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DESCRIPTION

[0001] The present invention relates to a device and procedure for the monitoring and control
in telescopic light towers.

Technical field

[0002] This invention relates to the field of means for controlling conditions of installation,
operation and assurance of structural safety and prevention of tipping in telescopic light
towers, preferably transportable ones.

[0003] The fundamental aim of the invention is to develop a monitoring and control device and
procedure that enables automatic adjustment of the mast height and the height and pressure
on the support elements of the base of a telescopic tower, in such a way that the risk of tipping
is minimised and maximum deployment of the mast is permitted.

Background of the invention

[0004] Currently the need for lighting or additional lighting has led to widespread use of stand-
alone light towers in many environments, from construction sites to public events. Given the
functionality of these devices, most of them consist of a mast of a greater or lesser length,
which is typically telescopic, and which is deployed to position the spotlight as high as possible,
this way illuminating a larger area.

[0005] Safe use of telescopic light towers means structural safety and prevention of tipping
must be ensured in all conditions of tower use.

[0006] In the design phase of a telescopic light tower it must be guaranteed that the tower
complies with current regulations on structural safety and prevention of tipping.

[0007] However, in spite of ensuring a good design of the telescopic tower, its structural safety
and prevention of tipping may be jeopardised by the conditions in which the tower base is
installed, the conditions in which the mast is deployed and other factors external to the
installation of the base itself.

[0008] Some of these factors relating to the installation of the telescopic tower directly affect
structural safety and/or the tipping moment.

[0009] These direct factors comprise for example mechanical factors relating to the different
parts of a telescopic light tower such as:
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» Horizontality of the telescopic light tower base elements and even distribution of the load
on the telescopic tower support elements;

¢ Level of extension of the mast;

» Orientation of the floodlights which determine the effective surface area facing the wind
in specific working conditions;

o Deterioration of the quality or strength of the tower's structural elements.

[0010] Other direct factors comprise site constraints such as:

¢ Characteristics of the terrain, such as ground strength and others;
Presence of obstacles on the terrain which may hinder correct installation;

Slope or gradient of terrain;
» Presence of objects or obstacles that affect the extending of the mast.

[0011] However, there are other external factors that may indirectly affect structural safety
and/or cause the structure to tip over when the tower is in use.

[0012] Such indirect factors comprise:

* Ambient factors, wind, rain, ice, etc.;
» Conditions of use and handling of the tower, impacts, blows, etc. ;
e The surface area facing the wind.

[0013] On the basis of this, solutions have been proposed which define the essential structure
or intend to incorporate additional functions.

[0014] Hence, patent GB2491421 describes a mobile light tower comprising a base unit
including an extendable mast adapted to move between a retracted position and an extended
position, including a controller and a wind speed sensor, the controller being adapted to lower
the extendable mast to an intermediate position, between the retracted position and the
extended position, when the wind sensor detects that a predetermined wind speed has been
exceeded.

[0015] Another solution is presented in patent AU2010100828 in which a solar light tower is
described, comprising a retractable mast, a wind speed detector that acts to retract the mast
when the wind speed exceeds a predetermined threshold and also including GPS tracking
means and a high voltage proximity alert system.

[0016] Another solution is presented in WO2006047836 in which a portable lighting tower is
described, comprising a chassis mounted on a plurality of wheels, a cabin mounted on the
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chasis and an extendable mast. An automated process being further described, in which the
cabin is levelled by controlling four stabilizers provided in each of the four corners of the cabin
to engage the ground.

[0017] The use of wind gauges or levelling the cabin as a means of ensuring mast stability
would not be useful for detecting other conditioning factors that could cause the tower to
collapse, such as impacts by machinery, landslides, ground vibrations due to explosions or to
machinery or mechanical failures in the tower itself.

Description of the invention

[0018] To overcome the aforementioned problems, a device and procedure of monitoring and
control in telescopic light towers have been devised to carry out the automatic control of
installation and operating conditions in order to assure structural safety and prevention of
tipping in telescopic light towers, being adaptable to both newly manufactured telescopic
towers and already existing ones.

[0019] The device for the monitoring and control of a telescopic light tower according to the
invention comprises at least one lower sensor module positioned on or near the base of the
telescopic light tower which lower sensor module comprises sensors;

whereby the device further comprises at least one upper sensor module positioned on or near
the mast of the telescopic light tower which upper sensor module comprises sensors;

whereby the device further comprises an electronic control, module which comprises:

 One or several inputs connecting to a lower sensor module and an upper sensor
module;
* One or several outputs connecting to one or more of the following:

o one or more of the support elements of the base of the tower,
o an extension mechanism of the mast,

o an retraction mechanism of the mast,

o an orientation mechanism of floodlights,

o visual or acoustic aids for user indication;

e A signal adapting mode;
e A processing mode;

whereby the sensors of the upper sensor module are chosen from among:

» at least one distance sensor (9) positioned at the top end of the mast (3),
» at least one measuring sensor (10) of the deformation of the mast (3),
e one or more accelerometers (11) and/or gyroscope sensors of positioning and relative
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situation, positioned at points on the mast (3),
» atleast one height sensor (12) .

