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PREFACE

This study guide relates to training modules commissioned by a committee
constituted by the Chamber of Mines’ sub-committee of Consulting Mechanical and
Electrical Engineers for investigation into specification and operating parameters
for Drum Winders and continued under SIMRAC Project GAP054.

Five Manuals have been completed for this project. They are:-

"The Technology of Wire Rope for Mine Winding" by E.J. Wainwright completed
in May 1994 which deals with the design, manufacture and use of wire ropes for the
various types of mine winder.

"An Introduction to Mine Winders in South Africa” by E.J. Wainwright completed
and circulated for comment in August 1995. Because there is no definitive work on
mine winders in general this manual attempts to give a simple explanation of the
various winders used in South Africa and a description of the various components.
Detailed design information is omitted except for some factors which have a
significant effect on wire rope performance.

"Destructive Testing of Wire Ropes"” by M. Borello which was completed in

July 1992. This module explains the procedure for testing wire rope and gives a
comprehensive interpretation for evaluating the test results.

"Practical Aspects of Rope Inspection® by T.C. Kuun completed in January 1996.
All aspects of rope inspection are covered, from an evaluation of the most likely areas
of rope deterioration to the tools and methods of carrying out the inspection.
"Magnetic Rope Testing Instruments.” by T.C. Kuun completed in January 1996. A
module on this subject was produced by another author but was rejected on the basis
that it needed to be re-written. This new module explains the theory of magnetic
testing, describes various systems being used, specifies requirements for suitable
instruments and gives guidelines for using them.

In addition this guide gives a list of appropriate regulations applicable to rope inspections
and the use of ropes in mining applications. Personal safety and responsibility are
stressed.

This guide has been produced by

MINE HOISTING TECHNOLOGY,

A DIVISION OF MATERIALS SCIENCE AND TECHNOLOGY
CSIR

Project No: MHEAG-SGU

February 1996.
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STUDY GUIDE
FOR

WIRE ROPE INSPECTORS.

INTRODUCTION.

The continuing requirement in the South African gold mining industry for hoisting men,
material and mineral from ever increasing depths has led to sophisticated winders and the
use of the lowest practical design factors for winding ropes.

The safe operation of these winders is vitally important; safeguarding persons who travel
in the shafts and maintaining the output from the shaft which ensures the continuing
operation of these mines. The component of the winding system which is subjected to the
greatest operational wear and fatigue is the winding rope which therefore has a definite
operational life. For safe operation the rope must be discarded and replaced before it
reaches a dangerous condition. To do this a code of practice is required for guidence and
instruction.

A code of practice for the condition assessment of mine winder ropes should at least
address the following issues in the order shown: =

O Discard criteria

© Condition assessment techniques and procedures

© Equipment specifications

O Selection, training and certification of personnel

Discard criteria and an assessment strategy are defined by the machine component
designers, manufacturers and users, as well as by the legislators. Conservatism must
prevail where the safety of people or continuity of production is involved. The most
important issue for the person involved in condition assessment is the reliability of defect
detection and evaluation in terms of the prescribed code. Thorough knowledge and
understanding of component behaviour under given service conditions are indispensable
to all parties concerned. Reliable feedback is essential for ongoing improvement of the
code.

The training of personnel is one of the prime requirements for the safe operation of
winder ropes. A series of manuals has been produced to identify important features and
to facilitate an understanding of the operation of mine winders as well as to guide
inspectors and others in correct procedures.

An objective of this study guide for "wire rope inspectors” is to provide an overview of
the training modules and to identify the most important features of winder operation and
rope inspection.
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2  SYLLABUS.

The sylabus is divided into theoretical and practical parts.

2.1 THEORETICAL

(The examination for a Level 2 student will include Level 1 questions)

Subject

Level 1

Level 2

Legal Knowledge

Procedures in and around the
shaft.
Responsibility and accountability.

Statutory rope regulations.

Winders

Winder types (e.g. Drum, BMR,
Koepe, Stage, ...).

Winder components (e.g. sheaves,
Blair and Koepe compensators,
cheek plates, hawse holes, ...)

Winder performance.

Rope deterioration patterns
relating to winder type.

(i.e. where to look for expected
deterioration.)

Rope technology

Rope constructions and
terminology.

Rope manufacture (including
Haggie visit).

Installation and maintenance of
ropes on winders (basic
knowledge).

Rope deterioration (basic
knowledge).

Deterioration (advanced).
Installation and maintenance
(advanced).

Rope terminations (appropriate
terminations and modes of rope
and termination deterioration).

Code of Practice

Assessment procedures.

Discard criteria (basic) including
broken wire counting and
distributions.

Assessment of combined effects.

Assessment intervals.

Discard criteria (including
cumulative effects).

Record keeping and reporting.
Assessment of report on tests
done by Level 1 tester.

Instrumentation

Measuring instruments (e.g.
diameter tape, lay length rule,
straight edge, ...).
Calculation of EM trace
calibrations.

EM test instruments: Basic
understanding, limitations,
troubleshooting.
Multiplication factor
calculations.

Destructive Tests

Familiarity with laboratory testing
and test results.

Interpretation of laboratory test
results

General

Identify wire failure modes
(brittle, fatigue, corrosion) and
differentiate between abrasive
wear and plastic deformations.

How to test stage ropes, kibble
ropes and chairlift ropes.
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2.2 PRACTICAL

Subject

Level 1
Rope examination on site

Level 2
Laboratory examination and
Rope Assessment

Discard Criteria

Measurement of diameters,
lay length etc.
Measurement of waves and
rope deformation.

Measurement of waves,
deformations, identification of
broken wires (split, slack,
proud ...).

Application of all criteria

Preparation for test

History of rope, construction,
records of previous tests,
examine mine’s records.

Perusal of previous tests
(including destructive tests) -
wire brittleness, nicking, ...

Actual test and
inspection.

Application of personal safety.
Equipment calibration.

EM test.

Identification and inspection of
anomalies.

Sheave groove measurement.
Report.

Equipment setup and
calibration.

EM test.

Identification and inspection
of anomalies.

Evaluation of the rope and
recommendations regarding
further action by the mine.

Rope technology.

Identification of different rope
constructions

Visual inspection of short
samples (which are not EM
tested).

The laboratory test for level 2 candidates will include an EM test on a rope with known
anomalies. The examination will at least cover assessment of broken wires, corrosion,
plastic deformation and wear.

STUDY TECHNIQUES.

The most important principle in successful study is that one should understand every
item. It is not necessary that one should agree with everything that one studies. However
with understanding the content becomes clear and easily remembered.

It is the responsibility of the student to gain the necessary understanding. If the written
study material is not clear or practical procedures not understood additional guidance
must be obtained. This may not always be easy, but for any prescribed course of study
there will always be appropriate councillors. If they are not able to help in gaining
understanding it is still the student’s responsibility to find someone who can give correct
explanations. Problems of this nature must be brought to the attention of the relevant
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3.1

3.2

authority so that corrective action can be taken with respect to the modules or the
prescribed practical aspects of training.

THEORETICAL KNOWLEDGE.

All the course modules have been prepared to give a clear and overall picture of each
subject. For this reason it is important that each module be read completely at the outset.
The object of this is to gain an overview of the subject matter so that detailed study gains
in relevance. As far as possible a module should be read through in as short a time as
practicable. Before attempting detailed study of a particular subject the following three
modules should first be read through.

1. An Introduction to Mine Winders in South Africa.

2. The Technology of Wire Rope for Mine Winders.

3. Practical Aspects of Rope Inspection.
The overall view gained from these modules is a sound base on which to build further
knowledge of the subject of wire rope inspection and evaluation.

As far as possible the student should follow a systematic and logical path in the detailed
study requirements listed in Paragraph 4 of this guide. To a great extent the initial items
for study will depend on activities of the student in normal job situations.

Everyone has their own style of study. A well proven approach is as follows:-
The specific item or items being considered should be carefully read through and a
clear understanding of the subject achieved. After a short period of rest the student
should then try and paraphrase what he has read and writing it into a note book.
Having done this the notes should be compared with the original to confirm
correctness of the notes. Having achieved a correct interpretation the student can
then proceed to the next item to be studied. It is appropriate to mark off completed
topics in the various modules where indicated in the level of knowledge required so
that no subject or item is overlooked.

It must be noted that not everything in the various modules is required for study and
examination. These items have been included in the modules for general information and
to encourage more advanced study or interest.

The preceeding advice does not apply to study of the appropriate laws and government
regulations. In the case of the required knowledge an overview can be obtained by firstly
reading all the items listed. So much in the regulations is not applicable to hoisting or
persons working in and around shafts that it is merely awast of time to read everything
contained in the regulations. The items listed are the appropriate ones and must all be
known and understood.In many cases the student will find it easier to learn the relevant
regulations verbatim. However exact knowledge of wording is not required and it
provided all aspects of each regulation are known and understood paraphrased answers
are acceptable.

PRACTICAL EXPERIENCE.

Besides on-the-job experience related to the level of training being undertaken additional
experience is required. It is the responsibility of the student to ensure that arrangements
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for visits and short practical courses related to the various modules as applicable are
made by his supervisor or organisation. These visits must be achieved over the period of
training and not necessarily all at onr time. If appropriate visits are made relating to
theoretical work being studied the knowledge gained is reinforced and more easily

remembered.

The following practical visits are recommended for each of the modules.

a. An Introduction to Mine Winders.

Shafts

Drum Winders

Koepe Winders

Lifts

Sinking winders

Vertical

Sub-vertical

Tertiary

Inclined with angle of inclination in excess of 45 .
Inclined with angle of inclination less than 20 .
Sinking

Shafts with fixed guides and rope guides

Single drum

Small double drum
Large double drum
Blair Multi Rope

One or two rope
Four rope

Six rope

Tower mounted
Ground mounted

Traction
Gearless
Single and two to one roping

Kibble winder
Blair stage winder
Four drum stage winder

b. The Technology of Wire Ropes for Mine Winders.

When visiting the types of winders just mentioned, the ropes being used should be
established. The operation of the ropes should be observed and any specific behaviour
patterns determined, such as coiling patterns on drum winders, or any other relevant

features.

Visits to steel and rolling mills should be arranged and thereafter a detailed visit to a
rope factory. If possible a day each should be spent in the wire mill, the ropery and
with the quality assurance personnel.
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. The Destructive Testing of Wire Ropes.

One or two days should be spent at the Cottesloe Rope Testing Laboratory of the
CSIR. The preparation, test and examination of rope samples must be studied and
related back to methods of manufacture identified during the visit to the rope factory.
Of particular importance are methods of handling and preparing rope samples for test.
In addition the condition of the rope and the types of wire fracture should be
identified and related back to the content of the module.

. Minerals Act and Regulations.

In all the visits outlined above the relevant parts of the regulations must be
considered. In particular the safety regulations relating to persons working in and
around shafts and moving machinery must be identified and adhered to.

. Practical Aspects of Rope Inspection

When visiting shafts and various types of winders the various aspects of the
arrangements which affect rope performance should be identified noted. In particular
the deterioration patterns related to the type of winder should be discussed with
operating personnel to confirm the descriptions in the module.

. Magnetic Rope Testing Instruments.

It is important that experience with the operation of many types of non destructive test
instruments be gained. In particular, the response of various types of instrument to the
deterioration patterns found in operating ropes should be observed and related to the
actual rope condition.
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4.1

OVERVIEW OF MODULES.

In addition to a concise introduction to each of the modules and individual sections, the
relevant paragraphs containing the information required for each level of competence are
listed and the level indicated, for ease of study.

AN INTRODUCTION TO MINE WINDERS.

It is obvious that before any useful activity can be achieved in the inspection and
monitoring of wire ropes used on mine winders, a basic understanding of shafts, hoisting
and winders is required in addition to a detailed knowledge of ropes. Although there is a
vast amount of detailed information available in the form of reports, papers etc. it is
difficult to obtain appropriate information to give a basic understanding of the
requirements and possible solutions of hoisting problems.

This module aims at giving an overall background to mine hoisting practice in South
Africa. At the outset it must be explained that developments in hoisting and hoisting
systems anywhere in the world have depended very much on local experiences. For this
reason winder and hoisting practice in other parts of the world have often developed
along different lines with emphasis being given to aspects which are sometimes regarded
as being self evident. For this reason publications from other parts of the world must be
assessed with these differences in mind.

The module gives a brief resume of shafts and shaft systems and after a chapter on the
requirements of hoisting systems describes winding systems and their components. The
question of maintenance of ropes and winders has not been addressed although some
comments have been made where maintenance affects system design.

SHAFTS AND SHAFT LAYOUTS.

To a large extent shafts and shaft layouts have developed from geographical as well as

mining constraints. For instance; in hilly or mountainous country it is often possible to

use an adit system to gain access to underground workings whereas in flat country with
the ore-body at some depth from the surface vertical shafts are appropriate.

The type of guide system used is often determined by the shaft layout requirements.
Fixed guide systems are generally used in South Africa except for shaft sinking where
the ropes used to support the sinking stage are used as guide ropes.

Item Level 1 Level 2
2.1 Shaft Systems. Yes Yes
2.2 Compartment Layout. Yes Yes
2.2.1 Guides. Yes Yes
2.2.2 Services Yes Yes

2.4 Headgear and Surface Layout Yes Yes
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REQUIREMENTS FOR HOISTING SYSTEMS.

A short discussion on various aspects for safe operation to be considered when choosing
a winder and deciding on operating parameters.

Item Level 1 Level 2
3.1 Winder Size. Yes Yes
3.2 Rope Speed Yes Yes
3.3 Men Yes Yes
3.4 Material Yes Yes
3.5 Mineral Yes Yes
3.6 Regulations Yes Yes
TYPES OF WINDERS.

The various configurations of the two basic winding systems are discussed.

These systems are:-
a) Drum winding; where the rope is attached to the drum.

b) Friction winding; where there is no fixed connection between the

winder drum and the rope.

