HIGH STRENGTH CCRE‘POR W RE ROPES This invention rel ates to solldcaatbnerlc
. cores for wire ropes. Traditionally the core or central neniies2nf7 a
‘stranded wire rope was nanufactured by spinning together tows of natural
fibre such as sisal, usually in the formofta 3 (or 4) strand fibre rope.
More recently cont i nuous yarns of man-made fibres such as pol ypropyl ene
have been substituted for the nat ut still retaining the
(3 or 4) stranded |ay-up, which hgs THiRSHEERAUEHAE]|of providing irregul ar
support to the surroundi ng steel randfREPLACEDr t1 culjar GB-A-1 092 321

di scl oses a core which consists of er, or polypropyl ene

nonofi |l aments helically tw sted together and whi ch has been conpact ed under
tension. This di sadvant agguaH) SERENSF (gg?é) q@gngf arlier invention
of the applicant, which is described in /Q?égz agﬁg GB- A-2 269 400,

wherein a wire rope core is provided with an externally fluted surface

This invention relates to solid polymeric cores for
wire ropes.

Traditionally the core or central member of a
stranded wire.rope was manufactured by spinning together
tows of natural fibre such as sisal, usually in the form
of a 3 (or 4) strand fibre rope. More recently
continuous yarns of man-made fibres such as
polypropylene hgve been substituted for th§ natural
fibre staple, but still retaining the (3 or 4) stranded
lay-up, which has the disadvantage of providing
irregular support to the surrounding steel strands. In
particular GB-A-1 092 321 discloses a core which
consists of polyamide, polyester, or polypropylene
monofilaments helically twisted together and which has
been compacted under tension.

This disaavaniage can be overcome by means of an
earlier invention of the applicant, which is described
in GB-A- 2 219 014 and GB-A-2 269 400, wherein a wire
rope core is provided with an externally fluted surface
to closely mate with the internal surfaces of the rope.
The said fluted core is typically produced in two

manufacturing operations using a cross-head extruder
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to closely mate with the internal surfaces of the rope. The said fluted
~care is typically produced in two actoH ¢ ons using a

‘cross- head extruder with a rotat‘ F
cross-sectional profile. Wilst thi§ i pr.O
for nmedium sized ropes and has been '=F er a product wth superior
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probl ens and provide a new type o performance core for s anet er
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provides a solid

recognised that the method is less attractive for small
diameter ropes which are typically manufactured on high
speed machinery. Specifically, the manufacturing method
used for the fluted core is restrictive both in terms of
production speed and the available material properties.
It would be desirable to be able to offer a solution to
these problems and provide a new type of high
performance core for small diameter wire ropes, e.gq.
elevator ropes.

In one aspect the present invention provides a solid
polymeric core for wire ropes which possesses an
orientated structure i#uwhich the crystals are elongated
and orientated in the axial direction.

In another aspect the invention provides a solid
polymeric core for wire ropes which possesses an axially
orientated_étructure and is polygonally shaped to
correspond with the internal geometry of the rope.

In a further aspect the invention provides a solid
polymeric core for wire ropes which has a structure
comprising crystals orientated in two directions, that
is in a direction transverse to the axis of the core as
well as in the axial direction.

The core is preferably of unitary or one-piece
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pol yneric core for wire ropes which possesses an orientated structure in
- which the crystals are elongated and orientated in the axial direction. In
“anot her aspect the invention provides a solid polyneric core for wire ropes
whi ch possesses an axially orientated structgre and is polygonally shaped
to correspond with the internal geonetry of the rope. In a further aspect
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structure conpri sing crystafs orientate n two directions,
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direction. The Core is preferably of unitary or one-piece _
construction, byblaht eldagete HeAF Ma¢! bandfCedRKiaLNGohstriiciidn, Of

el enents are possible. For exanple, the solid el ongate body nay be of

coaxi al construbeiag, formed from successive layers of polymeric
material (which may differ from .layer to layer). 1In
another embodiment the body may be an assembly of
mutually parallel polymeric elements. In this case the
number (n) of elements is preferably directly related to
the number (m) of strands which are to enclose the core
(e.g. n=m/2, n=m orn=m+ 1),

The invention also provides a method of producihg
the said core in a éingle- or multi-stage operation
using a controlled means of forming the core whilst in.
its solid state.

The invention further provides wire rope containing
a solid polymeric core of unitary or multi-element
construction in which the structure of the core material
is preferentially orientated in a substantially axial
direction. Preferably the core is externally profiled
to correspond with the internal geometry of the rope.
The wire rope may, for example, comprise 6 or 8 outer
strands over the said core. The core may contribute
significantly (e.g. 5%, up to 10%, or more) to the load
bearing capability of the rope.

The invention will be described further, by way of
example only, with reference to the acéompanying

drawings, in which:



being fofmed from successive layers of polymeric material (which may differ
- fromlayer to layer). In another enbodi nent the body may be an assenbly of
‘mutual ly parallel polyneric elenents. In this case the nunber (n) of
elenments is preferably directly related to the nunber (nm) of strands which
are to enclose the core [err] The invention al so provides a nethod of

producing the said gorg Lniassi gobenefiatT revaldom R Appiatisd ok

control |l ed neans of o core mits solid

i nvention furth§£n€593£q§§n | Lecb2RE £ A @%?%;solid pol ymeric core of
e ' ' h the

unitary or nulti-elenment cofistruction in whic structure of the core

material is preferepifakby201beBhabRd aln cronebslertisica lthrougl adisieait on.
Preferably the core iS externally profiled to correspond with the internal

geometry of theeqpo@iméhe Wifr Cormiagr@evifom; exanpl e, conprise 6 or 8 outer
strands over the said core. The core may contribute significantly (e.g. 5%
up to 10% or nore)Figuirec2hodd an end view of the forming device of
Figure 2;
Figure 3 is an axial cross-section through a second
embodiment of forming device;
Pigure 3a is an end view of the forming device of
Figure 3; and
Figure 4 is a cross-section through a wire rope
including the core;
Figure S5a is a cross-section through a three-rod
bundle;
Figure 5b is a cross-section through the bundle of
Figure Sa after reduction and elongation to produce a
core for a 6-strand rope;
Figure 6a& and b are views similar to Figures 5a and
b, showing a four-rod bundle for an 8-strand rope;
Figures 7a and b are views similar to Figure 5a and
b, showing a two-piece core for a 6-strand rope; and
Figures 8a and b are views similar to Figures 5a and
b, showing a seven-rod bundle for a 6-strand rope.
What is described below is a method of manufacturing
solid, high strength polymeric cores (for wire ropes) in
a single process, whereas previously it has only been

possible to achieve such strengths from stranded cores,



bearing capability of the rope. The invention will be described further, by
- way of exanpl € only, with reference to the acconpanying draw ngs, in which:
'4 Figure 1 is a schematic elevation of apparatus for manufacturing a core
for wire rope; Figure 2 is an axial cross-segtion through a first

enbodi ment of form ng device; Figure 2a is an end view of the form ng
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support to the wire strands.

