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Dragline Rope Ferrule

Technical Field

Dlsclosed is a method for attaching a ferrule to a draglme rope, as well asa

- dragline rope comprising a ferrule, and a ferrule for the draghne rope. The method

finds particular, though not excluswe, application in relation to dragline dump ropes,
and will in part be described in this contekt. However, it is to be appreciated thet the
method can be employed to attach ferruie_e to hoist as well as drag ropes in a dragline..
The method can also be employed on other steel wire ropes thaf are used in both mining
and civil engineering applicatiohs; where a high degree of ferrule-to-rope securement is

required.

" Background Art
Large capacity mining draglines subj ect a dragline bucket to enormous forces
and loads. The ropes (also referred to as “cable_s”) are employed in draglines to control

the various movements of the bucket, and accordingly experience extreme and rapid

~ wear, especially at the sheaves in components of the dragline. For exainple', hoist ropes |

may need to be replaced every 3-6 months drag ropes every 1-3 months and dump

ropes every 1-2 weeks. Rope replacement is time consuming, w1th “downtlme” of the

. draghne representing a significant cost in mining operatlons

Minimizing the rope changeover time and i 1mprov1ng Tope 1ntegr1ty so as to

decrease the incidence of ferrule-to-rope failure can each contribute-to downtime

reduction and improved operating cost and efficiency.
1t is known to connect ferrules to wire ropes by a swaging method or a jaw-

pressing method. Such methods have been observed to provxde sufficient securement of

the ferrule to the wire rope for a number of applications in which wire ropes may be

employed. However, such methods are unlikely to provide sufficient securement of a
ferrule to a wire rope for dragline conditions. ”

GB 1,369,211 discloses a ferrule on a wire rope. The ferrule can be secured to

the wire rope by swaging or by a type of die-pressing that impaﬁs a shaped profile to

the ferrule. In other words, the ferrule is die-pressed by a die set that is laterally directed

to press the shaped proﬁle onto the ferrule. The profiling of the ferrule necessitates a
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‘ lateral pressing, hence the method of GB 1,369,211 is not concerned With norableto

address the securement requlrements of a ferrule to a draghne rope.:

GB 2, 113 732 discloses a connecting device for the end of a wire rope to enable

" the end to be connected to a hook or bolt. A ferrule is secured to the wire rope by a

swaging operation. The secured ferrule retains a proximal end of a connecting coupling

- onto the end of the rope, with a distal end of the coupling being internally threaded for

receiving therein an externally threaded shank of the hook or bolt. Again, the method of
GB 2,113 ,132 is not concemed with addressing the securement requirements of a
ferrule to a dragline rope. |

The above references to the background and prior art do not constitute an

admission that sueh art forms a part of the common and/or general knowledge of a

p'.erson of ordinary skill in the art. The above references are also not intended to limit o

the application of the method discloSed herein.

Sumhiw of the D1sclosur _
Ina ﬁrst aspect there is disclosed a method for attachmg a ferrule toa draghne

rope. The method comprises: -
- locatmg the dragline rope in a die of a die-press;

- locatmg over the draghne Tope a ferrule that is lined internally w1th a

- deformable matenal

.- forcing the ferrule longitudinally through the die whereby the ferrule is caused
to be internally expanded and be extruded back over the dragline Tope, deforming the
hnmg directly against the draghne rope and fastemng the ferrule to the dragline rope.

Such a method has been optimised towards i increasing the pull-off strength of
the ferrule in relation to a dragline rope (i.¢. the force r_equlred to pull the ferrule off the -

rope). Increaeed pull-off strength means that the dragline rope is able to withstand

. higher forces when located in e.g. a dump socket, whefeby the ferrule is less likely to b‘e‘

pulled off in use, thus decreasing the incidence of dragline rope failure caused by

ferrule-to-rope failure. Also, an intact ferrule-to-rope attachment can better facilitate

rope changeover, whereby the intact t_'errule can be mere easily detached from e. g a

dump socket. These two factors contribute towards more dragline “uptime” (i.e. the |
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dragline spends less non-operating-downtime waiting for rope servicing é.nd
changeover). | , | | _ ‘

