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(54) Safety system

(57) A safety system (20) for limiting the inclination
with respect to a given plane (π) of a device comprising
at least one inclination sensor switch (21A,21B) compris-
ing an ampoule body including electrical moving contacts
(22A,22B) said at least one inclination sensor switch
(21A,21B) has a first control terminal (TcA,TcB) where
an electric test signal (testA,testB) is generated by the
electrical moving contacts (22A,22B), by vibrations typ-

ical of normal operation of the device, the first control
terminal (TcA,TcB) being connected to a control circuit
(23A,23B), in turn connected to at least one safety re-
dundant relay (SWA,SWB) suitable to generate a first
alarm signal (alarm1) when the device exceeds a maxi-
mum angle of inclination (α), the electric signal (testA,
testB) being further used to verify the correct operation
of the at least one inclination sensor switch (21A,21B).
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Description

Field of Application

[0001] The present invention relates to a safety system
for limiting the inclination of a safety system-bearing de-
vice with respect to a given plane.
[0002] More specifically, the invention relates to a sys-
tem able to guarantee the opening of one or more elec-
trical safety contacts when the inclination of the system
and, therefore, of the device on board thereof, with re-
spect to a given plane, exceeds one or more predeter-
mined angles.
[0003] The invention relates in particular, but not ex-
clusively, to a safety system for limiting the inclination of
industrial plants, lifting and/or transportation systems for
people and/or things, working vehicles in general and, in
particular, to aerial platforms and the description here-
under refers to this field of application, with the sole pur-
pose of simplifying the description.

Prior Art

[0004] As it is well-known in this field, lifting systems
such as aerial platforms are equipped with specific safety
systems, in particular inclination-switches which can
block a maneuver in course or the total movement of the
system when the inclination of the aerial platform ex-
ceeds one or more predetermined angles of inclination.
[0005] In particular, as illustrated in Figure 1, a lifting
system of the known type, generally and schematically
indicated with 1, comprises an aerial platform 2 and a
base 3, said base 3 being such as to be mounted on
tracks and stabilized by means of special feet or placed
on a truck as illustrated in the Figure.
[0006] The aerial platform 2 is connected to the base
3 by means of an articulated arm 4.
[0007] The lifting system 1 further comprises a first 5
and a second safety circuit 6, mounted on board the aerial
platform 2 and on the articulated arm 4 respectively.
[0008] In particular, the two safety circuits are such as
to detect the inclination of the aerial platform (opportunely
clockwise and anticlockwise) and of the articulated arm 4.
[0009] It can- immediately be understood how impor-
tant it is to guarantee that the inclination of the aerial
platform 2, with respect to a given plane, in particular a
horizontal plane, does not exceed a maximum value
where overturning of the aerial platform 2 is prevented,
especially in the case where said aerial platform 2 com-
prises a cage where people or objects are carried and
whose falling could be dangerous. Therefore, the first
safety circuit 5 is used to block the inclination of the aerial
platform 2 when its angle of inclination with respect to a
horizontal plane π reaches a given first maximum value
α. Opportunely, said safety circuit 5 controls the inclina-
tion of the aerial platform 2 in both a clockwise and an
anticlockwise direction, said first maximum value α and
a respective second maximum value β being preset, as

