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(57) Abstract: A load monitoring system (14) is provided for a mobile work platform that includes an operator platform (6), a
base (2) and a lift mechanism (5) for lifting the operator platform relative to the base. The load monitoring system includes a load
cell (12) for monitoring the load on the operator platform (6) and a control device (16) for controlling operation of the work plat-
form, wherein the control device (16) is constructed and arranged to sense and monitor both static and dynamic loads on the oper-
ator platform.
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LOAD MONITORING SYSTEM

The present invention relates to a load monitoring system for a work platform and to a work
platform having a load monitoring system. In particular but not exclusively the invention

relates to mobile work platforms and load monitoring systems therefor.

Mobile work platforms typically include a cage or platform that is designed to receive one
or more human operators. The cage is mounted on a lift mechanism, such as a hydraulic
boom or a scissor lift mechanism, that allows its height to be adjusted. The mdbile work
platform also includes a wheeled or tracked chassis, which allows it to be moved easily to
a desired location. Various types of mobile work platform are available, including self-

propelled, self-drive, trailer and vehicle-mounted platforms.

A load monitoring system is generally included to provide cage overload protection. Cage
overload protection is required on maobile elevating work platforms as defined by European
standard EN280:2001 Amendment 1. European standard EN954 is cited by EN 280 and
describes the requirements for safety switches in electrical systems providing overload
protection. EN954 Category 3 requires that common mode faults resulting from damage |
to the protection system are taken into account, if the probability of such a fault occurring

is significant.

The main requirement of the aforesaid standards is that the load monitoring system
monitors the static load and either provides an alarm or restricts operation of the work
platform if the static load exceeds a predetermined limit. During operation of the work
platform the dynamic load on the cage may increase or decrease depending on the
acceleration of the operator cage. To avoid unintentional activation of the control system
whenever the dynamic load exceeds the predetermined limit, the overload protection system

is generally disabled during operation of the work platform. The static load safety limit is
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therefore set at a relatively low level to provide a safety margin that is sufficient to
ensure that dynamic loads encountered during normal operation of the work platform
do not jeopardise its stability.

Although the aforesaid safety standards provide a good degree of protection when the
work platform is being operated correctly, dangers can still arise through careless or
inattentive use. For example, when the work platform is being operated in the vicinity
of an overhead obstruction, there is a danger that the operator platform may be driven
into the obstruction by operation of either the lift mechanism or the drive mechanism
for the wheels or tracks. This may endanger a human operator occupying the platform.
A load monitoring system of the type described above would provide no protection in
such a situation, as it would be disabled during operation of the lift mechanism or the
drive mechanism.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is not to be taken as an admission that any or
all of these matters form part of the prior art base or were common general knowledge
in the field relevant to the present disclosure as it existed before the priority date of
each claim of this application.

Throughout this specification the word "comprise”, or variations such as "comprises" or
“"comprising", will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,
integer or step, or group of elements, integers or steps.

According to one aspect of the present invention there is provided a load monitoring
system for a work platform having an operator platform, a base and a lift mechanism for
lifting the operator platform relative to the base, the load monitoring system including a
load cell for monitoring the load on the operator platform and a control system for
controlling operation of the work platform, wherein the control system is constructed
and arranged to sense and monitor both static and dynamic loads on the operator
platform and includes means for measuring the static load on the operator platform,
means for sensing movement of the operator platform, means for predicting from the
sensed movement the dynamic load on the operator platform, means for comparing the
actual load with the predicted dynamic load, and means for providing an alarm and/or
restricting operation of the work platform if the difference between the actual load and
the predicted dynamic load exceeds a predetermined limit.
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The system is able to operate continuously during movement of the operator cage and
to distinguish between static, dynamic and impact loads. It is therefore able to prevent
damage to the platform caused by impacting an obstruction, and to protect the operator
of the platform against possible injury.

The ability of the load monitoring system to distinguish between static and dynamic
loads also allows use of the platform to be monitored continuously without causing the
lift mechanism drive to cut out whenever the dynamic load caused by acceleration of
the operator cage exceeds the predetermined maximum static load. The system does
not
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therefore suffer from "nuisance tripping", which can be very annoying for the operator. It
also reduces the risk of the operator being stranded in mid air if the system cuts out while
the platform is elevated. Furthermore, data relating to usage of the platform can be
continuously collected and stored for later analysis in the event of an accident, or for

maintenance and repair purposes.