By deforming the lining directly against and into the dragline rope, the method
has been observed to provide the ferrule with a pull-off strength of np to 60 — 70% of
the rope breaking force. This level of strength has been observed to be effective in -
reducing the incidence of dragline rope failure at the ferrule, thus increasing dragline
uptirne. In this regard, premature servicing due to ferrule pull-off can be avoided, with
eventual rope wear (e.g. at the sheaves) instead being the cause for rope
servicing/replacement. | _ | ' |
_ In one embodiment of the method, the dragiine rope is a multi-stranded wound -
wire rope with each strand deﬁning alay length. In suchcase the ferrule can be die-

pressed onto the rope so as to provide a ferrule length that is approxxmately 70% of the

. lay length. Further, the ferrule length may correspond to approximately four times a

dlameter of the rope once the ferrule has been dle-presscd onto the rope. Again, by

'optlmlsmg the ferrule length to the lay length of the draglme rope, the method has been
~ observed to contribute to ferrule pull-off strength.

~ The method has also _been observed to _prov1de‘ favourable pull-off results when

'compared to existing swaging and jaw-press methodologies used to attach ferrules to

ropes in other ﬁelds. In this regard, as a result of the longitudinal die-pressing of the'
ferrule onto the dragline rope, the ferrule and its lining are caused to be more evenly
extruded over and more signiﬁcantly'defonned‘against the dragline rope, thereby

bringing the ferrule and its lining into more intimate contact with, and causing the

~ ferrule and lining to flow into the interstices/valleys between, strands of the rope, as
compared with jaw press/swaging methodologies.

In one embodiment of the method, the ferrule is located over the rope adj acent
to but inset from an end thereof. A “rope-end” location is a usual (though not excluswe)
ferrule location and, when located at the rope end the ferrule can assist with rope
connection in the dragline (e.g. enablmg the ferrule to be positioned i ina dump socket)

In 6ne embodiment of the method, the amount of ferrule inset adopted

corresponds to an amount the ferrule i is caused to bc extruded back over the rope to its

“end during the forcing of the ferrule through the die. In other words, the resultant

' ‘draglme rope can comprise a ferrule that terminates at the rope end (providing a |
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- “square” end finish) rather than leaving an end of the rope exposed. An exposed rope |

end can otherwise cause handling issues, and be subject to damage and fraying etc.

* In one embodiment of the method, the ferrule can be forced through the die by a
mandrel that is initially arfanged to oppose the die as well as an end of the ferrule.
When the mandrel ié advanced against the ferrule (e.g. by a hydraulic ram) to fofce it
into the die, this can cause the ferrule to be internally -exi)andéd against and be extruded
back over the rope, with the ferrule external diameter reducing accordingly.

Inone embodiment of the method, prior to locating the ferrule over the rope, the
ferrule can have a number of e.g. fine grooves or threads formed on its external surfacé.
These grooves can assist in the die-pressing process in that they can receive and
distribute a lubricant over the ferrule external surface, to facilitate ferrule passage into
and deformation by the die_.‘ : v - |

In one embodiment of the method, prior to locéfihg the ferrule over the rope, the
ferrule external surface can be coated with a lubricant (e.g. an anti-friction coating) over.
the ferrule external surface, to facilitate ferrule passage into and deformation by the die.

In one embodiment of the method, a body of the ferrule is of metal (e.g. of a

~mild steel, such as a low carbon, low manganese steel). A hollow interior of the body

may have a number of fine grooves or threads formed on its surface, prior to locating

the ferrule over the rope. These grooves or threads can be adapted for interacting with

|  the ferrule lining of dcfofmable material (i.e. by binding/securing together the ferrule

and the lining during and after die—pressing onto the rope).