Item Level 1 Level 2
4.1 Drum Winders. Yes Yes
4.1.1 Double Drum Winder. Yes Yes
4.1.2 Sinking Winders. Yes Yes
4.1.3 BMR Winders. Yes Yes
4.1.4 Small Hoists. Yes
4.2 Friction Winders. Yes Yes
4.2.1 Koepe Winders. Yes Yes
42.2 Lifts. Yes Yes
423 Blair Stage Winder. Yes Yes
4.3 Other Winders. Yes
4.3.1 Reel Winder. Yes

432 Whiting Hoist. Yes
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COMPONENTS OF DRUM WINDERS.

Many components used in winders have to be chosen from a wide range of available

systems and designs. Often the choice is easily made, but in some cases there are far

reaching consequences which can affect the performance of ropes in the system.

Many of the alternatives are discussed, with comments on performance and guidelines

for appropriate design.

Item Levell Level2

5.1  Type of Power and Control. Yes Yes
5.1.1 DC System. Yes Yes
5.1.2 AC System. Yes Yes
5.2 Braking. Yes
5.2.1 Drum Type Brakes.
5.2.2 Disc Brakes.
5.3 Drums. ~ Yes Yes
5.3.1 Drum Cheeks. Yes Yes
53.2 Fleet Angles. Yes Yes
533 Drum Barrel and Grooving. Yes Yes
5.3.4 Rope Connection to the Drum. Yes Yes
5.3.5 Operating Rope Storage. Yes Yes
5.3.6 Rope Adjustment. (i.e. Clutching) Yes Yes
5.4 Sheaves and Sheave Layout. Yes Yes
5.5 Protection Devices. Yes Yes
5.5.1 Electrical Protection Yes Yes
55.2 Mechanical Protection Yes Yes
553 Overwind. Yes Yes
554 Detaching Devices. Yes Yes
555 Additional Protection for Shaft Sinking. Yes
5.6 Conveyances. Yes

COMPONENTS OF KOEPE WINDERS.

Many components and systems used on drum winders are equally applicable to Koepe
winders. However, the friction system requires many specially designed components.

These are discussed, with guidelines where appropriate.
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Item

6.1 Type of Power and Control

6.2 Braking

6.3 Ropes

6.3.1 Head-ropes.

6.3.2 Tail-ropes.

6.4 Drums.

6.4.1 Drum Treads.

6.4.2 Tread Length Measurement.
6.5 Sheaves.

6.5.1 Fleet Angles.

6.6 Rope Connections.

6.6.1 Rope Adjustment.

6.6.2 Force Equalisation.
6.6.3 Re-making Terminations.

6.7 Protection Devices.
6.7.1 Rope Slip.
6.7.2 Overwind.

6.8 Conveyances.

7 COMPONENTS OF LIFTS.

Level 1

Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
- Yes
" Yes
Yes

Yes
Yes

Level 2

Yes

Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes

A lift is a specialised type of friction winder where there is no driver. Control and
operation is initiated from within the conveyance and the machine operates automatically
until the designated stopping place is reached. Lifts are also designed for operation under

conditions of limited inspection and maintenance.

Although lifts are supplied (and often maintained) by specialist companies many of the
principles of design and operation should be understood so that appropriate action can be
taken by rope inspection technicians in their inspections and recommendations regarding

rope discard.
Item
7.1 Types of Lift
7.1.1 Gearless.
7.1.2 Traction.
7.1.3 Two to One Roping.

Level 1

Yes
Yes
Yes
Yes

Level 2

Yes
Yes
Yes
Yes
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7.2
7.2.1
7.2.2
7.2.3
7.3
7.4

7.5

Item
Ropes.
Hoist Ropes.
Governor Rope.
Compensating Ropes.
Guides.
Control.

Safety Devices.

COMPONENTS OF STAGE WINDERS.

Level 1
Yes
Yes

Yes
Yes

Yes

Yes

Level 2
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Shaft sinking requires specialised equipment, especially with respect to winders and other
related components. The stage winder is one such device. It can consist of a winder with
multiple drums or an arrangement for ensuring excellent operation of friction type

interconnected drums. ‘

90 60 00 00 00
Pt Pk ped pud ek
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8.2.1
8.2.2
8.2.3
8.2.4

8.3

Item

Blair Stage Winder.
Rope Equalisation.
Main Winder.
Take-up Winder.
Compensating Tower.

Multi Drum Winder.
Rope Equalisation.
Clutching.

Brakes.
Control.

Stage.

Level 1

Yes

Level 2

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
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4.2 THE TECHNOLOGY OF WIRE ROPE FOR MINE WINDERS.

This module is a comprehensive document designed to acquaint rope users and inspéctors
with all the various types of wire rope used on mine winders in South Africa.

Rope constructions and properties are described in sufficient detail to enable an
understanding of design constraints which affect rope performance and recommendations
are made for appropriate constructions for various applications.

The manufacture of the input wire of a wire rope is described, as well as the ropemaking
processes which are used for manufacturing the many types of wire rope product. An
understanding of these processes with their limitations and constraints is an essential
requirement for correctly assessing rope condition in the field.

Finally, the characteristics of many hoisting systems are described and the appropriate
rope constructions recommended for satisfactory rope performance. The reasoning
behind these choices will assist in anticipating the mode of rope deterioration to be
expected for various types of winder. An understanding of these factors will ensure that
critical areas of rope deterioration will not be overlooked.

Chapter 1| INTRODUCTION TO ROPE AND ROPE TECHNOLOGY.

This chapter starts with a short history of wire rope. The various parts of a wire rope are

described as well as various constructions and methods of laying a rope up. Many of the

properties of the input wire are described as well as the properties of the rope itself.
Item Level 1  Level 2

1.2 PARTS OF A STEEL WIRE ROPE.

1.2.1 Strands. Yes Yes
Wires. Yes Yes
Strand Core - Wire or Fibre. Yes Yes
1.2.2 Rope Core. Yes Yes
Fibre Core. Yes Yes
Wire Strand Core. Yes Yes
Independent Wire Rope Core. Yes Yes
1.2.3 Wire. Yes
Steel. Yes
Tensile Strength. Yes Yes
Ductility. Yes

Modulus of Elasticity. Yes
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Item Level 1 Level 2
1.3 TYPES OF STEEL WIRE ROPE.
1.3.1 Single Strand. Yes
Bridge Strand. Yes
Locked Coil. Yes
Other. Yes
1.3.2 Round Strand Rope. Yes Yes
Single Layer Round Strand Rope. Yes Yes
Multi-strand Round Strand Rope (Non-spin). Yes Yes
1.3.3 Shaped Strand Ropes. Yes Yes
Single Layer Shaped Strand Ropes. Yes Yes
Multi-strand Shaped Strand Ropes (Non-spin). Yes Yes
1.4 ROPE PROPERTIES.
1.4.1 Breaking Strength. ~ Yes Yes
Calculated Aggregate. Yes Yes
Actual Aggregate. Yes Yes
Estimated or Minimum (or Guaranteed). Yes Yes
Actual. Yes Yes
Tolerance. Yes Yes
1.4.2 Mass. Yes; Yes
Calculated or Estimated. Yes Yes
Actual. Yes Yes
Tolerance. Yes Yes
Steel Mass. Yes Yes
Grease Mass. Yes Yes
1.4.3 Elongation. Yes
Elastic. Yes
Permanent. Yes
Ductility. Yes
Work Done to Failure. Yes
Plastic Portion of Elongation. Yes
1.4.4 Moduli. Yes
Elastic Modulus. Yes
Coefficient of Thermal Expansion. Yes
Other Moduli. Yes
1.4.5 Rope Lay. Yes Yes
Lang’s. Yes Yes
Ordinary (or Regular). Yes Yes
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Item

1.4.6 Spinning Characteristics.
Torque.
Non-spin Properties.

1.4.7 Special Properties.
High Strength.
Strength to Mass Ratio.
Flexibility.

Can transmit a force over very long distances.

Fatigue Resistance.

Level 1

Yes
Yes

Chapter 2 MANUFACTURE OF HIGH TENSILE WIRE FOR USE IN WIRE

ROPES.

Level 2

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

A steel wire is one of the highest strength materials used today. It is so ubiquitous that its
properties are taken for granted. However many of its properties make the manufacture

and use of wire rope possible and satisfactory.

A simple description of wire drawing practice and the metallurgical processes required
for producing good wire is intended to assist in identifying wire related problems. The
practical limits to strength and size are discussed as well as the various test methods for

determining the required wire properties.
Item
2.1 STEEL.
2.1.1 Processes.

Steel Manufacture.
Production of Billets.

2.1.2 Rod.
Hot Rolled.
Controlled Cooled.
2.1.3 Steel Making And Rolling Problems.
2.2 WIRE.
2.2.1 Processes.

Heat Treatment.
Cleaning and Coating.
Drawing.

Corrosion Protection.
Testing.

Level 1

Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

Level 2

Yes
Yes
Yes

Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
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Item Level 1 Level 2
2.2.2 Properties. Yes Yes
Size. Yes Yes
Strength. Yes Yes
Ductility. Yes

Chapter 3 ROPE MANUFACTURE

The theory of ropemaking is stated and the types of ropemaking machines described.
Rope design is mentioned and a few simple formulae given and discussed.

The ropemaking processes are discussed and the inspection procedures required for good
consistent rope quality described. Rejection and concession procedures are discussed.

3.1

W W w
bk ek
W N =

3.1.4

3.2

3.2.1

3.2.2

Item
THEORY OF ROPEMAKING.

Explanation Of Ropemaking Terms.
Lay Blocks

Machinery.

Sun and Planet Machines.
Tubular Machines.
Bunchers.

Rope Design.

Basic Concepts.

Selection of Wire Diameters.
Tensile Strength of Wire.
Rope Core.

ROPE-MAKING PROCESSES

Stranding

Wire Winding

Joining of Wires

Lay Plate

Round Strand
Postforming

Shaped Strands
Closing

Tubular Closers

Sun and Planet Closers
Preforming
Postforming
Maximum Length or Mass

Level 1

Yes
Yes
Yes

Yes
Yes

Level 2

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Item Level 1 Level 2
3.3 INSPECTION AND TESTING Yes Yes
Wire Yes Yes
Strand Yes Yes
Rope Yes Yes
Rejection and Concessions Yes Yes

Chapter 4 RECOMMENDATIONS FOR USE OF ROPES IN VARIOUS
HOISTING APPLICATIONS.

In choosing a rope for any application there are several factors which must be
considered. Fatigue, wear and flexibility are properties which often have to be
considered for a particular application. In some cases requirements for good wear
properties conflict with concurrent requirements for flexibility and / or good fatigue
performance and a choice has to be made resulting in a compromise.

Various hoisting applications are described and appropriate rope constructions
recommended. In some cases recommendations are made regarding important winder
design parameters to ensure satisfactory rope performance.

Item Level 1 Level 2

4.1 BASIC CONSIDERATIONS.

4.1.1 Strength. Yes Yes
Tensile Grade of Steel.
Breaking Strength of Rope.

4.1.2 Flexibility.

4.1.3 Wear Resistance.

Abrasive Wear.

Plastic Deformation.
4.1.4 Fatigue Performance.

Tension-Tension Fatigue.

Bending Fatigue.

Corrosion Fatigue

Splitting Fatigue

4.1.5 Lay.

4.1.6 Torque.

4.1.7 Resistance To Crushing.

4.1.8 Corrosion Resistance.

4.1.9 Stability.

4.1.10 Reserve Strength

4.1.11 Generalised Aspects Of Choice.
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Item

4.2 ROPES FOR MINE HOISTING.

4.2.1 Drum Winding.
Vertical Shafts.
Incline Shafts.
Type of Guides.
Depth of Wind.
Rope Speed.
Drums.
Kibble Ropes.
Small Hoists.

4.2.2 Friction Hoisting.
Koepe Winding.
Koepe Tail-ropes.
Blair Stage Winder Ropes.

Elevators.
4.2.3 Sinking Ropes.
4,2.4 Condensed Recommendations For Winders.
APPENDICES

Various appendices are listed which are useful for reference purposes.

REFERENCES

LIST OF SYMBOLS USED IN FORMULAE
GLOSSARY

LIST OF RELEVANT STANDARDS

Level 1

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

' Yes

Yes

Level 2

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes
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4.3 THE DESTRUCTIVE TESTING OF WIRE ROPES.

All wire ropes for mine winding have to be tested after manufacture to confirm the
quality and strength of the rope. In addition, ropes operating on most winders (the
exception is Koepe winders) have to have a sample from the conveyance end tested to
destruction every six months. These tests are prescribed in order to monitor the condition
of the rope as far as possible by an independent authority.

This module describes the test procedures, including preparation required to achieve
representative results. The results of the tests are discussed and guidelines given for
interpreting the results supplied on the test certificate.

Item Level 1  Level 2
2. SPECIMEN PREPARATION IN THE FIELD Yes Yes
3. APPLICATIONS FOR TEST Yes Yes
3.1 General ~ Yes Yes
3.2 Ultra High Tensile Winding Ropes Yes Yes
4. TEST PROCEDURE Yes
4.1 Specimen Preparation Yes
4.2 Testing of the Specimens Yes
4.3 Specimen Inspection after Test Yes
4.4 The Test Certificate = Yes
5. INTERPRETATION OF TEST RESULTS Yes Yes
5.1 Breaking Strength Yes Yes
5.2 Gauge Length Yes
5.3 Least Diameter of Outer Wire Yes
5.4 Lay Length Yes
5.5 Diameter Yes
5.6 Corrosion Yes Yes
5.7 Condition of Lubricant Yes Yes
5.8 Appearance of Wires at Fracture Yes Yes
5.9 Number of Strands Broken Yes
5.10 Position of Fracture Yes
5.11 Remarks Yes
6. THE LOAD-ELONGATION DIAGRAM Yes
6.1 General Yes
6.2 Description of Testing Parameters Yes
APPENDICES
Appendix A: Degree of corrosion Yes Yes
Appendix B: Condition of lubricant Yes Yes

Appendix C: Modes of wire failures Yes Yes
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4.4  MINERALS ACT (ACT 50 OF 1991) AND REGULATIONS.
LEGAL KNOWLEDGE

Introduction

The Minerals Act and regulations are aimed at promoting the safety and health of all
persons employed at mines and works irrespective of their job category.