The preferred method comprises extruding a nominally
cylindrical rod (or a bundle of rods) of polymeric
material with a substantially greater cross-sectional
area than that required in the finished core, and then
applying a forming operation to the rod (or bundle) in
the solid state. This forming operation is designed and
controlled to both elongate the rod (or rods) in the
axial sense and to reform the cross-sectional shape of
the rod (or bundle) to closely match the requirements of
the end product.

The process of elongating the polymeric material in
its solid state substantially enhances its mechanical
properties. In particular, the Tensile Strength of the
elongated core may be increased for example by a factor
of 10 and the elastic modulus may be increased by a
factor of as much as 20 by comparison with the
as-extruded rod. The reason for this is that the
forming operation induces reorientation of-the
crystalline structure of the material, whereby the
crystals are drawn out and elongated in the axial
direction.

The process.of reforming the cross-sectional profile
has two beneficial effects. Firstly, it enables the

size of the core to be closely toleranced to suit the
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Figure 5a is a,cross-section through a three-rod bundle; Figure 5b is a
cr-oss-section through the bundle of Figure 5a after reduction and

el ongation to produce a core for a 6-strand rope; Figure 6a and b are views
simlar to Figures 5a and b, show ng a four-rgd bundle for an 8-strand
rope; Figures 7a and b are views simlar to Figure 5a and b, show ng a
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to Figures 5a an oW'ng a seven-To for a 6-strand rope.
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polymeric cores (for wre'ropes) in a single process, whereas previously it
has only been pagsitle dil AGHIC \extatiidedt +6@06haps) OvhsthaRdgdaceefdency S

produced fromfine fibres 1n a nmultiplicity of separate
to become oval on solidifying (unless extruded
vertically). Secondly, it allows the shape of the core
to be modified to closely conform to the desired
internal profile of the wire rope. Hence, the core may
be polygonal in cross-section, where the number of faces
is chosen to match the number of strands in the rope,
and the faces may be concave with a radius of curvature
similar or equivalent to the strand radius.

The forming process draws out and elongates the
crystals of the orientatable polymers in the axial
direction, which enhances the axial properties of the
core, in that the crystals become somewhat whisker-like
and stronger (through strain-hardening mechanisms).

Additionally, in the process of re-shaping the core
into a noncircular (polygonal) cross-sectional shape,
there is inevitably some transverse distortion or flow
of the polymer which may be likened to the bi-axial
drawing of sheet or tubular materials. This
supplemental orientation in a direction normal to the
axial direction (as well as the preferential orientation
in the axial direction) has the additional potential of
enhancing the transverse properties of the core, for
example in terms of its ability to withstand the radial

(crushing) stresses exerted by the rope strands (viz. by



operations, which do not offer the sanme solidity of support to the wire

- strands. The preferred nmethod conprises extruding a nomnally cylindrical
‘rod (or a bundle of rods) of polyneric material with a substantially
greater cross-sectional area than that requiged in the finished core, and
then applying a formng operation to the rod (or bundle) in the solid

state. This fOriliio 00 % 8hb08f! End hIBRIra En€aMEIpboASH [0 both el ongate

the rod (or he aX|a sense and to reformthe cross-sectiona

shape of the rod (Oi-hbuﬂdifa &ea‘e‘boaﬂwiﬂPt 68 546n' £06F6"EHhENGEs L hes end
product. The process of elongating the polyneric material inits solid

state substant|§&1y1eghgaﬁgﬁhltzaarahaabapbeaenperitesngtn pretdingar, the
Tensile Strength of the elongated core nay be increased for exanple by a

factor of 10 angitiffnesast andmbdrsiionabymbdleabibhted by a factor of as

much as 20 by conparison with the as-extruded rod. The reason for this is

that the form ng opRigurenli atowesar horienntalogcrevw: astruder 1
producing a rod 7 (or a round bundle of rods). The
elongation process is preferably carried out in-line
with the extruder, so that the rod (or bundle) may be
operated upon in its solid state but before it has had
chance to cool below an optimum working temperature.
This avoids the problems associated with re-heating the
material up to a suitable temperature, which may be an
expensive and rate-controlling operation.

The elongation process may be carried out between
two traction devices which are geared to one another,
e.g. by mechanical or electronic means, to maintain a
pre-determined ratio of linear speed. For example, if
it is desired to elongate the rod (or bundle) by 100%,
then the second traction device will be set to operate
at twice the linear speed of the first traction device.
The first traction device may be a capstan 2 of

single-drum or double-drum construction, or a
*caterpillar® drive (comprising two endless friction
belts), being suitadble both for gripping the round rod 7
(or bundle) and for immersion in a fluid bath 3, if
required for temperature control purposes. The second

traction device may be either a capstan or a



crystalline spruétqre'of the material, whereby the crystals are drawn out
“and elongated in the axial direction. The process of reformng the
‘cross-sectional profile has two beneficial effects. Firstly, it enables the

size of the core to be closely toleranced to_,suit the

6 desired rope

di aneter, inproving both the | ongitudinal coﬁsistency and the concentricity
of the core relative t he ori ginal extruded,rod shape, whic as .a
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Control of the elongation process may be enhanced by

applying radial pressure over a section of the rod (or

bundle) between the two traction devices, as shown

schematically in Figure 1. The pressure generating

device may be a tubular die 4 (similar to a wire drawing

die) or a system of shaped rollers. Because of the

difficulties of providing an adjustable die or roller

system, a preferred set-up procedure may be to: -

(a) start up the extruder 1 and pull out a tail of

material of a size capable of passing through the

die 4, i.e. by drawing down of the melt at the

extruder exit,

(b) lead the tail around the first traction device 2,

through the die 4, and on to the second traction

device 5, and

(c)} pick up the drive with the second traction device 5

and then gradually bring in the first traction

device 2 to transfer the éiongation process from the

extruder exit to the control region.