In one embodiment of the method, the lining of deformable materiai_compriSes a

' metal of lower yield strength than the body. The lining can take the form of a metal

sleeve (e.g. an aluminium sleeve), with the sleeve beihg located within the ferrule body

prior to locating it over the rope. Then, during the forcing of the ferrule through the die, .
the lining can be caused to be forced against and be extruded back over the rope. When
S0 e‘xtruded; the lining material deforms and flows into the valleys of the rope, thereby
improving the inter-engagement of the ferrule and the rope.

In oﬁe émb'odiment of the method, when the ferrule is fastenéd to an end of the
dragline rope, and after fastening of the ferrule to the rope, the ferrule can have a lug
secured to a distal end thereof. Such a lug can e.g. be welded onto the end of the ferrule

after fastening.
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The lug can allow for towing of the dragline'rope into position in a dragline
assembly. Further, it can maintain alignment of the ferrule when it is located in a
connection socket. In addition, it can prevent the dragline rope from unravelling when

e.g. a bolt is placed through the eye of the lug, by preventing rotational movement of

the rope (i.e. rope unravelling can lead to premature rope failure).

In a second aspect there is disclosed. a draglinerope comprising a die-pressed
ferrule thereon. |
| It has been discovered that where a ferrule has been die-pressed onto a dragline
rope it has increased “pull-oﬁ” strength, and especially when compared to other ropes
having comparable length ferrules secured thereto by known swaging or Jaw-pressmg
techmques

The ferrule may be dle-pressed onto thie dragline rope in accordance with a '
method as set forth in the first aspect.

In one embodlment, when the dragline rope is of stranded wire (such ase.g. a6
or 8 strand helically wound steel wire rope in which the strands eXt‘en'd around a core or
king'wire) the resultant length of the die-pressed ferrule can be optimised to the specific
lay length of the given rope (i.e. working towards an optimum length of ferrule in
contact with each lay of strand). | _

A primary use of the dragline rope can be as a dump rope, though the ferrule can

be adapted for use with a drag rope and/or a hoist rope.

In a third aspect there is disclosed a dragline rope ferrile. The ferrule is adapted

- for being die-pressed onto a multi-stranded wound wire rope (e.g. a 6 or 8 strand '

helically wound steel wire rope extendmg around a core or king w1re) Each such strand
can define a lay length.

In accordance with the third aspect, the ferruie can be provided with a length
that corresponds to a predetermined proportlon of the lay length, once the ferrule has
been die-pressed onto the rope. In this regard, the ferrule pull off strength has been
found to be related to the length of ferrule in proportion to the lay length (whereby an

optlmum length of ferrule in contact with each lay of strand is determined).
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" For example, for a helically wound wire rope, predetermining the ferrule length
such that it at least approXimately corresponds to up to 70% of the lay length, results in’
a pull-off strength that is approxim_ately 70% of the rope breaking force. It has been
observed that a pull-off Strength that is 70% of rope breaking force is sufficient for use
in dragline rigging. However, it has also been observed that a ferrule length that is
beyond 70% of the lay length can cause mterference when ﬁttlng the rope into the
dragline rigging. o

In one embodiment the ferrule can be provided with a length that cOrreSponds ‘

approxrmately to four times a diameter of the rope once the ferrule has been die-pressed
onto the rope. It has also been observed that predetermining the ferrule length such that .‘
it at least approxrmately corresponds to four times a diameter of the rope results in an |
increased pull-off strength.

Again the dragline rope ferrule of the third aspect can comprise a hollow body

- of e.g. mild steel, and the body can be 1nternally lined with e.g. a metal of lower y1eld

strength than the body metal (e.g. a sleeve of aluminium).

In the ferrule of the third aspect the lining can compnse a sleeve that is ﬂared at

one end. The flared end can engage with a respectlve end of the ferrule when the sleeve

1is posrtloned there1n to help guide the rope into the ferrule and to help locate the. sleeve.