illustrated graphically in Figure 1. In this case, it is known
as a two-limit safety circuit.
[0010] Furthermore, the second safety circuit 6 con-
trols the inclination of the articulated arm 4 and blocks
its movement when the inclination of said arm exceeds
a third maximum value γ, also preset, as illustrated graph-
ically in Figure 1. In this case, it is known as a one-limit
safety circuit. In particular, said third maximum value γ is
chosen so as to guarantee that the articulated arm 4 does
not collide with the top of the driver’s cab of the truck
which supports the base 3.
[0011] In substance, the first safety circuit 5 and the
second safety circuit 6 ensure blocking of the inclination
of the aerial platform 2 and of the articulated arm 4 before
potentially dangerous situations arise. In particular, said
first and second safety circuits 5, 6 essentially comprise
sensor switches such as to detect their inclination with
respect to a given plane, in particular the horizontal plane
π.
[0012] The safety circuits illustrated block the lifting
system 1 when the aerial platform 2 or the articulated
arm 4 exceed the maximum values, indicated with α, β
and γ, without actually controlling the hydraulic cylinder
which normally acts on the orientation of said elements.
[0013] Likewise known is a safety circuit 5, inside a
more complex electronic device, usually called automatic
leveler 7, which is able to handle the orientation of the
aerial platform 2 continuously, as schematically illustrat-
ed in Figure 2. In this case, an accelerometer (or a con-
tinuous inclination sensor) is used inside the leveler 7 to
keep the aerial platform 2 horizontal during the move-
ments of the lifting system 1, while the safety circuit 5,
for detecting the inclination of the aerial platform 2 wher-
eon it is boarded, constitutes the last safety step in case
the electronic portion fails.
[0014] In particular, said safety circuit 5 acts on motor
means 8, in particular a hydraulic cylinder, of the aerial
platform 2 by means of a first driving signal Drive1 sent
- on the basis of the control carried out by the first safety
circuit 5 of the inclination of the aerial platform 2 - from
the leveler 7 to a hydraulic valve 9 of the articulated arm
4, in turn supplying a second driving signal Drive2 for the
motor means 8, as graphically illustrated in Figure 2.
[0015] It should be noted that said leveler 7, by means
of an accelerometer (or another type of continuous incli-
nation sensor) of an analog or digital control circuit, con-
trols a hydraulic valve and an orientation cylinder; in this
case too, the above-described safety system does not
control the orientation but only blocks the machine.
[0016] Likewise known is the use of glass ampoules
containing mercury as sensor switches for detecting in-
clination of the type illustrated in Figures 3 and 4,, gen-
erally indicated with 10 and 11 respectively. In said
switches, since mercury is a liquid conductor, it is used
as an element for electrical contact.
[0017] In particular, the sensor switch 10 illustrated in
Figure 3 comprises a first and a second ampoule 12A,
12B comprising a first and a second drop of mercury 14A
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and 14B respectively, which are free- to move inside said
ampoules and such as to come into contact with respec-
tive first T1A, T1B and second T2A, T2B contact termi-
nals, said- second contact terminals T2A and T2B -being
connected to -each other. The first contact terminal T1A
of -the first ampoule 12A is connected to a voltage ref-
erence, in particular a supply voltage reference +Vin,
while the first contact terminal- T1B of the second am-
poule 12B is connected to an output terminal OUT of the
sensor switch 10, where an output signal Vout signals
that the inclination of the sensor switch 10 - and, there-
fore, of the aerial platform 2 or the articulated arm 4 wher-
eon they are boarded - has exceeded the maximum val-
ues α or β, as indicated in the Figure. The ampoules and
the drops of mercury contained therein substantially form
an inclination sensor of the sensor switch 10 and, there-
fore, of a device whereon it is boarded.
[0018] On the contrary, the sensor switch 11 compris-
es a toroidal ampoule 13 comprising a region 15 of mer-
cury. In particular, the sensor switch 11 comprises a first
and a second contact terminal T3A and T3B near an up-
per level of said region 15 of mercury when the ampoule
13 - and, therefore, the sensor switch 11 and the aerial
platform 2 or the articulated arm 4 whereon it is boarded
- are in a horizontal position. Said contact terminals T3A
and T3B are connected to a first OUT1 and to a second
OUT2 output terminal of the sensor switch 11, which com-
prises a third contact terminal T3C, in contact with said
region 15 of mercury, in an intermediate position between
the first and the second contact terminal, T3A and T3B
and connected to the supply voltage reference +Vin.
[0019] In particular, the sensor switch 11 also makes
it possible to discriminate the inclination direction of the
aerial platform 2 or of the articulated arm 4 whereon it is
boarded. In this case too, the ampoule and the region of
mercury contained therein, substantially form an inclina-
tion sensor of the sensor switch 11 and, therefore, of a
device whereon it is boarded.
[0020] However, said sensor switches and safety cir-
cuits of the known type have two big drawbacks:

1) subjected to vibrations, they can cause unwanted
temporary block of the lifting system 1; said vibra-
tions, which are typical of the normal operation of
the lifting system, cause the mercury contained in
the sensor switches to move and, therefore, an un-
wanted block of the aerial platform 2, without any
situation of real danger;

2) it is not possible to test their operation without
taking the aerial platform 2 or the articulated arm 4
to values beyond their maximum inclination value,
corresponding to conditions where the lifting system
is blocked; this operation is not always possible and
is sometimes dangerous since the aerial platform 2
and/or the articulated arm 4, forced to exceed the
maximum inclination values during testing, risk over-
turning or damaging other parts of the lifting system

1.

[0021] The technical problem at the base of the present
invention is to provide a safety system for limiting the
inclination, with respect to a given plane, of a device bear-
ing said safety system which is such as to ensure a safety
block of the inclination of the device before potentially
dangerous and/or harmful situations arise and to guar-
antee at the same time a correct and constant auto-test
in order to overcome the limitations and drawbacks which
still today affect the systems belonging to the prior art.

Summary of the invention

[0022] The solution at the basis of the present inven-
tion is to use the vibrations typical of the normal operation
of a lifting system to perform the electrical test of the
safety switches comprised in the safety system on board
of said lifting system, in particular an aerial platform.
[0023] On the basis of said solution, the technical prob-
lem is solved by a safety system for limiting the inclina-
tion, with respect to a given plane, of a device bearing
said safety system, of the type including at least one in-
clination sensor switch comprising an ampoule body, in
turn including- a moving electrical contact and arranged
at at least one maximum- angle of inclination of said de-
vice-with respect to said given plane, the -maximum an-
gle of inclination corresponding to- one condition of cor-
rect operation of the device.
[0024] Advantageously, according to the invention,
said at least one inclination sensor switch has a first con-
trol terminal where, from said moving electrical contacts,
an electrical signal is generated corresponding to the vi-
brations typical of the normal operation of the device, the
first control terminal being connected to a control circuit,
in turn connected to at least one safety redundant relay
suitable to generate, on a first output terminal of the safety
system, a first alarm signal when the device exceeds a
maximum angle of inclination.
[0025] Advantageously, said vibrations, by moving the
moving contacts of the sensor switches, make it possible
to -generate electrical signals which indicate correct op-
eration of said switches.
[0026] More advantageously, said electrical signal is
used by the control circuit to check if the inclination sensor
switch is working correctly.
[0027] Further features and advantages of the safety
system according to the present invention will become
more apparent from the following detailed description of
an exemplary but non-limiting embodiment thereof, as
illustrated in the accompanying drawings.