[0020] The sensors from the at least one lower sensor module are preferably chosen from
among:

* At least one pressure sensor to measure the force exerted on the support elements of
the base. These sensors may be resistive, capacitive, piezoelectric or of any other type
capable of detecting pressure on the support elements. The invention is however not
limited to these types.

 One or more acceleration and/or gyroscope sensors, positioned on the base of the
telescopic light tower to detect its position and relative situation.

[0021] The sensors from the at least one upper sensor module are preferably chosen from
among:

» At least one distance sensor positioned at the upper end of the telescopic mast to detect
objects that may affect the installation of the telescopic light tower. These sensors may
be ultrasonic, laser or of any other type capable of detecting objects at a distance,
allowing to act on the system in the event of detection. However, the invention is not
limited to these types.

* At least one measuring sensor for the deformation of the mast. These sensors, which
may be resistive, capacitive, piezoelectric or of any other type capable of detecting
deformation of the mast or of the section of the mast on which they are placed.
However, the invention is not limited to these types.

 One or more accelerometers and/or gyroscope sensors, positioned at points on the
mast to detect its position and relative situation.

¢ At least one height sensor to determine the height of the mast end at all times, which
may be an ultrasonic, laser or rotary encoder type sensor. However, the invention is not
limited to these types.

[0022] The aforementioned processing mode of the electronic control module allows for the
processing of data received from the lower sensor module, upper sensor module or any other
integrated in the telescopic light tower, having the capacity to calculate values that will
determine safe operating parameters for the telescopic tower in which the device is installed,
based on the data supplied by the sensors, the said values including, but not being limited to,
those relating to predefined thresholds or limit values.

[0023] Preferably, the electronic control module is provided with a start pushbutton.
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[0024] Preferably, the electronic control module is provided with one or more auxiliary outputs
for the connection of other towers or alarm outputs for external elements.

[0025] The procedure according to the invention of monitoring and control in telescopic towers
by means of the device according to the invention, for the automatic control of the conditions of
installation, operation and assurance of the structural safety and prevention of tipping,
comprises the following phases:

* Phase 1 of initialisation comprising the step of installing the device on the telescopic light
tower;

* Phase 2 comprising the steps of monitoring and control of the installation of the tower
base;

e Phase 3 comprising the steps of monitoring and control of the deployment of the
telescopic mast;

¢ Phase 4 comprising the steps of the monitoring and control of the operating conditions of
the telescopic light tower,

whereby, phase 1 of the initialization comprises the step of installing at least one lower sensor
module at, least one upper sensor module and an electronic control module on the telescopic
light tower, directly connecting the electronic control module, by means of the output
connections in order to act on one or more of the following:

» the support elements of the base of the telescopic light tower,

¢ the mast extension mechanism,

» the mast retraction mechanism,

« the floodlight orientation mechanism,

» the visual or acoustic indicator aids for users,

» other towers or alarm outputs for elements that are external to the system described,

whereby the signal adapting mode will adapt the data transmitted by the at least one lower
sensor module (4) and/or at least one upper sensor module (8) or any other integrated in the
telescopic light tower (1) and whereby the processing mode will process the data received from
the at least one lower sensor module (4) and/or at least one upper sensor module (8) or any
other integrated in the telescopic light tower (1), calculating and determining safe operating
parameters or indicators or levels based on predefined critical and warning thresholds or limit
values.

[0026] Next, the electronic control module can be connected to the lower and upper sensor
modules and the connection between them is checked.

[0027] Then, the signal adapting mode of the electronic control module allows for the adapting
of data transmitted by the one or more lower and/or upper sensor modules or any other

integrated in the telescopic light tower.

[0028] The date can be analogue or digital data, which is transmitted to the electronic control
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module, by wired connection, via standard or dedicated protocols, or wirelessly, via standard or
dedicated protocols, by one or more lower sensor modules, upper sensor modules or any
other integrated in the telescopic light tower.

[0029] Subsequently, the following thresholds are checked

Base warning threshold,
Base critical threshold,
e Mast warning threshold,
Mast critical threshold.

[0030] For example, through the processing mode of the electronic control unit, calculation of
one or more of the following indicators or levels, which can be used in the following phases of
the procedure, can be done:

e The base equilibrium indicator is an indicator proportional to the horizontality of the base
and to the distribution of loads among the support elements. This indicator is calculated
from the monitoring signals of the lower sensor module.

