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ABSTRACT

Current changes in surface coal mining techniques have
been brought about by the introduction of gigantic stripping
maéhines into the industry. The use of these large machines
has been accompanied by several inherent problems, the
largest of which is adequate maintenance.

Whenever possible, stripping equipment for a particular
operation should be selected specifically for that opera-
tion. If preselection is not possible, the maéhine in use
must be utilized as effectively as possible.

The first steps in effective stripping-machine utiliza-
tion should be identification and then quantification of the
various production factors affecting the operation. 1In this
study the production factors were determined to be the
machine's operating angle, operating efficiency, production
rate, bucket factor, and cycle time. Pit width, machine
positioning, and the maintenance program were also found to
be important production parameters.

If maximum production from the stripping machine is to
be realized, the interaction of the various production
factors must be understood and the effects of these factors
must either be minimized or maximized in an optimization

process.

iii
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One particular dragline operation was analyzed in this
study. Production data was collected and analyzed in an
effort to determine the production capability of the drag-
line and to find how much improvement could be made by
making certain adjustments.

A comparison of the stripping shovel and the dragline
at’the operation showed that the stripping shovel, compared
to the dragline, was relatively unproductive. This was
apparently due to the fact that the shovel was actually
unsuitable for that operation.

The dragline was determined to be relatively productive
but improvements in the maintenance program could bring

about an increase in productivity.



T 1369

TABLE OF CONTENTS

Page
Introduction . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o s o o o 1l
The Concept of Optimization in a Stripping Opera-

TION ¢ ¢ ¢ ¢ 4 e e e e e e o o e o o o o o o o o o o 6
Keeping the Stripping Machines in Operation . . . 6
Operating the Stripping Machine Efficiently . . . 7

s Digging Conditions . . « ¢ v ¢« ¢ ¢ « ¢ o o 8
Swing Element of Digging Cycle . . . . . . . 8

Method of Data Collection and Description of

APProach . o« o« o o o o o o o o o o o o o o o o o o o 10
Collection of Data . &« « ¢ o o o o o o o o o o 10
Description of Swing Recorder . . . . . . . 10
Type of Data Collected . . ¢« ¢« &« ¢ ¢ ¢ o o 11
Advantages of Using a Swing Recorder . . . . 13
Method of Data 2nalysSis . « ¢ ¢ o ¢ o o o o o o o 14

Determination of a Bucket Factor and the Effect of a
Bucket Factor on Production . . ¢ ¢ ¢ ¢ ¢ o o ¢ o & 17
Description of Method . . ¢ &« ¢ ¢ ¢ ¢ ¢ o ¢ o o o« 17
Results Of AnalysSisS . o o ¢ ¢ o o o o o o o o o = 20
Discussion of Results . . . « ¢ ¢ ¢ ¢ ¢ o o o o = 20

The Effect of Operating Efficiency on Production . . . 24



T 1369

Relationship Between Operating Efficiency and

Production Rate . « ¢« ¢ ¢ ¢ « o »

Determination of Operating Efficiencies . .

The Effect of the Operating Angle on Production

Relationship of Operating Angle and Digging

CYCle . . L] L) . . . . . [ L] . [ L]

Relationship Between Operating Angle and Produc-

£ion RAte « o o o o o o o o o o .

The Effect of Cycle Time on Production .
Significance of Cycle Time Analyses
Method of Data Collection . . . . .

Results of Cycle Time Analysis . .

The Effect of Machine Positioning on Production

Description of Positioning for a 90-Foot Coal

Cut [ . . L] . [ L] . . . . [} [ L] .

L 4

Description of Positioning for a 100-Foot

cut . e . . L] L] . . L] [ L] . . . L]

The Effect of Coal Cut Width on Production .

Optimum Cut Width for the Dragline

Optimum Cut Width for Pit Conditions

A Comparison of Dragline and Stripping Shovel

Performance . « ¢ o ¢ o o o o o o o o

Dragline Production Rate Based on Swing-Recorder

Data . * * L] * L] L] L] L] L] L] L] . °

vi

L d

*

L3

.

.

Page

24
30
33

33

34
37
37
37
40
44

46

58

76

76

79

81

8l



T 1369

Comparative Output of Dragline and Stripping

Shovel .

Relative Inefficiency of the Stripping Shovel

The Importance of an Effective Maintenance Program in

a Stripping Operation . . . « « « ¢ o &

Elements of Effective Maintenance
Improvements in Maintenance

Relative Frequency of Delay Factors

Summary and Conclusions .

Literature Cited

vii

Page

82
83

87
88
89
90
92
96



T 1369

‘Figure
3.1
3.2
4.1
5.1
6.1
7.1

8.7

8.8

FIGURES

Typical Swing-Recorder Data .

Typical Swing-Recorder Data .

Bucket of the 1550-W Dragline .

Operating Efficiency Versus Production Rate
Operating Angle Versus Production

Cycle Time Versus Operating Angle

Data

.

Recorder Data . . . .

Dragline Position Number One - 90-Foot Cut

Material
Number
Dragline
Material
Number
Dragline
Material
Number
Material
Number

Dragline

Removed and Spoiled at Position

One . ¢« « « o

Position Number Two - 90-~Foot Cut

Removed and Spoiled at Position

TWO . . L] L] .

L3

L 2

'Cycle Time Versus Operating Angle

Rate

*

Stopwatch

Swing

.

Position Number Three - 90-Foot Cut.

Removed and Spoiled at Position

Three . . . .

Removed and Spoiled at Position

Three . . .

L]

L]

L]

.

.

Position Number Four - 90-Foot Cut .

viii

Page
12
13
21
28
36

39

43
47

48
50

51
53

54

55
56



T 1369

Figure

8.9

8.10

8.11
8.12

8.13
8.14

8.15

8.17

8.18

8.19

8.20

8.21

Material Removed and Spoiled at Position
Number FOUr . . . ¢ ¢ ¢ ¢ o o o o o o o &
Material Removed and Spoiled at Position
Number FOur . . . ¢ ¢ ¢ ¢ o ¢ o o o o o o«
Dragline Position Number One - 100-Foot Cut
Material Removed and Spoiled at Position
Number One . . o ¢ ¢ ¢ ¢ o ¢ o o o o o &
Dragline Position Number Two - 100-Foot Cut
Material Removed and Spoiled at Position
Number TWO . . ¢ ¢ o« ¢ ¢ o o o o o o o
Dragline Position Number Three - 100-Foot
Cut & ¢ ¢ ¢ ¢ e e e e e e e e o e e o o o
Material Removed and Spoiled at Position
Number Three . . « ¢« ¢ o ¢ ¢ o o o « o o
Dragline Position Number Four - 100-Foot
Cut . ¢ ¢ ¢ ¢ e e e e e e e e e e o o o o
Material Removed and Spoiled at Position
Number FOUXr . . . ¢ ¢ ¢ o o o o o o o o o
Dragline Position Number Five - 100-Foot
Cut & ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o o o o o o o o
Material Removed and Spoiled at Position
Number Five . ¢ ¢ ¢ ¢ ¢ o ¢ o o o o o o o
Material Removed and Spoiled at Position

Number One . .« o« o« ¢ o o o o o o o o o o

Page

57

59
61

62
64

65

66

67

69

70

71

72

74



T 1369

Figure Page
9.1 Production Rate and Operating Efficiency
Versus Coal Cut Width . . . « . . . ¢« ¢« o « « 77
10.1 Bucyrus Erie 1550-W Dragline . . . . « . « « . 84
10.2 5761 Marion Stripping Shovel . . . . . . . . . 85
10.3 Bucket of 5761 Marion Stripping Shovel

(65 Cu Yd) . . . . . 3 . . . . . 3 . ° . . 3 . 86



T 1369

TABLES

Table Page
4.1 Dragline BuCketsS .« « ¢« o ¢ o o o o o o o o o o« o 22
5.1 Daily Operating Efficiencies, Production Rates,

and Average Operating Angles . . . « « « « « o 25
5.2 Average Operating Efficiencies--Reported and

Measured . . . ¢« ¢« « ¢ o o o o o « o o o o o o 31
7.1 Cycle Times for 1550-W Dragline . . .« « « « « . 41
8.1 Dragline Positioning for a 90-Foot Coal Cut . . 60
8.2 Dragline Positioning for a 100-Foot Coal Cut . . 75
9.1 Average Operating Angles for Different Coal Cut

Widths . & 4 v ¢ ¢ o ¢ o o o o o o o o o o o o 18

11.1 Relative Occurrance of Dragline Delay Factors. . 91

xi



T 1369

ACKNOWLEDGEMENTS

I wish to express my gratitude to the Truax-TraerJCoal
Company, a Division of Consolidation Coal Company, and the .
Colorado School of Mines Foundation, Incorporated for théir
assistance in the completion of this research.