Brief description of the drawings

[0028] In said drawings:

- Figure 1 schematically represents an aerial platform
mounted on a truck realised according to the prior art;
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- Figure 2 schematically represents an automatic lev-
eler of an aerial platform which also incorporates a
safety system realised according to the prior art;

- Figures 3 and 4 represent known embodiments of
mercury-type sensor switches;

- Figure 5 schematically represents a safety system
for limiting the inclination of a safety system-bearing-
device with respect to a given -plane realised ac-
cording to the invention;

- Figure 6 schematically represents a first alternative
embodiment of the safety system in Figure 5; and

- Figure 7 schematically represents a second -alter-
native embodiment of the safety system in Figure 5.

Detailed description

[0029] With reference to said drawings, and in partic-
ular to Figure 5, a safety system for limiting the inclination
of a safety system-bearing device with respect to a -given
plane according to the present invention is schematically
represented and generally indicated with 20.
[0030] Said safety system is such as to be used on
board industrial plants, lifting and/or transportation sys-
tems for people and/or things, working vehicles in general
and, in particular but not exclusively, to aerial servicing
platforms.
[0031] Advantageously, according to the invention, as
will become apparent from the following description, the
proposed safety system 20 uses the vibrations typical of
the normal operation of the lifting system whereon it is
boarded, in particular an aerial platform thereof, for con-
trolling the operation -of its components, in particular the
sensor switches comprised in the safety system.
[0032] For this purpose, the safety system 20 compris-
es at least a first and a second sensor switch, 21A and
21B respectively, in particular inclination sensors, con-
nected between a supply voltage +Vin and a first and a
second control terminal, TcA and TcB respectively.
[0033] The first and second sensor switches 21A and
21B essentially comprise ampoule bodies having longi-
tudinal axes of symmetry AA and BB, and containing re-
spective moving contacts 22A and 22B, in particular
formed by drops of a liquid conductor. It is also possible
to use ball conductors as moving contacts, for example
gold-coated balls, which can move inside the respective
ampoule body.
[0034] Advantageously, according to the invention,
said first 21A and second 21B sensor switches are me-
chanically mounted parallel to each other in such a way
that their ampoule bodies have axes of symmetry AA and
BB parallel to each other and forming an angle α to a
given plane π, in particular a horizontal plane parallel to
the ground on which the lifting system bearing the safety
system 20 according to the invention is placed.

