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(§7) Abstract: A method of controlling the dump position of a dragline (1) of the type where inclination of the bucket (4) is con-
trolled by differential control of the front hoist rope (7) and the rear hoist rope (8), in order to control dumping too close to the
dragline house (2) in a position where the bucket will not release all the load and where slackness in the front hoist rope can cause
fouling and serious damage. The complex locus of rear hitch positions (14) that will result in an acceptable dump angle at the bucket
when dumped, is empirically transposed to a locus of rear hitch positions (15) at a typical carry angle before dumping, which is in
turn approximated by a vertical cylindrical envelope (16). Calculation of when the rear hitch position (13) reaches the envelope (16)
may be easily performed by a computer in real time using available parameters such as rear rope inclination and payout values.
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DRAGLINE DUMP POSITION CONTROL

FIELD OF THE INVENTION

This invention relates to dragline dump position control and has been devised
particularly though not solely to control the dumping position for a dragline that uses a

differential hoist rope control for carry angle alteration.

BACKGROUND OF THE INVENTION

When operating a dragline of the type described in international patent application
PCT/AU00/01336, there is a problem if an attempt is made by the operator to dump a
payload within the bucket close in to the drag fairleads for the drag rope in that the
bucket may not be able to reach its target dump angle due to the tension in the drag rope.
In extreme cases, the angle reached may be insufficient to empty the bucket and this
results in excessive slack in the front hoist rope which may become fouled and/or
damaged. (Throughout this specification the term "front hoist rope" is used to refer to the
hoist rope attached to the front of the bucket i.e. adjacent the attachment point of the drag
rope, and the term "rear hoist rope" used to refer to the rope attached to the other or rear
end of the bucket). In addition, when the slack is retrieved, excessive peak loads may be
imparted to the hoist system components.

In a dragline using differential hoist rope control, it 1s highly desirable for the
relative movements of the hoist ropes and the drag rope to be computer coordinated, and
therefore also desirable to be able to control the dump position of the bucket by way of
the computer control in order to ensure that any attempt to dump in an excessively close
position 1s avoided.

It has been found however that the locus of points of the rear hoist rope hitch point

which defines acceptable limits for a closest approach envelope in which to dump the
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bucket is a complex compound curve whose shape varies depending on many factors
including bucket geometry, boom geometry and angle, boom sheave separation, rope
load distribution and other parameters. The locus is typically a double cusp curve due to

the complex rotation and translation mechanisms that occur during dumping at different

levels above or below the drag fairleads. To attempt to analyse and control this complex

curve during operation of a dragline so as to provide computer imposed limits on bucket
position, or warnings to the dragline operator, requires a considerable amount of
computational power and the programming of complex algorithms into the computer
control system. This is undesirable due to cost implications and the necessity to make
the computations in real time during the operation of the dragline.

It is therefore desirable to provide an alternative method of calculating when the
bucket is reaching a position which may be too close in for efficient emptying of the
bucket in a simple yet effective manner which is easy to implement using existing

dragline controls and equipment.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method of controlling the dump
position of a dragline of the type wherein the inclination of the bucket is controlled by
the differential control of two hoist ropes attached toward the front and the rear of the
bucket respectively, said method comprising the steps of determining the radius of a

cylindrical envelope having an axis coincident with the axis of rotation of the dragline

house about its support base, calculating when the attachment point of the rear hitch rope

of the bucket reaches said envelope and providing a signal for the control of the dump

mode at that position.
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Preferably the step of calculating when the attachment point of the rear hitch rope

to the bucket reachtes the envelope, is performed by a computer in real time during the

operation of the dragline.

Preferably the computer is the same computer used to control the differential

5 payout of the front hoist rope and the rear hoist rope.
Preferably the radius of the cylindrical envelope is determined to approximate the

locus of the positions of the attachment point of the rear hitch rope to the bucket at a

predetermined carry angle of the bucket that will result in a predetermined dump angle

when the front hoist rope is released.

10 Preferably the predetermined carry angle of the bucket is approximately +20°.
Preferably the predetermined dump angle is calculated to be the angle that will

result in a substantial emptying of the bucket for a particular payload.

