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ABSTRACT 
 
The torsional behaviour of steel wire ropes used on Koepe winders for vertical shafts is 
analysed. Theoretical models have been developed for the behaviour of both the head and 
tail ropes after correcting an assumption made by previous researchers regarding the 
torque in the ropes. The theoretical models utilise experimentally obtained rope properties. 
The properties were measured from rope samples tested in a laboratory using specially 
developed equipment and software. Instruments were designed and used for in-situ 
measurements on an 1800 m deep shaft during a complete return trip. Some of the 
measurements were affected by unexpected strong torsional oscillations. However the 
general trends of the measured torsional behaviour were correctly predicted by the 
theoretical models. Discrepancies are attributed to the difficulties of obtaining true rope 
properties, to assumptions made in order to obtain a workable model and to inaccuracies 
in the measured behaviour because of the strong torsional oscillations. Further research is 
recommended. Nevertheless there is sufficient correlation between the models and the 
experiments, as well as with other published results, to draw certain conclusions with 
confidence. In particular the results confirm the adverse effect of hoisting depth, the need 
to use non-spin ropes and the need for swivels at both ends of freely looped tail ropes. 
New findings include the importance of balanced frictional torque between the two swivels 
of a tail rope and the realisation that the rope rotation is caused by the torque difference 
between the two legs of a head or tail rope and not the absolute value of the torques. The 
results also emphasize the important role of the torsional stiffness of a rope in relation to 
its torsional behaviour. The use of theoretical models to design or select ropes suitable for 
specific Koepe winders is suggested. 
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8     CONCLUSIONS AND RECOMMENDATIONS 

As pointed out by Dr. J.T.D. Fritz previous research included an error in the assumption that 
the torque in hoisting ropes varies along their length. Assuming constant torque, new 
theoretical models were developed. The predictions of these models, based on 
laboratory measurements of rope properties were tested on a working Koepe winder. 

Difficulties were encountered during some measurements on a working Koepe winder in the 
form of strong torsional vibrations. Such measurements involve considerable preparation 
and coordination with officers on the mine and could not be repeated. Nevertheless an 
attempt has been made to extract results by analytical manipulation to eliminate the effect of 
the vibrations. 

8.1   Findings Related to the Measured and Calculated Results 

Differences  between  measured and predicted behaviour involved the following: 

The head rope rotation measured by the chalk line test, was significantly lower 
than the calculated value. The difference is attributed to: 
 
a. The assumption made in the theoretical model that the 

loading and unloading torque tension curves were the same, 
i . e .  hysteresis was neglected. 

b. Differences between actual torsional properties of the rope 
and those measured on a short sample in the laboratory. 

The differences between the measured and calculated torque values in both head 
and tail ropes were substantial. However, these differences could possibly be 
justified by: 
 
a. The assumptions made in the theoretical model. 
b. The fact that measurements were not done in a laboratory 

under  controlled conditions, but on site with unknown 
factors and assumptions about the test conditions and the 
rope properties. 
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Despite the differences between the measured and calculated values, the 
theoretical models have correctly predicted the trends and direction of the 
variation of the torque and the rope rotation. The models have therefore correctly 
qualified but not accurately quantified the ropes' behaviour. 

8.2    Findings Related to Previous Work 

The work presented in this dissertation has confirmed certain conclusions reached by 
previous researchers, namely: 

The rotation of both head and tail ropes is a function of the square of the hoisting 
depth. 

The head and tail rope portions close to the conveyances are subjected to the 
greatest lay angle changes. These portions are also subjected to the most 
severe fatigue loading. Special attention must therefore be given to those 
portions during rope inspection. 

A rope with a zero C factor will eliminate lay angle variations and rope rotation. 

On Koepe winders where the tail loop is formed freely without a tail sheave it is 
necessary to install low frictional torque swivels at both ends of the rope. 

The present study has also given theoretical proof to certain opinions and practices 
adopted by rope users over the years such as the fact that: 

A rope with a zero or very low C factor is susceptible to birdcaging problems. 
A certain amount of positive torque, which tends to tighten the outer strands, is 
desirable in the head rope. 
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8.3   New Findings 

The following findings, which the author believes to be new, follow from this research: 

The lay angle variations and therefore the rope rotation for both head and tail rope 
are a result of the torque difference in the two sections of the rope and not of the 
absolute value of the torque in the ropes. 

The torsional behaviour of multi-strand non-spin head ropes is more sensitive to 
the introduction of negative than positive rotation. 

Multi-strand non-spin head ropes do not rotate when the conveyances are 
loaded or unloaded. However triangular stand ropes rotate during these 
processes. 

The variation, with tensile load, of the frictional torque of the swivels on the two 
legs of a freely looped tail rope must be minimum. This wil l ensure that 
both swivels rotate simultaneously during the trip, preventing the two legs of 
the rope from intertwining. 

The following additional findings, supported by the author, are a matter of controversy 
among rope users: 

The fact that both the head and tail rope rotation are functions of the square of 
the hoisting depth should not be seen as a limitation to the application of the 
Koepe system to deep level shafts. With proper rope design, rope selection and 
operating procedures, the problems associated with the torsional behaviour can be 
overcome. 

Lay angle variations and rope rotation can be minimised by appropriate rope 
design. A rope with a high torsional stiffness or an appropriate shape of torque-
tension curves can give the desired results. 
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Rope life improvements achieved with the installation of non-spin 
ropes are mainly due to the higher torsional stiffness of these ropes. 
Their lower torque factor has a lesser influence. 

8.4    Recommendations for Further Work 

Further  research, aimed at improving the quantitative accuracy of 
predictions of rope behaviour, is recommended. In particular: 

Modelling of the torsional behaviour of the ropes taking into account 
hysteresis effects will increase the accuracy of the calculations. This 
however will result in a significantly more complex algorithm. The 
condition of each rope element will depend not only on the torque 
and tension in the element but also on the torque and tension history. 

Further experiments on Koepe winders are recommended to 
measure the torque variation in both head and tail ropes. 

Further investigation into the torsional properties of wire ropes is 
recommended. Aspects such as variation of the torsional properties 
of ropes along their length and effective torsional stiffness of a wire 
rope in service should be investigated. 
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