[0035] Suitably, said angle α is- a selected maximum
angle equal to a value corresponding to a safe inclination
of the lifting system, in particular an aerial platform bear-
ing said safety system 20.
[0036] More advantageously, according to the inven-
tion, the sensor switches 21A and 21B have respective
first terminals connected to each other at a circuit node
X, connected to a voltage reference, in particular a supply
voltage reference +Vin of the safety system 20, as well
as respective second terminals connected to a first TcA
and a second TcB control terminal.
[0037] Said first control terminal TcA is further con-
nected to a first control circuit 23A having, in turn, a first
driving terminal TsA which is such as to supply a first
driving signal driveA to a first switch or safety redundant
relay SWA, in series to a second safety redundant relay
SWB between the supply voltage reference +Vin and the
first output terminal O1 of the safety system 20, where a
first alarm signal alarm 1 is supplied which is such as to
signal a first alarm condition indicating that the device,
in particular the aerial platform whereon the safety sys-
tem 20 is boarded, has exceeded the maximum angle α.
[0038] Similarly, the second control terminal TcB is fur-
ther connected to a second control circuit 23B having, in
turn, a second driving terminal TsB which is such as to
supply a second driving signal driveB to the second safety
redundant relay SWB.
[0039] In particular, the safety redundant relays SWA
and SWB can be used to block the lifting system com-
prising the device, in particular the aerial platform bearing
the safety system 20 according to the invention, or only
a particular maneuver which could cause an increase in
the inclination of the platform.
[0040] It should be noted that the control circuits 23A
and 23B are redundant circuits which may be either an-
alog or digital, with or without a microprocessor. Only to
simplify the description, reference will be made to redun-
dant control circuits based on microprocessor.
[0041] Advantageously, according to the invention, the
first and second control circuits 23A and 23B have further
first and second test terminals TdA and TdB connected
to the second TcB and to the first TcA control terminals
respectively.
[0042] It should be noted that the moving contacts 22A
and 22B of the sensor switches 21A and 21B are able to
detect vibrations with infinitesimal amplitude compared
to the oscillations caused by the normal operation of the
lifting system, in particular an aerial platform comprising
said safety system 20, so generating electric test signals
testA and testB respectively at the control terminal TcA
and TcB thanks to the electric contact made and inter-
rupted by the movement of the moving contacts 22A and
22B inside the ampoule bodies of the sensor switches
21A and 21B.
[0043] Advantageously, according to the invention,
said electric test signals testA and testB are used to test
the operation of said switches and, suitably filtered with
hardware or software filters inside the control circuits 23A
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and 23B, they control the safety redundant relays SWA
and SWB. Advantageously according to the invention,
said control circuits 23A and 23B are independent and
redundant electronic systems and are such as to period-
ically control the state of the sensor switches 21A and
21B.
[0044] The control circuits 23A and 23B have further
respective output terminals TX1 and TX2 connected to
-each other at a second output terminal O2 of the safety
system 20 where a second alarm signal alarm2 is sup-
plied which is such as to signal a second alarm condition
indicating a fault in the sensor switches 21A and 21B.
[0045] In other words, the safety system 20 illustrated
in Figure 5 is such as to constitute a specific component
which is able to ensure blocking of the lifting system, in
particular the aerial platform whereon it is boarded, if the
inclination of said aerial platform exceeds the maximum
angle α. Therefore, said safety system 20 can be used,
as described above with reference to the prior art, to pro-
duce a system for blocking the descent of an articulated
arm which supports an aerial platform.
[0046] It is evident that it is possible to use a safety
system 20 for each maximum angle of inclination of the
aerial platform whereon said safety systems are boarded.
[0047] Furthermore, advantageously according to the
invention, the proposed safety system 20 also imple-
ments an auto-test function. In fact, if one of the two con-
trol circuits, for example the first control circuit 23A, after
suitably filtering the electric test signal testA coming from
its sensor switch 21A and, therefore, after opening its
safety redundant relay SWA so generating the first alarm
signal alarm1 and blocking the machine or maneuver in
course, does not receive at least one electric vibration
front from the other sensor switch 21B and, therefore,
from the corresponding electric test signal testB, it also
generates the second alarm signal alarm2 indicating fail-
ure of the safety system 20 which, therefore, has to be
replaced. The same is true for the opposite situation.
[0048] In substance, advantageously according to the
invention, the first control circuit 23A controls whether or
not the sensor switch 21B, connected to the second con-
trol circuit 23B, has- detected at least one vibration and
vice versa, so guaranteeing continual correct perform-
ance of the safety system 20, without the need for dan-
gerous test maneuvers as was the case with systems
realised according to the prior art.
[0049] The safety system 20 according to the invention
can easily be modified to provide a block mechanism
which can detect both the clockwise inclination and the
anticlockwise inclination of the device, in particular the
aerial platform whereon it is boarded, as illustrated in
Figure 6.
[0050] Therefore, the safety system 20 comprises, be-
sides the first pair of sensor switches 21A and 21B, a
second pair of sensor switches 21C and 21 D, also me-
chanically mounted parallel to each other in such a way
that the respective ampoule bodies have axes of sym-
metry parallel to each other and forming a further maxi-