The extruder drive means will also preferably be

linked@ automatically to at least one of the traction

devices 2,5 in terms of relative throughput, so that the

line speed may be varied without substantially changing



simlar or equivalent to the strand radius. The form ng process draws out
‘and el ongates the crystals of the orientatable polyners in the axial
direction, which enhances the axial properties of the core, in that the
crystal s becone sonewhat whisker-1like and strenger (through
strain-hardeni ng nmechani sns). Additionally, in the process of re-shaping

the core into auRQNYeiGHide UK dndl €bSnseCt i onal shape, there is

i nevitably sone transverse distortion or flow of the pol yner which may be

likened to the bi-agoitrlawaryd shEctedpetabiitd’ ddPiRgi €he- eIbngation
suppl emental orientation in a direction normal to the axial direction (as

wel | as the preftage mly e atitticsl i tottite aprotess rendi can bestt be
addi tional potential of enhancing the transverse properties of the core,
for exanple in effected by pdsiltioning wthet awatehe(ondfhiuiddr bakhng)
stresses exerted by the rope strands (viz. by
(e.g. at about 90°C) between the extruder and the die
{or pressure generating device). A possible arrangement
of the equipment is to mount the die on the end of the
water (or fluid) bath. A second bath or trough (not
shown) containing water {or fluid) at a lower
temperature may be located after the die to assist in
the cooling of the core before it encounters the second
traction device. |
Means for reforming the shape of the core may
comprise a contoured die, a set of shaped rollers, or
preferably the spherical ball forming device which is
disclosed below. This has the unique advantage of being
easily assembled and adjusted onto the rod (or bundle)
without interrupting the process. 1In practice it is
expected that the reforming operation will be carried
out in conjunction with the elongation operation and
preferably in line with the extruder. The forming
device described below may therefore also constitute the
means of applying radial pressure referred to above in
the elongation operation. It will be recognised that
extrusion is a continuous process and that in order to

carry out reforming operations downstream and in-line

with the extruder, it is preferable for the forming



7 turning sonme of the whiskers into ribbons). The solid-state draw ng of

* such a core enhances its axial strength, radial conpressive strength,
"bending stiffness, and torsional nmalleability. Figure 1 shows a horizontal
screw extruder 1 producing a rod 7 (or a roupd bundle of rods). The

el ongation process is preferably carried out in-line with the extruder, so

that the rod (oequypsieat ¥BYbBCHEER' AbREuHEAB1eNahliSa&Phistasial € PHbg e or e
it has had chance to cool bel ow an opti mum working tenperature. This avoids

the probl ems asseatared wrehprovbaedi by the 8gutphehtUdesoribedi babbe.
tenperature, which nmay be an expensive and rate-controlling operation. The

el ongati on process Ragupe 2adepidtsuthbecbasie prbntipréi of dcyphesiphich
are geared to one another, e.g. by nmechanical or electronic neans, to
mai ntai n a pre-Beldr dsMéger Ani whieh babls ipcave fuseckanpbtatefwithis

d to elongate the r bundl e 100% then the second traction
323:22 will be %opg Bgegitéav ing a £ sZoconi%al bore 14, the taper

of which provides the means of adjusting their spacial
geometry with regard to the plastics rod 7 (or bundle of
rods) which it is desired to modify the shape of and
which passes through the centre of the device. The
radial positioning of the ball 12 may be controlled by
means of a thrust ring or washer 13 arranged normal to
the axis of the conical bore 14 and provided with fine
adjustment in the axial direction, e.g. by means of a
carrier 16 screwed into the housing 11. The number of
balls 12 will be chosen to match the number of strands
in the rope for which the core 8 is intended, and the
size of the balls will be selected to give the desired
profile in the finished core 8. In the limit of the
core adjustment means, the balls 12 will all just touch
one another and the thrust ring 13, so that their
uniform positioning around the conical bore 14 is
ensured.

In another embodiment the frustoconical bore 14 is
provided with axially aligned or helical grooves into
which the balls 12 are located. The bore grooves are
preferably spaced equidistant around the conical bore so
that uniform spacing of the balls is maintained even



at twice the |jnear speed of the first traction device. The first traction
‘device may be a capstan 2 of single-drum or doubl e-drum construction, or a
"caterpillar" drive (conprising two endless friction belts), being suitable
both for gripping the round rod 7 (or bundle)ignd for imersion in a fluid
bath 3, if required for tenperature control purposes. The second traction

devi ce nmay be ej a " ' Vo dri I §i ng
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resi stance of tlag 3l @YUV Phroded KAt B WAEEE Gepdiatits SeiStdi nally
wound on a take-up reel 6. Control of the elongation process nmay be

enhanced by applgticdesadnd hemses Providis a opid WL tH 4 hforédgénersusd e)
between the two traction devices, as shown schematically in Figure 1. The

pressure gener asipagithgyiofe thwy strandsubul ar die 4 (simlar to a wire

drawing In another embodiment the forming device comprises a
series of annular rings of spherical balls 12a, 12b, 12¢
at reducing radial distances from the axis of the
conical bore 14, to provide a progressive transformation
of the rod shape, as illustrated in Fiqure 3. The size
of the successive balls 12,b,c may also reduce
progressively and each annular ring of balls may be
separately adjustable. In the embodiment shown, the
balls are located in axially aligned equi-spaced grooves
17.

Where the ring (or rings) of spherical balls is (or
are) located in grooves then the outer casing 11 may be
rotatably mounted. A core having a helically grooved
profile may then be produced either by providing a drive
means to rotate the forming device in a geared
relationship to the speed of the (final) traction means,
or by arranging the successive rings of balls in a
helical array, and allowing the forming means to rotate
naturally, i.e. of its own accord.