In use, the flared end can be located at that end of the ferrule through whlch a draghne

- rope end is introduced prior to d1e-pressmg

In the ferrule of the third aspect the body can comprise an internal annular |

_constriction located at a body end that in use sits adjacent to the rope end (i.e.anend .

that is engaged bya mandrel during dxe-pressmg) The constriction can prov1de v

increased strength to the ferrule such that it better resists swelling and buckhng

-resultmg from the compressive forces induced by dle-pressmg

In the ferrule of the third aspect the body can be provided w1th an external

chamfer that is located at the body end that in use sits adjacent to the rope end prior to-

‘ dle-pressmg The chamfer provrdes a space to receive therein a flow of body metal that

" occurs along an outer portion of the ferrule during dte-pressmg, whereby a ¢ square

ferrule end without flashing can result
In the dragline rope ferrule of the third aspect the body and hmng can be
adapted such that the lining terminates from an end of body, being that end of the
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ferrule which in use is located at or adjacent to an e'ndvof the rope. This can prevent the
lining from being “squeezed out” of the body during die-pressing.
The ferrule of the third aspect can otherwise be as deﬁned in the first and second

aspects .

Brief Descrlptlon of the Drawings
Notw1thstand1ng any other forms which may fall within the scOpe of the ferrule

and method as set forth in the Summary, a specific embodiment will now be described,

‘by way of example only, with reference to the accompanying drawings in Wthh

Figure 1 shows a side secnonal view of a ﬁrst embodlment ofa ferrule body as

 set forth in the Summary;

Fi igures 2 and 3 respectlvely show side and end views of an embodiment of a

.ferrule lining as set forth in the Summary,

Figure 4 shows a ferrule compnsmg the assembled body and lining of Figures 1

to3 having been die;pressed onto the end of a dragline rope;

Figures 5A to 5D respectively show side, plan, end and perspeetive views of é
second embodlment of a ferrule having been die-pressed onto the end of a draghne
rope; | -

Figure 6 shows a schematic depiction of apparatus and a process for die-
pressing a ferrule onto a dragline rope; |

Flgures 7 and 8 respectlvely show plots of ferrule pull—off force (in kN) vs die
press pressure (Fig. 7) and ferrule length (Flg 8).

Detailed Description of a Specific Embodiment
~ Referring firstly to Figures 1 to 3, a hollow ferrule body 10 and a ferrule insert

sleeve 12 are shown. The sleeve is inserted into the body to define a ferrule assembly to

. be die-pressed onto a dragline rope (the assembly is oﬁen simply referred to herein as a A

“ferrule”). A primary use of the ferrule is in a dragline dump Tope, though the ferrule

can be readlly adapted for use with a drag rope and/or a hoist rope in a draghne
Die-pressing the ferrule onto the dragline rope increases pull-off strength (e

1ncreases the force required to pull the ferrule off the rope). For example die-pressing

has been observed to.increase the force required to pull the ferrule off the rope by up to -
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60 — 70% of the rope breaking force. This represents'a significant increase when

eompared to existing ferrule-to-rope attachment methodologies (jJaw-press and

swaging).

In use the ferrule length is predetermined to approximately correspond to up to

70% of the lay length. As discussed below, this results in a pull-off strength that is

- approximately 70% of the rope breaking force, which is sufﬁcnent for use in dragline
rigging. In use, the ferrule length is predetermined to not go beyond 70% of the lay

length as this can cause interference when fitting the rope into the dragline nggmg

_In use, with such a pull-off strength the ferrule is better able to withstand hlgh
forces: at the sockets employed to connect the rope to the draghne components. This can

decrease the incidence of rope “fallure” due to fen'ule -to-rope failure. Maintaining an

" intact ferrule-to-rope attachment can also facilitate rope changeover, in that it is rope

wear at the sheaves that eventually causes rope changeover, rather than rope failure at a -
socket. An intact ferrule-to-rope attachment also allows the ferrule to be readily and
more easrly detached from a socket (e.g. a dump socket). -

The ferrule is speclﬁcally adapted for bemg die-pressed onto the draghne rope.

| In this regard the ferrule body 10 of can be of an extrudable/deformable metal, for

example, a carbon steel alloy such as'AISI 1030. In AISI 1020, the “10’-’ designates a

basic plain carbon steel and the “20” designates the approximete carbon content. For -

- example, a suitable steel is a hot roll 1020 — which is a generefpurpose, mild, low-
‘carbon, low-manganese machine steel with good overall, structural steel properties.