In the field of non-destructive testing there are also sections of the Minerals Act and
regulations pertaining to the safety of, and responsibilities, of the RCA technician himself
and persons working under his control.

Before the regulations are discussed there are certain sections of the Minerals Act (Act 50 of
1991) that should be studied as they are of importance.

Chapter 1. Definitions

(ii) "certificated"

(vii) "employee”

(x) "investigating officer" ..
(xii) "manager"

(xiii) "officer”

(xxv) "peace officer”

(xxvi) "person”

(xxvii) "prescribed’’

(xxx1) "record”

(xxxii) "regional director”
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Section 37.

Chapter 8.

Section 51.

Section 52.

Section 53.
Section 55.
Section 56.
Section 57.
Section 58.
Section 59.
Section 60.
Section 61.
Section 52.
Section 63.

Section 67.

Item

Level 1

Negligent act or omission offence under certain circumstances.

General and Miscellaneous provisions.

Power of entering upon any land or place and perform
other acts.

Producing of documents at request of regional director
or authorised person.

Proof of certain facts.

State not liable for claims.

Serving of documents and validity.

Right of appeal.

Prohibition of Victimization.

Prohibition or obstruction of officer or person.
Offenses.

Penalties.

Delegation of Power.

Regulations.

Machinery and Occupational Safety Act, 1983, not
applicable.

Yes

Yes

Yes

Yes

Yes

Yes

. Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Level 2

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Together with the promulgation of the Minerals Act, the Republic of South Africa has been
divided into nine (9) regions which replaces the fourteen (14) inspectorates as follows:

Region Office

—

. Western Cape Cape Town

2. Northern Cape Kimberley

3. Orange Free State Welkom

4. Eastern Cape Port Elizabeth

5. Natal Dundee

6. Eastern Transvaal Witbank

7. Northern Transvaal Pietersburg

B. PW.V Johannesburg

9. Western Transvaal Klerksdorp

Each region is headed by a "regional director” under whose direction the "regional mining
engineers” will operate. The regional directors have replaced the Chief Inspectors of Mines and

Machinery and the inspectors of mines and machinery are now known as "regional mining
engineers”.



22 Study Guide

Regulations.
Regulations pertaining to the responsibility of the RCA technicians are listed first.

Item Level 1 Level 2
Chapter 1. Definitions.
4) "certificated"” Yes Yes
(4B) "competent person” - This definition will be applicable Yes Yes

to the RCA technician because under (a) (i) is qualified
by virtue of his knowledge, training, skills and
experience to organise the work and its performance,
(i1) is familiar with the provisions of the Act and the
regulations which apply to the work to be performed:
and (iii) has been trained to recognise any potential or
actual danger to health or safety in the performance of

the work.
(6B) "engineer" ~ Yes Yes
(11A) "hazardous area” Yes Yes
(14A) "light metal” Yes Yes
(454) "flameproof apparatus” Yes_ Yes
(45B) "flexible cable” Yes Yes
(46A) "increased safety apparatus” Yes Yes
(46C) "intrinsically safe apparatus” Yes Yes
(50B) "portable electric apparatus” Yes Yes

Chapter 3. General provisions.

3.1.1 No unauthorised admittance. Yes Yes
3.11 Responsibility for contravention. Yes Yes
3.12 Disobedience Yes Yes
3.13 Deputing of work Yes Yes

3.14 Safety precautions not to be damaged or removed. Yes Yes
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Item Level 1 Level 2
Chapter 4. Workmen.
4.7.2 No intoxicating liquor at any place Yes Yes
4.14.1 Not more than 48 hours of work in 7 consecutive Yes
days.
Chapter 5. Personal safety.
5.8.1 Life-line used where danger of falling or slipping. Yes Yes
5.8.3 Hard hat worn where danger of falling objects. Yes Yes
Chapter 11. Fire prevention.
11.3.1 Leaving naked light or flame. - Yes Yes
11.3.4 No welding Yes Yes
11.3.6 No smoking Yes Yes
Chapter 15. Lighting.
15.1 No travel or work in dark place without a light. Yes_ Yes
15.9.1 No smoking in fiery mines. Yes Yes
Chapter 16. Winding Plant.
16.4 Weight of persons. Yes
16.25 Breaking strength test of new rope. Yes Yes
16.27 Examination of newly installed rope. Yes Yes
16.30.1 & 16.30.2 Definition of terms for calculation. Yes
16.31 Ratio of man load to mineral load. Yes
16.32 Multiple ropes. Yes
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16.33

16.34.1
16.34.2
16.34.3
16.34.4

16.35.1
16.35.2

16.36
16.36.1
16.36.2
16.37
16.38
15.39
16.40
16.41.1
16.52
16.55
15.65
15.67
16.72
16.77
16.79
16.81

16.81.3
16.81.4

Item
Factors of safety winding ropes.
ditto
ditto
ditto
ditto

ditto
ditto

ditto

ditto

ditto

ditto

ditto
Factor of safety, balance rope.
Factor of safety, guide rope.
Cutting, recapping and test.
Entering winding compartments.
Driver to be warned.
Persons authorised to travel with material.
Restricted travel outside conveyance.
Trial run after stoppage.
Defects reported to manager.
Rope record book.
Drivers log book for each winder.

Special instruction to driver.
Warnings given in terms of 16.55.

Level 1

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Level 2
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
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Item Level 1  Level 2
16.85 Driver not to be distracted. Yes Yes
16.86.1  When driver may start engine. Yes
16.87 Signalling by authorised person only. Yes Yes
16.89.1 Who may give signals. Yes Yes
16.89.2  Signalling by banksman and onsetter - authorization. Yes Yes
16.91.10  Persons to be safe before signalling. Yes

Lifting machines and lifting tackle

16.98.1 Construction and strength. Yes Yes
16.98.2  Safety of persons not endangered. Yes Yes
16.98.3  No run-back. ~ Yes Yes
16.98.4  Automatic power cut-off. "~ Yes Yes
16.98.5 Maximum safe loads. Yes Yes
16.99 Factors of safety of ropes. Yes Yes
16.100 Steel rope construction Yes Yes
Chairlifts
16.110 Regional mining engineer may lay down rules for Yes
use.
16.112 Rope suited to pulley size. Yes
16.112.1 Traction chain approved type. Yes
16.112.2 Not more than 10% less in strength. Yes Yes
16.112.3  Safety rope to prevent run back. Yes
16.112.4 Minimum factor of rope strength. Yes
16.112.5 70 kg/person Yes
16.112.6  Rope splices and clamps. Yes Yes
16.112.7  Restriction of and no. of splices and spacing. Yes Yes

16.118 Emergency brake. Yes
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Chapter 17. Elevators.

17.3.4

17.4.1

17.5.1
17.5.2
17.5.3
17.5.4

17.27.1
17.27.2
17.27.3
17.27.4.1
17.27.4.2
17.27.6

17.30

Elevator record book.

Details of elevator.

Persons appointed for weekly examination of ropes.

Monthly inspection of engineer.
Dangerous defects to be reported.

No persons conveyed during examination/servicing.

Ropes of steel wire, adequate, no defects.
Wire and rope size limitations.

At least two ropes, equal size and strength.
Minimum factor of safety.

Force in Newtons - mass in kg times 9,8.
Rope breaking strength from actual test.

No slipping of rope not attached to drum.

Chapter 20. Machinery safety measures.

20.1.1
20.1.2
20.2

20.3.1
20.3.2

20.4
20.5

20.6

20.7.3

20.8

20.9.1
20.9.2
20.9.3.1
20.9.3.2

Competent person in charge of machinery.
Supervision continuous: 10 hour man shifts.

No trespassing within safety guards/fences.

Dangerous places to be fenced off.
No unauthorised entrance to machinery locations.

No loose outer clothing close to moving machinery.

Dangerous machinery fenced, guards fitted.

No unauthorised servicing/repairing moving
machinery.

All reasonable measure before starting machinery.

Every reasonable precaution taken in use of
machinery.

All safety devices in good order; properly used.
Unsafe machines immediately stopped.

Power switched off and remains off during servicing.

No servicing unless machines/parts are safe.

Level 1

Yes

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes
Yes
Yes

Level 2

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes

Yes

Yes
Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes
Yes
Yes
Yes
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Item Level 1  Level 2
Chapter 21. Electricity.
21.1.1.1  Electrical apparatus, selected, maintained, placed and Yes
protected not to cause danger to persons.
21.4 Not interfere or render ineffective electric apparatus. Yes Yes
21.17.1  Manager to identify hazardous areas and record on a Yes
plan.
21.17.2  Only explosion proof apparatus in hazardous areas. Yes
21.17.3.1 Identification of explosion proof apparatus. Yes
21.17.3.2 Explosion proof apparatus to be clearly and indelibly Yes
marked.
Chapter 25. Reporting of accidents by Manager.
25.1 (a) death of any person. * Yes Yes
(b) injury likely to be fatal. Yes Yes
(¢) unconsciousness. Yes Yes
(d) incapacitation. Yes Yes
(e) incapacitation period. Yes Yes
Notice in respect of (a), (b) and (c) shall be immediate by the Yes Yes
quickest means available. R
25.4 Place of accident to be left undisturbed. Yes Yes
25.5 Right to attend inspection. Yes Yes
25.6 Reporting of non-casualty accidents Yes Yes
(a) winding plant Yes Yes
(b) elevators Yes Yes
(c) chairlifts Yes Yes
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4.5 PRACTICAL ASPECTS OF ROPE INSPECTION.

For a long time, people tried to control the risk of rope failure on mine winders by
selecting certain factors of safety for the new rope and by relying on rope inspection
strategies that were poorly defined and of uncertain quality. About ten years ago it was
finally realized that rope safety cannot be controlled properly in this way. It is now
accepted that, even at high factors of safety (now more correctly called rope design
factors), no rope can be used safely unless the following objectives are met:

a) normal deterioration of the rope is controlled by means of regular and efficient rope
inspection;

b) abnormal damage to the rope is avoided, and where it does occur it is detected early;

c) the normal and the maximum forces acting on a rope are controlled within specified
limits.

This training module deals with the practical requirements of rope inspection, in order to
assist with achieving objectives a and b above: i.e. the proper assessment of normal as
well as of abnormal deterioration of winding ropes. The causes of the different types of
defects that occur in winding ropes, equipment used for rope inspection, detailed
inspection procedures, analysis of inspection results, application of discard criteria, and
inspection reports and records are considered. Detailed discard criteria, with background
information, are given in the Appendix.

Item Level 1 Level 2

2. ROPE DEFECTS Yes Yes
2.1 Defects in a new rope Yes Yes
2.2 Abnormal damage Yes Yes
2.3 Normal deterioration Yes Yes
2.4 Summary of rope defects Yes Yes

3. INSPECTION EQUIPMENT Yes Yes
3.1 Types of equipment Yes Yes
3.2 Approval, testing and certification Yes Yes
3.3 Care and maintenance Yes Yes

4. PLANNING OF ROPE INSPECTIONS Yes
4.1 Inspection intervals Yes
4.2 Rope sections to be inspected Yes
4.3 Inspection locations and preparations Yes
4.4 Safety considerations Yes Yes

4.5 Arrangements for inspection Yes
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5. MAGNETIC TESTS
5.1 Instrument characteristics
5.2 Calibration and sensitivity
5.3 Testing procedures
5.4 Trace analysis

6. PHYSICAL INSPECTIONS
6.1 Positions in rope
6.2 Detailed examination
6.3 Other inspections

7. EVALUATION OF RESULTS
7.1 Discard criteria
7.2 Examples of calculations

8. REPORTS AND RECORDS
8.1 Inspection log
8.2 Site report
8.3 Assessment report
8.4 MD 208 forms
8.5 Maintenance reports
8.6 Rope destructive testing test reports
8.7 Rope record file

APPENDIX.
DISCARD CRITERIA FOR WINDING ROPES.

CHANGE IN ROPE DIAMETER
CHANGE IN LAY LENGTH
BROKEN WIRES
CORROSION

DISTORTION OF ROPE
ROPE CORE FAILURE
HEAT DAMAGE
MECHANICAL PROPERTIES
. SHORT ROPE

10. COMBINED EFFECTS

11. RATE OF DETERIORATION
12. OTHER CONSIDERATIONS

V@S O

SUMMARY OF DISCARD CRITERIA

Level 1

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes

Level 2

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes




30 Study Guide

4.6 MAGNETIC ROPE TESTING INSTRUMENTS.

A wire rope in service can have a mixture of manufacturing defects, damage experienced
during handling and storage, normal defects and abnormal defects.

The law requires that every winding rope must be examined visually every working day.
However, well maintained drum winding ropes are covered in rope dressing and many
defects are not visible unless the complete rope is properly cleaned. This is not possible
in practice and only short lengths of critical portions of a rope are cleaned and examined
thoroughly on a regular basis. In addition, some defects are not visible from the outside
such as internal corrosion and wire, core and strand failures inside the rope.

Rope wires can be magnetised. Many of the defects listed above have some effect on the
magnetic fields in the rope and in the air around the rope. In order to assist with visual
examination of the rope, instruments based on magnetising the rope and then detecting
changes in the magnetic fields were developed. The first design was produced in South
Africa in about 1906. Further work was also done in England, Germany, Canada and
later in various other countries as well. Good instruments have been made and used in
South Africa since 1950. Many different types of magnetic rope testing instrument are
now available from local and overseas suppliers. These instruments have different
characteristics. To use any one of them properly, it is necessary to know how it works
and how to set it up. These matters are explained in this training module. Analysis and
application of the test results are covered in the training module "Practical Aspects of
Rope Inspection”.

