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(57) Abstract

The invention relates to a cargo
transfer system (200) that provides im-
proved safety for users. When a cargo
item (304) is being transferred from a
transport vessel (300) to loading area
(306), the system (200) provides a wamn-

-307- -307-

ing of the impeding delivery of the cargo ——
item (304) to persons in the loading area ’

(306). Similarly, when cargo item (304)
is being transferred onto vessel (300), a
warning is provided to persons in the rel-
evant area (306) of the vessel (300). The
system uses sensors (226, 228, /10, 12,
40) provided adjacent to the side of a
ship (300) to indicate the presence of the
cargo item (304) to a programmable logic
controller (PLC) which activates a strobe
(53) and siren (57) to provide a warning
to people in the hold or on shore (306).
The system also makes provision for the

~302-

~307- || 301"

20b

206

position of the boom (206) of a crane
(200) that loads or unloads cargo items
(304) to be monitored by the PLC to pro-
vide an indication of cargo item (304) ap-
proaching the hold of the ship (300) or
approaching the shore (306).
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CARGO TRANSFER SAFETY SYSTEM

FIELD OF THE INVENTION

This invention relates to safety apparatus and/or methodsfor the transfer of parcels of
goods such as items of cargo. An application of the invention is to the transfer of cargo
items from a wharf to the hold of a ship. However, the invention is not limited to this

particular application.

BACKGROUND TO THE INVENTION

Transportation of large items of cargo involves transferring each cargo item on to and
off various conveyances, such as ships, trucks or trains. Often many transfers of each
individual cargo item are required, so it is important that the transfer process is efficient.
In the case of large cargo items, for example a pallet or shipping container of goods,
there are inherent risks and dangers in transferring such items to and from various
conveyances. The dangers exist because the cargo items are usually heavy or
cumbersome and need to be lifted using heavy machinery, for exampie cranes and fork
lifts, so there is a danger that failure of the lifting machinery or inadvertentoperation of
the machinery may cause an accident causing physii:al injury to persons in the vicinity

of the area (for example the hold of the ship, to which the cargo is to be delivered).

To increase the efficiency of cargo transfer processes, it is desirable to be able to
determine the down time during which the apparatus that is used to move the cargo, for
example cranes or fork lifts, is inoperational, and the number of times during which
cargo cannot be on-loaded or off-loaded for various reasons, for example insufficient

physical assistance during the loading or unloading operations.

BRIEF SUMMARY OF THE INVENTION
It is an object of the present invention to provide cargo transfer safety apparatus and/or
methods which will at least go some way toward overcoming the foregoing

disadvantages, or which will at least provide the public with a useful choice.

Accordingly, in one aspect the invention may broadly be said to consist in cargo transfer
safety apparatus, comprising sensing means to sense the impending delivery of a cargo
item to a selected location, and warning means responsive to the sensing means to

provide a warning of the impending delivery of the cargo item to the selected location.

1
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In a further aspect the invention may broadly be said to consist in a method of warning
of the impending delivery of a cargo item to a selected location, the method comprising
the steps of:

sensing the impending delivery of the cargo item, and

providing a warning before the item is delivered to the selected location.

In a further aspect the invention may broadly be said to consist in crane safety
apparatus comprising sensing means to monitor the position of a part of the crane, and
warning means to provide a warning if the position of the part exceeds a predetermined

boundary.

In a further aspect the invention may broadly be said to consist in a cargo loading or
unloading system comprising sensing means to sense the transition of cargo items or
cargo transfer apparatus from a first location to a second location and recording means

to record the transition.

To those skilled in the art to which the invention relates, many changes in construction and
widely differing embodiments and applications of the invention will suggest themselves
without departing from the scope of the invention as defined in the appended claims. The
disclosures and the descriptions herein are purely illustrative and are not intended to be in

any sense limiting.