I wish to thank Professor A.M. Keenan for his help in
securing the financial aid.

Special thanks goes to Dr. A.T. Janssen for initiating
the research program and for his many suggestions for the
study. - Also, completion of this final report would have
been impossible without the invaluable assistance of the
ﬂ;esis committee: ProfessorsNiles E. Grosvenor and

Charles O. Frush and Dr. R.E.D. Woolsey.



T 1369

INTRODUCTION

Surface coal mining is characterized by the use of
machinery to remove the overburden from the bed of coal,
stacking it nearby in an area from which the coal has
already been removed. This operatioﬂ is commonly performed
in lohg strips. After being uncovered the exposed coal is
. removed, leaving the pit ready for subééquent.refilling
with overburden from the adjacent cut.

However, the specific techﬁiques are currently under-
going a period of extensive change. Much of this change
has been due to the introduction of gigantic, multi-million
dollar stripping equipment into the industry. These
méchines are essentially of the same types that have always
been used in strip mining--draglines, stripping shovels and
bucket-wheel excavators--but the incredible increase in size
and working capacity of the newer machines has enabled the
coal operators to strip greater depths of overburden than
had previously ever been thought possible. The comparison
of typical five-yard buckets of the draglines of thirty
years ago with the 50 to 220-yard buckets of today demon-
strates one aspect of this r.-volution in strip mining

equipment.
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There are many problems inherent with the use of such
large equipment, however. Since such a large capital out-
lay is required, every precaution must be taken to insure
that this equipment is utilized in the most effective
manner. One of the most obvious difficulties is that of
providing adequate maintenance. This problem is so serious
that it will probably limit much further increase in
equipment size.

Whenever possible, the type of equipment to be used
for stripping, and its specifications, should be determined
before the actual mining begins. The type of overburden to
be stripped should largely determine the type of machine
needed--a bucket-wheel excavator should be considered if
the overburden is mostly unconsolidated, but a dragline or
shovel will be necessary if it is not. The possibility of
using a wheel and a dragline or shovel in tandem exists if
both consolidated and unconsolidated overburden is present.

Other factors to be considered in equipment selection
are the amount of overburden to be stripped, the production
rate desired, the reclamation standards required, etc.
Equipment specifications to be considered--dragline and
shovel specifications in this case--are bucket size, boom
length, boom angle, horsepower requirements, etc.

Some empirical work in the field of equipment selec-
tion has been performed by the equipment companies them-

selves. Their methodology consists mainly of matching
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production requirements and machine specifications by means
of a series of nomograms.

Unsatisfactory results with the empirical approach
have led some observers to believe that a more analytical
approach should be taken in equipﬁent selection. This
could possibly consist of some form of mathematical pro-
graming. Practically no work of this nature has been per-
formed so there is much room for further study of this type
of approach. ‘

Although pre-selection of equipment is desirable, it
is not always possible. Many mines use stripping machines
that are not entirely suitable for the particular operation
but must be used simply because the machine has already
been purchased. Other mines are forced to buy unsuitable
equipment due to unavailability of capital or unavail-
ability of more suitable equipment.

The analysis presented in this paper examines the type
of situation in which stripping equipment is not pre-
selected. The basis of the analysis was obtained from a
study of a strip-mining operation that employed both a
dragline and a stripping shovel in its stripping operations.
The study was prompted by concern for the apparent ineffi-
ciency of the dragline, a Bucyrus Erie 1550-W walking
dragline. A detailed study of the various factors

affecting the operation of the dragline was conducted.
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The immediate problem encountered was the need to
identify the various production factors involved. The
approach then taken was to determine the production poten-
tial and capability and attempt to quantify the effect of
each of the various production factors. The overall objec-
tive was to obtain suggestions for improvement in the
operation of the dragline.

The dragline's production rate (overburden moved,
measured in cubic yards per hour) was thought to be the
best indication of the machine's performance so the effect
of various other factors on the machine's production rate
was studied. The factors considered were cycle time,
operating efficiency, operating angle, width of coal seam
uncovered, dragline bucket factor, and the maintenance
program.

A major objective in a strip-mining operation should
be the maximizatioh of machine production rates. Since
each of the factors listed above affects the production
rate, each factor must be analyzed and its effect on the
machine's production rate must be minimized or maximized,
in a sense, if the préduction rate is to be maximized.
This type of analysis is given in this report.

Although no direct measurements were made on the
stripping shovel at the operation studied, some comparison
of the performances of the dragline and the shovel was

possible.
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Much of the discussion presented in this report is
applicable to strip-mining operations in general, although
individual mine-operating procedures may vary. The concept
of identifying production variables and determining their
effect’on the operation is possibly the most general

]

_applicétiqn that can be derived from this report.
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THE CONCEPT OF OPTIMIZATION IN A STRIPPING OPERATION

The long-range goal of optimization in a strip mine is
the maximization of the amount of coal uncovered. If the
coal is uncovered it can usually be loaded with no problem;
disruptions in coal production are almost always caused by
disruptions in the stripping operation.

The key to a productive strip-mining operation con-
sists then of keeping the stripping machines in operation

and operating the machines efficiently.

Keeping the Stripping Machines in Operation

Periods of time in which a stripping machine is not
doing productive work are referred to as periods of down-
time. Maintenance and repair work, power cable moving,
deadheading (moving the machine to a new position), and
supply shortages are some of the elements of downtime.
Obviously, these delay factors cannot be avoided entirely
but their effect can be minimized if a certain amount of
pre-planning and effective supervision is maintéined.

Operating efficiency is defined as the percentage of
time the machine is actually doing productive work. A more

detailed analysis of operating efficiency and its effect on

6
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production will be given in a later section but it should
be noted here that the key to obtaining a high operating
efficiency is the implementation of an effective mainte-
nance program,

The maintenance program must be designed to minimize
maintenance and repair time with a system of effective
preventive maintenance and a system of effective and
expeditious repair techniques. Further discussion on main-

tenance programs will be presented later.

Operating the Stripping Machine Efficiently

Since a stripping machine obviously cannot be kept in
constant operation, it must be utilized as effectively as
possible while it is in operation. .This can be thought of
as a process of optimization of the machine's digging
cycle. The elements in a dragline's digging cycle can be
listed as follows..

l. Dig and drag

2. Hoist and swing out
3. Dump and swing out
4., Position

The skill of the operator will have a large effect on
the amount of time required for a cycle but it is assumed
here that the operator will be reasonably skilled.

Time reduction in a digging cycle can be obtained if

the dig and swing elements are controlled as much as
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possible. Each of these factors will be discussed
individually.

Digging Conditions: The fragmentation obtained in

blasting will dictate the digging conditions and, therefore,
the amount of time spent in the dig portion of the digging
cycle.

The type of hole drilled (horizontal or vertical) and
the powder factor used in the blasting operation will
govern the degree of fragmentation.

A balance of the effects desired in fragmentation is
required if suitable results are to be realized in the
blasting operation. Poor fragmentation will, of course,
hamper digging conditions. On the other hand, support pro-
blems with the spoilpile will occur if fragmentation is too
fine because the material being stacked in a spoilpile will
tend to slide back into the pit.

Favorable resﬁlts were obtained at the operation
studied by stemming approximately the upper fourth of the
blastholes. Good fragmentation was then obtained in the
lower portion of the bench while the upper cap rock was
merely cracked. The éap rock provided a good base (buck-
wall) for the spoilpile and the remainder of the blast
provided good digging.

Swing Element of Digging Cycle: The speed at which

the dragline swings is controlled by horsepower limitations

and is therefore constant. However, the angle through
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which the dragline swings in completing a digging cycle
has a large effect on cycle time. The angle should be kept
as small as possible because the smaller the angle, the
more cycles per unit time. The operating angle will be

further discussed in a later section.

'



T 1369

METHOD OF DATA COLLECTION AND DESCRIPTION OF APPROACH

!

Collection of Data

A major problem encountered at the onset of the study
was determining a satisfactory method of data collection.
Some cycle-time data was collected with a stopwatch but
this proved to be unsatisfactory because only limited infor-
mation could be obtained by this method, data could not be
collected over a continuous period of time, and the method
was very susceptible to experimental error.

Description of Swing Recorder: It was finally dis-

covered that a swing recorder was available and that
accurate and detailed data could be collected with the
device.