Item Level 1 Level 2

2. DEFINITION OF SYMBOLS AND TERMS Yes
3. BASIC PRINCIPLES Yes
3.1 Magnetism Yes
3.2 Magnetisation of ropes Yes
3.3 Signal generation devices (sensors) Yes
3.3.1 Coils Yes
3.3.2 Hall sensors Yes
3.3.3 Flux gate sensors Yes
3.3.4 Magnetoresistors Yes

4. INSTRUMENT CHARACTERISTICS Yes Yes
4.1 AC electromagnetic instruments Yes Yes
4.2 DC electromagnetic instruments Yes Yes
4.3 Permanent magnet instruments Yes Yes
4.3.1 Rope steel area Yes Yes
4.3.2 Local defects Yes Yes

4.3.3 Summary of instrument characteristics Yes Yes
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5. REQUIREMENTS FOR INSTRUMENTS
5.1 Specification
5.1.1 Physical requirements
5.1.2 Performance requirements
5.2 Evaluation
5.3 Certification
5.4 Maintenance

6. USE OF MRT INSTRUMENTS
6.1 Magnetic conditioning of ropes
6.2 Setting up of instruments
6.3 Operation of instruments

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
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5 GENERAL INDEX

This is a combined index relating to all the training modules described in this study
guide.

The indexed items refer to paragraph numbers in the relevant documents preceded by a
letter identifying the particular module. These letters are as follows:-

A An Introduction to Mine Winders.

B The Technology of Wire Rope for Mine Winding.
C The Destructive Testing of Wire Ropes.

D Practical Aspects of Rope Inspection.

E Magnetic Rope Testing Instruments.

Not included in the index.
Minerals Act (Act 50 of 1991) and Regulations.

Abrasion . ... ..., C-5.3.1.Gi)
Abrasive Wear . . . .. .. ... ..., B-4.13
Appearance of wires at fracture . ......................... C - 5.8; Appendix C
Abrasive wear . . ... ..... ... ... ... C - Appendix C.(ix)
Brazing . ..... ... . ... ... C - Appendix C.(v)
Brittle . ...... ... .. . C - Appendix C.(xii)
Brittle failures . .. ..... ... . .. ... .. C-583
Corrosion . . ... ... ... e C - Appendix C.(vii)
CUPDY o i C - Appendix C.(iii)
Cuppy failures . .. ... ... ..., C-5.8.4
Damaged wires . . ... ...... ... .. ... C-5.8.8
Ductile . .. ... e C - Appendix C.(i)
Ductilebreak . . ... ... ... .. . . C-5.8.1
Fatigueorbrittle ... .......... ... ... C - Appendix C.(vi)
Plastic deformation (ductile) . ........................ C - Appendix C.(viii)
Shear . . ... .. e C - Appendix C.(ii)
Shear failures . . ... ... ... .. . ... . .. .., C-5.8.2
Sphit .. C - Appendix C.(x)
Split Wires . . . ... . C-585
Spring back breaks . ... ... ... .. ... ... C-58.7
Weldarcorbrittle .. .......... ... ... ... ... .. ..... C - Appendix C.(xi)
Weld breaks . . ... ... ... C-5.8.6
Weldorbrittle . . .. ... ... .. .. ... .. ... C - Appendix C.(iv)
Application fortest . .. ... ... ... ... C-3
Special preparation . . .. ... ... ... e C-32
Approval, testing and certification of rope inspection equipment . . . ... ........ D-32
Arrangements for inspection . . ... .. ... ... D-45

ATTESIETS . . . it et e e e e e A-6.7.2.1
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Basic considerations . ... ... ... ... ... B-4.1
Corrosion Iesistance . . . .. ... .. ...ttt e B-4.1.8
Fatigue performance . ............. ... ... .. .. .. . .. .. . ..., .. B-4.14
Flexibility . . . . .. ... . B-4.1.2
General aspectsof choice . .......... ... ... ... .. ... B-4.1.11
Ly .. B-4.1.5
Reservestrength . ... ... ... ... ... ... ... . ... B-4.1.10
Resistance tocrushing . .. ........... ... ... inenennenn.. B-4.1.7
Stability . . ... B-4.1.9
Strength . . .. ... B-4.1.1
Torque . . . ... e e, B-4.1.6
Wearresistance ... ....... ... ...ttt B-4.1.3

Bending fatigue . ......... ... ... .. .. B-4.14

Blairstage winder . . . .. ... ... ... .. ... ..., A-423;8.1
Compensating tower . .. ... ........ ...ttt A-8.14
Main winder . . ... ... ... .. .. ... .. A-8.1.2
Ropeequalisation ... .......... ... ... ... . ... A-8.1.1
Take-up winder . . ... ... ... . .. ... ... A-8.13

Blair stage winder ropes . . . . . .. ... .. e B-4.2.2.(3)

BMRwinders . .......... ... ..., PR A-41.3

Braking . ... ... e A-52;62
Discbrakes . .. ...... ... ... ... e A-522
Drumtypebrakes . ... ... ...... ..ttt A-521

Breaking strength . ... ... ... ... . ... ... . ... .. . .. .. ..., B-14.1;C-5.1
Actual . .. e e B-1.4.1.4)
Actual aggregate . . . .. ... ... ... ... e .B-1.4.1.(2)
AgBregate . . . . .. e e e B-1.4.1.(1)
Calculated aggregate .. ................ .00 iiinnennen.. B-14.1.(1)
Estimated or minimum (or guaranteed) . . . ... ................... B-1.4.1.(3)
Tolerance . ... ...... ... i e e B-14.1.(5

Breaking strengthof rope . .. ......... ... ... .. ... ... B-4.1.1.(2)
Formula . ... ... . . . . e B-4.1.1.(2)

Brittle failures . .. ... ... ... . ... .. ... C-583

Broken back . .. .... ... ... e B-2.2.1.(3)

Broken wires in1ope . . . . . ... ... e e D-624

Bunchers . ... ... ... ... B-3.1.3.(3)

Care and maintenance of rope inspection equipment . . ................... D-33

Causes of reduction in outer wire diameter . .. ..............ovvuvn... C-5.3.1
Abrasion . . . ... ... e e e C-5.3.1.G1)
External corrosion . ... ... .. ... ... ... C-5.3.1.0)
Plastic deformation . ... ......... .. ... .. @i iennnn. C-5.3.1.Gi)

Cleaning and coating . . ... ... .. ... ..ttt enannn. B-2.2.1.(2)

Closing . . ... ... . e B-322
Maximum length ormass . ... ... .. ... ... ... B-3.2.2.(5
Postforming . . ... ... ... . . . . . B-3.2.2.4
Preforming . . ... ... . .. . ... ... B-3.2.2.(3)
Sunand planetclosers . ... ..... ... ... ... ... B-32.2.(2)
Tubular closers . .. .. .. ... . . . .. B-3.2.2.(1)

Clutching . . . ... . e A-53.6
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Components of drum winders . . ... .. ... . ... ... ... A-5
Brakes . ... ... . A-52
Conveyances . .. ........ ...ttt e A-5.6
Drums . . . e A-53
Protectiondevices . . . . .. ... ... . ... A-55
Sheaves . . . ... A-54
Typeof powerand control . ................. .. ... .0 uuinmun.... A-5.1

Components of Koepe winders . . . .. ..........0t it A-6
Brakes . ... ... A-6.2
Conveyances . . ... ... ...t A-6.8
Drums . ... e, A-64
Protection devices . . . . . ... ... ... .. A-6.7
Ropeconnections . . ... ... ... ... .. ... . .t A-6.6
ROpes ..o A-63
Sheaves . . .. ... e A-6.5
Typeof powerand control . ........... ... .. .. .00 iuunmunnan... A-6.1

Components of stage winders ... ........... ... ...\ A-8

Condensed recommendations for tail-ropes . ....................... B-42.2.(2

Condensed recommendations for winders .. ......................... B-424

Condition of Iubricant . . ............... ... ... ......... P C-5.7

Conveyances . .. .. ........ ..t A-56;6.8
Man and material cages . . ... ...... ... .. ... e A-5.6
SKIPS .« o e A-56

Core . . B-1.22
Fibre . . .. .. B-1.2.2.(1)
Independent wire rope . . . ... ... ... e .B-122.03)
Strand . . ... e e B-1.2.2.(2)

Corrosion fatigue . ... ....... ... . . ..., B-4.1.4.(3)

Corrosion resistance . . . . ... ... ...t e e B-4.1.8

COorrosion . . .. ...t e e C - 5.5; Appendix A
Considerable . . ............. ... .00 iieannnn.. C - Appendix A.6
Degree of COTrosion . . ....... ... ...ttt C-5.6.2
EXCesSIVE . . . i C - Appendix A.7
Location of corrosion . . ... ..... ... ..ttt C-5.6.1
Morethanslight . . .. .... ... ... ... ... ... ... . 0. u..... C - Appendix A.5
Nome . . ... C - Appendix A.1
Shight . . .o e C - Appendix A.4
Traces . ... .. .. . C - Appendix A.2
Veryslight . ... ... .. . . . C - Appendix A.3

Corrosion M FOPES . . . o i ittt i e D-6.2.5

Corrosion protection . .. .. .. ... .. ... .. ... .. B-2.2.1.(4)
Drawn galvanised .. .... ... ... ... .. ... .. B-2.2.1.(4)
Hot dipped galvanised . .............. ... .. ... .. .. .. .. ... B-22.1.4

Cuppy failures . . . ... ... ... C-584

Cuppy Wire . . . . . . B-4.2.1.(3)

Didratio ... ... ... ... . B-4.12
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Depthof wind . ... ... . ... . ... . .. . . ... B-4.2.1.(4)
Deepwind ... ...... . ... . . . . B-42.1.(4
Shallow wind . . . ...... .. ... .. ... ... B-4.2.1.4)

Destructive testing Teports . . .. ... ...ttt e e D-8.6

Detachingdevices . . . .. ... ... .. ... .. . ., A-554

Detailed rope examination . .............. .. ...\ttt D-6.2
Brokenwires . . .. ... ... .. ... .. D-6.2.4
Causesof deterioration . . . .. ............00itiiimennnnnnnnn. D -6.3.1
Corrosion . ... ... ... e D-6.2.5
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2.1

An Introduction to
Mine Winders

INTRODUCTION.

"The hoisting of ore to the surface is a problem that is as old as mining itself. Agricola
stated in 1550 that hoisting was one of the great difficulties of mining."

The mine winder is the single most important machine on any deep underground mining
operation. Men, material and mineral (ore) are transported to and from the underground
workings in an effective and efficient operation.

When the depth of mining is greater than 100 m, an open pit operation becomes
impractical and underground workings are more economical. Shallow operations operate
satisfactorily with an incline haulage or conveyor belt installation for transportation. If
the ore zone is more than 300 m below surface and the required production rate is over
1000 tons per day, a man and ore hoisting shaft becomes appropriate.

There are many arrangements for the hoisting of men, rock and materials, each of which
requires its own approach to ensure safe and satisfactory operation.

SHAFTS AND SHAFT LAYOUTS.

Definition:- Given in the South African Mining Regulations’. M

Shaft means any tunnel having a cross-sectional dimension of 3,7 m or over and -

(a) having an inclination of 15° or over; or

(b) having an inclination of less than 15° but more than 10° where the speed of traction
may exceed 2 m/sec .

This definition of a shaft indicates that it is not only for the transportation of persons,
material etc., but can have other uses. In addition to its use for transportation it is
essential for providing ventilation to underground workings. Exhaust air is usually carried
in upcast shafts which are not used for any other purpose. Fresh air is provided in shafts
which are used for hoisting and other purposes. However, in some cases a brattice wall
provides means for both upcast and downcast ventilation.’

SHAFT SYSTEMS.

Figure 1 is a schematic illustration of a selection of shaft arrangements which can
currently be found in South Africa. Incline shafts are convenient for following an inclined
ore body in a cost effective way. Sometimes the incline is a continuation of a vertical
shaft or an incline shaft at a different angle. These combinations are termed compound
shafts. They are not favoured for new developments because of problems in operation
and in maintaining the shaft and equipment.



Page 2 Mine Winders

Adit Incline Shaft  Compound Incline Shaft
Vertical Shaft Vertical and Sub- Vertical and Sub-
vertical Shafts incline Shafts

T T

Figure 1  Schematic Diagram of Some Shaft Layouts

. Deep single
Main shaft lift shaft

Figure 2 Replacement of a Tertiary Shaft System by a Single Shaft
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As mining depths become greater, incline shafts are no longer attractive solutions
because shafts become excessively long and maintenance and safe operation of the shaft
become more difficult. Vertical shafts are therefore the preferred option for deep mining
operations.

In addition, as mining depths increased, so did shaft depth within the technical capabil-
ities of the time. Consequently with ever increasing mining depths it became necessary to
provide secondary and then tertiary shafts. The disadvantage of this system was the
additional capital required to install winders and transfer arrangements underground and
also the time taken to transport men from surface to the lowest working places.

Improved technology and proposals for changes in the mining regulations have made it
possible to consider replacing secondary or even tertiary shaft systems by a single deep
shaft. See Figure 2. Winding depths being considered are from in excess of the current
maximum depth of 2500 m to as deep as 4000 m.

COMPARTMENT LAYOUT.

Because of the requirement for a second outlet from a mine, two shafts may be required
where other outlets do not exist. This allows for some flexibility in deciding on shaft
layout. A production and a service shaft can be chosen or as is most common in South
Africa a production/service shaft and a pure upcast ventilation shaft can be used.
Common shaft layouts are illustrated in Figure 3 to Figure 5.

Guides for conveyances Man Cage Compariments

AN

=

Shaft timbers for support
and to divide shaft into
compartments

Skip Compartments

Figure 3  Rectangular Shaft with Figure 4  Circular Shaft with
7 Compartments 4 Compartments

o In the past rectangular shafts were the rule. Support was provided by timber sets, built
as the shaft was being sunk, and guides for the conveyances were fixed to this timber
framework. Figure 3 illustrates a 7 compartment shaft which provides for a service
compartment and 6 compartments to accommodate the conveyances for 3 winders. A
disadvantage of the use of timber in the shaft was the necessity of keeping the timber wet
to avoid the development of dry rot. To do this water sprays were set up at the surface
and provided a continual spray of water in the shaft. This continual flow of water
promoted excessive corrosion of all metal used in the shaft, especially the hoisting ropes.

o Round section, elliptical (or quasi-elliptical) shafts became attractive due to improve-
ments in shaft sinking techniques and with the use of reinforced concrete to provide
support produced stronger shafts with lower maintenance requirements. Buntons and
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dividers were no longer required to support
the shaft and were used to position fixed
guides in the shaft. These concrete lined
shafts could be kept dry, so corrosion was no
longer such a problem.