It will be realised that a given size of device,

i.e. casing 11, may be utilised to produce a range of
core sizes. The number of balls (and hence grooves in

the tapered bore, if present) will be determined by the



die) or a system of shaped rol l ers. Because of the difficulties of

- providing an adjustable die or roller system a preferred set-up procedure
‘may be to:- (a) start up the extruder 1 and pull out a tail of material of
a size capabl e of passing through the die 4, yip. e. by drawi ng down of the
melt at the extruder exit, (b) lead the tail around the first traction

devi 2, th h he d i 5, d
(@) ik up thetappyE® G SR, O chhale s AR ey co o, and,
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fromthe extrud _ 0 the c regiron. The eXtruder dr|ve means w | |
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devices 2,5 in terns of relative throughput, so that the line speed may be
vari ed wit hout prbviac dy medtd"@fMGhe axial positioning of the thrust
ring 13.

The spherical balls 12 (12a-c) will preferably be of
hardened steel or other wear resistaﬁt material such as
tungsten carbide, and casing 11 of hardened steel or
hard bronze. The thrust ring 13 may also be a hard
bronze, to minimise wear and the need for lubricant.

The surface finish of the spherical balls may be
advantageously controlled to encourage their rotation
with the polymer (core) surface.

The angle of taper of the conical bore 14 may be
advantageously selected to ensure that the balls are
drawn into the housing i1 and retained there by the
resultant of the shear and radial forces which act upon
them without the need for a rear retaining ring or
collar.

when a bundle of rods is being acted upon, each ball
(or each alternate ball) will naturally xun along the
valley defined between two adjacent rods, thereby
automatically resulting in a cross-sectional profile of
rotationally symmetrical shape.

Where large reductions in the cross-sectional area
of the rod (or bundle) are contemplated then a

multi-stage process may be required, involving a series



9 the relative process conditions. Control of the rod tenperature during

- the elongation stage nmay be critical to the process and can best be

“effected by positioning a hot-water (or fluid) bath (e.qg.

bet ween the extruder and the die (or pressurgzgenerating device). A

possi bl e arrangenent of the equi pnent

wat er (or flui
(or fluid) at

ower enperature my

Means for reformng the shape of the core may conprise a contoured die,

set of shaped

rét| Ehterotodl hgr RbaNs t e malwtalnl thhel poXymerng device

which is disclosed below. This has the unique advantage of being easily

assenbl ed and atgmpéedtareoat hanropt{wumbleviél)fortéach i nterrupting the

process. In practice it is

reduction/shaping stage, having regard to achieving
economic operating speeds, e.g. greater than 10 m/min,
preferably greater than 20 m/min, more preferably
greater than 30 m/min.

In yet another embodiment, the final shaping and/or
twisting operation on the core may be carried out on the
rope closing machine, where the forming device is
preferably located close to the forming point of the
machine so that final adjustments can be made to the
core size immediately adjacent to its introduction . to
the rope and can provide the ultimate control of the
rope manufacturing process with respect to product size.

The use of a bundle of rods (preferably round rods)
avoids the problems of extruding a single large rod. It
will be appreciated that care will have to be taken to
ensure that the integrity of the resulting multi-element
core is maintained between the core-forming and
rope-closing operations.

Figure 4 shows a rope comprising six strands 21
wound on a core 8 having six concave surfaces 22 and
containing generally whisker-like crystals orientated in
the axial direction and also generally ribbon-like

crystals orientated in the axial direction and in the

at about [err])
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expected that the reformng operation will be carried out in conjunction
"Wi.th the el ongation operation and preferably in line wwth the extruder. The
form ng device described bel ow may therefore al so constitute the neans of
applying radial pressure referred to above ingjhe elongation operation. It
wi || be recognised that extrusion is a continuous process and that in order

£ i< preferabl FABATHEETTHERE 25 108LEREMN 10 Le R0t h demount abl - and
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Figure 2 depicts the 'basic princi a spheri cal evice 1 n whic

palls 12 are 1 Shildh 1l BPodddded By EHs! diod-a8¥LEINEAl biphratisCil bore
, per of I ch provides the heans of adjusting their spaci al
geonetry with r gaddhd® R thr6élpHeé@lcdréO083bsREWA €h Figure 5b for a
6-strand rope. The core 33 has six concave surfaces 34
and contains generally whisker-like crystals orientated
in the axial direction and also generally ribbon-like
crystals orientated in the axial direction and in radial
directions towards the protuberances 36 between the
concave surfaces 34.

Pigure 6a shows a bundle 31’ of four round rods ?2
which is processed as described above to produce the
four-piece core 33’ shown in Figure 6b for an 8-strand
rope.

Figure 7a shows a two-piece rod 40 produced by
extruding a cylindrical element 41 of orientatable
polymeric material and then extruding onto it an outer
layer 42 of orientatable polymeric material. The two
materials may be the same or dfferent. The rod 40 is
processed in the same way as the rod 7 described above
to produce the core 43 shown in Figure 7b for a 6-strand
rope. Both the central part 44 and the outer part 46 of
the core 43 comprise generally whisker-like crystals
orientated in the axial direction. 1In aqgition the
outer part includes generally ribbon-like crystals
orientated in the axial direction and in radial

directions towards protuberances 47 between concave



rods) which it is desired to nodify the shape of and which passes through
‘'the centre of the device. The radial positioning of the ball 12 may be
controlled by neans of a thrust ring or washer 13 arranged nornal to the
axi s of the conical bore 14 and provi ded mﬁtg fine adjustnment in the axial
direction, e.g. by neans of a carrier 16 scr ﬁed into the housing 11. The

nb f balls 12 wll h t tch th f . st ds in th
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and the thrust yhignlds $ddbsdd)Sle ddbddiiBan GoviedRoN§rBaduRd chlae
r al bore 14

ponical_bore ;4 I's ensur ._In anot her enbo I ment the stpconic
i's provided Wt Bedén2pieclt icdI 5 MWL 3in PLQLRS 8b g3 VRl GRsithanaal | s 12

are |l ocated. The bore grooves are preferably spaced equidi stant around the
coni cal bore sorbpet unNgaim) Fah uter idlenent $4 vfbhet soxed S3ven
includes generally ribbon-iike crystals orientated in
the axial direction and in the radial direction towards
a2 protuberance 56. The polymeric material of the
central element 57 may be different from that of the
outer elements.