A swing recorder is a clock-like device that can be
mounted on a swing case of a dragline or stripping shovel.
A recorder chart which is divided into increments of time
along one dimension and divided into degrees along the
other dimension is placed in the recorder. The recorder
chart is then pulled along rollers by the clock mechanism
of the recorder. As the chart is pulled along the rollers

and as the dragline or shovel swings, a needle (connected

10
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to an inkwell and the swing gears of the machine) records
the motion of the machine on the chart. The magnitude of
the angle the machine turns through and the time required
to turn through the angle can then be obtained from the
chart. The clock on the recorder can be correlated with
the time of day so it is possible to record the machine's
activity during every minute of the day. A straight line
is recorded when the machine is not working so downtime can
also be accurately recorded.

Type of Data Collected: Swing-recorder data was col-

lected over a continuous period of two months. The infor-
mation obtained consisted of the following.
1. Cycle time as a function of the operating
angle.
2. Average operating angle for each day.
3. Accurate operating efficiencies for each day.-
4. Average production rate (cu yd per hr) for
each day.
5. A bucket factor for the dragline. (Average
amount of yardage moved by the dragline in a
bucketful.)
Photographs of typical recorder-chart data are shown

in Figures 3.1 and 3.2
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Figure 3.1

Typical Swing-Recorder Data
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Typical Swing-Recorder Data

Advantages of Using a Swing Recorder: It should bé

apparent that this study was greatly facillitated by the
use of a swing recorder. It should alsoAbe noted here that
swing recorders can provide useful information to mine
operators in everyday operations.

Swing recorder data can provide a good check on

monthly yardage figures, obtained by aerial or stadia
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surveys. It can also provide an accurate account of the
machine's operating efficiency.

At the operation studied, downtime was recorded on
delay sheets by the machine operator and operating effi-
ciencies were calculated from these sheets. Large discre-
pencie; between the operating efficiencies reported and
the operating efficiencies measured by the recorder were
found during the course of the study. Operating efficien-
cies reported tended to be higher than those measured, so
the reported efficiencies gave a misconception of the
dragline's performance.

Swing recorders can also be used to advantage in
determining the amount of rehandle material encountered
each month. Monthly pit éurveys cannot possibly indicate
how much material the machine has moved twice during the
month. Rehandle work is non-productive work and it must be
accounted for if the machine's actual productiveness is to
be determined. If a swing recorder is in use, rehandle can
be accounted for by merely indicating rehandle periods on

the recorder chart. This can easily be done by the oiler

on the machine.

Method of Data Analysis

Prior to this study the mine operators at the site
studied lacked a good quantitative concept of the dragline's

production potential. This created a certain amount of
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confuéion with the monthly aerial-survey figures as will

be discussed in a later section. It was thought that a
good quantitative grasp of the machine's potential could be
obtained from the data collected so this became a major
part of the data analysis.

The approach taken consisted of taking actual measure-
ments of the dragline's production rate (cubic yards per
hour) and also calculating a semi-theoretical output based
on a series of machine-position drawings and the cycle times
collected with the recorder.

Both methods required that the dragline's bucket
factor be known so this was also determined in the process.

The next step was to determine methods for improving
the production output of the machine. This was attempted
by examining the interrelation of the different production
factors. The relationships examined were:

1. The effect of the operating angle on cycle
time.

2. The effect of operating efficiency on produc-
tion rate.

3. The effect of the operating angle on produc-
tion rate.

4. The effect of the width of the coal cut
(width of coal uncovered in one pass of the

dragline) on production rate.
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5. The effect of the width of the coal cut on
operating efficiency.
6. The effect of the maintenance program on
operating efficiency.
The results of these analyses gave some quantitative
information on the significance of each of the production
factors and showed how much improvement could be made by

adjusting or controlling the various factors.

16
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DETERMINATION OF A BUCKET FACTOR AND THE EFFECT
OF A BUCKET FACTOR ON PRODUCTION

,
!

Description of Method

Many of the calculations and conclusions of the study
were based on the dragline's bucket factor--the average
amount of yardage moved in a bucketful. This factor was
determined by dividing the total virgin yardage moved in
one month by the number of cycies or bucketfuls required to
move the yardagé. This resulted in a factor with dimen-
sions of cubic yards per bucket.

The yardage figure was obtained from the monthly
aerial survey of the pit and the number of bucketfuls was
obtained from the recorder charts,

Some difficulty was involved in this bucket-factor
determination because a certain amount of rehandle--as
described earlier--occurred during the month. The monthly
yardage figure obtained from the aerial survey expressed
only virgin yardage moved, so rehandle material had to be
accounted for in determining the total number of cycles
needed to move the virgin yardage.

Rehandle occurred every time the dragline constructed

a rock road on the bench in front of it before moving up

17
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for its next cut. It was necessary to build this road
because the clay material on the top portion of the bench
tended to become very slippery if rain occurred. The
dragline would have slid on this clay if the rock were not
placed on top.

The rock used in road-building was therefore handled
twice but the recorder charts clearly indicated (after
experience was gained in reading the charts) when the
road-building process was taking place. It was therefore
possible to subtract the road-building cycles from the
monthly total of cycles.

Another phase of non-productive work occurred when
the dragline scooped fire ciay from the mined-out pit
before building a spoilpile in that spot. Fire clay pro-
vides a very unsuitable base for a spoilpile because the
stacked material tends to slide on it. The cycles taken to
scoop out the fire clay were also subtracted from the
monthly total.

Additional rehandle occurred when "plugs" were
deposited in the pit and later removed. "Plugs" had to be
deposited when the direction of mining was reversed because
the dragline would run out of spoil room. In other words,
if the dragline were moving in one direction and then
turned to cut a strip in the opposite direction, twice as
much material as usual would have to be moved in the area

of the turn. Since the dragline has a limited boom reach
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it could not possibly spoil all this material from its
position on the bench. It would then be necessary to build
a "plug" or a bridge across the pit with some of the
material, walk the dragliné onto the "plug", and move the
rest of the material further back in the spoilpile. The
dragline would then walk back onto the bench, remove the
plug, and continue digging in the new direction. '

The opérator’s delay sheets were not as detailed as
they should have been so some diffiéulty was involved in
determining when these rehandle processes took place. How-
ever, after analyzing the recorder charts and questioning
the operators, a fairly accurate account of the amount
of rehandle involved was obtained and these rehandle éycles
were subtracted from the total. '

After thé modifications mentioned above were made, the
remaining cycles in the monthly total represented the
number of bucketfuls that were required to move the virgin
.yardage during the month.

Tﬂe'recorder charts were correlated with the time of
day the aerial surveys were made in order to get as
accurate ah account as possible of the number of cycles
made during the period between two end-of-the-month surveys.

A bucket factor obtained by this method should take
into account both the swell of the material after being
loosened from its in situ position and the fillability of

the bucket--the percentage of time the bucket is completely
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filled or over-filled.

Results of Analysis

The dragiine bucket was listed by the manufacturer as
a 65 cubic yard bucket. It was tﬁerefore thought that the
number obtained in the bucket factor analysis would be
something less than 65 cubic yards per bucket due to swell
and fillability factors.

However, according to the aerial survey the virgin

.yardage moved during the month was 1,570,503 cubic yards

and this figure was considered accurate. The total number
of virgin-yardage cycles during the month was 23,691 cycles

or bucketfuls. Dividing the yardage by tﬁe bucketfuls

‘gives a figure of 66.3 cubic yards per bucket. Data from

the previous month was not quite as reliable but those

figures resulted in a féctor of approximately 68 cubic

. . yards per bucket;

Discussion of Results

The bucket-factor results raised some question on

.their vaiidity because common thought at the mine was that

the dragline averaged less than 65 cubic yards per bucket-
ful. However, further analysis of the problem seemed to
verify Eﬁe factor obtained. |
The bucket was rated as a 65 cubic yard bucket but by
actual measurement the bucket volume was in the range of:

70-75 cubic yards. The variance in the bucket measurement

20
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was due to difficulty in measuring the curvature of the
bucket.
Also, the design of the bucket facillitated over-

filling so it does seem possible to average at least 65

cubic yards per bucketful.

Figure 4.1

Bucket of the 1550-W Dragline
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Further credence is given to the results by informa-
tion found in the literature. The following, adapted from
Boulter (1968, p. 450) gives a comparison of rated bucket

sizes and actual bucket volumes.

Table 4.1

Dragline Buckets

Rated Bucket Size Actual Volume
(cu yd) (cu yd)
7 7.8
9 10.0
11 12.2
12 13.4
13 14.4
14 15.6
20 22,2
25 27.8
30 33.3
35 38.8

For the bucket sizes listed above, actual volumes are
10 percent larger than the rated volumes. Increasing the
rated volume of a 65 cubic yard bucket by a factor of 10

percent results in an actual volume of 71.5 cubic yards.
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This is within the range of the 70-75 cubic yard figure
obtained in the bucket measurement.
The calculations in this study are based on 65 cubic

yards of in situ material per bucketful.

