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69 Monitoring system for load carriers.

The monitoring system comprises a number of transdu-
cers (21,22,23) which are connected to a central unit in order to
measure variables which affect the carrying ability of the load .
carrier {11). Memory means is also provided and stores data A7
which defines the inter-relationships between the variables. The
data defines the inter-relationships in terms of muiti-dimen-

’ ¢
sional surfaces or manifolds with a boundary corresponding to Q
the operational limits of the system. Computing means \R\Q\

connected to the transducers (21, 22, 23) and the memory 2 oot = /ril
means performs real time calculation of the status of the system vt *—-——£ - ;)l_;—-."
by substitution of variable values received received from the o
transducers (21, 22, 23). 2 \
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Description
Monitoring System For Load Carriers

This invention relates to a monitoring system for use with load carriers which may be used for preventing
and/or giving warning of overload conditions. The invention may also be used ac a weighing device.

The invention will be particularly described with reference to jib cranes, but is also useful with other load
carriers such as tower cranes, container handling equipment, fork lift trucks and front end or bucket loaders.

The maximum safe load of a given jib crane is determined by a number of factors, such as the load radius,
the jib angle {o the horizontal, and (in the case of a vehicle mounted crane) the slew angle in relation to the
chassis. The relationship between such variables and maximum safe load is complex and usually non-linear. It
is necessary to provide the operator with information as to permissible and impermissible lifts.

One way of doing so is to provide the operator with printed tables of data, but these are both difficult to use
and are prone to misinterpretation and error. Various means have therefore been used to provide automatic
warning signals.

Alil of these make use of well-known forms of transducer to provide signals indicative of position, ioad, etc.,
but the processing of these signais has not hitherto been entirely satisfactory.

It is well known in the prior art that at resolution of complex and non-linear inter-relationships of load, radius
and capacity and their corresponding dependent variables is required to correctly model behaviour of load
handling equipment. Attempts have been made to achieve this by the application of analogue techniques and
look-up techniques where fabulated data sets are placed in memory for retrieval and conditioning. Later
techniques attempied to linearly interpolate between the tabulated data to increase resolution. Yet later
techniques used non-linear interpolation.

Whilst systems of this type are an improvement on earlier systems they perform adequately only within
certain regions and are not able to model the behaviour of the system because these systems are unable to
take into account the dynamic interaction of the variables in real time.

Accordingly, an object of the present invention is to provide an improved monitoring system for load carriers
which is capable of working in real time in a manner which permits utilisation of permissible load/configuration
combinations.

The invention provides a monitoring system for a load carrier, comprising a plurality of transducers
connected to measure variables affecting the carrying ability of the load carrier, memory means provided with
data defining the inter-relationships between said variables, said data defining said inter-relationships in terms
of muiti-dimensional surfaces or manifolds, and computing means connected to the transducers and the
memory means for real-time calculation of the status of the system by substitution of variable values received
from the transducers.

From another aspect, the invention resides in a method of monitoring a load carrier, comprising providing a
multi-dimensional mathematical mode! of loads and forces within the load carrier, continuously detecting the
actual values of variable terms of said model, and performing real-time substitution of said actual values into
the model to derive a definition of the status of the system.

Thus, in the context of a crane, the existent complex non-linear relationships between the angle, length and
boom forces of a crane and the inter-relationship of the variables are defined using mathematical models the
inter-reaction of which by substitution and elimination can produce a mathematical representation of each and
every operation function of the device.

This formula is made up of components which describe multi-dimensional surfaces or manifolds with fixed
boundary points corresponding to the operational limits of the system.

This approach fo calculating operational parameters of the system is distinct from previous methods by
using surfaces that by their very nature are continuous and thus resolution is fundamentally infinite whereas
previous methods using interpolation, look-up or other techniques using discrete data points give inferior
resolution leading to limited accuracy. Hence, the invention enables more accurate definition of the status of
the system to be derived. One of the consequences of this is that the system is accurate enough to be used as
a weighing system to accurately record the weight of a load and totalise a number of loads.

The components of this formula can be of the form of a N-th order polynomial where N is a positive integer
representing the number of coefficients.

The general form of this polynomial is:

Z=a+ b+ c+ dx+ ex +fy + ..
Where a, b, ¢, are the coefficient parameters.

In order to fit or modei the system on such polynomials sets of coefficients are required, these coefficient
parameters are characteristic of the whole surface they relate to and not of any point or area within it. These
coefficient sets are determined mathematically from a collection of characteristic data points gathered
empirically and representative of the complete operational area and limits of the system. These data points can
be determined during a calibration procedure.