Guides.

In South Africa most vertical shafts are
equipped with fixed guides, which are fixed
to the shaft buntons or the shaft side-wall.
These guides resist the torque developed by
the hoist rope and provide a secure and
positive means of controlling the conveyance.

Ventilation Compartment

Brattice Wal!

Skip Compartments

Man Cage Compartments

Circular Shaft with Ventila-

tion Compartment and Compartments
for 4 Winders

22.1.1 Timber Guides. Timber guides are still used in older shafts. A feature of
timber guides is that arresters (or dogs) can be used to control a free falling cage and
for this reason timber guides are still used in such countries as Canada and the USA
for man riding conveyances.

In a well maintained shaft, timber guides provide a stable guiding system and seldom
cause excessive oscillation of the conveyance. The most serious problems arise when
excessively worn guides are replaced and inadequate arrangements made for the
transition from an adjacent worn guide to the new guide. In this case the conveyance
is subjected to impulses which can adversely affect the entire winding system.

22.1.2 Steel Guides.  All major shafts in South Africa sunk since 1960 are
equipped with steel guides of various designs supported by steel buntons and dividers.
These shafts are all maintained to be as dry as possible so corrosion does not present
an important problem. A factor which is related to the steel support of shaft guides is
an occasional occurrence of severe vibration which can affect either the conveyance or
the rope.

2.2.13 Rope Guides.  The use of ropes for guiding conveyances in shafts isa

common practice. All sinking shafts in South Africa use ropes to guide the kibbles.

These ropes are also provided to support the sinking stage. Rope guides in permanent

shaft arrangements are less usual in spite of some obvious advantages such as:-

o Provide a very smooth guiding system.

o Can accommodate very high conveyance speeds which are only limited by aerody-
namic effects.

o Has reduced resistance to the flow of ventilation air.

o Can be quickly installed.

The disadvantages, however, have limited the usefulness of the system;-

o Non-spin or locked coil hoisting ropes must be used. Non-spin ropes do not give
good life and locked coil ropes are expensive and not necessarily cost effective.

o The perceived danger of using 6 or 8 conveyances in a shaft, limit the shaft output
which can be achieved.

o Extra spacing of conveyances required to avoid contact with other conveyances or
the shaft wall reduces possible shaft output.
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o In deep shafts rope guides could be more

Conveyances expensive than conventional fixed guides
due to increased strength requirements in
Guide Ropes the shaft collar and head-frame.
X\ g e o Adequate guiding cqpablhty re.duces with
y depth. Although resistance to impulse

loading remains high due to inertia effects,
the resistance to constantly applied forces,
such as the torque in the winding rope,
reduces rapidly with depth. A useful rule
of thumb for designing rope guides, or
evaluating an existing installation, is:- "that

Figure 6 Circular Shaft with Guide Ropes the constantly applied force required to

222

2.3

deflect the guide rope by 150 mm at the
centre of the shaft should be at least
90 N."

The regulations® for these ropes are:

1640 A guide rope shall not be used in a winding system if the breaking strength at
any point in such ropes is less than five times the effective combined weight
of the rope and its tensioning weight. This provision shall not apply to any
guide rope which is also used as a winding rope to raise or lower a stage, in
which case the breaking force at any point in the rope shall not be less than
4,5 times the effective combined weight of the length of winding rope, and its
share of the combined weight of the stage and attachments, the maximum
permitted number of persons and the load of material. B

Services

Most shafts are arranged to accommodate various services. These services usually take
the form of electrical cables, pump columns, backfill columns and pipes and cables for
other underground activities. In incline or circular (or elliptical) vertical shafts services
can be placed in operating compartments without interfering with normal operation of
conveyances and winders. Rectangular, timbered, vertical shafts have a compartment
dedicated to services and in some shafts a ladder-way is also provided.

Where a separate compartment is reserved for services it is usual to provide a winder to
handie installation and maintenance of these services. This winder is usually a simple
single drum hoist (often called a Mary Ann) and is only used in attending to the services.

SHAFT SIZE.

Once it has been decided to establish a mine, and a decision has been made on the most
appropriate output, decisions must be made on shaft size and layout to access the ore-
body, bearing in mind that once constructed it cannot readily be modified with regard to
depth or capacity* °.
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Hoisting capacity and the quantity of ventilation air required are the two major require-
ments that dictate the cross-sectional area of shaft systems. For a deep level mine it is
economically desirable that a shaft complex be designed to serve an area that will have a
life span equivalent to that of the mine as a whole. Small shafts will serve a comparative-
ly small area and so multiple systems may be required, whereas a very large shaft will
have to provide for the whole area of the mine over its life span. Both these approaches
have been used and experience seems to indicate that the optimum is between these two
extremes.

HEADGEAR AND SURFACE LAYOUT

Whatever system of hoisting is chosen for transport in a shaft, arrangements have to be
made to place the winder in the most convenient and cost effective position and to lead
the ropes into the shaft in an efficient manner.

Most winders are positioned at some distance from the shaft to give adequate access to
the shaft and conveyances. In this case the primary purpose of the headgear is to provide
support for sheave wheels at the correct elevations and attitudes.

In the case of Koepe winders, it has often been found convenient to position the winder
directly over the shaft and allow the ropes to hang directly from the winder down the
shaft. In some cases deflecting sheaves are provided to align ropes on one side of the
winder with an appropriate compartment. An extremely strong and rigid headgear is
required for this application.

Further fundamental requirements are listed as follows:-

1. There must be provision for handling men, rock and material.

2. Adequate arrangements for disposing of ore and waste and subsequent storage for
treatment or discard must be made.

3. There must be adequate space for marshalling men, equipment and material for
transport in the shaft.

4. Important secondary items must be provided for, such as limit switches and other
safety devices, rope detaching devices for drum winders or arresters for friction
winders and catches for holding detached conveyances.

The height of the headgear is determined by other aspects of the winding system design

and layout. The following are some of the factors which influence the height require-

ment:-

a. The legal requirements for over-run space above the highest stopping positions of man
cage or skips.

b. The length of skip and the influence of tip length combined with the designed
allowance for taking up rope stretch.

c. Any allowance which must be made for bin capacity and for tipping directly into the
bin.

d. The arrangement of sheave wheels in the case of more than one winder operating in
the shaft.

¢. Any allowance which must be made for handling long material in the shaft, such as
slinging pipes etc.
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3.2

REQUIREMENTS FOR HOISTING SYSTEMS.

Any hoisting system must be safe and efficient. Many requirements for safety are
perceived to have adverse effects on efficiency so all factors must be carefully considered.
There is nothing less efficient than an accident, so in the long run the prime requirement
is for safe operation.

Unless some method of balancing is used, the load on a winder is a very fluctuating one;
heavy at the beginning of the wind, when raising the load, and light in the same direction
at the end of the wind, requiring sensitive control of retardation and braking. When
lowering the conveyance, heavy braking is required at the end of the wind. Some form of
balancing is usually desirable and the choice of hoisting system is influenced by this
consideration with respect to the power or "maximum demand" required to operate the
winder.

WINDER SIZE.

Winder type and size are determined from the following, either individually or in

combination:-

© Required depth of wind.
For shallow winds most winder types can be used. However Koepe winders (se¢
page 16) are not usually a satisfactory option at depths greater than 1800 m and the
BMR winder (see page 14) then provides the capability for heavier end loads.

o Required output from shaft.
Sometimes the required output is in excess of the capabilities of a single winder so the
use of additional winders must be investigated. =

© Maximum end load required.
In many cases heavy loads are required to be transported in the shaft. It is most
appropriate for these to be carried in a conveyance, so for transporting heavy
machines such as trackless mining equipment, a cage and counterweight system is
often used to provide for a cage with sufficient cross-sectional area.

o Available time for hoisting.
The hoisting of men always takes precedence, but material and rock hoisting must also
be properly scheduled. Due to power constraints it is often appropriate to schedule
the hoisting of rock for periods of low power consumption. The time available for
rock hoisting is then reduced to, say, 16 hours a day and six days a week.

o Specialised requirements.
These include any other requirements such as are appropriate for kibble and stage
winders for shaft sinking or for any other application.

ROPE SPEED.

Although there have been winders licensed in South Africa to operate at speeds of up to
24 m/s, there are none currently in use which operate at such high speeds. The highest
winding speed at present is 19 m/s, but most winders operate at either 12, 15 or 18 m/s.

For a shallow winds, high acceleration and deceleration at the start and end of a wind
are more important for high output than high maximum speed. This tends to increase
rope loads and causes some increase in fatigue loading in ropes and other winder
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components. Deep shafts, on the other hand benefit from high winding speed and initial
acceleration is not so important. The most important factor in limiting speed is the
stiffness of guide and bunton arrangements. For this reason it is not expected that
winding speeds will exceed current licensed values to any great extent.

MEN.

In South Africa, large numbers of men are transported to and from underground every
day. Safety of these persons is the first consideration. Secondly is the ability to transport
these people in a reasonable time. For instance on a large mine it may be required that
5000 men be transported underground, at a particular shatt, in a period of 2 hours and
raised to surface again in the same time after a working shift.

Factors which need to be considered can be listed as follows:-

o The time for a single person to travel from surface to his working place must be as
short as possible. i.e. There must be a minimum time spent in waiting when travelling
in multiple shaft systems. Good organisation and a matching of winder capacities are
therefore required.

o Loading and unloading of conveyances must be safe and quick.

o There must be no possibility of the winder moving before persons are loaded, or
unloaded, and the conveyance doors closed and secured.

o As persons are loaded or alight from the conveyance there must be no dangerous
movement of the conveyance due to rope stretch. The maximum movement of the
cage due to this factor should not exceed 0,5 m. In deep shafts rope stretch may
exceed this and suitable arrangements must be made to avoid this problem.

o In an emergency the conveyance must be stopped in a safe manner. Excessive
deceleration causes injuries to persons in the conveyance. B

o Ventilation in conveyances must be adequate for all persons travelling, especially for
prolonged stoppages due to some cause such as a power failure or breakdown.

o There must be no possibility of conveyance doors opening inadvertently while
travelling in the shaft.

o Persons must be protected from coming into inadvertent contact with anything in the
shaft while travelling.

MATERIAL.

Material comprises such things as timber for underground support, explosives, all types
of equipment and stores for use underground. Most material is transported in cars but
sometimes large equipment needs to be slung under the conveyance because of size
considerations.

The most important factors relating to transport of materials are similar to requirements

for persons:-

o Loading and unloading of conveyances must be safe and quick.

o There must be no possibility of the winder moving before material is loaded or
unloaded and the conveyance doors closed and secured.

o There must be no dangerous movement of the conveyance, due to rope stretch, while
material is being loaded or unloaded from the conveyance.
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o In an emergency the conveyance must be stopped in a safe manner. Excessive
deceleration can cause material to move dangerously in the conveyance.

o There must be no possibility of material falling or being dislodged from the convey-
ance while travelling in the shaft.

o If equipment is slung under the conveyance there must be no possibility of it coming
into contact with anything in the shaft. If there is any danger of the equipment moving
due to aerodynamic effects the speed must be limited to avoid this.

MINERAL.

The time taken to hoist mineral is usually not of prime importance, provided throughput
is maintained: It is not usually necessary for ore which has been broken to be transported
within a short time span. In most mines there is sufficient flexibility in the transport
system to stockpile a certain amount of mineral to allow for variations in mining and also
to allow for hoisting of mineral at times of reduced electrical demand.

Factors which must be considered when hoisting ore are:-

o Loading must be smooth and without shock loads even when it is rapidly done.

o The conveyance must not be overfilled and there must not be any spillage from the
conveyance during the wind. '

o The amount of ore must be accurately measured to ensure that there is no overload-
ing. This measurement can be either volumetric or by load monitoring.

o Discharge of the mineral must also be uniform and without introducing shock loads
into the system.

REGULATIONS

The following government regulations® give some of the legal requirements for mine
winders. Of course all of Chapter 16 of the regulations relates to mine winding, but some
appropriate regulations related to the design and layout of winders are quoted.

164 In calculating the total mass of persons for the purpose of regulation 16.6 and
regulations 16.29.1 to 16.33 inclusive, 75 kilograms shall be allowed for each
person.

16.5 The winder shall be such that:-

(a) When running at various speeds with light or heavy loads it can be readily
slowed and stopped and after being stopped, except after a tripout, can be
restarted in either direction; and

(b) Can lift from the bottom to the top of the shaft the maximum unbalanced
load on one drum. This provision shall not apply where other means exist
enabling persons employed underground to reach the top of the shaft.

16.6.1 Each winding drum or winding sheave shall be provided with an adequate
brake(s) which shall be kept in proper working order and shall be capable of:-
(a) Holding without slipping the conveyance loaded with the maximum load in
the maximum out-of-balance position as allowed in the prescribed permit
together with an applied torque in the direction of gravity equivalent to
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16.6.3

16.6.5

the torque required to lift the maximum allowable out-of-balance load;
and

(b) Stopping the winder from its permitted speed with its maximum allowable
load descending, at a rate such that in conjunction with the safety devices,
required in terms of regulation 16.9.1, an approved degree of protection
can be maintained.

Every winding drum shall have flanges or horns, and if the drum is conical or
spiral, such other appliances to prevent the rope from slipping off or coiling
unevenly.

Except for friction drive or sheave type of winders, there shall not be less than
3 turns of rope upon the drum when the conveyance is at the lowest point in
the shaft from which hoisting can be effected. The end of the rope where
applicable shall be fastened securely.

Every winder drum at the right hand side of the winder facing the shaft shall
have an overlay rope; where only one drum is used it shall have an overlay
rope.
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4.1

TYPES OF WINDERS.

The different types of winder installations are discussed in this section together with their
relevant terminology.

The following definitions taken from the statutory regulations” distinguish winders from
lifts:

"Automatic winder" means any winder, hoist or other appliance used or intended to be
used for the conveyance of persons, material, explosives or minerals by means of a
conveyance in any shaft where the driving machinery is operated automatically without a
driver in attendance, but shall not include any lift or construed to have such meaning
during such times such winder is operated manually.