23



T 1369

THE EFFECT OF OPERATING EFFICIENCY ON PRODUCTION

Relationship Between Operating Efficiency and Production
Rate

Operatiné.efficiency, as mentioned earlier, is defined
as the percentage of time the stripping machine is actually
moving overburden. If operating efficiency alone is con-
sidered, no real concept of output is possible. However,
for a particular machine operating efficiency can be
related to the production rate and the effect of operating
efficiency on output can then be determined for that
operation.

Daily 6perating efficiencies and production rates were
obtained for the dragline from the swing recorder and are
listed in Table 5.1. The production rates listed were cal-
culated by counting the number of daily cycles and using

the following formula.

Number of Daily Cycles X 65 Cu ¥Yd
24 Hr

Production Rate =

In Figure 5.1 the daily operating efficiencies are
plotted against the daily production rates. The plotted
results indicate a very good linear correlation between the

two variables. Regression by method of least squares was

24



T 1369 25
Table 5.1

Daily Operating Efficiencies, Production Rates,
and Average Operating Angles

Operating Eff. Operating Eff. Production Rate Production Rate

(Mleasured on (Reported on (Measured on (Adjusted to

Recorder) Delay Sheet) . Recorder) 100% Op. Eff.) Angle

Percent Percent Cu Yd Per Hr Cu Yd Per Hr Degrees
84.0 92.7 2770 3296 89.4
80.0 90.6 2372 2965 110.5
88.0 95.8 2597 2935 100.6
79.0 80.2 2605 3282 89.0
70.7 78.1 2449 2545 76.0
66.2 68.8 2129 3215 86.7
17.6 26.0 447 2539 112.4
86.1 92.7 3150 3339 73.2
88.7 92.7 2676 2997 '101.7
46.1 59.4 1189 2568 119.4
82.1 89.6 2673 3234 97.0
74.9 79.2 2421 3220 88.2
56.1 65.6 1915 3409 87.7
88.1 87.5 3387 3827 91.4
85.2 95.8 2946 3447 94.4
77.2 80.2 2781 3587 90.9
88.1 91.7 2944 3327 98.0
60.1 66.7 2142 3556 96.1
73.7 78.1 2656 3586 91.0
83.6 88.5 2934 3491 81.9
72.0 76.0 2462 3398 85.0
27.2 43.5 427 1568 49.7

73.9 88.5 2544 3434 90.5
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Table 5.1 (continued)

Operating Eff. Operating Eff., Production Rate Production Rate

(Measured on (Reported on (Measured on (Adjusted to
Recorder) Delay Sheet) Recorder) 1003 Op. Eff.) Angle

Percent Percent Cu Yd Per Hr Cu Yd Per Hr Degrees
71.1 | 76.0 2614 3660 96.1
80.5 85.4 2593 3215 101.7
86.1 . 95.8 3076 3568 91.5
88.8 90.6 3095 3466 114.0
80.4 84.4 2844 3527 88.1
91.1 95.8 3057 3332 90.5
25.9 28.1 745 2878 70.8
59.6 69.8 1896 3166 80.7
83.4 88.5 2749 3271 85.0
65.0 70.8 2384 3648 97.3
80.5 85.1 2575 3193 99.9
87.1 87.5 2579 2940 121.7
67.5 67.7 2017 2985 109.9
44.3 47.9 1295 2914 101.5
61.4 62.5 1997 3203 82.1
68.9 69.7 2286 3315 80.7
23.1 27.1 701 3028 84.7
34,4 32.3 1167 3384 102.2
82.9 89.6 2960 3552 89.7
50.7 78.1 1541 3036 96.8
34.0 55.2 1110 3263 82.9
81.8 60.4 2665 3251 85.5
87.4 89.6 2906 3313 83.3
80.2 87.5 2530 3137 72.5

87.0 83.3 2802 3194 78.5
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Table 5.1 (continued)

Operating Eff. Operating Eff. Production Rate Production Rate

(Measured on (Reported on (Measured on (Adjusted to

Recorder) Delay Sheet) Recorder) 100% Op. Eff.) Angle
Percent Percent Cu Yd Per Hr Cu Yd Per Hr Degrees
82.9 86.5 3166 3799 76.2
30.0 30.2 959 3193 118.8
79.6 82.3 2862 3578 77.0
74.1 85.4 2507 3109 88.2
86.7 89.6 2649 3046 92.3
83.3 87.5 2456 2947 97.9
85.0 88.5 2871 3359 90.8

58.2 85.4 1839 3145 88.8
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applied in obtaining a linear function. A correlation
coefficient of 0.97 indicates a high degree of correlation--
the closer the value of the correlation coefficient to

1.00, the greater the degree of correlation.

With the relationship shown in Figure 5.1 it is pos-
sible to gquantify the effect of operating efficiency on
output. The slope of the function shown is 0.026. There-
fore a 2.6 percent increase in the operating efficiency
would result in a 100 cubic-yard-per-hour increase in the
production rate. A hypothetical illustration will show the
significance of the relationship.

An increase in the operating efficiency of the dragline
by 10 percent would bring about an increase in the produc-
tion rate of approximately 385 cubic yards per hour. With
a stripping ratio of 15:1, the dragline could then uncover
an additional 25 tons of coal per hour or 600 tons of coal
per day. If the price of coal is assumed to be $5.00 per
ton, the increase in coal production represents $3000 per
day.

An increase in operating efficiency of the dragline
studied is not impossible but could be accomplished with
improvements in planning and maintenance. The example
above illustrates the desirability of striving for an

increase in operating efficiency.
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Determination of Operating Efficiencies

Since there is a great deal of correlation between
operating efficiency and production rate, quick checks on
output could be made by examining the operating efficiency.
This would provide a method o? checking daily output and
predicting monthly production. At the operation studied,
there was no accurate means of checking production until
the monthly survey of the pit was made. If daily produc-
tion were checked--in an effort to discover production
lags-—-attempts could be made to step up production and meet
a monthly quota.

It was mentioned previously that operating efficien-
cies at the mine were calculated on the basis of the
operators' delay sheets. These delay sheets are not
accurate because not all the delays encountered by the
dragline are recorded on the sheets. Incorporation of a
system of daily production checks into the operation would
require accurate determination of the operating efficien-
cies with the swing recorder.

In Table 5.1 it can be seen that the reported efficien-
cies are generally higher than the measured efficiencies.
The average operating efficiencies of the entire study
period are shown in Table 5.2.

For the two data periods shown, the measured and
reported efficiencies differ by 5.5 percent. The two data

periods represent 60 days so the 5.5 percent difference is
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Table 5.2

Average Operating Efficiencies--Reported and Measured

Operating Eff. Operating Eff.

Period (Measured) (Reported)
1 69.9 76.5
2 66.0 70.5
Average 67.8 73.3

equivalent to 79.2 hours of operating time. Therefore
79.2 hours more operating time than actually occurred was
reported during the 60-day period. It will be shown later
that the dragline is capable of operating at a rate of at
least 3000 cubic yards per hour if there are no interrup-
tions or periods of downtime. Since the 79.2 hours
represents actual working time, the dragline could move
237,600 cubic yards of overburden during such a period.
Using the same stripping ratio and price of coal as in the
previous illustration, the fictitious 79.2 hours represent
16,000 tons of coal that was not actually uncovered or
$80,000 of revenue that was not actually realized during
that period.

The numerical examples given are not intended to
represent actual facts but merely to indicate the monetary

magnitude of the situations being discussed in this paper.
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The fact to be realized here is that the delay-sheet
reports are inaccurate and cannot be correlated with the
monthly surveys. In this respect the reports are of no

practical use.
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EFFECT OF THE OPERATING ANGLE ON PRODUCTION

Relationship of Operating Angle and Digging Cycle

One of the most important facets of efficient dragline
production is control of the operating angle. If the drag-
line has to swing thru a large angle in completing its
digging cycle, the production rate will be low because the
number of bucketfuls being moved per unit time will be
small.

The swing element of the digging cycle takes up the
largest portion of total cycle time. Some data was col-
lected with a stopwatch and it was found that the dragline
was swinging 57 percent of the time with an 80° operating
angle and 74 percent of the time with a 200° operating
angle.

Since the largest part of cycle time consists of swing
time, total cycle time can be minimized by keeping the
operating angle small.

Machine positioning and the width of the coal cut or
pit both have an effect on the operating angle and will be
discussed later.

The dragline's operating angle can also be affected

33
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by the presence of other equipment. If the drills are not
kept far enough ahead of the dragline or if other equipment
is in the working area of the dragline, the operator may
have to swing thru the supplement of the small, optimal
angle in avoiding the other machines.

