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High tensile stresses

Low tensile stresses

Fig. 4: Tapered rope with constant moment along the rope length

High torque

Low torque

Fig. 5: Tapered rope with constant safety factor along the rope length
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7. The wire rope with variable lay length

With the additional restriction to keep the rope diameter d constant, the only other
solution to Equation (5) is to reduce the factor c1 along the rope length proportionally
to the increasing line pull S. The factor c1, however, depends on the rope geometry
and varies mainly with the lay length of the wire rope. The most convenient solution
therefore is to change the wire rope lay length continuously (or in steps) during rope
production in such a way that for the average loading conditions of the rope factor
c1(x), multiplied with the line pull S(x) is constant for every position x along the rope
length.

If e.g. the average rope forces vary between 80% of a medium figure (at the bottom
end of the rope) and 120% (at the top end), the torque factor c1 of the rope should vary
between 125% (at the bottom) and 83% (at the top) of the “normal” torque factor. At
first sight, manufacturing such a rope seems to be difficult. In the past, the rope lay
length has been kept constant by coupling the cage of the rope closer with its pullout
capstan by means of a gearbox. Changing the cogwheels of the gearbox would allow
the manufacture of ropes with different, but always constant lay lengths.

In @ modern wire rope machine, however, the closing cage and the pullout caps-
tan are no longer mechanically connected, but synchronized electronically. Here, the
rope production can e.g. be started with a lay length much shorter than normal (bot-
tom end of the rope), which can then continuously be increased until at the end of the
rope (top end of rope) the longest required lay length is achieved.

0.05

0.04
0.03 |

0.02

0.01 >

-0.01

-0.02 /

-0.03 /
/

-0.04 /

Clearance between outer strands [ rad ]

-0.05
4 5 6 7 8 9 10 11 12

Rope lay length factor [ - ]

Fig. 6: Clearance between outer strands depending on the rope lay length
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If the closing machine only allows for a given number of steps in between the mini-
mum and the maximum required lay length, the rope can be manufactured in sections
of increasing or decreasing lay length. The rope twist in service will then be reduced
approximately by a factor corresponding to the number of steps, but it will not be en-
tirely eliminated.

Optimum strand and rope core diameters will vary with the rope lay length. Fig. 6
shows how the strand gap between the outer strands of an 8 strand rope will vary if
the diameters of the rope core and of the outer strands are kept constant, the rope
being closed with varying lay lengths. In this example, the outer strands will touch
each other at lay length factors below 5.5, and the strand gap will increase to about
0.045 rad. with a lay length factor of 12.

Fig. 7 shows the cross section of such a rope with the cross sections of the outer
strands shown for lay length factors 5.5 (contact) and 12 (strand gap 0.045 rad).

Fig. 7: Rope with 8 outer strands closed with lay length factors 5.5 (contact) and 12 (strand gap)
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Fig. 8: Rope with 8 outer strands and a plastic layer separating the outer strands from each
other regardless how great the strand gap

In a very favourable execution a wire rope with variable lay length can have a plastic
layer around the steel core, separating the outer strands from each other no matter
how large the strand gap gets with increasing lay length. This execution will guarantee
stability even for great strand gaps between the outer strands.

The concept of steel wire ropes with variable lay length looks very promising. It will
considerably increase the fatigue life of deep shaft mining ropes by allowing the use
of fatigue resistant parallel lay strands. In addition, it will eliminate the danger of rope
breaks under slack rope condition.

There is one important drawback for ropes with variable lay length, however: The
concept will only work on drum winders. On friction winders, the rope would also
have to work upside down half of the time. And then allits advantages would turn into
disadvantages.

On drum winders, however, many ropes with variable lay lengths have been ins-
talled by now, and in all cases they have outperformed their ,normal“ predecessors
with constant lay lengths.
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