety leg 51,51 can comprise a lower
portion 53 slideably arranged, in particular telescopically arranged with respect
to an upper portion 52, wherein the slide movement can be actuated by the
automatic control unit 20 that causes safety leg 51°,51” to rotate.

[0100] Figs. 21 and 22 show a forklift 10 having an anti-rollover device 30
according to a fifth exemplary embodiment of the invention, wherein each of
safety legs 51°,561” has one end portion 33 (Fig. 18) arranged to be pivotally
connected to an upper portion of a respective ﬁght or left rear upright 22 of cabin
structure 20°. Preferably, each safety leg 51',51" is configured to be mounted In
such a way that rotation axis 57’,57” forms an orientation angle p with respect to
longitudinal axis 15 of vehicle 10, as shown in Fig. 25, so that, when safety leg
51,517 is caused to rotate, it forms an angle d0=1-8 with longitudinal axis 15,
therefore it becomes closer to the front portion of vehicle 10, and so that end
portion 59 of leg 10 hits ground 18 In a more forward position with respect to
rear uprights 22. In order to cause the rotation of each safety leg 51’,51” about
respective rotation axis 57,57, an actuator means 55 is provided similar to that
of device 80 of the fourth exemplary embbdiment, and described with reference
to Fig. 14 and to Figs. 15 and 16." ' '

[0101]  The devices according to exemplary embodiments described so far
are adapted to be mounted to existing vehicles, in particular to lift trucks that
have a cabin structure 20. These devices provide a retrofit solution for such
existing vehicles. '

[0102] With reference to Figs. 23 to 25, an anti-rollover apparatus or device
30’ is described according to a sixth exémplary embodiment of the invention, In
a third aspect of the present invention, which is 'adapted to be installed on an
existing vehicles without cabin and to be mounted to a vehicle when being
assembled. Device 30’ comprises a cabin structure 20 in which a roof 23’ is
provided, in this case a roof cOmprising .trahsversal elements that can be
substantially paraliel to each other, and which extend between two side
elements 23’. Two couples of front and'rear uprights 21 and 26, respectively,
extend from roof 23. Legs 51’,51” of anti-rollover device 30’ are arranged, with
respect to rear uprights 26, so as to be in a concealed location, within the profile
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of cabin structure 20, when they are in their own rest position R. For instance,
each rear upright 26 can provide a longitudinal housing or concave portion 26°
configured for receiving a respective safety leg 51’ or 51°, when the latter is In
rest position R. A hinge element 6 Is provided at an upper portion of each rear
upright 26, with which end portion 33 of respective safety leg 51" or 51" is
connected. :
[0103] In order to cause each safety leg 51’,51" to rotate about respective
rotation axis 57',57", an actuator means 55 is provided similar to the one
provided in the fourth and in the fifth exemplary embodiment of the safety
device, in which hinge element 8 is provided at a rear portion 27 of cabin
structure 20°, preferably an apron-like support element 27 that extends
downwards from a rear end of roof 23 protruding back with respect to rear
uprights 26. '
[0104]) Device 30’ can also compris'e‘a partial base frame 25 configured to
be arranged upon a free upper 'plane of a vehicle. Rear uprights 26 can be
connected at their lower end portiOn on partial base frame 25, so that that
respective housings 26’ have a closed lower end portion. A container 28 can
be arranged on partial base frame 25 which can house a hydraulic control unit
and further devices that are necessary for operating actuator means 55 of
safety legs 51°,51".
[0105] The foregoing description éxem'plary specific embodiments of the
anti-rollover device according to t'he invention will so fully reveal the invention
according to the conceptual poi‘nt of view, so that others, by applying current
knowledge, will be able to modify and/or adapt for various applications such
embodiment without further research and without parting from the invention,
and, accordingly, it is meant that such adaptations and modifications will have
to be considered as eqUivaIent to the specific embodiments. The means and
the materials to realise the different functions described herein could have a
different nature without, for this reason, departing from the field of the
' invention. It is to be understood that the phraseology or terminology that Is
employed herein is for the purpose of description and not of limitation.
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CLAIMS

1. An anti-rollover device (1,50,70,80,90) for a vehicle (10) having lateral
sides (10°,10%), a longitudinal axis (15) and a longitudinal midplane (16),
sald anti-rollover device (1 ,50,70,80,90) comprising:

—  at least two safety legs (5,31,317,51°,51") comprising a right safety
leg (5,31",51°) and a left safety leg (5,31”,51”), each arranged at a
respective side (10°,10") of said vehicle (10),
each of said safety legs (5,31°,317,51’,51”) having a free end portion
(3,99) and an articulated end portion (4,54',54",87°,87") opposite to
said free end portion (3,59),
wherein each of said safety legs (5,31°,317,51°,51”) is connected to
saild vehicle (10) through said articulated end portion
(4,54°,54” 87,877,
wherein each of said safety legs (5,31',317,51°,51") is movable
between a rest positio'n (R'), with minimum encumbrance with
respect to said vehicle, an.d'a support safety position (S), in which
sald free end portion (3,59) is located at é safety distance (D) from
a respective side of said vehicle (10) so as to stop the rollover of
said vehicle by one of sa‘id safety legs (5,31°,317,61°,51"),