"Manually driven winder" means any winder, hoist or other appliance used or intended to
be used for the conveyance of persons, material, explosives or minerals by means of a
conveyance in any shaft where the control system of the driving machinery is normally
operated manually but excluding any lifting machine or lift.

"Lift" means any installation used or intended to be used for the conveyance of persons,
material, explosives or minerals by means of a car fitted with safety catches running in a
hatchway on fixed solid guides serving defined landing levels, where the control system of
the driving machinery is not normally operated manually from the motor or engine room.

"Winder’ means any automatic or manually operated winder.

There are two basic hoisting systems:-

a. A system involving the use of drums to which the rope is attached and

b. A system in which friction is used as the means of driving the rope.

Each system has several sub-types and those in use in South Africa will be considered.

DRUM WINDERS.

A drum winder is one where the tope is securely connected to the drum and is wound
onto the drum when the conveyance, which is attached to the other end of the rope, is
hoisted up the shaft. When lowering the rope is unwound from the drum. It should be
noted that, although a reel winder using a flat rope fits this description, this type will not
be discussed as there are none of this type operating in South Africa. (Note: They are
still common in Europe.)

There are many arrangements and types of drum. The simplest is a single drum with only
one rope on the drum. The drum has a plain parallel barrel and the rope is wound onto
this without any form of guidance. This type is used for small installations and is not
much different from a large winch installation.

The power requirement for a winder operating with only one conveyance becomes
excessive as size and depth of wind increases. Consequently two conveyances are used,
each connected to ropes which are wound onto the drum in opposite directions and
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providing some measure of balance. An option is to connect both ropes to the same
drum, but at opposite ends of the drum. With this arrangement as one rope is being
wound onto the drum the other is unwinding. See Figure 7. This is an apparently simple
arrangement, but is very difficult to operate satisfactorily due to the difficulty of adjusting
rope lengths, both on installation

. J

Figure 7  Parallel-drum Winder Figure 8 Double Drum Winder with

4.1.1

Parallel Barrel

and in maintenance. The logical answer to this is to have two separate drums on the
same drum shaft but connected by means of clutches. This is the double drum winder.
See Figure 8.

Double Drum Winder.

The rationale behind the double drum winder has just been explained. This is a very
flexible arrangement, particularly if both drums are fitted with clutches. By clutching it is
possible to operate both conveyances from any intermediate level in the mine shaft.

Before the advent of a large electrical power grid there was a practical limitation on the
maximum torque which could be used for hoisting from the bottom of the shaft even
though the winder was operated with two conveyances. With deeper shafts the relative
effect of rope mass became significant and various methods were tried to reduce the
maximum torque required. The most obvious was to use a balance, or tail, rope. Many
drum winders were fitted with tail ropes and operated satisfactorily. Of course the use of
tail ropes reduced the flexibility of the drum winders to which they were fitted because
operating from muitiple levels became more complicated, if not impossible.
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Other methods of reducing starting torque
were used which involved redesign of the
winder drums. Conical drums were intro-
duced and as depths became greater par-
allel sections were added to both the small
diameter and the large diameter of the
drum. These were known as bi-cylindro-
conical drums, Figure 9, and many suc-
cessful installations were the result. This
design resulted in extremely large winder
drums which posed problems in manufac-
ture and transport. All these winders were
manufactured overseas by casting. N
The last bi-cylindro-conical drum to be . [ .
installed in South Africa was prior to \‘\j
1940. The high cost of manufacture and
the possibility of using higher starting
torques due to developments in electrical

power distribution have made further use

of this type of winder unlikely. Since 1950
new drum winders commissioned in South
Africa have parallel drum barrels.

7

Figure 9  Bi-cylindro-conical Drum
Sinking Winders. Winder

A sinking winder must be able to hoist its maximum load from the maximum winding
depth under the most adverse conditions. Because of blasting in the shaft bottom all
equipment must be moved a safe distance away from the blast. This means that a
conveyance operating in balance can not approach the shaft bottom where it can be
damaged. In consequence the winder must be capable of hoisting the maxim unbalanced
load in one conveyance.

o Kibble Winders. The above mentioned requirement coupled with the fact that the use
of balance ropes is impractical eliminates the use of simple friction winders for hoisting
men, materials and rock in a sinking shaft, so drum winders are always used. Double
drum winders with parallel barrels are used because conical or bi-cylindro-conical drums
are unsuited to this type of application, where the depth of wind is continually changing.
Special arrangements used to be required to ensure that the winder could hoist from the
shaft bottom in the event of a power failure. This requirement is no longer applied
subsequent to the introduction of electric blasting from the surface when all persons have
been raised out of the sinking shaft. In all other respects kibble winders have similar
requirements to normal drum winders.

O Stage winders. The sinking stage is required to support several diverse functions. Its
primary function is to provide adequate cover to protect personnel working on the shaft
bottom from falling rocks or material. Other functions are to provide a platform (or
platforms) to enable workmen to erect shaft support work or to erect shuttering for
concreting a shaft lining. In addition the stage also provides a base from which a
mechanical grab can assist in loading broken rock from the shaft bottom. To support a
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stage for these functions multiple falls of rope are required. Both drum and friction type
winders (see page 18) have been developed for this duty. Drum winders are usually
arranged with multiple drums, each driven from a lay-shaft through a clutch and gearing.
Each drum is provided with its own brake which is suitably interlocked with the clutch to
ensure positive control at all times. Four drums are usually used and the ropes may
operate in either one or two falls. Occasionally a double drum type winder is used and

the ropes reeved in multiple falls.

413 BMR Winders.

/A
//ﬁ

Figure 10 Blair Multi-rope Winder

Knife for Compensating
Detaching Rope  Tums Pf Rope

|
Compensating Sheave-

Figure 11 Sheave Type Blair
Compensator

The Blair Multi-rope winder® 7 is a
development of a drum winder which
allows the use of more than one rope
to support the conveyance, see

Figure 10. Each drum is divided into
two compartments. Each rope coils in
its own compartment and is monitored
by a device which ensures uniform
coiling. The advent of the Lebus coiling
system (see paragraph 5.3.3) ensured
the success of this type of winder.

Because of inherent differences between different ropes and the machining tolerances
which must be catered for, some form of tension compensation must be provided. The
original BMR design incorporates an equalising sheave (drum) mounted on the convey-
ance to which each rope is connected. The sheave is free to rotate on a shaft and each
rope is coiled for up to three turns in an opposite direction in grooves on the sheave.
Compensation is achieved by the higher tensioned rope being payed out and the lower
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tensioned rope being coiled onto the sheave.

- . . . had oo Mi ihi limit
Figure 11 is a schematic diagram of the ou car> swilches.
arrangement. |
|/ }ake up oil suppln
An alternative arrangement for rope com- A , ‘
uplure disc. %

pensation is shown in Figure 12 where the

headgear sheaves are mounted on intercon-
nected hydraulic cylinders which allow mov-
ement of the sheaves to achieve compensa- U
tion.

]

(30
1=

This design of compensator has made the use
of more than two ropes per drum feasible.

Designs have been produced for a BMR Detoching hooks,
winder with three ropes per drum but have
not been implemented due to capital con- 251
straints.

Catch plates,
' P

Figure 12 Schematic Diagram of Head-
414  Small Hoists. gear Sheave Compensator

These are small winders driven by a motor of
less than 250 kW and which do not carry persons. They are exempt from many of the
requirements of the regulations.
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4.2

4.2.1

FRICTION WINDERS.

Friction winders comprise all the various arrangements of Koepe winder as well as lifts
and other arrangements which use fleeting wheels or double drum capstans.

Koepe Winders.

Koepe winders are the simplest of the friction winding systems. The rope makes approxi-
mately half a turn round the driving drum and is driven (supported) by an insert made of
friction material which provides the required force to drive the system. The rope
arrangement comprises a head-rope, a tail (or balance) rope and either two conveyances
or a conveyance and a counterweight. More than one head-rope may be used and there
are systems in the world which have as many as 10 head-ropes, however four or six head-
ropes are most common in South Africa. The tail-ropes are required to balance the
system. There is no necessity to have an equal number of tail-ropes as head-ropes, as
long as the total mass per unit length of all the tail-ropes is the same or slightly heavier
than the total of all the head-ropes.

Two alternative arrangements are used. A tower mounted system or a ground mounted
system. -~

Koepe Drum
—_— Headgear Sheaves

Defiaction Sheave

ﬁ

Figure 13 Tower Mounted Koepe Figure 14 Ground Mounted
Winder Koepe Winder

42.1.1 Tower Mounted.  The tower mounted system, Figure 13, often incorpor-
ates a deflection sheave to align the ropes with the centre-lines of the shaft compart-
ments. This obviously introduces additional bending of the ropes which affects rope
performance. It has been found that winders with no deflection sheaves give better
rope performance and so are preferred.

42.1.2 Ground Mounted. The ground mounted system also has two arrange-
ments; one in which the headgear sheaves are in line with drum and the ropes and are
mounted one above the other, Figure 14, and the other where the headgear sheaves
are mounted side by side at the same level. The latter arrangement, having the
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sheaves side by side, is not favoured as it introduces the complication of a permanent
fleet angle which can affect rope performance. In spite of the extra bending intro-
duced by the headgear sheaves, ground mounted Koepe winders have one definite
advantage over the tower mounted ones. The layout ensures that the conveyances do
not approach too closely to the winder drum and so the effect of discrepancies in
winder drum tread lengths are not as critical to rope performance and tread wear.

4.2.13 Tail-rope Arrangements. The Koepe system necessitates the use of
balance ropes to reduce the requirement for frictional force at the Koepe drum. This
balance is necessary in shallow winders and becomes more important as the depth of
wind becomes greater. However, in a balanced system the available frictional force for
hoisting a payload is least for shallow winders and increases with depth as the total
mass of the system increases. It is usual to arrange for the mass per metre of the tail-
ropes to match that of the head-ropes or to be slightly heavier. A difference in mass
of up to 5% can be beneficial from the power consumption and braking point of view
if the tail-ropes are the heavier.

4.2.2 Lifts.

Lifts are devices used for hoisting men and material
under automatic control initiated by a person desir-
ing to travel and, as such, are equivalent to mine
winders. A lift comprises a conveyance and
counterweight supported by ropes and travelling in
fixed guides. The conveyance usually has a trailing
cable to provide power for lights and the electric
circuits for control. Figure 15 illustrates the general
arrangement for a friction driven lift.

Governor
Rope

The lift is operated from the conveyance by anyone
wishing to travel, or an operator, and does not have
a driver. Because there is only one conveyance the
control circuits allow for travel to any predeter-
mined stopping place (or landing) which is
equipped with interlocked doors which make it
impossible for the lift to move until the doors have
been closed.

gggwepsensming
This flexibility is counterbalanced by stringent regu-
lations® which makes it possible to operate safely
within the operating parameters of:

a) control from the conveyance and

b) less frequent inspection and maintenance requir-

ements than for winders.

Figure 15 Schematic Diagram of
Lift Arrangement
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4.23

Blair Stage Winder.

The Blair stage winder® °(see Figure 16) has simplified the sinking of vertical shafts. The
use of only two ropes in multiple falls has enabled full use of the available rope strength
because the layout is easily arranged to ensure equal tensions in both ropes. In addition
multiple falls of high strength rope enable the use of large sinking stages designed for
many operations.

The winder comprises two friction type rermination Anchor Point

winches driven from the same drive
shaft suitably connected by means of
clutches. Each winch is equipped either
with a fleeting wheel designed for oper-
ation in both directions or a double
drum capstan. Because of problems
with snatching, especially when lower-

Po

\\§ N

/

i IV

ing the stage, the use of a double drum / /

capstan is now universal. Each winch Take up Reel ] ,

has its own brake, operated as a unit, Counterweignt / N
but interlocked with the clutch gear. Doubje Drum % HHH O
The clutches are only required for small ~apstan / !

adjustments in the ropes due to slight Cible Rope / L
inequalities in rope diameter or capstan _ V.

diameter. As with any friction drive a Stage ~opes P |

back tension is required to generate the Cross Head /

required operating tension. This is airking Stage

provided by means of a tensioning

device incorporated in the rope storage Kibole —___|

system. Each stage rope is coiled on its e |

own storage drum and tensioned by
means of a weight operating in a com-
pensating tower. As the winder raises
or lowers the rope connected to the - - -
stage, the counterweight is cither raised Figure 16 Schematic Arrangement of Blair
or lowered in its tower. At the top and Stage Winder

bottom of the tower limit switches are

provided to start and stop the storage drum as required. This arrangement provides a
simple means of maintaining a constant tension on the low tension side of the winder
capstan.

Each rope is usually reeved in four parts, which means that the stage is supported by
eight times the strength of the rope. Of course more, or less, falls can be used depending
on requirements. Six falls have been used on occasion.

Because of the large number of supporting lengths of rope it is easily arranged for these
ropes to be used for guiding the conveyances. The use of such guides for four kibbles is
commonplace.
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4.3

43.1

43.2

OTHER WINDERS.

There are other winders which have been used in South Africa, which due to operating
difficulties or other performance problems are no longer used.

Reel Winder.

A reel winder operates with a flat rope. The rope
is attached to the reel and winds upon itself in
hoisting the conveyance up the shaft. See

Figure 17. This arrangement provides a measure of
automatic torque compensation in that lower
torque is required when starting from the bottom
of the shaft compared to the high torque at the top
of the shaft when all the rope is wound onto the
drum. The disadvantage of this system is the high
cost of the flat rope, which is still hand made to a
large extent, as well as the severe wear and cor-
rosion problems encountered.

Figure 17 Schematic Arrange-
ment of a Reel Winder

Whiting Hoist.

