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(57) The present invention relates to a fault detection
method for a lift system (100), said method comprising
the steps of:
x - detecting at least one car movement parameter of
said car (101) over time;
a1 - analyzing changes of the at least one car movement
parameter in a second threshold time interval (T2);
b1 - when the at least one car movement parameter an-
alyzed in step a1 has not changed in said second thresh-
old time interval (T2), sending a second signal to move

the car to a second floor position;
a2 - following step b1, analyzing changes of the at least
one car movement parameter in a third threshold time
interval (T3), said third threshold time interval (T3) being
successive to said second threshold time interval (T2);
b2 - when the at least one car movement parameter an-
alyzed in step a2 has not changed for said third threshold
time interval (T3), sending a fault signal to signal a fault
of said lift system (100).
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Description

. Field of the invention

[0001] . The present invention relates to a fault detec-
tion method for a lift system, a fault detection device, a
fault detection kit, and a lift system.

. Background art

[0002] . The lift systems of the known type usually com-
prise a car movable between a plurality of floors, wherein
the car comprises at least one car door and each floor
comprises at least one floor door.
[0003] . The car is usually provided inside with a button
panel with buttons to control the movement of the car to
a floor, and a car alarm button configured to signal an
alarm when a user is trapped in the car. In some lift sys-
tems, by pressing the car alarm button the user can con-
tact a maintenance operations center directly to signal
the fault and request prompt action. In other lift systems,
the car alarm button generates an audible signal which
alerts people outside the lift system so that they can con-
tact the maintenance operations center by telephone.
[0004] . In the lift systems of the known type, it is thus
possible to signal a malfunction only when a user is
present, i.e., trapped in the car through the car alarm
button, or when the user attempting to use the lift system
notices a malfunction thus being able to contact the main-
tenance operations center by telephone or by pressing
an alarm button provided on a button panel in the car or
on the roof of the car during a maintenance operation.
[0005] . The average time between the occurrence of
the fault and its solution is between 4 and 6 hours as the
market standard, being a severe inconvenience to the
trapped users and to the users of the building or facility
equipped with a lift system who are forced to walk to their
destination floor.
[0006] . A need is strongly felt in the industry to reduce
intervention time by restoring the use of the lift system in
a short time.
[0007] . Furthermore, a need is felt in the industry to
find solutions to reduce the fault detection and solution
time adapted to be implemented in both modern systems,
which meet the most recent safety regulations adopted
at the European and international level, and less modern
systems.
[0008] . Therefore, the problem underlying the present
invention is to devise a fault detection method for a lift
system, a fault detection device, a fault detection kit, and
a lift system, which have structural and functional fea-
tures to satisfy the aforementioned requirements and, at
the same time, solve the drawbacks mentioned with ref-
erence to the prior art and satisfy the aforesaid felt needs.

. Solution

[0009] . It is the object of the present invention to pro-

vide a fault detection method for a lift system, a fault
detection device, a fault detection kit, and a lift system.
[0010] . This and other objects and advantages are
achieved by a fault detection method for a lift system
according to claim 1, a fault detection device according
to claim 8 adapted to implement said method, a fault de-
tection kit according to claim 10, and a lift system accord-
ing to claim 12.
[0011] . Some advantageous embodiments are the ob-
ject of the dependent claims.
[0012] . The analysis of this solution indicated how to
reduce the time to detect a fault in a lift system and how
to reduce the time for maintenance staff to intervene.
[0013] . Furthermore, by virtue of the suggested solu-
tions, it is possible to signal a fault in a lift system auto-
matically without the need for a user to be present to
detect the fault while using the system or attempting to
use it.
[0014] . Still further, the suggested solutions allow the
detection of a system failure before the users utilize the
system, thus making it possible to reduce the likelihood
of a lift system failure occurring when a user is inside the
car.
[0015] . Furthermore, the suggested solutions make it
possible to implement a fault detection device which can
be easily integrated into previously installed lift systems,
both the most modern and the older ones, making it pos-
sible to increase their safety levels in a cost-effective and
minimally invasive manner.
[0016] . Still further, by virtue of the suggested solu-
tions, it is possible to ensure greater readiness of main-
tenance staff.
[0017] . Still further, by virtue of the suggested solu-
tions, it is possible to analyze the lift movement param-
eters, which makes it possible to help maintenance staff
to identify the causes of the failure and to accelerate its
solution, in a preventive manner.
[0018] . Still further, by virtue of the suggested solu-
tions, false positive alarms can be avoided by providing
an electrical connection between the fault detection de-
vice and at least two floor buttons of the car button panel.
[0019] . Still further, with the suggested solutions, by
virtue of the fault detection method, it is possible to detect
a fault in the lift system in an automatic manner, and to
check the operating status of the lift system remotely with-
out intervening on the switchboard, i.e., completely inde-
pendently therefrom.