* The mast equilibrium indicator is an indicator proportional to the relative position of the
top end of the mast in relation to the reference position of the base and it is calculated
based on the signals of the measuring sensors integrated in the upper sensor module
and the signals of the pressure sensors integrated in the lower sensor module.

e The current mast extension level is determined by means of the signals from the height
sensor of the upper sensor module, either directly or by calculation and it defines the
height of the mast end at any time.

o The safe mast extension level is determined bearing in mind the base equilibrium
indicator values and the mast equilibrium indicator values calculated at any time, the
signals of the distance sensor, the height sensor and any other relevant sensor that
defines mast extension for safe operation.

* The allowable mast extension level is the maximum extension level permitted, which is
calculated as the minimum value of the following values:

o the distance from the base of the telescopic light tower to the nearest object in the
intended mast extension path,

o the maximum extension length of the mast according to its design, and
o the maximum extension length of the mast defined by the user.

e The maximum mast extension level is the maximum extension level, in the phase of
monitoring and control of mast deployment, for which a mast equilibrium indicator lower
than the mast warning threshold is obtained.
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Phase 2 of monitoring and control of the installation of the telescopic light tower base.

[0031] Preferably, this phase begins when the start pushbutton is activated or when the device
is powered. The device will then receive certain signals in the lower sensor module, typically
contact or power signals, via the pressure sensors.

[0032] Next, the electronic control module calculates the equilibrium indicator for the base
using signals from the lower sensor module.

[0033] The equilibrium indicator is proportional to the horizontality of the base and to the
distribution of loads among the support elements. Hence it is assumed that, in the event that
any of the telescopic light tower support elements, is not in contact with the ground, an
indicator value that is higher than the critical threshold of the base will be obtained.

[0034] Then, the equilibrium indicator of the base is compared against the predefined
thresholds of the base in terms of structural safety and prevention of tipping, the warning
threshold of the base and the critical threshold of the base, and, depending on the result of this
comparison, one of the following actuation strategies is activated:

» Validation of the correct installation of base and calibration of the lower sensor module,
with the "Base installation correct” signal being activated internally.

o If the base equilibrium indicator is less than the warning threshold of the base, the
installation of the base of the telescopic light tower is considered to be correct in terms of
structural safety and prevention of tipping.

o The device calibrates the lower sensor module in that position to use it as the
reference position for the installation of the base.

o The process may continue to the following phase in the procedure, the "Base
installation correct” signal being activated internally.

o Assistance for the correct installation of the base.

o If the base equilibrium indicator is equal to or higher than the warning threshold of the
base, it is considered that the installation of the base of the telescopic light tower does
not satisfy minimum requirements of structural safety and prevention of tipping moment.

o The device determines the strategy for actuation on the support elements of the tower
base for its correct installation, activating the outputs for the support elements of the
tower base and/or the outputs for the acoustic or visual aids.

o This actuation strategy considerably reduces the time required to correctly install the
base as it aids the operator in charge of installation during the process.
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o Via the processing mode, repeated calculations of the base equilibrium indicator are
carried out, comparing them with the warning and critical thresholds of the base and
defining of an actuation strategy until the correct conditions for installing the tower base
are met.

[0035] In this phase the effects that affect the stability and correct installation of the base of the
telescopic light tower are taken into consideration. It is quite possible that, in addition to the
wind, other weather conditions (rain, hail, snow and/or formation of ice) or other factors
affecting the state of the ground where the telescopic light tower is put into operation, may
affect the stability of the tower base and cause the telescopic light tower setup to be unstable.

[0036] External causes of a same magnitude may affect the stability of a telescopic tower
differently depending on the design characteristics and installation.

[0037] For example, the same wind speed may jeopardise the stability of a tower that is too
high or that has not been installed correctly, while not affecting the stability of a tower with a
correctly installed base and with floodlights oriented differently.

[0038] Traffic and/or nearby activities may also cause vibrations and affect the correct
installation of the light tower: for example, at a mine, when trucks pass near to a light tower.

Phase 3 of monitoring and control of the deployment of the telescopic mast.

[0039] Preferably, this phase begins when the "Base installation correct" signal is activated,
receiving and processing the monitoring signals from the upper sensor module and the lower
sensor module.

[0040] Subsequently, the device activates the signals acting on the mast extension and/or
retraction mechanism and/or the visual or acoustic aids for the extension or retraction of the
mast, limited to the allowable extension level, calculating the following values:

» the presence of objects in the intended mast extension path,
o the maximum extension length according to the design, and
« the maximum extension level defined by the user.

