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MATERIALS HANDLING RESEARCH: THE BUCKET-WHEEL EXCAVATOR
by

G. C. Price,! C. B. Manula,? and Rajaraman Venkataramani3

ABSTRACT

This study traces the development of the bucket-wheel excavator, points
out the differences in the German- and American-type wheels, and gives the
major design criteria and the advantages and disadvantages of bucket-wheel
operations. A computer program, written in FORTRAN IV for use with an IBM 360
computer, simulates the operation of the digging components of a bucket-wheel
excavator. By supplying certain mining dimensions, soil characteristics, and
machine design specifications, this program will print out a time study of the
various components of an operation, power calculations for the operation, and
production data., This program, when combined with a truck, belt, or rail
program, should be helpful in planning a complete mining system in material
suitable for a bucket-wheel excavator operation.

INTRODUCTION

Materials handling is an integral part of the mining system. The cost of
this function ranges from 30 to 70 percent of the selling price of mined
materials.

As the remaining domestic minerals and fuels are of a poorer quality and
must be mined under increasingly deeper cover, higher volumes of waste and
barren overburden must be mined and handled. The Bureau's materials handling
research program has a primary goal--the development of safer and more effi-
cient materials handling systems so that the Nation's mineral industry can
meet the current and projected mineral and fuel demands.

The bucket wheel excavator (BWE) has received little attention in the
United States mainly because domestic equipment manufacturers have opted
to increase unit capacity by increasing the size of the more conventional
shovels and dragline excavators. Shovels for stripping cover over coalbeds
with dipper capacities of 200 cubic yards are currently in operation.

1Mining engineer.

2Assistant professor of mining, The Pennsylvania State University,
University Park, Pa.

3Graduate assistant, The Pennsylvania State University, University Park, Pa,



High productivity, versatility, economy, continuous operation, and adapt-
ability to most types of haulage systems make BWE's potentially attractive
as prime excavators of low-grade ores, for stripping overburden, and for other
earth moving operations. Because of its continuous operation and simplicity,
the operation of the BWE can be mathematically modeled and simulated by a
computer, thus providing estimates of its productivity for a given set of
operating conditions.

This report traces the development of the BWE and points up its advan-
tages, disadvantages, and limitations as a primary excavator of materials.
A complete computer program has been developed which simulates the operation
of the BWE and provides estimates of power consumption and productivity given
the mining dimensions, soil characteristics, and machine specifications.

Wheel excavators have been the most commonly used machines in German
lignite fields for over 30 years. More recently, their use has spread to the
United States for coal strip-mining operations and for other large earthmoving
operations such as the San Luis and Oroville Dam projects in California., 1In
the American coalfields, they usually are used in conjunction with a large
stripping shovel to increase the depth of overburden which may be economically
removed; the wheel excavator mining the relatively soft upper portion while:
the shovel mines the harder material. A lighter version of the bucket-wheel
also is becoming popular for stockpiling and reclaiming operations because of
its high loading capacities, ease of automation, and its adaptability to
various materials handling systems. Table 1 lists bucket wheel excavators
used in American coalfields.

TABLE 1. - Bucket-wheel excavators in American coalfields

Type Mine Location Company
Kolbe W-1..... eeeeeso.|Little Sister......|Saint David, Ill.|Truax-Traer Coal.
Kolbe W-2,......4¢+...|Buckheart..........|Canton, Ill......|United Electric

Coal.

Kolbe W-3',...........|Banner.............|Banner, Ill...... Do.
Kolbe W-4,.....000000.|Cub8eeivreseecensss|Cuba, I11........ Do.
Kolbe W=5.....0.v0000.|Fidelity.iveeuseeeso|DuQuoin, Ill..... Do.
Bucyrus-Erie 1054WX...|Middle Grove.......|Farmington, Ill..}Peabody Coal.
Bucyrus-Erie 954WX...|Red Ember..........|Fiatt, Ill.......|Truax-Traer Coal.
Krupp 1500............|Northern Illinois..|Wilmington, I1l..{Peabody Coal.
Lauchhammer®..........|Glenharold......... Stanton, N. Dak..|Truax-Traer Coal.

i{Not in operation.
20Operated in lignite fields; all others in bituminous coalfields.

Wheel excavators are being used in Australia, Guayana, Canada, Congo,
Czechoslovakia, Great Britain, India, Indonesia, Japan, Morocco, Zambia,
U.S.5.R., South Africa, the United States, and Yugoslavia for loading chalk,
lignite, clay, sandstone, phosphate, broken iron ore, coal, clay, shale, oil
sands, and loose, semiloose, and rock overburden.
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GERMAN AND AMERICAN EXCAVATORS

Bucket-wheel excavators for strip mining may be divided into two main
types~-German and American-Kolbe.* The wheel, or digging component, of both
types consists of a relatively large diameter wheel with buckets arranged
around its circumference and with an arrangement to transfer the mined
material from these buckets to a conveyor system.

The German type was developed for use in their lignite fields., It usu-
ally is crawler mounted, with mountings arranged to give three-point support,

FIGURE 1. - German-Type Bucket-Wheel Excavator.

4Reference to specific models of equipment is made for identification only and
does not imply endorsement by the Bureau of Mines.



and has a relatively low ground-bearing pressure (approximately 15 pounds per
'square inch). The ladder (loading) and stacker (discharge) booms swing inde-
pendently of each other and therefore require counterbalances. Each boom is
equipped with a conveyor belt and the transfer of material from the ladder
boom to the stacker boom is accomplished through a somewhat complicated chute
arrangement. Some vertical adjustment is possible in the stacker boom; but
this is not as critical as in the American type, since the material is ordi-
narily transferred to an exterior haulage system such as a bridge or stacker
conveyor, trucks, or rail cars. These machines may excavate overburden,
lignite, or bath overburden and lignite (fig. 1).

Early model German-type bucket-wheel excavators were equipped with both
independent swing of the ladder and stacker booms and with "crowd," a feature
whereby the ladder assembly is mounted on rollers and a track so that it may
be advanced or retracted. As the size of excavators increased, it became
uneconomical to retain both independent swing and crowd, so most late model
German-type excavators do not have the crowd feature.

Most American-Kolbe-type machines are crawler-mounted with four-point
support and have hydraulic cylinders for leveling. Ground-bearing pressures
are high (approximately 45 pounds per square inch), as the machines were

FIGURE 2. - American Kolbe-Type Bucket-Wheel Excavator.



designed to operate from the coal surface. The ladder and stacker booms do
not have independent swing and are not as heavily counterweighted as the
German-type machines; since their horizontal relationship does mnot change,
each tends to counterbalance the other. Transfer of materials from the load-
ing to the stacker boom conveyor is simple, since the direction of material
flow does not change. These machines usually excavate overburden only, and
may be used in conjunction with a stripping shovel. Overburden is usually
spoiled but may be transferred to an external haulage system (fig, 2).

The Kolbe-type bucket-wheel excavators have crowd. Due to mechanical
design restrictions, these excavators do not have independent swing of the
stacker boom (fig. 2). Several other types of bucket-wheel excavators have
been developed in the United States for special applications. These may be
either crawler, rubber tire, or rail mounted and have a wide range of
capacities.,

Bucket-wheel reclaimers, which are of lighter construction than bucket-
wheel excavators, are becoming increasingly popular for reclaiming and
stacking/reclaiming operations. Higher capacity, higher availability,
simplicity of operation, low degree of operator skill required, and the
possibility of complete automation combine to make these machines more
attractive than intermittent operating machines such as clamshells and
draglines for reclaiming. The ability to use the reclaimer as a stacker
by reversing the belts is a further advantage since it eliminates a separate
stacker (fig. 3).

FIGURE 3. - Rail-Mounted, Bucket-Whee| Stacker/Reclaimer, Fully Automated.



DEVELOPMENT AND USE OF WHEEL EXCAVATORS

The bucket-wheel excavator was patented in 1913, Its first practical
application was in an open pit lignite mine in Germany in 1920; however,
because of technical problems rather than wheel design, this operation was
not a success. By 1936 several bucket-wheel excavators, capable of handling
650 cubic yards of material per hour, were in operation in the German lignite
fields.

During the war years, 1942 through 1945, the demand for coal in America
increased substantially. Large reserves of coal were available in Illinois,
provided mining machines could be found that would remove the overburden more
efficiently than the draglines and/or shovels in use at the time. Mr. Frank
Kolbe pioneered the development of the bucket-wheel excavator as a solution
to this problem.

The board of directors of the United Electric Coal Co. approved a plan
for fabricating an experimental wheel excavator in April 1943. This machine,
Model A-307, was built by the Bucyrus-Erie Co., on a Marion 360 dragline frame.
It had a 20-foot-diameter wheel with eight cast-steel buckets. As this was
an experimental model, it had no stacker boom but discharged the material at
the highwall, This machine was field tested at the Company's Cuba mine early
in 1944; it performed so well that an order was placed with the Bucyrus-Erie
Co. for two production machines. The first of these machines, Model A-309
(W-1), was placed in service at the Cuba mine during the summer of 1944, It
was later sold to the Truax-Traer Coal Co. and is presently in service at
their Little Sister mine. The second machine, Model A-310 (W-2), was placed
in service at the Buckheart mine in August 1948. Delivery of the second
machine was delayed by operational problems encountered with the earlier
model, which required extensive modificatioms. 1In 1951 the company decided
to order a third machine; this machine (W-3) was placed in service at the
Fidelity mine near DeQuoin, Ill., in August 1955, It differed from earlier
models in that the wheel rotated in the opposite direction, digging downward
instead of upward into the overburden, and throwing the material back upon
the ladder conveyor. This arrangement did not perform as well as expected,
and in 1961 the machine was taken out of service and converted to a standard
bucket wheel. It was placed back in service in Janury 1963 at the Banner mine.
In 1957 a fourth machine (W-4) was ordered to replace the W-1 and was placed
in service at the Cuba mine in January 1959.

The latest Kolbe-type wheel excavator (W-5) went into service August 1967
at the Fidelity mine. This excavator has an overall length of 426 feet, wheel
diameter of 22 feet, and a practical capacity of 2,000 to 2,400 cubic yards
per hour. The Kolbe-type wheels were designed to operate in conjunction with
a stripping shovel; with the wheel excavator removing the upper laver of over-
burden and spoiling it on top of the harder material mined by the shovel
(fig. 4).

Each machine underwent many modifications; as operational problems were
encountered, changes were made to minimize them. The cup-type buckets on the
original machine would clog whenever the moisture and clay content of the
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FIGURE 4. - Kolbe-Type Wheel Excavators.

overburden was high. A bucket chain mat, invented in 1952 by Frank Kolbe,
practically eliminated problems of clogging (fig. 5). Conveyor speeds were
increased from about 400 to nearly 1,000 feet per minute. Impact rollers
were redesigned to minimize belt damage from large boulders. A floating
drive minimized the effect of shock on the wheel when boulders were encoun-
tered. During this period, the practical machine capacity rose from

1,000 to nearly 4,000 cubic yards per hour.

In 1954 the Truax-Traer Coal Co. placed a Bucyrus-Erie Model 954WX
bucket-wheel excavator in service at their Fiatt mine, Fiatt, I11., This machine
operated in conjunction with a 35-cubiec-yard shovel removing overburden.



FIGURE 5. - Bucket Wheel, Showing Chain-Mat Backing in Buckets and Rollers for
Transfer of Material From Wheel to Belt.

They also placed a Kolbe-type wheel excavator in service at their Little
Sister mine, Saint David, Ill. This machine operated in conjunction with a
45-cubic-yard shovel removing overburden.

McDowell-Wellman Engineering Co., licensed by Demag-Lauchhammer, erected
a wheel excavator for use at Truax-Traer's Glenharold lignite mine, Stanton,
N. Dak., where they mined two lignite seams. The wheel excavator spoiled the
overburden above the upper lignite seam and then mined this upper seam. The
lignite was deposited on the base seam on which the machine operated, and the
excavator then spoiled the overburden between the upper and lower lignite
seams, A 12-cubic-yard shovel then loaded the lignite from both seams into
trucks for transfer to a powerplant.

This wheel excavator had a 29-1/2-foot-diameter wheel, a total length of
425 feet, and a practical capacity of 1,800 cubic yards per hour.

The Peabody Coal Co. placed a Bucyrus-Erie Model 1054WX excavator in
service at their River King mine, Freeburg, Ill., in 1960. This machine had
a 25-foot-diameter wheel with nine 1-1/8-cubic-yard buckets, a practical



capacity of 1,750 cubic yards per hour, and could mine from 38 to 100 feet
above the top of the coal seam. It operated in conjunction with a 70-cubic-
yard shovel. The wheel excavator was later moved to their Middle Grove mine
near Farmington, Il1l.

The Peabody Coal Co. also operates a Krupp 1500 bucket-wheel excavator at
their Northern Illinois mine near Wilmington, I1l. This machine has a
37-1/2-foot-diameter wheel with nine 2-1/2-cubic-yard buckets, a capacity of
over 3,000 cubic yards per hour, a 239-foot stacker boom, and a 152-3/4-foot
ladder boom, and will mine from 18 feet below to 100 feet above the coal seam,
It operated in conjunction with a 30-cubic-yard walking dragline, which
removed about 12 feet of blasted hard shale immediately above the coal seam.

In 1963 the United States Borax and Chemical Co. placed a Mechanical
Excavators, Inc., Model 500 wheel excavator in service at their Boron mine,
Boron, Calif, This machine was much smaller than the ones used in removing
overburden from coal seams., It had a 12-foot 10-inch-diameter wheel with
six 1/6-cubic-yard buckets, a total overall length of 60 feet, and a rated
capacity of 500 cubic yards per hour.

A Bucyrus-Erie Model 684WX excavator was used to load fill for the
San Luis Dam project near Los Banos, Calif., This machine had a 31l-foot-
diameter wheel with 10 buckets, each with a 2~1/2-cubic-yard capacity, a
total length of 130 feet, and a rated capacity of 3,500 to 3,800 cubic yards
per hour.

A McDowell-Wellman/Lauchhammer excavator was used to handle gravel tail-
ings from an old-gold mining operation for fill at the Oroville Dam project on
the Feather River in California. The machine had a 30-foot-diameter wheel
with eight 1.8-cubic~yard buckets and a rated capacity of 3,500 to 4,200 cubic
yards per hour.,

The original Mechanical Excavators, Inc., Model 2000 excavator was placed
in service at the Abiquiu Dam project on the Rio Chama River in New Mexico. This
machine had a 20,3-foot-diameter wheel with six 1l.5-cubic-yard-buckets and a
rated capacity of 2,000 cubic yards per hour., Mechanical Excavators, Inc.,
and Barber-Greene Co. have tested bucket-wheel excavators in coal seams.

American Manufacturers of Bucket-Wheel Excavators

Bucyrus-Erie has built Kolbe-type excavators for use in coal stripping
operations and a special machine used at the San Luis Dam project. Each of
these machines was designed for one specific project.

McDowell-Wellman Engineering Co. is licensed by Demag-Lauchhammer,
Dusseldorf, West Germany, to produce their line of excavators. They have
erected German-type excavators for use on the Oroville Dam project and the
lignite operation in North Dakota.

Mechanical Excavators, Inc., built their original large wheel excavator
for use at Abiquiu Dam, and a smaller unit used at the Boron mine in California.
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They offer crawler-mounted units with 300- to 3,000-cubic-yard-per-hour capac-
ities and rubber tire units with 300- and 500-cubic-yard-per-hour capacities.

Dravo Corp. builds rail-mounted bucket wheels expressly for stacker/
reclaimer operations.

Comparison With Shovels or Draglines

Mani (76 -77)° provides some idea of the availability for certain excava-
tion equipment as shown in table 2,

TABLE 2. - Availability factors (76 -77)

Power Bucket

shovels, chain Bucket - Ideal
draglines, |excavators wheel excavating
motorized |and scraper|excavators | machines

scrapers loaders

Basic work content: Excavation

of s0il (A)eeesesesas..percent.. 25 32 45 70
Excess work content:

Transporting and shifting of

the machine (B)......percent.. 50 33 10 5
Downtime (C)l.‘..l.'....ldo...l 25 35 45 25
Availability factor in percent:
(A+B)
TA1BiC) b € 75 65 55 75

Gartner (58) has devised an index which measures the machine weight in
comparison to the cutting height and the theoretical output. This index,
which can be termed as ''economy efficiency," is expressed as:

service weight
theoretical capacity x height of bank (cutting height)

The lower the number, the more efficient the machine compares weightwise,
Table 3 gives a comparison of values for various excavation equipment and, as
can be -seen, the value is the smallest for bucket wheels.

Advantages of bucket-wheel excavators:

Lower instantaneous power demands,

Lower power consumption (60 to 70 percent of shovel).
Less shock loading.

Less weight for output capacity.

Adaptable to a wide range of haulage systems.

Long stacker boom aids spoiling,

Continuous operation.

Able to do selective mining.

Simple to operate.

(Yol - BEN N« NI, I R OV I N ]
L ]

SNumbers in parentheses refer to items in the bibliography preceding the
appendixes,
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Disadvantages of bucket-wheel excavators:

1. Does not work well

its effectiveness
2. Does not work well
3. Capital investment

in hard material that must be blasted, thereby limiting
for stripping operations in American coalfields.

in loose material containing large boulders.

is high.