- This steel demonstrates high machineability capacity and excellent welding

characteristics.
" The sleeve comprises a metal of lower yield strength than the body metal, for
example, aluminium. When die-pressed onto a dragline rope of stranded wire (e.g. a 6

or 8 strand helically wound steel wire rope in which the strands extend around a core or -

_ king wire) the sleeve 12 is accordingly deformed and extruded to a greater extent than

- the body 10, and thus tends to be squeezed and flows into the regions (valleys) between

adjacent wire strands, thus better securing the ferrule to the rope. The sleeve can thus

help increase the ferrule pull-off force (e.g. up towards 70% of the rope breaking force).

An mtenor surface 14 of the body 10 can be provided therein (e.g.bya

threading tool) with a number of fine grooves or threads prlor to locating the sleeve in - -
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the body Again during die—pressing; the sleeve 12 is deformed and flows into the

grooves/threads at surface 14, thus better blndmg/securmg the ferrule body to the

sleeve

The sleeve 12is ﬂared (or bell-mouthed) 18 at one end. ThlS 1mt1ally restncts
the amount of sleeve insertion into the ferrule body 10, whereby the flared end 18 is
retained at the open insertion end 20 of body 10. The flaring also i 1mproves the feeding
of the rope into the ferrule/sleeve combination, and further helps to prevent the insert
from sliding during fope insertion and as the ferrule is being die-pressed onto the rope.

- Further, the hollow interior of the body 10 has an annular constriction 22 located

adjacent to its opposing end 24 (i.e. the end that in use sits adjacent to the rope end).

" The annular- constriction inside the ferrule provides an 1ncreased area for the mandrel to

push agamst during dle-pressmg (see Fxgure 5). The annular constriction also reinforces

. the end of the ferrule in order to prevent the ferrule from swellmg and buckhng before

15

20

25

30

and as it enters the d1e (i.e. resulting from the compressive stresses that occur in the

ferrule during the d1e-pressmg operatxon) It has been observed that ferrules without

such reinforcement can become Jammed in the die. , _ -
The annular constriction 22 also helps prevent the sleeve from sliding and being

“squeezed out” at end 24 as the ferrule is bemg die-pressed, such that a “clean

. delumted end of the fernile results

‘ * Further, the sleeve 12is prov1ded with a long1tudma1 passage 26 through its
length. Thus, a sleeve diameter can be selected that requlres a push-fit of the sleeve into

the body 10 with the passage allowing the sleeve walls on either side of the passage to

flex, to allow the push-fit to occur. Once inserted, the sleeve again slightly expands

w1thm the hollow body to be ﬁwtlonally retamed therein, ready for use in the die-
pressmg procedure

Prior to locating the ferrule over the rope; the ferrule body can also be prov1ded

" with (e.g.- by machining) a number of fine grooves or_threads on its external surface 30.
~“These grooves can assist in the die-pressing process, in that they can receive and

distribute a lubricant over the external surface 30, to facilitate ferrule deformatlon by,

and passage mto ‘and through, the die.
"The external surface of the body is also chamfered 32 at the opposmg end 24,

The chamfe_r provides space for the flow of metal along the outer surface of the ferrule B |
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during die-pressing (i.e. during die-pressing metal flows along the ferrule and fills the

- chamfer “void”). This reduces or eliminates flash at the end of the ferrule, which must

otherwise be ground smooth to ehmmate safety concerns during subsequent handling of
the ferrule. A square ferrule end thus results at the rope end.

Prior to d1e-press1ng, the ferrule assembly Fis located over the rope adjacent to.
but inset from the rope end (see Figure 6). The amount of ferrule inset adopted (see
dxstance P in Figure 6) typically corresponds to an amount the ferrule is caused to be

extruded back over the rope to its end during the forcing of the ferrule through the die.

'As shown in Figure 4, in the resultant dragline rope R the ferrule F terminates at the

rope end/E, rather than leauing an end of the ropevexp.osed (which would otherwise be

- subject to damage and fraying, handling dangers, etc).