[0041] Hereby, the detection of objects is carried out from the inputs of the distance sensors.
Calculations are preferably continuously updated as extending of the telescopic mast
progresses.

[0042] During the process of extending the mast, the processing mode receives signals from
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the upper sensor module and the lower sensor module and it calculates the mast equilibrium
indicator at the current level of mast extension.

[0043] Then, the mast equilibrium indicator is compared against the predefined mast
thresholds in terms of structural safety and prevention of tipping (mast warning threshold and
mast critical threshold) and one of the following actuation strategies is activated depending on
the result of the said comparison:

¢ Maximum mast extension guaranteeing compliance with safety conditions

o If the mast equilibrium indicator is lower than the mast warning threshold and the
current mast extension level is lower than the allowable mast extension level, the device
calculates the safe mast extension level, this being the extension level closest to the
allowable mast extension level that ensures compliance with minimum requirements of
structural safety and prevention of tipping moment and that is lower than the allowable
mast extension level.

o The allowable mast extension level is calculated as the minimum value of the distance
to the nearest object in the mast extension path, the maximum mast extension length,
according to the design, and the maximum mast extension level defined by the user.
The fact that the distance to the nearest object in the path of the mast is taken into
account when calculating the allowable mast extension level, considerably increases
safety during the process of extending the mast.

o The device activates the signals for actuation on the mast extension mechanism and/or
the visual or acoustic aids for the extension of the mast.

o This actuation strategy considerably reduces the time required for correct deployment
of the mast as it aids the operator in charge of installation during the process.

o Once the current mast extension level has been modified, the process starts again with
calculation of the mast equilibrium indicator.

« Validation of correct deployment of the mast and definition of maximum mast extension
level.

o If the mast equilibrium indicator is lower than the mast warning threshold and the
current extension level of the mast is equal to the allowable mast extension level, it is
considered that the current mast extension level is correct in terms of structural safety
and prevention of tipping moment and so the current mast extension level is defined as
the maximum mast extension level.

o The process continues with the following phase of the procedure and activates the
"Mast deployment correct” signal.

* Retraction of the mast to the maximum extension level that ensures compliance with
safety conditions
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o If the mast equilibrium indicator is higher than the mast warning threshold, and lower
than the mast critical threshold, it is considered that the current mast extension level
does not comply with minimum requirements in terms of structural safety and prevention
of tipping moment.

o The device calculates the safe mast extension level, this being the extension level
closest to the current extension level that ensures compliance with the minimum
requirements of structural safety and prevention of tipping moment and that is lower
than the current mast extension level and the allowable mast extension level.

o This reaction, by retracting the mast until a functional and safe operating mode is
found, maintaining stability, maximises the availability of the lighting service, even in
adverse conditions.

o Mast extension is modified manually or automatically by means of the mast retraction
mechanism so that the mast extension is equal to the safe mast extension level. Once
the current mast extension level has been modified, the process starts again, with the
calculation of the mast equilibrium indicator at the current mast extension level.

» Activation of the safety alarm status and modification of the installation conditions of the
base to conditions of maximum safety and stability.

o If the mast equilibrium indicator is higher than the mast critical threshold, it is
considered that the current mast extension level entails a critical risk in terms of
structural safety and the tipping moment risk of the structure. The device activates the
safety alarm status. The following outputs are activated:

o Mast extension is modified manually or automatically by activating the signals for
actuation on the retraction mechanism and/or the visual or acoustic outputs, so that
mast extension is zero, that is, the mast retracts completely.

o The base installation conditions are modified manually or automatically by activating
the signals for actuation on the support elements and/or the visual or acoustic outputs so
that the base is in a safe position.

o The floodlight orienting mechanism is modified to minimise the surface area facing the
wind and to protect the floodlights mechanically. For this purpose, the device activates
the signals for actuation on the floodlight orienting mechanism and/or the visual or
acoustic outputs, so that the floodlights are in a safe position.

o The device is only reactivated when the start pushbutton signal is reactivated.

[0044] From the point of view of operation and lighting service, the device and procedure
proposed maximise the availability of the lighting service even in adverse conditions, which is
an important advantage, due to the fact that in the procedure of automatic adjustment of the
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mast height and adjustment of the height and pressure on the support elements, the device
always aims to maximise deployment of the mast in stable tower operating conditions.

[0045] In the process of extending the mast, the allowable extension level is restricted taking
into account not only design criteria and operating requirements, but also depending on the
detection of objects in the mast extension path, since, if the presence of high-voltage cables or
other objects such as roofs, articulated jibs or machinery around the tower were to be detected
at the telescopic tower site, the device would detect the presence of such an object in the path
and consequently limit the extending of the mast to avoid any possible collision.

