
WO 02/068310 PCT/GB02/00660  A LOAD MONITORING AND INVENTORY MANAGEMENT
SYSTEM FOR  USE WITH A LOAD CONVEYOR The present invention relates to a
load monitoring system for use with a load  conveyor and more particularly,
but not exclusively, with a load conveyor of a mobile  load carrier such
as, for example, a forklift truck or another load carrying vehicle and
also to an inventory management system using such a mobile load carrier. In
forklift trucks a lifting fork carriage on which a load may be disposed is
raised or lowered by a mast assembly comprising at least one hydraulic jack
having a  sheave at its upper end. A lifting chain is trained around the
sheave and connected at  one end to the lifting fork carriage by an
anchoring assembly and at the other end to a  stationary structure on the
truck. Usually two such chains and sheaves are provided at  laterally
spaced locations. When the hydraulic jack is extended the sheave (or
sheaves) is (are) moved upwardly and the chain (or chains) is (are)
extended in the  vertical direction so as to raise the carriage and load.
During use of the forklift truck  the chain thus bears the load being
lifted on the carriage and is therefore subjected to  significant strain
and wear. Any particular chain will have a maximum recommended  load
capacity for a given height of the carriage. There is an increasing trend
in industry for forklift trucks to be hired or rented  rather than
purchased. This means that servicing of the trucks becomes more
significant for the owner. When a truck is returned after a hire period the
owner .has no  knowledge of how that truck has been used and whether its
recommended load  capacity has been exceeded at any time. The absolute
value of the loads and the load  per unit time carried by the carriage
affects the condition of the lifting chains and  determines when the chain
is likely to fail. At present a decision to replace a particular  chain can
only be based on the number of hours the truck has been out on hire or at  



least recording the time for which the truck is in use. These parameters
bear no  relation to the size of the load carried or the period for which
the truck was engaged in  carrying loads and therefore provide misleading
information. Forklift trucks or similar load carrying vehicles are often
employed in  warehouses, factories or similar environments for transferring
materials between WO 02/068310 PCT/GB02/00660  storage areas and incoming
or outgoing delivery systems. In such environments it is  usually the
responsibility of the forklift truck operator or an attendant warehouse
operator to identify the materials moved, the quantity moved and the
locations  between which they are moved. This system is susceptible to
human error in the  wrong identification of the materials, the quantity
moved or the respective locations.  Such errors may lead to incorrect
storage or delivery of materials and/or erroneous  inventory management
resulting in loss of revenue as a result of, for example,  inefficient use
of time in locating misplaced materials, enforced delay through lack of
materials stock etc. It is an object of the present invention to obviate or
mitigate the aforesaid  disadvantages. According to a first aspect of the
present invention there is provided a load  monitoring system for use with
a load conveyor, the conveyor having a load support  for supporting a load
to be conveyed and a load bearing elongate flexible element  connected
between a drive and the load support for transmitting power from the drive
to the load support, the system comprising a load transducer attachable to
the load  conveyor and for generating an output signal representative of
the load applied to the  elongate flexible element at any particular point
in time; a timing device for  determining the time during which the element
has been used at a particular load,  means for determining from said output
signal the time during which the element has  



been used in a particular load range and means for calculating the
remaining service  life of the element. There may also be provided means
for calculating the absolute value of the  load at any particular time,
means for calculating the number of load cycles over a  predetermined load
value and/or means for calculating the cumulative fatigue damage  to the
elongate flexible element. Preferably there is provided a data collection
device, the output signal of the  load transducer being transmitted to the
collection device. The data collection device  may be is disposed at a
position proximal to or remote from the load conveyor. It may WO 02/068310
PCT/GB02/00660  be a hand-held unit or otherwise and preferably includes a
processor for analysing the  data received. The transmission of data from
the load transducer to the data collection device  is preferably by
wireless communication. The data collection device may be  connectable to a
computer network to allow remote access to the information  contained
therein. The load transducer may be attached to the load support or to the
elongate  flexible element. Preferably the load conveyor is designed to
move the load at least in a vertical  direction and there is provided a
height transducer that generates an output signal  representative of the
height of the load above a predetermined reference height. The elongate
flexible element may be a chain or a cable. The load preferably has
identification data and the conveyor has a data reader  for reading said
load identification data when the load is conveyed. The read load
identification data may be transmitted to a data storage device. It may be
encoded in  the form of a bar code in which case the data reader is a bar
code reader. 