Referring now to Figures 5Ato SD; where like reference numerals are used to
denote similar or like parts, 2 second embodiment of a ferrule F” is shown as having

been fastened to a dragline rope R’; terminating at the rope end. The ferrule F’ is similar

tin most respects to the ferrule F of Figures 1 to 4, and will not be redescribed.

~ However, the ferrule F ’_. differs in that a lug 50 has been seeured to a distal end

E’ of the ferrule. The lug 50 comprises an annular plate 52 and a loop 54 welded |

- thereto. Typlcally the lug plate 52 is welded onto the end of the ferrule after fastemng
‘The lug 50 serves three purposes:

. 1. It allows for towing of the draghne rope into posmon in a dragline assembly.

2. It maintains allgnment of the fernile when it is located in a connection socket (e.g. a

dump socket). |

‘3. It prevents the dragline rope from unravelling when e.g. a bolt is placed through the

eye of the lug, by pre\?enting rotational movement of the rope (i.e. rope unravelling can

lead to premature rope failure).

Non-limiting examples of a ferrule-to-rope attachment procedure and testing

~ methodology will now be provided.

Example 1 - Die-pressing of Ferrule onto a Dragline Rope
A ferrule die-pressing procedure was employed, which adopted a methodology

whereby an assembly of the ferrule and a dragline rope were pushed through a die with
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an interference fit. This was observed to effectively extrude the ferrule over the rope,
resulting in the ferrule being clamped onto (deformed against) the rope. Referring to

- Figure 6, the die-press was set up as follows:

1. A dragline rope end was positioned fhrough the:die, from the back (parallel)

opening Ok, e);iting through the front (tapered) opening O;. The rope R was a multi-

stranded wound wire rope of e.g. 6 or 8 wire stra_nds, heliéally wound around a core

or king wire. Each such strand defined a lay length, being the linear length of a

rope portion c‘ox"responc_iing to a strand having spiralled once around the rope

circumference.

2. A ferrule F with its inside lined with the aluminium sleeve S waé then slid over

. the rope end, lea\?ing a calculated length of rope protruding P beyond the ferrule (as' -

shown). This pdsitioning allowed for deformation during thie press, whereby the

resultant deformed ferrule generally aligned with the rope end (See Figure 4)."

3. Prior to locating the ferrule on the rope, the ferrule had an edge chamfered Con
one of its ends (m-use outermost end) ThlS chamfer functioned to allow the metal

to flow and form a square end once the ferrule had been die-pressed onto the rope.

4. The outer surface of the ferrule was coated with a special lubncant (such as
: -Molykote 106 a.ntl-fncnon coating; trade mark of Dow Cormng) to assist the
-process when the ferrule assembly was being pressed through the die D. Prior to

locating the ferrule on the ropé, the Qutéf surface of the ferrule had been finely

threaded T (e.g. in a lathe) to ensure the lubricant coating entered the die during i

' pressing,‘t'o help facilitate passage thfough. and deformation of the ferrule in the

die.

5. A mandrel M on a hydraulic ram Ra was then used to press the ferrule, together
with the rope, through the die D. The ferrule and sleeve assembly were deformed
against and extruded back over the fope end, until they assumed the configuration.

as shown Figure'4. Generally, for each dra'gline rope, as a result of the die-préssing



WO 2011/103640

10

15

20

25

30

PCT/AU2011/000214

12

. operation the ferrule was observed to have a reduction in overall diameter, and its

overall length was increased by approximately the length of the initial rope

protrusron P.

6. With the ferrule now die—press‘ed onto the rope, the aluminium sleeve was

observed to provide improved grip between the rope and _the' ferrule body. In this

regard, a number of pull-off tests were conducted, and the results are presented in

the graphs of Figures 7 and 8.