The above processee are particularly suited to
thermoplastic materials which are amenable to solid
state forming and@ preferably show a pronounced increase
in mechanical properties by strain hardening, i.e.
equivalent to cold-working in metals. It is known that
the polyolefins respond favourably to such treatment,
and High Density Polyethylene and Polyethylene
Copolymers and Polypropylene have been shown to be
suitable candidate materials. However, new and improved
blends of material are constantly being produced,
including (fibre) reinforced polymers, and this
invention may be applied to many of them with egual
benefit. -

It is well known that when extruding large solid
sections of some thermoplastic materials, problems can
arise with intermittent shrinkage voids appearing along
the axis of the rod. To avoid this problem and the



when. they are not touching on another. This allows a core to be produced
‘'wi.th a wider separation of its grooves and hence provides a rope with a
nore generous spacing of the strands. In another enbodi nent the formng
device conprises a series of annular rings ofygpherical balls 12a, 12b, 12c
at reducing radial distances fromthe axis of the conical bore 14, to

provide a pr oo ashyEaleRRSLRATR b8 Blohbeet8fop) UEpeBRat Sk Haithda

Figure 3. The size e successive so reduce

progressi vel y ango&diChi 8nfalape ?Pﬂfeiaﬂfb'Eo”BXtPﬁdSeRaﬁahebltﬁdhﬂ&ﬁ%@*3
In the embodi ment shown, the balTs are located in axially aligned

equi - spaced grooyeatidl NOEéCoihBoré\OwhDER'i80SubetanblaLlyakloaleds Bys (or
are) located in grooves then the outer casing 11 nay be rotatably nounted.
A core having a tkéi sabsygagéntveorming operation. Alternatively the rod
may be extruded in a number of successive operations, as
mentiond above, or a bundle of rod may be used, as
explained above
The cores illustrated in the drawings have been
described as applied to rope constructions of
single-layer type, but the cores may be used equally
effectively in multi-strand ropes; i.e. ropes which

comprise more than one layer of strands.



profil &wm!“wm“w‘“)“uduced ei t her 1t u,i;@&ﬁ;@ Fve neans to rotate
-the fo g devite Sin'a geared rel atijonshi peppabpg speed of the (final)
“traction neans, or by arranging the ; iballs in a helical
array, and allowing the form ng neans to rotdte naturally, i. e. of its own
accord. It will be realised that a given size of device, i. e. casing 11,
may be utiHsuQiQkﬂ%ﬁbduce a range of core sizes. The nunber of balls (and

hence grooves in the tapered hore, if present) will be determ ned _by the
12 rope constructibn. ¥oGPTe 487 uSPreHtr8: TeBRe SPRRFABANG 8 BOLRovi ded by

I [ | herical _ball gi ' d,fl .adj
s provided by JRATES BoflE BRPAFeSOEs: PPRLBPELRCRRkPRLEL, PATIEE SFhe
spheri cal bml5%9@%é&@9&C;t@hkkuggeaﬁigglXoBSrQLes elongated crystals

orientated substantially in the axial direction of the

core (8).

2, A core as claimed in claim 1, in which the
cross-sectional profile of the core (8) has a pluralkty
of equally spaced concavities (22).

3. A core as claimed in claim 1, in which the said
structure comprises crystals which are orientated in a
direction normal to the axial direction as well as in
the axial direct{on.

4. A core as claimed in claim 1, in which the core
is of unitary construction.

S. A core as claimed in claim i, in which the body
comprises a parallel assembly of individual longitudinal
ﬁemhers made of polymeric material.

6. A wire rope including a core (8) according claim
1, and a plurality of strands (21) extending helically
around the core (8).

7. A wire rope as claimed in claim 6, in which the
external profile of the core (8) substantially
corresponds to the internal geometry of the surrounding
strands (21).

8. A wire rope as claimed in claim 6, comprising

six or eight strands (21) on the core (8).
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har dened s 'Ml 'uﬂ'lﬂﬂmm resi st AhtTHRGBEEAHASIRAENS t ungst en carbi de,
- and casi ng teel or rd tﬂﬁﬁﬂ&ﬁCthe thrust ring 13 may al so
- be a hard bronze, m ni hi se mear ar ricant. The surface
finish of the spherlcal ball s may be advantab%ously controlled t o encourage
their rotation with the polynmer (core) surface. The angle of taper of the
coni cal bore 14 may®-be MitR XRERAY corimeddinockatmr 6, t bt whhehbsthes are
drawn into the housing 11 and retained there by the resultant of the shear
and radi al fcn<ﬁ%¥%%ﬁ?ﬂf “ﬁﬁﬁnﬁt#&ﬁﬂkﬁ%¢ﬁmﬁ Preportiionoreadr ek $828Fni ng

i |l ar . W dl e d b h bal |
cach al tornat e 341 19¢ 19 r#e.ﬁq,%.ea{%n?q,'rss%me' [P45% of HBS B8PPncd bet woon
two adjacent rod t Lt {
orof 16 of rotati ok y RARERE] caf HEIRd Srerte 2 GefeEbt ot ontet R The
cross-secti onalegyd fingd Mpgifh dd e & W Ghe Ch e £1 § 0L AL S8r1 BED 2oa

of orientatable polymeric material, in the solid state,

a forming operation which causes both axial elongation
of tﬁe rod and a change in its cross-sectional profile.

11. A method of making a core according to claim 1,
compriging applying to a bundle of rods of orientatable
polymeric material, in the solid state, a forming
operation which causes axial elongation of the rods and
a change in the qross—sectional profile of both the
bundle and the rods so as to produce a substantially
solid body.

12, A method as claimed in claim 11, in which the
rods are substantially cylindrical.