The load conveyor may be a lifting carriage and drive of a mobile load
handler, part of a leisure ride or otherwise. According to a second aspect
of the present invention there is provided a load  conveyor in combination
with a load monitoring system, the load conveyor  comprising a load support
and a load bearing elongate flexible element for  transmitting drive power
to the load support; the load monitoring system comprising a  load
transducer attached to the load conveyor and for generating an output
signal  representative of the load applied to the elongate flexible element
at any particular  point in time, a timing device for determining the time
during which the element has  been used at a particular load, means for
determining from said output signal the time  during which the element has
been used in a particular load range and means for  calculating the
remaining service life of the element. WO 02/068310 PCT/GB02/00660
According to a third aspect of the present invention there is provided a
mobile  load handler having a load monitoring system in combination with a
load conveyor of  the kind defined above, the load conveyor forming part of
the mobile load handler. According to a fourth aspect of the present
invention there is provided a  method for monitoring the load in a load
conveyor, the load conveyor comprising a  load support and a load bearing
elongate flexible element for transmitting drive power  to the load
support, the method comprising the steps of attaching a load transducer to
the load conveyor, the load transducer being configured to generate an
output signal  representative of the load applied to the elongate flexible
element at any particular  point in time, applying a load to the load
support, determining the time during which  the element has been used at a
particular load, determining from said output signal the  time during which
the element has been used in a particular load range and calculating  the
remaining service life of the element. 



According to a fifth aspect of the present invention an inventory
management  system using a mobile load handler, comprising a plurality of
loads each labelled with  load identification data, a plurality of storage
zones each labelled with location  identification data, an incoming load
zone labelled with location identification data,  an outgoing load zone
labelled with location identification data, the mobile load  handler having
a data reader and a data storage device for storing the identification
data read by the data reader, and means for cross-referencing the location
identification data to the load identification data so as to provide a log
of the  movement of a given load by the mobile load handler. The mobile
load handler preferably has a load monitoring system of the kind  defined
above in relation to the first aspect of the present invention or the
combination  of a load monitoring system and a load conveyor as defined
above in relation to the  second aspect of the present invention..
According to a sixth aspect of the present invention there is provided
apparatus  for determining the relative loads on a plurality load-bearing
elongate flexible  elements of a mobile load handler, comprising a
plurality of elongate flexible  elements and anchors therefor for attaching
the elements to the handler, a transducer WO 02/068310 PCT/GB02/00660
attached to each element or anchor and for generating an output
representative of the  load applied to a respective element, means for
comparing the loads and means for  generating an output signal indicative
of unequal loading between the elements. According to a seventh aspect of
the present invention there is provided a  method for determining the
relative loads on a plurality of load-bearing elongate  flexible elements
of a mobile load handler, the elements having anchors for attaching  them
to the load handler and a transducer attached to each element or anchor for
generating a signal representative of the load applied to a respective
element,  



comprising the steps of comparing the load value represented by said
signals and  generating an output signal indicative of the unequal loading
between the chains. Specific embodiments of the present invention will now
be described, by way  of example only, with reference to the accompanying
drawings in which: Figure 1 shows a schematic side view of a forklift truck
fitted with the load  monitoring system of the present invention, the truck
shown carrying a load; Figure 2 shows a schematic front view of a similar
forklift truck to that of  figure 1, the load having been removed for
clarity; Figure 3 shows a lifting chain of a forklift truck fitted with
part of the load  monitoring system of the present invention; Figure 4 is a
diagrammatic view illustrating the collection of information in  accordance
with the method of the present invention; Figure 5 is a block circuit
diagram illustrating an embodiment of how the  collected information is
processed; Figure 6 is a schematic representation showing a warehouse
having an  inventory management system of the present invention; and Figure
7 is an alternative embodiment of the present invention in which an  chain
anchor is fitted with a load transducer of the system of the present
invention;  Referring now to figures 1 and 2 of the drawings, an exemplary
load handling vehicle is shown in the form of a forklift truck 1. At the
front of the truck there is a  pair of laterally spaced, vertically
extending mast assemblies 2 on which a forklift  carriage 3 and the load L
is raised or lowered with respect to the rest of the vehicle. WO 02/068310
PCT/GB02/00660  Each mast assembly 2 comprises a hydraulic cylinder jack 4
for raising and  lowering the carriage 3. The jack 4 is connected at one
end to the vehicle structure and  at a second end to a sheave 5 and is
supplied with pressurised hydraulic fluid via a  