mum angle β to the plane π.
[0051] In this case, the maximum angle α is chosen
equal to a value corresponding to a safe anticlockwise
inclination of the lifting system, in particular an aerial plat-
form bearing the safety system 20, and the further max-
imum angle β is chosen equal to a value corresponding
to a safe clockwise inclination of said lifting system.
[0052] In detail, the sensor switches 21A and 21B of
the first pair of switches are connected as illustrated in
Figure 5 and the sensor switches 21C and 21D of the
second pair of switches are connected symmetrically and
dually.
[0053] In particular, the sensor switches 21C and 21
D of the second pair of switches have respective first
terminals connected to each other at a further circuit node
X1, connected to the supply voltage reference +Vin, as
well as respective second terminals connected to a third
TcC and to a fourth control terminal TcD.
[0054] Said third control terminal TcC is further con-
nected to the first control circuit 23A having, in turn, a
third driving terminal TsC such as to supply a third driving
signal driveC to a third switch or safety redundant relay
SWC, placed in series in a fourth safety redundant relay
SWC between the supply voltage reference +Vin and a
third output terminal 03 of the safety system 20 where a
third alarm signal alarm3 is supplied which is such as to-
signal a third alarm-condition indicating that the device,
in particular the aerial platform whereon the safety sys-
tem 20 is boarded, has exceeded the further maximum
angle β.
[0055] In this case, the first alarm condition indicates
that the safe clockwise inclination has been exceeded,
while the third alarm condition indicates that the safe an-
ticlockwise inclination has been exceeded.
[0056] In the same way, the fourth control terminal TcD
is further connected to the second control circuit 23B hav-
ing, in turn, a fourth driving terminal TsD such as to supply
a fourth driving signal driveD to the fourth safety redun-
dant relay SWD.
[0057] Advantageously according to the invention, the
first and second control circuits 23A and 23B have further
third and fourth test terminals TdC and TdD connected
to the fourth and to the third control terminals, TcD and
TcC respectively.
[0058] Therefore, the safety system 20 illustrated in
Figure 6 is such as to constitute a specific component
which can block the lifting system, in particular the aerial
platform whereon it is boarded, if the inclination of said
aerial platform exceeds the maximum angle α or β.
Therefore, said safety system 20 can be used, as de-
scribed above with reference to the prior art, to produce
an inclination blocking system of an aerial platform.
[0059] Advantageously, the safety system 20 in Figure
6 is able to discriminate the clockwise inclination from
the anticlockwise inclination and can be used to guaran-
tee that when a device, in particular an aerial platform
whereon it is boarded, goes beyond an acceptable- range
of angles of inclination, any maneuvers which could lead
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to overturning will be blocked.
[0060] As explained above, the two _pairs of switches,
21A-21B and 21C-21D, detect vibrations caused- by nor-
mal operation of the lifting system to which the safety
system 20 is associated and send electric test signals
testA-D to the control circuits 23A and 23B. In particular,
said electric test signals testA-D are digital signals (0 -
switch off, 1 - switch on) and are used both to identify the
state of the safety redundant relays SWA-SWD and to
control correct operation of said switches.
[0061] For example, if the safety system 20 turns an-
ticlockwise at a value greater than the maximum angle
α, the sensor switches 21A and 21B of the first pair of
switches open, so determining opening of the safety re-
dundant relays SWA and SWB and, therefore, generating
the first alarm signal alarm 1 (anticlockwise block). In
practice, even if the sensor switches 21A and 21B of the
first pair of switches are parallel to each other, the re-
spective contacts will not open simultaneously. For sake
of simplicity, suppose that the first sensor switch 21A is
faster than the second sensor switch 21B; in this case,
the first control circuit 23A disables its own safety redun-
dant relay SWA before the second control circuit 23B
disables its safety redundant relay SWB. In this case,
suitable filter means, in particular a microprocessor, of
the first control circuit 23A, after filtering the pulses com-
ing from the first sensor switch 21A, disable its own safety
redundant relay SWA, so blocking the maneuver and
then immediately control if the second sensor switch 21B
has detected vibrations.
[0062] In fact, since the sensor switches are highly
sensitive, it is not possible that the second sensor switch
21B cannot detect at least one vibration before the filtered
signal, therefore delayed, generated by the first control
circuit 23A and corresponding to the signal generated by
the first sensor switch 21A, causes the opening of its
safety redundant relay SWA.
[0063] If the first control circuit 23A does not detect
vibrations of the second sensor switch 21B, it generates
the second alarm signal alarm2 which, transmitted to the
second terminal O2 of the safety system 20, indicates a
permanent failure condition of the system which must,
therefore, be replaced.
[0064] The same mechanism arises if the safety sys-
tem 20 (therefore the device, in particular the aerial plat-
form whereon it is boarded) turns clockwise at an angle
greater than the further maximum angle β. In this case,
the third alarm signal alarm3 is generated by the sensor
switches 21C and 21D of the second pair, and the third
and fourth safety redundant relays SWC and SWD are
opened (clockwise block).
[0065] It is evident that the safety system 20 in Figure
5 acts on the same principle as that above described,
with the simplification due to the existence of only one
maximum angle of inclination.
[0066] It is also possible to use the safety system 20
according to the invention as part or subsystem of a self-
leveling device based on a continual inclination sensor,

of the type illustrated in Figure 7.
[0067] In this case, the control circuits 23A and 23B of
the safety system 20 comprise respective first and sec-
ond orientation control terminals, ToA and ToB, suitably
connected to the self-leveling device 25. Said device
measures the angle of the system, in particular the aerial
platform bearing the safety system 20, with respect to
the plane π, in particular horizontal, and controls an ac-
tuator system 24, hydraulic or electric, in order to keep
said aerial platform horizontal during movement of the
lifting system comprising said aerial platform.
[0068] In this case, the self-leveling device 25 com-
prises circuits for continual measurement of the angle of
inclination of the aerial platform, said measuring circuits
supplying at least a first and a second measuring signal,
measA and measB, to the orientation control terminals,
ToA and ToB. Therefore, the self-leveling device 25, in
particular the measuring circuits contained therein, by
means of the control circuits 23A and 23B, drives the
safety redundant relays SWA and SWB in collaboration
with a first and a second sensor switch 21A and 21B,
suitably mounted mechanically in such a way that the
respective ampoule bodies have axes of symmetry form-
ing a first and a second maximum angle, α and β, to the
plane π and such as to generate electric test signals,
testA and testC, as described above.
[0069] In this case, because of the presence of the
measuring circuits, i.e. a continual sensor able to meas-
ure the angle of inclination of the device, in particular the
aerial platform bearing the safety system 20, with respect
to a horizontal plane π, it is sufficient to use only one
inclination switch for each of the two maximum angles,
α and β, thanks to the simultaneous control of the safety
redundant relays SWA, SWB for the clockwise block and
SWC, SWD for the anticlockwise block by the continual
measuring circuits.
[0070] In this case, it is sufficient that the circuit 23A
detects a signal measA of a few degrees of inclination
anticlockwise, in the absence of vibration detection by
the sensor switch 21A, for the second alarm signal alarm2
indicating faulty switch to be generated. With the same
identical method, the circuit 23B can identify any fault in
the second sensor switch 21B when a clockwise angle
of inclination of a few degrees is detected by the signal
measB. It should be noted that, advantageously accord-
ing to the invention, even if one or both of the sensor
switches 21A and 21B are faulty, the safety system 20
guarantees safe operation thanks to the presence of the
continual measuring circuits of the self-leveling device
25 which open the safety redundant relays, signaling per-
manent failure of the safety system 20.
[0071] Therefore, the proposed safety system over-
comes the drawbacks pointed out with regard to systems
of the prior art and has numerous advantages, among
which:

• the system is based on inclination sensor switches
which are very sensitive to vibrations and uses said
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vibrations, typical of normal operation of a lifting sys-
tem, to electrically test said switches during opera-
tion of said lifting system;

• the system makes it possible to test the sensor
switches, in particular the inclination switches, with-
out having to incline the device, in particular the aerial
platform or the articulated arm whereon they are
boarded, by simply using the vibrations of the lifting
system to which it is connected, said vibrations act-
ing on the switches, opening and closing the contacts
dozens of times each second;

• the system can be controlled automatically when it
is switched on and during its operation, without hav-
ing to incline the device, in particular the aerial plat-
form whereon it is boarded or other parts of the lifting
system to which it is connected;

• the system can constitute a limiter which exclusively
ensures blocking of the device, in particular the aerial
platform whereon it is boarded and/or the lifting sys-
tem to which it is connected, when the inclination of
said device goes beyond a given range;

• the system can also form part of a more complex
mechanism such as, for example, an electronic lev-
eler for controlling the movement of the device, in
particular the aerial platform whereon it is boarded
and/or the lifting system to which it is connected;

• the system can use both analog and digital control
circuits, with or without a microprocessor;

• the system comprises redundant elements which
can guarantee control of said system and safety of
the operation of the device, in particular the aerial
platform whereon it is boarded;

• if a more complex self-leveling device is used with
orientation controlled by means of electric or hydrau-
lic actuators, the proposed safety system uses only
one inclination switch for each maximum angle, so
guaranteeing block of the lifting system to which it is
associated, thanks to the simultaneous driving by
the sensor switches contained therein and the meas-
uring circuits already comprised in the self-leveling
device;

• it is possible to provide a safety system for each max-
imum angle of inclination;

• the proposed safety system can block either the lift-
ing system to which it is associated or simply the
maneuver which could cause an increase in the in-
clination of the device-, in particular the aerial plat-
form whereon it is boarded.

[0072] Naturally, in order to satisfy contingent and spe-
cific requirements, a person skilled in the art may apply
to the above-described safety systems many modifica-
tions and variations, all of which, however, are included
within the scope of protection of the invention as defined
by the following claims.

Claims

1. Safety system (20) for limiting the inclination with
respect to a given plane (π) of a device bearing said
safety system of the type comprising at least one
inclination sensor switch (21A, 21B) comprising an
ampoule- body, in turn including an electrical moving
contact (22A, 22B) and-arranged according to at
least one maximum angle of inclination (α) of said
device with respect to said given plane (π), said max-
imum angle of inclination (α) corresponding to a con-
dition of correct operation of said device character-
ized in that said at least one inclination sensor
switch (21A, 21B) has a first control terminal (TcA,
TcB) where an electric test signal (testA, testB) is
generated by said electrical moving contact (22A,
22B), by vibrations typical of normal operation of said
device, said first control terminal (TcA, TcB) being
connected to a control circuit (23A, 23B), in turn con-
nected to at least one safety redundant relay (SWA,
SWB) suitable to generate on a first output terminal
(O1) of said safety system (20) a first alarm signal
(alarm 1) when said device exceeds a maximum an-
gle of inclination (α), said electric signal (testA, testB)
being further used by said control circuit (23A, 23B)
to verify the correct operation of said at least one
inclination sensor switch (21A, 21B).

2. Safety system (20) according to claim 1, character-
ized in that it comprises at least a first and a second
inclination sensor switch (21A, 21B) having respec-
tive ampoule bodies arranged parallel to each other
according to said at least one maximum angle of
inclination (α).

3. Safety system (20) according to claim 2, character-
ized in that it comprises a first and a second control
circuit (23A, 23B) connected to a first and to a second
control terminal (TcA, TcB) of said first and second
inclination sensor switches (21A, 21B) and having
further first and second test terminals (TdA, TdB)
connected to said second and first control terminals
(TcB, TcA) respectively, in such a way that said elec-
tric signals (testA, testB) generated by said electric
moving contacts (22A, 22B) are used to test the op-
eration of said inclination sensor switches (21A,
21B).

4. Safety system (20) according to claim 3, character-
ized in that said first and second control circuits
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-(23A, 23B) have respective output terminals (TX1,
TX2) connected to each other at a second output
terminal (02) of said safety system (20) for generat-
ing a second alarm signal (alarm2) corresponding to
a failure of said sensor switches (21A, 21B).