Preferably the predetermined dump angle is approximately -40° or less.

Preferably the position of the attachment point of the rear hitch rope to the bucket

15 is calculated using parameters from said same computer.

Preferably said parameters include rear rope inclination and rear rope payout

values.

BRIEF DESCRIPTION OF THE DRAWINGS

Not withstanding any other forms that may fall within its scope, one preferred
20 form of the invention will now be described by way of example only with reference to
the accompanying drawings 1n which:
Figure 1 is a diagrammatic side view of a dragline using differential hoist rope
control with the bucket position ready to dump, close to the drag fairleads;

Figure 2 is a similar view to Figure 1 showing an attempt to dump the bucket

25 without reaching the target dump angle;
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Figure 3 is a similar view to Figure 1 showing the locus of points of the rear hitch
position beyond which it is not possible to achieve a dump angle of 40 degrees or
greater,

Figure 4 is a similar view to Figure 3 showing the locus of corresponding rear

5 hitch positions when the bucket is in the carry mode;
Figure 5 is a similar view to Figure 4 showing the imposition of a vertical or

cylindrical limit envelope according to the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE

INVENTION

10 A dragline 1 of the type typically used in large scale mining operations has a house
2 rotatably mounted on a platform base 3 which normally comprises shoes enabling the
dragline to walk backward to achieve the desired position for the operation of the bucket
4,

In draglines of the type using differential hoist rope control to alter the carry angle

15 5 of the bucket 4, the bucket is supported from the boom 6 by way of a front hoist rope 7
and a rear hoist rope 8 entrained around sheaves 9 and 10 respectively. The bucket 1s
further controlled by a drag rope 11.

When a dragline of this type is operated with the bucket close in to the drag rope
fairleads 12 as shown in figure 1, and an attempt is made to dump the payload by paying

20  out or releasing tension on the front hoist rope 7, the bucket may not be able to reach its
target dump angle, typically negative 70 degrees, due to the tension in the drag rope 11.

As can be seen in Figure 2 this results in the front hoist rope 7 becoming slack
which in turn may cause the hoist rope to become fouled about sheave 9 or possibly
jumping out of the hoist winch drum lagging grooves, or possibly being fouled around

25 parts of the bucket, any of which may cause serious damage to the hoist rope and
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associated components. In addition, when the slack is retrieved, excessive peak loads
may be imparted to the hoist system components resulting in subsequent damage or
shortening of component life.

It is possible to compute a proximity position of the bucket relative to the drag
5 rope fairleads and the boom 6 beyond which the bucket will hang up and not dump

completely due to tension in the drag rope 11. Plotted as the locus of positions of the
rear hitch point 13 (Figure 3) this locus of points can be drawn as a complex double cusp
curve as seen at 14 in Figure 3. This curve is based on the assumption that the mimimum
angle to dump the bucket is negative 40 degrees (due to the friction angle between the

10 bucket floor and the payload). If the bucket’s rear hitch point is closer to the fairleads
than the locus 14 then the achievable carry angle at dump is shallower than negative 40
degrees, and visa versa for positions further away. The locus is a complex compound
curve whose shape will depend upon many factors including bucket geometry, boom
geometry and angle, point sheave separation, rope load distribution etc. The double cusp

15 ofthe curve is due to the complex rotation and translation mechanisms that occur during
dumping at different levels above or below the drag fairleads.

It has been found in practice that it is of little use to predict the shape of the dump

Jocus as shown in Figure 3, because the bucket will be in carry mode just before it
dumps, and therefore any system for controlling the allowable dumping position must

20 solve the bucket geometry just before dumping commences. Figure 4 shows the locus of
points 15 that correspond to the rear hitch point when the bucket is at a carry angle of
positive 20 degrees, just before dumping, that will result in the final rear hitch position
reaching the locus 14. As can be seen, the shape of locus 15 is approximately a straight

vertical line.