flow line and pump (not shown) that are managed by a lifting jack control
circuit (not  shown). Associated with each mast assembly 2 are three
parallel, laterally spaced  lifting chains 6, each of which is trained over
a respective sheave 5 (or pulley) at the  upper end of the mast assembly 2
such that the two ends 6a, 6b of the chain hang  downwardly. A first end 6a
of each lifting chain 6 is connected to the forklift carriage  3 by an
anchor assembly 7 (for clarity only one assembly is shown in figure 2) and
the  second end 6b is fixed to a stationary structure on the truck. When
the hydraulic jack 4 is extended the sheaves 5 are moved upwardly so  that
the chains 6 ride over them and are extended in a vertical direction so as
to raise  the carriage 3 via the anchor assembly 7. Although this
particular embodiment shows three parallel chains 6 on each  side, any
appropriate number may be used. Referring now to figures 3 to 5, each of
the chains 6 has a particular chain link  8 that is fitted with a sensor
unit S comprising strain gauges and associated electrical  circuitry 9, a
data storage device 10 comprising at least a memory chip, a clock, and a
transceiver 11. The output of the strain gauge circuit 9 is an analogue
electrical signal  that is proportional to the elongation of the chain link
8 as a result of loading. The  signal is therefore indicative of the load
applied to the chain 6 at any point in time.  The output signal of the
strain gauge circuit 9 is converted into digital data ready for  storage
and/or processing and is transmitted to the data storage device 10. If the
sensor unit S is supplemented with a processor and appropriate software an
amount of  analysis of the data may be performed before it is then passed
to the transceiver 11 for  transmission to a remote transceiver 20 that is
connected to a nearby computer 21 or a  hand-held data capture unit 22.
Alternatively, the data may be transmitted directly to  the receiver
without any analysis in the sensor unit S. The computer 21 may be in the
form of a stand-alone PC with appropriate analysis software or may be a
computer  



that is connected in a local or wide area network. WO 02/068310
PCT/GB02/00660  7 The forklift truck may optionally be fitted with
additional means to detect and  transmit other information to the
processor. For example, a carriage height transducer  25 such as a linear
potentiometer or one or more microswitches is positioned on a  stationary
part of the truck frame such that relative movement of the mast assembly
can be monitored. This generates an output signal that is indicative of the
vertical  height of the carriage 3 (and therefore the load) relative to the
rest of the mast  assembly 2 of the truck. A bar code 26 reader is present
on the front of the lifting  carriage 3 or any other suitable position on
the truck and is configured to read bar  code information affixed to the
load L that is being transported and bar code  information disposed in
physical proximity to the storage area from which or to which  the load L
is transported. The bar code on the load L carries unique identification
code  data relating to that load such as, for example, the part number,
order number, or the  mass of the individual items that make up the load.
An embodiment in which a processing capability is present in the sensor
unit S  is illustrated in figure 5. The sensor unit S has the same
components referred to above  but is supplemented with a processor chip 30
and a receiver 31. The processor 30 is  pre-loaded with data relating to
the type of chain being analysed such as, for example,  its type, length,
certification and service history to date. This data may be pre- programmed
into the processor 30 before the chain is fitted to the vehicle, may be
entered with the sensor unit S and chain in-situ by means of a keypad
temporarily  connected to the sensor unit or may be entered remotely and
transmitted from the  transceiver 20 of the computer 21 or the hand-held
data capture unit 22 to the sensor  unit transceiver 11. When the vehicle
is used, the analogue output signal of the strain  



gauge circuit 9 is converted into digital data by an analogue to digital
converter 32  and is passed to a data input port 33 of processor 30 along
with a clock signal 34.  Similarly the output signal of the carriage height
transducer 25 is converted- into  digital data and is passed to another
data input port 35 of the processor 30. The data  scanned in from the bar
code reader 26 is transmitted directly to the processor 30. The  bar code
reader 26 is connected to the audio signal generator 27 that is mounted on
the  truck near the driving position and generates a signal that instructs
the signal WO 02/068310 PCT/GB02/00660 generator 27 to emit an audio
feedback signal to the truck driver when the bar code is  read
successfully. In the embodiment of figure 5 the processor performs some
analysis on the  stored data without the need to download it first. The
processed or semi-processed  data is downloaded in the manner described
above. Downloading of the data may be  achieved by using a wire connection
or by wireless transmission. (e.g. infra-red or  radio-wave). Once the data
is downloaded, software can be used to process and  analyse the information
in a number of ways to assess the chain condition and to  determine whether
the chain needs servicing or replacing. The data can be analysed, for
example, to determine the average number of  hours that the chain has been
used in a particular range of load magnitudes. This  information is more
meaningful and useful to a truck manufacturer, owner or lessor  than a
simple indication of how long the truck has been used. This is because for
a  significant proportion of the time in service the truck is usually not
carrying any load. The data can be analysed to determine the number of
times the load has  exceeded a predetermined threshold for a given carriage
height and/or the absolute  value of those loads. This enables the lessor
to determine how many times the  recommended chain load has been exceeded
and the impact this has on the risk of  