The calibration procedure can consist of a series of steps where the boom is taken through its range of
angles and lengths both with no load on the hook and with a range of varying loads on the hook. Al necessary
data will be logged at each distinct step.

The logged data will consist.of actual length, actual radius, actual load on the hook and in the case of a
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pressure lifted boom pressure measurement from the hydraulic lifting ram(s) which will directly relate to forces
on the boom.

Computational means can be used to determine the sets of coefficients from the data points using for
example a least-squares fit where a series of calculations is carried out to minimise the sum of the squares of
the deviations of the predicted poinis from the data points.

The result of the computation will be a formula for the total force on the ram(s) equating to two
multi-dimensional polynomials one of which will directly relate to the boom behaviour with no load on the hook
which is referred to as the boom transfer function. The other main component in the formula will be a
polynomial directly related to the load on the hook referred to as the load function.

During operation of the crane at any point in time various values are substituted into the formula : sets of
coefficients relating to the boom transfer function and to the load function; processed signals relating to
length, angle and the force on the rams. The solution to this formula is value representative of load on the hook.

For a load-handling system where warning signals are required, for example approach to overload as
required say in the case of a crane, the manufacturer will have provided a set of safe working loads or
capacities dictated by the structural limitations or the tipping moment limitations dependent on the area of
operation and must be used in order to determine such an approach to overload. These capacity values for any
particular crane, are dependent on boom length, boom angle and on the particular operating configuration.
The complex non-linear relationship between angle, length and capacity for any particular configuration can
also be represented by a multi-dimensional N-th order polynomial which describes a curve representing the
capacity of the crane. Structural capacity and tipping capacity are represented by different areas of the curve.
In order to fit the manufacturers capacity values or load chart to the polynomial, mathematical and
computational means can be used to determine the coefficient parameters. The solution of the polynomial at
any particular length and angle is a value for the capacity of the crane for that configuration. This system has
advantages over interpolation method or look-up techniques in that the resolution is infinite thereby
maximising crane capacity and therefore utilisation.

in practice the solution of the polynomial at any length or angle is a value representative of the capacity of
the crane. Moreover a system of this type allows continuous evaluation of crane capacity, the value of which is
infinitely resolvable.

The same technique in two dimensions using lower order poiynomials can be used to linearise physical
transducer signals such as from pressure transducers or from a load tensiometer.

For a better understanding of the invention and to show how the same be carried into effect, reference will
now be made, by way of example to the accompanying drawings, wherein:

Figure 1is a side elevational view of a crane;
Figure 2 is a schematic diagram of the signal paths; and
Figure 3 is a block diagram of the central unit of the load measuring and limiting system.

Referring now to the drawings, Figure 1 illustrates a crane consisting of a truck carrier 11 with a truck driver
cab 12, a base structure 13, and boom structure 14 rotatably mounted upon the truck carrier by means of a
turntable bearing plate 15. The truck carrier is normally transported upon drivable tyres 16 and operated either
upon these tyres or upon outriggers 17. The boom structure is hinged at the base structure 18 allowing vertical
rotation through a boom angle theta. A suitable hoist cable may be rigged from the boom structure 19. The
hoist cable is diven by a cable drum mounted at the base of the boom, this cable drum may be hydraulically
driven. The boom structure itself is lifted by means of a hydraulic lifting ram 110 attached by pivots at the top
end to the boom structure 14 and at the bottom end to the base structure 11. There exists the means to
control the top cylinder end and bottom cylinder end hydraulic lifting ram pressures. By means of increasing
the hydraulic pressure in the bottom cylinder end and by decreasing the top cylinder end pressure the ram can
be extended, the force thus applied to the boom structure will result in the boom vertical angle increasing.
Conversely by means of reducing hydraulic pressure in the cylinder bottom end and by increasing the top
cylinder end pressure the ram will retract thus reducing the force applied to the boom structure resulting in a
corresponding reduction in the boom vertical angle.