CA 02474825 2004-07-29
WO 03/066973 PCT/AU03/00115

-6 -

The shape of the locus 14 and the locus 15 have been obtained by empirical
measurement and are extremely difficult to obtain by a mathematical algorithm, which
even if it could be mapped, would require complex and extensive computer resources
both in software and hardware to perform the calculation in real time necessary to

5  control the operation of the dragline.

The present invention therefore utilises the fact that the rear hitch position just
before dumping is approximately a straight vertical line (or, more realistically, a cylinder
having an axis coincident with the axis of rotation of the dragline house 2 about its base
3) to provide a viable real time control mechanism for the operation of the dragline.

10 To limit dumping to positions outside the locus 15 shown in Figure 4, 1t 1s
sufficient to approximate the locus by a vertical straight limit line 16 (Figure 5), or 1n
three dimensions, a cylindrical envelope. There is very little error between this line or
envelope and the actual locus 15 thus maximising the maximum useful dumping span in
a horizontal direction.

15 Consequently, it is a simple matter to program the parameters of the predetermined
envelope 16 into the controlling computer for the dragline using parameters such as rear
rope (8) inclination and payout values which are already operating parameters existing
within the computer control. These parameters determine the locus of rear hitch
positions which are acceptable for dumping and can therefore simply and quickly inhibit

20  the operation of the dumping mode when the parameters are exceeded 1.e. when the rear
hitch point of the bucket moves inside the envelope 16.

It is also possible to very simply and easily provide a visual warning to the
operator when the bucket has reached this position, for example by way of a visual

indicator on the control panel in front of the operator so that the operator will not attempt
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to bring the bucket into a position where efficient dumping is not possible, so saving
time and increasing the operating efficiency of the dragline.

This is particularly necessary as due to the scale of a dragline and the distances
involved of the bucket from the dragline house, the operators perspective makes it
difficult to judge the horizontal distance of the bucket from the operator. This 1s
exacerbated when operating the bucket “below tub” e.g. as seen in Figure 3, as the
operator “sees” the distance of drag rope 11 that has been paid out but this may be
significantly greater than the horizontal spacing between the bucket and the drag rope
fairleads due to the inclination of the drag rope in the below tub position.

This method of controlling the dump position is computationally much simpler to
solve than a complex analytical solution or empirical “look-up” table, and as such
provides a faster and safer method for controlling the limits of dumping a dragline
bucket. It also allows the useful dumping span of a dragline to be maximised in a

horizontal direction.
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CLAIMS

1. A method of controlling the dump position of a dragline of the type wherein the
inclination of the bucket is controlled by a differential control of two hoist ropes
attached toward the front and the rear of the bucket respectively, said method
comprising the steps of determining the radius of a cylindrical envelope having an
ax1s coincident with the axis of rotation of a house of the dragline about its support
base, calculating when the position of an attachment point of the rear hoist rope of the
bucket reaches said envelope and providing a signal for the control of a dump mode at
that position.

2. A method according to claim 1, wherein the step of calculating when the
attachment point of the rear hoist rope to the bucket reaches the envelope, is
performed by a computer in real time during the operation of the dragline.

3. A method according to claim 2, wherein the computer is the same computer
used to control a differential payout of the front hoist rope and the rear hoist rope.

4. A method according to anyone of claims 1 to 3, wherein the radius of the
cylindrical envelope is determined to approximate the locus of the positions of the
attachment point of the rear hoist rope to the bucket at a predetermined carry angle of
the bucket, that will result in a predetermined dump angle when the front hoist rope is
released.

5. A method as claimed in claim 4 wherein the predetermined carry angle of the
bucket 1s approximately +20°.

6. A method as claimed in either claim 4 or claim 5 wherein the predetermined
dump angle is calculated to be the angle that will result in a substantial emptying of
the bucket for a particular payload.

7. A method as claimed in claim 6 wherein the predetermined dump angle is
approximately -40°.

8. A method as claimed in any one of claims 3 to 7 when dependent upon claim 3
wherein the position of the attachment point of the rear hoist rope to the bucket is
calculated using parameters from said same computer.

9. A method as claimed in claim 8 wherein said parameters include rear rope

inclination and rear rope payout values.
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