chain failure. Moreover, the lessor is able to determine whether the truck
has been  used to carry loads in excess of an agreed limit and therefore
whether the terms of the  lease have been broken. In that event the lessee
of the truck may be liable for any  damage to the truck. The service
conditions of the chain can be analysed, for example, by applying  Miner's
Rule to the data collected so as to predict the remaining life span of the
chain.  This analysis involves the calculation of the fractional
contribution to fatigue damage  at each load level (and therefore stress
level) in the load spectrum. If n, is the number of load cycles at load
magnitude S, and the expected life  span of the chain (when new) is N,
cycles, the fractional contribution to chain fatigue  damage at load S, is
n,/N,. For any number of different load levels, expected failure is  when
all the fractional contributions add up to unity i.e. when: WO 02/068310
PCT/GB02/00660  n,/N, + n2/N2 + n3/N3 + ........ n./N. = 1  where x is the
number of different load levels. When a factor of design safety is
incorporated into the calculations, the chain  should be replaced when, for
example, the cumulative value of n/N = 0.6. This information is invaluable
to a forklift truck manufacturer, owner or  lessor. In the case of a
lessor, the information can be downloaded when the truck is  returned after
the hire period. In an alternative embodiment of the invention, the work
conditions of the chains are monitored remotely during the use of the truck
by means  of a computer connected to a local or wide area network. The data
stored in the  memory of the sensor unit processor 30 fixed to the chain is
transmitted at periodic  intervals to the transceiver 20 that is connected
into the computer network. The data is  analysed by a software routine
running on the computer network so as to generate  meaningful results. As
described above at least some of the analysis or calculations  



may be performed in a processor 30 that forms part of the sensor unit S
attached to the  chain (as described above). Alternatively the stored data
may be downloaded at  periodic intervals to a hand-held data capture device
22 containing the necessary  memory, processing capacity and software
programs to analyse the data and a display  to convey the information to
the user. The device may receive the data by wireless  communication as
before. If necessary the hand-held unit 22 may be plugged into a  computer
system for further analysis of the data. If the data is processed in real
time or at least after a relatively small time  delay and it is determined
that the chain fatigue life expectancy has been exceeded  then an
appropriate signal may be generated by the processor 30. This signal may be
used to drive an audio or visual alarm to the truck driver or may control a
cut-out  circuit that is used disable the drive of the vehicle.
Alternatively, the processing  routine may calculate a threshold load
magnitude for each height at which the carriage  3 may be disposed. Thus,
when the sensor unit S detects that a load L of a particular  magnitude is
being handled by the carriage 2, the carriage height measurement data is WO
02/068310 PCT/GB02/00660  compared to a threshold value for that load and
if the threshold is exceeded or  equalled a disable signal is sent by the
processor 30 to the lifting jack control circuit  so as to lower the height
of the carriage 2 by retracting the jacks 4 or to disable further
extension of the jacks 4. A comparison of the proportion of the total load
L carried by each chain stand  6 can be performed to identify whether the
tension in any of the chains requires  adjustment. If the data indicates
that one of the chains is carrying too much or too  little of the load then
it is clear that tension adjustment is required. In one particular
embodiment each chain has a sensor unit S of the kind described above with
reference  to figures 3 to 5 including a data storage device 10 and a
transceiver 11. At least one  