13. Apparatus for making a core according to claim
1, comprising a first traction device (2) for receiving
and delivering a rod or bundle of rods of orientatable
polymeric material at a first linear speed, a second
traction device (5) for receiving the rod or bundle at a
second linear speed higher than the first, and a set of
rolling members (12) spaced around the axis of the path
of the rod or bundle between thé traction devices (2,5)
and arranged'to change the cross-sectional profile of

the rod or bundle.
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nUIti-stage process may be required,_involving a series 13 of traction
“devices with form ng devi ces betwedq] _ gl part and with the
necessary inter-heating or |nter-CopN ﬁg [ ai n the pol yner

tenperature at an optimum | evel f oribeach r&d hajpi ng stage, having

regard to achi eving econom c operating spé’fﬂ? e. g. greater than 10 m mn,
preferably greater than 20 a/mn, nore reg y greater than 30 mMmn. In
yet anot her enbodi nent, the fi nal shapi%§4335§§ tw sting operation on the

core may be carried out on the rope closing nmachi ne, where the formng
device is preferably |located close to the form ng point of the machine so

that final adjustments can g} ,_{T?ﬁ %'o%i RETESEEL el y adjacent to
and can prOV|

its introduction to the rope e the u tlnate control of the

Extruded polymeric rod 7 is elongated in the solid
state by being drawn through a forming device 4 to
produce a solid polymeric core 8 having an orientated
structure which comprises elongated crystals orientated
in the axial direction of the core 8. The core may also
comprise crystals additionally orientated in respective
radial directions 23. The single rod may be replaced by

a bundle of rods.

(Figures 1 and 4)
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~ ope manufacturing process with respect to product size. The use of a
bundl e of rods (preferably round rods) avoids the problens of extruding a
single large rod. It will be appreciated that care will have to be taken to
ensure that the integrity of the resulting nulti-elenment core is maintained
bet ween the core-form ng and rope-cl osing operations. Figure 4 shows a rope
conprising six strands 21 wound on a core 8 having six concave surfaces 22
and contai ning general ly mhisker-like]grystals orientated in the axial
direction and al so generally ribbon-like crystals orientated in the axial

direction and in the 14 radial flirections 23 indicated. Figure 5a shows
a bundle 31 of three roun 32t which is processed by the
above-descri bed appar at t ute the three-piece core 33 shown in
Figure 5b for a N
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6-strand rope. The core 33 has six concave surfaces 34 and contains

- generally whisker-like crystals orientated in the axial direction and al so
generally ribbon-like crystals orientated in the axial direction and in
radi al directions towards the protuberances 36 between the concave surfaces
34. Figure 6a shows a bundle 31' of four round rods 32 which is processed
as descri bed above to produce the four-piece core 33' shown in Figure 6b
for an 8-strand rope. Figure 7a shows a th-piece rod 40 produced by
extruding a cylindrical elenent 41 of orientatable polyneric material and
then extruding onto it an outer layer 42 of orientatable polyneric
material. The two naterials maylZhe the same or dfferent. The rod 40 is

processed in the salge }/va 125 § trmﬁg 1‘Qades’Ei bed abovdkt o pr10duce the core
' r
i

43 shown in Figure ope. 'Both the c¢ntral Bart 4 and the
outer part 46 of : 7] jg al s
orientated in_ t ' haDE C
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/
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outer part includes generally ribbon-like crystals orientated in the axi al

; direction and in radial directions towards protuberances 47 between concave

surface 48 for receiving the strands of the rope. Figure 8a shows a bundle
51 of seven round rods 52 which is processed as described above to produce
t he seven-piece core 53 shown in Figure 8b for a 6-strand rope. Again, each
outer elenent 54 of the core 53 includes ,generally ribbon-like crystals
orientated in the axial direction and intthe radial direction towards a

pr ot uberance 56. Th#| ynmeric material of the central el enent gs may be
different fromthat OQ‘\he outer elements. The above processe

particularly suitege
state form ng ap
properties by g

merfabl e to solid
ni cal

34

mat eri al 36whi ch ar
nounced I

FIG.5b

31/ 36 /

\ 36 34 3

32

32
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equi valent to cold-working in netals. It is knowm that the polyolefins

¢ respond favourably to such treatnent, and Hi gh Density Pol yethyl ene and
Pol yet hyl ene Copol ynmers and Pol ypropyl ene have been shown to be suitable
candi date materials. However, new and inproved blends of material are
constantly being produced, including (fibre) reinforced polyners, and this
I nvention may be applied to many of themgth equal benefit. It is well
known t hat when extruding |arge solid sectt ons of some thernoplastic
materials, problens can arise with intermttent shrinkage voi ds appearing
along the axis of the rod. To avoid this problemand the 16 consequent
ri sks of inconsistency, especially on larger rods, it nay be preferable to
extrude a rod with a fine central hoIE or bore, which is s%PstantiaIIy
cl osed by 0 ’( 3

48 47
47 48
47
46 48
L4
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the subsequent form ng operation. Alternatively the rod may be ext.ruded _in
a nunber of successive operations, as nentiond above;'prtaﬁbundgﬁg“sﬁé%ﬂ
may be used, as expl ai ned above The cores ill ustrat'ed:i:nthe dr’am ngs. |
been described as applied to rope constructi ohs of sin;Ieraeg n&@ ZQQH
the cores may be used equally effectively in nmulti-strgnddeopes; ™ &
whi ch conprise nore than one | ayer of strands. 17 d ; A solid
pol ynmeric core for wire rope, the core having a plurality of concave
grooves, each extending continuously in a direction along the core, the
grooves being equally spaced around the axis of the core, the core
consisting of a body of pol WIEH csTRENGTR| CORE NBOR byI RE oR@RES On and
cross-sectional deformation in the solid state, the polyneric nmateri al

having a structure orientated substantially in the same direction as the
grooves. This invention relates to solid polymeric cores for

wire ropes.

Traditionally the core or central member of a
stranded wire rope was manufactured by spinning together
tows of natural fibre such as sisal, usually in the form
of a 3 (or 4) strand fibre rope. More recently
continuous yarns of man-made fibres such as
polypropylene have been substituted for the natural
fibre staple, but still retaining the (3 or 4) stranded
lay-up, which has the disadvantage of providing
irregular support to the surrounding steel strands. In
particular GB-A-1 092 321 discloses a core which
consists of polyamide, polyester, or polypropylene
monofilaments helically twisted together and which has
been compacted under tension at a temperature above the
softening point of the monofilaments.