Impeding equipment was a problem on occasion at the
study site. The effect of this equipment hindrance was
apparently balanced out by compensating factors--at least
during the period of data collection. The average operating
angles during the two months of the study were 91.7° and

90.9° respectively~--angles not excessive for a dragline.

Relationship Between Operating Angle and Production Rate

An attempt was made to correlate the magnitude of the
operating angle with the production rate. It was thought
that a correlation similar to that between the operating
efficiency and the production rate would be found in this
attempt.

It should be expected that a small operating angle
will correspond to a high production rate. Some of the
data obtained supported this supposition. For example, on
one particular day the average operating angle of the
dragline was 100.7° and the production rate was only 2597
cubic yards per hour. Conversely, on a different day the
average operating angle was 73.2° and the production rate

increased to 3150 cubic yards per hour.
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Unfortunately, very little of the data collected
followed the expected pattern and it was not possible to
find a linear correlation between the operating angle and
the production rate. The average daily operating angles
and their corresponding production rates are listed in
Table 5.1. The lack of correlation between these two
variables is quite apparent in Figure 6.1 where the two
variables are plotted against each other. The correlation
coefficient of the relationship was found to be 0.025--
eyidence of practically no correlation at all.

Correlation between these two variables with the data
obtained was probably disrupted by other variables that
entered into the sample space. These other variables
could have been weather conditions, digging conditions, or
any other factor that disrupted normal operations.

Despite the unsupporting evidence given by the data,
it should be apparent that a maximum production rate and
maximum output will be obtained if high operating efficien-
cies and low operating angles are maintained in the
dragline operation because maximum cycles per unit time

will then be realized at the operation.
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EFFECT OF CYCLE TIME ON PRODUCTION

i

Significance of Cycle Time Analyses

Knowledge of a stripping machine's average cycle time
can be a very useful tool in production planning and
estimating. The two most critical elements of the digging
cycle--digging time and swing time--have been discussed and
the importance of controlling these elements has been
emphasized several times.

In this particular study it was found that digging
time remained fairly constant throughout the operation.
Since dumping time is also constant, swing time should be
the only significant variable in cycle time. It should then
be expected that some sort of relationship exist between
cycle time and the variable factor in swing time--the
operating angle. This was found to be the case in this
study. In fact a very good linear correlation between
cycle time and the operating angle was obtained by analyzing

data collected with the swing recorder.

Method of Data Collection

Cycle times for various operating angles were collected
on a daily basis and these daily results were averaged over

37
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a two-month period.

Figure 7.1 shows the plot of cycle time versus oper-
ating angle of some data collected with a stopwatch. The
actual cycle times shown are not considered to be as
accurate as the cycle times obtained with the swing recorder,
but the results obtained with the stopwatch did prove to be
of some value ip the study.

By using a stopwatch it was possible to time the dif-
ferent components of the digging cycle. Average digging
time in hard materiai was 17.0 seconds and average digging
time in soft material was 14.9 seconds. Despite this
variance in aigging time['the total cycle.fimes for the
dragline in the two differenﬁ'types of material were found
"to vary only slightly. This is illustrated in Figure 7.1.

Aithough actual digging time for soft material was less
than that for hard material, the dragline spent additional
time in soft material pushing "roll". Pushing "roll" is a
process in which the filled bucket is used to compact the
loose, soft material or bench dirt. This facilitates the
.work of the groundman who does cleanup work with a bull?
dozer. The "roll" pushing process increased the dragline's
average cycle time in soft material and counteracted the
advantage gained in'digging time. |

Since total cycle time in hard and soft material
seemed to vary only slightly, no differentiation - between:

the two types of material was made with data collected with
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the swing recorder.

Results of Cycle Time Analysis

The cycle times obtained with the swing recorder are
listed in Table 7.1.

Regression by method of least squares was applied to
the data and the linear correlation derived is shown in
Figure 7.2. The correlation coefficient calculated in the
analysis was 0.99--evidence of a very good linear
correlation.

Calculations made on the dragline's potential are
based on the results of the linear approximation shown in

Figure 7.2
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Table 7.1

Cycle Times for 1550-W Dragline

Angle Total Time Total No. Seconds
(Degrees) (Minutes) Cycles Per Cycle
15 73 84 52.1
20 200 245 49.0
25 176 202 52,3
30 398 524 45.6
35 327 434 45,2
40 1219 1455 50.3
45 1211 1455 49.9
50 1757 2077 50.8
55 1192 1448 49 .4
60 2819 3188 53.1
65 1465 1614 54.5
70 2290 2466 55.7
75 2195 2310 57.0
80 2742 2831 58.1
85 1908 2011 56.9
90 2740 2791 58.9
95 1596 1577 '60.7
100 3095 3000 61.9
105 1526 1462 62.6

110 2514 2454 61.5
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Table 7.1 (continued)

Angle Total Time Total No. Seconds
(Degrees) (Minutes) Cycles Per Cycle
115 1531 1427 64.4
120 250 3038 64.2
125 929 820 68.0
130 2359 2112 67.0
135 406 338 72.1
140 2084 1782 70.2
145 584 505 69.4
150 920 798 69.2
155 77 66 70.0
160 360 286 75.5
165 49 36 81.7
170 282 212 79.8
180 282 212 79.8
185 36 21 102.6
190 162 114 85.3
200 95 73 78.1
210 30 19 94.7
220 12 7 102.9
240 52 38 90.0
245 30 20 90.0
250 10 5 120.0

260 104 60 140.0
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EFFECT OF MACHINE POSITIONING ON PRODUCTION

‘
i

The task of determining the dragline's production
potential was first approached somewhat theoretically--
although actual production data was used in this approach.

The method consisted of graphically laying out machine
positions, determining how much yardage was moved at each
of these positions, and calculating the amount of time
required at each of these positions by using cycle-time
data.

Tﬁe method can be considered as a form of production
modeling and since it is based on ideal conditions, the
results should represent a potential that approximates the
dragline's maximum,

This modeling process takes into account the amount of
delay time that is encountered in road building, deadheading,
scraping fire clay from the mined-out pit, and greasing the
bucket chains. These were the most common and regularly
occurring delay factors at the study site. The delay
factors are virtually inevitable but if the dragline is
delayed by these factors only, it can reach its maximum

output potential.

44



T 1369 45

Other delay factors occurring at the operation were
breakdowns, supply loading, impeding equipment in the
working area of the dragline, and an assortment of several
other miscellaneous delays. Factors such as these did not
occur on a regular basis so it was impossible to incorpo-
rate them into the model. Power cables were moved more or
less regularly but delay caused by this did not occur on a
daily basis so it was not included in the model.

Dragline positioning was analyzed for 80-, 90-, 100-,
and 110-foot coal cuts. Descriptions of the 90—~ and
100-foot coal cuts will be given in this report.

In all four of the widths analyzed the coal cut was
120 feet long and the overburden was 75 feet thick. The
top 30 feet of overburden was unconsolidated--the bottom
45 feet consolidated. Hard or consolidated material was
assumed to swell 40 percent from its in situ position and
the soft material was assumed to swell 20 percent. These
swell factors are generally regarded to be characteristic
of the material in the area. The main purpose of incorpor-
ating these swell factors into the model is to insure that
the dragline has sufficient spoil room in moving the
overburden.

The spoil is assumed to stack at a vertical to hori-
zontal ratio of 4 to 5 and the highwall is assumed to stand

at a vertical to horizontal ratio of 3 to 1.
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The position of the dragline on the bench will affect
the magnitude of the operating angle. However, some com-
promise must be made between the magnitude of the operating
angle and the overall effectiveness of the operation
because the dragline cannot always dig effectively from a

position which minimizes the operating angle.

Description of Positioning for a 90-Foot Coal Cut

Digging a coal cut 90 feet wide by 120 feet long
requires that the dragline operate from four different
positions on the bench. The first of these positions is
illustrated in Figure 8.1l. At Position One the tub of the
dragline is about 10 feet from the edge of the highwall
and the dragline has just completed a move of 144 feet or
18 steps from the previous cut. The cap rock (approxi-
mately the first 15 feet of rock) is dug by the dragline
at Position One.

Figure 8.2 shows the material moved at Position One
in section. Six thousand cubic yards of rock are moved
from the in situ position with an average operating angle
of 130°. The average cycle time for a 130° swing is 73.0
seconds and 92 cycles are required to dig this portion of
the coal cut. This requires a total time of 112 minutes.
The operating angle of 130° at this position is somewhat
large but the cap rock can be dug diagonally across the

cut from this position, making digging easier than it
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would be if the material were pulled straight back from
the key position,

From Position One the dragline moves 40 feet or five
steps to the key position as shown in Figure 8.3. Since
the dragline makes one step of eight feet in 42 seconds,
3.5 minutes are required for the move. An additional five
minutes for positioning, cable moving, etc. make the total
moving time 8.5 minutes.