TABLE 3, - Comparison of different types of excavators (74)

Bucket |Maximum |Cutting | Delivery weight
Excavator type capacity,| output, |height, | mechanical and Gaertner's
m° m> m electrical units, index
per hr metric tons
A B C D [D/ (BxC)Ix1,000
Power shovelS..cvecennes 1.5 155 | 10.1 42,6 27.2
2.3 215 | 12,1 63.6 24,5
13.8 1,030 | 28.3 655.0 22.4
30,6 1,530 | 32.4 1,220.0 24,6
46.0 3,300 | 27.5 2,050.0 22.6
Dragline excavators.,... 7.64 298 | 58,0 460.0 26.6
15,30 900 | 58.0 1,380.0 26.4
23,00 840 | 58.0 1,120.0 23,0
Bucket-chain excavators. 0.4 575 | 32.5 460.0 24,3
.65 780 | 26.0 570.0 28.3
.8 1,070 | 40.0 890.0 20,9
1.4 1,720 | 36.0 1,430.0 23.0
Bucket-wheel excavators. .1 330 | 10.5 68.3 19.4
.15 840 | 19.0 240,0 14,7
.25 1,150 | 12.6 180.0 12,5
.85 3,180 | 29.5 1,290.0 13.8
1.35 4,200 | 30.5 1,560.0 12,1
1.50 4,300 | 33.0 1,820.0 12.8
4.00 8,500 | 55.0 4,530.0 9.7

DESIGN FEATURES OF BUCKET-WHEEL EXCAVATORS

Much research and trial-and-error experience have gone into the design of the
modern wheel excavator., ZFEach one is more or less job tailored to fit a particular
application., Before starting to design a bucket-wheel excavator for a particular
job, one must have a thorough knowledge of the type of material to be mined,
desired output, and the pit layout.

Material Classification

The bucket-wheel excavator is an ideal machine for working in soft to medium
hard strata; it is gradually being developed for use in harder strata. Specifically,
the digging resistance of the soil is the most sensitive parameter affecting the
bucket-wheel excavator operation. For excavation purposes, material can be
classified as follows:

1. Material that can be excavated by a spade; for example, unconsolidated
strata like sand, gravel, and silt,
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2., Material that can be loosened by a pickax before excavation; for
example, partly consolidated stratalike clay beds.

3. Material that can be loosened by blasting before excavation; for
example, hard shales, sandstone, and so forth.

The above classification is broad and general and cannot be of specific
assistance to the bucket-wheel excavator designer., Classification of material
according to their diggability is vital; but, unfortunately, there is not any
clear-cut, standard method for determining this factor. Some common methods
of expressing the digging resistance are given:

1. Kilograms per centimeter, where the cutting resistance is calculated
on the basis of load per unit length of the cutter in contact with the
material.,

2. Kilograms per square centimeter, where the load is related to the
area of the cut slice.

3. Kilograms per cubic centimeter, where the digging resistance is cal-
culated as a function of the excavated volume per bucket.

The theories that are being advanced and the discussions taking place on
what is considered to be the most suitable measurement vary widely. So far,
most design calculations have been based on the length of cutting edge or
cross-sectional area of the slice cut (that is, methods 1 and 2), but it must
be recognized that the volume of material excavated per bucket has no small
influence on the digging resistance. At the 5th International Earthmoving
Conference held in Prague in October 1963, Professor N. G. Dombrowsky (30)
gave the following specific digging forces for various types of ground:

Digeging force,

Type of ground kg/cm®
Light.--n.-'n.--l-ol-no.'n-o.oo.- 1.8 to 2.5
Medium.............-.ao-......... 3.0 tO 305
Heavy............--.............. 7-0 to 18

While it is not uncommon in non-German technical literature to consider the
resistance to digging in relation to the cross section of the slice, manu-
facturers of wheel excavators in Germany, because of the large number of

test results available on various materials, generally are using the effective
cutting edge length for determining the cutting forces. Based on 150 large-
scale tests of bucket-wheel excavation operations, Himmel (61) has calculated
the specific cutting forces required to dig the types of ground encountered

in open-cut mines. On an average, these were found to be:

1. About 20 kg/em for light ground, such as sand and gravel.

2, About 30 to 40 kg/cm for medium heavy ground, such as sandy loam,
pure loam, loess, lean clay, and so forth.
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3. About 50 to 60 kg/cm for heavy ground, such as heavy compact and
plastic clays.

It is not possible to draw any conclusions on the above values because
the cutting power depends on the type of material, cross-sectional area and
shape of the slice cut, configuration and sharpness of cutting edge, shape of
the teeth, and cutting speed. Hard types of ground require a higher specific
cutting force, high cutting speeds, and additional cutting blades between the
buckets. Reducing the output and rate of swing decreases the slice cross
section and increases the specific cutting force for a given wheel drive
rating. This is shown by the following formula (112).

= K/ '

where:
N; = power required for cutting in kilowatt,

Q, = actual digging capacity in bank cubic meters per hour,

S = number of bucket discharges per minute,
R = radius of the cutting wheel in meters,
C = constant depending on the bench height/wheel diameter ratio.

For the cutting height = 2/3 wheel diameter, its value is 171,
N = efficiency of the motor drive, and
K = specific cutting force in kilograms per centimeter.

Shown in tables 4 and 5 are reference values for specific cutting forces
applied to the more important bulk materials and virgin soils. The tables
must be viewed with reservation as to the nonhomogeneity of the different
material from one geographical location to the other.

Devising methods for measuring the cutting resistance is difficult
because the results from such theoretical considerations vary with the size of
the sample tested, angle of loading, rate of loading, and other such experi-
mental procedures, Methods commonly employed for the determination of the
cutting resistance are as follows:

1. Simulating equipment pulled through the material to be excavated for
direct measurement of the force applied.

2. Laboratory tests with tooth and tooth impression measurements on the
rock or soil samples.

3. Determination of the compactness by proctor needles.

In a method developed by LMG (Orenstein-Kappel and Lubecker Maschinenbau
Aktiengesellschaft), a leading German manufacturer of bucket-wheel excavators,
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the entry of an excavator tooth into the material is copied in the laboratory on a specimen
(114). This gives some information with respect to the material split resistance. If numer-
ous tests have been made with material on which the cutting effect of the bucket-wheel
excavator has been studied and analyzed, a correlation can be drawn between the theoret-
ical laboratory values and actual digging resistance. From observations so far, theo-
retical analysis can at best serve only as a guideline in the selection of the wheel,
because of the vast complex of influences which exist in practice that cannot be consid-
ered theoretically. Practical tests on the site of employment will confirm the suita-
bility of the machine selected for a particular job.

TABLE 4. - Specific cutting forces of virgin material for bucket-wheel
excavator excavation (56)

Material type Specific cutting Material type Specific cutting
forces, kg/em forces, kg/cm

Eartheveaeeenns tecevans cene 10- 30 Sandstone (hard digging).... 160-280
Loess..... et isesseraenses . 20- 40 CypSUmM. o4 s ess crerieaseraeeas 50-130
Sand (fine, coarse, wet, LiMe.eeovanansonsacss crranes 30-120

O dry)eeviereecccernces . 10- 40 Phosphate.....eccovu.n.. ceee 80-200
Clayey sand,........ reeene 10- 50 Marl.....ooveunnns et . 60-140
Gravel, fine......0000... .o 20- 50 Limestone,e...oceoceececanna 100-180
Gravel, coars€.....vvenaes . 20- 80 Weathered granite......... . 50-100
Sandy loam and wet loam.... 20- 60 Alluvial, light consolidation 30- 60
Dry loam...svvecnncareccons 20- 80 Alluvial, heavy consolidation 70-150
Clay, Wete.vcinevearoncaanne 30~ 65 Alluvial, medium

Clay, dr¥ecesensavionnse .e 50-120 consolidation,..... cesrean . 50~ 80
Clay, schistose........ cees 35-120 Hard coal, normal.....ec0... 50-100
Sandy clay....coeevvennns . 20- 65 Hard coal, frozen........... 100-160
Clayey slat€eeeees vevennne 50-160 Ligniteseeueeerenecesocennas 20- 70
Slat€eiuve veciecanncassnnns 70-200 Brown iron Or€...eeeviocenes 190-210
Sandstone (easy digging)... 70-160

TABLE 5. - Specific cutting forces of materials suitable for bucket-wheel
excavator loading operations (56)

Material type Size, Specific cutting
mm force, kg/cm

SANd...e.careecessrcacercreassreranscans - 10-20
Gravel, fine..ciccesrececrcnccccosaans 0-100 10-25
Gravel, COArSCe.secercreocssscncoscssas 100-400 20-35
EArthe.cesecceioasasienssssanscnnsonns - 10-15
Phosphates. s ceiiinainessnscssccsnnns . - 10~20
Bauxit@evevesoenncane Cecseasessesancne - 10-20
Iron-Mn-Cre.cceevessesoaes cevenn cennne 0-~150 20-40
DTS uuiosetesoctosnssssssssascssanasnes 150-300 20-50

300-450 20-80
Loose hard coal.ieeesviecoccocosnnnensns - 10-30
Solidified hard coal.s.ceveessconnvsns - 10-40
Lignitess.eu.eeionoeiovsasncsssnnononns - 10-25
COKEyteeeneesuesoaronorsesasncssonnnons - 10-30
Pellets (ore, cement)escececs. ceeecnose - 10-25
LimesStOnNees . teeesescoceesnsscscsnssncons - 10-30
Slage.issos ioeeeasasiasasoancsecsssnns - 10-25

Tests conducted on glacial till, sandstone, and Devonian shale, confirmed that earth
containing a high percentage of boulders is unsuitable for wheels (13). The capacity of
any excavator operating in earth material with boulders will be affected adversely in
proportion to the frequency of boulder occurrence. Two possible reasons canbe attributed
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to this poor performance, Some boulders, like basalt and granite, are too
hard for economical cutting. On the other hand, boulders and rocks composed
of materials which the machine could cut in the solid state, become loosened
during excavation and cannot be rehandled.

Bucket-Wheel Excavator Qutput Considerations

The theoretical output of a bucket-wheel excavator is based on the bucket
size and number of bucket discharges per minute. If

I = nominal bucket capacity in cubic meters,
Z = number of buckets in the wheel,
V, = peripheral cutting speed of the wheel in meters per
second, and
D = diameter of the wheel in meters,
then
Vi
Ss = - and Q. = IxSx3,600,
where
S, = number of bucket discharges per second, and
Q= theoretical capacity of the excavator in cubic meters

per hour.

As can be seen from the above equations, the number of bucket discharges
is dependent on the peripheral speed. The peripheral speed of a bucket wheel
is limited by the ability of the wheel to discharge its bucket content on the
chute against the counteracting centrifugal force. In theory, the maximum
peripheral speed must be such that the bucket discharge will just be insured,
Mathematically,

Mxg = MxV, ?/R,

where
M = mass of material in the bucket in metric toms,
R = radius of the wheel in meters, and
g = acceleration due to gravity in meters per second,

which yields the following expression:
V1 =\Fg—>(§ = Voax -

Practical values of speed for dumping lie between 0.4 V,,, to 0.6 Vo ax

and, for reasons of wear of the bucket's cutting knives or teeth, do not
exceed 5 meters per second. The peripheral speed selected also will depend
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greatly on the nature of material to be excavated. In principle, however, a
higher peripheral speed will be decided upon if hard material is to be cut,
in which case, maximum output may not be attained. Based on a constant out-
put, the doubling of the peripheral speed will halve the amount of material
excavated by each bucket; thus, cutting performance will be reduced.

Yet another factor that affects the output of a bucket-wheel excavator is
the bucket-filling capacity. Experience has shown that in hard ground, bucket
filling is around 30 to 40 percent of the nominal bucket capacity. The rela-
tionship between digging resistance and the hourly capacity of the bucket-
wheel excavator is

Q,/Q = KI/KZ,

where
Q, = bucket-wheel excavator hourly capacity in material with
specific cutting resistance K; , and
Qs = bucket-wheel excavator hourly capacity in material with

specific cutting resistance K,.

Thus, the actual capacity of the bucket-wheel excavator in any soil is given by

Q. = IxByxSx3,600,
where
B, = bucket-filling capacity in the material expressed as a
fraction of the nominal bucket capacity,
S, = number of bucket discharges per second, and
Q, = actual capacity of the bucket-wheel excavator in cubic

meters per hour,

In material with high cutting resistance, higher cutting speeds with
lower bucket filling will result in a very small Q,, as compared to Q . The
ratio may be as small as 0,2. One can visualize that in hard material the
excavating operation of the bucket-wheel excavator has changed to a milling
operation,

Power Calculations of the Wheel Drive

The drive power requirement of a bucket wheel is composed of the follow-
ing individual power ratings:

1. Digging power in kilowatts Ne = EZ§%§EL
2, Lifting power in kilowatts N, = T XR

367
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—

Total power required in kilowatts = = (Ng+N,)

i

specific digging resistance in kilograms per centimeter,
total length of the cutters in the material in centimeters,
the bucket-wheel excavator capacity in metric tons per hour,
peripheral cutting speed in meters per second,

efficiency of the motor drive, and

radius of the bucket wheel in meters.

In most bucket-wheel excavator calculations, the ratio of the bench height to
the wheel excavator diameter is taken at two-thirds because the machine per-

formance is near
advantage of the
above this limit
to be rehandled;
The

may result.
for a given digging power rating from the following formula,

where

optimum at this ratio. With a lesser bench height, full
wheel capacity is not taken, Also, increases in bench height
result in undercutting which may lead to excessive spillage
and, in soft materials, sliding of the burden over the wheel
specific cutting resistance of the material can be calculated

_ NgxTxC

AJQa XSXR

specific cutting resistance in kilograms per centimeter,
number of bucket discharges per minute,

actual capacity in cubic meters per hour,

radius of the bucket wheel in meters,

digging power rating of the drive in kilowatts,
efficiency of the motor drive, and

constant depending on the bench height to wheel diameter

ratio, is found to be increasing with decreasing bench
height for a given wheel diameter.

The change in the value of C with a change in the height/diameter ratio

can be observed in the following tabulation (121):

Height/diameter ratio..... 0.1 0.2 0.3 0.4 0.5 0.6 0.67 0.7

Value of Co.vvvvveevenea.. 295 248 222 203 189 178 171 168
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The power calculations done so far have been based on theoretical consid-
erations; but in actual practice, the most important factors are the condition
of the teeth, their position on the bucket, and their lacing. Shape of the
cutters, sharpness, and digging angle affect the power required to dig. Worn
cutters require up to 30 percent or higher additional digging force compared
with new ones.

Slewing Motor Considerations

The bucket-wheel excavator excavates in two directions--while the buckets
are cutting in a vertical direction, the cutting boom is slewed across the
bench face such that new ground is continually exposed. For effective excava-
tion, the cutting boom should slew through a length equal to the width of the
bucket in the time the bucket travels through the height of the bench. The
power to effect this slewing motion is calculated from the following consid-
erations. The digging forces in the two planes bear the relation

Woh
¥ Y
where
M, = cutting force exerted by the wheel drive in kilograms,
M, = cutting force exerted by the slewing motor in kilograms,
V, = peripheral cutting speed of the wheel in meters per second,
and
V, = slewing speed of the wheel boom in meters per second.

Besides the power for cutting, the slewing motor also supplies the necessary
energy for rotating the superstructure. If

W = weight of the superstructure in kilogram,

y = fIrictional coefficient at the ball race on which the
superstructure revolves,

D, = diameter of the ball race in meters,

I, = length of the cutting boom in meters, and

N = efficiency of the motor drive;

then the force at the bucket wheel end, due to the rotation of the super-
structure, will be

M = Drwu/Lb'
(M, +M, ) xV,
nx102

The slewing motor power in kilowatts =
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Two other factors that need to be considered are (1) lifting power which
arises in slewing with the machine at an angle to the vertical due to the
movement of the center of gravity; and (2) swing counterforce due to wind
resistance, whichusuallyis taken at 25 kilograms per square meter (5.12 pounds
per square foot). As a rule, operation of the wheel is stopped at higher
wind velocities.

Bucket-Wheel Design

At present, two types of bucket wheels are used--the celled and cell-less.
In cell-less wheels, the buckets are free to dump their loads continuously
into an inner annular ring. At high wheel speeds, the discharge capacity may
be double that of celled wheels, In the celled wheels, each bucket has a
separate chute for the transfer of material from the bucket to the belt con-
veyor. Transfer may take place only between the time the bucket reaches a
vertical position and the time it reaches the chute plate above the conveyor.
If the wheel is rotated at too great a speed or the material does not flow
well, some of the material will not have time to slide down the chute and will
not be unloaded. This will result in a buildup in the buckets and ultimately
a decrease in capacity of the excavator.

The most important factor in bucket-wheel design is the diameter of the
wheel. Much stress is placed on the correct sizing of the wheel since the
service weight of the machine varies as the square of the diameter, cutting
torque varies inversely as the diameter, and the cutting speed should never

exceed /0.2gD;

where
g = acceleration due to gravity in meters per second per second,
and
D = wheel diameter in meters.

The diameter should be sufficient to accommodate the chute and/or roller bar
and to transfer material from the buckets to the ladder-conveyor. Since the
ladder-conveyor is taken beyond the axle of the wheel, it is a controlling
factor in wheel design.