. Drawings

[0020] . Further features and advantages of the fault
detection method of a lift system for a lift system, the fault
detection device, the fault detection kit, and the lift system
will be apparent from the following description of the pre-
ferred examples of implementation thereof, given by way
of a non-limiting example, with reference to the accom-
panying figures in which:
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- figure 1 shows a block diagram of the failure detec-
tion method of a lift system according to the present
invention;

- figure 2 shows a fault detection device according to
the present invention, which can be connected to a
lift car to monitor the movement of the car in the shaft
and the movement of at least one car door;

- figure 3 shows a fault detection kit according to the
present invention;

- figure 4 diagrammatically shows a lift system accord-
ing to the present invention configured to implement
the method according to the present invention.

. Description of some preferred embodiments

[0021] . According to a general embodiment, a fault
detection method is provided for a lift system 100, said
lift system 100 comprising a car 101 movable in a travel
shaft between a plurality of floors. According to an em-
bodiment, said car 101 is provided with at least one car
door 102, each floor of said plurality of floors being pro-
vided with at least one floor door.
[0022] . Said method comprising the steps of:

. x - detecting at least one car movement parameter
of said car 101 over time;
. a1 - analyzing changes of the at least one car move-
ment parameter in a detected second threshold time
T2;
. b1 - when the at least one car movement parameter
analyzed in step a1 has not changed in said second
threshold time interval T2, sending a second signal
to move the car to a second floor position;
. a2 - following step b1, analyzing changes of the at
least one detected car movement parameter in a
third threshold time interval T3, said third threshold
time interval T3 being successive to said second
threshold time interval T2;
. b2 - when the at least one car movement parameter
analyzed in step a2 has not changed for said third
threshold time T3, sending a fault signal to signal a
fault.

[0023] . According to a manner of operation, said fault
signal is sent to a cloud server 200.
[0024] . According to a manner of operation, said fault
signal is sent to a list of people in charge of maintenance.
[0025] . According to a manner of operation, an acti-
vation of step x, and thus an implementation of the meth-
od of the present invention, is provided in an operating
time interval. According to an embodiment, the operation
time interval can be set according to time slots in which
the lift system is usually less used. According to an em-
bodiment, the operation time interval can be set to acti-
vate periodically.
[0026] . According to a manner of operation, said at
least one movement parameter is a parameter detectable
on at least one component of a lift system which can be

either directly or indirectly correlated with a movement
of the car 101.
[0027] . According to a manner of operation, said at
least one movement parameter comprises at least either
a car acceleration, a car pressure or a car position. In-
deed, car movements can be determined by detecting
accelerations in one direction of car travel higher than a
given threshold. It also is possible to determine the move-
ment of the car by detecting the pressure inside the shaft
or in the car and evaluating the changes thereof. Simi-
larly, the displacement of the car can be determined by
monitoring the position of the car and evaluating changes
in the position over time.
[0028] . According to a manner of operation, said meth-
od, before step a1, comprises the following steps:

. a0 - analyzing changes of the at least one car move-
ment parameter in a first threshold time interval T1;
. b0 - when the at least one car movement parameter
analyzed in step a0 has not changed in said first
threshold time T1 sending a first signal to move the
car 101 to a first floor position; otherwise, repeating
step a0.