At Position Two the dragline digs the second 15-foot
layer of rock. Figure 8.4 shows the material moved at
Position Two in section and although Section F-F' of this
drawing shows the new material wedged in behind the old,
this should not actually be done in practice because the
wedging effect of the new material would tend to push out
the buckwall. New material should be placed on top, rather
than behind, the o0ld material as much as possible.

At Position Two 6000 cubic yards of rock are moved
from the in situ position with an average operating angle
of 105°. The average cycle time for a 105° swing is
66.3 seconds and 92 cycles are required. The total time
reguired at Position Two is 101.5 minutes.

The drag ropes will begin to scrap against the face
as the coal cut gets deeper so the dragline must move up
three steps to Position Three. This move requires seven
minutes. At Position Three the dragline digs down to the

coal but leaves some rock for road building as shown in
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Figure 8.5. The material moved at Position Three is shown
in section in Figure 8.6. Again, the new material should
be placed on top the old material as much as possible.

At Position Three 5667 cubic yards of rock are moved
from the in situ position with an average operating angle
of 85°., The average cycle time for an 85° swing is 60.8
seconds and 87 cycles are required so a total time of 88.0
minutes is needed to move the rock.

The top two-thirds of bench dirﬁ is also moved at
Position Three as shown in section in Figure 8.7. This
bench dirt has an in situ volume of 8000 cubic yards and
the dragline moves it with an average operating angle of
95°, This requires 123 cycles and a total time of 130.0
minutes.

In order to spoil the remaining one-third of the bench
dirt, the dragline must move towards the spoil pile as
shown in Figure 8;8. This move requires a total time of
8.5 minutes. At Position Four 4000 cubic yards of dirt
are moved from the in situ position as shown in section in
Figure 8.9. The dragline moves this material with an
average operating anéle of 110°. The average cycle time
for a 110° swing is 69.4 seconds and 62 cycles are required
so a total time of 73.0 minutes is needed at this position.

From Position Four the road for the next move up is
rocked with the material remaining in the pit. This

requires an average time of 30 minutes.
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The dragline then moves up 144 feet or 18 steps for
the next cut. This requires 10.5 minutes for the actual
moving and five minutes for positioning.

At the new Position One the dragline scraps the fire
clay from the mined-out pit in order to provide a good base
for the buckwall. The material moved is shown in section
in Figure 8.10 and this process takes an average time of
15 minutes. An additional five minutes is required during
the completion of one cut to grease the bucket chains--a
process that prevents excess friction and wear on these
chains.

A total time of 594 minutes is required for a complete
cut to be dug out or for 29,668 cubic yards of material to
be moved from the in situ position. This represents a
production rate of 2,997 cubic yards per hour. Table 8.1

summarizes dragline positioning for a 90-foot coal cut.

Description of Positioning for a 100-Foot Coal Cut

Digging a coal cut 100 feet wide by 120 feet long
requires that the dragline operate from five different
positions. At the first position, illustrated in Figure
8;11, the tub of the dragline is about 10 feet from the
edge of the highwall and the dragline has just completed
a move of 144 feet or 18 steps from its last cut. The
cap rock material dug at Position One is shown in section

in Figure 8.12. At this position, 6667 cubic yards of rock
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Table 8.1

Dragline Positioning for a 90-Foot Coal Cut

A B c D E E <]
Average No. Time
Dragline Material Yardage Swing Cycle Cycles (min)
Position Moved Moved Angle Time (c/65) (E X F)
l A * e o O > o o o *® o o 0 * 0 o 0 1500
1 B 6000 130° 73.0 92 112.0

Move to Position Two (5 steps X 42 sec/step X 1/60) = 3.5 min

(Allow 5 min for maneuvering and cable moving) 8.5
2 Cc 6000 105° 66.3 92 101.5
Move to Position Three (3 steps X 42/60) = 2 min (Add 5 min) 7.0
3 D 5667 85° 60.8 87 88.0
3 E 8000 95° 63.5 123 130.0
Move to Position Four (5 steps X 42/60) = 3.5 min (Add 5 min) 8.5
4 F 4000 110° 69.4 62 73.0
Allow 30 min to rock bench for next move up 30.0

Move up for next cut (15 steps X 42/60) = 10.5 min (Add 5 min) 15.5

Allow 5 min for greasing bucket chains 5.0
Total Time —-====—-- 594.0
Total Bank Yards --- 29,667 Cu Yd
Averagé Operating Angle --- 104°
Operating Efficiency --- 83.6%
Production Rate --- 29667 X 60 2,997 Cu Yd Per Hr

594
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are removed from the in situ position with an average
operating angle of 130°. The average cycle time for a
swing of 130° is 73.0 seconds and 103 cycles are needed,
so a total time of 125.0 minutes is required.

As in the 90-foot coal cut, it is easier to dig the
cap rock diagonally, rather than straight back, despite the
large operating angle of 130°.

The dragline moves 48 feet or six steps from Position
One to the key position as shown in Figure 8.13. This move
requires a total time of nine minutes. At Position Two
the dragline digs the next 15 feet of rock as shown in
section in Figure 8.14. At this position the dragline
moves 6667 cubic yards of rock with an average operating
angle of 95°. sSince a 95° cycle averages 63.5 seconds and
since 103 cycles are needed, a total time of 109.0 minutes
is required for this position.

The drag ropés will begin to scrap against the face
as the dragline digs further down so a move of three steps
toward the face to Position Three rust be made. This move
requires seven minutes.

At Position Threé the dragline digs down to the coal
but leaves some rock for road building as shown in Figure
8.15. The dragline will move 6333 cubic yards of rock at
this position with an average operating angle of 80°. The
material moved is shown in section in Figure 8.16. The

average cycle time for an 80° swing is 59.5 seconds and



T 1369

p_———
~— - —
N ™ - - -
N — -— . ~
-~ " - - ~— e ™
—— — = —
\.\.‘“‘“‘-~~~—
-
S . — .,COAL"— -
, — — — Rl - -
— - V. TS WD gy — —
— T amn  ate e o, -
- g D R ot o — -
~ —— NP e —— o - = - ]
Vot s S s T s v, e WA D s ot —

(<]
td

COAL CU

CREST OF SPOIL

BENCH

0
HIGHWALL /95
A‘éz: C)

T T T I T LTI

SLCPE

m— e N) =

o

| SPO —
c |
—~  suRFacE
| F' —
I — Picure 8,13
sy
— Drarline Tosition
_& =3 Fumher Two
BUCK¥ALL s




T 1369
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97 cycles are needed so the total time is 96.0 minutes.

Lack of operating radius prevents the dragline from
spoiling bench dirt at Position Three. Therefore, the
dragline must move three steps toward the spoil pile as
illustrated in Figure 8.17. The move to Position Four
requires seven minutes and the material moved at this posi-
tion is shown in section in Figure 8.18. The dragline
moves 8889 cubic yards of dirt at this position with an
average operating angle of 952, A total of 137 cycles are
required and the total time at this position is 145.0
minutes.

In order to spoil the remaining one-third of the bench
dirt, the dragline must move another three steps towards
the spoil pile to Position Five as shown in Figure 8.19.
The move takes seven minutes and the material moved at
Position Five is shown in section in Figure 8.20. At this
position 4444 cubic yards of dirt are removed from their
in situ position with an average operating angle of 105°.
A total of 75.0 minutes are required at this position.

From Position Five the road for the next move up is
rocked with the remaining material in the pit and an average
time of 30 minutes is needed for this process.

The dragline then moves up 18 steps for the next cut.
This requires 10.5 minutes for the actual moving and five

minutes for positioning and cable moving.



T 1369

- - -— -
—— sttt vt vy > gy e e
—— — T e e ———

e Nt o — ——— ™ P ot -

——— — — o, —-_ S S —

— —— "=
— Ty —— - -

S~ LO0AL—- ——Z==

— v — —— - - -

— . o S T un was  m—
— - - - o -

—
T - ="
ROAD RCCK = |z S—-===
. ) — — — N —
s e s — T ——
T X — —— -,
v w— . —~—— T s

I et ey o — . T S, I'

CREST OF = —
5 ~.—-—-:_¢ e =y —
SPOIL === ====:
— — - o— —— S— —
— —— — -
\:Ss§\ - o g e s
——— S —
. —— — —— ———
—— - ) — o —
(St I o> e —— — > S t—

]

\
E\ - | s
DRAGLINE

|
|
—— J E_[] 1 %50
| N
|
I
I

BUCKWALL

BENC
DIR

I l llillll[lllllllTlllllll

Pigure 8,17

Dragline Position
Number Four




T 1369
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At the new Position One the dragline scraps out the
fire clay from the mined-out pit in order to provide a good
base for a buckwall. Figure 8.21 shows the material moved
at this position in section. The clay-removal process takes
an average time of 15 minutes and an additional 5 minutes
is required for greasing the bucket chains.