Other Considerations

Wheel-boom and discharge-boom lengths have to be derived from operating
conditions., The length of the wheel boom depends on the specified cutting
height above and cutting depth below the grade and on the block width. The
slope on the ladder-conveyor is an important factor which is governed by the
type of material being handled. The length of the discharge boom depends on
the height and distance of the discharge point., 1In an open cut mine, the
length of the discharge boom should be such that '"spoiling' is properly
effected on the dump zone and not within the pit limits,

Limitations on the size of a modern-day, bucket-wheel excavator are
imposed not by the design of the wheel, but by the conveying of material from
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the bucket wheel to the discharge point on the stacker boom. Also, with the
design of bucket-wheel excavators for high banks, a dependable steep angle
conveyor is necessary. Belt speeds of 300 to 400 meters per minute and belt
widths of 200 centimeters are not uncommon., In cases where the inclination
angle of the ladder boom is excessive, sandwich belt conveyors have proved
to be highly satisfactory.

MINING METHODS

Modern bucket-wheel excavators generally mine in blocks., There are
several methods of attacking these blocks: (1) Terracing (or block) cut;
(2) lateral block cut; (3) drop (or dropping) cut; and (4) deep cutting,

FIGURE é. - Terracing Cut Method With Crowd.
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Terracing Cut

The machine crawlers are behind and parallel to the highwall and the
block is excavated in a number of layers (benches), the height of each bench
cut is 60 to 72 percent of the wheel diameter and the block width is deter-
mined by the length of the ladder boom and horizontal arc through which it
swings. With a machine not having a crowd feature, the face is advanced,
starting with the top layer. The machine is then trammed forward a distance
sufficient to fill the buckets, and the ladder boom is swung through an arc
to the desired width. The machine is again trammed forward, and the process
is repeated until the crawlers reach the lower bench. Successive lower layers
are mined in a like manner, Upon completion of the lowest layer, the machine
is trammed forward to start a new block. A machine with crowd would mine
essentially the same way, except that the crowd would have to be used instead
of the crawlers (figs. 6 and 7).

FIGURE 7. - Terracing Cut Method Without Crowd.
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Lateral Block Cut

The machine crawlers are placed parallel to the highwall, but to the side
rather than behind it, and material is mined in layers and at right angles to
the highwall. This method is often employed when selective mining is prac-
ticed as in multiple seam mining or where a wheel/shovel combination is
employed. Mining sequence is the same as for the terracing cut method, except
that the upper bench may be exposed for a relatively long distance before
starting the next lower bench (fig. 8).

Drop Cut

In certain situations, especially where mining tends to dislodge large
lumps of material, this method may be employed. The top layer is mined by
the bench cut method. The machine then is trammed back a short distance, the
wheel lowered a distance sufficient to fill the buckets, and swung through an
arc to achieve block width. The wheel is again lowered and swung back. This
is repeated until the total height is achieved. Production rate by this
method is approximately the same as by the terracing cut method, although
power requirements are greater (fig. 9).

Deep Cutting

Some bucket-wheel excavators are designed to operate below crawler
elevation. These machines use essentially the same methods of attacking the
face as the regular machines. Deep cutting poses problems of transporting the
mined material up rather steep grades and, therefore, is not as widely accepted
as high cutting (fig. 10).

FIGURE 8. - Lateral Block Cut Method.
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FIGURE 10. - Deep Cut by Terracing Cut Method.



24

OPERATIONS RESEARCH

Where applicable, a bucket-wheel excavator will move large volumes of
material at a low cost. The operating characteristics of mines vary widely
from one another; therefore, it is difficult to generalize the results of many
economic studies. In fact, the optimized method at one mine may be completely
unworkable at another. Management, therefore, needs a method to generate ade-
quate quantitative information to appraise all possible alternatives, before
making a major decision. Operations research techniques are becoming widely
used in the mining industry to supply management with this information.

The Pennsylvania State University, through a research grant from the
Bureau of Mines, developed a mathematical model to simulate the digging com-
ponent of a bucket-wheel excavator. To reflect the dynamic characteristics
of a bucket-wheel excavator system, rate equations based on formulas from
published literature are used to generate the goal-seeking, self-correcting
interactions between the unit operations,

The computer program can simulate both the bench and drop cut method of
mining., The bench cut routine was tested against an operation,

The simulator can provide answers to the following questions:

1. Can a bucket-wheel excavator be used in the deposit?

2, 1If so, which bucket-wheel excavator will operate most efficiently?
3. Which method of bucket-wheel excavator operation is most efficient?

The computer output consists of a timestudy, production study, and power
consumption for mining a specified block of material.

Sequence of Bucket-Wheel Excavator Operations

The interdependent nature of the unit operations of a bucket-wheel
excavator was incorporated in the model. Rapid insight into the effects of
changing any one or more parameters can be gained. The unit operations
encompassed by a bucket-wheel excavator system are illustrated in figure 11,
The main components are the continuous cutting head and the high-speed belt
conveyors. The stacker conveyor may discharge onto a stockpile or load
directly into trucks, railroad cars, or transfer the material to a main
line belt,

The wheel excavator performs the dual function of digging and transport-
ing material. In building the model, however, attention has been directed
solely toward the digging component of the system. 1In fact, knowing the
volume of material to be handled, the design of the transportation system
can be determined by recognized design formulas.
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Simulation

The role of simulation,
as used here, can be described
by the following symbolic
model,

Let E represent the
measure of effectiveness to
be used. Let X, represent
the aspects of the system
(variables) which can be
controlled by management,
and let Y, represent the
uncontrollable aspects of
the system, Then, in model
construction, an attempt is
made to formulate one or
more equations of the form:

E = £(X,Y).

The extraction of a
solution from such a model
consists of determining
those values of the control
variables, X, , for which the
measure of effectiveness is
maxXimized. In fact, the

-various solutions for
of X, form guidelines for management decision making.

The computer model is a special kind of mathematical model; namely, one
which is not intended to be solved analytically but rather to be simulated by

an electronic computer.

The computer program traces numerically or graphi-
cally the time path of all variables generated by the model.

Here, the cut-

ting action of the wheel is simulated and a current journal of the mining

advance, elapsed time, and power requirements is maintained.
programed to simulate the bench and drop cuts.

The model is

This simulation enables the

wheel to perform according te its mechanical capabilities along the physical

profile of the mining property.

A probability function is used to determine

whether any boulder was struck during the cutting operation.

Simulator

The passage of a bucket through the bench height, the slewing motion of
the cutting boom, the crowding action of the crawlers, and the advance of the
machine from bench to bench and after each cut are achieved in the model

by simulation (fig. 12).

This application adds considerable power and

flexibility to the model by actually duplicating the machine performance.
A deterministic approach was decided upon because the input parameters for
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FIGURE 12. - Mining Plan With Computer Terms.

the machine are known with certainty, and the interrelationship between
parameters, however complicated, can be determined by their functional rela-
tionships. Recalling the various formulas for the cutting action and refer-
ring to figure 13, the recurrent steps are established.

t = 0.133‘VQ/RXS,

_ Sin®H
t, = ¢t <Cos9 + —EEI{D,
P, = -J;, and

t

Vg = V/Cosb ,

where
t = thickness of slice in meters,
t, = thickness at the point p in meters,
R = radius of the wheel in meters,
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Direction of advance S = number of bucket
discharges per
minute,

6 = angle of slew from
the direction of
advance,

Start thickness V = starting slewing
speed in meters
\7 per second,
— b DIST Vo = slewing speed at
the point p in
I /\\ meters per
—__TANGLE p second, and
N , \\/ - S: = slewing radius in
\\ / DEL/\’ meters.
. ! g // The repeating procedure
~~ - Slice used in the model is explained
- ~ thickness as follows:

. Step 1. Cut one bucket,

cumulative
Slew anale material,
Slew angle . g power, and time,
left right
Step 2. Calculate width
FIGURE 13. - Plan View of the Slice Taken by the traversed by
the boom to
Bucket Wheel.

take one bucket
of material.
bucket capacity
bench height x slice thickness.

DIST =

Step 3. Calculate angle made by "DIST" at the slew axis.
DEL = arc sin (DIST/SLEW RADIUS)

Cumulate the angle
TANGLE = TANGLE+DEL
Step 4. Is TANGLE less than SLEW ANGLE?
If '"NO," go to Step 5.
If "YES,"

PET = SLEW RADIUS/Start thickness
Slice thickness = Start thickness

SIN® (TANGLE)
2XPET

(COS (TANGLE )+

Go to Step 1.
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Step 5. Advance machine on crawlers (or crowd in) by start thickness.
Cumulate time, power and crowd distance,
Go to Step 1.

A block diagram showing the complete sequence of computer operations can
be seen in figure 14,

Power Calculations

If the material is homogeneous and the bench height constant, the power
requirement on the wheel for each bucket through the material will be iden-
tical. In an actual mining situation, neither of these is true; therefore,
the power demand on each bucket for digging and raising and, consequently,
for slewing across, varies according to conditions at that instant of time.
Referring to figure 3 and assuming a square cross section for the slice taken

- by the bucket, the length of cutters in contact with the material depends upon
the position of the buckets on the cut slice. Although power requirements
will normally be within narrow limits of variation, instantaneous peak
demands will arise. The model is programed to detect such peak values.

The power calculations for crawlers assume a rolling resistance of
6 percent of the overall weight of the machine., It is impossible to give
an exact -rolling resistance for all types of ground conditions and all
crawler tracks. However, the values provided below are reasonably accurate
and may be used for estimation purposes (108):

Earth, compacted and well maintained............percent.. 3to 4
Earth, poorly maintained and rutted.....ce0cveceon.. do.... 4 to 6
Earth, rutted, muddy, no maintenance.....ceseeesesed0eess 7 to 9
Loose sand and gravel..e.oeeecceesoreocrrscscsceseneedOoiees 8 to 10
Earth, very muddy, rutted and soft....ecceveeeeeeesdOeie.. 10 to 12

A factor that could not be accounted for in calculating the power rating
of the slew motors is wind resistance. An adequate allowance has to be made
in the final design of the slew motor to withstand a wind pressure of at least
25 kilograms per square meter.

Required Data

To operate the simulator, the data input are divided into four
categories:

l. Mining dimensions. These include (a) the length of the mining
property, (b) the number of benches, and (c) the elevations of the benches.

2. Soil characteristics. The data required here are (a) various soil
types, (b) their specific cutting resistance, (c) operating speed of the wheel
in the soil types, (d) bucket filling capacity, and (e) swell factor. In
soils with higher specific cutting resistances, the wheel is speeded up and
the successive slices that are taken are thinner. This seriously affects




Initialize cut type |¢

| Initialize soil characteristics

le
I’

\ 4

Is
simulation
complete?

No

Is
one move
complete?

Yes

Is
the bench
A 4 cut?

Yes

Are
all benches
cut?

Yes

Are
all sections
cut?

Yes

Print

Have
all cut types

No

No

Neo

No

I Initialize h@k
| Cut one bucket I‘—

[Cumula!e time, power and progress |

Crowd,
cumulate power
ond time

Maneuver 1o
next bench
cumulate power
and time

Trom to
next section
cumulate power
and time

considered?

Yes

Have
No ol | BWEs
tried?

FIGURE 14. - Complete Program Flow

Diagram.

Stop

29

bucket filling capacities and, in some
cases, less than 25 percent of the
theoretical output is mined. Swell
factors for sand and similar loose,
broken material is not very signifi-
cant; whereas, a compacted material
may increase in volume by 30 to

40 percent on fragmentation.

3. Wheel specifications, The data
input here include (a) diameter of the
wheel, (b) number of buckets in the
wheel, (c) length of the slew axis,

(d) overall weight of the machine, and
(e) weight of the superstructure. Also,
read in are (f) the ball race diameter,
and (g) maximum slewing speed.

4, Miscellaneous. Realistic effi-
ciency figures have been assumed for the
mechanical and electrical components of
the bucket-wheel excavator to arrive at
proper power rating of the electrical
motors. Allowances for setup time of
the bucket-wheel excavator and downtime
if a boulder is struck are also read in.

Computer Program

The simulation program consists of
four program units-~three subprograms
and a main program. Subroutines Bencut
and Falcut simulate the German bench cut
and drop cut methods. Subroutine Randa
generates uniformly distributed random
variables. The main program is used
primarily for performing the input-
output functions,

The program can be terminated by
either a time trigger device or after
program completion, At the end of the
simulation run, the statistics supplied
by the computer are as follows:

1. A timestudy which is broken
down into cutting, crowding, delay,
maneuvering, tramming, and total
time in a bench.
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2. Power calculations for the above operations.

3. A production study which includes the volume excavated, the theoret-
ical capacity, and actual capacity in each bench. Also printed out are the
time spent and the power consumption in each cut by the machine.

The computer program is written in FORTRAN IV for use with the IBM
360 computer. A complete listing of the program can be found in appendix A.
The input controls and variable names used in the program are listed in
appendix B. Input data and simulation results are printed in appendix C and
appendix D, respectively, and a glossary of symbols is shown in appendix E.

Testing the Model

A scientific model is a representation of some subject of inquiry such
as objects, events, processes, and systems. Therefore, testing the model is
always an indispensable step in the procedure. In any event, if operations
research is the study of executive type decisions, it must regard the pro-
cedures of model testing to be as critical as those of model building.
Acceptance of the model by decisionmakers is much more likely to depend on
its tested performance than on its underlying logic or the validity aspects
of the model itself.

The ability of a simulation model to reproduce past operating data serves
to evaluate its usefulness. This retrospective testing usually consists of a
comparison of actual performance for which the recorded data are available
with performance obtained from the model.

Mining Plan

The simulator was tested in an actual case study of a bucket-wheel
excavator application in the midwestern coalfields. The major components
are the unit operations of stripping, coal reclamation, and materials
handling.

The seam, which varies in thickness from 0.75 to 1.0 meter, is under 18
to 25 meters of cover. Trucks, which convey coal to an integral train
facility, are used directly behind the loading shovel; while overburden is
handled by a bucket-wheel excavator. The bucket-wheel excavator is used to
excavate the top loose sand and underlying soft and medium shales, Boulders
more than 1 cubic meter in gsize are embedded in the upper layer of sand.

The abrasive nature of the strata is evident from the Si0O, content of the
beds. Analysis has shown that streaks of sandstone in the beds contain

73.5 percent Si0,, and the shales 34 percent Si0,. A typical section of the
stratification is shown in figure 15.

Application Selection

This bucket-wheel excavator application was selected for testing the
model for the following reasomns:
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result of this test run, are presented in tables 6, 7, and 8.
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1, The bucket-wheel
excavator stripping plan
uses the German bench cut
method, a standard way of
working with bucket-wheel
excavators., The American
frontal block may be advan=-
tageous in certain cases
for strip mining coal; but
bucket-wheel excavator
application, in general,
is for open-pit mining
where the machines are
linked together by a huge
transportation complex.

2. A range of mining
conditions were present for
model testing. These
included (a) easy to very
hard digging conditions,
and (b) boulder embedded
beds.

3. The performance
data were readily available.

Data Collection

Operating data for the
test application were col-
lected at the mine site.

A journal of pit advance

and shift production was
maintained for the test run.
The simulator was tested
against a 2-day operating
period, during which the
performance of the wheel was
set at 90 percent availabil-
ity and a block, roughly

144 meters long, 50 meters
wide, and nearly 24 meters
high, was mined,

The required input data
for model operation, as a
The frictional

coefficient at the ball race was estimated at 0.03 (76), and the mechanical
and electrical efficiencies were taken at 80 and 90 percent, respectively.
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TABLE 6. - Material characteristics
Bucket~- Swell
Specific Boulder Wheel filling factor
Material type cutting occurrence| speed, capacity, (ratio of
resistance, |frequencies |percentage |percentage |volume,
kg/cm of maximum|theoretical|in situ
to loose
Loose sand..........|Mean 45 0 0.4 0.90 1.0
Range 30- 60
Soft shale....soe...|Mean 75 .1 A .80 0.8
Range 60- 90
Medium shale.e..ceo.|Mean 135 0 .6 .40 0.7
Range 120-150
TABLE 7. - Mining dimensions
(Slew angle, degrees: Left 50; right 20)
s Height, meters | Length,
Section | Bench Initial | Final meters
1 1 8.53 7.02 144,0
2 7.92 7.92 144.,0
3 7.92 7.92 144.,0
TABLE 8. - Bucket-wheel excavator specifications
Wheel diameter...ceveseecessoscocacssccssessassssmeters.,, 11.48
Number of buckets'l.l.'l.llIl.’.....ll.-lIl.‘.I.II.-...I. 14
Overall weight of machine....eee.eveeeeceeess.kilograms,.. | 3,267,000
Weight of superstructure....seeececeececssascessid0escess (2,500,000
Crawler speed.ccsesessesssreseseessss. meter per second.. 0.15
Radius of ball race assembly...cceceseercvesesses.meters,. 5.9
Slewing radius.'.‘.'......ll.l'l....‘..l..l...'..do.l.... 44.24
Capacity of bucketS..eieecseeecssesseseesescubic meters.. 1,53
Maximum permissible slewing speed......meter per second.. 0.5

Results

The results presented here represent the information obtained when the
model was tested under the conditions listed above. The depth of block taken
by the bucket-wheel excavator in one cut was 24 meters. This is based on the
bucket-wheel reach, the batter angle, and the number and height of the benches.

Model results presented in table 9 are higher than in actual operations.
This is to be expected, since the model assumes 100-percent bucket-wheel
excavator availability, It will be necessary to modify model production
towards reality by making allowances for the human and conditiomal work
components which cause real work performance to be suboptimum. A subjective
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estimate of the combined effects of these components may be set at 10 to 15
percent of model production.