Referring now also to Figure 2 a schematic diagram of the signal paths. The forces applied to the boom
structure may be sensed by transducer means by measuring the corresponding top cylinder end and bottom
cylinder end ram pressure using two pressure transducers 21, 28. These pressure transducers may be of the
semi-conductor strain gauge type. These two pressure signals are passed to the analogue to digital converter
unit within the central unit, described in detail hereinbelow and shown in Figure 3 in block diagram form, where
the analogue signals are converted to digital binary representations for processing by the central processing
unit, a component within the central unit. Hereafter referred to as the CPU. By knowing the areas the pressures
in these rams act upon A top, and A bottom, the top and bottom ram areas respectively, a signal representative
of actual total force applied to the boom can be determined within the central processing unit, by measuring
the top cylinder end ram pressure P top and bottom cylinder end pressure P bottom the resultant ram force
can be calculated from the following expression:

RESULTANT FORCE = ( P bottom * A bottom )-( P top * A top )

This vertical boom angle theta may be sensed by angle transducer means 22 consisting of a pendulum
weight attached to a potentiometer shaft housed in an oil-filled enclosure. Vertical angular movement of the
boom structure results in a corresponding angular rotation of the pendulum acting under gravitational force,
the motion damped by the oil, resulting in a corresponding analogue signal representative of boom vertical
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angle. This signal is passed to the analogue to digital converter unit within the central unit for conversion to a
digital binary representation for processing by the CPU to produce a signal for actual boom angle theta.

The boom structure is made up of three telescopic sections. At minimum boom length the top two sections
lie within the base section as power, the top two sections extend out each by a certain ratiometric amount
determined by crane design beyond the base section extending the total length of the boom. This change in
length of the boom can be measured using transducer means 23 where the transducer may consist of a
mechanical cable drum with an internal spring. The cable is attached to the tip of the boom such that any linear
motion of the boom results in a corresponding angular rotation of the drum. The internal spring maintains
tension within the cable and ensures the cable is wrapped onto the drum during retraction of the boom. The
shaft of the drum is coupled to a rotary potentiometer such that linear motion of the boom is transiated into a
corresponding proportional signai representative to change of boom iength. This boom length signal is passed
to the analogue to digitai converter unit within the central unit for processing to a digital binary representation
thereafter to the CPU for processing to a signal representative of actual boom length L.

There is also provided further signalling means to ailow manual and automatic determination of the particular
crane operating conditions, one such device may determine the quadrant of operation in order to establish the
correct available capacity, that is for a crane operating free-on-wheels and capacities available according to
the manufacturers differ for over the front, over the side and over the rear operating areas. This signalling
means may take the form of a potentiometric device driven by the rotational movement of the base structure
where a signal representative of the quadrant of operating is inputted to the analogue to digital converter unit
thereafter to the CPU within the central unit where a signal corresponding to the actual rotational angie of the
boom is established. Another such device 24 may generate signals representative of the conditions of support
for example proximity switches may be used to determine whether outriggers are in their extended position or
not and would send a corresponding digital signal to the central unit for correct capacity determination. Such a
device is able to detect the presence of ferrous material and appropriately positioned would be abie to
determine whether the outriggers are in an extended position or not. Another such device 25 may be operator
controlled such that a coded position switch is chosen to correspond to for example the number of parts of
rope that the crane is reeved to or to whether a boom extension is being used, these respective signals are
then passed to the central unit to establish the correct capacity for that configuration.

Referring now to Figure 3 a block diagram of the central unit. The central unit consists of : an analogue
section which contains instrumentation amplifiers; d.c. amplifiers; filters; an analogue multiplexer for selection
between analogue signals and an analogue to digital converter; a control unit which performs selection of
functions such as memory decoding; a read/write memory unit for temporary data storage; a permanent
memory for storing the CPU instructions representing the program and constant data; programmable memory
which one programmed with for example specific calibration data becomes permanent memory; a CPU or
central processing unit which performs manipulations on data representing signals such as logical or
arithmetical operations or memory manipulations; input and output ports which perform the function of
communicating with the display; the operators calibration interface, the terminal, and signalling means such as
the operator seleciable switches.

There may also be direct measurement means consisting of for example a load pin 26 which consists of a
shaft mounted inside of the jib extension tip pulley wheel where this shaft is internally strain gauged to produce
an electrical signal proportional to load on the jib extension hook. This signal is passed to the analogue to
digital converter unit for further processing.

The operators display console 27 consists of means of displaying the current operational signal values,
system and crane status, this means can consist of a series of numeric displays which may be of the liquid
crystal type; a series of annunciators which may be visual of the illuminated graphic symbol type or audible of
the piezo-electrical buzzer type.