A total time of 645.5 minutes is required for a com-
plete cut to be dug out or for 33,000 cubic yards of
material to be moved from the in situ position. This repre-
sents a production rate of 3070 cubic yards per hour. Table
8.2 summarizes the dragline positioning for a 100-foot coal

cut.
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PIRE CLAY SCRAPED OUT

SECTION A-A' MATERIAL REMOVED AT POSITION ONE

FIRE CLAY SPOILED
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Table 8.2
Dragline Positioning for a 100-Foot Coal Cut
A B ¢ D E F G
Average
Dragline Material Yardage Swing Cycle Number Time
Position Moved Moved Angle Time Cycles (E X F)
l A ® ® 0 o e & o 0 * o o9 ® ® o o 15.0
1 B 6667 130° 73.0 103 125.0
Move to Position Two (6 steps X 42 sec/step X 1/60) = 4 min
(Allow 5 min for maneuvering and cable moving) 9.0
2 c 6667 95° 63.5 103 109.0
Move to Position Three (3 steps X 42/60) = 2 min (Add 5 min) 7.0
3 D 6333 80° 59.5 97 96.0
Move to Position Four (3 steps X 42/60) = 2 min (Add 5 min) 7.0
4 E 8889 95° 63.5 137 145.0
Move to Position Five (3 steps X 42/60) = 2 min (Add 5 min) 7.0
5 F 4444 105° 66.3 68 75.0
Allow 30 min to rock bench for next move up
Move up for next cut (15 steps X 42/60) = 13 min (Add 5 min) 18.0
Allow 5 min for greasing bucket chains | 5.0
Total Time —=—======- 645.5

Total Bank Yards -=-—--- 33,000
Average Operating Angle ====-- 100°
Operating Efficiency ------ 83.8%

Production Rate ==-=~-- 3070 Cu Yd Per Hr
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EFFECT OF COAL CUT WIDTH ON PRODUCTION

Optirmmum Cut Width for the Dragline

The results of the analysis of dragline positioning
indicated that it is advantageous to dig the pit or coal
cut as wide as possible.

Analyses of 80-, 90-, 100-, and 110-foot widths were
made and, as shown in Figure 9.1, a 110-foot width seems to
be optimal for the dragline. It was found that a 11l0~-foot
pit was too wide for the dragline. The limiting factor in
using a 110-foot cut was found to be the dragline's maximum
operating radius of 246 feet.

The plotted results of the other three width analyses
show that operating efficiency and production rate are at a
maximum with the 100-foot cut. Since the analyses were
theoretical in nature, the results shown cannot be con-
sidered absolute but they do show the relative advantage of
digging a 100-foot cut over the two smaller cuts.

Part of the production advantage gained in using a
wide cut is due to an advantage in the operating angle.

A wide bench allows the dragline more operating room and,

consequently, the operating angle can be kept smaller.
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Table 9.1 shows the average operating for the three cut

widths as determined by the graphical analysis.

Table 9.1

Average Operating Angles for Different Coal Cut Widths

Cut Width (Feet) 80 20 100
Average Operating 103° 104° 100°
Angle

As shown above, the smallest average operating angle
is obtained with a 100-foot cut. However, the relationship
between the cut width and the operating angle is not
entirely uniform. It should be expected that the operating
angle decrease with an increase in cut width, but this was
not found to be the case in the analysis as the pit width
was increased from.80 feet to 90 feet.

This then shows that the increasing function of pro-
duction rate versus cut width illustrated in Figure 9.1 is
not entirely due to the effect of the operating angle. The
function illustrated éan also be explained by the advantage
gained in operating efficiency. The wider the coal cut,
the larger the volume of material dug from the cut. The
dragline therefore moves a larger amount of material at
each position and production time is gained--resulting in

a higher operating efficiency.
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In summary, the results show that a maximum production
rate is obtained with a 100-foot coal cut because the
operating angle is at a relative minimum and the operating

efficiency is at a relative maximum with that width.

Optimum Cut Width for Pit Conditions

It may be concluded from the discussion above that a
dragline should dig a coal cut as wide as possible, but
another factor must be considered in determining the opti-
mum cut width,

Since wider cuts necessitate the handling of larger
amounts of material, spoil-stacking problems may result.
With a wide cut large amounts of material must be stacked
in one area. If the stacked material has a tendency to
slide--due to fragment size and material texture--the cut
width will have to be reduced to prevent undue sliding of
the buckwall. If the buckwall slides back into the pit, a
rehandle process of re-stacking the material must take
place and all production advantage gained from the wide pit
is lost.

In pits where buckwall problems exist, a compromise
must be made between production efficiency and buckwall
support. In cases of this sort, the optimum cut or pit
width cannot be quantified but some suitable width will
have to be determined by empirical methods.

Although the optimum cut width for the dragline at the



T 1369 80

operation studied was found to be 100 feet, buckwall pro-
blems did exist so the 100-foot width would probably be

unsuitable for the overall operation.
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A COMPARISON OF DRAGLINE AND STRIPPING SHOVEL PERFORMANCE

Dragline Production Rate Based on Swing-Recorder Data

In addition to the semi-theoretical approach, the
dragline's production potential was calculated from swing-
recorder data.

The aerial survey for the second month of the study
showed that the dragline had merd 1,570,503 cubic yards of
material during the month. Swing-recorder data also showed
that the dragline's operating efficiency for the month was
66.0 percent--a total of 491 operating hours.

In order to move 1,570,503 cubic yards in 491 hours,
the dragline would have had to operate at an average produc-
tion rate of 3198 cubic yards per hour during those 491
hours.

A production rate of 3198 cubic yards per hour is
within the range of the rates obtained in the theoretical
analysis and is also verified by swing-recorder data. The
491 hours of operating time that were achieved during the
month can be thought of as a period in which the operating
efficiency was 100 percent. The production rates listed
in the third column of Table 5.1 are average rates for a
24-hour period. These rates do not represent the actual

81
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rate obtained while the dragline was actually working
because down time is averaged into the rates.

Down time is not averaged into the rates listed in
the fourth column of Table 5.l1l--these rates represent actual
operating time. In other words, these rates represent the
daily average production rates that were obtained while the
dragline was actually digging.

The average of the rates shown in the fourth column
is 3220 cubic yards per hour. On the basis of the theore-
tical analysis and the results given above, it can be
assumed that the dragline can operate at a rate of at least
3000 cubic yards per hour. This shows that the dragline is

a very productive machine if it can be kept in operation.

Comparative Output of Dragline and Stripping Shovel

The stripping shovel at the mine was a Marion 5761 with
a 65-cubic-yard bucket. Since the dragline and the strip-
ping shovel had a similar bucket size, a reasonable assump-
tion would be that the two machines had a similar output.

However, the aerial surveys c§nsistently showed that
the dragline was moving approximately 1,500,000 cubic yards
per month and that the shovel was moving only 1,000,000
cubic yards. Also, the dragline's operating efficiency was
usually in the range of 70 percent while the shovel's
efficiency was about 85 percent. Therefore, despite the

fact that the dragline was operating approximately 15 percent
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of the time less than the shovel, it was getting 50 percent
more output.

In addition to this relative inefficiency, the strip-
ping shovel--operating in 80 feet of overburden--required
help from a small dragline in spoiling the overburden.

This dragline was located on top of the spoil pile and it
pulled back the material that the stripping shdvel stacked
in order to give the shovel sufficient spoil room.

Material was thus being moved twice and the small’

dragline was essentially a "dead work" machine.

Relative Inefficiency of the Stripping Shovel

The "pull back" operation discussed above was neces-
sary because the stripping shovel was operating in a depth
of overburden beyond its intended design.
| Part of the shovel's relative unproductiveness was
probably due to the effect of its bucket factor. Previéus
discussion showéd that the dragline could average 65 cubic
yards of material per bucketful. Although the stripping
shovel had a rated bucket size of 65 cubic yardsv and |
although no direct measurements were made, it is doubtful
that the shovel was averaging 65 cubic yards of material
per buckeﬁful.

A dragline bucket can be dragged until the bucket is
virtually overflowing with material bﬁt this is not the

case with a stripping shovel bucket. Since a stripping
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shovel digs upward and usually makes only one pass, it is
difficult to completely fill the bucket— even with a

skilled operator on the job.