of the units S has a processor 30. The output data from the strain gauge
circuit 9 in  each sensor unit S is representative of the load carried by
each chain and is exchanged  by the transceivers 11 of the sensor units S
so that a real time comparison of the load  carried by each chain 6 can be
made by the processor 30. If this comparison shows a  discrepancy between
the chain tensions above a certain predetermined value an output  signal is
generated by the processor 30 to indicate that the tension of a particular
chain  requires adjustment. Referring now to figure 6, in applications
where the forklift truck F is to be  used in a warehousing operation the
bar code reader 26 (or other data reader) on the  truck is used to read the
bar code data (or other data) applied to the loads. A first bar  code 40 is
affixed to each load L or to a pallet on which that load is supported. A
second bar code 41 is affixed to each storage location 42 in the warehouse.
When a  load at an incoming goods section 43 of the warehouse is collected
by the truck, the  first bar code 40 associated with the load L is read and
the data is transmitted to the  processor 30 (whether local or remote). The
audible or visual signal is generated by  the audio signal generator 27 so
as to indicate to the truck operator that the bar code  has been
successfully read. The data carried by the first bar code 40 may be coded
information such as the load type, the mass of each individual part making
up the  load, part number and order number. A memory associated with the
processor 30 is  pre-programmed with a look-up table containing the weight
of each individual item WO 02/068310 PCT/GB02/00660  that might be stored
in the warehouse. Once the bar code data is received by the  processor 30
it can be processed and stored in an appropriate memory location so as to
provide a record of the load being handled. When the load L is being
transported the  load sensor unit S measures the magnitude of the load in
the manner described above  and the data is passed to the processor 30
which uses the look-up table to identify the  



weight per item of the load type that has been read from the bar code. The
processor  30 then calculates the number of items making up that load from
the measured load  magnitude and this value is stored. The truck transports
the load L to an appropriate  storage location 42 of the warehouse where it
is unloaded. The bar code reader 26 is  used as before to scan in the
second bar code 41 associated with the storage location  42 where the load
L has been stored and the data is again passed to the processor 30  for
processing and is stored in an appropriate memory location to provide a
record of  the storage location of the load L. Similarly the same operation
is used when a load is  collected by the truck from a storage location 42
and distributed to an appropriate  outgoing goods section 44 of the
warehouse or to an alternative storage location 42.  The collected
information is used as part of an inventory record to monitor the  movement
of stock by the forklift truck. The processed data in the memory location
is  transmitted via a local or wide area network to a central mainframe
database of a  company concerned whereupon the information may be collated
with similar  information received from other warehouses. The collected
information is then used in  the management of stock control and
purchasing. In an alternative embodiment of the load monitoring system, the
sensor unit S  is disposed in the anchor assembly 7. An example embodiment
is shown in figure 7 in  which a single sensor unit S is shown attached to
an anchor assembly 7 of the chains  6. The final links of the chains 6 are
connected to an anchor member 7a by means of a  transverse pin 50. The
anchor member 7a terminates in a generally cylindrical  threaded end 51
that passes through an aperture 52 in a substantially horizontal web  53
integral to the lifting carriage 3. The threaded end 51 of the anchor
member 7a is  secured in place by means of a nut 54 that is threadedly
engaged thereto. In a  conventional anchor assembly the nut 54 bears
against the horizontal web 53 and WO 02/068310 PCT/GB02/00660  



prevents the anchor member passing through the aperture 52. However, in the
present  design the sensor unit S is disposed between the nut 54 and the
web 53. In the  embodiment illustrated the sensor unit S comprises a load
ring 60 that is disposed  coaxially with the threaded end of the anchor
member 7a and is retained in a plastics  housing 61 with steel top and
bottom end caps 62, 63. One side of the housing 61 is  configured to define
a recess 64 in which the data storage device 10 and a battery (not  shown)
are to be located. A cover plate 65 seals the recess 64 from the
surrounding  environment. The load ring 60 is fitted with a strain gauge 66
that is connected by  wire to the data storage device 10. When the chain is
under load the threaded end 51  of the anchor member 7a is pulled upwardly
towards the web 53. This action serves to  compress the load ring 60 and
end caps 62, 63 between the web and the nut 54. When  operational the
strain gauge 66 serves to generate a signal representative of the degree
of compression of the load ring 60 and therefore of the magnitude of the
load L  carried by the truck. It will be appreciated that numerous
modifications to the above described  design may be made without departing
from the scope of the invention as defined in  the appended claims. For
example, any appropriate form of load or pressure sensing  transducer may
be used as an alternative to a strain gauge. Moreover, the transducer  may
be attached to any other part of the mast assembly which experiences a
change in  stress levels as a result of applying or raising a load. For
example, the transducer may  alternatively be attached to a sheave (or
pulley), part of the lifting carriage or the  jacks. In the instance where
the transducer is attached to the sheave the transducer  would measure the
compressive stress in the pulley this would be converted to a load  value
by the processor (whether local or remote to the transducer). It is to be
understood that the load monitoring system of the present invention  has
application to any type of load handling device in which a chain or other
load  