The invention consists in the foregoing and also envisages constructions of which the

following gives examples only.
BRIEF DESCRIPTION OF THE DRAWINGS
One preferred form of the invention and modifications thereof will now be described with

reference to the accompanying drawings in which:

The invention consists of the forgoing and also envisages constructions of which the

following gives examples.
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One preferred form of the present invention will now be described with reference to the _

accompanying drawings in which;

figure 1 is diagrammatic perspective view of a cage used in accordance with a first
embodiment of the present invention,

figure 2 is a diagrammatic plan view of the cage of figure 1 being used to load or unload
cargo items to or from a ship,

figure 3 is a schematic diagram of apparatus according to the first embodiment of the
present invention

figure 4 is a flow chart showing operation of the first embodiment,

figure 5 is a diagrammatic front elevation of a crane used in accordance with a second
embodiment of the present invention,

figure 6 is a diagrammatic plan view in partial cross section through line A-A of figure 5
figure 7 is a diagrammatic plan view of the crane of figure 5 being used to load or
unload cargo items to or from a ship,

figure 7A is a diagrammatic plan view showing an example of different crane work
zones for the crane of figures 5 to 7, and

figure 8 is a flow chart showing operation of the second embodiment.
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

Two embodiments of the invention will be described. Both are described with reference
to the loading or unioading of cargo to, or from, a ship. It will be seen, however, that the
invention is applicable to loading or unloading cargo in other situations, such as loading

cargo to or from trucks, trains and the like.

A first embodiment of the invention will be described with reference to figures 1 to 4.
Referring to figure 1, a cage for moving cargo items such as goods inpalletised form is

shown generaily referenced 2. The cage has a floor 4 at the corners of which members
such as steel beams 6 project to engage steel cross members 8 at the top of the cage.
Mounted internally on opposing diagonal corners of the cage are sensors such as
transmitter/receiver pairs 10 and 12. Transmitter/receivers 10 operate along one
diagonal and transmitter/receivers 12 operate along another. Preferably one of the

sensors in each pair transmits a signal and the other sensor either receives the signal,

3
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or reflects it back to the transmitter. The beam of light or other electromagnetic _
radiation which is transmitted or reflected by the transmitter/receiver pairs 10 and 12 is
illustrated by dashed line 14 for the transmitter/receiver pair 10; and by dotted line 16 for

the transmitter/receiver pair 12.

The arrangement of transmitter/receivers in figure 1 ensures that any goods placed on
the floor of the cage 4, which are of a sufficient height, will interrupt beams 14 or 16.
This allows the apparatus, which will be described further below, to determine whether

or not the cage has cargo loaded in it, i.e. whether it is full.

It will be seen that other sensing mechanisms could be used within the cage, for
example a sensor pad mounted on the floor 4 or a whisker switch which is activated by
brushing against the cargo item or items as they are ioaded into the cage. The
arrangement shown and described in figure 1 has the advantages of providing detection
while still being sufficiently robust. The mounting of sensors within the internal corners
makes it difficult for cargo items to contact and therefore damage the sensors in use
and the floor 4 is left free to take the load of thepalletised goods and any scraping or
lateral movement which may occur while the goods are being placed on the fioor 4 by
fork lift tines or the like. The sensors preferably provide a signal to a radio transmitter
mounted on the cage, the radio transmitter transmits the signal to a receiver from which
it is supplied to control apparatus as described further below. A suitable radio
transmitter is one marketed under thetrade mark SCANTRONIC. Both the sensors,

and the radio transmitter 10 and 12 are powered by one or more batteries mounted on

the cage.

Turning to figure 2, the cage 2 referred to and described in figure 1 is shown suspended
by cables 20 and 22 above a hold 24 and deck 26 of a ship generally referenced 28.
The cage 2 includes goods to be loaded onto the ship, the cage and the goods together

representing a cargo item.

Cables 20 and 22 are mounted from booms 30 and 32 respectively as each cable is
slung over a pulley arrangement at the end of each boom 30 and 32. Winching in one
of the cables while allowing the other to feed out allows the cage 2 to be moved laterally

to or from the shore or wharf area 32. Winching in both cables allows the cage 2 to be

4
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lifted, and releasing both cables allows the cage 2 to be lowered, thus the cage may be _
moved over the side 34 of the ship 28 and over the hold 24 so it may be lowered into
the hold where apparatus such as a fork lift may unload goods from the cage for storage
in the hold 24.

When the cage 2 is disposed on the shore 32, a fork lift 36 for example, or other goods
transportation apparatus, is used to transfer goods such aspalletised goods 38 into the

cage 2 so that they may be delivered into the hold 24.

