














Verreet: The rotation characteristics of steel wire ropes
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Fig. 43: Before lifting the load the wire rope
is non-twisted.
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Fig. 45: While lifting the load, half of the
twisted rope length passes over the sheave.
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Fig. 47: Part of the twisted rope length runs
back over the sheave.
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Fig. 44: When the load is lifted, the swivel
carries out eight complete revolutions.
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Fig. 46: The twist spreads evenly along the
rope length.
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Fig. 48: After one lifting operation two
revolutions remain within the reeving
system.
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We have now returned to the starting position, and the process described above could
start all over again.

We started with a non-twisted rope, but after only one lifting operation two com-
plete revolutions have entered the rope. The twisted zones are trapped between the
sheave and the drum and cannot unlay at the swivel to regain their initial, non-twisted
state. On the contrary, with every additional lift, the amount of rope twist will increase.

It is a fallacy to believe that twist introduced into the rope by loading it, will be
eliminated when the rope is unloaded. Due to the ‘mixing phenomenon’, part of the
twist will always remain in the system. After poisoning a barrel of wine with a glass of
arsenic, it cannot be expected to become drinkable again just by skimming off a glass
of the mixture from the barrel.

The increase of twist within the system in the course of further lifting operations
may lead to different consequences for the rope. The twist might overstress some ele-
ments of the rope and lead to their premature failure. More often, however, the twist
will lead to differences in the lengths of strands in different layers, which then results
in the formation of birdcages or corkscrews.

Fig. 49 illustrates an example of birdcaging on the drum.

] W

-— "
e = an W EEAN. \&kki\,‘

Fig. 49: Birdcaging on the rope drum

When a twisted rope is unloaded abruptly, a very dangerous situation called ‘slack-
rope formation’ may occur. What actually happens is, that when the heavily twisted
rope is unloaded it manages to rid itself of part of the twist by forming a loop (Fig. 50).
When the rope is loaded again, the loop might tighten and form a kink. This can hap-
pen within a split second and might not be noticed in time by the crane operator - the
consequence could well be a broken rope.
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Fig. 50: Formation of a loop when a twisted rope is sagging or slack

19. Why may rotation-resistant ropes be fitted with a swivel?

The problems we dealt with above do not exist when using rotation-resistant ropes
such as 35 x K7 or 40 x K7 ropes. Neither is the breaking load reduced when they are
used with a swivel, nor do these ropes tend to twist and unlay when the load changes.
These ropes are extremely resistant to rotation, so that the swivel - under normal cir-
cumstances - does not turn when the rope is being loaded or unloaded. Consequently
these ropes do not suffer from the wear and premature fatigue that occur in the other
cases described above.

35 x K7 or 40 x K7 ropes can be fitted with a swivel.

20. Why should rotation-resistant ropes be fitted with a swivel?

Rotation-resistant wire ropes will not unlay under outer loads. However, we have dis-
cussed situations where external forces attack the rope tangentially and twist it. For
example, a wire rope will be twisted by force when running into the bottom of the
groove on a sheave or a drum at a certain fleet angle.

This twist will cause a very high moment in a rotation-resistant rope. If the rope is
attached to a swivel, this moment can reduce itself by rotating the swivel - in the ideal
case until the moment is zero.

The use of a swivel with ropes like 35 x K7 or 40 x K7 ropes does not have any adver-
se effects. If the rope works as it should, the swivel is dispensable. If, however, the rope
is twisted by force, the swivel will serve as a valve through which the twist can escape.

35 x K7 or 40 x K7 ropes should be fitted with a swivel.
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One solution that is frequently used, is the attachment of a locked swivel which,
in order to allow a twisted rope to rotate back to its non-twisted state, is only opened
from time to time for a certain number of load cycles.

For rotation-free ropes the swivel has
no disadvantages whatsoever.
On the contrary, twist which were introduced by external influences
can leave the reeving system visa the swivel.

On the other hand, with non-rotation-resistant ropes
the swivel brings nothing but disadvantages.
It reduces the breaking load, speeds up fatigue and
allows twists to enter the reeving system.