bearing elongate flexible element is used (e.g. a belt or a cable) as part
of a load  conveying mechanism. In addition, the system has application in
other environments  where a chain (or other elongate load-bearing flexible
element) is used as part of a  load conveyor mechanism. For example, the
system may be used with a chain drive of WO 02/068310 PCT/GB02/00660  13 a
roller-coaster ride in which passenger carriages are conveyed uphill by a
chain drive.  The sensor unit is applied the chain and the collected data
is used as before to predict  the remaining fatigue life of the chain. WO
02/068310 PCT/GB02/00660  CLAIMS  1. A load monitoring system for use with
a load conveyor, the conveyor having a  load support for supporting a load
to be conveyed and a load bearing elongate  flexible element connected
between a drive and the load support for  transmitting power from the drive
to the load support, the system comprising a  load transducer attachable to
the load conveyor and for generating an output  signal representative of
the load applied to the elongate flexible element at any  particular point
in time; a timing device for determining the time during which  the element
has been used at a particular load, means for determining from  said output
signal the time during which the element has been used in a  particular
load range and means for calculating the remaining service life of  the
element. 2. A load monitoring system according to claim 1, further
comprising means for  calculating the absolute value of the load at any
particular time. 3. A load monitoring system according to claim 1 or 2,
further comprising means  for calculating the number of load cycles over a
predetermined load value. 



4. A load monitoring system according to any one of claims 1 to 3, further
comprising means for calculating the cumulative fatigue damage to the
elongate flexible element. 5. A load monitoring system according to any one
of claims 1 to 4, further  comprising a data collection device, the output
signal of the load transducer  being transmitted to the collection device.
6. A load monitoring system according to claim 5, wherein the data
collection  device is disposed at a position remote from the load conveyor.
WO 02/068310 PCT/GB02/00660  7. A load monitoring system according to claim
6, wherein the data collection  device is designed to be hand-held. 8. A
load monitoring system according to any one of claims 5 to 7, wherein the
data collection device includes a processor for analysing the data
received. 9. A load monitoring system according to any one of claims 6 to
8, wherein the  transmission of data from the load transducer to the data
collection device is  by wireless communication. 10. A load monitoring
system according to any one of claims 6 to 9, wherein the  data collection
device is connectable to a computer network to allow remote  access to the
information contained therein. 11. A load monitoring system according to
any preceding claim, wherein the load  transducer is attached to the load
support. 12. A load monitoring system according to any one of claims 1 to
10, wherein the  load transducer is attached to the elongate flexible
element. 13. A load monitoring system according to any preceding claim,
wherein the load  conveyor is designed to move the load at least in a
vertical direction and there  is provided a height transducer that
generates an output signal representative  



of the height of the load above a predetermined reference height. 14. A
load monitoring system according to claim 13, further comprising means for
comparing the output signal representative of the height of the load with a
predetermined threshold for the measured load and means for generating a
stop WO 02/068310 PCT/GB02/00660  signal if the threshold is exceeded, the
stop signal interrupting the load  conveyor drive. 15. A load monitoring
system according to any preceding claim, wherein the  elongate flexible
element is a chain. 16. A load monitoring system according to any preceding
claim, wherein the load  has identification data and the conveyor has a
data reader for reading said load  identification data when the load is
conveyed. 17. A load monitoring system according to claim 16, wherein the
read load  identification data is transmitted to a data storage device. 18.
A load monitoring system according to claim 17, wherein the load
identification data is encoded in the form of a bar code and the data
reader is a  bar code reader. 19. A load monitoring system according to any
preceding claim wherein, the load  conveyor is a lifting carriage and drive
of a mobile load handler. 20. A load monitoring system according to any one
of claims 1 to 18, wherein the  load conveyor is part of a leisure ride.
21. A load conveyor in combination with a load monitoring system, the load
conveyor comprising a load support and a load bearing elongate flexible
element for transmitting drive power to the load support; the load
monitoring  system comprising a load transducer attached to the load
conveyor and for  generating an output signal representative of the load
applied to the elongate  