In accordance with the present invention, a sensor such as a light transmitter/receiver
40 is located adjacent to the side 34 of the ship. The apparatus may have a responder
or receiving unit located separately at area 42 for example so that a beam of radiation
such as light between units 40 and 42 is interrupted by passage of the cage 2 as it
crosses the deck of the ship adjacent to side 34. Alternatively, the transmitter 40 may
also include a receiver which receives light from the transmitter which is reflected when
the beam 44 is incident upon the cage. in order to assist reflection, the cage 2 may be

coated with a reflective material to ensure adequate detection.

Referring to figure 3, a diagrammatic representation of apparatus used in accordance
with the first embodiment of the present invention is shown. The detector 40 and cage
sensors 10 and 12 have the same references as those used to describe these features
in figures 1 and 2. The signal derived from the output of the detectors is provided to
inputs of a known programmable logic controller (PLC) 50, such as an OMRON CPMIA-
20 with a total of 20 1/0 and an OMRON NT20S which runs software that monitors the
status of the detector outputs to determine whether the cage is full or empty, and to
determine when the cage passes over, or is adjacent to, side 34 of the ship. Outputs of
the PLC 50 are connected to at least one hold pendant 52 provided in the hold of the
ship, at least one shore pendant 54 provided on the shore where the cargo is being
loaded and a crane pendant 56. The PLC also has an output to a crane operator

display console.

Both the shore pendant and the hold pendant have a siren 51, a strobe 53, an alarm

push button 55 and a “zone clear” push button 59.
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The crane pendant 56 has a "ready" light 61, and alarm light 63, and/or a siren 65. -It—

also preferably includes a footswitch or the like 67.

A user interface 57 is also provided in the form of a visual display and keypad (not
shown). The interface 57 may comprise a portableunit which is only used to reprogram
the PLC 50, or retrieve data from the PLC. Alternatively the interface 57 may be
provided in a fixed location, such as part of the crane operator's console so that it may
be used to enter certain data required for operation of the system and display system
messages. The console 57 as shown in figure 3 has a start button 77 for starting the
system, an alarm push button 79, a “system ready” light 69, a “cage full” light 71, a

“zone clear” light 73, and an alarm light 75.

The purpose of the pendants 52, 54 and 56 and the times at which they are actuated
will be described in further detail with reference to the flow diagram in figure 4. The
pendants 52, 54, and 56 also have the capability of transmitting selected signals to the
PLC 50 as will be described further below. The method of transmission or reception of
signais to and from the apparatus 10, 12, 40, 52, 54 and 56 can be effected in a number

of different ways, for example by cable connections, or by radio frequency transmission.

Turning to figure 4, a flow chart of the operation of the apparatus described in the
preceding figures is shown. The operation typically begins with an operator, such as
the crane operator, activating the apparatus by operating the start switch 77 or
operating a certain key on the interface 57. As soon asthe system has been activated
by being switched on by the operator at step 60, the system requests (via the screen

output) the operator to login at step 62.

The login procedure is an optional system requirement but is useful for collecting data
as to use and operation of the system. If subsequent analysis of a loading or unioading
operation reveals a desirable or undesirable characteristic then the login data allows
identification of the operator. Discussion with the operator can be important in
improving the loading or unloading operation and in improving the system hardware and
software and monitoring the reliability of the system. By providing each operator such

as each crane operator with a specific number for login purposes, the operator can be
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identified at a later date in case such information is required in the event of a problem __

with the equipment or the loading operation.