This type of winder, see Figure 18 for schematic diagram, is essentially a double drum
friction type winder. Both drums are driven and the single host rope makes two or three
turns around both drums. A tail arrangement provides adjustment for rope stretch or for
the regular cutting of the rope for statutory testing. Practical machining tolerances make
it impossible for tread lengths to be kept within the requirements for successful operation

and so loose rings, called
Headaear Sheaves "Walker rings", are used to pro-
i vide means for a limited
amount of slip and so maintain
E appropriate tension between the
turns of rope on the drums. A
balance rope is also required.

@)

Guide Sheave
Take-up Sheave / A

ANY

In addition to the high mainten-
ance requirement of the

" "Walker rings" coupled with the
Tail Rope very high internal stresses in the
system, particularly bearings,
this arrangement has all the
problems and disadvantages of

o

Driving Sheaves

N\

Q

Figure 18 Schematic Arrangement of a Whiting Hoist

the Koepe system.
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5.1

5.1.1

5.1.2

COMPONENTS OF DRUM WINDERS.

The safe operation of any winder is dependent on every item which makes up a winding
system. Many of these directly influence stress levels in the system and some are
specifically related to rope performance.

TYPE OF POWER AND CONTROL.

The motive power for driving a winder is either provided mechanically or electrically.
Mechanical devices range from water wheels to steam engines. In South Africa all major
winders are electrically driven. However, on small remote properties where electrical
power is not readily available petrol or diesel engines are used.

The electrical power and control systems used are either AC or DC. Each type of power
system used is essentially a compromise between cost and effectiveness of control.
Besides being able to operate the winder at the normal operating speed, control systems
must be flexible enough to allow for operation at slow and creep speeds for rope and
shaft inspection as well as shaft maintenance. The control system must also be able to
safely move a fully laden conveyance in any direction, even in an unbalanced single drum
operation.

DC System.

The shunt wound DC motor provides the basis for a system which gives precise and
excellent speed control. The motor is usually direct coupled to the winder drum. This
limits mechanical complication but results in a large and expensive motor to operate at
the low rotational speeds required. The direct current required for this system is
provided by thyristors which have now superseded the motor generator set used in older
installations. However many winders with motor generator sets are still in service.

AC System.

In its simplest form a squirrelcage motor is used which usually runs at 3000 rpm. In more
sophisticated systems control is provided by means of a liquid controller and special
circuitry to provide a measure of electrical braking at the ends of the wind. Final control
of the winder is by means of mechanical brakes. Because motor speed under full speed
conditions is strictly limited by motor design and frequency of power supply, gears are
required to drive the winder drum at the correct speed.

The attractive financial implications of the lower capital requirements for AC control
have resulted in specialised control systems which attempt to provide the same measure
of control available in DC systems. A recent development, a large cycloconverter fed
vector controlled AC induction motor, is reputed to give the excellent and sensitive
control necessary for winders which will be operated under the reduced design factors of
the regulations promulgated in 1995.
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5.2

BRAKING.

Of all the systems which make
up a winder the control and
operation of braking are the
most important for the safe use
of the winder. The regulations
only specify the maximum brak-
ing force which must be avail-
able, however the braking force
required is dependant on the
speed and type of operation
being undertaken as well as the
position of the conveyances in
the shaft. For example when a
double drum winder is being
clutched it is effectively being
operated as a single drum
winder. Although primarily
designed to control the winder
in balanced operation the brakes must be so arranged that sufficient braking force is
available to control a down-going conveyance (or counterweight) and on the other hand
if the conveyance is being raised the brakes must be applied suitably gently until the
conveyance has stopped (see paragraph 5.5.2 on page 31). This requirement is of
particular importance on single drum winders and double drum systems where the drums
are only electrically coupled and not mechanically.

Figure 19 Floating Shoe Type Brake System - Dead-
weight Applied

Furthermore the brakes must be "fail-safe". This means that in the event of a power
failure or other untoward happening the brakes must be applied automatically and
without external power. This is achieved by using an external force to remove braking
effort and allowing the brakes to be applied by gravity or the force of compressed springs
when required.

Two alternative brake arrangement are the drum type and the disc type.
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5.2.1 Drum Type Brakes.

Although band brakes are still used on winches and small hoists they are not suitable for
mine winders. Post type brakes of various designs are generally used, the most common
being the suspended type with a floating shoe. Figure 19 shows a common arrangement.

! o/ ]

! Figure 21 Centrally Pivoted Brakes - Spr-
Figure 20 Calliper Brakes - Spring Acti- ing Applied
vated

Figure 23 G.E.C. Calliper Type - High
Pressure QOil Activated

Figure 22 "Black’s" lepe Brake System

Other arrangements which can be found
in South Africa are shown in Figure 20,
Figure 21, Figure 22 and Figure 23.

Considerable research has gone into the composition of the brake friction material which
is fastened to the brake shoes with a suitable backing material such as timber.
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5.2.2 Disc Brakes.

The success of disc brakes on motor vehicles obviously led to the use of this type of
brake in other applications. They have been used on mine winders with considerable

success.!!
Figure 24 is a schematic diagram
Brake pad Compressed springs to which illustrates how a disc brake
apply  brake [fail-safe] works. The brake pads are forced
77, //éf, 7777777777 against the disc with a force equal to
A w> ] | the difference between the
% W -> compressive force in the springs and
- - — the hydraulic cylinder force which is
W »> z controlled by the brake control sys-
»> L tem. Details of a disc brake unit are
L L, shown in Figure 25.
Opposing brake | ~4=—— Brake disc // S . .
| / ome of the main advantages of disc
?i‘flt pmﬁmofffo brakes on mine winders are as fol-
lows:

Figure 24 Principal of Disc Brake
o Contact Pressure. The contact pressure distribution between the disc pad and the flat
surface of the disc is more uniform than that obtainable on the curved surfaces of drum
type brakes.

Broke stand
o Heat Input. As disc pads are 1

mounted in pairs heat input during
braking is uniform on both sides of
the disc which reduces heat distor- b
tion.

© Multiple Units. Two to four pairs o
of disc pads can be installed to oper- Adjustment - f

ate on a single disc. The braking

force available is proportional to the l
number of units instalied. @ | RN FZNNF 4 Lining
|

o Standardisation. Commercially I
available proprietary disc brake units ;_ ,\\\\\\\\\\ {
are normally used. This results in ""'

. y. . 1// ////\\\\\ AN, (\\\ '
standardisation of the brake units for ke \ ] |
more than one winder on a shaft or mine. N \'>>/\\///// l_lJ

Pressure fo release Disc springs \\Bmke disc

Figure 25 Details of Disc Brake Unit



Page 24 Mine Winders

5.3

53.1

53.2

DRUMS.

The design of winder drums is a subject for study in its own right. There are several

concepts relating to rope usage which must be incorporated in the design if adequate

rope performance is to be achieved'. These are listed as follows:-

o The drum barrel must be a circular cylinder or cone. If the barrel runs out of true,
vibrations and stresses will be set up which will result in poor performance.

o The drum barrel must be stiff enough to ensure that the hoop stresses caused by the
rope coiling on the drum do not cause sufficient deflection of the drum for some of

the rope turns to become slack.

o Drum flanges must be perpendicular to the axis of rotation of the drum, especially in

the case of multi-layer coiling.

o Drum flanges must be stiff enough to resist dishing due to rope forces in the case of

multi-layer coiling.

Drum Cheeks.

For multi-layer coiling the drum cheek (or flange) of a parallel drum provides an
essential part of the control mechanism for successful operation. The cheeks must be
located at the correct distance apart, taking rope diameter tolerances into account, and
be perpendicular to the axis of rotation of the drum. The cheek must be maintained in a
smooth and true condition. Any wear which occurs on the cheek where the rope contacts

it must be kept within very close limits.
Fleet Angles.

The angle formed between the rope and the per-
pendicular to the drum axis is termed the fleet
angle. When the rope is in contact with the flange
at either extremity of the drum the angle between
the rope and the flange itself is called either the
maximum or minimum fleet angle. Figure 26 illus-
trates this concept.

For high speed mine hoisting, the maximum fleet
angle at a drum flange should not be more than 1°
30°. The minimum fleet angle at a drum flange
should not be less than 0° 15’ with 0° 30’ being the
preferred figure. The danger of too small a fleet
angle at the flange, when operating with more than
layer of rope, is the possibility of the rope climbing
on itself for part of a drum turn and then falling
off with a resultant bang and impulse in the rope.
Too large a fleet angle can give problems with
miscoiling especially if there is considerable
catenary oscillation.

Sheave Fleet Angle

Left Drum Fleet Angle
Minimum

Figure 26 Fleet Angles
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Drum Barrel and Grooving.

Although most of the following comments apply to other drum types they are specifically
intended for applications with parallel drums.

o Barrel. Multi-layer coiling compresses the drum elastically during every winding cycle.
The compression of the drum reduces the rope stresses in the underlying rope layers and
dead coils. During uncoiling the rope stresses are restored again. The drum barrel must
be designed to limit the change in stress in the rope, due to this factor, to acceptable
limits. The drum barrel must not deform permanently under normal rope loading, as any
dishing or hogging of the drum surface can have unacceptable consequences for the rope.

If grooves are machined into the drum barrel, sufficient metal must be provided to allow
for wear of the grooves. Many winders have a plain drum to which wrapper plates are
fastened by bolting. It is most important that these wrapper plates are securely fixed so
that there is no movement of the wrapper plate relative to the drum surface.

o Grooving. The simplest arrangement, and one which is often used, is to operate the
rope on a plain drum. This involves careful planning of fleet angles (see Figure 26) to
allow for correct coiling. If the rope is coiled from the incorrect flange with respect to
the sheave wheel (i.e. from the flange with the greater fleet angle), the rope will tend to
open coil until the relative angle between the rope and the drum centre line reaches 90°.

If there is only one layer of rope, it can be coiled spirally. However, for multi-layer
coiling, when the rope is coiled onto a parallel plain drum to form the first layer, the
coiling pattern must be parallel to the flanges, with the shortest cross-over length that
will form naturally. The first and last turns of rope must fit snugly against the flanges for
good coiling and to avoid damage at layer cross-overs. i.e the rope must just fill the
bottom layer on the drum.

The most positive method of controlling the coiling
of rope onto the drum is by the use of grooved ] _
drums. One of the oldest methods of grooving a P = Nominel rope diameter + 5%
drum was to merely provide parallel grooves on the R = Nominal rope radius + 7,5%
drum, spaced at the appropriate pitch. The depth
of groove was only about 10% of the rope diam-
eter and the rope had to climb over the ridge at
each turn cross-over. The recommended dimen-
sions for groove pitch and groove diameter are
shown in Figure 26

This method works extremely well up to four layers
of rope, after which coiling tends to be somewhat
erratic.

Figure 27 Dimensions of Parallel

. ‘ . Grooving
Because the actual point of turn crossover is not

precisely controlled, but is dependent on the actual
rope diameter, the coiling pattern changes as the rope beds down and wears. This feature
tends to spread the localised wear at turn and layer cross-overs with positive effects on
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rope performance. However, a disadvantage of this system is the tendency for the drum
grooves to wear at the cross-over points which in time become so irregular that the rope
is often damaged at these places. To obviate the irregular wear and damage to the
grooves at the cross-over points, the area where the rope is expected to cross over from
turn to turn can be machined smooth to remove the groove shoulders. Correctly done,
this has proved to give satisfactory results.

Where more than four layers of rope are to be
used on the drum, or where perfect coiling is Pe
required as on a Blair multi-rope winder, one of REVERSING END FILLER o !
the patterned coiling systems should be used. The / P -4 cz,
best known in South Africa is the Lebus system, <
which can provide perfect coiling for as many ‘ < §
layers as are required. In this system the rope is l —
guided in grooves to operate with two half cross- « - \
overs on every turn. This pattern repeats on v ® I
every layer resulting in perfect coiling. Figure 28 = & \g_‘ E”‘f z
is a schematic diagram which illustrates the pat- - 2 w! Q9
tern of the grooves and the positioning of ic 28 G

. . w w
wedges, spacers and risers. Advantages and disad- lx‘ of|x} < g w
vantages of the system are listed in Table I:- z 3= o

9 <2 9
As is often the case the advantages outweigh the £ “w 9
disadvantages and consequently this system is o g
commonly used on South African winders, ﬁ ¥
especially those operating at great depth. This “ /
system of coiling has greatly simplified the oper- =
ation of BMR winders, where the exact matching u g
of rope coiling on each drum is of great import- 3 = .:(
ance. o ﬁ
| i |
\
Rope Connection to the Drum. DRUM FLANGES

Figure 28 Schematic Diagram of
To comply with the regulations there must always Lebus Pattern

be at least three turns of rope on the drum when

the conveyance is at its lowest position in the shaft. Due to friction between the rope and
drum these three turns effectively reduce the rope force at the drum termination.
Nevertheless, the rope connection to the drum should be capable of sustaining a force of
at least 80 % of the rope breaking strength. There are several methods for making the
termination at the drum.

o Thimble Splice or Socket. The types of rope termination used for connecting the rope

to the conveyance can be used, with an anchor pin mounted in a suitable position inside
the drum.

o Clamps. Two or four bolt clamps, arranged to fasten the rope onto one of the
drum spokes, make a satisfactory termination. This is a commonly used system in many
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Table I Advantages and Disadvantages of Lebus Coiling

Advantages Disadvantages

Perfect repeatable coiling. The perfect coiling means more localised wear
which can result in shorter rope life.

Can operate on as many layers
as are required. To spread the wear there is additional maintenance
required such as more frequent pulling in the rope
Multiple ropes can be made to on the drum to move the parts which have been
coil in unison. subjected to localised wear.

The rope is subjected to a lower | Rope dimensions and changes in diameter due to
transverse impulse at the turn wear or operating conditions are more critical.
crossovers which can reduce
rope oscillation in the catenary | Usually supplied as grooved wrapper plates which
between the drum and the head- | have to be fitted to the drum. This system often
gear sheave. results in loose fixing bolts which can damage the
rope or the possibility of the wrapper plate becom-
ing slack and allowing the rope to loosen on the
drum which can lead to premature rope deteriora-
" tion and discard.

parts of the world. In some cases the rope is clamped in an undulating path, to achieve
the maximum frictional effect.

o Clove Hitch and Rope Clips. A secure method is to thread the rope round the drum
shaft, inside the drum, in the form of a clove hitch. The free end of the rope is clamped
to the main part of the rope by means of two or three rope clips. This arrangement has
an efficiency of about 80 %, but has the advantage that the rope is secured round the
basic support of the winder. This method of terminating the rope at the drum is the most
commonly used in South Africa. The chief disadvantage is the difficulty of making the
clove hitch and also making adjustments when pulling in the rope for maintenance
purposes. This is particularly the case on winders operating at great depths, where large
diameter ropes have significantly increased the difficulty.