flexible element at any particular point in time, a timing device for
determining the time during which the element has been used at a particular
WO 02/068310 PCT/GB02/00660  load, means for determining from said output
signal the time during which the  element has been used in a particular
load range and means for calculating the  remaining service life of the
element. 22. The load conveyor and load monitoring system combination of
claim 21,  further comprising means for calculating the absolute value of
the load at any  particular time. 23. The load conveyor and load monitoring
system combination of claim 21 or 22,  further comprising means for
calculating the number of load cycles over a  predetermined load value. 24.
The combination according to claims 21 to 23, further comprising means for
calculating the cumulative fatigue damage to the elongate flexible element.
25. The combination according to any one of claims 21 to 24, further
comprising a  data collection device, the output signal of the load
transducer being  transmitted to the collection device. 26. The combination
according to claim 25, wherein the data collection device is  disposed at a
position remote from the load conveyor. 27. The combination according to
claim 26, wherein the data collection device is  designed to be hand-held.
28. The combination according to any one of claims 25 to 27, wherein the
data  collection device includes a processor for analysing the data
received. WO 02/068310 PCT/GB02/00660  29. The combination according to any
one of claims 26 to 28, wherein the  transmission of data from the load
transducer to the data collection device is  



by wireless communication. 30. The combination according to any one of
claims 26 to 29, wherein the data  collection device is connectable to a
computer network to allow remote access  to the information contained
therein. 31. The combination according to any one of claims 21 to 30,
wherein the load  transducer is attached to the load support. 32. The
combination according to any one of claims 20 to 30, wherein the load
transducer is attached to the elongate flexible element. 33. The
combination according to any one of claims 21 to 32, wherein the load
conveyor is designed to move the load at least in a vertical direction and
there  is provided a height transducer that generates an output signal
representative  of the height of the load above a predetermined reference.
34. The combination according to any one of claims 21 to 33, wherein the
elongate flexible element is a chain. 35. The combination according to any
one of claims 21 to 34, wherein the load has  identification data and the
conveyor has a data reader for reading said load  identification data when
the load is conveyed. 36. The combination according to any one of claims 21
to 35, wherein the read  load identification data read is transmitted to a
data storage device. WO 02/068310 PCT/GB02/00660  37. The combination
according to any one of claims 21 to 36, wherein the load  identification
data is encoded in the form of a bar code and the data reader is a  bar
code reader. 38. The combination according to any one of claims 21 to 37,
wherein the load  conveyor is part of a mobile load handler. 39. The
combination according to any one of claims 21 to 37, wherein the load  



conveyor is part of a leisure ride. 40. A mobile load handler having a load
monitoring system in combination with a  load conveyor according to any one
of claims 21 to 38, the load conveyor  forming part of the mobile load
handler. 41. A mobile load handler according to claim 40, the load conveyor
is a lifting  assembly for raising or lowering the load. 42. A mobile load
handler according to claim 41, further comprising a height  transducer that
generates an output signal representative of the distance  between the load
and a predetermined reference. 43. A mobile load handler according to claim
42, further comprising means for  comparing the output signal
representative of the distance with a  predetermined threshold for the
measured load and means for generating a  drive control signal if the
threshold is exceeded, the drive control signal  triggering an interruption
of the load conveyor drive. 44. A mobile load handler according to claim 42
or 43, wherein the load  transducer is attached to the lifting assembly WO
02/068310 PCT/GB02/00660  45. A mobile load handler according to claim 44,
wherein the load transducer is  attached to a chain of the lifting
assembly. 46. A mobile load handler according to claim 45, wherein the load
transducer is  attached to a chain anchor assembly of the lifting assembly.
47. A method for monitoring the load in a load conveyor, the load conveyor
comprising a load support and a load bearing elongate flexible element for
transmitting drive power to the load support, the method comprising the
steps  of attaching a load transducer to the load conveyor, the load
transducer being  configured to generate an output signal representative of
the load applied to  



the elongate flexible element at any particular point in time, applying a
load to  the load support, determining the time during which the element
has been used  at a particular load, determining from said output signal
the time during which  the element has been used in a particular load range
and calculating the  remaining service life of the element. 48. A method
according to claim 47, further comprising the step of calculating the
absolute value of the load at any particular point in time. 49. A method
according to claim 47 or 48, further comprising the step of  calculating
the number of load cycles over a predetermined load value. 50. A method
according to any one of claims 47 to 49, further comprising the step  of
calculating the cumulative fatigue damage to the elongate flexible element.
51. A method according to any one of claims 47 to 50, further comprising
the step of storing the output signal of the load transducer in a data
collection device so  as to provide a record of the load over a period of
time. WO 02/068310 PCT/GB02/00660  52. A method according to claim 51,
wherein the data collection device is  disposed at a position remote from
the load conveyor and the output signal is  transmitted thereto. 53. A
method according to claim 52, in which the data collection device is
connected to a computer network or is stand-alone. 54. A method according
to any one of claims 47 to 53, wherein the load transducer  is attached to
the elongate flexible element of the load conveyor. 55. A method according
to any one of claims 47 to 53, wherein the load transducer  is attached to
the load support of the load conveyor. 56. A method according to any one of
claims 47 to 55, wherein the load conveyor  is designed to move the load at
least in a vertical direction and there is  