21. What can be done if twist is built up in the reeving system despite the use of
aswivel?

As we have demonstrated above, every drum tends to twist the incoming rope. This
mechanism always builds up twist in the reeving system. Using a swivel as an end
connection will make it possible to reduce the twist that was caused by the drum or
by some other mechanisms. To achieve this end the twist must travel from its origin
via all the sheaves until it arrives at the swivel. This can only happen if twisted rope
can move over every single sheave. Under certain working conditions of cranes it may
occur that a single sheave in the reeving system does not rotate at all, so that the twist
cannot travel any further and consequently does not arrive at the swivel. The reeving
system of the tower crane (Fig. 51) may illustrate the problem.

If, over a long period, only lifting operations are carried out without any trolley mo-
tions, sheave A does not rotate at all. So, twist that was introduced into the reeving by
the drum or by other mechanisms cannot travel beyond this sheave and unlay at the
swivel.

After a time, the twist would become apparent by a rotation of the hook block, par-
ticularly if the rope is unloaded. The fact that the twist shows itself when the rope is
unloaded, is a clear indication that it is not lack of rotation resistance of the rope that
is responsible for the twist, but accumulated twist that cannot travel on to the swivel.
This problem can be solved by moving twisted rope beyond sheave A.

To achieve this end, the trolley must be moved along the whole length of the boom
several times, if necessary, in combination with simultaneous lifting operations. Du-
ring this procedure, the swivel will usually turn and allow the rope to regain its non-
twisted state.
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Fig. 51: When lifting and lowering the hook, sheave A does not rotate. Sheave A only rotates if
distance D changes

Normally, after several turns of the swivel, the twist will have disappeared. If, however,
the swivel does not turn, it will be necessary to check whether it is working properly.
The swivel should turn easily by hand. It must also be hinge-mounted to the jib so that
even a sagging rope can turn the swivel.

Fig. 52 shows a swivel fixed rigidly to the jib. It is impossible for a sagging rope to
turn this swivel. Fig. 53 shows the correct solution of using a hinge-mounted swivel.
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Fig. 52: Fixed swivel with limited working Fig. 53: Hinge-mounted swivel. The swivel is
ability in line with the sagging rope.
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The swivel must be hinge-mounted so that it can stay in line with the rope. The swivel
is part of the reeving system and not part of the construction.

The swivel is not always popular because it can reduce the lifting height of the cra-
ne. This disadvantage can be eliminated by using rope end connections with a built-in
swivel. These are much shorter than the combination of a conventional end connec-
tion with a separate swivel, and in addition to that they have the advantage of beingin
line with the rope at any time.

Fig. 54 shows a wedge socket with a built-in swivel.
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Fig. 54: Wedge socket with a built-in swivel

22. Special topic: How to connect grab ropes

Cranes with four-rope grabs are operated with two holding ropes and two closing
ropes (Fig. 55). In order to prevent the rotation of the grab under load, the holding
ropes as well as the closing ropes are both fitted with right-hand and left-hand lay
designs.

When connecting the closing ropes to the grab ropes, it must be ensured that the
left-hand lay closing rope is connected to the left-hand lay grab rope, and the right-
hand lay closing rope to the right-hand lay grab rope (Fig. 56). If a left-hand lay grab
rope was connected to a right-hand lay closing rope, both ropes would try to twist
the connecting link in the same direction: the ropes would therefore unlay each other
under load (Fig. 57).

On the one hand this would considerably reduce the breaking load of the wire ro-
pes; and on the other, the disturbed geometry might lead to structural changes in the
rope, such as wavy deformations or birdcages. Additionally, the continual unlaying
and closing of the ropes would lead to torsion fatigue near their end connections.
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Fig. 55: Four-rope grab with two holding and two closing ropes

Fig. 56: Correctly connected grab ropes

Clo D)

Fig. 57: Incorrect connection of grab ropes.
The ropes unlay each other.
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There is also the danger that the rope composition within the grab will disintegrate
when the ropes are unloaded, so that coal or ore dust, for example, could enter the
rope. It is true that the rope would close again under the next load, but it would also
have a clearly enlarged diameter, so that it might not pass the sheaves in the way it
should. So there is the danger that in later operations the grab will not open automati-
cally, or that the rope must be pulled through the sheaves with undue force.