7. Optionéliy, a lug 50 (as shown in Figure 5) was welded onto the end of the

ferrule F, to improve its handhng, as well as to 1mprove its 1nterconnect1v1ty with'a |

socket-type connector 1n a draghne

Example 2~ Pull-off Testing of Ferrule on Draglme Rope

Various draghne rope products resulting from the general procedure of Example_

1 were subjected to ferrule pull-off testing, to detenm_ne the suitability of the ferrule for

useona dragline_ rope, as well as optimum ferrule and die press set-ups and

| ‘configurations. The results of these tests are presented graphically in Fi gures 7 and 3

To test the pull-off force (in kN) of a ferrule die-pressed onto a dragline rope

_ _product S0 as to 1ndrcate the strength of the ferrule—to-rope attachment, the following

procedure was implemented:

~-

Load the draghne rope into an Avery 3000kN testing machine.
Seat the ferruled rope end into test blocks, specially desrgned-to.transfer ‘

» load onto the end of the ferrule.

Apply force at a predetermined strain rate.

Continue until ferrule-to-rope bond breaks and record the load at

' breakage

'For each helically wound wire dragline'rope, the ferrule had been 'die-pressed to

~ have a length of up to approximately 70% of the rope lay length. This is indicated in

Figure 8, where it can be seen that for a numbser of rope diameters (5 8-83mm) the pull-

off force increased with the die-pressed‘ferrule length up to a maximum,
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It was observed that the pull-off strength (expressed as percentage of rope

breaking force) was directly related to the length of ferrule as a percentage of the rope

lay length. It was noted that a pull-off strength of approximately 70% of the rope

breakjng force would enable the rope to perform well in drzigli'ne applications, as

- compared with existing ropes.’

It was further observed that pull-off force generally increased with the pressure
employed in the die press up'to a maximurn, and then did not increase further with

increasing die press pressure. This is indicated in Figure 7, where it can be seen fora

" number of rope diameters ('58-95mm),..that the pull-off force increased with the die-

B pressed ferrule length uptoa maximum, after which maximum there was no particular - |

increase in the pull-off force.

Whilst specific embodlments of a ferrule, and a method of attachmg the ferrule

- to a dragline rope, have been descnbed it should be apprec1ated that the ferrule and ' |
15

method may be embodied in other forms. o

For example when the resultant dle-pressed ferrule length. approx1mately
corresponded to four times a dlameter of the rope the resultant pull-off strength was
observed to be increased. ‘This measure prov1ded an alternative means of

predetermining ferrule length.

" In the claims which follow, and in the preceding description, excepi where tlr_e -'

context requires otherwise due to express language or necessary implication, the word

“comprise” and variations such as “comprises” or “comprising” are used in an inclusive . -

' sense, i.e. to specify the presence of the stated features but not to preclude the presence

or addition of further features in various embodiments of the ferrule and method as

disclosed herein.
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Claims
1. A method for attachmg a ferrule to a dragline rope compnsmg
- locating the dragline rope inadieofa die-press; ‘
- locating over the dragline rope a ferrule that is lined interhally with a deformable
material; | |
- forcing the ferrule longltudlnally through the die whereby the ferrule i is caused to be
internally expanded and be extruded back over the dragline rope, causing the lining to
deform drrectly against the draghne rope and fastening the ferrule to the dragline rope.
2. A method /as clalmed in claim 1 whereln the ferrule is located over the draglme rope

adjacent to but inset from an end thereof

3. A method as claimed in claim 2 wherein the amount of ferrule inset corresponds to

- an amount the ferrule is caused to be extruded back over the dragline rope to its end

during the forcing of the ferrule longitudinally through the die.

4. A method as claimed in any one of the preceding claims wherein the dragline Tope is

a multi-stranded wound wire rope, with each strand deﬁmng a lay length, wherein the

ferrule is dle-pressed onto the rope so as to provide a ferrule length that is

‘approximately 70% of the lay length.

5 A method as clalmed in claim 4 that has a length correspondmg to approxrmately

four times a dlameter of the rope once the ferrule has been dre-pressed onto the- rope.

.6. A method as claimed in any one of the preceding claims wherein the ferrule is forced

through the die by a mandrel that is initially arranged to oppose the die as well as an
end of the ferrule, whereby the mandrel is advanced against the ferrule to force it
longitudinally through the die.