TABLE 9. - Model results

Operating time......eveveeceeeessceononeoaceasescnsss hlOUrS.. 47
Production.cs.vecececcsesssocecssscccecescsssscubic meters..| 165,800
Average production capacity........cubic meters per hour.. 3,520
Power CONSUMPEiON.s.sveeseeesancssssssassss.kilowatt hours..| *50,800
Service factOTsieeceeersasesesecessassssoassssssesrsspercent., 100
Digging motor ratinge.sseseecevssssscoseasssssosskilowatts.., 1,631
S1eWing MOtOT® cu v vrvrreereonrvenesaosasnossssanssesl0ianns 95
Crawler MOLOYSau oo oo iecasossossasnassasas sisevovsoslDiasas 670

1Does not reflect the power expended in belting. Power consumption
here is estimated at 32,800 kilowatt-hours.
“Wind resistance not taken into consideration.

Economic justificationof newmining units depends to a large extent not only
on performance, but also on how well these units match with other units in the
system. The poor performance of the bucket-wheel excavator in harder beds
suggests that a smaller bucket-wheel excavator for soft beds, and a dragline
or shovel for the harder beds, would be a proper choice.

CONCLUSIONS

The demand for minerals and fuels is steadily increasing. As high-grade
deposits are depleted, lower grade deposits must be worked. This, coupled
with rising labor and material costs, requires more and more efficiency in
mining operations. Production capacity of mining equipment has increased
rapidly in the last decade, requiring increasing capital expenditures for
equipment,

Bucket-wheel excavators are highly specialized machines. Practically all
in use today were built to specifications for a particular mining application;
whereas, except for the very large sizes, standard models of shovels and drag-
lines are available. Shovels and draglines remain the most popular machines
for stripping operations; however, where the material to be mined is either
medium hard or when easily mined material must be mined rapidly and trans-
ported some distance from the pit, the bucket-wheel excavator merits serious
consideration.

Simulation studies offer a practical means of predicting the operating
characteristics of equipment before actually going to the expense of install-
ing the equipment in a mine, 1If properly used, these studies should supply
valuable assistance in the selection of the proper equipment and pit layout
for a mining operation,
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APPENDIX A.--COMPUTER PROGRAM

80-580 LISTING

- THE BUCKET wWHEEL EXCAVATOR SIMULATUR
C
C THE SIMULATION PRUGRAM CUNSISTS (UF THRoc PrRUOGRAM
C UNITS — A MAIN PROGRAM AND TWd SUBRUOUTINES. SUpROUTING
[ BENCUT SIMULATES THE obENCH CUT AND THE SUDRUJUT INC
C FALCUT SIMULATES THe LRUP CUT.
C
C THE MALIN PRUGHKAM
C
CoEExk%x
Chkkikk THE DIMENSIUN OF EACH ARRAY IN THE roulLUwING oLULK MUST gE UF
Chxshkk THE FORM {IsJ)e waHERE I IS AT LEAST N1+l ANL J IS5 AT LeEADT
Chkuxkxkx GREATCER oY 1 THAN THt MAXIMUM NUMBER OF JENCHES IN A SECTIUNS
Ckkx xbxk
COMMON ACP(10s+1i0) CTIMc(1Uel10) OHEIT(10410) DLEN(L1Us 1V )
1 HPKWH(10+10)» HPSMPO(LUs10)s HPTRPU{106s10) HHKWH{10+10)
2 HIKWH(1G0210) » KWSMPO(10+10) KATPU(L10+1G)
3 LTYPE(LUs1U)» MATL(10+10G)» PGRALC(1G»10)s PRUB(IUL10)
4 RTODIGPL10s10)s RTKWH(105101})>» SUHELT(LIC+102y SHclTliO40),
5 SLeN(10+10)s SMISC(10s107 SMPU(1Gel1U )y STUCT(1G+10)s
[ TAOV(1U0U+10) TEM(L0s10) TIME(10s10) TUuTALC(10+10),
7 TPRU(10+10)» TPKa&H( 109 1G> TRAMP(1Us10})s THRAMT{10G+10)
8 TRAVT{1Ge1U)» TOKWH{1U»10G) TSLERP(1U210)» TTIME{10+10G)>
9 WIUTH{10,10)
C
Caxkwxkk THE U IMENSTIUN (iN) UF EACH ARRAY IN THE FULLUWING oLUCK MUST o
Chkskk AT LZAST THo NUMBER uF CUTS (MUWNG) THAT THo EXCAVATUR will
Ckkaxkkk MAKLE S MLUND IS5 CALCULATED wY SUMMING (MSLENC(IY/RECACH + 1)
Chkkxnd WITH [ IiNCRoMENTALLY VARYINoO FRuUM 1 Tu Nl MSLeN(I) IS5 THc
Chdkkrkx MAXIMUM SLEN(Tsd) IN THeE 1*TH ScCTIUN
C s ok kX
CUMMON REKPUT(500), RTPUT(SUO)
C
CH¥¥¥¥ THE UGIMENSLUN UF EACH ARRAY IN THE FOLLOWING SLUOCK #MUST ot AT
CH¥%xxkx LEAST EWUAL TU Nl
C¥RHKE}K
COMMON GRALUET10) s HTC1u) NUMI1G), RURT{1G),
1 VINC(1U)
C
Cxkixkk THE LDIMcNSIUN UF EALH ARRAY IN THE FULLUWING SLUCK MUsST gE AT
Chxxk¥d LEAST EWUAL Tu Ko
Cokkg KK
CUOMMON BUCHFIL{50) BIGMIN(SG ), DIGMAX(5G ) RPM{D0)
ChkFankFr
C
CUMMUN oWlDoe K5 KidaKsy NLs ClLos SMLINL RANGLE »
1LANGLEs UbSb Sl OuMs CSe CuMTIMs DTIME, SETTIM,
2CUNV s SPGR GHAV Y DiAs NUD e Cub s Gl LuTs
3W5, RS Froe ALPHA s RAUV » ToAlKs S5:TT, I15CTs
QISET TANGLE » KUUNT, TTIK» ETIKS TALBVAN, Koo NUUA
STMATL » TOIS TGII M, LU RNU » VAKX FRIFURKs TIKNES
OMETHODs REACH, SLEKWMs DIGKWMs MUUNDs ANITA
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MNOUODO0O
MNOOGGG10
MNOGULO20
MNQUOO30
MNQOQO40
MNOUD030
MNQOVO0&0
MNOUVOOT70
MANQQOGOGU
MNDQJOQOI9U
MNOGGL10G
MNOUU114Q
MNOUOL120
MNOOGL 30
MNQLUUl4y
MNUO0O0130
MNOUO0160
MMNOUGL1TU
MNOOO180
MNOUG1 S0
MNQGOZ200
MNUOUel10
MNGQGOUZZD
MNQOG230
MNUJOZ240
MNGOOGZ250
MNUw 0260
MNUOO0O270
MNOLUU280
MNGUUZ230
MNQUG300
MNQUO310
MNOG0320
MNUGU 330
MNOUG340
MNOUWGC350
MNOU G360
MNOUG3T70
MMNOUU380
MNOGC 390
MNOUOG 00
MNOUQ410
MNOUO0420
MNOUGG4 30
MNQUQO44U
MNILUGan0
MNOUO460
MNDUO470
MNOGO4B O
ANQUU49IG
MNIUUS0U
MNGUOHLU
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con

(s aN gl

(el eN g

[aNaNs!

10

le

15

2V

25
30

35
40
45

30

70

25

60

REAL NUBoLUTsMATL>»LANGLEsLEND+KWTPOs KWwSMPU
INTEGER DIGMINDIGMAX

LOGICAL*1 STYPE(10,10,10)

DIMENSION MOULcL(8)

DIMENSION BWE(10)

DATA IS BEING READ READ INe

READU 10.N
FORMAT (8110)

SIMULATE ALL THE WHEELS.

00O 259 Ki.=1sN
READ 12+ (MUDEL(I)s1i=1+8}
FURMAT(8110)

MINING DIMENSIUNS

READ 15sN1s {NUM(I ) GRADE(I)»RUORI(I)eL=1sN1})
FORMAT (110/(3(15+2F10453))
SMINL=0.0

DO 30 I=1,N1

K=NUM(I{)

DO 30 J=1.K

READ Z20+PRUB(LsJ)oLTYPE(TI4J)
FORMAT (Fl0.2,110)

READ 25+ (STYPE(I+Jdsl)slL=1410)
FGRMAT (80A1)

CONTINUE

NZ2Z=N1+1

DO 45 [=1,N1

K=NUM(1)

READ 40 {SLEN(T+J)sSHEIT(IsJ)sJ=1,K)
SHMINL=SMINL+SLEN(I+K)

IF (I-N1) 45435445 :
RZAD 40, (SHEIT(NZ2sJ)2J=1,K)}
FORMAT (8F10.2)

CONT INUE

READ 95 ALPHA

FURMAT(F10.2)

SGIL CHARACTERISTICS

" READ S50sK5+sKMAX

FORMAT (211i0)

RCAD 70+ (BUCFIL(I)+RPMUIIsVINCII)+DIGMINII)sDIGMAX{(1)s=1+KS)

FORMAT(3F1042+2110)

WHEEL SPECIFICATIDONS

READ 35, (BWE{I)sI=1,10)
FORMAT (80A1l)

READ 60+sCLB,REACH
FORMAT (8F10.2)

MNO0 0520
MNOQ 0530
MNO0 0540
MNO0Q 0550
MNQO0560
MNQGGOS70
MNOOOS58C
MNO Q0590
MNOOU 0600
MNOD0610
MNOO U620
MNO00630
MNOO 0640
MNOQ0650
MNO000G660
MNOO0670
MNOO 0680
MNOU0690
MNOOO700
MNODG 710
MNO0O0720
MNO0O0730
MN0OO740
MNOO0750
MNOOO0760
MNOVOT770
MNOV Q780
MNOUOQ790
MN0O0 0800
MN0OO0810
MNOGGB20
MNU00830
MNG0 0840
MNOQU850
MNOO 0860
MNOOOB70
MNOOOBSO
MNOG 0890
MNOO 0900
MNODO910
MN0O0920
MNDOOV930
MNOO 0940
MNO0 0950
MNOO 0960
MNOQ 0970
MNOQ0980
MNOO 0990
MNOO 1000
MNO01010
MNOO1020
MND01030
MNO01040
MNOO 1050
MNOO0 1060



65
75
85
90
C
C
C
aG
160
C
C
C
U1lo
C
<
C
C
C
C

SREACH=REACH

XREXN=REALH

READ 65 sRANGLE s LANGLE»USSsSL
FORMAT (8F10.2)
BWID=SCLB*(SIN(RANGLE )J+5IN{LANGLE))
READ 75,0WM.CS

FURMAT (8F10.2)

READ 8HsDiANUDS CUD

FORMAT (8r10e2)

READ 90sW5sRSsFRS

FORMAT (8F10.2)

OTHER INPUT DATA — CUNVERSION FACTURSEFFICIENCY ETC.

READ BUsCUMTIMeDTIME +SETTIMsCUNVIDPGRIGRAV
FURMAT (8Fr10.22

READ 1UQ.cFFM,cFtE

FURMAT (BF10.2)

CALCULATE AVERAGE pENCH HLIGHT ANL S8tENCH GRADCS

DO 115 I=1.N1

K=NUMIT)

U0 112 Jd=1sK
AVERHT=(SHEIT(I»J)+SHEIT(i+1e3)) /720
WIDTH(L s J)=AVERHT/ 50

PGRADE(I1+J) = (SHELIT(IsJd) — SHEIT(L+1+J})/SLENIsJ)

CUNT INUE

MAXIMUM LIMITS ur THE wHEEL

VMAXZ=S5QRT (V3% GRAVXLIA)

AF L= (VMAX¥50+/(31416%01A))%0.7
THCP=COB®NUB®XF 1 ¥6J e
TONS=THCP*OPGR/Z10U0
FRIFUR=FRS5*WS*RS/7CLE
ANITA=(le/cFFM)*¥(1s/CEFFE)

DO 254 MUOD = 1.8

IF (MUDEL(MUD) eEus G} GO Tu 255
REACH=SREACH

AXREXN=SREACH

INITIALIZATION OF THo VARILIABLES AND ARRAYS.

RALV=0s0
TOACK=D 0
5cT¥=0U.0
15£CT=1
IS5ET=0U
TANGLE=0 0
KOUNT=0
TYIK=0.0
ETIK=Ge0
TADVAN=0.0
K5=0
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MNOO1070
MNOO 1080
MNOO 1090
MNOO1100
MNOO1110
MNUO1120
MNOOG1 130
MNOOL1140
MNQU1150
MNOO1 160
MNQO1170
MNOO1180
MNOUL 190
MNOGL1200
MNO01210
MN0G 1220
MNOG1 230
MNOO 1240
MNOU1250
MNOG1260
MNOO1270
MN0OO 1280
MN0OO01290
MNOG 1300
MNOO1310
MNOO1320
MNOOL1330
MNGO1340
MNC 01350
MNGO 1360
MNQOO1370
MNQO1380
MNOO1390
MNOU1400
MNOO1410
MNDO 1420
MNGO 1430
MNOU 144G
MNOD1450
MNOO1460
MNOO1470
MNOU1480
MND01490
MNOO 1500
MNOO1510
MNOG1520
MNOO 1530
MNOO 1540
MNOG1550
MNOO1560
MNOG1570
MNOG1580
MNOOL590
MNOGL1600
MNOO1610
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&ooc

101

102

103

100
106
107
165

NUDA=O0
SMAX1=040
TMATL=U'O
TLIS=0«0
TUTIM=0,40

LU 110 =1sN1
K=NUM(I)

DU 110 J=1sK
TIME(LI»J)=UeD
TALV(Ie J)=0e0
STUCT({1+J)=0s0
CTIME(L1»J)=0,0
RTUIGP{TI4J4)=040
MATL(IsJ)=Ua0
TSLEP(Ll+J)=060
TRAMP(I+J)=0.0
TTIME(I+J)=0e0
TRAVT(I1+J)=0.0
TRPGUL(IL»J)=0el
SMPU(LsJ)=0.0
TRAMT (I »J4)=0.0
TOTALC(TI +3)=0e0
SMISC(L1+02=0eU
CUONTINULEL

I MUD=MUODEC(MOD)
GU TO (101102410633, 180D
CALL BenNnCuT
PRINT 105

GO TG 165
METHOL = |1

CALL FALCUT
XREXN=REACH
PRINT 1086

GU TO 165
METHOL=0

CALL FALCUT
XREXN=REACH
PRINT 147
FURMAT(*1'»T47s*LATERAL CUT TLCHNIQUE USELY)
FORMAT{ "1, T43,*DRUP CUT TcCHNIQUE USEDY)
FURMAT(*1*,T41,'0RUP CUT WITH INITIAL LATERAL CUT USED?Y)
TPMAX=0.0

OUTRUT MANIPULATED FOR UNIT CUNVERSTUN ANu EFFICIENCY.

DIGCKWM=DIGKWAMEXANL TA
SLEKWMESLEKWMEANITA

Du 180 I=1sN1

K=nNUM(1)

DU 180 J=1sK

IF(TTIME(L»J) «EQ200)G0 TU 181
TIME(I+J)=TIME(I+J)/3600.
TTIMECL o J)=TTIME(LsJ)/ 360G,
TRAVT( (I 2J)=TRAVT(IsJ)/ 3600
STUCTII sJ)=STUCT(1+J)/ 36004

MNOG1620
MNOU1lo30
MNUGL 640
MNOU1650
MNOU1660
MNOO1670
MiNOG 1680
MNDODO1690
MNOD1700
MNOUL 710
MNOL1I720
MNOU1730
MNDQ 1740
MNQOL 750
MNQU1760Q
MANQQLZT7C
MNOU 1 780
MNOO1 790
MNOW 1800
MNQO1810
MNDO1820
MNOQO1830
MNOU1840
MINQOUL 850
MNOU 14860
MNO0O1870
MNOQ 1880
MANQU 1890
MNQO1900
MNOQ1919Q
MNOG 1920
MNGU 1930
MNOO1940
MNQU19950
MNOQ1960
MNQO1970
MNQU 1980
MNOQ1990
MNQL2000
MNOUZ2010
MNOO 2020
MNQO20306
MNO0O2040
MNO0O2050
MNOO2060Q
MNOO2070
MNQG2080
MNOO20990
MNOO 2100
MNQO02110Q
MNQO 2120
MNOUZ2130
MNQUZ2140
MNQU2150
MNOQ2160



(e

(g g

150
lol

136

13>

140

140

TRAMT (L J)=TRAMT(LsJ)/ 30600
CTIME(ILISJ)=CTIME(TI2J)/ 3000

TUTAL I+ J)=CTIME(Ls JIHTRAMT (I 3 JI+IRAVT (L J)+TTIME(ISJ)

SMISCULyJI<STIME(I +J)—TUTAL{LJ)
RTUIGP( {2y J)=RTUIGPLIT 2»J)/CUNVRANITA
TSLEP(I+J)=TS kP (1lsd)/CUNVEANITA
TRAMP (I3 J)=TRAMP ( L+ J)/CUNV®ANITA
TRPU(L»J)=TPO(L »J)Z/CUONVRANLTA
SMPO(LsJ)=0MPU{ T +J)/CUNVFANLTA
RTKWH(Iy J)=RTDIGP(1,3)/7CTIME(L4d)
HPKWH(L s J)=RTKwWH{isJ)*1s34
TSKWH(1+J)=T5eeP(IsJd)/7CTIMe(L,J)
HOKAWH(I +J)I=TSKWH( L+ J) %1434

TOKWH(L s J)=TRAMP (Lo I}/ TTINC(L4J)
HTKWH( L2 JISTPKWH(Ly J)*1 34

IF (TRAVTL{Is+J)) 2ele

KWTPG(LlsJ) = Q

Gu TU 5
KaTPU(LsJ)=TPU(LWJ)Z/TRAVT(L4+J)

IF (TPMAX-KWTPU(IesJ)) 1701794175
TPMAX = KafPUG(LsJ)
HPTPOUlI+JI=KRTPU(IsJ)*1e34

IF (TRAMT(IsJ)) 4+3+4

KaSMPU(1sJ) = U
Gu TU ©
KaSMPU(L»J)=SMPUCLJ)/TRAMT(1LJ)

HPSMPULT s J)=KwSMPU{1,J)%1ls54
CAONTInNUE

TIMM=TUTIM/3GUU S

SIMULATIUN IS CUMPLETE ANu RUESULTS

PRINT 120

ARLE PRINFED UUT.