[0029] . According to a manner of operation, said sec-
ond floor position is a control position of said car 101, in
which said control position is unreachable for an unau-
thorized user, i.e., in which the car is not configured to
stop in normal conditions of use. In this manner, if step
a0 and step b0 before step a1 are not provided, it is pos-
sible to determine the failure to move the car 101 by send-
ing a single signal to move said car 101.
[0030] . According to a manner of operation, the rep-
etition of step a1 or step a0 is provided, when step a0 is
provided, when the at least one car movement parameter
analyzed in step a1 has changed in said second threshold
time interval T2.
[0031] . According to a manner of operation, the rep-
etition of step a1 or step a0 is provided when step a0 is
provided when the at least one car movement parameter
analyzed in step a2 has not changed for said third thresh-
old time interval T3.
[0032] . By virtue of the present method, it is possible
to automatically command a movement to the car 101
from a current position, in which it is stopped, to a second
floor position, in which it is stopped for a second threshold
time interval T2 with no passengers inside, and thus au-
tomatically check the operating status of the lift system
101.
[0033] . By virtue of step b1, when the previous steps
a0 and b0 are provided, it is possible to prevent the failed
movement of the car 101 after sending said first signal
to move the car 101 to the second floor position from
being mistakenly recognized as a failure if the car 101 is
already in the second floor position after the first threshold
time interval T1 and after the second threshold time in-
terval T2. Therefore, step b1 serves as the control step,
and only after verification in step a2 of the movement to
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a different position, the second floor position, is the pos-
sible sending an alarm signal through step b2.
[0034] . By virtue of this solution, it is thus possible to
detect a fault in the lift system by monitoring the failed
operation of the system during the time intervals in which
the system is not being utilized by the users, thus reduc-
ing the likelihood that a failure event will occur trapping
a user inside the car.
[0035] . Therefore, the present method of fault detec-
tion is a procedure for monitoring the operating status of
the lift system which can drastically reduce the fault de-
tection time and the maintenance intervention time.
[0036] . According to a manner of operation, either after
or at the same time as step b2, said method comprises
the step of:
. b4 - sending a stop signal, through a gateway/modem,
to an operational center and/or car button panel and/or
lift system.
[0037] . According to a manner of operation, either after
or at the same time as step b2, said method comprises
the step of:
. b5 - sending from said cloud server 200 a failure mes-
sage to a list of people in charge of maintenance. In this
manner, it is possible to alert the maintenance staff in a
timely manner by means of a call and/or message on a
mobile communication device, such as a cell phone, and
request immediate action.
[0038] . According to a manner of operation, said meth-
od comprises a step of configuring, wherein said second
threshold time interval T2, and said third threshold time
interval T3 is set and stored. According to a manner of
operation, said first threshold time interval T1, and/or said
operation time interval, and/or said second floor position,
and/or said second floor position is set and stored in said
setting step.
[0039] . According to a mode of operation, said first
threshold time interval T1 is greater than said second
threshold time interval T2. According to a mode of oper-
ation, said second threshold time interval T2 is greater
than said third threshold time interval T3.
[0040] . According to a manner of operation, said first
threshold time interval T1 is comprised between 1 minute
and 60 minutes. According to a manner of operation, said
second threshold time interval T2 is comprised between
2 seconds and 60 minutes. According to a manner of
operation, said second threshold time interval T2 is com-
prised between 5 seconds and 1 minute. According to a
manner of operation, said third threshold time interval T3
is comprised between 2 seconds and 60 minutes. Ac-
cording to a manner of operation, said third threshold
time interval T3 is comprised between 5 seconds and 1
minute.
[0041] . According to a manner of operation, said meth-
od comprises the steps of:

. c1 - detecting at least one vibrational parameter of
the lift system 100 over time;
. c2 - analyzing changes in a predetermined time

interval T4 of the at least one lift system vibrational
parameter detected over time by generating a lift sys-
tem vibrational characteristic associated with said at
least one vibrational parameter detected in the pre-
determined time interval T4;
. c3 - sending said lift system vibrational character-
istic in the predetermined time T4 to a cloud server
(200).

[0042] . According to a manner of operation, said pre-
determined time interval T4 is set in said step of config-
uration.
[0043] . According to a manner of operation, said at
least one vibrational parameter of the lift system com-
prises car vibrations of said car 101 to be detected during
the movement of said car 101. According to a method of
operation, said car vibrations are detected on said car
101, preferably on the roof of said car 101.
[0044] . According to a manner of operation, said at
least one vibrational parameter of the lift system com-
prises car door vibrations of said at least one car door
101 to be detected during the movement of said car door
101. According to a manner of operation, the car door
vibrations are measured on said car 101.
[0045] . According to a manner of operation, said at
least one vibrational parameter of the lift system com-
prises accelerations and/or guide vibrations to be detect-
ed on said car 101 when said car 101 is stopped. Ac-
cording to a manner of operation, said at least one vibra-
tional parameter of the lift system comprises accelera-
tions and/or driving vibrations to be detected on at least
one guide 111 arranged in said shaft along which said
car 101 runs when said car 101 is stopped.
[0046] . By virtue of step c1, it is possible to detect the
vibrations and/or accelerations stressing the car during
its movements over time, the vibrations and/or acceler-
ations stressing the at least one car door, the vibrations
and/or accelerations to which the at least one guide along
which the car runs is subjected, when the car is stopped,
allowing the stresses and/or accelerations to which the
building is subjected to be detected accordingly.
[0047] . Vibrational parameter characteristic means
statistical processing of the vibrations and/or accelera-
tions to which the cab and/or cab door and/or cab guide
is subjected which were detected over time and analyzed
for the predetermined time interval T4.
[0048] . By virtue of step c2, it is possible to process
the vibrational characteristic of the vibrational parameter
detected at a specific preset time interval, i.e., the pre-
determined time interval T4, allowing information to be
gathered on the operating status of the car, the car door,
and the travel comfort of the lift users.
[0049] . In particular, by virtue of the detected vibra-
tional parameters related to the car and car door, it is
possible to obtain a quick evaluation of the user experi-
ence of the people using the lift system and the quality
of the operation of the car doors.
[0050] . According to a manner of operation, according
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to an embodiment, said method comprises the steps of:

. c4 - comparing said lift system vibrational charac-
teristic in the predetermined time interval T4 with a
system standard vibrational characteristic or with a
previous system vibrational characteristic associat-
ed with said at least one vibrational parameter de-
tected in a previous predetermined time interval T4’;
. c5 - when said lift system vibrational characteristic
in the predetermined time interval T4 exceeds or dif-
fers from said system standard vibrational charac-
teristic, or said previous system vibrational charac-
teristic, beyond a vibration alarm threshold, sending
an alarm signal to a cloud server.