The system then registers the time and date at which the operator logged in, being the
time at which the loading or unloading operation essentially begins instep 64. The

operator is then prompted to select whether the operation is to be a loading operation
(i.e. loading goods from shore in to the ship), or an unloading operation (i.e. moving
goods from the hold of the ship onto the shore). This occurs in step 66. Again, this
step is optional as the apparatus may be provided purely as a loading or as an
unloading application. Once the required data has been entered, thePLC sends a

system operational indication such as turning on indicator lamp 69 at step 68 to the
console 57 to indicate that the system is ready for operation. Thus, for the operation to
begin, goods are loaded into the cage 2 and the cage is lifted to approach the ship (step
70). in step 72 the apparatus checks that the cage is full by monitoring the cage
detectors 10 and 12. When the cage has been loaded, a "cage full"indication is

provided on the console 57 for observation by the crane operator. Before commencing
to transport the cage, the crane operator may optionally await illumination of the “zone
clear” indicator light 73, which is illuminated in response to the activation of the "clear"
button 59 on the hold or shore pendant. In step 74 the system checks to see whether
the automatic alarm system has been manually overridden. If this has not occurred,
then when the cage is detected by the deck sensor 40 at step 76, the hold alarm 52 is
immediately sounded by the PLC. As soon as the alarm in the hold is sounded, the
PLC registers the time and date and saves this information with an applicable pointer to
indicate, in this instance, that it relates to a time at which the hold alarm was activated.
The PLC is programmed to register date and time information at a number of different
steps in the loading or unloading process and the informationis saved for subsequent

retrieval and analysis. The time and date of each alarm actuation is preferably saved.
In this way each loading or unioading operation can beanalysed if required. The hold

alarm 52 need not be sounded immediately; a desired time interval may be allowed

before the alarm is sounded if required.

The hold and shore alarms may be manually overriden if desired as indicated in step 80.
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If any of alarm switches 55, 67 or 79 are activated any time, then the system ensures __

that the crane pendant alarm and siren 63 and 65 are actuated so that the crane
operator stops the crane and the time at which this occurs is registered. Thealarm

condition is removed by the hold or shore operators pressing the “zone clear” button 59
or the crane operator deactivating the foot switch 67. Each time the manual alarm is
enabled, the PLC monitors the time for which the alarm condition exists and saves this

to a table for subsequent retrieval and analysis.

Once the goods have been unioaded from the cage, the person in the hold optionally
presses the zone clear button 59 and the cage is lifted from the hold and directed back
toward the shore by the crane operator so that it may be loaded again with further
goods. The step of the cage approaching the shore is shown as step 82 in the flow
chart. At step 84, the cage sensors 10 and 12 are monitored by thePLC 50 tc ensure

that they indicate there are no goods within the cage i.e. to ensure that the cage has
been emptied. Again, the system checks to see whether the automatic alarm system
has been manually overridden at step 86. If the system has been overridden, then the
system returns to step 80 to disable the alarm and register the time at which the alarm
was disabled. Should, however, the manual alarm override not be active, then thePLC

monitors the detector 40 to determine when this is activated by the cage passing this
detector. This occurs at step 88. As soon as the empty cage has been detected, the
PLC instructs the shore alarm 54 to activate an alarm so as to provide a warning that
the cage is approaching to be reloaded. If the cage has not been emptied in the hold,
so that it is returning to shore still loaded, then an audibly or visually different alarm is
activated. Again, a time delay may be provided between the time of detection of the

cage and the time at which the shore alarm is activated if desired.

Throughout the process the system continually monitors whether a manual alarm input
representative of an emergency situation has occurred. This monitoring is represented
as step 92 in the flow chart. Should the manual ailarm input be detected by thePLC,

then both the shore and the hold alarms will be activated and the alarms on the
operators pendant 56 will also be activated. An emergency input may be made by the
crane operator, or by a person in the hold or on the shore as described above, or by

using a further remote switch which they may carry. All, or only a selected number, of

SUBSTITUE SHEET (Rule 26)



10

15

20

25

30

WO 99/05656 PCT/NZ98/00113

the alarm units may be provided for wireless operation so thatsome may be carried by.__

individuals working in the hold and on shore.

The operation described above with reference to the flow chart describes and depicts a
ship loading operation. An unloading operation may be performed using the above
steps, but altering the alarm sequences so that the shore alarm is sounded when the
cage is approaching the shore with the cage being full, and the hold alarm being

sounded when the cage is approaching the hold in the empty state.

Once the loading shift has been completed, the operator logs out of the system in step
94, and the PLC records the time at which the logout occurs. The system operational
indicator lamp is then switched off. Should there be a system breakdown or
malfunction, or machinery failure during the shift, the operator has the option of entering
any such delay using the keypad provided. This possibility is monitored in step 96 and
the time at which the wait or break down switch is ciosed is recorded in step 98 as is the
time at which the switch is opened again once the problem that caused the delay has

ceased to exist.