Figure 10.1

Bucyrus Erie 1550-W Dragline

No actual numbers can be presented here because no
data was collected on the shovel, but it was observed that
the average operating angle of the shovel— 90° to 180°—

was generally larger than the usual 90° angle of the

04
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dragline. This difference in operating angle could be
another reason for the difference in output between the

dragline and the shovel.

Figure 10.2

5761 Marion Stripping Shovel

Although stripping shovels have been in major strip-
ping machine at strip mines in the past, it is doubtful
that this dominance will continue, especially with the
increasing depths of overburden that are being stripped
throughout the industry. The study at this mine gave a
small-scale indication of the relative worth of draglines
and stripping shovels and is possibly an indication of why
more draglines and fewer stripping shovels will be used at

strip mines in the future.
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Figure 10.3

Bucket of 5761 Marion Stripping Shovel (65 Cu Yd)
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_  IHE IMPORTANCE OF AN EFFECTIVE MAINTENANCE PROGRAM
"IN A STRIPPING OPERATION

Much of this report has emphasized the fact that the
1550-W dragline is a very productive machine--if it can be
kept in operation. The effect of an increase in operating
efficiency has been quantified but some mention should be
made of the effect of no increase in operating efficiency.

It has been established that the dragline can operate
at a rate of at least 3006 cubic yards per hour if no delay
~oécurs. If delays dovoccur, however, the fixed costs of
operation continue and a loss of revenue from the coal that
is not stripped is incurred.

If the stripping fatio is taken to be 15:1 and the
price‘of coal.is taken to be $5.00 per ton, the variable
cost per hour of down time can be(illustrated by the

following hypothetical calculation.

3000 cu yd , 1 ton coal $5.00 _ $1000
‘hr 15 cu yd overburden 1 ton coal hr

87
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Elements of Effective Maintenance

The example above should emphasize the importance of
keeping the dragline in operation. A very effective main-
tenance program is the key‘to keeping the dragline in
operation.

It has been shown that output is a.linear function of
operating efficiency so anything--large or smail——that
increases operating efficiency will increase production
simultaneously.

Boulter (1968, p. 450) has listed some of the factors
that "affect the output of draglines_ under job ahd manage-
ment conditions." These factoré include the'following.

1. Operator - Factors dealing with the selectioﬁ,

training, and direction of men should be considéred,

2. Job iayout - Planning, laying out, supervising,

and coordinating the operations are included here.

3. Selection, care, and repair of equipment - This is

a very important factor relative to the economic
life of the equipment as.well as the overall
effectiveness of the operation. /

4. Sﬁpervision - Higher efficiencies are very depen-

dent upon proper supervision.

The factors above are all part of an effective program
of mainfenance planning and superviéion.

Weimer (1968, p. 228) describes effective maintenance

as follows.
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The efficiency of the overall operation depends
on how continously the machine can be kept at
useful work.

Good maintenance is achieved by recognizing
the insignificant things, then doing something
about them before they lead to long delays (big
breakdowns). Proper handling of the equipment on
the job, along with good inspection procedures,
will keep repairs to a minimum. Following recom-
mended procedures as outlined by the manufac-
turers is the first step. Beyond that, good
maintenance is nothing more than vigilance coupled
with action. The all important preventive-
maintenance program cannot be overemphasized. The
recording system for reporting on routine inspec-
tion should be simple yet complete. Within the
records should appear a history of repairs to all
the difficulties of the past. One must remember
that check lists cannot replace a top-notch
mechanic, and that a successful preventive mainte-
nance program cannot exist without both of them.

Improvements in Maintenance

The effectiveness of a maintenance program is dependent
on the type of planning put into the program and the type
of supervision used in carrying out the program. The
effectiveness of the program is then dependent on the per-
sonnel responsible for the program. Some of the consequen-
ces of loss of operating time have been pointed out in this
report but no real improvements can be made unless the
operations personnel recognize the magnitude of these
consequences and bring about the improvements themselves.
These people should be constantly experimenting with new
maintenance systems in an effort to improve efficiency.

Some improvement can be made if scheduled maintenance

time is minimized by insuring that all needed parts,
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equipment and personnel are available before the machine
is actually shut down.

Down time due to breakdowns can be reduced if parts
and equipment that are frequently used are kept on hand at
the dragline. Also, as many needed repairs as possible
should be made during one shutdown.

Gambs (1970, p. 86) has described the use of Critical
Path Method analyses in construction projects at coal mines.

This type of analysis could be implemented in mainte-
nance programs in an effort to reduce delay time caused by
repair work.

Major repair jobs could be set up in a Critical Path
Network by close cooperation between operations and engineer-
ing personnel. A Critical Path program would help to
insure that jobs are done in the proper sequence and that

total repair time is kept at a minimum,

Relative Frequency of Delay Factors

Since certain delay factors occur more often than
others, the more frequent factors should be anticipated so
that their effect will be minimized. For example, if bucket
teeth are known to wear out with a certain frequency,
sharpened teeth should be made available on a similar
frequency.

The following table summarizes the relative frequency -

of the delay factors that were incurred during the course
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of the study.

Table 11.1

Relative Occurrance of Dragline Delay Factors

Type of Delay Percent of Total Delay Time
Electric Maintenance 7.0
Mechanical Maintenance 49.5
Power 4.5
Change Cable ———
0Oil-Grease 4.6
Bucket Maintenance 1.3
Wire Rope Maintenance 11.8
Coal Loading Delays 3.1
Slides-Pit Cleaning 9.0
Deadheading 6.7
Lunch 0.3
Miscellaneous 2.2 ’

It should be noted that electrical and mechanical
repairs make up over 50 percent of the total delay time.
Much improvement could be made with improved planning and

effectiveness in these areas alone.
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SUMMARY AND CONCLUSIONS

The multi-million dollar capital investments and the
large operating expenses involved in strip mining must be
economically justified by obtaining maximum production from
the stripping equipment. If maximum machine production
is to be realized, a highly efficient stripping operation
must be maintained. Efficiency of a stripping operation

depends on.knowing exactly how much the stripping machines

. are producing, knowing how much the machines are capable

of producing, and knowing how to increase production if a
lag is detected in the operation. This typerf knowledge
can be ébtained by studying the variqus producfion factqrs
affécting_the operation.

- A detailed produétion study of an operating dragline
was conducted. Analysis of production data and observation
of the mining opération itself‘prompted the follow;ng con-
clusions.

1. Strip mining equipment should be pre-selected to
fit a particular operation whenever possible, but available
equipment must be utilized as effectively as possible if
machinery cannot be pre-selected.

2. Effective equipment utilization begins with
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identification and quantificatioﬁ of the various production
factors affecting the operation. The production factors
identified in this particular study were: cycle time,
operatihg efficiéncy, operating angle, width of pit, bucket
factor, and the maintenance program.

3. All the factors listed above were seen to affect
the machine's production rate-—its'rate of moving overburden
in cubic yards per hour. .

4. Since the major objective of the stripping operation
‘should be maximization of machine production rate, the effect
of the various production factors must be minimized or
. maximized if a maximum préduction rate is to be realized.

5. The key to a productive strip-mine operation
‘consists of keeping the machines in operation and operating
the machines efficiently.

6. An effective maintenance program is needed to keep
the machines in operation.

7.. Since a stripping machine obviously cannot be
kept in‘constantvoperation, it must be utilized as effectively.
-as possibie while it is in operation. This can be thought
of as a prdcess of optimizing'the machine's digging cycle.

8. Data'for the study was collected with a swing;
recordef. antinued use of the recorder at the operation
would help in detefmining actual machine production.

9. Production data showed that the dragline was
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averaging 65 bank yards of méterial.

10. A very good linear correlation between operating
efficiency and production rate was obtained.

11. Although low operéting angles should be expected
to correspond with high production rates, the data collected
did not reflect this type of correlation;

12. A very good linear correlation was found to
exist between cycle time and operating angle.

13. Analysis of production data showed that the.drag-
line was capable of moving at least 3000 bank yards of
overburden per hour, if no delays were incurred.

14. It was found that the'optimum pit ﬁidth for the
" dragline--in maximizing production--was 100 feet. However,
pit conditions will not always allow a full 100-foot pit.
to be maintained because the spoil pile will tend to slide
back into the pit in some areas. Some compromise between
optimum pit width for the machine and actual pit conditions
mustAthen be worked out.

15. The dragline at the operation was found to be
producing 50 peréent more than the stripping shovel at the
_same operation. This was occurring despite the fact that
the dragline was operating 15 percent of the time less than
the shovel. This raises some question about the suitability
of a stfipping shovel at this mine.

16. Any noticeable improvement in productidn from the
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dragline or stripping shovel can only be obtained by an

improved system of maintenance.
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