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Fig. 15: Plan view of an AC70 City showing independent steering axles (top), Terex-Demag
(2005).

Areduced mass of rope may allow a reduction in the number of expensive axles requi-
red for a given payload. This would benefit the crane not only in terms of reduced ini-
tial construction cost, which may be significantin itself, but would also allow a shorter
and more manoeuvrable vehicle.

A reduction in the total mass of the rope in the system will mean that for the same
payload the counterbalance weight may be reduced. This could lead to further additi-
onal savings since it would allow a lighter weight support structure.

3.2. Stability

Consider an example of a crane lowering a load of 500 tonnes, by a height of 70 m at a
radius of 22 m (Fig. 16). Such a lift would require a system reeved with 2x8 falls of rope,
typically @ 40 mm Eurolift (Fig. 17) which weighs 7.92 kg/m.
A Eurolift rope has a core which comprises 57% of the rope area. From Equation (4)
the mass of a @ 40 mm Eurolift with the core replaced would thus become 3.57 kg/m.
If we consider moments about the front of the caterpillar track (point Aiin Fig. 16),
as the load is lowered, the contribution to the moment from the load does not change.
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Fig. 16: Schematic diagram showing the change in stability of the crane as the load

is lowered.

However, as the rope spools off the drum, out from the end of the crane jib, the mass
of the suspended rope changes and therefore the moment about A. For the 70 m lift,
if a conventional rope is used this corresponds to 8.9 tonnes, or if a lightweight rope
4.0 tonnes. In terms of the change in stability, this would equate to 4.9 tonnes of mass

which was not moved, or a reduction in change of moment by 108 kNm.
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Fig. 17: Typical crane main hoist rope (CASAR Eurolift).
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It is noted that by replacing the core of the wire rope with fibre, that the torsional ba-
lance of the rope is likely to be affected. Cranes of this type are reeved with two ropes
(and hoists) so a simple measure to avoid any problems would be to use a matched
pair, one left hand the other right hand.

The example we considered showed how the movement of the hoist rope might
affect the overall stability of the structure. The same arguments would apply to the
other ropes in the system, such as the luffing ropes which move the boom. Here the
weight of the rope is transferred from one winch to another, which will again shift the
centre of gravity (and depending upon the layout of the winches may move the centre
of gravity transversely (i.e. into the page in Fig. 16)).

3.3. Increased payload

Benefits from lightweight ropes may also be found if the rope is used on existing cra-
nes. If the lightweight rope is not only as strong as the rope it is replacing, but stron-
ger, it be possible to increase the payload provided the framework can support the
additional load.

Another option would be to lift the same mass but to reduce the number of falls in
the reeving. This would mean that the work could be done more quickly, as there was
less rope to spool in or out. Further, this would mean that even less mass was moved
when raising or lowering the load, which as we have seen in Section 3.2 has a benefi-
cial effect on the stability of the system

3.4. Other considerations

There are a number of other potential benefits which may be considered:

+ Awire rope with a fibre core would have a lower bending stiffness than a conventi-
onal rope with steel core. This would lead to a more efficient rope, which could in
turn lead to lower hook block weight requirements.

+ Alighter rope would also have benefits for the winch design, where the lower iner-
tia of the system could lead to reduced power requirements.

+ Alighter, more flexible rope would be easier for riggers to handle when rereeving
of the blocks.

Although some of the benefits discussed above may seem fairly minor, when taken
as a whole in terms of the efficiency, weight and cost savings, the use of lightweight
ropes in mobile cranes could be a very serious consideration.
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4. Lightweight ropes for offshore applications

4.1. Mooring lines

The advantages of using lightweight ropes in offshore applications have long been
recognised (Del Vecchio, 1992). In fact, in the deep water mooring application, there
is a depth at which fibre ropes become the only viable option for a mooring, since the
weight of the conventionally used wire rope or chain means that the sag of the caten-
ary cannot provide effective station-keeping.

Since fibre ropes are near neutrally buoyant, their strength may be fully employed
for station keeping rather than divided between this and supporting the suspended
(self) weight of the rope below.

Fibre ropes, although as strong as or stronger than wire ropes are very easily da-
maged. Care should be taken when handling then not to introduce compressive buck-
ling loads into the fibres, they are very sensitive to transverse (compressive) loading
and vulnerable to damage from abrasion. In the case of offshore moorings, in order to
avoid these problems the fibre rope tends to be used for the main length of the line,
but connected between much more rugged wire ropes or chains (Fig. 18).