[0051] . According to an embodiment, said standard
system vibrational characteristic is set in said step of con-
figuration. Standard system vibrational characteristic
means statistical processing of the vibrations to which
the car and/or car door and/or car guide are subjected
under normal conditions of lift use.
[0052] . According to an embodiment, the predeter-
mined time interval T4 is either one hour or a predeter-
mined number of hours, e.g., 12 hours or 24 hours, and
said previous predetermined time interval T4 is respec-
tively related to the previous hour, or a predetermined
number of previous hours, such as the previous 12 hours
or the previous 24 hours. For example, by comparing the
vibrational characteristic of the car movement, and/or the
car door and/or the car guide with the previous processed
vibrational characteristic, e.g., related to the previous
day, it is possible to detect the vibrational changes which
occur day by day making it possible to monitor the wear
and tear of the system and to detect the presence of
damages even imperceptible to a user.
[0053] . By virtue of step c3 and c4, it is possible to
detect vibrational abnormalities during the movements
of the car and/or car door and/or car guides and to detect
possible causes of lift system failure in advance by virtue
of step c5 by which an alarm signal is signaled in a timely
manner, e.g., to the cloud server and/or a predetermined
list of people. In this manner, it is possible to allow the
maintenance staff to intervene before failures occur, sav-
ing maintenance costs, avoiding the occurrence of costly
failures, and increasing user safety.
[0054] . According to a manner of operation, said meth-
od comprises the step of associating said at least one
vibrational parameter detected in step c1 with said car
movement parameter detected in step x. In this manner,
for example, when the detected motion parameter is the
position of the car, which is followed by an analysis of its
changes over time, it is possible to gather precise infor-
mation on which car positions are most critical on vibra-
tional and acceleration level, as well as possible positions
in which prompt maintenance is needed.
[0055] . According to a manner of operation, following
said step c5, said method comprises the step of:
. c6 - sending a stop signal to a car control unit and/or to