535 Operating Rope Storage.

If a rope on a drum winder remains in service for more than six months, an additional
length of rope is required to allow for the statutory cutting of the rope for testing and
also for remaking the termination at the front end. There is also a requirement for
additional rope to allow for the maintenance procedure of moving the rope on the drum,
by cutting the back end. The additional length of rope required is a multiple of the
lengths to be cut off and the expected number of operations. In other words, a greater
length of extra rope is required for a rope that remains in service for 8 years than for a
rope which is discarded after only 1 year in service.

It is most usual to accommodate this extra length of rope on the drum and operate with
additional dead turns. In most cases this is a satisfactory arrangement. Wear on the drum



Page 28 Mine Winders

53.6

is spread over a greater area as a result of the regular shortening of the rope. There are
limits to the amount of extra rope which can be accommodated in this way because it is
unwise to operate with more than a full layer of dead rope. The rope becomes trapped at
the layer cross-over and the first layer quickly becomes slack with its attendant problems.

There are also some drum
designs which make this
practice impractical, such as
a winder with conical
drums.

|
y/a

The alternative arrange-
ment illustrated in

Figure 29 can be used to
avoid these problems. A
small storage drum is
mounted inside each winder
drum, from which rope can
be payed out as required.
The rope is secured by
means of suitable clamps
which must be designed to
avoid damaging the rope.
Care must be taken to
ensure that the rope in the
statutory three dead turns
does not deteriorate excessively before the next time the rope is payed out. In this case
instead of removing deteriorated rope from the operating length it is possible to intro-
duce badly deteriorated rope into the most highly loaded part.

L

Figure 29 An Alternative Rope Storage System

Rope Adjustment. (i.e. Clutching)

All ropes will stretch permanently to some extent, the amount depending on the rope
construction. This means that on a drum winder operating with two conveyances in
balance, the alignment of the conveyances at the end of wind positions is affected. At
some stage the misalignment becomes so great that the winder operation is adversely
affected and ropes must be adjusted. If both ropes are mounted on a single drum or if
the drums are both fixed to the drum shaft, adjustment can only be achieved by removing
the ropes from the drum and pulling them in by the required amount.

To avoid this problem, and also to make it possible to hoist in balance from varying
levels in the shaft, it is usual to arrange for the drums to be connected to each other and
to the driving arrangement by means of clutches. Although friction type clutches have
been used the use of positive arrangements such as dog clutches is nowadays almost
universal. In most cases the drums are free to rotate on the drum shafts and are each
provided with a clutch attached to the drum shaft. Because of this arrangement, brakes
have to be provided on each drum with sufficient restraining force to hold the total out
of balance load (rope, conveyance and payload). In addition, conveyance position
indicators must be provided for each drum. An interlocking system to sprag the
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unclutched drum is also used, in addition to the automatic application of the brake of
that drum, before the clutch is actually released.

The clutching procedure entails a certain amount of danger, so it is usually limited to
adjustments with unloaded conveyances. By regulation persons are not permitted in
conveyances during clutching operations.

SHEAVES AND SHEAVE LAYOUT.

Large drum winders cannot be mounted in such a way that the rope can be directly
connected to the conveyance, as can be done with Koepe winders. Consequently the
winder is mounted on the ground and the ropes deflected into the shaft by means of
suitable sheaves mounted on a headgear.

Requirements for headgear sheaves may be

= =10, simply stated, but are not so easily achieved:-

N a. Sheave diameter must be in accordance with

the rope manufacturer’s recommendations.

» b. The strength of the sheave must be sufficient

\ to cope with an overload that will break the

\ winding rope. Under this extreme loading the

\ sheave must not distort of fail.

¢. The sheave must not distort or deflect
excessively when the rope is fully loaded and
at its maximum fleet angle.

Figure 30 Headgear Sheave with Cast
Iron Rim

e

The sheave must have a low inertia.

e. It must run freely.

f. The sheave groove and flanges must run.
truly, with no out of round or throw.

g. The material of the sheave groove must resist wear, but nevertheless be easily
re-grooved.

h. Bearings and other parts of the sheave must be designed for ease of inspection and
maintenance.

Sheaves must be set up with the centre-line of the rope in the shaft within the area
projected by the drum flanges. The sheave must point to approximately the centre of the
drum and should be sulfficiently far from the drum so that the maximum and minimum
fleet angles are within the recommended values. Figure 26 illustrates these requirements.



Page 30 Mine Winders )

5.5

55.1

55.2

PROTECTION DEVICES.

Protection devices can be divided into two groups; mechanical and electrical.
Electrical Protection

Electrical protection is designed to eliminate or restrict damage due to overload and the
occurrence of electrical faults.

o Current Overload. Protection is required in AC and DC power circuits as well as
fault protection in the mechanical protection circuits. In all cases the winder should be
brought to a controlled and safe stop.

O Noe-start Device. Peak electrical loads of two to two and a half times the RMS rating
of the winder are common when starting the winder. The heating effect of this on winder
motors which are not rotating can lead to rapid destruction of the motor and associated
circuits. No-start devices should be installed to protect against current being applied for
too long a period without the winder moving.

O Fault Detectors. Devices for detecting other electrical faults, such as earth fault
detectors, should be installed and set to stop the winder in the event of faults. An
important feature of all fault detectors should be the provision of automatic indicators
which identify faulty circuits.

Mechanical Protection

Mechanical protection, which includes electrical devices, is provided to protect the
winder against overspeeding, overwinding and the possibility of operating in the wrong
direction.

O Overspeed. A winder is required to operate within a clearly defined envelope of
speed and distance. A tolerance of about 10 % to 15 % is usually allowed and the winder
is tripped out if this tolerance is exceeded.

The monitoring of the winder speed with respect to the required speed of each convey-
ance relative to the ends of wind is the function of such devices as the Lilly controller.
The required speed profile of each conveyance as it approaches each end of the wind is
set by means of specially profiled cams adjusted to trip the winder if the speed at any
particular position is excessive. In addition cams are provided to trip the winder at preset
limits of travel. These limit switches give the initial protection against overwinding and
can be automatically adjusted for dual purpose winders.

Alternatively, specially adapted computer systems monitor winder speed and position
continuously. Any deviation outside the required envelope initiates appropriate signals
and stopping of the winder.
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0 Acceleration and Deceleration. The acceleration of a winder from rest to full speed is
generally controlled in the design of the control circuits. It is important to note that
smooth acceleration of the winder is desirable. Systems which introduce impulses into the
system can add significantly to fatigue damage of ropes, especially in high fatigue
systems.

In normal operation deceleration of a winder is carefully controlled to avoid excessive
loads and impulses. The deceleration control is electrical and the mechanical brakes are
only used in the final stages and to hold the winder at rest. Under tripout circumstances
the mechanical brakes have to control the winder under all conditions. The out of
balance torque on a deep level drum winder varies considerably between the shaft
bottom and the bank. If a constant braking torque is applied, the deceleration will vary,
depending on the winding conditions and the position in the shaft. Various types of
deceleration governor have been designed and used. The most successful is the
ESCORT® ™ device. The word "ESCORT" stands for Electrical Sensing and Control

of Retardation. This device senses and controls retardation to make the winder come to
rest at the same rate for all winding conditions anywhere in the shaft.

O Locked Bell (Brake) System. To ensure the safety of persons and also to avoid the
possibility of other accidents an interlock is provided between the brakes and bell
signalling system that ensures that the brakes cannot be released by the driver until a
signal has been given by cither (or both) the onsetter and the banksman. In this system
the driver is required to signal when he has stopped and when access to the conveyance
is given for loading and unloading men or material. When the driver gives a signal on
either of the two bell systems, i.e. to the onsetter or the banksman, the brakes are
automatically locked in the on position. In addition signal lights at the stations indicate
that the brakes have been locked on. The brake lock is only released by a signal from the
appropriate position. These requirements are clearly specified in regulation 16.36 of the
Minerals Act®

0 Brake Clutch Interlock. A mechanical interlock must be provided to make it
impossible to unclutch a winder drum unless the brake on that drum is fully applied. It is
also usual to provide electrically operated signals to indicate if the clutch is engaged or
not.

o Overwind Prevention Device. Besides the protection afforded by the controller in the
winder house switches are mounted in the headgear and at the shaft bottom to trip the
winder if a conveyance should pass a predetermined position. The switches are either
magnetic type proximity switches or cam operated mechanical switches.

o Slack Rope Device. In any shaft there is always the possibility of a conveyance
becoming stuck or jammed at any point in the shaft. The most usual places are at the
ends of the wind. Skips can become jammed at the tip and cages where they are stopped
for considerable times at the bank and bottom station. Keps are often the cause of slack
rope on cages.
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Although tight rope, caused by jammed conveyances, leads to overload it is slack rope
which causes the most dangerous conditions. The effect of slack rope depends on the
position of the conveyance in the shaft.

a. Slack rope caused when the conveyance is at the top of the shaft is the most danger-
ous. Due to catenary tension the rope in the catenary sags to the extent that loose
coiling and kinking of the rope can occur at the drum. Also, if the conveyance
suddenly becomes free, its subsequent drop and sudden tightening of the rope can
cause rope, connection or conveyance failure in deep shafts where the rope stiffness is
high due to a very high capacity factor.

b. When the conveyance is at a position in the shaft where the rope mass below the
headsheave is sufficient to maintain the tension in the catenary and it becomes
jammed the rope will become slack at the connection to the conveyance and usually
forms a kink. With no indication at the winder, it is possible that sufficient rope is
payed out onto the top of the conveyance to overcome the jamming force and the
conveyance then falls away, with the possibility of a broken rope etc. In any event the
formation of a kink is a dangerous occurrence, especially if it is not immediately
identified.

In older winder systems slack rope is usually detected by means of trip wires stretched
across the rope opening in the winder house. This is usually sufficient to detect slack
rope as described in a. above but does not give any indication of the second condition.
Following a serious accident which resulted in many fatalities, more sensitive slack rope
devices are now used. These devices monitor the tension in the connection of the rope to
the conveyance and trip the winder if the tension reduces below a certain minimum. In
this way the winder is stopped before a seriously dangerous condition develops.

Overwind.
In spite of the presence of overwind prevention devices, overwinds do occur. To avoid
excessive damage to shaft and headgear and to avoid injury to persons a means of

detaching the rope is provided.

Detaching Devices.

Figure 31 illustrates a common design of
detaching hook. The device forms the connec-
tion between the rope termination and the
conveyance. It is designed so that it cannot
accidentally detach. In the event of an
overwind, the detaching hook is pulled into a
catch plate, commonly called a "spectacle
plate”. The scissors mechanism is forced to
open and release the rope termination. At the
same time the opened scissors plates form a
catch mechanism which holds the hook and
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conveyance securely in the headframe. In Figure 31 Detaching Hook
addition, it is common to provide additional

catches in the headframe which become

engaged before the detaching hook enters the catch plate.
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Additional Protection for Shaft Sinking.

All the preceding protection devices, except for detaching hooks, are also used with some
specialised modification in shaft sinking. In addition there are important devices related
specifically to shaft sinking.

© Bank Doors. Doors which close off the top of the shaft are provided at bank level
with the objective of minimising the chance of anything falling down the shaft and to
facilitate the safe loading and unloading of the kibble, (men, material or rock). These
doors are normally kept closed but are opened to allow the kibble or other conveyance
to pass through. Interlocks are provided to ensure that the doors are open before the
kibble can pass through and to also ensure that the doors are closed when the kibble is
being tipped or brought to the loading position for men or material.

0 Crosshead Menitoring. The separation of a crosshead while a kibble is being lowered
down the shaft is potentially the most dangerous condition that can occur during winding
in a sinking shaft. Electronic monitoring devices are used to warn the driver and stop the
winder if separation does occur while winding in the shaft. Suitable switches allow for
separation of the kibble and crosshead at the stage and in the headgear and limit the
speed at which the winder can operate.

O Signal Interlocks Between Kibble and Stage Winders. To ensure that the kibble
winder does not operate while the stage is being moved there are interlocks between the
kibble winder and stage winder signalling systems which prevent one system from
operation while the other is in motion.

o Stage Position. Because stage position varies continuously as the shaft gets deeper
arrangements:are made to superimpose the stage position on the kibble winder depth
indicator. This is usually done by providing another pointer which is interconnected with
the stage depth indicator.

CONVEYANCES.

The objective of all winding systems is to hoist a conveyance from underground to
surface. Conveyances are designed to accommodate men and/or material and to handle
the ore or broken rock. There are also specialised conveyances used for shaft mainten-
ance, installing pipes and cables and other applications.

© Man and Material Cages. The dimensions of cages are usually determined by the
available shaft compartment size and the type of material which is to be transported. If
large trackless mining machines are to be handled, it is common for the cage to be a
suitable size for driving the machine in at the surface, lowering it and driving it out at the
required level. This generally requires a suitably large floor area, so only one or two
decks are provided for handling men. Because shaft size is always limited, floor area of
cages is designed as economically as possible and it is usual to provide three or even four
decks to accommodate the required payload.

When multiple decks are used, specialised loading arrangements are required for
controlling access of persons to or from the conveyance. The loading stations are
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provided with multi-deck loading platforms so that each deck can be loaded simulta-
neously.

Some of the safety requirements for man cages are as follows:

© Persons must be protected from water and any falling material in the shaft.

o Persons must be fully enclosed in the cage, with no possibility of them coming into
contact with shaft steelwork while being transported.

o Doors must be arranged so that they cannot inadvertently open and allow persons
to fall out.

o There must be sufficient ventilation to prevent asphyxia while the conveyance 