FURMAT ('u? s T45s *RESULTS UF THE ow#iE SIMULATIONY)

PRINT 125»(38wWc{l)sl=1e10)
FURMAT (G, T55s10AL)
NXN=NJJ

PRINT 130sUDIAsNXNsCUBy XREAN

FURMAT('0" TS50 e "WHEEL SPECIFICATIUNSY'//T20» ' WHEEL OILAY
1 s TOUIEF e 2XKs "METERS Y /T20y *NUMBER UF BUCKETSY',Tol
24 13/T20e "BUCKET CAPACITY '3 100sFDez 22Xy *LCUsMTSY/
AT20s "AUT LENGTHY s ToOsFDe242Xs *MeETeRS Y/ /)

PRINT 145

EURMAT (Y03 TS50, "MINING PRUFILE*//7T20¢*MATLRIAL TYPE L #°»
1T41, 5P eCUTaRESISY 9 TOU» 'START HolodAT? T 70, *FinloH HEL!
IYGHTY s T100. 9S2CTIUN LeNGTH? +T120,*5L0PLEY /145, ' RANGET /)

DU 140 I=1sN1
K=NUM{1)

L=1

ML=1+1

DU 140 J=1+K
TA=LTYPE(1,»J)

PRINT 140 lko(bIYPu(loJ-LL)‘LL=1,10)-1A.OIleN(lA).uIGMAX(lAJ-
lsHtlT([vJ)oSHLlT(Ml.J)OSL:N(I-J)UPGRAUt(lUJ)
FURMATA(Y *,T5, CSECY 3 L 42X Y HeNCHY s I22T21310AL15:T4l,414,
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MNUOZ2170
MNOOZ2180
MNOOZ 190
MNOO2200
MNOO2210
MNOGZ220
MNOULUZ2230
MNUD 2240
MNOQZ£250
MNQLZ260
MNQO2270
MNQO2280
MNOUV2290
MNOQ2300
MNOUZ31V
MNQQ£320
MNODR2330
MNUU2340
MiNDQOL2 350
MNOG2360
MNOUZ23T70
MNDOU 2380
MNOU 2390
MNOO 2400
MNOQZ24 11U
MNOOZ2420
MNUO0U2430
MNQU 2440
MNQUZL450
MNUO2460
MNOUOZ4/70
MNOUZ2480
MNOUL490
MNOOZ500
MNOOZ2510
MNOU 2520
MNOU 2530
MNOUZLH 40
MNQO2550
MNQO 2560
MNOQeS70
MNCU2580
MNO0GZ590
MNOOZzo600
MNOQ2610
MNOuU2620G
MNDLUZ630
MNOU2640
mMNOUZ650
MNUU 2660
MNOUZ26T7O
MNQO 268G
MNQUZ630
MNOU2700
MNQOZ710
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150

136 FURMAT('1'/T55, "MATERIAL DESCRIPTIUN'//T25,"MATERILAL TYPE #',T745,
1'BUCKET ' s TSS s "FRAC MAX' 3 TOSs *SWELL "+ T7H+*CUTTING RESISTANCLEY/
2TASH,'FILLY+ TSS9 *CUT  SPe s THES+ " FACTORY 4 T79+*MIN? 4T85 *MAXY /)

137

400

790

761

185

190

195

200

205

210

2195

220

225

230

12X 3 [8+TOO0sFPe29T7S5¢F9e2eT100:sF8e29T120+sF6.2)

PRINT 150.8WID«SMINL

FORMAT( 0 T20+°WIDTH UF THE BLOCK®* s T60sFGe0séXs *METE?
2'"RSV/T20:+"PIT ADVANCE '"+T60+sF 604X " METERSY'//)

PRINT 136
FORMAT(T25+110+4X+3F10.24+2110)

MNJ02720
MNO02730
MNOO2740
MNQO2750
MNQO 2760
MNG02770
MN0O02780
MNQOO2790
MNO02800

PRINT 137y (i+BUCFIL{I)+RPM{I)sVINC(I)+DIGMIN(L) DIGMAX(I)3sI=1+:KS)IMNOO2810

PRINT 400

FORMAT (%1',7T40,"PUWER AND T{ME 3TUDY FOR EACH CUT*'//)
D0 761 KR=1.MOUND

PRINT 750,KR+RTPOT(KR )} +RKPUT(KR)

FORMAT(" *,T304%CUT* 42XeI3s5X+'TIME®+2XsF5els2Xy
1°HOURS? s SXs "POWER '+ 2XsF5e 092Xy "KWH?*)

CONT INUE

PRINT 185

FORMAT( 1?e TS0+ 'TIME STUDY ' /T25,°MACHINE SOIL INTER?®
1*FACE®* s T75+ *"MACHINE PUSITIONING' /T29,°CUT*TA0, *CRUWD?®
2:T52s *DELAY s T67+ "MANCUVER® + T35, "TRAM® , T98,*TOTAL*//)
DO 190 I=1l.N1

K=NUM{I)

DO 190 J=1sK

PRINT 19521+ CTIME Ly D)o TTIME(L192)sSTUCT(I4J)
ITRAMT (I19J) TRAVT(L+J) s TOTAL(I+J)

FURMAT(?* 0, TBs'SECY s 12+42Xe"BENCH'9212,T25,F10.2,T306,
1F10e2+TG479sF10.2:T04sF1062:T79,F10a2:T93:sF10.2)

PRINT 200,TIMM

FORMAT('0'4T20,*TOTAL SIMULATIUN TIME®* sT45+sF10s292X
1*HOURS )

PRINT 205

FURMAT(* 19, TS0+ *PUWER CONSUMPTION®*//T46s "CUTTING®* +TI90»
1'PUSITIONING'//T24,CUT s TA43+ ' CRUOND" s TOHE3+'SLEW* »THO
2'MANEUVER " »T1G01 e "TRAM®* /T24, "KWH ' e T448 s *KWH? s TEG» "KWH" o
3T83+ 'KWH* 3 T105:"KWH*/ /)

DO 210 I=1.N1

K=NUM(1)

DO 210 J=1K

PRINT 215431+ J3+sRTDIGP{LI+J)s TRAMP(I»J)sTSLEP(IsJ)s
ISMPO(I+J)sTPO(IJ)

FORMAT(?" "4 %SECY*I231Xs "BENCH'"312:T239F06ea0+T43:F5+0,
1TO3+F S0+ TB34FSe0+T103+F540)

PRINT 220,DIGKEMSLEKEM, TPMAX

FORMAT(%'0'"sT20+*Kd RATING UF THt DIGGING MUTUR®*sTH0
1F6.0/T20+ 'K RATING OF THE SLEW MOTOR® 3 T6G2F64,0/T20
2'Kd RATING OF THE CRAWLER MOTORS* 3, T60,F6.0/7)

DO 225 I=1sN1

K=NUMC(OTL)

DO 225 J=1+K

TMATL=TMATL+MATL({1:J)

CUNT INUE

AVER=TMATL/TIMM

PRINT 230.,TMATL » NODA

FORMAT(*1* ,T50+*PRODUCTIUN STUDY'/7/T20s*MATERIAL EXC!

MNOO2820
MNO0O2830
MNOQ2840
MN002850
MNOQ 2860
MN002870
MNO02880
MN0O0Q2890
MNO0G2900
MNO02910
MNO02920
MN002930
MNDQO 2940
MNO0O 2950
MNOG2960
MNOO2970
MNQD2980
MNOQ2990
MNQO 3000
MNOU3010
MNOO 3020
MNOO3030
MNOG 3040
MNQO 3050
MNOQ3060
MNOO3070
MNOO3080
MNGO3090
MNOO03100
MNOO3110
MNOG3120
MNOO03130
MNO03140
MNOO3150
MNOO03160
MNOO 3170
MNOO3180
MNO03190
MNDO3200
MNOO3210
MNO003220
MNO0 3230
MNDOO 3240
MNOD03250
MNQO 3260



235

240

245
250
254
255

1'AVATED ' sTOO0+sF1040e2Xs *CUMTS5*/T20+ *NUMBER OF QgUCKET?®
2% DISCHARGES'»T54.,115)

PRINT 235+THCPsAVER

FORMAT('0" T20+*THEORETICAL CAPACITY IN CUSIC METERS?®
1* PER HOUR' +F920/T20,* AVERAGE CAPACITY IN CUBIC®

2' METERS PER HOUR® +3XF9.0)

D0 250 I=1.N1

K=NUM(1)

DU 245 J=1.K
PRINT 2404+1sJ9ACP(14+J)

FORMAT("®

12oT20+*SECTION® ¢ 13+2X+s "BENCH®* » I3+T50+*ACTUAL?

1* CAPACITY®*,F10.0)

CONTINUE
CONTINUE
CUNTINUE
CONTINUE
STUP

END

49

MNOO3270
MNO0 3280
MN0O0V3290
MNGO03300

MNQO3310

MNO003320
MNQ03330
MNQ03340
MNQOO3350
MND0O 3360
MNOO03370
MNO0O 3380
MNOU3390
MNOO3400
MNOO3410
MNOO 3420
MNOO3430
MNOO 3440

LISTED 345
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80-80 LISTING

SUBROUTINE BeENCUT BENO0GOO0O
COMMON ACP(10»10) CTIME(10+10), DHEIT(104+,10),» DLEN(10+10)» BEND0QO10

1 HPKWH(10s10)» HPSMPUO(10+10)s HPTPU(L10:10)s HSKWH(10.,10)s BENO0D20

2 HTKE#H(10s10)» KWSMPO(10s10)» KWTPG(10+10) BENOOO0O30

3 LTYPE(1OQ910), MATL(10s10) PGRADE(10+,10)s PROB(10:10), BENOOO4AOQ

4 RTUIGP(10+10)s RTKWH(10+10), SOHEIT(10+10)e SHEIT(10+10})s BENOQOSO

S SLEN(10+410), SMISC(10+10) SMPO(10+10) STUCT(IO.‘O,' BENO0QOG60

6 TADV(10+10)s TEM{10s10), TIME(10+10) s TUTAL{(10+10), BENOGOQ70

7 TPO(10+10) TPKWH{ 10+410) TRAMP(10+10), TRAMT(10,10)s BENOOOBO

8 TRAVT{10Us10), TSKaH(10210) TSLEP(10:10), TTIME(10,10)» B8EN0QO90

9 WiIDTH{10,10) BENOQ100
COMMON RKPUT(500), RTPUT(500) BENOO110
COMMON GRADE(10), HT(10)s NUM{10), RORI(10), 8ENQV 120

1 VINC(10) BENO0O130
CUMMUN BUCFIL(0), DIGMINI(S5Q), DIGMAX{(50)» RPM(50) BENOO0140
CUMMUN BWID, KS» KMAX s Nl CL3 SMINL, RANGLE, BENOO1 50
ILANGLEY USS, SL» OwM, CSs CUMTIMs DTIME, SETTIM, BENQO0V160
2CUNV » S5PGR GRAV DIAs NUG » COB» BlU» LOT » SENGOL170

3WS, RS, FRS» ALPHA RADV, TBALK s ScETTs I1SECT, BENDO180

G IS5ET, TANGLE» KOUNT, TTIK, ETIK, TAOVANs KB NUODA BENOG190
STMATL, TOIS, TOTIM» LENDS REND» VMAX FRIFORs TIKNES» BENOO 200
6METHODs REACH, SLEKWMs DIGKWMs MUUNDs ANITA BENOO210

REAL NUOB»LUTsMATLSLANGLESLEND KW TP U KWSMPU BENOQ220
INTEGER DIOGMINDIGMAX BENDO230
LOGICAL FNSHSN, TRMNTG BEN0OO240
FNSHSN = <FALSEt. SEN00250
TRMNTO =eFALSE 8EN00Q260
SLEKWM=0 BENOOG 270
DiGKWM=040 BENOQ280

Mi=1 BENDOG290

KKR=0 BENOD 300
WMINED=0.0 BENOO3190
MUUND=90 BENOOQO320
RTIME=0e0 BENQO330
RPUWER=0.0 BENOG340
IXZ=19 BEN0G 350
IXZ1=17 6EN0O0360
1YZ=1XZ SENDO370
IYZ1=1IXZ1 BENO 0380

C BEN0OO0390
C SIMULATE ALL THE BENCHES IN ALL THE SCCTIUONSe. BENUO4O0O
C BEN0OO410
405 K=NUM(ML) BENO0O420
DU 765 J=1+K SBENOO04 30
BiLUT=U.0 BENOO440

I = M} BENGO0450

G407 HTINST=SHEITII s J)—PGRAUVE(IL »J)XTADVI(Is J} BENVO0460

C BENOO470
C CALCULATE TEMPURARY VALUES TO oE USED FOR TIME AND POWER BENO 0480
C CALCULATIONS LATERS BENQ0490
< oENGOS00
TeMP3 = OWMX(RUORI(I) + 0.02«GRADEA(1)) BEN0O510
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420

421

429
430
435

440

445

450

TeMPa = 2¥(wWIDTH(L,J) + WIuTH{ILJ=-1))
TEMPS = TcHMPa4s(CS

TEMPGE = TeMPS + SETTIM

TA=LTYPE(L»J)

THE SUIL CHARACTERISTICS ARc INITIALIZED.

BCOB=gUCFIL(IA)*CUBXVINC{IA)
CSPEED=VMAXXRPM(IA)
AKF=CSPECD*60+/(341416%0L1A)
ACP(I1+,J)=oCUBANUB*XF %00
TIKNES=0e133%SGRTIACP (L) /7 {{DIA/2)SXFENOB))
IF(sNUTs TRMNTG) GU Tu 421

IF (TIKNES sLEs SN) GU TU 421
TIKNES=5N

SN=TIKNES

TIKMIN=BCUS/ (HTINST®CLa)
BETANG=(6.2832/N0B)
NNBID=15708/78ETANG

CALCULATION Of CUTTER LENGTH IN THE HeNCH

LU 430 11=1.100

IF (NNBID-IL1) 43554259425
BLOT=BLUTH+2«*TIKNcO* (CUS{OETANG*II })
CUNTINUE

PET=CLB/TIKNES

LEND=TIKNES*COS (LANGLE)
REND=TIKNzS*#CUOS (RANGLE )
BKTSPA=3.1416%DIA/NOB
BAT=8KTSPA/CSPEED
SBOTH=BCOB/ (HT INST#TIKNES)

PASSAGE UF A BUCKET THROUGH THE SOIL »IMULATED.

IXZ=1YL
CALL RANDU(IXZ,1YZ,XE)
CUTRES=DIGMIN(IA) + (DIGMAX(IA}I-DIGMIN(IA))®XE

CHECK FOR BOULDERS AND CALCe DOWN TIME IF STRUCK

IXZY=1YZ1}

LCALL RANDU(IXZ14+41YZ1sXX)
XX=XX%100.

IF (XX-PRGB(isJ)) 44544455450
TIME(I«J)=TIME(1+J)+DTINE
RTIME=RTIME+DTIME

KB=KB+1
STUCT(1»3)=STUCT(1l+s+J)*+DTIMC
TOTIM=TOTIM+DTIME

ACCUMULATE TIME AND NUMBER OF PASSAGES

TIME(I+J)=TIME(I+J)*BAT
RTIME=RTIME+BAT

51

BEN00520
SENQ0530
BENQ0540
SEND0550
BEN00560
BEN00S70
BENOOSBO
BENDO596
BEN00600
BEN00610
BENO 0620
BENG0630
BENV0640
BENUG650
BEN00660
BENQO670
BENOO680
BEN0O6Y0
BENOG700
SENQOT710
HENCO720
BEN00730
BEN0G740
5ENQO750
BEN00760
SENOO770
BENO0780
SEN0O790
BEN0OB0O
BENUGB10
BENV0820
BEN00830
BEN00840
BEN00850
HEN00860
BEN00B70
BEN0O0880
BEN00890
BEN00900
BENDO0910
BEN00920
BEN00930
BEN00940
BEN00950
BEN0O0960
BEN00O970
BEN00980
B8ENQ0990
BENO 1000
BEN0O1010
BEN01020
BENO1030
BENO1040
BENO 1050
BENO 1060



32

NODA=NUDA+1

CTIME(I,J)=CTIME(ISJ)+8AT

TGTIM=TOTIM+3AT
TTTR=(1«5708B+ATAN((HTINST-DIA/2.)/7(DIA/24)))
NBID=(TTTR/52832)%N03+40.5
ALUT=2.%TLIKNES*{(NS8ID-NNBID)
LOGT=(BLOT+ALOT)*100.