a switchboard of said lift system.
[0056] . According to a manner of operation, following
said step c5, said method comprises the step of:
. c7 - sending from said cloud server an intervention mes-
sage to a list of people in charge of maintenance.
[0057] . According to a manner of operation, said steps
c6 and/or c7 are parallel and/or simultaneous with step
b5.
[0058] . According to a manner of operation, either in
parallel with step b5 or step b2, said method comprises
the following step of:
. b51 - sending, from said cloud server 200, said lift sys-
tem vibrational characteristic in the predefined time in-
terval T4 to said list of people in charge of maintenance.
[0059] . By virtue of step b51, the people in charge of
maintenance are not only informed of the failure of the
lift system but also have the opportunity to analyze the
vibrational characteristics of the lift system associated
with one or more of the vibrational parameters to promptly
evaluate the causes of the failure.
[0060] . The present invention further relates to a fault
detection device 1 for a lift system 100. In particular, the
present device 1 is configured to implement the previ-
ously described fault detection method.
[0061] . According to an embodiment, said lift system
100 comprising a car 101 movable along a shaft between
a plurality of floors, said car 101 being provided with at
least one car 102 and each floor of said plurality of floors
being provided with at least one floor door.
[0062] . Said device 1 comprises sensor module 2 con-
figured to detect at least one movement parameter of
said car 101 over time.
[0063] . Said device comprises a processing unit 4 con-
figured to analyze changes of the at least one movement
parameter detected by said sensor module 2 over time.
According to an embodiment, said processing unit 4 is
integrated into said sensor module 2.
[0064] . Said device 1 comprises a signal transmission
module 5 configured to send a fault signal to signal a fault
in the lift system 100. According to an embodiment, the
signal transmission module 5 is a wireless transmission
module. According to an embodiment, said signal trans-
mission module 5 is configured to communicate with a
cloud server 200 and/or a maintenance person list. Ac-
cording to an embodiment, said signal transmission mod-
ule 5 is integrated into said sensor module 2.
[0065] . Said device 1 comprises a signal converter
module 6 connected to said sensor module 2 and/or said
processing unit 4.
[0066] . Said device 1 is constrainable to said car 101.
[0067] . Said device 1 is connectable to an energy pow-
er source through a power connection or cable 13.
[0068] . Said signal converter module 6 is electrically
connectible by means of a second electrical connection
8 to a second floor second button 104 of a car button
panel 105 of said car 101. Electrical connection means
an electrical connection cable or a connection port for
said electrical connection cable. In other words, said sig-
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nal converter module 6 is configured to be connected
either directly or indirectly to a button panel of a car so
that said device 1 can control a car movement autono-
mously.
[0069] . In this manner, when the analyzed motion pa-
rameter has not changed for a second threshold time
interval T2, said device 1 is configured to send to the
second floor button 104 a second signal to move the car
to a second floor position, and when the analyzed current
car position s(t) has not changed for a third threshold
time interval T3, said device 1 is configured to send, e.g.,
to said cloud server 200, said failure signal to signal a
failure of the lift system 100.
[0070] . According to an embodiment, said signal con-
verter module 6 is electrically connectible by means of a
first electrical connection 7 to a first floor first button 103
of a car button panel 105 in parallel with said second
electrical connection 104.
[0071] . In this manner, when the at least one analyzed
movement parameter has not changed for a first thresh-
old time interval T1 before said second threshold time
interval T2, said device 1 is configured to send to said
first floor first button 103 a first signal to move the car
(101) to a first floor position.
[0072] . According to a manner of operation, said at
least one car movement parameter is at least either a
car acceleration, a car pressure and/or a shaft pressure
and a car position. According to an embodiment, said
sensor module 2 comprises at least one of either an ac-
celerometer 9 configured to detect said car acceleration,
a pressure sensor 10 configured to detect said shaft pres-
sure and/or car pressure, a position sensor 3 to detect
over time said car position of said 101 between said plu-
rality of floors by communicating with a reference position
indicating device 106 arranged at a reference floor of
said plurality of floors.
[0073] . According to an embodiment, said accelerom-
eter 9 is configured to detect car accelerations and/or car
vibrations when said car 101 is in motion along said shaft.
[0074] . According to an embodiment, said accelerom-
eter 9 is configured to detect car door vibrations when
said at least one car door 102 is moving relative to said
car door 101.
[0075] . According to an embodiment, said at least one
accelerometer 9 is configured to detect shaft vibrations
when said car 101 and said at least one car door 102 are
stopped relative to said shaft. According to an embodi-
ment said at least one accelerometer 9 comprises at least
one MEMS accelerometer sampled between 1Hz and
150 HZ, preferably 100 Hz. According to an embodiment
said at least one accelerometer 9 comprises at least one
MEMS accelerometer sampled between 100 Hz and 1
kHz, preferably 200 Hz.
[0076] . According to an embodiment, said position
sensor 3 is a magnetometer and said reference position
signaling device 106 is a magnet fixed to a floor door of
said reference floor of said plurality of floors, preferably
a ground floor, to detect the current car position of said