Phase 4 of monitoring and control of the operating conditions of the telescopic light
tower.

[0046] Preferably, this phase starts if the "Base installation correct" signal and the "Mast
installation correct” signal are active.

[0047] During the period in which a telescopic tower is in use, different factors may arise,
which directly or indirectly affect the structural safety and tipping moment of the telescopic
tower. Therefore the operating conditions of the tower may need to be modified.

[0048] This is regulated during Phase 4, whereby the electronic control module continuously
receives and processes the signals from the lower sensor module and from the upper sensor
module to calculate the equilibrium indicator of the base and the equilibrium indicator of the
mast, comparing said indicators with the predefined critical and warning thresholds.

[0049] Depending on the result of the comparison of the base equilibrium indicator with its
corresponding thresholds, and the mast indicator with its corresponding thresholds, one of the
following actuation strategies is activated:

» Validation of the operating conditions of the tower and continuation of monitoring and
control

o If the base equilibrium indicator is lower than the base warning threshold and the mast
equilibrium indicator is lower than the mast warning threshold, and the current mast
extension level is equal to the maximum mast extension level, monitoring and control of
the telescopic light tower operating conditions continues.

» Maximum extension of mast guaranteeing compliance of safety conditions

o If the base equilibrium indicator is lower than the base warning threshold and the mast
equilibrium indicator is lower than the mast warning threshold, and the current mast
extension level is lower than the maximum mast extension level, the device calculates
the safe mast extension level, this being the extension level closest to the maximum
mast extension level that ensures compliance with the minimum requirements of
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structural safety and prevention of tipping moment and that is lower than the allowable
mast extension level.

o The allowable mast extension level is calculated as the minimum value of the distance
to the nearest object in the mast extension path, the maximum mast extension length,
according to the design, and the maximum mast extension level defined by the user.
The fact that the distance to the nearest object in the mast's path is continuously taken
into account in the calculation notably increases safety in the process of monitoring and
control of the tower's operating conditions.

o The device activates the signals for actuation on the mast extension mechanism and/or
the visual or acoustic aids for the extension of the telescopic mast, continuing with the
monitoring and control of the tower's operating conditions.

Modification of the operating conditions of the tower to ensure safe operation of the
tower mast.

o If the base equilibrium indicator is lower than the base warning threshold and the mast
equilibrium indicator is higher than the mast warning threshold and lower than the mast
critical threshold,

o Firstly, the device defines the strategy for actuation on the support elements of the
tower base to indirectly influence the correct installation of the mast. The device
activates the outputs for the support elements of the base and/or the acoustic or visual
outputs.

o The device updates the mast equilibrium indicator in the new conditions.

= |If the indicator is lower than the warning threshold, monitoring and control of the
operating conditions of the tower continue.

= If the indicator is higher than the warning threshold and lower than the critical
threshold,

o the device calculates a safe mast extension level and activates the signals for
actuation on the mast retraction mechanism and/or the visual or acoustic aids, for
retraction of the telescopic mast.

o This reaction, by retracting the mast until a functional and safe operating mode is
found, maintaining stability, maximises the availability of the lighting service, even
in adverse conditions.

o Monitoring and control of the operating conditions of the tower continue.

= If the indicator is higher than the critical threshold, the device activates the safety alarm
status.

Modification of the operating conditions of the tower to ensure safe operation of the
tower base.
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o If the base equilibrium indicator is equal to or higher than the base warning threshold
and lower than the base critical threshold, the device first defines the strategy for
actuation on the base support element, to indirectly influence correct installation of the
mast.

o The device activates the outputs for the support elements of the tower base and/or the
acoustic or visual outputs.

o The device updates the mast equilibrium indicator in the new conditions.

o If the indicator is lower than the warning threshold, monitoring and control of the
operating conditions of the tower continue.

o If the indicator is higher than the warning threshold, and lower than the critical
threshold, the device calculates a safe mast extension level and activates the
signals for actuation on the mast retraction mechanism and/or the visual or
acoustic aids, for retraction of the telescopic mast. Monitoring and control of the
operating conditions of the tower continue.

o If the indicator is higher than the critical threshold, the device activates the safety
alarm status.

o Activation of the safety alarm status and modification of base installation conditions to
conditions of maximum safety and stability.

o If the base equilibrium indicator is equal to or higher than the base critical threshold, or
if the mast equilibrium indicator is higher than the mast critical threshold, the device
activates the safety alarm status.

o Mast extension is modified manually or automatically by activating the signals for
actuation on the retraction mechanism and/or the visual or acoustic outputs, so that
mast extension is zero, that is, the mast retracts completely.

o The base installation conditions are modified manually or automatically by activating
the signals for actuation on the support elements and/or the visual or acoustic outputs so
that the base is in a safe position.

o The floodlight orienting mechanism is modified to minimise the surface area facing the
wind and to protect the floodlights mechanically. For this purpose, the device activates
the signals for actuation on the floodlight orienting mechanism and/or the visual or
acoustic outputs, so that the floodlights are in a safe position.