7. A method as elaimed in é.ny_orie of the preceding claims wherein, prior to locating
the ferrule over the rope, the ferrule has a number of grooves formed on its external

surface.
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8. A method as claimed in any one of the preceding claims wherein a body of the
ferrule is of metal and, prior to locating the ferrule over the rope, the ferrule has a -
number of grooves formed on its internal surface, with the grooves being adapted for

interacting with the lining.

9. A method as claimed in claim 8 wherein the lining comprises a sleeve of a metal of
lower yield strength than the ferrule, with the sleeve being located within the ferrule

body prior to locating it over the rope.

- 10. A method as claimed in claim 9 wherein the metal of the sleeve com_prisés

‘aluminium.

11. A method as claimed in any one of claims 7 to 9 wherein, during the forcing of the

' 'ferrule‘throbugh the die, the lining is also caused to be extruded back over the rope.

12. A method as claimed in any one of the preceding claims. wherein the ferrule is
fastened to an end of the dragline rope and, after fastening the ferrule to the rope, the

ferrule has a lug secured to a distal end thereof.

13. A method of attaching a ferrule to a dragline rope, the method being substantially as

| . herein described with reference to the Examples and the accompanying'drawihgs.

- 14. A dragline rope cdmprising a die-pressed ferrule thereon.

15. A dragline rope as claimed in claim.1 wherein the ferrule is die-pressed onto the

dragline rope in accordance with a method as claimed in any one of claims 1 to 13.

16. A dragline ropé comprising a die-pressed ferrule thereon substantially as herein

described with reference to the Examples and the accompanying drawingé.
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. 17. A dragline rope ferrule, the ferrule being adapted for being die-pressed onto a multi-

stranded wound wire rope, with each strand defining a lay length, the ferrule having a
length of up to approximately 70% the lay length once the ferrule has been die-pressed

onto the rope.

18. A ferrule as claimed in claim 17 that has a length corresponding to approximately

four times a diameter of the rope once the ferrule has been die-pressed onto the rope.

'19. A ferrule as claimed in claim 17 or 18 compnsmg a body of metal, the body being

mtemally lined with a metal of lower yield strength than the body metal

20. A ferrule as claimed in claim 19 wherein the lining eomprisves a sleeve that is flared

at one end, with the flared end engaging with a respective end of the ferrule when the

- sleeve is positioned therein, and with the flared end being l_OCated at that end of the

ferrule through which a dragline rope end is introduced prior to die-pressing.

21. A ferrule as claimed in claim 19 or 20 wherein the lining comprises aluminium.

22.A femile as claimed in any one of elaims 191021 wherein the body and lining are
adapted such that the lmlng terminates from an end of body, bemg that end of the

ferrule which in use 1s located at or adjacent to an end of the rope

N

23.A ferrule as claimed in any one of claims 19 to 22 wherein the body has a number

of grooves formed on its internal surface, with the grooves adapted for interacting'With

the lining of metal of lower yield strength.

24. A ferrule as claimed in any one of claims 17 to 23 wherein a body of the ferrule
comprises an internal annular constriction located at an end that in use sits adjacent to

the rope end. -
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~ 25. A ferrule as claimed in any one of claims 17 to 24 wherein, prior to die-pressing, a
- body of the ferrule comprises an external chamfer located at an end that in use sits

adjacent to the rope end.

5  26. A ferrule as claimed in any one of claims 17 to 25 that has a number of grooves

formed on its external surface.
- 27. A ferrule as claimed in any one of claims 17 to 26 wherein, after the.ferrule has
- been fastened to an end of the dragline rope, the ferrule has a lug secured to a distal end

L0 . thereof.

28. A ferrule as claimed in claim 27 wherein the lug is welded ‘to a distal end of the
ferrule. '

15 29.A dragline rope ferrule substantially as herein described with reference to the

Examples and the accompanying drawings.

30. A drég]ine rope including a ferrulé as claimed in any one of claims 17 to 29.
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