5. Safety system (20) according to claim 4, character-
ized in that said ampoule bodies have longitudinal
axes of symmetry (AA, BB) in the direction of their
greater extension, arranged parallel to each other
according to said at least one maximum angle of
inclination (α).

6. Safety system (20) according to claim 5, character-
ized in that said first and second inclination sensor
switches (21A, 21B) have respective first terminals
connected to each other at a circuit node (X), in turn
connected to a supply voltage reference (+Vin), and
respective second terminals connected to a first and
a second control terminal (TcA, TcB) of respective
first and second control circuits (23A, 23B), in turn
having at least a first and a second driving terminal
(TsA, TsB) such as to supply respective first and
second driving signals (driveA, driveB) to at least a
first and a second safety redundant relay (SWA,
SWB), in turn connected in series to each other be-
tween said supply voltage reference (+Vin) and said
first output terminal (01) of said safety system (20)
for generating said first alarm signal (alarm 1) .

7. Safety system (20) according to claim 6, character-
ized in that said safety redundant relays (SWA,
SWB) completely block a lifting system comprising
said device.

8. Safety system (20) according to claim 6, character-
ized in that said safety redundant relays (SWA,
SWB) block a particular maneuver of a lifting system
comprising said device which could cause an in-
crease in the inclination of said device.

9. Safety system (20) according to claim 1, character-
ized in that it comprises at least one first and -one
second pair of inclination sensor switches (21A, 21B;
21C, 21D)_ having respective ampoule bodies ar-
ranged according to- said at least one maximum an-
gle of inclination (α) and further maximum angle- of
inclination (β) with respect to a given plane (π), said
maximum angle of inclination (α) being equal to a
safe anticlockwise inclination of said device and said
further maximum angle of inclination (β) being equal
to a safe clockwise inclination of said device respec-
tively.

10. Safety system (20) according to claim 9, character-
ized in that it comprises a first and a second control
circuit (23A, 23B) connected to a first and to a second
control terminal (TcA, TcB) of a first and a second

inclination sensor switch (21A, 21B) of said first pair
of switches and to a third and to a fourth control ter-
minal (TcC, TcD) of a third and a fourth inclination
sensor switch (21C, 21D) of said second pair of
switches, said first and second control circuits (23A,
23B) having further first and second test terminals
(TdA, TdB) connected to said second and first control
terminals (TcB, TcA) respectively, as well as further
third and fourth test terminals (TdC, TdD) connected
to said fourth and third control terminals (TcD, TcC)
respectively, in such a way that the electric signals
(testA, testB, testC, testD), generated by the electric
moving contacts (22A, 22B, 22C, 22D) of said sensor
switches (21A, 21B, 21C, 21D), are used to test the
operation of said inclination sensor switches (21A,
21B, 21C, 21D).

11. Safety system (20) according to claim 10, charac-
terized in that said first and second control circuits
(23A, 23B) have respective output terminals (TX1,
TX2) connected to each other at a second output
terminal (O2) of said safety system (20) for generat-
ing a second alarm signal (alarm2) corresponding to
a failure of said sensor switches (21A, 21B, 21C,
21D).

12. Safety system (20) according to claim 11, charac-
terized in that said first and second inclination sen-
sor switches (21A, 21B) of said first pair of switches
have respective first terminals connected to each
other at -a circuit node (X), in turn connected to a
supply voltage reference (+Vin), and respective sec-
ond terminals connected to said first and second
control terminals (TcA, TcB) of said first and second
control circuits (23A, 23B), in turn having at least a
first and a second driving terminal (TsA, TsB), such
as to supply respective first and second driving sig-
nals (driveA, driveB) to at least a first and a second
safety redundant relay (SWA, SWB), in turn connect-
ed in series to each other between said supply volt-
age reference (+Vin) and said first output terminal
(O1) of said safety system (20) for generating said
first alarm signal (alarm1) when said device exceeds
said maximum angle of inclination (α).

13. Safety system (20) according to claim 12, charac-
terized in that said third and fourth inclination sen-
sor switches (21C, 21D) of said second pair of
switches have respective first terminals connected
to each other at a further circuit node (X1), in turn
connected to said supply voltage reference (+Vin),
and respective second terminals connected to said
third and fourth control terminals (TcC, TcD) of said
first and second control circuits (23A, 23B), in turn
having at least a third and a fourth driving terminal
(TsC, TsD) such as to supply respective third and
fourth driving signals (driveC, driveD) to at least a
third and a fourth safety redundant relay (SWC,
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SWD), in turn connected in series to each other be-
tween said supply voltage reference (+Vin) and a
third output terminal (03) of said safety system (20)
for generating a third alarm signal (alarm3) when
said device exceeds said further maximum angle of
inclination (β).

14. Safety system (20) according to claim 13, charac-
terized in that said safety redundant relays (SWA,
SWB, SWC, SWD) completely block a lifting system
comprising said device.