[0050] A person skilled in the art will easily comprehend that the characteristics of different
embodiments can be combined with the characteristics of other possible embodiments,
provided that the combination is technically possible.

Advantages of the invention
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[0051] The device and procedure of monitoring and control in telescopic light towers that is
advocated, affords numerous advantages over those currently used, notably its application
prevents the collapse of the light tower, by ensuring the stability of the telescopic tower rather
than merely reacting to the external factors that could affect stability.

[0052] Incorporating the device that is the object of the invention in telescopic light towers,
permits to react by retracting the mast until a functional and safe operating mode is found,
maintaining stability, in the event of detecting conditioning factors that could cause the collapse
of the tower, such as impacts by machinery, landslides, ground vibrations due to explosions or
machinery or mechanical failures in the telescopic tower itself. Given that the device reacts in
an active manner, it is capable of extending the mast again, to reach the allowable extension
level, once the factors compromising stability have ceased

[0053] Another advantage resulting from the previous one is the stability of the telescopic
tower that is obtained with the implementation of the device, allowing a stable position to be
maintained in adverse weather conditions such as rain, hail, snow and/or the formation of ice.

[0054] Another important advantage is that stability of the telescopic tower is guaranteed by
means of an electronic module in constant communication with at least one lower sensor
module, positioned on the base of the telescopic tower and at least one upper sensor module,
positioned on the mast, automatically maintaining the levels of equilibrium of the base and
allowable extension of the mast according to ambient conditions, the physical characteristics of
the terrain, the slope or gradient of the terrain and the conditions of use and handling of the
tower, impacts, blows, etc.

[0055] As an added advantage, it is important to note that the electronic control module
includes a signal adapting mode and a processing mode in which the predefined thresholds or
limit values are included, acting directly on the support elements of the base, the mast
retraction and extension mechanisms, the orientation of the floodlights and the visual or
acoustic aids.

[0056] Additionally, the device maximises availability of the lighting service, even in adverse
conditions, due to the fact that in the procedure of automatic adjustment of the mast height and
adjustment of the height and pressure on the support elements of the base, the device always
aims to maximise the deployment of the mast in stable tower operating conditions.

[0057] An important and noteworthy advantage is that the monitoring and control procedure of
the device achieves a considerable reduction in the time required to correctly install and deploy
the telescopic tower, as it assists the operator in charge of installation during the process.

[0058] Along the same lines, an advantage to be highlighted is that the monitoring and control
procedure of the device notably increases safety in the process of extending the mast, given
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that it limits the allowable extension level taking into account not only design criteria and
operating requirements but also depending on the detection of objects in the mast extension
path.

[0059] Finally, and also in relation to safety, an added advantage is that during the monitoring
and control procedure of the device, a safety alarm status is activated if critical conditions in
the mast and/or on the base are detected, proceeding to totally retract the mast and to modify
the installation conditions of the base to conditions of maximum safety and stability.

Description of the figures

[0060] To gain a better understanding of the object of this invention, a preferred practical
embodiment is shown in the drawing attached.

Figure 1 shows a schematic view of a telescopic light tower incorporating the device and its
preferred position.

Figure 2 shows a schematic view of the lower sensor module and upper sensor module
connected to an electronic control module.

Preferred embodiment of the invention

[0061] The conformation and characteristics of the invention can be better understood in the
following description that relates to the attached figures.

[0062] As can be seen in figure 1, a schematic view is provided of a telescopic light tower 1
with a base 2 and a mast 3.

[0063] The base 2 incorporates a lower sensor module 4 in communication with the support
elements 5 of the base 3, the stability and correct installation of the base 2 being controlled by
means of one or more pressure sensors 6 and acceleration sensors 7.

[0064] It also shows a upper sensor module 8 positioned on the mast 3 in communication with
distance sensors 9, intended to detect objects, measuring sensors 10, intended to detect
deformation of the mast 3, accelerometers or gyroscope sensors 11 to detect the position and
relative situation of the mast 3 and height sensors 12 to define the height of the end of the
mast 3 at all times.