A similar danger occurs when the connected ropes do have the same direction of
lay but are of different design or have different diameters (Fig. 58). As desired, the mo-
ments work against each other, but nevertheless, their values are different.

Fig. 58: Connection of wire ropes with equal direction of lay but different diameters

The rope with the greater moment (in cases where the ropes have different diameters,
this will usually be the larger one) will unlay under load and close the rope with the
smaller moment (usually the smaller one). Unfortunately, connecting ropes of diffe-
rent diameters cannot always be avoided. Many cranes work with different grab si-
zes when unloading vessels of different sizes. Quite often the different grabs are fitted
with closing ropes of different diameters.

Sometimes four-rope cranes also operate without a grab. In such cases the four
ropes should be connected by an equaliser. Frequently the left-hand lay and the right-
hand lay holding ropes, as well as the left-hand lay and right-hand lay closing ropes,
are connected by a piece of rope and fitted with a hook block (Fig. 59).
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Fig. 59: Connection not secured against Fig. 60: Connection secured against rotation
rotation between two ropes with different between two ropes with different directions

directions of lay of lay

Naturally, the direction of lay of the balancing rope can correspond with the direction
of lay of only one of the ropes to which it is connected. Inevitably, the other one has a
different direction of lay so that the ropes will always tend to unlay each other.

As a consequence of the slight movements of the hook block, part of the twisted
piece of rope will repeatedly travel along the sheave into the other line, so that after
a certain working period a connection of this kind will cause the mutual destruction
of the three ropes. A rotation resistant balancing rope would not perform the job any
better.

Connections of this kind may only be carried out if their rotation around their lon-
gitudinal axes is prevented by means of a mechanical device. Fig. 60 illustrates an ex-
ample of how this can be achieved: a crossbar prevents the connection from rotating.

As, however, the distances between the connections can change, the crossbar must
not be fixed rigidly at both sides. Asliding joint on one side must allow the relative shift
of the connections.
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23. First Aid

If a hook block rotates, it should first be checked to see whether the rotation occurs

under load or only when the rope is unloaded (Fig. 61).
Apart from a few exceptions the following rule applies:

If the hook block rotates under load, there is a problem with the rope.

In this case the wire rope is not sufficiently rotation-resistant.
Again, with only a few exceptions, the following rule applies:

If the hook block rotates without being loaded, there is a problem with the crane.

The wire rope has been twisted by the crane. It now twists the block in order to regain

its non-twisted state.

The problem: The hook block of the crane twists.

¥

Question: Does the block twist with or without load?

]

Twist without load,
no or only slight twist
with load

]

¥

Twist with load,
no or only little twist
without load.

The rope has been twisted
during installation
or by the machine

]

[}

The is not sufficiently

rotation-resistant: Use rope with

lower torque factor.

Loosen fix point, let twist out,
eventually twist the rope in
the same sense. Caution!

y
Question: Is the rope rotation resistant?
) y
Rope with low ljotatlon Rotation-
or non-rotation- .
. resistant rope
resistant rope
[} y
If attached to a swivel:
: If necessary
Remove swivel ;
. use swivel.
or lock it.
y )

Check for other possible causes of enforced rope twist
by the machine: Fleet angles on sheaves or drum,
direction of rope lay with respect to drum and reeving.

Fig. 61: First aid - What to do in the event of a rotating hook block.
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24, Final remarks

The subject of the rotatation characteristics of steel wire ropes is very complex. This
brochure could only discuss the more basic questions. If you have a specific problem
not covered in this publication, please feel free to contact the author:

Dipl.-Ing. Roland Verreet

Wire Rope Technology Aachen

Grunenthaler Str. 40a « 52072 Aachen « Germany
Phone: +49 241- 173147 « Fax: +49 241- 12982
Mail: R\Verreet@t-online.de

We will do our best to help you.

,Maybe we should use rotation resistant ropes!“
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