All of the calibration procedures may be carried out in the field. initially a load measuring and safety system
with the basic program in read only permanent memory is installed on a crane with the relevant transducers
and hardware (Figure 2). Actual boom length and actual boom angle is established through empirical
measurement and is calibrated by adjusting the gain of the corresponding amplifier in order to be displayed
correctly. A portable computer operating VDU terminal emulation software in order to provide a human
interface is connected via the serial RS232 port to the load measuring and safety system. This allows the
inputting of data to the safety system via the computer keyboard and the display of safety system data via the
computer monitor through appropriate communications software. The load measuring and safety system now
controls a data gathering routine where the crane is taken through a series of boom lengths and boom angles
initially with no load on the hook thereafter with known loads. The range of angles, range of iengths and range
of loads chosen is dependent on the particular crane but in any case is chosen to be representative of the
cranes full operational capability and must include calibration steps at the exireme points of practical
operation or capacity. The optimum calibration points may be deduced from analysis of the crane
manufacturers capacity chart. At each stop the ram pressures, the boom angle, the boom length, the load on
hook, the actual radius and any other relevant data are recorded, the radius and load on the hook being
inputted manually via the portable computer keyboard. The ram areas that the forces act upon and physical
dimensions of the crane base structure also are manually entered via the portable computer keyboard to allow
calculation of actual force from the top and bottom ram cylinder pressure values and calculation of ram
geometry. Once the data gathering procedure has been completed the portable computer will contain a file of
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calibration data points, it then reverts back to its full power as a portable computer and executes the curve
modelling program the result of which is coefficient parameters specific to that crane. The modelling program
tries to establish any linear dependence between initially, actual radius and its dependent variables, load, angle
and length, in other words the actual radius or horizontal distance between the cranes rotating axis and the
hook is a function of boom length, boom angle and the load on the hook. The actual radius change with boom
bending especially with long boom lengths and heavy hook loads, this effect lessens with increasing boom
angle. The number of dimensions this process is carried out for is one plus the number of dependent variables
so in the case of radius the modelling is carried out to four dimensions. The process is carried out to provide an
equation or polynomial formula which equates actual radius on one side of the equation to a sum of products
on the dependent variables each multiplied by scalar quantities or the coefficient parameters the quantities
determined by the modelling or calibration process. The general form of this polynomial in three dimensions is:

=a + bx + cy + dxx + exy + fyy + ..
Where a, b, ¢, etc., are the coefficient parameters and x and y are the dependent variables. This process
involves using a least squares fit where a series of calculations is carried out to minimise the sum of the square
of the deviations of the predicted points from the calibration data points. The process can be carried out to
increasing levels of accuracy depending on the number of coefficients the curve or surface is modelled to,
thus N-th order accuracy requires N in number of coefficient parameters where N is a positive integer. These
coefficient parameters distinct to that particular crane are then stored in programmable memory by use of a
short programming algorithm. These coefficient parameters can then be recalled by the CPU when an actual
radius value is required to be calculated, by simple substitution of the coefficients and the operational values of
load, boom angle and boom length simple arithmetic then produces the result.

The second step in the modelling process is to determine the component of force in the rams due to the
boom structure itself. That is the total resultant force applied by the ram can be expressed by the following
general form:

TOTAL RAM = FORCE DUE TO BOOM + FORCE DUE TO LOAD
FORCE TRANSFER FUNCTION FUNCTION
Btf (angle,length,actual radius) Lf (angle,length,load)

where actual radius is a function of length, angle and load ActR(length,angle, load).

The component due to the boom structure is a function of boom angle and boom length for any particular
crane with no load on the hook. Or more strictly taking boom bending into account the boom component is a
function of angle, length and actual radius. Thus the no load calibration data points are used to determine the
coefficient parameters related to the boom no load characteristics or hereafter described as the boom transfer
function. The component of force due to the load on the hook will be described hereafter. Again a specific set
of coefficient parameters are determined from the no load calibration data points to a required level of
accuracy determined by the number of coefficients. The boom transfer coefficients relate to an equation one
side of which is the component of total force in the ram due to the boom structure only the other side of the
equation is a sum of producis of coefficient parameters and boom length and boom angle values. These
coefficient parameters are also programmed into the programmable permanent memory of the CPU.

The third step in the modelling process is the determination of the load function or component of total ram
force due to the load on the hook. This is a function of actual load on the hook, boom length and boom angle.
The load on hook calibration data points are therefore used to determine this relationship and to therefore
produce the appropriate load function coefficients. These coefficient parameters are also programmed into
programmable permanent memory of the CPU for later recall by the operational program.