[0065] It shows an electronic control module 13 that receives the signals from the lower
module 4 and the top module 8 for direct actuation on the support elements 5, extension
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mechanism 14 of the mast 3, retraction mechanism 15 of the mast 3, orientation mechanism
16 of the floodlights 17 of the telescopic light tower 1, visual or acoustic aids 18, connection to
other telescopic towers or alarm outputs for external elements 19, via a signal adapting mode
and a processing mode, automatically maintaining the equilibrium levels of the base and the
allowable mast extension, depending on ambient conditions, physical characteristics of the
terrain, the slope or gradient of the terrain and the conditions of use and handling of the tower,
impacts, blows, etc.

[0066] The electronic control module 13 is further provided with a start pushbutton 20 to
activate the module 13.

[0067] Figure 2 shows a flow diagram indicating an electronic control module 13 receiving
signals from at least one lower sensor module 4 with pressure sensors 6 and acceleration
sensors 7 and from at least one upper sensor module 8 with distance sensors 9, measuring
sensors 10, accelerometers or gyroscope sensors 11 and height sensors 12.

[0068] It also shows the connection of the electronic control module 13 to the support
elements 5 of the base 2, the extension mechanism 14 and the retraction mechanism 15 of the
mast 3, the orientation mechanism 16 of the floodlights 17, the visual or acoustic aids 18 and
auxiliary outputs 19 to proceed to actuate on them during a procedure developed in the
following phases:

* Phase 1 of initialisation

* Phase 2 of monitoring and control of the installation of the tower base

* Phase 3 of monitoring and control of the deployment of the telescopic mast and

* Phase 4 of monitoring and control of the operating conditions of the telescopic light
tower.

[0069] The electronic control module 13, the upper sensor module 5 and the lower sensor
module 4 together form a device 21 according to the invention.

[0070] The present invention is in no way limited to the form of embodiment described by way
of an example and represented in the figures, however, such a device for the monitoring and
control of a telescopic light tower and a procedure of monitoring and control in telescopic light
towers by means of such a device can be realized in various ways without leaving the scope of
the invention.
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Patentkrayv

1. Fremgangsmade til overvagning og styring af et teleskopisk lystarn (1), hvor
det teleskopiske lystarn (1) er forsynet med en indretning (21), der omfatter
mindst et nedre sensormodul (4), der er anbragt pa eller naer ved basen (2) af
det teleskopiske lystarn (1), hvilket nedre sensormodul (4) omfatter sensorer
(6, 7); hvor indretningen (21) yderligere omfatter mindst et gvre sensormodul
(8), der er anbragt pa eller neer ved masten (3) af det teleskopiske lystarn (1),
hvilket gvre sensormodul (8) omfatter sensorer (9, 10, 11, 12), og hvor indret-
ningen (21) yderligere omfatter et elektronisk styremodul (13), omfattende en
eller flere inputs, der er forbundet til et nedre sensormodul (4), og et gvre sen-
sormodul (8); kendetegnet ved, at det omfatter fglgende faser:

» Fase 1 med initialisering, der omfatter trinnet med at installere indretningen
(21) pa det teleskopiske lystarn (1);

* Fase 2, der omfatter trinnene med at overvage og styre installation af basen
(2) til det teleskopiske lystarn;

 Fase 3, der omfatter trinnene med at overvage og styre anvendelse af ma-
sten (3);

* Fase 4, der omfatter trinnene med at overvage og styre driftsforholdene for
det teleskopiske lystarn (1);

hvor fase 1 med initialiseringen omfatter trinnet med at installere mindst et
nedre sensormodul (4), mindst et gvre sensormodul (8) og et elektronisk sty-
remodul (13), idet det elektroniske styremodul (13) er direkte forbundet via
output-forbindelserne for at indvirke pa en eller flere af fglgende:

* stgtteelementer (5) til basen (2) af det teleskopiske lystarn (1),

+ udtraekningsmekanisme (14) til masten (3),

« tilbagetraekningsmekanisme (15) til masten (3),

+ orienteringsmekanisme (16) til projektgrerne (17),

» visuelle eller akustiske hjeelpemidler (18) til brugerangivelse,

+ ekstra outputs (19), hvor den elektroniske styreindretning yderligere omfatter
en modus til signaltilpasning og en modus til behandlingstilpasning;

hvor modus til signaltilpasning vil tilpasse de data, der sendes fra det mindst
ene nedre sensormodul (4) og/eller det mindst ene @gvre sensormodul (8) eller
andet, der er integreret i det teleskopiske lystarn (1), og hvor behandlingsmo-
dus vil behandle de data, der er modtaget fra det mindst ene nedre sensormo-
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dul (4) og/eller det mindst ene gvre sensormodul (8) eller andet, der er inte-
greret i det teleskopiske lystarn (1), med beregning og bestemmelse af sikre
driftsparametre eller indikatorer eller niveauer, baseret pa foruddefinerede kri-
tiske og advarende teerskler eller graenseveerdier.