car 101 relative to said magnet 106.
[0077] . According to an embodiment, said sensor
module 2 comprises a temperature sensor configured to
detect the temperature in said shaft and/or in said cab.
According to an embodiment, said temperature sensor
is integrated into said pressure sensor 10.
[0078] . According to an embodiment, said signal con-
verter module 6 is electrically connectible to an alarm
button 107 of said car button panel 105 by means of a
third electrical connection 11 and/or a car roof alarm but-
ton so that when said alarm button 107 is activated, said
sensor module 3 is configured to send an alarm signal
to said cloud server 200.
[0079] . According to an embodiment, said signal con-
verter module 6 is electrically connectible by means of a
fourth electrical connection 12 to a maintenance button
108 of said car button panel 105 and/or a car roof main-
tenance button such that when said maintenance button
108 is activated, said sensor module 3 is configured to
send a performed maintenance signal to said cloud serv-
er 200.
[0080] . According to an embodiment, said processing
unit 4 is configured to measure the running comfort of
the users by evaluating the lifting and acceleration speed.
[0081] . According to an embodiment, said processing
unit 4 is configured to count the number of trips of said
car 101. According to an embodiment, said processing
unit 4 is configured to determine the average time of each
car trip. According to an embodiment, said processing
unit 4 is configured to calculate the total distance of trips
recorded in a time interval of interest. According to an
embodiment, said processing unit 4 is configured to de-
termine a peak time of traffic/use of the lift system. Ac-
cording to an embodiment, said processing unit 4 is con-
figured to detect the temperature and humidity of a shaft.
According to an embodiment, said processing unit 4 is
configured to control a number of opening and closing
cycles of at least one car door.
[0082] . According to an embodiment, said device 1 is
configured to evaluate a damage sustained by a structure
or building comprising the car travel shaft following and
during an earthquake.
[0083] . According to an embodiment, said device 1 is
configured to provide a statistical analysis of a drift of
said building. According to an embodiment, said device
1 is configured to provide a statistical analysis of the basic
building accelerations. According to an embodiment,
said device 1 is configured to provide a statistical analysis
related to exceeding thresholds of disturbance to people,
and exceeding thresholds of non-structural damage to
the building.
[0084] . According to an embodiment, said device 1
comprises a memory unit to store the parameters of the
step of the configuration of the described method, and
the values of the detected and analyzed car motion
and/or system vibrational parameters.
[0085] . The present invention further relates to a fault
detection kit 20 for a lift system 100.
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[0086] . Said kit 20 comprises at least one fault detec-
tion device 1 according to at least one of the previously
described embodiments. Said fault detection device 1 is
connectible to said car 101, preferably on a roof of said
car 101 near said at least one car door 102.
[0087] . According to an embodiment, said kit 20 com-
prises at least one reference position signaling device
106 of a reference floor of said plurality of floors, prefer-
ably a ground floor, which can be installed at a floor door
of said reference floor.
[0088] . According to an embodiment, said at least one
reference position signaling device 106 is a magnet.
[0089] . According to an embodiment, said fault detec-
tion kit 20 comprises at least one motor accelerometer
109 installable at a motor 112 of said lift system 100 to
detect vibrations of said motor 112.
[0090] . Said fault detection kit 20 comprises at least
one guide sensor 110 associable with at least one guide
111 along which said 101 is running, wherein said at least
one guide sensor 110 comprises at least one guide in-
clinometer and/or at least one guide accelerometer.
[0091] . The present invention further relates to a lift
system 100.
[0092] . Said lift system 100 comprises at least one car
101 movable in a shaft between a plurality of floors, said
car 101 being provided with at least one car 102 and
each floor of said plurality of floors being provided with
at least one floor door, wherein said car 101comprises a
car button panel 105 comprising at least a second floor
second button 104.
[0093] . Said lift system 100 comprises at least one
fault detection device 1 according to one of the previously
described embodiments.
[0094] . Said at least one fault detection device 1 is
fixed to said car 101 and electrically connected to at least
said second floor button 104.
[0095] . According to an embodiment, said system
comprises at least one guide 111 and said car 101 runs
along said at least one guide 111, said guide being
mounted inside the travel shaft in which car 101 is mov-
able.
[0096] . According to an embodiment, said at least one
guide is at least two guides parallel and facing opposite
parts of the travel shaft. Said guides are configured to
drive the up and down travel of the car through a rope
actuation or hydrodynamic cylinders.
[0097] . According to an embodiment, said system
comprises at least one guide sensor 110 which can be
associated with said at least one guide 111 along which
said car 101 runs. Said at least one guide sensor 110
comprises at least one guide inclinometer, preferably a
triaxial MEMS inclinometer, and/or at least one guide ac-
celerometer, preferably a triaxial MEMS accelerometer.
According to an embodiment, said at least one guide sen-
sor 110 is mounted on a board PCB connected to a data
bus, preferably of the CAN or WI-FI type, which also com-
prises a power cable, connected to a control unit. Ac-
cording to an embodiment, said at least one guide sensor

111 comprises a microprocessor fitted on said board
PCB. According to an embodiment, said guide acceler-
ometer comprises a high-frequency accelerometer and
a low-frequency guide accelerometer. According to an
embodiment, said low-frequency accelerometer has a
sampling frequency between 1 Hz and 150 Hz for struc-
tural monitoring. According to an embodiment, said high-
frequency accelerometer has a sampling frequency be-
tween 1Hz and 1KHz, preferably 200 Hz, for monitoring
vibrations transmitted to the guides 111. According to an
embodiment, said fault detection device 1 is in data com-
munication with the control unit to which the driving sen-
sors are connected.

LIST OF REFERENCES

[0098]

1 fault detection device
2 sensor module
3 position sensor
4 processing unit
5 wireless transmission module
6 signal converter module
7 first electrical connection
8 second electrical connection
9 accelerometer
10 pressure sensor
11 third electrical connection
12 fourth electrical connection
13 power cable

20 fault detection kit

100 lift system
101 car
102 car door
103 first floor first button
104 second floor second button
105 car button panel
106 reference position indicating device
107 alarm button
108 maintenance button
109 motor accelerometer
110 guide sensor
111 guide
112 motor

200 cloud server

Claims

1. A fault detection method for a lift system (100), said
lift system (100) comprising a car (101) movable
along a travel shaft between a plurality of floors, said
car (101) being provided with at least one car door
(102) and each floor of said plurality of floors being
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provided with at least one floor door, said method
comprising the steps of:

x - detecting at least one car movement param-
eter of said car (101) over time;
a1 - analyzing changes of the at least one car
movement parameter in a second threshold time
interval (T2);
b1 - when the at least one car movement pa-
rameter analyzed in step a1 is unchanged in said
second threshold time interval (T2), sending a
second signal to move the car to a second floor
position;
a2 - following step b1, analyzing changes of the
at least one car movement parameter in a third
threshold time interval (T3), said third threshold
time interval (T3) being successive to said sec-
ond threshold time interval (T2);
b2 - when the at least one car movement pa-
rameter analyzed in step a2 is unchanged for
said third threshold time interval (T3), sending
a fault signal to signal a fault of said lift system
(100).