Advantageously, the control system includes means for measuring the static load on the
operator platform, means for sensing movement of the operator platform, means for
predicting the dynamic load on the operator platform, means for cbmparing the actual load
with the predicted dynamic load, and means for providing an alarm and/or restricting
operation of the work platform if the difference between the actual load and the predicted

dynamic load exceeds a predetermined limit.

The means for sensing movement of the operator platform may include means for sensing
operation of the lift mechanism and/or means for sensing acceleration of the operator

platform.

The means for sensing movement of the operator platform may include means for sensing

movement of the base.

The control system may include means for providing an alarm and/or restricting operation

of the work platform if the static load exceeds a predetermined limit.

According to another aspect of the invention there is provided a mobile work platform that
includes an operator platform, a base and a lift mechanism for lifting the operator platform
relative to the base, and a load monitoring system according to any one of the preceding

statements of invention.

Advantageously, the load cell is connected between the lift mechanism and the operator

platform.

An embodiment of the invention will now be described by way of example, with reference

to the accompanying drawings, in which:
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Figure 1 is a front elevation of a mobile work platform according to an embodiment of the

invention, in various operating configurations;

Figures 2a and 2b are schematic side views of a mobile work platform in two different

configurations, and
Figure 3 is a system diagram illustrating the main components of a load monitoring system.

Figure 1 shows a typical mobile work platform according to an embodiment of the
invention, which includes a wheeled base unit 2, a hydraulically operated lift mechanism
comprising a boom 4 and a lifting structure 5, and an operator platform (or cage) 6 for a
human operator 8. The boom 4, which is shown here in various operating configurations,
may be retracted and folded onto the base unit 2 for transportation or storage. Movement
of the boom 4 is controlled by hydraulic cylinders 10, which are connected by hydraulic
hoses (not shown) to a hydraulic drive system. Hydraulic motors may also be provided for
driving the wheels. The components shown in Figure 1 are all conventional and will not
therefore be described in detail. It should be understood that the mobile work platform may

take various alternative forms.

As shown schematically in figures 2a and 2b, the cage 6 is connected to the boom 4 via a
load cell 12. Theload cell 12 is conventional in design and comprises an aluminium block
that acts as a cantilever spring and carries one or more strain gauges, preferably of the
resistive foil type. The strain gauges are connected to a load monitoring system 14, for

example as illustrated in figure 3.

As shown in figure 2a, when the cage 6 is static the load cell 12 supports a downwards load
mg equal to the mass m of the cage and its contents muitiplied by gravity g. It therefore
experiences a positive moment M+ (shown as clockwise in the drawing). The strain in the
load cell produced by this moment is measured by the strain gauges and used to calculate
the static load in the cage. If the load exceeds a predetermined limit, the load monitoring
system 14 sounds an alarm to warn the user and/or activates a cut-out dev{ce to prevent or

restrict operation of the platform.
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During operation of the work platform, the load cell 12 will experience a dynamic load
which is equal to the static load plus an acceleration force component that depends on the
rate of acceleration of the cage 6 and its mass. The acceleration force component may be
positive or negative, depending on the direction of acceleration. For example, if the cage
is accelerating upwards or decelerating downwards, the dynamic load will be greater than
the static load, whereas if the cage is decelerating upwards or accelerating downwards, the

dynamic load will be less than the static load.

In the present invention, the load cell is constructed and arranged to operate both when the
cage is static and also during movement of the cage, so that it detects both the static load
and the dynamic load during operation of the platform. This allows the system to sense

certain potentially hazardous situations, as described in more detail below.

The main components of the load monitoring system 14 are shown in Figure 3. These
include a central processor unit (CPU) 16, which is connected to receive signals from the
load cell 12 and also from one or more additional sensors 18. These additional sensors may
for example be arranged to sense control signals that control operation of the lift
mechanism and/or the drive mechanism, or they may sense actual operation of the lift
mechanism and/or the drive mechanism. Alternatively, one or more of the sensors 18 may
consist of an accelerometer that is attached to the cage to sense the acceleration of the cage

directly.

The CPU 16 is also connected to a control device 20 for controlling operation of the
platform, an alarm device 22, an input/output unit 24 for transferring data or commands to

and from the CPU 16, and a memory device 26 for storing data and/or commands.

During use, the CPU 16 receives a first set of signals from the load cell 12 indicating the
actual load (the static load or the dynamic load) on the cell. It also receives a second set of
signals from the additional sensors 18. The second set of signals relate to the movement

of the cage and the CPU 16 uses these signals to sense or predict that movement.

When the CPU 16 senses that the cage is stationary, it uses the signals from the load cell

12 to sense the static load. This value is recorded in the memory 26. If the static load is



WO 2010/037999 PCT/GB2009/002143

6

less than a pre-determined static load limit, operation of the platform is permitted.