2. Fremgangsmade til overvagning og styring ifglge krav 1, kendetegnet ved,
at behandlingsmodus for det elektroniske styremodul (13) i fase 1 med initiali-
sering beregner mindst en eller flere af fglgende indikatorer eller niveauer, der
bliver anvendt i de felgende faser af fremgangsmaden:

+ Ligevaegtsindikator til basen (2),

+ Ligevaegtsindikator til masten (3),

+ Aktuelt udtraekningsniveau for masten (3),

+ Sikkert udtraekningsniveau for masten (3),

» Tilladeligt udtreekningsniveau for masten (3),

» Maksimalt udtraekningsniveau for masten (3),

3. Fremgangsmade til overvagning og styring ifelge krav 1 eller 2, kendeteg-
net ved, at fase 2 med overvagning og styring af installationen af basen (2) til
det teleskopiske lystarn (1) omfatter fglgende trin:

« at trykke pa starttrykknappen (20) eller at tilslutte indretningen,

+ at beregne ligevaegtsindikatoren for basen (2) proportionalt med med basens
(2) horisontalitet og med fordelingen af belastning blandt stgtteelementerne
(5) via de signaler, der er modtaget i det mindst ene nedre sensormodul (4),

» at sammenligne basens (2) ligevaegtsindikator med en foruddefineret kritisk
og advarende taerskel for basen og at aktivere en af igangseetningsstrategi-
erne:

+ Validering af korrekt installation af basen (2) og kalibrering af det mindst ene
nedre sensormodul (4) ved at et "Korrekt installation af base"-signal aktiveres
internt,

+ Hjeelp til korrekt installation af basen (2).

4. Fremgangsmade til overvagning og styring ifelge et af de foregaende krav
1 til 3, kendetegnet ved, at fase 3 af overvagning og styring af anvendelse af
masten omfatter fglgende trin:

« nar "Korrekt installation af base"-signalet er aktiveret, aktiverer modtagelse
og behandling af overvagningssignalerne fra det mindst ene gvre sensormodul
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(8) og fra det mindst ene nedre sensormodul (4) efterfalgende igangsaetnings-
signalerne pa udtreekningsmekanismen (14) og/eller tilbagetreekningsmeka-
nismen (15) til masten (3) og/eller de visuelle eller akustiske hjaelpemidler (18)
til udtraekning eller tilbagetraekning af masten (3), idet felgende veerdier bereg-
nes:

o tilstedeveerelse af genstande i den tilsigtede udtraekningsve;j til masten (3),
o maksimal udtraekningslaengde ifglge udformningen, og

o maksimalt niveau for udtraekningslaengde, som defineret af brugeren;

» under processen med at udtraekke masten (3) at beregne mastens ligeveegts-
indikator pa det aktuelle niveau for udtreekning af masten baseret pa signaler,
der er modtaget fra det gvre sensormodul (8) og det nedre sensormodul (4);

« at sammenligne niveauerne og indikatorerne med foruddefinerede kritiske og
advarende teerskler og at aktivere en af fglgende igangsaetningsstrategier:

o Maksimal udtraekning af masten (3),

o Validering af korrekt anvendelse af masten (3) og definition af det maksimale
udtreekningsniveau for masten (3), idet et "Korrekt anvendelse af mast"-signal
aktiveres,

o Tilbagetraekning af masten (3) til det maksimale udtraekningsniveau,

o Aktivering af status for sikkerhedsalarm og tilpasning af installationsforhol-
dene for basen (2) til forhold med maksimal sikkerhed og stabilitet.

5. Fremgangsmade til overvagning og styring ifglge et af kravene 1 til 4, ken-
detegnet ved, at fase 4 med overvagning og styring af driftsforholdene for det
teleskopiske tarn initieres, hvis "Korrekt installation af base"-signalet og "Kor-
rekt installation af mast"-signalet er aktive, hvor det elektroniske styremodul
(13) modtager og behandler signalerne fra det mindst ene nedre sensormodul
(4) og fra det mindst ene gvre sensormodul (8) for at beregne ligevaegtsindi-
katoren for basen (2) og ligevaegtsindikatoren for masten (3), idet indikatorerne
sammenlignes med foruddefinerede kritiske og advarende teerskler, hvor en af
felgende igangsaettelsesstrategier aktiveres:

+ Validering af driftsforholdene for det teleskopiske lystarn (1),

» Maksimal udtraekning af masten (3),

« Justering af sikre driftsforhold for masten (3),

+ Justering af sikre driftsforhold for basen (2),

+ Aktivering af en status for sikkerhedsalarm og justering af installationsforhol-
dene for basen til forhold med maksimal sikkerhed og stabilitet.
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