The fourth step in the modelling process is to bring together the components contributing to the total ram
force and all their dependent variables, in other words to form an equation relating to one side the total ram
force to on the other side the component of the total force due to the boom transfer function and the
component due to the load on the hook. Within this formula though there is an interdependence between the
force component due to the boom transfer function which is boom angle, boom length based, or more strictly
with load on the hook it is "actual radius” based which of course is load dependent and with the second
component of total ram force which is the load function component which is of course also load dependent.
Therefore computational means is required within the operational program to carry out a series of iterations to
evaluate load on the hook from an initial estimate of load and through repeatedly substituting each more
accurate load estimate into the predetermined formulae for load function and actual radius. This simultaneous
solution of the component formulae produces an accurate value for load on the hook which satisfies both
polynomial components of the total ram force equation.

The final step in the calibration of a system is the duty chart modelling which aims to express for a particular
crane, capacity available as a function of boom angle and boom length for a particular configuration. This
allows precise interpolation of capacity utilising crane capacity to a maximum. The crane duty chart is entered
into the computer as a series of data points the modelling computation produces a set of coefficient
parameters for each configuration or page of the crane duty chart. Solution of the resuiting polynomial for a
particular configuration at a particular boom angle and length is a value representative of the available crane
capacity. Again these coefficients are programmed into the programmable permanent memory for later recall
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by the operational program.

Once the crane load measuring and safety system has been calibrated and the relevant data programmed
into the CPU memory the portable computer can be removed to leave a stand-alone system consisting of the
angle and length transducer means, the selection means both manual and automatic, the central unit and the
operators display and warning console. A typical cycle of operation of the load measuring system can be
described by following the outline sequence of operations programmed in the permanent memory of the CPU.

The first operation is for the central unit to undergo a functionality test to ensure the integrity of the system
this may include confirming the presence of the boom components and ensuring the functionality of the alarm
means. The next step is for the control unit to select the length channel on the analogue multiplexer, this
presents the analogue signal representation of length to the analogue to digital converter and a conversion is
initiated. On completion of the conversion the binary value is checked to ensure it lies within an acceptable
range it is then processed to a signal representative of actual length. This signal is temporarily stored in
read/write memory for later usage.

The next operation is for the control unit to select in sequence, the angle and the top and bottom ram
pressures, these are in turn converted to binary values and checked for acceptable limits, processed to
signals for actual angle and top and bottom ram force values respectively, then temporarily store in read/write
memory.

The next operation is to determine the actual operating configuration of the crane by reading the selecting
switches and sensors to determine whether the outriggers are in or out; the number of parts of line the crane
is reeved to; the quadrant of operation; and any other physical situation which may have a bearing on the
capagcity of the crane in other words the particular set of capacity coefficients are retrieved from programmable
permanent memory for that particular operating configuration. The capacity polynomial is then evaluated by
substitution of the coefficient parameters and the actuai values for boom angle and boom length previously
calculated. The result of this arithmetic computation is a value for actual capacity for later use in display and
when evaluating percentage capacity.

The next operation is o calculate the load on the hook from ram pressure measurements, boom angle,
boom length values and the predetermined coefficients relating to the boom transfer function and the load
function. The component of force due to the load is the total value of ram force minus the boom transfer
component of force. As previously stated the boom transfer component of force is actual radius dependent
which is in turn load dependent and at this point in time oad is an unknown quantity. Therefore the evaluation
of the boom transfer function force component is initially carried out using the theoretical value for radius
ignoring boom bending effects. The load function is then equated to the remainder of the ram force value and
the equation is solved to produce an initial approximate value for load. This value is then used to produce a
value of actual radius which is in turn used to revise the boom transfer function component of force. This
revised boom transfer component value produces a more accurate value for the load function which is again
evaluated to produce a more accurate load value. This series of iterations, simultaneously solving the boom
transfer function and the load function, is repeated many times, each evaluation producing a more accurate
load value, to the eventual required accuracy.

As a result of the system’s increased accuracy over conventional systems, the system can be used as a
totaliser, for example on offshore platforms where deck loading is a significant factor and is monitored daily.
The system when applied to a crane can record accurately the weights of up lifts and back lifts and hold these
values with other relevant information manually or automatically entered in the memory for easy retrieval.

The system due to its ability to model the aeolotropy of a system in mathematical form, say by application of
N-th order polynomials, when applied to a fork lift truck or a front end or bucket loader will after analysis of
taken data be able to repeat accurately the function of the machine in mathematical form. This will allow the
user to know accurately, for example what weight is in the bucket or on the forks without the necessity of the
machine to stop on level ground and place the forks or the bucket in a predetermined position whilst
stationary, as is required with conventional apparatus and systems.