The disadvantage of irregular support can be
overcome by means of an earlier invention of the
applicant, which is described in GB-A- 2 219 014 and
GB-A-2 269 400, wherein a wire rope core is provided
with an externally fluted surface to closely mate with
the internal surfaces of the rope. The said fluted core
is typically produced in two manufacturing operations
using a cross-head extruder



2. Acore as claimed in claiml, in which the structure:is -ori.entated in a
direction normal to the axial direction as well as (| rREFECEMReE S0P P
grooves 3. Acore as clainmed in claim2, in which ffhe orjentated str
i ncl udes whi sker-like crystals which have a | engt h Daendll. BgDEOdSQﬁnt'
in the direction of the grooves and ribbon2like crySrars=whieh-haveg
I ength extending substantially in the direction of the grooves and a vm dth
extending substantially in a direction normal to the axial direction.

I I
const ruct i on o 3 rodis Al @#2"“. ne‘ihfﬂ*%g%ﬁ"’sg feelpid ?éf?? 1 PR ks Gt ?‘E*eece
of ol ynbr i o Tabse} VeI sugces Rl (o cn o papbnges Fhabs %ﬁ‘ﬁ%”@'ﬂfﬁ?t‘ﬁ%immde

| ongi tudi nal nenbers have nutually abutting surfaces which extend i nwardly
from the out ewitls sugesios sefvieperfoomandeoitds eognised shat sheomhethhd iclessaatrativt fai d
surface intersecting the mddle of one of the concave grooves. 18 7. A

core as cl ai nithif diameier Pbpes!vitiith arle thpicdlly hihuftineed bR RigH fR¥EMatRth@pd in the

Specifically, the manufacturing method used for the helically fluted core is restrictive
both in terms of production speed and the available material properties. It would be
desirable to be able to offer a solution to these problems and provide a new type of high

performance core for small diameter wire ropes, e.g. elevator ropes.

The present invention provides a solid polymeric core for wire rope, the
core having a plurality of concave grooves, each extending continuously in a direction
along the core, the grooves being equally spaced around the axis of the core, the core
consisting of a body of polymeric material formed by elongation and cross-sectional
deformation in the solid state, the polymeric material having a structure orientated

substantially in the same direction as the grooves.

The core is preferably of unitary or one-piece



axi al dlrectlon 8 A—neumd of making a core according to claim1l,

conpri si a) extruding a substantial | o cal rod of
or.ematlﬂ’mﬂﬂmzﬂgﬁ@eﬂal and (b) applying tt RELAeg, e--sol i d
EEnd

state, a forfing ap
cross-sectional deformation of the rod so ag to prod
plurality of concave grooves which extend in a directro Yaly
whi ch are equdllaimsspaced around the axis, the el ongatlon resultl fivie:
orientation of the po rial. so. that jt astr K& orlentated
substantially in the %%EE‘EP& ?c?rﬁéb Y BEIEs: {b§ %%‘Pﬁ&d’ °af|°ﬁﬂ‘a’ °n
claim8, in which the form ng operation_ conprises the steps of (i)

recei ving t he grorvesycagh pxieading entinugpslyl s dissction along dhej opes: thagroaesbsingat a
first linear speed by the first traction device; (iii) cross-sectionally

def orm ng t he eqadllyisfacydiretndithetakis of itiesdoré, tivectdre bordisting 6f a bedyast pobyrmériduce
the core; and (iv) receiving the core by a second traction device at a
second |inear HELes Gk g Ccl @i m
o i whi ch st aegeh APy bbARbRGnd oal-seckth) GeRRLRAR B heisoRluahte, it ©

rol l'ing menbers, spaced argiJhdthe axis of, th %
polymeric material having a structure onentated su stannaliy in the same direction as

the grooves.

2. A core as claimed in claim 1, in which the structure is orientated in a
direction normal to the axial direction as well as in the direction of the grooves.

3. A core as claimed in claim 2, in which the orientated structure includes
whisker-like crystals which have a length extending substantially in the direction of the
grooves and ribbon-like crystals which have a length extending substantially in the
direction of the grooves and a width extending substantially in a direction normal to the
axial direction.

4. A core as claimed in any of claims | to 3, in which the core is of one-piece
construction.

5. A core as claimed in any of claims 1 to 3, in which the body comprises a
parallel assembly of individual longitudinal members made of polymeric material.

6. A core as claimed in claim 5, in which the longitudinal members have
mutually abutting surfaces which extend inwardly from the outer surface of the core
towards the axis of the core, each said surface intersecting the middle of one of the

concave grooves.



11. A reth ypaany of clainms 8 to 10, inf{fwhrch

the rod wi MIIQMQMQ and step (b) substantial jiyR %?Mé)%tségg‘é miz. .
A ret hod of maki ng céresaccording to claim1, conpifi Si n (a)
extruding rods of orientatable polyneric material; awde(tB) ’hpm ﬁg?

bundl e of the rods, in the solid state, ajgorm ng operation Wiich causes
both el ongation of the rods and cross-sectional deformation of both the
bundl e and the ro 0 _as t duce ubs |aI id core ha

P r b £y of | conded opB CBIRAS ST ST § 15.iR Ue B SRS SEREY e and
which are equal ly 19 spaced around t he axis, the axi al el ongation
resul ting i nawial diwectionon of the pol ymeric naterlal so that it has a
structure orientated substantially in the direction of the grooves. 13. A
nmet hod as cl ai med 8. NA aletihdd didnakiifig Wobréfacédi@ink @5 Blaing 1 ORMFisik the 8flps bpes t he
steps of (i) receiving the bundle by a first traction device; (il

del i vering the burelextauding & substantialfyecytindziesé todmf arisatatablespolymedge mareridbvi ce;

(iii) cross- se%tlonally deform ng the bundle delivered by the first
traction devf® so as to produce the core; and

(b) applying to the rod, in the solid state, a forming operation which causes both

elongation of the rod and cross-sectional deformation of the rod so as to produce a core
having a plurality of concave grooves which extend in 2 direction along the core and
which are equally spaced around the axis, the elongation resulting in orientation of the
polymeric material so that it has a structure orientated substantially in the direction of
the grooves.

9. A method as claimed in claim 8, in which the forming operation comprises
the steps of

(1) receiving the rod by a first traction device;

(ii) delivering the rod at a first linear speed by the first traction device;

(iii) cross-sectionally deforming the rod deiivered by the first traction device. so
as to produce the core; and

(iv) receiving the core by a second traction device at a second linear speed
higher than the first.