ACCUMULATE POWER

006

DIGP=CUTRES*LOT*xBKTSPA
RISP=gCOB*SPGR¥*DIA
RPOWER=RPUWER+RISP+DIGP
TOTPER=0DIGP+RISP
DIGKW=(TOTPER/CONV)*(1/8AT) *¥3600.
IF (DIGKW~-DIGKWM) 4605460,455
0455 DIGKWM = DIGKW

460 RTUIGP(1+J)=RTOIGP(I»J)+DIiGP+RISP
MATL(I=J)=MATL(I1+J)#8C00
IF (TOTIM-CUMTIM) 463+ 770770

C
C CALCULATE SLEWING POWER
C
465 D1ST=580TH
SLP=DIST/BAT
IF (SLP-USS) 480+480,475
475 SLP=USS
480 IF (DIST .LE. CiL.B) GOTO 481
C
< CHECK FOR ROUNDUFF DISCREPANCIES IN CALCULATION OF DIST
<

IF (DIST-CLB «LEs 0«001) Gu TO 484
LABEL=480

482 PRINT 483.LA8EL
CALL POUMP(DLEN(1+1)+DLEN(1IG+10)2s5eTADVI14+1)+sTADV(L10+10)95,
I1BWIDsANITAS+OWIDsANITAYAs FNSHSNes TEMP 1 s SeFNSHSN'TEMP14+4)
RE TURN

483 FURMAT(®* gENCUT TERMINATED ASNORMALLY AT *,15)

484 DIST=CLB

481 ANGLE=ARSINIDIST/CLB)
DIST=SLP*3AT
TANGLE=TANGLE+ANGLE
SLEP=(CUTRES*LOT*SLP/CSPEEVD+FRIFOR)*DIST
RPUOWER=RPUWER+SLEP
SLEKW=(SLERP/CONV)®(1./BAT ) %3600,
IF (SLEKWM—-SLEKW) 48924902490

0485 SLEKWM=SLEKW
490 TOSLEP(IL»J)=TSLEP(1+J)+SLEP

SELECT SLEWING DIRECTION
CURRECT MATERIAL EXCAVATEU FOR ANGLE
1F (15ET) 770+ 495,560

495 IF (I5ECT) 770,520,500

500 It (LANGLE-TANGLE) 510+515+505

[N el o]

(g}

8ENO1070
BENO108¢
BENO1090
BENOL10O
BENO1110
BENOL120
BENO1130
BENO1140
SENO11S0
BENO1160
BENOL1170
8ENOL1180
BENO1190
BENQ1200
B8EN01210
BENO1220
BENO1230
SEN0 1240
oEN01250
BENO 1260
JENO1270
BENQO1280
SEND 1290
BENQ1300
SEN0O1310
BENO1320
BENU1330
BEND1340
8EN01350
BENO 1360
BENVU1 370
BENO1380
BEN0O1390
HENO 1400
BENUL1410
BENO1420
GEN01439Q
BENO 1440
BENO1450
BEN0O 1460
BENO14TD
BENQ 1480
SEND1490
BENO1500
BENO1S10
BENG1520
©ENQO1530
BENU1540
SENQ15S50
BENO1560
gENQG1570
BENQ1580
BENO1590
SENQG1600
B8EN01610
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C

505

510

515

520
525

530

535

o006

536

& 060

537

5490

545

550

555

WHEEL MOVING FROM LEFT TO RIGHT.

SNTIK=TIKNES#* (COS{LANGLE-TANGLE)}+( (SIN{(LANGLE-TANGLE)

15624 )/(2.%PET)))
SBDTH=B8CO8/ {HT INST®SNT IK)
GO TO 440

D=TANGLE-LANGLE

DIS=CLB*SIN(D)
MATL(IsJ)=MATL(I+J)-DIS*HTINSTH#SNTIK
TANGLE=0.0

ISECT=0

GO TO 440

IF (RANGLE—-TANGLE) 530:535.525

SNTIK=TIKNMES®(COS(TANGLE)+(SIN(TANGLE)**%2.)/(2.%PET))

SBDTH=BCOB/ {HTINST#SNTIK)
G0 TO 440

D=TANGLE~-RANGLE

DIS=CLB*S5IN(D)
MATL(I+J)=MATL(I+J)~DISkHTINST*SNTIK
SNTIK=REND

THE BWE 15 CROWDED IN BY THICKNESS.

ISET=1

ISECT=1

TANGLE=0.0

TADV(I+J)=TADV{(1.+J)+TIKNES
RADV=RADV+TIKNES
HYINST=SHEIT(I1+J)—PGRADE(L1+3)%TADV(IJ)
IF (RADV-REACH) 540+650:537

CHECK IF REACH WAS EXCE£DED BY AN ACCEPTABLE AMOUNT

IF (TIKMIN+REACH «Gce RADV) GO TU 650
LABEL = 537

GUTO 482

IF (TADV(I+J) = SLEN(I+J)) 545,713,713
DIFF=REACH—-RADYV

IF (DIFF-TIKNES) 5503495552555
SN=TIKNES

IF (DIFF oLTe TIKMIN) DIFF=TIKMIN
TIKNES=DIFF

TRAMP(IsJ) = TRAMP(1,J) + TEMP3*TIKNES
TIMINC= TIKNES/CS

TTIME(I»J)-= TIME(I»J) + TIMINC
TIME(LvJd) = TIME(LsJd) + TIMINC

TOTIM = TOTIM + TIMINC

RTIME = RTIME + TIMINC

RPOWER = RPOWER + TEMP3*TIKNES

GO TU 440

WHEEL MUVING FRUM RIGHT TU LEFT.

53

BENQ1620
B8ENO1630
BENO 1640
BENO 1650
BENU 1660
BEND1670
BENO 1680
SENO 1690
BENO1700
SENO171L0
BENG1720
BEN0O1730
BENO1740
B8ENO 1750
BENO 1760
BENO1770
BENO1780
SENO1790
BENO1800
8ENG1810
BENG1820
BENO1830
BENO 1840
dENO 1850
JENU1B60
BENO1870
BENOG1880
BENO 1890
BENO 1900
BENDO1910
SENQ 1920
DENO 1930
BENU 1940
BENO 1950
BEN0O1960
BENO 1970
BENQ 1980
BENO 1990
BENO2000
SENUV2010
BENO2020
gENU2030
BENUZ2040
BENQ2050
BENQ2060
SENDZ2070
BENOZ2080
S8EN02090
BENO2100
SENO2110
BEN02120
DEND21 30
SBENGZ2140
BEN02150
BENQ2160
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C

560

565

970

575

580

585
990

595

89>
675

[aNeXe

rl pr F:

0755

[$1.3-1¥}

TEST FOR COMPLETING

IF (1ISECT) 77045859565

IF (RANGLE-TANGLE) 575+580:570
OSNTIK=TIKNES®*(CUOS(RANGLE-TANGLE)+{ (SIN(RANGLE-TANGLE}
1¥%2«)/(2.%PET) ) )

SBUTH=BCUB/ { HT INST#*SNT 1K)

GO TUO 440

D=TANGLE-RANGLLE

DIS=CLB#*SINID)

MATL(I»J)=MATL{I »J)-DLS*HTINSTHSNTIK
TANGLE=0+0

ISECT=0

Gu TO 440

IF (LANGLE-TANGLE) 59595309590
SNTIK=TIKNEST(COSITANGLE)+(SIN(TANGLE) *%¥2.)/7(2.*PET))
SoDTH=8COB/{HT INST*SNTIiK)

GO TO 440

D=TANGLE-LANGLE

UIisS=CLB*S5IN(D)
MATLC(I»J)=MATL{ I+ J)~DIS¥HTINSTHSNTIK
SNTIK=LEND

I1SET=0

ISECT=1

GU Tu 536

REACH HAS BEEN COMPLETEDS

RADV=040

TIKNES=5SN

IF (TAOV(isJ)-SLEN(I»J)) 0DD:705,095
IF (J=K) 710675770

Mi=1]

MOUND=MUUNU+1
RTPOT(MUUND)I=RTIME/36U0
RKPOT{MOUND )=RPOWER/CUNVRANITA
RTIME=040

RPUWER=0e9¢

WMINCU=WMINED+KEACH

SIMULATIUON ALLUWS FUR ROUNDOFF ERRDR

IF{ABS{WMINED-SMINL) «LEs 0+001) RETURN
IF (WMINED -GTs SMINL)} GO TO 482

THE Bwc MUOVES FOR THE NEXT CUT.

TRAVT(IsJ)=TRAVTI(I.JI+TEMPS

TiME(T,J) = TIME(I»J) + TEMPO
TGTIME = TUTIME+ TeMPO
TPU(TI+d) = TPAO(IsJ) + TEMP3I*TCMPS

SETT=5ETT4+5ETTIM

iF (I-nN1) 690,080,770

TEMPL = SLEN(IsJ) — TALDV(IsJ)
If (TEMP1 «GEes REACH) GG TU 405

BENO2170
dENG2180
BENO2190
BENQ2200
oENQ2210
BENG2220
ODEN0Z2230
BENG2240
aEN02250
BENOZ2260
BENDOZ2270
OENOZ280
SDENQ2290
BENOZ2300
SENOZ2310
BENG2320
dENOZ2330
dENO2340
BEN0O2 350
BENO2360
BENOZ2370
SENG2380
BENV2390
BENOG2400
dENOZ2410
SENG2420
BENQ2430
BENQ2440
BENQ2450
DENG2460
BENQZ2470
HENO2480
SENV2490
QENOG2500
BENO2510
SENO2520
BENU2530
BENQZ2540
BENUZS50
BENO2560
BENDO2570
BENOZ2580
SEN0Z2590
BEND2600
SENJZ2610
BEND2620

SENO2630

BENG 2640
BENQZ650
BENO2660
DENQO2670
BENOVL680
DEND2690
BENV2700
SENO2710



0685 REACH = TEMP1
IF (TIKNES eLEe REACH ) GO TO 405
TRMNTG= ¢ TRUE «
IF (REACH-TIKMIN) 686687687
686 TIKNES=TIKMIN
SN = TIKMIN
REACH=TIKMIN
GO TO 405
687 TIKNES=REACH
SN=REACH
GO TO 405
690 IF (+NOT. FNSHSN) GO TO 405
FNSHSN=«FALSE e
M1=1+1
GO TO 40S
0695 TADVUI+1sJ} =TADV(Isd) — SLEN(IsJ)
705 IF (J—K) 710708,770
708 FNSHSN = oTRUE.
GO TO 675

THE BWE MUVES TO NEXT SENCHe

cOHn O

710 TEMP]1l = (REACH 4+ Z2.*%WILTH(I,J))/7CS
TRAMT({I+J) = TRAMT(i+J) + TEMPI
SETY = SETT + SETTIM
TEMP1l = TEMPL + SETTIM
TIME(I+J) = TIME(IL+J) + TEMPIL
TOTIME = TOTIM + TEMPY
RTIME = RTIME + TeEMmP!

TEMP]1 = TEMP3*¥(REACH + 2.%WIDTH(I.4))
SMPD(1sJ) = SMPUO(1+J) + TEMPI

RPUWER = RPUWER + TEMPI

GJ TO 765

INTRUDED INTO THE NEXY SECTION

N OOCC

13 TADV(IL+1sd) = TADVILIsJ) = SLEN(I+J)
DIFF = ReEACH-RADV
IF (DIFF +GtEs TIKNES) GOTO 715
SN = TIKNES
If (DIFF «LT. TIKMIN) DIFF = TIKMIN
TIKNES=DIFF
715 IF (1I-N1) T25s720+770
720 IF (J-K) 7T10s765,770
Q725 1 = 1+ 1
Gu TO 407
765 CUNTINUE
770 RETURN
END
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BEN0O2720
BEN02730
BEN02740
BEN02750
BEN02760
B8EN02770
BEN02780
BEN02790
BENO2800
BENU2B10
BEN02820
BEN02830
BENO2840
BEN02850
BEN02860
BEN02870
BEN02880
BEN02890
BEN02900
BENO2910
BEN02920
BEN0Q2930
BEN02940
dENQ2950
BENQ2960
BEN02970
BEND2980
BENO2990
BEN03000
BENO3010
BEN03020
BEN03030
BEN03040
dENO305¢
BEN03060
BEN0O3070
BEN03080
BEN03090
BEN03100
BENO3110
BENO3120
SEN03130
BEN03140
BENO3150
SBENO3160
BEN03170
BENO0 3180
BENO3190
BEN03200

CARDS LISTED 321
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80-80 LISTING

SUGROUTINE FALCUT

COMMON ACP(10510) CTIME(10+10)

DHEIT(10+10),

DLEN(L1O+10)

1 HPKWH( 104 10), HP3MPO({10+10)y HPTPU(10510), HSKWH{ 10+10)
2 ATKWH{1Us 10)» KWSMPO(10U+10) KWTPU(10,10),

3 LTYPE(1D+10), MATL{105,10), PORADE(1G+10)y PRUBI1UL10)
4 RTLUDIGP(10+10)s RTKWH(10Us10), SOHEIT{10+s10)s SHEIT(10+10)
) SLEN(10,10), SMISC(10510), SMPO(10.s103, STULT(10+10),
5 TADY(1Ge10)s TEM(10»10), TIME(10+,10), TUTAL(10+10),
(4 TPU(10+10)» TPKWH(106103» TRAMP(10s10)» TRAMT (10410}
3 TRAVT{1Gs10)» TSKWH(106G+10) TSLEP(10510), TTIME(10210)
9 WIDTH(10,10)

CUMMON RKPUT(500) RTPUT(500)

CUMMON GRADE(10), HT(10), NUM(10)» RORI{10),

1 VINC(10)

CUMMON BUCFIL{(50), DIGMINALS50), DIGMAX(50), RPM(50)
CuMMUN LwlDos K3 KMAX o N1y CL3 SMINL» RANGLE s
ILANGLEs U335, S OwMs, CSy CUMTIM, DTIME, SETTIM,
2CUNV SPGR GRAV » DIAS NOB» Cud» Bl LOT

3WS, RS, FRS e ALPHA RADV TBACK SETTy ISECT,
4ISET| TANGLE s KQOUNT, TTIK, ETIK, TADVANMNs Kids NGDA S
STMATL » TS, TUTIM, LEND» REND VMA X, FRIFOR., TIKNES,
6METHOD, REACH, SLcKWMys DIGKWM, MOUND, ANITA

REAL NUBsLUTsMATLsLANGLEJLEND» KWTPOs KWSMPU
INTEGER DIGMIN+DIGMAX
SLEKWM=0

DIGKWM=0,0

RTIME=0.0

RPOWER=0.0

KAULVA=0

SAV=0.0

IxZ=19

I1XZ1=17

1YZ=1XZ

1YZ1=1XZ1

SIMULATE ALL THE BENCHES I[N ALL THE SECTIUNS.

DU 1135 I=1sN1
STARAH=24/3.%DIA
ADVAN=STARAH/SIN(ALPHA)
REACH = AUVAN
SADVAN=ADVAN

KKK=0

VARAH=STARAH

XLLB=CLB

KOUNT=KOUNT+ 1

MOUNT=0

K=NUM(I)

TEMP3 = OWMR(ROURI(I)+0.02%GRADE(I))
DO 1130 J=1,+K

B8LOT=0.0

FALGDO000
FALQOQOO10
FALO0Q020
FALDOOO30
FALOQO40
FALOQ0S50
FALOQO6G0
FALOQO7?0
FALOOQD80
FALOQO90
FALOO100
FALOOL110
FALOO120
FALOO130
FALGOO140
FALOO150
FALOO160
FALOOL170
FALQO180
FALOO0190
FALOOQ200
FAL00210
FALOO220
FALOQ230
FALOQ240
FALD0250
FALO00260
FAL0Q270
FALO0280
FALOQ290
FAL0OQ300
FALOG310
FALOO320
FALOG330
FALOO340
FALO0O0350
FALOD360
FALO00370
FALOO380
FALQO390
FALOOA00
FALOO410
FALQO420
FAL00430
FALOO0440
FALOOASO
FALOOQ460
FALUO470
FALOGA480
FALOQA90
FALOOSOO
FALQOS5190



(sl s gl

(2N el gl

[N Mg’

619
625
630
635
0490
645

410

660

6095
670
8675

680
685

690

700
705
710
715
720

725

AVERAGE HEIGHT OF THE CUT TAKEN CALCUILATED.

IF {(KKK) 11404615,635
SOHEIT(I+J)=SHEIT(L+J)-PGRADE(I,J)*TADVAN
SOHREIT(I+14J)=3HEIT(1+J)-PGRADE(1,J)X{TADVAN+ADVAN)
DHEIT(I»J)=(SOHEIT(I+J)+SOHELIT(I¥*1:J))/2a

IF (J=K) 645+640+1140

KKK=0

MOUNT=MOUNT+1

IA=LTYPE(I»J)

THE SUIL CHARACTERISTICS ARE INITIALIZED.

BLUB=BUCFIL(IA)*COB&VINC(IA)
CSPEEL=VMAXXRPM(IA)
XF=CSPEED*6027(3.1416%DIA)
ACP(1+4)=8BCOB8%*NUBXXF%00e

TIKNES=0+ 133¢SART(ACP(I+J)/({DI1A/2)#XF%kNOB) )
LEND=TIKNES*CUS(LANGLE)
REND=TIKNES*CUS{RANGLE)

SN=TIKNES

CALCULATION OF CUTTER LENGTH [N THE BENCH.