Turning to figure 5, this figure and the remaining figures are used to describe a second
embodiment of the invention which is more suitable for use with a rotating pedestal type
crane which is a form of crane that is frequently provided on ships to load heavy cargo
items. The shore, hold and crane pendants, and the display console are preferably the

same as those shown and described with reference to figure 3 of the first embodiment.

Figure 5 shows, in diagrammatic form, anelevational view of the pedestal type crane
used in accordance with the second embodiment of the second invention. The crane in
figure 5 is generally referenced 200 and has a base portion pedestal202 which is
attached to the superstructure of the ship. Arotatable part 204 is dependent from the
pedestal 202 but rotatable relative thereto. Part 204 has a movable boom206 which
carries a cable 208 for carrying items of cargo such as item 210. Usually, therotatable

section 204 has an operator compartment that includes a window or similar opening 212

‘from which the crane operator can view the movement and position of the crane. The

rotatable portion 204 usually also has a flange such as flange 214 where it is bolted to a

rotatable member provided coaxially inside stationary pedestal 202.

9
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The boom 206 is usually pivotally, or otherwiserotatably mounted relative to part 204 at
end 216. Thus the resultant crane movement is one whereby therotatable part 204 can
be rotated to rotate the boom 206 through a desired lateral arc, for example an arc that
extends from the hold of the ship adjacent to which the crane 200 is located to a shore
zone where the goods that are transported by the crane are either picked up or
dispatched. The height of the boom 206 can also be adjusted by pivoting the boom

about end 216 to describe a vertical arc.

Turning to figure 6, an internal view in partial cross section of therotatable portion 204
of the crane of figure 5 is shown adjacent to flange 214. The rotatable portion 204 has
an internal ring gear 218 the teeth of which engage with corresponding teeth on gear
wheel 220 which is mounted on a shaft 222 the central axis of which remains stationary
with respect to the pedestal 202 and is rotated by machinery on the ship so that the
gears 220 and 218 may be made to move relative to each other to rotate therotatable
portion 204 with respect to the stationary pedestal 202. The adjacent flange 214 is

shown together with the securing bolts 224 provided thereon.

Proximity sensors may be used in conjunction with the apparatus shown in figure 6 to
provide appropriate indications of the angular position of the crane boom 206 relative to
the remainder of the ship. As shown figure 6, a known rotary encoder represented by
dotted outline 226 may be placed upon or in connection with a shaft 222 so that a digital
representation of the position of shaft 222 may be obtained at any particular point in
time during operation of the crane. Alternatively, or in conjunction with rotary encoder
226, a further proximity sensing device 228 may be provided, positioned so as to
"count" the number of teeth on the internal ring gear 218. Such "counting” may be
effected by the sensor 228 monitoring the time taken for pulses of electromagnetic
radiation, for example, such as light represented by dashed line 230 to be reflected from
the ring gear. In this way, the difference between the tooth peaks and the valleys
between the teeth may be discerned, and valleys or peaks may be counted to provide

an indication of angular position from any selected starting point.

A further feature which may be used to measure angular position by use of a proximity

sensing device such as device 228 are the bolt heads 224 provided around the

10
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periphery of flange 214. Thus a device such as device 228 may be located below bolts __
or bolt heads 224 and be attached to pedestal 202 so as to be stationary relative to the
ship and be used to "count" the bolt heads 224 as therotatable portion 204 of the crane
is rotated in use. These methods of determining angular position are examples of some
of the methods which may be used, and it will be clear to a person skilled in the art that

many other methods of determining angular position of the crane boom may be used.

Figure 7 shows a diagrammatic plan view of the crane when the ship is in position ready

to load or unload goods.

Referring to figure 7 the crane 200 is shown provided on a vessel 300 adjacent to the
hold 302. An item of cargo 304 is being lifted by the crane 200 for transfer into the hold
302 having been picked up from the shore 306 where further cargo 307 is provided

ready for transfer into the hold.