2. A fault detection method according to the preceding
claim, comprising, before step a1, the following
steps:

a0 - analyzing changes of the at least one car
movement parameter in a first threshold time
interval (T1);
b0 - when the at least one car movement pa-
rameter analyzed in step a0 is unchanged in said
first threshold time interval (T1), sending a first
signal to move the car (101) to a first floor posi-
tion; otherwise, repeating step a0;

wherein said second threshold time interval (T2) is
successive to said first threshold time interval (T1);

and wherein said first floor position is different
from said second floor position;
or
wherein said second floor position is a control
position of said car (101), wherein said control
position is unreachable by an unauthorized us-
er;
and/or wherein said at least one movement pa-
rameter comprises at least either a car acceler-
ation, a car pressure or a car position; and/or
wherein said fault signal is sent to a cloud server
(200); and/or where said fault signal is sent to a
list of people in charge of maintenance.

3. A fault detection method according to any one of the
preceding claims, further comprising the steps of:

c1 - detecting at least one vibrational parameter

of the lift system (100) over time;
c2 - analyzing variations in a predetermined time
interval (T4) of at least one lift plant vibrational
parameter detected over time by generating a
lift plant vibrational characteristic associated
with said at least one vibrational parameter de-
tected in the predetermined time interval (T4);
c3 - sending said lift system vibrational charac-
teristic in the predetermined time interval (T4)
to a cloud server (200);

and/or wherein said method comprises a step of con-
figuring, wherein said second threshold time interval
(T2), and said third threshold time interval (T3) are
set and stored.

4. A fault detection method according to claim 3, com-
prising the steps of:

c4 - comparing said lift system vibrational char-
acteristic in the predetermined time interval (T4)
with a system standard vibrational characteristic
or with a previous system vibrational character-
istic associated with said at least one vibrational
parameter detected in a previous predetermined
time interval (T4’),
c5 - when said lift system vibrational character-
istic in the predetermined time interval (T4) ex-
ceeds said system standard vibrational charac-
teristic, or said previous system vibrational char-
acteristic, beyond a vibration alarm threshold,
sending an alarm signal, e.g., to a cloud server
(200) and/or to a list of people in charge of main-
tenance;

and/or wherein said method comprises the step of
associating said at least one vibrational parameter
detected in step c1 with said at least one car move-
ment parameter detected in step x.

5. A fault detection method according to the preceding
claim, wherein following said step c5, it comprises:

c6 - sending a stop signal to a car control unit
and/or to a switchboard of said lift system; and/or
c7 - sending, e.g., from said cloud server (200),
an intervention message to a list of people in
charge of maintenance;

and/or wherein said steps c6 and/or c7 are parallel
and/or simultaneous with step b5.

6. A fault detection method according to claim 3, com-
prising, in parallel with step b2, the following step of:
b51 - sending, from said cloud server (200), said lift
system vibrational characteristic in the predefined
time interval (T4) to a list of people in charge of main-
tenance.
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7. A fault detection method according to claim 3, where-
in said at least one lift system vibrational parameter
comprises at least one of either:

- car vibrations of said car (101) to be detected
during a movement of said car (100);
- car door vibrations of said at least one car door
(101) to be detected during a movement of said
at least one car door (101);
- guide accelerations and/or guide vibrations to
be detected, when said car (101) is stationary,
on said car (101); and/or guide accelerations
and/or guide vibrations to be detected, when
said car (101) is stationary, on at least one guide
(111) arranged in said travel shaft along which
said car (101) is running.