BETANG=(6.,2832/N0bB}

NNBID=1.5708/BETANG

DO 670 II=1+100

IF (NNBID-11) 675,665,665
BLOT=BLOT#2.xTIKNES*(COS(BETANG*11))

CONTINUE

PET=CLH/AUVAN

BKTSPA=3.1416*%D1A/N0OB

BAT=BKTSPA/CSPEED
VLEND=STARAH*{COS(LANGLE)+({SIN(LANGLE)*%24)/(2+%PET)))
VREND=STARAH¥( CUOS(RANGLE)}+ ((SIN(RANGLE ) *%2,4 )/ (2*PET)))
BOTH=BCOB/(DHCIT(1,J)#TIKNLES)

SHOTH=BODTH

IF (METHOU-1) 680,685,680

iF (J-1) 1140,690,685
TTIK=DHEIT(I+4)/7C0OS{15706-ALPHA)

Gu TO 895

TTIKS(OHEIT{I+J)-DIA/2)/C05(15706—ALPHA)

TUuP CUT TAKEN BY OENCH CUTe.

LOT=BLOT%*100.

HEIT=DIA/2a

iF (Ni-1) 1140,725,700

IF (KQUNT=-1) 1140,705,710
IF (MQUNT=-1) 1140+,720,725
1F (KGUNT=-N1) 725971541140
IF (MOUNT-1) 1140+,730,725
DCUTA=1+5%SADVAN

GuU TO 735

DCUTA=SADVAN
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FALO0520
FALOQS530
FALQO0S540
FALOOS5S50Q
FALOO0S60
FALOOS570
FALOOS80
FALO0590
FALOQG600
FALO0O610
FALOO620
FALOOG630
FALOQO0640
FALOO650
FALOO66U
FALOOG670
FALOO680
FALQG690
FALOO700
FALQO710
FALOO720
FALOOQO730
FALOOQO740
FALOO750
FALOQ760
FALOO770
FALOO780
FALOQ790
FALOO0800
FALOO810
FALO0820
FALO0830
FALOOB4O
FAL0O0850
FALOOB60
FALOQOBT7O
FALOOBSBO
FALQOQ890
FALOO900
FALOO910
FALQO920
FALOQ930
FALOO940
FALQO9S0
FALOO0960
FALOOQO970
FALOO980
FAL00990
FALOL1000
FALOQ1010
FALO1020
FALO1030
FALQO1040
FALO1050
FALO1060
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o600

(sl sl 8!

Con

730

735

740

745

750
755

760

765
770

775

60 TO 735
DCUTA=0.5%5ADVAN

CHECK FOR BOULDERS AND CALC. DOWN TIME IF STRULK

IXZ=1YZ
CALL RANDU(IXZs1YZeXE)

CUTRES=DIGMINI{1A) + (DIGMAX({T1AYI-DIGMIN(IA))*XE

BAT=BKTSPA/CSPEED

IXZi1=1vZ1

CALL RANDU(IXZ141YZ1sXX)
AXX=XAX®100

IF (XX=-PR0OB(I1sJ)) 7T40:,740.+,745
TIME(I»JI=TIME(IsJ)+DTIME
RTIME=RTIME+DTIME
TOTIM=TATIM+DT I ME
STUCT(1+J)=STUCT{1,J)+DTIME
KB=KB+1

ACCUMULATE TIME AND NUMBER UF PASSAGES

TIME(I»J)=TIME(IJ)+BAT
TUTIM=TOTIM+BAT
RTIME=RTIME+BAT
NODA=NUODA+1
CTIME(IL+J)=CTIME(L1+J)+EBAT

ACCUMULATE POWER

DIGP=CUTRES*LUT*BKTSPA
RISP=8BCOB*SPGR¥*DIA
RPOWER=RPUWER+RISP+DIGP
TOTPER=DIGP+R]ISP
DIGKW=(TUTPER/CONV) ¥(1+/8AT)*3600.
IF (DIGKW—UIGKWM) 753+755+750

DI GKWM=D1GKW
RTDIGP(I+J)I=RTDIGP(1+J)+DIGP+RISP
MATL(I,J)=MATL(1,J)+8C0G

IF (TOTIM=CUMTIM) 760+1140:,1140
DIST=5BDTH

SLP=DIST/BAT

IF (5LP-USS) 77047704765
SLP=USS

ANGLE=ARSIN{(DIST/CLB)
TANGLE=TANGLE+ANGLE

DIST=S5LP*QAT
SLEP=({CUTRES*LOT*SLP/CSPEED)+FRIFOR) *DIST
TSLEP(LsJI)=TSLEP{1sJ)+SLEP
RPOWER=RPUWER+SLEP
SLEKW={SLEP/CONV)*¥(1./8BAT}¥3600.

CALCULATE MATERIAL EXCAVATED

IF (SLEKWM—SLEKW) 775,780,780
SLEKWM=SLEKW

FALO1070
FAL01080
FALO1090
FALO1100
FALO1110
FALO1120
FALO1130
FALO1140
FALO1150
FALO1160
FALO1170
FALO1180
FALO1190
FALOL1200
FALO1210
FALO1220
FALO1230
FALG1240
FALO1250
FALOL1260
FALD1270
FALO 1280
FALO1290
FALO1300
FALO1310
FALO1320
FALO1330
FALO1340
FALO1350
FALO13560
FALO1370
FALO1380
FALO1390
FALD1400
FALO1410
FALO1420
FAL01430
FALOG1440
FALO1450
FALO1460
FALO14740
FALO 1480
FALD1490
FALO1500
FALO1510
FALO1520
FALO1530
FALO1540
FALGL550
FALD1560
FALOL1570
FALO1580
FALO1590
FALG1600
FALO1610



780
765
790
795

800
805

810
815

820

830

835
8490
845

850

860
865

870

875

IF (ISET) 1140,7685,835
IF (ISECT) 11404+510,790

IF (LANGLE-TANGLE) 600,805+795
SNTIK=LEND*COS (LANGLE-TANGLE )/COS(LANGLE)
SBDTH=BCUB/ (HE IT&SNTIK)

GO TU 735

D=TANGLE-LANGLE

DIS=CL3*SIN(D)
MATL(LsJ)=MATL(1sJ)=DIS*HEIT®SNTIK
TANGLE=040

ISECT=0

GO0 TO 735

IF (RANGLE-TANGLE) 820,825.815
SNTIK=TIKNES*COS { TANGLE )
SBOTH=HCOB/ (HEIT*SNTIK)

GO TO 735

D=TANGLE-RANGLE

DIS=CL3*SIN(D)

MATL(IsJ)SMATL (14J)-DISKHEIT#SNTIK
SNTIK=REND

TANGLE=040

SAV=SAV+TIKNES

IF (SAY-DCUTA) 830.890.,8865

ISET=1

ISECT=1

TRAMP(1+J4) = TRAMP(I,4) + TEMP3I®TIKNES
TIMINC= TIKNES/CS

RTIME = RTIME + TIMINC

TTIME(I+Jd) = TIME(I»J4) + TIMINC
TIME(I+4J) = TIME(I+J) + TIMINC
TUTIM = TUTIM + TIMINC

RPUWER = RPOWER + TEMP3%TIKNES

GO TO 735

IF (ISECT) 1140+,860.,0840

IF (RANGLE-TANGLE) 850,855,845
SNTIK=RENUSCOS{RANGLE-TANGLE)/Z/COS{RANGLE)
SBDTH=BC08/ (HE 1 TXSNTIK) '

GO To 735

D=TANGLE—RANGLE

DIS=CLA%SIN(D)
MATL(EsJ)=MATL (1, J)=DIS*HEIT*SNTIK
TANGLE=040

ISECT=0

GO TO 735

IF (LANGLE-TANGLE) 870,875,865
SNTIK=T IKNES*COS ( TANGLE )
SBOTH=BCUB/ (HEIT®*SNTIK)

GO TO 735

D= TANGLE-LANGLE

DIS=CL3%*SIN(D)

MATL(L s J)=MATL( L) -DISHHE I TH¥SNTIK
TANGLE=0+0

SNTIK=LEND

SAV=SAV+TIKNES

IF (SAV-DCUTA) 880,890,885
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FALO1620
FALU1630
FALO1640
FALO1650
FALO1660
FALOLl670

FALO 1680

FALO1690
FALO1700
FALOL710
FALOL1720
FALO1730
FALOL1740
FALOLT7S50
FALOL760
FALOL1770
FALO1780
FALO1790
FALQL1800
FALO1819
FALO1820
FALO1830
FALO1840
FALO1850
FALO 1860
FALO1870
FALO1880
FALOL1890
FALO1900
FALO1910
FALO1920
FALOL1930
FALO1940
FALOL1950
FALQ 1960
FALO1970
FALU1980
FALO1990
FALOZ2000
FALOZ2010
FALO2020
FALOZ2030
FALO2040
FALUZ2050
FALO2060
FALOZ2070
FALO2080
FALUZ2090
FALO2100
FALDO2110
FALO2120
FALO2130
FALO2140
FALOZ2150
FALO2160



OO nO

[l ol o

(4]

60

880

88s

890

895

900

905

ISET=0

ISECT=1

TRAMP(I»J) = TRAMPILI.J) + TEMP3x*TIKNES
RPOUOWER = RPOWER + TEMP3%TIKNES
TIMINC= TIKNES/CS

RTIME = RTIME + TIMINC

TIME(IsJ) = TIME(IL»J) + TIMINC
TTVTIME(IsJ) =TTIME(IsJ) + TIMINC
TOTIM = TUTIM + TIMINC

GO TO 735

DEF=SAV-DCUTA

MATL(12J)=MATL(I +J)-DEF*HCEIT#*BWID
SMPO(1sJ) = SMPO(1+J)+TEMP3*DCUTA
RPOWER=RPUWER* TEMP3*D(CUTA
TIMINC=DCUTA/CS
TEMPS=TIMINC4+SETTIM
RTIME=RTIME+TEMPS
TIME(I+J)STIME(ILI +J)}+TEMPS
TOTIM=TOTIM+TEMPS

TRAMT(I+J4) =TRAMT(1sJ) +TIMINC
ISET=0

ISECT=1

SAV=0.0

KRAM=0

IF (TOTIM-CUMTIM) 89551140+1140

OROP CUT STARTS HERE.
PASSAGE OF THE BUCKET THROUGH THE S0IL IS SIMULATED

IXZ=1YZ

CALL RANDU(IXZs1YZyXE)

CUTRES=DIGMINCIA) + (DIGMAX{IA}-DIGMIN(IA) }EXE
TTTR=(1e5708+ATAN((VARAH-DIA/24)/(01AZ204)))
NBID=(TTTR/62832)%N03+0a5

ALUTSZ2 e % TIKNES¥INBID-NNBID)
LOT=(BLUT+ALOT)*100.

IXZ1=1IYZ1

CALL RANDULIXZ12IYZ1eXX)

XX=XX% 100

IF (XX—PROB(I1.J)) 900+900,905
TIME(I»J)=TIME(L»J)+0DTIME

RTIME=RT INE+DTIME
STUCT(I1¢J)=STUCT(I+J)+0TIME
TOTIM=TOTIM+DT IME

Kd=K8+1

MATLCI s J)=MATL I, J)+BCUB

ACCUMULAT: TIME AND NUMBER OF PASSAGES

NODA=NUDA+1

CTIME(Es J)=CTIME(L,»J)+BAT
TIMEC(L«J)=TIME(L»J)+BAT
RTIME=RT iMc+8AT
TOTIM=TOTIM+BAT

FALQO2170
FALO2180
FALO2190
FAL02200
FALO2210
FALO2220
FALO2230
FAL02240
FALD02250
FALD2260
FALO2270
FALO2280
FAL02290
FALO2300
FALO2310
FALO2320
FAL0O2330
FALOZ2340
FAL02350
FAL02360
FALO02370
FALO2380
FAL02390
FALO2400
FALQO2410
FALG2420
FALO2430
FALOZ2440
FALO2450
FALO2460
FALO2470
FALO02430
FALO2490
FALO02500
FALOZ510
FALD2520
FALO2530
FALO2540
FALO2S50
FALO2560
FALD2570
FALO2580
FALO2590
FAL02600
FALQZ2610
FALO2620
FALQ2630
FALO2640
FALOZ2650
FALQZ2660
FALO2670
FAL02680
FALG2690
FALG2700
FALOZ2710



con

C

C
C
C

910
15

220

925

9330

COMPARISUN ALLOWS FOR
CALL POUMP(DHEIT(1s1)+20HEIT(10+10)s5sSOHEIT(1a1)+sSOHEIT(10+10) +5,

931
932

940
945

950
955

960

965

970

975

980

9485

ACCUMULATE POWER

DIGP=CUTRES*LUT*BKTSPA
RISP=BCOB*SPGR*DIA
RPOWER=RPUWER+RISP+LIGP
TOTPER=DIGP+RISP
DIGKW=(TOTPER/CONV)*(1+/3AT)%*3600.
IF (DIGKW-DIGKWM) F154915+910
DIGKWM=DIGKYW
RTUIGP(I+Jd)=RTUIGP{I»J)+DIGP+RISP
IF (TOTIM=CUMTIM) 20U 1140,1140
LIST=BCOB/{VARAHXTIKNES)
SLP=DIST/BAT
IF (SLP-USS)
SLP=USS

93069304925

DEBUG STATEMENTS & STUP CUNDITIONS

IF (DIST +LE«XCLB) GU TO 932
IF (DIST=XCLod »LEs 0.001) G0 TU 931
ROUND OFF DISCREPANCIES

IRTIME s TEMHT 1 s 5 +RTIME s TEMHT 144 »BWIDsANITA»S5sBWIVsANITA4)
RETURN

DIST=XCLB

ANGLE=ARSIN(DIST/XCLB)

TANGLE=TANGLE+ANGLE

DIST=SLP%BAT
SLEP=((CUTRES*LUOT*SLP/CSPEED)I+FRIFUR)*DIST
RPUWER=RPOWER+SLEP
SLEKW=(SLEP/CUNV)*{1./8AT)*3600.

IF (SLEKWM—SLEKW) 940,945,945
SLEKWM=SLEKW

TSLEP(L+J)=TSLEP(I+J)+SLEP

IF (ISET) 1140,9504+1010

IF (ISECT) 1120+975,955

IF (LANGLE-TANGLE) 96%5+4970+960

WHEEL MOVING FRUM LEFT TO RIGHT.

VARAH=STARAH¥*(COS{LANGLE-TANGLE)+{ (SIN(LANGLE-TANGLE)*%2)/
1{2.%PET)))

GU TO 895

D=TANGLE-LANGLE

DIS=CLB*SIN(D)

MATL(1+J)=MATL({[+J}-DIS*TIKNES*VARAH

TANGLE=0.0

ISECT=0

GU TO 895

IF (RANGLE-TANGLE) 985+990,980
VARAH=STARAH%(COS{TANGLE)+((SIN(TANGLE)*%2,.)/(2.*PET)))
GU TO 895

D=TANGL E-RANGLE

D1S=CLO*SIN(D)

MATL T s J)=MATL (1 +J)-DIS*TIKNES*VARAH
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FAL0O2720
FALO2730
FALO2740
FALO2750
FALO2760
FALO2770
FALQ2780
FALO2790
FALO2800
FALO2810
FALO2820
FAL02830
FALO2840
FAL0O2850
FAL02860
FAL02870
FAL0O2880
FAL02890
FALO2900
FALO2910
FAL0O2920
FAL02930
FAL02940
FALO2950
FALO2960
FAL02970
FAL02980
FAL02990
FAL03000
FALO3010
FAL03020
FAL03030
FAL03040
FALO3050
FAL03060
FAL03070
FAL03080
FALO3090
FALO3100
FALO3110
FALO3120
FALO3130
FALO3140
FALO3150
FALO3160
FALO3170
FAL03180
FALO3190
FALO3200
FAL03210
FALO3220
FAL03230
FALO3240
FAL03250
FAL03260
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[aNaRsNaNeN e Xal

[aalg)

(el g a]

990 TANGLE=040
ETIK=ETIK+TIKNES
IF (TTIK-ETIK) 1070+41075,995
995 DIFF=TTIK-ETIK
1005 ISET=1
ISECT=1
CHECKING TU DETERMINE IFf TIKNES IS 50 SMALL THAT THE VALUE OF
DIST WILL EXCEED THE S_EWING RADIUS (XCLB) CAUSING AN ARCSIN
ERRUR (AT 930). THEREFOHE, TIKNES WlLL BE€ RE-CALCULATED S50 AS TO
AVOID ARCSIN ERRURs ANY MATERIAL MINED IN EXCESS #ILL Bt
ADJUSTED BY THE STATEMENTS AT 1070
1000 IF(TIKNES «LEe DIFF) GU TU 1008
IF ({ BCUB/{VARAH*DIFF) «GE. XCLHB) GO Tu 996
TIKNES=DIFF
GO TU 1008
996 TIKNES = BCOB/ (VARAH®¥XCLB)
CALCULATIONS FUR THE CROUWD.
1008 TEMPI=TIKNES*COS(ALPHA)
TBACK=TBACK+ TEMP]
TRAMP(I,J) =TRAMP(L+J) + TEMP1%TEMP3
RPUWER = RPOWER + TEMP3*TEMPI
TIMINC=TEMP1/CS
RTIME =RTIME+TIMINC
TIME(TI»JI=TIME(LsJ) + TIMINC
TTIME(I+d) =TTIME(L1eJ) # TIMINC
TOTIM =TOTIM #+ TIMINC
GU TO 895
1010 IF (ISECT) 1140,1035,1015
1015 IF (RANGLE-TANGLE) 1025s1030s1020
WHEEL MOVING FROM RIGHT TO LEFT.
1020 VARAH=STARAH*{ COS({RANGLE—TANGLE)+({SIN(RANGLE~=TANGLE) %
1%2 e )7 (2%PET)) )
GO TO 895
1025 D=TANGLE-RANGLE
DIS=CLO*SIN(D)
MATL(I s J)=MATLA(I +J)—-DIS*kTIKNES¥VARAH
1030 TANGLE=0.0
1SECT=0
GU TO 89%
1035 IF (LANGLE-TANGLE) 1U45+1050,1040
1040 VARAH=STARAH®{COS(TANGLE)+{ (SIN(TANGLE)*%24)/(2.%PET)))
GU TO 895
1045 D=TANGLE-LANGLE
DIS=CLB*SINI(D)
MATL(Ls JI=MATL(T+J)—DIS*TIKNES#VARAH
1050 TANGLE=U.U

1055

ETIK=ETIK+TIKNES
IF (TTIK-ETIK)
DIFF=TTIK-ETIK

1070+,1075s1055

FALO3270
FALO3280
FALQ3290
FAL03300
FALD3310
FALO3320
FALO3330
FALO3340
FALO3350
FALO3360
FALO3370
FALOQ 3380
FALO3390
FALO3400
FALO3410
FALO3420
FALO3430
FALO3440
FALO3450
FALD3460
FALO3470
FALQ3480
FALOQO3490
FALU 3500
FALO3510
FALG3520
FALU3530
FAL0O3540
FALO3550
FALO3560
FALO3570
FALO3580
FAL03590
FALO3600
FALO3610
FAL03620
FAL03630
FALU3640
FAL0O3650
FALO3660
FALO3670
FAL0O3680
FALD3690
FALO3700
FALO3710
FALU3720
FALO3730
FALG3740
FALO3750
FALO 3760
FALO3770
FALOJ3780
FALO3790
FALO3800
FALD3810



1070

1075
1080

noo

1085

1995

11900
1105

1110

1115

1120

1130
1125
1135

1140

ISET=0

ISECT=1

GO TO 1000

DIFF=ETIK-TTIK

MATL LI+ J)=MATL(1+J)-DIFF*BANID*STARAH
IF (J—K) 1080,108%541140

TTIK=0.0

ETIK=0.0

GO TO 1130

THE BWE MOVES FOR THE NEXT CUT.