The final stage in the operation cycle is to compare the load value with the capacity value and to produce a
warning signal if the load value exceeds a predetermined percentage of the capacity value. At this stage
operational values such as load, angle and iength may be passed to the operators console for display.

Modifications and improvements may be incorporated without parting from the scope of the invention.

Claims

1. A monitoring system for a load carrier, comprising a plurality of transducers connected to measure
variables affecting the carrying ability of the load carrier, memory means provided with data defining the
inter-relationships between said variables, said data defining said inter-relationships in terms of
multi-dimensional surfaces or manifolds, and computing means connected to the transducers and the
memory means for real-time calculation of the status of the system by substitution of variable values
received from the transducers.

2. A monitoring system according to Claim 1, the system further comprising indicating means to
indicate the status of the system.

3. A monitoring system according to Claim 2, wherein the multi-dimensional surfaces or manifolds have
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a boundary corresponding to the operational limits of the system.

4. A monitoring system according 1o Claim 3, wherein the indicating means comprises a warning signal
to indicate when af least one operational limit of the system is within a predetermined limit of the status of
the system.

5. A monitoring system according to Claim 4, wherein the warning signal comprises an audible alarm.

6. A monitoring system according to any of the preceding claims, wherein at least one of the
transducers is an angle transducer.

7. A monitoring system according to any of the preceding claims, wherein at least one of the
transducers is a length transducer.

8. A monitoring system according to any of the preceding claims, wherein at least one of the
transducers is a pressure transducer.

9. A method of monitoring a load carrier, comprising providing a multi-dimensional mathematical mode|
of loads and forces within the load carrier, continuously detecting the actual values of variable terms of
said model, and performing real-time substitution of said actual values into the model to derive a definition
of the status of the system.

10. A method according to Claim 9, wherein the multi-dimensional mathematical model describes
multi-dimensional surfaces or manifolds.

11. A method according to any of Claim 9 or Claim 10, wherein the multi-dimensional mathematical model
comprises fixed boundary points which correspond to the operational limits of the system.

12. A method according to any of Claims 9 to 11, wherein the multi-dimensional mathematical model is in
the form of a N-th order polynomial.

13. A method according to Claim 12, wherein coefficients of the N-th dimensional polynomial are
determined mathematically from a collection of characteristic data points gathered empirically and
representative of the complete operational area of the system.

14. A method according to Claim 13, wherein the coefficients are determined from the data points using
a least squares analysis.

15. A method according to Claim 13 or Claim 14, wherein the data points are determined during a
calibration procedure.

18. A method according to Claim 15, wherein the calibration procedure comprises a series of steps in
which the load carrier is taken through its range of possible orientations with no load and with a range of
variable loads on the load carrier.

17. A method according to Claim 16, wherein all the necessary data is logged at each distinct step.

18. A method according to Claim 17, wherein the log data comprises actual fength, actual radius and
actual load.

19. A method according to Claim 17 or Claim 18, wherein the log data further comprises pressure
measurements.

20. A method according to Claim 16, wherein the load carrier is a crane and wherein the series of steps
comprises taking the boom through its range of angles and iengths with no load on the hook and with a
range of varying loads on the hook.

21. A method according to any of Claims 9 to 19, wherein the load carrier is a crane.

22. A method according to Claim 21, wherein the multi-dimensional mathematical model defines the
relationships between the angle, length and beam forces of the crane.

10

15

20

25

30

35

40

45

50

&5

60

65



EP 0353099 A2




EP 0353099 A2

) 1

| OL

1 Y m

Ll L rJ
02
Iz

(25

X

2%—"1



EP 0353 099 A2

suuey)/fejdsiq swsuss/

L A

o/ sayoums ol
_ [
40d g0d )| 7404
cECSY wQQwQQ .MQQQ\ 0 0430 ..\m.w.\m& \%Q%Mh,
. % ouy [ \operedh fo jueipead
t 3 P } 4291 Jeubrs
Y v /o700 § ]| Lauy 7z
\ww%q | W | seqps reubis
F1owan p \nbgeuy| (anboeuy -duty /buy  woog
qlovewsed \ | Aiowsm oUW Nd? N Gt (eubls
3/9¢e- 7lM - . a/05Scdg w0370
Wi | | F62eiad &mm W yres £7¢q [eubis duiy
U032 4671 Jeubls
anbojeuy Jafyday alNsSalyd dof
I —>a—| »= L -




	bibliography
	description
	claims
	drawings