2

Winch wire or
chain
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Fig. 18: Schematic drawing of a “taut” mooring line comprising wire and fibre components.
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With the oil industry seeking to re-use existing facilities in deeper water it is advanta-
geous to use the conventional wire rope or chain at the top end of the line. (Note we
will use the term wire rope from hereon, but the comments also apply to chain.) This
will remove the costly need to change the winch system (on which service of fibre ro-
pes is unproven). At the bottom of the line, where the mooring interacts with the sea
bed, it is necessary to employ the much more rugged wire rope in order to protect the
fibre rope from abrasion damage and particle ingress.

However, there are disadvantages to this system.

+ Care must be taken to avoid potentially damaging cyclic twisting oscillations in
the system if torsionally mismatched elements (such as a six strand wire rope and
parallel strand fibre rope) are employed (Chaplin et al., 2000).

+ Consideration needs to be given to the length of fibre and wire rope in the system.
Fibre rope (especially polyester fibre rope) is subject to significant creep when first
installed. Thus care should be taken that there is sufficient wire rope in the top of
the system to be able to remove this elongation and set the required tension in the
line without pulling the connection into the fairlead pulley. (The fairlead pulley is
at the bottom of the platform leg just above the pontoon.)

+ The combination line configuration is not very suitable for more mobile rigs, such
as drilling rigs which are on location for a limited period (a few months to a year).
Ideally at each rig move, the whole mooring line would be winched in and the rig
towed to a new site. However, if there are bulky connectors along the line, these
have to be disconnected and recovered in expensive time consuming offshore ope-
rations. Frequent handling also increases the chances of damage.

The solution to these problems is a lightweight rope which combines the ruggedness
of a wire rope with the lightness of a fibre rope and could thus allow the use of moo-
ring lines made up of a single element. Fig. 19 and Fig. 20 show how the mass of the
composite rope drops as the number of outer strands and consequently the relative
volume of the fibre core increases. (Note that these calculations are subject to the
same approximation described in Section 2.4.)

From Fig. 20 it may be seen that for a composite rope with 18 outer strands there
is a significant advantage over the all wire rope. (Note that a neutrally buoyant rope
would lie on the x-axis.) Thus whilst a composite rope might not have quite the same
station keeping properties of the wire rope and polyester line, there would be sig-
nificant benefits in terms of ease of deployment and ruggedness. The internal fibre
core could be protected from marine ingress by a semi-permeable membrane and/or
a plastic covering.
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No. of | Volume of whole | Massin air | Massin sea Mass in air Mass in sea Mass in sea
outer rope over 1m of steel | water of steel | of composite water of water of
strands length only rope rope only rope composite rope | composite rope

: (m?) (kg/m) | (kg/m) (kg/m) (kgim) | o oree ope

6 5.16E-05 0.405 0.352 0.346 0.293 83.1

7 5.24E-05 0.412 0.358 0.328 0.274 76.7

8 5.35E-05 0.420 0.365 0.315 0.260 71.4

9 5.41E-05 0.425 0.369 0.299 0.243 66.0

10 5.48E-05 0.430 0.374 0.286 0.229 61.4

11 5.54E-05 0.435 0.378 0.274 0.217 57.4

12 5.59E-05 0.439 0.382 0.263 0.205 53.7

13 5.64E-05 0.443 0.385 0.252 0.194 50.5

14 5.69E-05 0.446 0.388 0.242 0.184 47.4

15 5.73E-05 0.450 0.391 0.234 0.175 44.7

16 5.76E-05 0.452 0.393 0.225 0.166 42.2

17 5.80E-05 0.455 0.395 0.218 0.158 39.9

18 5.83E-05 0.458 0.398 0.211 0.151 37.9

Fig. 19: Benefit in terms of reduced mass (% of an all steel rope in sea water) of a composite

rope.
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Fig. 20: Comparison of the mass in seawater of steel only and steel-fibre ropes as a function of

number of outer strands.
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4.2. Deepwater installation of hardware

With the operation of platforms at greater water depths, there is an attendant requi-
rement for the installation of large hardware “packages” sub sea. The DISH JIP pro-
gramme (Deepwater Installation of Subsea Hardware) has been set up with the aim to
meet the needs of industry to be able to lower units of 250 tonnes to depths greater
than 2,000 m (Standing, 2004).

The DISH project has identified fibre ropes as the solution to the problem of the
self weight limitations of wire ropes. Such ropes also have the advantage that it is re-
latively straightforward to make them torque balanced, unlike a composite fibre rope
where this would still be possible, but would require careful design to achieve it.

However, issues still remain, the major consideration being the operation of a fibre
rope on the conventionally used vessel equipment such as heave motion compensa-
tors and especially traction winches. The operation of ropes on such hardware requi-
res a good bending fatigue characteristic, and good resistance to wear.