provided a height transducer that generates an output signal representative
of  the height of the load above a predetermined reference height. 57. An
inventory management system using a mobile load handler, comprising a
plurality of loads each labelled with load identification data, a plurality
of  storage zones each labelled with location identification data, an
incoming load  zone labelled with location identification data, an outgoing
load zone labelled  with location identification data, the mobile load
handler having a data reader  and a data storage device for storing the
identification data read by the data  reader, and means for
cross-referencing the location identification data to the  load
identification data so as to provide a log of the movement of a given load
by the mobile load handler. WO 02/068310 PCT/GB02/00660  58. An inventory
management system according to claim 57, wherein the mobile  load handler
has a load monitoring system according to any one of claims 1 to  19. 59.
An inventory management system according to claim 57, wherein the mobile
load handler has the combination of a load conveyor and a load monitoring
system as defined in any one of claims 21 to 39. 60. Apparatus for
determining the relative loads on a plurality load-bearing  elongate
flexible elements of a mobile load handler, comprising a plurality of
elongate flexible elements and anchors therefor for attaching the elements
to  the handler, a transducer attached to each element or anchor and for
generating  an output representative of the load applied to a respective
element, means for  comparing the loads and means for generating an output
signal indicative of  unequal loading between the elements. 61. Apparatus
according to claim 60, further comprising means for calculating the  



absolute value of the load at a particular point in time. 62. Apparatus
according to claim 60 or, 61, further comprising means for  calculating the
number of load cycles over a predetermined load value. 63. Apparatus
according to any one of claims 60 to 62, further comprising means  for
reading encoded data applied to the loads, such data including information
such as load identification and the number of items in a particular load.
64. Apparatus according to any one of claims 60 to 63, further comprising
means  for calculating the cumulative fatigue damage to the chain. WO
02/068310 PCT/GB02/00660  65. Apparatus according to any one of claims 60
to 64, further comprising a data  collection device, the output of the
transducer being transmissible thereto, 66. Apparatus according to claim
65, wherein the data collection device is  disposed at a position remote
from the transducer. 67. Apparatus according to claims 66, wherein the data
collection device is  designed to be hand-held. 68. Apparatus according to
claim 65, 66 or 67, wherein the data collection device  includes a
processor for analysing the data received. 69. Apparatus according to any
one of claims 65 to 68, wherein the transmission  of data from the
transducer to the data collection device is by wireless  communication. 70.
Apparatus according to any one of claims 65 to 69, wherein the data
collection  device is connectable to a computer network to allow remote
access to the  information contained therein. 71. Apparatus according to
any one of claims 60 to 70, wherein the elongate  flexible elements are
chains. 72. Apparatus according to claim 71, wherein the mobile load
handler is a forklift  



truck. 73. A method for determining the relative loads on a plurality of
load-bearing  elongate flexible elements of a mobile load handler, the
elements having  anchors for attaching them to the load handler and a
transducer attached to  each element or anchor for generating a signal
representative of the load WO 02/068310 PCT/GB02/00660  applied to a
respective element, comprising the steps of comparing the load  value
represented by said signals and generating an output signal indicative of
the unequal loading between the chains. 74. A load monitoring system
substantially as hereinbefore described with  reference to the accompanying
drawings. 75. The combination of a load monitoring system and a load
conveyor  substantially as hereinbefore described with reference to the
accompanying  drawings. 76. A mobile load handler substantially as
hereinbefore described with reference  to the accompanying drawings. 77. A
method for monitoring the load in a load conveyor substantially as
hereinbefore described with reference to the accompanying drawings. 78. An
inventory management system substantially as hereinbefore described with
reference to the accompanying drawings. 79. Apparatus for determining the
relative loads on elongate flexible elements of a  mobile load handler
substantially as hereinbefore described with reference to  the accompanying
drawings. 80. A method for determining the relative loads on elongate
flexible elements of a  mobile load handler substantially as hereinbefore
described with reference to  the accompanying drawings. 