Thus the boom 206 of the crane swings through an arc that extends from the shore 306
to the hold 302. A dividing line, or a plurality of dividing lines, in the arc that the boom
travels may be selected between the hold and the shore. In figure 7 one dividing line is
shown represented by dashed line 308, the region on the side of line 308 which is
nearest to the shore may be referenced the shore zone and is indicated by arrow 310;
the area on the side of line 308 which is nearest the ship's hold may be generally

referred to as the hold zone and is indicated by arrow 312 in figure 7.

Although only one dividing line 308 is shown in figure 7, any number of different points
in the arc of travel of the crane boom may be chosen todemark particular transition
points. For example, points in the arc of movement may be chosen todemark; a deck
zone, or a bulwark zone, a side deck zone, a hatch square zone, and a second side
deck zone on the side of the ship furthest from the shore zone. Figure 7A provides an
example of a number of different zones. As will be seen below any of these transition
points may be selected and used by the system to enact specific events such as the

activation of an alarm.

The PLC and alarm apparatus used to effect the invention for the second embodiment

described with reference to figures 5 to 8 is essentially the same as the apparatus

11

SUBSTITUE SHEET (Rule 26)



10

15

20

25

30

WO 99/05656 PCT/NZ98/00113

shown in figure 3 and described with reference to the first embodiment. The operation_ __

of the second embodiment is described below and thePLC and alarm apparatus has
the same reference numerals as the apparatus of figure 3. The main difference
between the apparatus used in the two embodiments described is that the second
embodiment uses sensors 226 and 228 rather than the sensors 10, 12 and 40 to
provide the required cargo/crane position information to the system. This necessitates
differences in the programming of thePLC, as will be seen from the flow chart of figure
8.

Figure 8 is a flow chart illustrating the basic operational steps of thesystem which is

used in conjunction with the apparatus of figures 5 to 7. The process starts at step 350
with an operator, for example the crane operator, pressing switch 77 on the console 57
to make the system operational. The system begins by requesting the operator to login
at step 352 by entering a unique identifier, such as an employee code number, for
example, so that the operator may be identified and the time at which this occurs is
registered in step 354 to determine the time and date at which the operation began.
Once the operator has logged in, the system requests whether the operation is a
loading or unloading operation i.e. whether the operation is to be one where a ship is
being loaded with the cargo, or one where cargo is being unloaded from the ship to the
shore. This request is satisfied by the operator selecting the required operation at step
356.

The next part of the procedure is to calibrate the system. Calibration is not necessarily
required, but is generally desirable as the orientation of ships and other vessels relative
to the shore changes with different locations and different vessels have different
characteristics, for example differing amounts of wear between gears 220 and 218 (refer
figure 6). Furthermore, the mechanical systems may change over time due to corrosion
for example or changes brought about by factors such as collisions with other cranes or

machinery.

To calibrate the system the operator works through an algorithm at the request of the
system. Calibration begins at step 358 and the time and date at which calibration
commences is recorded by the system at this step. At the request of the system, the

operator centres the crane over the hold 302 (figure 7) and presses a key or the like
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provided on the user interface 57 to inform the system that the boom 206 iscentred ___

over the hold. At the request of the system, the operator then moves the crane toward
the shore and stops the boom 206 at the approximate desired dividing area represented
by line 308 in figure 7 between the hold zone and the shore zone. The operator then
activates a further key or signal to let the system know that this is the desired transition
point between the hold zone and the shore zone. Again, at the request of the system,
the operator moves the boom further toward the shore zone until it is in the approximate
position at which goods will be picked up by the crane for subsequent transfer to the
hold. Again, once this position has been reached, the operator activates a key to inform
the system that this is the approximate shore zone position. The operator then moves
the boom 206 back to the position at which it iscentred over the hold 302 and actuates
a key or button again to let the system know that it has returned to the original point.
These steps occur in steps 360 and 362. If desired, the operator may set two transition
points to denote the hold zone from the shore zone i.e. one zone transition from hold to

shore, and a separate transition angle from shore to hold.

It will be seen that the calibration algorithm can be simplified. For example, the system
could calculate the angles of the various zones without needing to becentred at the
beginning or end, particularly if the system measures the crane angular position using
features such as bolts on the rotatabie crane portion 204 because there is no “slip”

between gears to account for, as mentioned further below.