" However, if the static load is greater than the pre-determined static load limit, the CPU 16
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is programmed to respond either by restricting operation of the cage via the control device

20 and/or by generating an overload warning via the alarm device 22.

During operation of the platform, the CPU 16 uses the second set of signals from the
additional sensors 18 to sense movement of the cage and uses these signals to predict the
dynamic load on the cage, based on the known static load and the acceleration of the cage.
The CPU 16 then compares the predicted dynamic load with the actual dynamic load
measured by the load cell 12. ‘If these two values agree to within a pre-determined error
margin, no further action is taken as this indicates safe operation of the platform. However,
if the CPU 16 detects a difference between the predicted dynamic load and the actual
sensed load, and this difference exceeds the pre-determined error margin, it is programmed
to restrict further opération of the platform via the control system 20, and/or to generate a
warning signal via the alarm system 22. In the case where operation of the platform is
restricted, the CPU 16 may be programmed either to prevent all further movement of the
cage, or to allow only restricted movement of the cage, for exampie in a direction that it

determines to be safe.

In this way, the load monitoring system is able to detect various potentially hazardous
situations and take action to warn the operator of the situation and/or protect against an
accident. For example, if during operation of the lift mechanism the cage collides with an
overhead obstruction, this will increase the strain on the load cell. The CPU 16 will sense
the difference between this increasing load and the predicted dynamic load and it will
respond by terminating operation of the lift mechanism in the direction causing the
increasing load. It may however permit movement of the cage in the opposite direction,

allowing the cage to be manoeuvred away from the obstruction.

Similarly, if the cage collides with an obstruction while the platform is being driven from
one location to another, the load monitoring system will detect the difference between the

load sensed by the load cell and the predicted dynamic load, and the CPU 16 will respond
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by deactivating the drive mechanism to the wheels of the platform. In this way, damage to

the platform and harm to the operator of a platform can be prevented.

The system therefore monitors the rate of change of load (acceleration), the load amplitude,
load direction and function activation signals for the lift mechanism and the drive, and
determines the machine's mode of operation by comparing these parameters with known
combinations. Itis therefore able to ascertain Whether the machine is static and overloaded,
operating normally with induced loads in excess of the static load limit, or being driven into
a static object by operation of either the lift mechanism or the drive mechanism. The
system is able to respond as appropriate to any one of these conditions, for example by
suspending machine functions and preventing further activation, by reducing function speed

but allowing continued use, by providing a warning signal or by any combination thereof.

Various modifications of the load detection system are of course possible. For example,
instead of preventing operation of the mobile work platform, the load monitoring system
may be arranged to limit the boom operating speed to a fraction of its normal value. If both
an alarm and a cut-off device are provided, these may have different trigger points so that

the alarm is activated at a lower level than the cut-off device.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

A load monitoring system for a work platform having an operator platform, a
base and a lift mechanism for lifting the operator platform relative to the base, the
load monitoring system including a load cell for monitoring the load on the
operator platform and a control system for controlling operation of the work
platform, wherein the control system is constructed and arranged to sense and
monitor both static and dynamic loads on the operator platform and includes
means for measuring the static load on the operator platform, means for sensing
movement of the operator platform, means for predicting from the sensed
movement the dynamic load on the operator platform, means for comparing the
actual load with the predicted dynamic load, and means for providing an alarm
and/or restricting operation of the work platform if the difference between the

actual load and the predicted dynamic load exceeds a predetermined limit.

A load monitoring system according to claim 1, wherein the means for sensing
movement of the operator platform includes means for sensing operation of the

lift mechanism.

A load monitoring system according to claim 1 or claim 2, wherein the means
for sensing movement of the operator platform includes means for sensing

acceleration of the operator platform.

A load monitoring system according to any one of the preceding claims, wherein
the means for sensing movement of the operator platform includes means for

sensing movement of the base.

A load monitoring system according to any one of the preceding claims, wherein
the control system includes means for providing an alarm and/or restricting

operation of the work platform if the static load exceeds a predetermined limit.

A load monitoring system for a mobile work platform, the system being
substantially as described herein with reference to one or more of the

accompanying drawings.
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A mobile work platform that includes an operator platform, a base and a lift
mechanism for lifting the operator platform relative to the base, and a load

monitoring system according to any one of the preceding claims.

A mobile work platform according to claim 7, wherein the load cell is connected

between the lift mechanism and the operator platform.

A mobile work platform substantially as described herein with reference to one or

more of the accompanying drawings.
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