— an actuator means (100;55,56,60,67) configured for causing each
of said safety legs (5,31°,31”,51°,51”) to move from said rest position
fo said support safety position:;

—  a sensor means (110;91,92,94) for detecting a value of a quantity
related to an early rollover condition of said vehicle (10), said
sensor means configured for producing a signal (1107;91°,92',94’)
responsive to said value; '

— an automatic control unit (120) configured for receiving said signal
(110’) and for activating said actuator means (100,55,56,60,67)

-according to said signal.(110’), In such a way that, in said early
rollover condition, said 'actuatxor means (100) causes at least one of
said safety legs (5,31’,31‘”,'51’,51”) to move impulsively from said
rest position (R) to said support safety position (S),

characterized in that '
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sald automatic control unit (120) comprises a logical unit (125) for
carrying out a comparison of said signal (1107;91°,92’,94’) with a limit
value of said quantity, beyond which an early rollover condition of said
vehicle occurs, said automatic control unit (120) configured for triggering
said actuator means (100;55,56,67) when said logical unit (125)
assesses said early rollover condition 'by said comparison.

2. The anti-rollover device (50,70,80) according to claim 1, wherein said

articulated end portion (4,54°,54") is pivotally connected to said vehicle

(10) for carrying out a rotation with respect to said vehicle (10) by a

rotatable mutual engagement means about a rotation axis (57’,57”), and

— In said rest positibn, each of said safety legs (5,51°,517) Is arranged
along said respective side (10°,10”) of said vehicle (10) with a rest
inclination, in particular a zero inclination, with respect to said
vertical direction (16) of said vehicle (10), and

— In said support safety position, each of said safety legs (5,51’,61")
has a safety inclination (a) with respect to said longitudinal
midplane (16) of said vehicle (10) outwards of said vehicle (10), in
such a way that said free end portion (3,59) is located at said safety
distance (D) from a respective side (10’,10”) of said vehicle.

3. The anti-rollover device (50,80) according to claim 2, wherein said
rotatable mutual engagement means (58,40) is configured to be arranged
with said rotation axis (57°,567") at an orientation angle () with respect to
the direction of said longitudinal axis (15) of said vehicle (10). '

4. The anti-rollover device (50,70) according to claim 2, wherein said
rotatable mutual engagement means (58,40) is configured to be arranged
at a position selected from the group consisting of:

— a position above a cabin structure (20) of said vehicle (10);

— aposition on said respective side (10’,10”) of said vehicle (10).

5. The anti-rollover device -(2,80) according to claim 2, wherein said
rotatable mutual engagement means (58,40) Is configured to be arranged
on an upper portion o.‘f a lifting guide element (14) of said vehicle, In
particular of a forklift. R
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The anti-rollover device (70) according to claim 4, wherein said position is
on said respective side (10°,10%) of said vehicle, where said rotatable
mutual engagement means (58,40) is configured to be arranged, is below
a cabin structure (20) of said vehible (10).

The anti-rollover device (30,50,70,80) according to claim 2, wherein each
of said safety legs (5,51°,51") comprises an upper portion (52) and a
lower portion (53) configured for slideably engaging with said upper
portion (52) along a common longitudinal direction, in particular said
lower portion (53) having a lower end (59) that, in said rest configuration
(R), Is arranged above a wheel housing (19’) of said vehicle (10).

The anti-rollover device (30,50,70,80) according to claim 7, wherein said
upper portion (52) has a longitudinal recess, and said lower portion (53)

IS slideably arranged within said longitudinal recess of said upper portion
(52).

The anti-rollover device (30,50,70,80) a‘ccording to clam 7/, comprisihg a
slide actuator means or a slide unlock means of said lower portion (53)
with respect to said upper portion (52), and said automatic control unit
(120) is configured for operating said slide actuator means or said slide
uniock means along with said actuator means (55,56,67) of said rotation,
so that said free end portion (3,59) comes into contact with the ground
(18) in a predetermined position with respect to said vehicle (10).

The anti-rollover device (1,90) according to claim 1, wherein said
articulated end portion is slideably connected to said vehicle (10) through
a slidable mutual engagement means.

The anti-rollover device (90) according to claim 10, wherein said slidable
mutual engagement means has a slide direction (47°,47") at an operation
angle (y) with respect to said Iongitudinal' midplane (16) of said vehicle
(10) outwards of said vehicle (10).

The anti-rollover device (1,2,30,50,70,80,90) according to clam 1,
wherein said safety leg (5,31',317,51,517) is arranged in such a way that
said safety distance is longer than 0,5 m.
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The anti-rollover device (1,2,30,50,70,80,90) according to claim 1,
wherein said safety leg (5,31’,31”,51’,51”) is arranged in such a way that

sald safety distance is longer than 1 m, more in particular, is longer than

1,5 m, even more In particular, is longer than 2 m.