At step 362 the system requests whether the crane is to load a further hold which may
be located on the opposite side of the crane from hold 302 (figure 7). If a further hold is
to be loaded then steps 360 and 362 are repeated to prescribe the arc of movement
between the second hold and the shore. The operator decides whether two holds are to

be loaded or unloaded at step 364.

From the information that has been gathered through the calibration process, the
system can calculate the play between the gears 220 and 218 which is the primary
factor contributing to errors in the measurement of the angular position of the boon206

by the rotary encoder. The calculation of the play or slip between the gears may also
be checked by comparing the output of the rotary encoder 226 (refer figure 6) with the

output of the sensor 228.
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To ensure that the sensors 226 and 228 are working correctly, the outputs of these
sensors are continually checked against each other by the system by an error checking
algorithm which begins at step 366. The error checking algorithm takes into account the
play between the gears 220 and 218 and compares the outputs of the sensors after
they have been decoded to provide information as to the actual position of boom 206. If

there is a significant error between the output of the two sensors, the error being greater
than the predetermined error which has been considered one with which the system can
safely operate, a system alarm is activated in step 368 to warn the operator and others
that there is a system malfunction. The system is deactivated and the system
operational indicator is accordingly also deactivated instep 370. Therefore, the system
provides a safety mechanism whereby a malfunction of one of the sensors will result in
a warning. This greatly reduces the possibility of the sensor malfunction resulting in an
accident which may be caused by a reliance on the system providing appropriate

warnings as will be described further below.

Once the system calibration is complete, the system operational indicator lamps 69 and
71 are switched on. This occurs in step 372. The operator then begins the loading or
unloading operation. In the flow chart described in figure 8, the operation is a loading
operation. Goods on the shore are being transferred to hold 302. Thus, the operator
begins movement of boom 206 from the shore toward the hold at step 374. The
operator may optionally wish to wait until the zone clear light 73 is on before moving the
crane. As the transition zone between the shore zone and the hold zone represented
by line 308 (figure 7) approaches, the hold alarm (siren 51 and strobe 53) is sounded by
the system at step 376. When this occurs, the PLC registers the time and date and

saves this information for later retrieval at step 378.
Similarly, as the operator moves the crane boom from the hold to the shore at step 380,
the system determines when the transition zone 308 is being approached and an alarm

sounds (siren 51 and strobe 53) on the shore at step 382. Upon the shore alarm

sounding, the PLC registers the time and date and saves the information in step 384.
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The shore and hold alarms may be manually overridden by the operator making the _

appropriate requests in step 386. The system records the time and date at which this

was requested and disables the alarms accordingly.

As crane movement occurs between the shore and the hold and vice versa, the system
at step 388 continually checks the angular position of the boom relative to the ship to
ensure that the position of the boom does not exceed the original parameters
established at calibration of the system by more than a predetermined amount. Thus, if
the boom is rotated away from the shore zone beyond hold 302, the system provides an
appropriate alarm. Similarly, if the boom is rotated toward the shore zone beyond a
predetermined point past the original calibration position for the boom position in the
shore zone, then the system sounds an alarm (light 75, alarm 63 and siren 65) to the
crane operator. The system may also optionally disable the crane if such a limit is
reached to ensure that the boom does not exceed the predetermined limit. This occurs
at step 390 and the system also records the time at which any of the predetermined

limits are exceeded.

A further check which is performed by the system at step 388 is to compare the
instantaneous angular position of boom 206 with the boom of a further crane which may
be operating adjacent to crane 206 locating another hold. If there is imminent danger of
collision between the two crane booms, then the system takes appropriate steps to

disable one or both cranes to avoid a collision.

The system also has provision for an alarm being established by persons in the hold or
on the shore in response to emergency conditions. Activation of such an alarm (for
example activation of button 55 on the shore or hold pendants, or button 79 on console
57) provides an alarm to the crane operator (by activating alarm 63 and siren 65 on the
crane pendant and light 75 on console 57) to warn the operator that an emergency
situation has occurred and to prevent further movement of the crane boom or the load

which the crane is carrying.