8. A fault detection device (1) for a lift system (100),
said lift system (100) comprising a car (101) movable
in a travel shaft between a plurality of floors, said car
(101) being provided with at least one car door (102)
and each floor of said plurality of floors being provid-
ed with at least one floor door, said device (1) being
connectible to said car (101) and comprising:

- a sensor module (2) configured to detect at
least one movement parameter of said car (101)
over time,
- a processing unit (4) configured to analyze over
time changes of the at least one movement pa-
rameter detected by said sensor module (2),
- a signal transmission module (5) connected to
said processing unit (4) and configured to send
a fault signal to signal a fault of the lift system
(100), e.g., a cloud server (200) and/or to a list
of people in charge of maintenance;
- a signal converter module (6) connected to said
processing unit (4),

said device (1) being characterized in that

said signal converter module (6) is electrically
connectible by means of a second electrical con-
nection (8) to a second floor second button (104)
of a car button panel (105) of said car (101) so
that
when the at least one analyzed movement pa-
rameter is unchanged for a second threshold
time interval (T2), said device (1) is configured
to send a second signal to the second floor sec-
ond button (104) to move the car to a second
floor position,
and when the at least one analyzed movement
parameter is unchanged for a third threshold
time interval (T3) successive to said second
threshold time interval (T2), said device (1) is
configured to send said fault signal.

9. A fault detection device (1) according to the preced-
ing claim, wherein

said signal converter module (6) is electrically
connectible by means of a first electrical con-
nection (7) to a first floor first button (103) of a
car button panel (105) in parallel with said sec-
ond electrical connection (104) so that
when the at least one analyzed movement pa-
rameter is unchanged for a first threshold time
interval (T1) before said second threshold time
interval (T2), said device (1) is configured to
send to said second floor second button (103)
a first signal to move the car (101) to a first floor
position;
and/or
wherein said at least one car movement param-
eter is at least either:

car acceleration, shaft pressure, car posi-
tion;
and wherein
said sensor module (2) comprises at least
either:

- an accelerometer (9) configured to de-
tect said car acceleration,
- a pressure sensor (10) configured to
detect said shaft pressure,
- a position sensor (3) configured to de-
tect over time said car position of said
car (101) between said plurality of
floors by communicating with a refer-
ence position indicating device (106)
arranged at a reference floor of said plu-
rality of floors.

10. A fault detection kit (20) for a lift system (100), com-
prising at least one fault detection device (1) accord-
ing to any one of claims 8 to 9, connectible to said
car (101), preferably on a roof of said car (101) near
said at least one car door (102), and at least one
guide sensor (110) associable with at least one guide
(111) along which said car (101) is running, wherein
said at least one guide sensor (110) comprises at
least one guide inclinometer.

11. A fault detection kit (20) for a lift system (100) ac-
cording to the preceding claim, comprising at least
one guide accelerometer, a reference position indi-
cating device (106) of a reference floor of said plu-
rality of floors, preferably a ground floor, installable
at a floor door of said reference floor, preferably
wherein said at least one reference position indicat-
ing device (106) is a magnet; and/or wherein said
fault detection kit (20) comprises at least one motor
accelerometer (109) installable at a motor (112) of
said lift system (100) to detect vibrations of said mo-
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tor (112);

and/or wherein said fault detection kit (20) com-
prises at least one guide sensor (110) associa-
ble with at least one guide (111) along which
said car (101) is running, wherein said at least
one guide sensor (110) comprises at least one
guide inclinometer and/or at least one guide ac-
celerometer;
and/or wherein said accelerometer (9) being
configured to detect car vibrations when said car
(101) is moving along said shaft, said acceler-
ometer (9) being configured to detect car door
vibrations when said at least one car door (102)
is moving relative to said car (101), said accel-
erometer (9) being configured to detect shaft vi-
brations when said car (101) and said at least
one car door (102) are stationary relative to said
shaft,
and/or
said position sensor (3) is a magnetometer and
said reference position signaling device (106) is
a magnet fixed to a floor door of said reference
floor of said plurality of floors, preferably a
ground floor, to detect the current car position
of said car (101) relative to said magnet (106);
and/or wherein said sensor module (2) compris-
es a temperature sensor configured to detect
the temperature in said shaft,
and/or wherein said signal converter module (6)
is electrically connectible to an alarm button
(107) of said car button panel (105) by means
of a third electrical connection (11) and/or a car
roof alarm button so that when said alarm button
(107) is activated, said sensor module (3) is con-
figured to send an alarm signal to said cloud
server (200),
and/or wherein said signal converter module (6)
is electrically connectible by means of a fourth
electrical connection (12) to a maintenance but-
ton (108) of said car button panel (105) and/or
a car roof maintenance button such that when
said maintenance button (108) is activated, said
sensor module (3) is configured to send a per-
formed maintenance signal to said cloud server
(200).

12. A lift system (100) comprising

- at least one car (101) movable in a shaft be-
tween a plurality of floors, said car (101) being
provided with at least one car door (102) and
each floor of said plurality of floors being provid-
ed with at least one floor door, wherein said car
(101) comprises a car button panel (105) com-
prising at least a second floor second button
(104); and
- a fault detection device (1) according to any

one of the claims from 8 to 9, wherein said fault
detection device (1) is fixed to said car (101) and
electrically connected to at least said second
floor second button (104).
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