15. Safety system (20) according to claim 13, charac-
terized in that said safety redundant relays (SWA,
SWB, SWC, SWD) block a particular maneuver of a
lifting system comprising said device which could
cause an increase in the inclination of said device.

16. Safety system (20) for limiting the inclination with
respect to a given plane (π) of a device bearing said
safety system included in a self-leveling device (25)
for controlling an actuator system (24) of said device
bearing said safety system (20) of the type compris-
ing at least one-inclination sensor switch (21A, 21B)
comprising an ampoule body including electric mov-
ing contacts (22A, 22B) and arranged along at least
one maximum inclination angle (α) of said device
with respect to said given plane (π), said maximum
angle of inclination (α) corresponding to a condition
of correct operation of said device characterized in
that said at least one inclination sensor switch (21A,
21B) has a first control terminal (TcA, TcB) where
an electric signal (testA, testB) is generated by said
electric moving contacts (22A, 22B) by vibrations
typical of normal operation of said device, said first
control terminal (TcA, TcB) being connected to a
control circuit (23A, 23B), connected to at least one
safety redundant relay (SWA, SWB) such as to gen-
erate on a first output terminal (O1) of said safety
system (20) a first alarm signal (alarm1) when said
device exceeds a maximum angle of inclination (α).

17. Safety system (20) according to claim 16, charac-
terized in that it comprises at least a first and a
second inclination sensor switch (21A, 21B) having
respective ampoule bodies arranged according to
said at least one maximum angle of inclination (α)
and a further maximum angle of inclination (β) with
respect to said given plane (π), said maximum angle
of inclination (α) being equal to a safe anticlockwise
inclination of said device and said further maximum
angle of inclination (β) being equal to a safe clock-
wise inclination of said device respectively.

18. Safety system (20) according to claim 17, charac-
terized in that it comprises a first and a second con-
trol circuit (23A, 23B) connected to a first and to a
second control terminal (TcA, TcB) of said first and

second inclination sensor switches (21A, 21B) and
having further first and second orientation control ter-
minals (ToA, ToB) connected to said self-leveling
device (25) and receiving from it a first and a second
measuring signal (measA, measB) of the angle of
inclination of said device.

19. Safety system (20) according to claim 18, charac-
terized in that said first and second control circuits
(23A, 23B) have respective output terminals (TX1,
TX2) connected to each other at a second output
terminal (02) of said safety- system (20) for gener-
ating a second alarm signal (alarm2) corresponding
to a failure of said sensor switches (21A, 21B)

20. Safety system (20) according to claim 19, charac-
terized in that said first and second inclination sen-
sor switches (21A, 21B) have respective first termi-
nals connected to each other at a circuit node (X),
in turn connected to a supply voltage reference
(+Vin), and respective second terminals connected
to a first and a second control terminal (TcA, TcB)
of respective first and second control circuits (23A,
23B), in turn having at least a first and a second
driving terminal (TsA, TsB), such as to supply re-
spective first and second driving signals (driveA,
driveB) to at least a first and a second safety redun-
dant relay (SWA, SWB), in turn connected in series
to each other between said supply voltage reference
(+Vin) and said first output terminal (O1) of said safe-
ty system (20) for generating said first alarm signal
(alarml), said respective first and second driving sig-
nals (driveA, driveB) being generated on the basis
of electric signals generated by said sensor switches
(21A, 21B) at said first and second control terminals
(TcA, TcB) and of said first and second measuring
signals (measA, measB) supplied by said self-lev-
eling device (25) at said first and second orientation
control terminals (ToA, ToB).

21. Safety system (20) according to claim 20, charac-
terized in that said first and second control circuits
(23A, 23B) have at least a third and a fourth driving
terminal (TsC, TsD) such as to supply respective
third and fourth driving signals (driveC, driveD) to at
least a third and a fourth safety redundant relay
(SWC, SWD), in turn connected in series to each
other between said supply voltage reference (+Vin)
and a third output terminal (03) of said safety system
(20) for generating a third alarm signal (alarm3) when
said device exceeds said further maximum angle of
inclination (β), said respective third and fourth driving
signals (driveC, driveD) being generated on the ba-
sis of electric signals generated by said sensor
switches (21A, 21B) at said first and second control
terminals (TcA, TcB) and of said first and second
measuring signals (measA, measB) supplied by said
self-leveling device (25) at said first and second ori-
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entation control terminals (ToA, ToB).

22. Safety system (20) according to claim 21, charac-
terized in that said safety redundant relays (SWA,
SWB, SWC, SWD) completely block a lifting system
comprising said device.

23. Safety system (20) according to claim 22, charac-
terized in that said safety redundant relays (SWA,
SWB, SWC, SWD) block a particular maneuver of a
lifting system comprising said device which could
cause an increase in the inclination of said device.

24. Safety system (20) according to any of the previous
claims wherein said device is an aerial platform of a
lifting system.

25. Safety system (20) according to claim 24 wherein
said given plane (π) is a horizontal plane parallel to
the ground where the lifting system is placed.

26. Use of the vibrations typical of the operation of a
lifting system for testing the sensor switches con-
tained in a safety system on board of an aerial plat-
form of said lifting system.
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