With reference to the operation of a fibre rope on a traction winch, a further prob-
lem is the issue of the value of the coefficient of friction (both wet and dry) between
the rope and the sheaves. If this value is too low the winch will not operate correctly
and the rope will slip and wear. It is not unreasonable to assume that the co-efficient
of friction of a composite lightweight rope with outer steel strands would have coef-
ficient of friction values the same as the conventionally used and already proven steel
wire rope. Careful consideration still needs to be given to other factors such as axial
damping, resonance effects and snap or shock loading, as with the fibre rope. How-
ever, the lightweight composite rope does seem to provide a solution to the major
problems of a fibre only solution.

5. Non-destructive testing issues

A key factor in the design and operation of composite mining ropes will be the safe
and reliable non-destructive testing (NDT) of these. Magnetic inspection techniques
are normally applied to the NDT of steel wire ropes and these have been established
as an accurate means of condition assessment of wire ropes over many years. If the
rope structure would incorporate non-metallic load bearing members, like the high
strength aramid and high modulus polyethylene fibres, then an immediate question
from operators will be how to detect deterioration of the fibre core. How important
load bearing fibre core condition monitoring is in practice will depend on the proporti-
on of the total rope area that it represents. Fig. 12 showed that for an 8 strand rope the
core would be circa 28.4% of the total area where a 12 strand rope would have a core
area representing close to 46% of the total. Clearly the significance of core integrity in
these two examples would be different.
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An approach to addressing the core condition monitoring would be to demonstrate,
through extensive laboratory and field trials, that the fibres always outlast the steel
wires in bending and tension fatigue conditions (i.e. when formed into composite ro-
pes) as well as under conditions of multilayer coiling on drums. It is well-known that
the fatigue properties of high strength aramid and polyethylene fibres far exceed tho-
se of steel wires. It is therefore not unreasonable to expect that in a properly designed
composite rope the fibre core could significantly outlast the outer steel wires under all
operating conditions. The design of steel strands for deep shaft winding applications
is at a relatively advanced stage and these could be used also for the composite rope
(e.g. the Turboplast outer strands). The challenge would be to design a jacketed fib-
re core that addressed issues such as inter-fibre fretting and transverse loading that
could lead to core deterioration. CASAR is developing a number of different fibre core
designs to address these problems.

Itis highly likely that operators would still require independent verification of core
integrity in spite of the fact that it may always outlast the steel outer strands. Rebel et
al. (2000) gave a detailed analysis of various condition monitoring techniques for fibre
mooring ropes used in offshore applications (where magnetic techniques can not be
applied). Different approaches to condition monitoring were listed including:

+ Vibrational techniques

+ Magnetic resonance

+ Conductive internal elements

+ Fibre optics, including:

« Mach-Zehnder interferometers;

+ Sagnac/ Michelson interferometers;
+ Fabry-Perot interferometers;

+ intensity based sensors;

+ speckle pattern sensors;

+ Brillouin scattering;

+ intra-core Bragg reflection grating sensors.
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Of the methods of non-destructively monitoring fibre ropes the use of fibre optic sys-
tems appeared to be the most feasible and there are already specific examples of on-
going development of this technology for fibre ropes and steel strands. The proposed
fibre optic techniques rely primarily on the application of distributed strain sensor
systems which are already being used successfully in other ,,smart“ materials and
structures. In the case of ropes, and particularly fibre ropes, relatively high operating
strains prevent simple insertion of the monitoring fibres into the structure and so
strain attenuation schemes need careful consideration. Fig. 21 shows an example of
the integration of a fibre optic sensor element into a parallel lay fibre rope.

Sheath

Filament

Fig. 21: Structure of a parallel lay fibre rope with an embedded optical fibre sensor,
from Robertson and Ludden (1997).
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6. Conclusions

The analysis in this paper has shown that lightweight ropes have considerable poten-
tial in hoisting applications. Composite mining ropes can significantly enhance the
performance of deep shaft systems by allowing for notable reductions in rope mass
per metre while maintaining rope diameter and breaking strength. For future deep
shafts the implications of changing to composite ropes are so dramatic that their use
could change the economics of a shaft hoisting system. This could take new deve-
lopment projects from not feasible to feasible allowing greater flexibility to mining
companies in their investment decision making. The application of composite ropes
in existing shafts could allow greater payloads to be hoisted with the same winding
plant. For rock winders this would lead to increases in shaft output and greater re-
turns on existing capital investment.

For service in mobile cranes, lightweight ropes could lead to improved stability,
reduction in total weight (and cost) of the vehicle; and, increased efficiency leading to
further reductions in operating costs. Offshore there are opportunities for composite
mooring lines, especially for drilling rigs and for ropes for operation on traction win-
ches in deepwater operations.
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