10. A method as claimed in claim 9, in which step (it) comprises passing the
rod through a set of convex rolling members spaced around the axis of the rod.

11. A method as claimed in any of claims 8 to 10, in which step (a) forms the
rod with a central bore and step (b) substantially closes the bore.

12. A method of making a core according to claim 1, comprising the steps of

(a) extruding rods of orientatable polymeric material, and

(b) applying to 2 bundle of the rods, in the solid state, a forming operation
which causes both elongation of the rods and cross-sectional deformation of both the
bundle and the rods so as to produce a substantially solid core having a plurality of

concave grooves which extend in a direction along the core and which are equally



(1) r.ecen'/i n.g tJrré Cb'r"'é"l:iy a second traction device j
-speed hi ﬂ rst 14. A nethod as cl ai ned|| igkptlaa:MelT s ch -
g ﬂ Lar

step (i |ng t he bundl e through a setjjof convex rolling
nenbers DUHU t*he axis of the bundle. 15. A ol 8 06Ca1992d ifin
any of -clainms 12 to 14, in whi ch step (a) (forms subs ' a
rods. 16. Apparatus for maki ng a core accordlng to claim1l, conpr|5|ng a

first “actie? 2Gb@\ir6ighd 18E akiBCthE tkiabel Gulstione bésulting ligorentaibnf thepedymerid 1 ods
of orientatable polyneric material at a first |inear speed, afsecond

traction devimaediairsorthatdt ha.sragstmxn@rq eripngated,substratially 1p t‘?é@@ﬁ@'l P rFQﬁS“’.%@%d
hi gh th the f t. d
tlhg Z)rq S gp thg p:a %F“?tﬂ%da 0 '@gd%ﬁgﬁg%eﬁv&%‘éﬁwwﬁ?l on gew ggig&and

arranged to Q‘;@ggﬁsgfle cross-sectional profile of the rod or bundle. 17. A
g

Wi re rope inc a core according to claiml, and a plurality of strands
ext endi ng hel i cal | §) mceiuing thhbunﬂéﬁrbvaﬁsttmcmnrd?vﬁspe as claimed in claim

whi ch th | e, of d
the | nternal geondapyienreriebs hiniaa tigr Gispbsnpba by BR il gargopbegonee
claimed in claim 1@ ngéfoélsBsecﬁ 'd'éfd?ﬂu?g the Blindté A8iveRdd bHNES 6RR rhliR GV Re, 20

A wre rope as cla I'n any of clains 17 to 19, in which the core

contri butes aods3diptodiedtheuoogantdi on, e.g. at least 5% of the | oad bearing
capability of

. (iv) receiving the core by 2 second tracticn device at a second linear speed
higher than the first.

14. A method as claimed in claim 13, in which step (ii) comprises passing the
bundle through a set of convex rolling members spaced around the axis of the bundle.

15. A method as claimed in any of claims 12 to 14, in which step (a) forms
substantially cylindrical rods.

16. Apparatus for making a core according to claim 1, comprising a first
traction device for receiving and delivering a rod or bundle of rods of orientatable
polymeric material at a first linear speed, a second traction device for receiving the rod
or bundle at a second linear speed higher than the first, and a set of convex rolling
members spaced around the axis of the path of the rod or bundle between the traction
devices and arranged to change the cross-sectional profile of the rod or bundle.

17. A wire rope including a core according to claim 1, and a plurality of strands
extending helically around the core.

18. A wire rope as claimed in claim 17, in which the external profile of the core
substantially corresponds to the internal geometry of the surrounding strands.

19. A wire rope as claimed in claim 17 or 18, comprising six or eight strands on
the core.

20. A wire rope as claimed in any of claims 17 to 19, in which the core

contributes a significant proportion, e.g. at least 5%, of the load bearing capability of

the rope.
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the roper™ 20 Zﬂﬁw re rope conprising a solid pol yiharai:"l:ACBMENHIS@HE&T i
pl ur al i m tending helically around the core, theg Gps Fngjja.
pl U‘ral‘\‘mm\ % grooves which are equally spaced l-( Ouad. 1 Digfw? ,
consi st kng¢ of* a body of polyneric material, the pol ynmeri=s=rareris
structure orientated substantially in thegirection of the grooves,

wherein, before the core is incorporated in the wire rope, the grooves
extend in the axi a2l.dArvdce ropr comptisieg asold palymendeore amd a pheralitylof sgands | s

i ncorporated in the wre rgﬁe, the grooves extend helically and accomodat e
respective on@densking belically groyad thecote thesjoge haying g pluralignet cAnGaE FIRPYSI | y as
descri bed hergj ] e TR Y o IR oY Py Lg..7b, or
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Wi re rope, sumateqial tifd polyraeridgaetiabieing 4 fiructir€otamtated subkiagtially f the he
acconpanyi ng draw ngs. 24. Apparatus for making a core for wire rope,

subst ant i al | ydisestige of thergsao v whereinebefpredhe eoreisjncorparptediia theowisrpensy ey
drawi ngs.  25. ooVl &adndS o ioh BLLR o oS8 SRR Wi Whfka' R B58TSC to Fi g
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incorporated in the wire rope, the grooves extend helically and accommodate respective
ones of the strands.

23. A core for wire rope, substantially as described herein with referenca to
Fig. 4, Fig. 5b, Fig. 6b, Fig. 7b, or Fig. 8b of the accompanying drawings.

23. A method of making a core for wire rope, substantially as described with
reference to Fig. | of the accompanying drawings.

24. Apparatus for making a core for wire rope, substantially as described with
reference to Fig. 1 of the accompanying drawings.

25. A wire rope substantially as described with reference to Fig. 4 of the

accompanying drawings.
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ABSTRACT
HIGH STRENGTH CORE FOR WIRE ROPES

Extruded polymeric rod 7 is elongated in the solid
state by being drawn through a forming device . 4 to.
produce a solid polymeric core 8 having an orientated
structure which comprises elongated crystals orientated
in the axial direction of the core 8. The core may.also
comprise crystals additionally orientated in respective
radial directions 23. The single rod may be replaced by
a bundle of rods.

(Figures 1 and 4)