The operator also has an option for recording a delay situation at step 400. Such a
delay may be as a result of a break down, or some other delay such as a loading delay

on the shore zone or unioading delay in the hold for various reasons. Once the delay
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has been entered, the time and date at which this occurs is recorded, as is the time and
date at which the loading or unioading resumes after theproblem which initiated the

deiay has been rectified. The time and date recordal is performed at step 402.

Once the loading or unloading operation is complete, the operator logs out by entering
an appropriate code in step 404. At logout the time and date is recorded and the
system is disabled until it is switched on and another operator logs in. Thus the process

comes to an end at step 406.

It will be seen that the apparatus has the effect of providing an early warning, should an
emergency situation arise, to persons present in the hold or the ship or other cargo
receiving area if the cargo item is enroute. Similarly, a warning may also provided to
the shore zone to let persons know that the crane or other lifting device is ready to load
another cargo item. The safety warning is particularly important in applications such as
loading ships in which persons within the ships hold may not be aware that cargo is
being moved above their heads. This can lead to disastrous consequences if persons

within the hold are not expecting the cargo to be delivered.

The invention allows the impending delivery of a cargo item to be sensed in a variety of
ways, for example by optical means or by electromagnetic radiation such as radio or
microwave signals, or by other means, for example ultrasonically. Furthermore, this
sensing may take place at a number of locations as long as sufficient warning time is
provided. The warning may be provided in a number of different ways, for example it
may be provided by a blanket radio transmission to the radio receivers of all persons in

the vicinity of the location to which the cargo item is to be delivered.

Although the methods of control of the apparatus have been described with reference to
a programmable logic controller, many other methods of apparatus may be adopted for
putting the invention into a effect. For example, a micro processor may be used alone
rather than in conjunction with a programmable logic control, or hardware electronics

could be used, or even an electrical wired circuit could be used if required.

It will also be seen that the apparatus has many applications in transferring cargo items

to or from other conveyances such as trains, trucks or the like.
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CLAIMS

1. Cargo transfer safety apparatus comprising sensing means to sense the
impending delivery of a cargo item to a selected location, and warning means
responsive to the sensing means to provide a warning of the impending delivery of the

cargo item to the selected location.

2. Apparatus as claimed in claim 1 wherein the sensing means senses the
presence or movement, at a predetermined locality, of transfer apparatus that delivers

the cargo item.

3. Apparatus as claimed in claim 1 wherein the sensing means senses the

presence or movement, at a predetermined locality, of the cargo item.

4. Apparatus as claimed in claim 1 wherein the sensing means senses the

presence or movement, at a predetermined locality, of a crane boom.

5. Apparatus as claimed in any one of the preceding claims including operation

indication means to indicate whether the apparatus is operational.

6. Apparatus as claimed in any one of the preceding claims including an

emergency indicator means to provide a warning signal to halt the transfer operation.

7. Apparatus as claimed in any one of the preceding claims wherein the

emergency signal disables transfer apparatus that delivers the cargo item.

8. Apparatus as claimed in any one of the preceding claims wherein the sensing

means comprise an optical sensing means.

9. Apparatus as claimed in any one of the preceding claims wherein the sensing

means comprise a switch.
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10. Apparatus as claimed in any one of the preceding claims wherein the warning —

means comprise a visual warning means.

1. Apparatus as claimed in any one of the preceding claims wherein the warning

means also comprise an audible warning.

12. Apparatus as claimed in any one of the preceding claims wherein the warning

means are selectively actuable by an operator of the transfer apparatus.

13. A method of warning of the impending delivery of a cargo item to a selected
location, the method comprising the steps of:
sensing the impending deliver of the cargo item, and

providing a warning before the item is delivered to the selected location.

14, Cargo transfer safety apparatus comprising sensing means to sense the
impending movement of a cargo item or carrying apparatus for a cargo item to a
selected location, and warning means responsive to the sensing means to provide a
warning of the impending movement of the cargo item or carrying apparatus to the

selected location.

15. Apparatus substantially as herein described with reference to, and as illustrated

by, the accompanying drawings.

16. A method of cargo transfer substantially as herein described with reference to,

and as illustrated by, the accompanying drawings.

17. Any novel feature or combination of features disclosed herein.
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