The anti-rollover device (1,2,30,50,70,80,90) according to claim 1,
wherein said actuator means (100) is selected from the group consisting

of:

a hydraulic actuator means (595);

a pneumatic actuator means (53); - N

an electromechanical actuator means (35,56)

a mechanical actuator means (60)'comprisin‘g an actuation spring
(60), wherein said anti-rollover device (50) comprises a removable
lock means (67,68,69) for locking said safety legs (2,31°,317,51",51)
at said rest position, in which said actuation spring (60) is arranged
to be kept stretched or compressed when a respective safety leg
(5,31’,31”,51°,51”) is arranged in said rest position, and for recalling
said respective safety leg (5,31°,317,51°,61”) from said rest position
to said support safety position when said removable lock means
(67) is removed.

The anti-rollover device (1,5,30,50,70,80,90) according to claim 1,
wherein said sensor means (110) for detecting values of a quantity

related to an early rollover condition of said vehicle (10) is selected from

the group consisting of:

an accelerometer (91) configured for measuring a lateral
acceleration component of said vehicle (10), and for producing an
electric lateral acceleration signal (91’) responsive to said
acceleration component;

a gyroscopic sensor (92) for measuring a spatial orientation of said
vehicle (10), and configured for producing an electric orientation
signal (92°) of said vehicle (10);

an inclinometer (94) configured for measuring a lateral inclination of
said vehicle (10), and for producing an electric lateral inclination
signal (94’) of the vehicle responsive to said lateral inclination;
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- a combination of such devices (91,92,94) for determining said early
rollover condition.

The anti-roliover device (1,2,30,50,70,80,90) according to claim 1,
wherein said logical unit (125),c-omp'rises:
—~  adata input means (93)‘,' for inputting data of:
—  weight and volume of said vehicle (10);
- weight and volume of a load (17) arranged on board of said
vehicle (10); . ' |
— a computing means for computing the position of the barycentre of
a group comprising said vehicle (10) and said load (17) arranged on
sald vehicle (10), starting from said weight and volume data;
and said logical unit (125) is configured for combining said position of the
barycentre and said electric lateral acceleration signal (91°) before
carrying out said comparison.

The anti-roliover device (1,2,30,50,70,80,90) according to claim 1,
wherein said input means comprises an input means for inputting
elevation data of said load with respect to a reference plane.

The anti-rollover device according-to claim 1, comprising a means (93)
for computing the barycentre of a group consisting of said vehicle (10), of
a load (17) arranged on said vehicle and of a driver of said vehicle (10),
in particular said means (93) for computing the barycentre is configured
for determining a distance of said barycentre from said longitudinal
midplane (16) of said vehicle (10).

The anti-rollover device accordihg to claim 18, wherein said means (93)

for computing the barycentre comprises a data acquisition unit (95)

configured for receiving weight data and/or volume data of said load (17),
and said means (93) for computing the barycentre comprises a
computing means (96) of said position of said barycentre, starting from
data acquired from the data acquisition unit (95).

The anti-rollover device according to' clairh 19, wherein said data

acquisition unit (95) is configured for receiving current elevation data of
said load (17). '
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21. The anti-rollover device according to claim 19, wherein said data
acquisition unit (99) is configured- for receiving data selected from the
group consisting of: ' -
—  weight data and/or volume data of said vehicle (10);
- welght data and/or volurhe data of said driver (10).

22. The anti-rollover device according to claim 18, wherein said. automatic
control unit (120) is configured for réceiving sald position of said
barycentre as calculated by said means (93) for computing the
barycentre, and said automatic control unit (120) comprises a means
(121) for combining said position of said barycentre with said
measurement signal (110°) generated by said sensor means (110). '

23. The anti-rollover device according to claim 1, wherein said automatic
control unit (120) is configured for receiving an auxiliary signal, and to
emit said control signal (99)‘ only if said auxiliary signal (98) exceeds a
predetermined threshold value.

24. The device according to claim 23, comprising an auxiliary sensor (97)
configured for measuring a quantity related to a ground contact condition
(18) or to a ground no-contact condition (18) of at least one wheel (19) of
said vehicle (10).

25. The device according to claim 24, wherein said auxiliary sensor (97) is

selected from the group consisting o'f': '

~  a distance sensor arranged for measuring a distance of a portion of
said vehicle (10) from the ground (18), in particular the distance of
the bottom of said venhicle (10')'from the ground (18);

— a force sensor arranged for measuring the weight borne by each of
sald wheels (19) of said vehicle (10), ’

and said automatic control unit (120) is configured for comparing said

auxiliary signal with said threshold value.

26. A cabin structure (20') for a vehicle comprising the safety device
according to the previous claims.
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