TADVAN=TADVAN+ADVAN
TEMPA=TBACK+ADVAN

TEMPS=TEMP&4/CS

TEMP6 = TEMPS+SETTIM
TEMP7=TEMP4*TEMP3

TRAVT(I+4) =TRAVT(I+J) + TEMPS
TIME(I+J) = TIME(IsJ) + TEMPOH
RTIME=RTIME+TEMPS

TOTIM=TOTIM+ TEMP6

TPO(1+J) = TPO(I+d) + TEMP?
RPOWER = RPOWER® TEMP?7

THACK=0.0

TTIK=0.0

ETIK=0.0

KADVA=KADVA#+1

MOUND=KADVA
RTPOT{(MOUND)=RTIME/Z/ 3600
RKPOT(MOUND )=RPOWER/CUNV*ANITA
RTIME=00

RPOWER=040

IF (TADVAN-SLEN(I»J)) 1095,1125+1120
DISTGU=SLEN(I+J)-TADVAN

IF (DISTGO—ADVAN) 11006104610

IF (I-N1) 1110+1105,1140
ADVAN=DISTGO

SADVAN=ADVAN

STARAH=ADVAN%S [N(ALPHA )

GO TO 610

DIFFER=ADVAN-DISTGU

D0 1115 J=1,K

TEMHTLI=(DHEIT(Ls J)+SHEIT(I+14J))/2.¥DISTGO
TEMHT2=(SHEIT(I+1 s J)+(SHEIT(I+1+J)—PGRADE(I#+1+J)%

I1DIFFER) )/2.*%DIFFER

DHEIT(I+J)=(TEMHT1+TEMHT2)/ADVAN
KKK={

GU TO 610

TADVAN=DIFFER

DIFFER=0.0

GO TO 1135

CONTINVE

TAOVAN=0.0

CUNT INUE

R TURN
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FAL03820
FAL03830
FALO3840
FALO03850
FAL03860
FALO3870
FALO3880
FAL03890
FALO3900
FALU3910
FAL03920
FALO3930
FALO3940
FALO3950
FALO3960
FAL03970
FALO3980
FALO3990
FALO4000
FALO4010
FAL04020
FAL04030
FAL04040
FAL04050
FAL04060
FALDAO70
FALO4080
FALO4090
FAL04100
FALO4110
FALO4120
FALO4 130
FALO4140
FAL04150
FALO4160
FALO4170
FALO#180
FALO4190
FALO%200
FALO4210
FALO04220
FALQO&230
FaL04240
FALO4250
FALG4260
FAL04270
FALO4280
FALQ4290
FAL04300
FALO4310
FALO4320
FALO4330
FAL04340
FALO43%0
FALU4360
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80-80

END

LISTING.

SUBROUTINE RANDU(IXsI1Y.YFL)
IY=IX%65539

IF(IY)5+646
IY=IY+2147483647+1

YFL=1Y

YFL=YFL#%.4656b13E-9

RE TURN

END

FALO4370

CARDS LISTED 438

RANDUOOO
RANDUO10
RANDUD20
RANDLUO30
RANDUO4O
RANDVOS50Q
HKANDUO60
RANDUOT70

CARDS LISTED 8
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APPENDIX B,-~COMPUTER INPUT CONTROLS

80-80 LISTING

CRAFRFREXRFRXR R XA ERER RS XA TR R AR R KRR TR AR R A KA ER AR B AR KRR R E R R AR R RE SR kAR EER DATACOOO

C DATAOQO10
C INPUT SPECIFICATIONS ¥ BWE SIMULATOR DATAO0020
C EEEREEEEE X R E R KRR AR EE R R TR KR SEE DATAQ030
< DATAQO40
Ckxxkk%x RUN CARD *%xk¥x%x DATAQ0S0
C DATAOQQG60
C VARNAME CULSe FORMAT DESCRIPTION DATAQO70
o) DATAQO080
C N 1-10 (I10) NUMBER UF BUCKET-WHEELS AND/OR CUT- DATAQ0090
C TYPES TO BE SIMULATED. FOR EACH DATAO100
< SUCKET-WHEEL/CUT-TYPE COMBINATION, DATAQ110
C ALL UF THE FOLLOWING CARDS ARE RQRD. DATAO0120
C OATAO0130
C DATAQG140
CoxxxkkMINING TECHNIQUE CARD®&kk&kk DATAOQ150
C DATAOQ160
C THE DATA ON THIS CARD DETERMINES THE MINING TECHNIQUE(S) TO BE DATAGL170
C SIMULATED: DATAO180
C CODE MEANING OATAQ190
C i LATERAL CUT TECHNIWUE USING BENCUT DATAQ200
C 2 DRUPCUT TECHNIQUE USING FALCUT DATAQ210
C 3 DRAPCUT TECHNIQUE USING AN INITIAL LATERAL CUTe. DATAQ220
C THE VARIOUS MINING TECHNIQUES AND THE ORDCER IN WHICH THEY ARE DATAQ230
C SIMULATED ARE UVETERMINED 8Y THE CUDES AND THEIR ORDER ON THIS CARDe DATAQ02490
C DATAQ250
C VAR.NAME COLSe. FORMAT DESCRIPTION OATAO0260
C #* % % DATAQ270
C MUDELA( 1) 1-10 * 8{10 * MINING TECHNIQUE CUDE. DATAO0280
C MUDEL (2) 11-20 * ® SAME DATAQ290
C ETCe * * ODATAQ300
C *¥ xk VATAG310
C DATAQ320
C DATAQ330
Ckk%kk*x& SECTION DESCRIPTION DECK kxx&xk DATAOQ 340
C DATAO0350
C THe TOTAL NUMBER OF CARDS IN THIS DECK WlLL 8E 14N1/3 DATAO0360
C DATAQ370
C VARJNAME COLS. FURMAT DESCRIPTION DATAO380
< DATAO0390
C N1 i-1¢ {1106) NUMBER OF SELCTIONS TO BE MINEDe DATAQ400
C DATAO410
C E 2] % DATAQ420
C NUM(T) i—-5 * ¥ NUMBER OF OENCHES IN THE 1+TH SECTIUNDATA0430
C NUM{I+1) 20=30 * * DATAD&40
C nNuUmM{I+2) $51-50 ¥ * DATAO0450
C % % DATAO0460
C GRADE(I1) 6-15 x * GRADIENT OF THE [ *TH SECTION (PRCNT).DATAGATO
C GRADE(1+1) 31-40 %3(i5s2F10e5) DATAO48B0
C GRADE(I+2) D6—65 * * DATAQ490
C %* * DATAQ0S00
C RORICI) le—25 *% * RULLING RESISTANCE OF THE I'TH DATAOS510
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C RURICiI+1)
C RURI(L+2)

o0 e

THE TUTAL

VAR« NAME

PRUB(1 +J)

LTYPE(I+4)

STYPE(1sJ1%)

8 BENCHESe
PER CARD,

VARJNAME

SLeN(L»J)

SLEN(L1sJd+1)
SLEN(1,J#2)
SLEN(I +J#3)

SHEIT(1+J)

SHEIT(I+J+1)
SHEIT(1,J+2)
SHEIT(1,J+3)

oo OO C OO0 ODCON OO0 COOC0O0

SHEIT{N2sJ)

41-590
ob-75
%

™
*

*
*

“kkkgdE BENCH DESCRIPTIUON DECK-1 *¥kxExr¥

NUMBER OF CARDS IN THIS DeCK WiLL 8BE TWICtE THE
TOTAL NUMBER OF OENCHESS
BENCHES IN

THE I'TH SECTION ARE IMMEDIATELY FOLLOWED 8Y

COLSe.
*x
I-190

11—-20

* &
1i-80

THE TOTAL NUMBER
THE NUMBER OF ScCTIONS.
THAN 4 BENCHES»
SLEN AND SHELIT ARE ENTERED FUR EACH BENCH,
IN A SECTION.
SECTION ALWAYS BEGINS ON A NEW CARDe.

COLS.
* &
1-10
21-30
41-50
61-70

1120
3i1-40
51-60
71-80
* X

%
1-10

*
x
%
%

¥{F10e2+s110)

*
%*
%
*

*oH R OH R KRR W

#*

FORMAT

80Al

*kxkkk¥x BENCH DESCRIPTION DcCK-2

FURMAT

(8F10.2)

* o9 H R & H R R

*

L K K K K O BE BE BE A

2RNUM(I+1) CARDS DESCRIBING THE SENCHES IN THE (I+1)°'TH SECTION.

* HEIGHT OF THE J°*TH BENCH AT THE END

SECTIUN (DECIMAL FRACTIUN) . DATA0520
DATAO0530

*%x VATAO0S40
DATAQS50

DATAO0560

OATAO0S70

DATAOD80

DATAO0590

THE 2%NUM{1) CARDS DESCRIBING THE LATAOQ600
DATAO0G610

LDATAQ620

DATAQ0630

DESCRIPTION DATADB40

ok DATAGG650
PROBASILITY OF STRIKINGs UN A PARTI- DATAG660
CULAR PASS OF A DUCKETs A DATAUB70
BOULDER IN THE J'TH BENCH OF THE 1'THUATAQ6890
SECTIUNS (PERCENT) ‘ DATAG690
PDATAO700

AN INDEX SPECIFYING THE LOCATION IN DATAO710
THE SUIL DESCRIPTION ODECK UF THE SOILDATAO0720
TYPE FUOUND IN THE J*TH BENCH OF THE DATAO730
I*TH SECTION. DATAQ740
% VDATAOQT750
% AN ALPHA-NUMERIC DESCRIPTION OF THE DATAO0760
¥ J'TH BENCH OF THE I1°'TH SECTIONs UNLY DATAQ770
* THE FIRST 10 COLUMNS ARE READ IN AND DATAQ780
* PRINTED QUT. DATAO790
qok DATAOBOO
DATAQOB10

EX X3 3] DATAO0B20
DATA0830

OF CARDS IN THIS DECK IS5 N1+NN+N3+NUM(NL)/78+ N1 IS DATA0B40
NN 15 THE NUMBER OF SECTIONS HAVING MURE DATAQ850
AND N3 IS THE NUMBER OF SECTIONS HAVING MORE THAN DATAOQB60
U TO 4 DATAOB70

THE DATA FUR THE FIRST BENCH OF A SUBSEGWUENTDATA0880
DATAQB890

DATAO0900

DESCRIPTION DATAQ910

* %k DATAQ920
LENGTH OF THE J*TH BENCH IN THE 1'TH DATA0930
SECTION. (METERS) DATAQ940
DATAG950

DATA0960

DATAO0970

HEIGHT OF THE J*TH BENCH AT THE DATAQ980
BEGINNING OUF THE 1*TH SECTION. THE DATAOG990
HEIGHT OF THE J*TH BENCH AT THE END DATA1000
OF THE I'TH SECTION IS ASSUMED TO BE DATA1010
SHEIT(iI+1:J)e (METERS) DATAL1020

* & DATALD030
DATAL040

% DATA 1050

DATA1060



C SHEITINZ,J+1)11-20 *

C SHEIT(NZ2,J#2)21-30 *

ETCa ETCs #*
* %

(BF1042) * UF THE LAST (M2'TH) SECTIUNS

¥ THIS DATA FILLS THE LAST NUM(N1)/8

x %

AkFx¥ DRUP CUT CONTRBATTER ANGLE CARD #®*®¥kx

THIS CARD IS NECESSARY WHETHER UR NUT A DROP CUT

VAR« NAME CULSe. FORMAT CESCRIPTION

ALPHA 11-20 Fl10+2 FRONTAL BATTER ANGLE{RADIANS)

CEkorkex SOIL TYPo CUNTROL CARD k¥ &%k

VAR «NAME CULS. FORMAT DESCRIPTION

KS 1-10 110
* *

10

NUMBeER OF SOIL TYPES.,

KMA X 11-20 MAXIMUM DIGGING RESISTANCE UF THt

KS*TH SOIL TYPE. (KG/CM)

*¥xkxkkx SOJL DESCRIPTION DECK #&kikx

THE TOTAL NUMBER OF CARUS IN THIS DECK WILL BE KSe

~ftocoohroconOccCcOoO0O0 OO0 0O OO OCONOO OO EOOOORCHON
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{METERS)DATAL1070

LDATAL10806

* CARDS OF THE SENCH DESCRIPTION DECK—-ZDATALl090

VDATA1100
DATALL110
WATAL12G
DATA1130
DATAL1140

IS TO o SIMULATED.UATAL1150

UATAL1160
DATALL7Q
VDATA1180
DATAL1L190
DATALZ200
DATALZ210
LATAL1220
DATAL1230
DATAL1240
DATA1250
DATAL1260
DATALZ270
VATA1280
UATA1290
DATAL1300
OATA1310
DATA1320
DATAL1330
DATAL1340

THE INFURMATIONUATA1350

LATAL1370
DATA1380
VATAL1390
DATAL1400
LATAL4L10
DATA1420
DATAL430
UATAL440
VATAL450
DATA1460
UATAL1A70
DATAl4806
DATAL1490
DATA1500
DATALIS10
DATA1520
DATAIS530

MIGHTDATA1540
TYPE.DATALSS0
MIGHTDATA L1560
TYPE.OATA1570

DATA1580
DATA1590
DATAL1600
VATALO10

FUR TWO SOIL TYPES IS LISTED UN EACH CARDe THE I*TH SOIL TYPE L1STEDDATAL 360
IN THIS DECK IS REFERENCED IN THE BeNCH DESCRIPTION DECK-1 BY SET-
TING A PARTICULAR LTYPE EGUAL TU [
VAR «NAME COLSe FURMAT DESCRIPTION
ik EY &3
BUCFIL(I) 1-10 = ¥ BUCKET—FILLING CAPACITY iN THE I%TH
* * S0]L TYPE. DECIMAL FRACTIUN UF CUBe
* #*
RPM( 1) 11-20 * * CUTTING SPEED OF THE WHEEL IN THE
* * I%TH SOIL TYPEs EXPRESSED AS A DECI-
* # MAL FRACTIUN OF THE MAXIMUM CUTTING
* * SPEED VMAX = SQRT{0.5%G¥DIAM) .
*2(3F10+25110)
VINC(I1) 21-30 =* ¥ SwELL FACTOR UF THE ['TH SOIL TYPRE
* * (DECIMAL FRACTIUN)a
* *x
CIGMINCI) 31-40 * * MINIMUM DIGGING RESISTANCE THAT
* * o ENCOUNTERED IN TH: I'TH SOIL
DIGMAX (D) 41-50G * ¥ MAXIMUM DIGGING RESISTANCE THAT
* % ® Bt ENCOUNTERED IN THE L*TH SOIL
* NOTICE THAT RPM aND DIG'S ARC
¥ MACHINE-DEPENDENT
xR
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00000060000

conoOOCEDOCOCODOAOCOCOOODOONONDNOOOOOOOOOOMOD0O

kkkkkx MACHINE SPECIFICATIUN DECK F#¥¥¥¥

THE NUMBER OF CARDS IN THIS DECK IS5 Be

VAR« NAME

a
«
m

cLB

REACH

RANGLE
LANGLE
vuss

SL

UwM

CcS

NOg

cuB

s
RS

FRS

COLS.

-
|
-
c
LR IR

X
i-10 =*

11-20 *
¥

w X
1i-10

11-20

21-30

LK 3R B B AN A ]

31-40
* Xk

¥

1-10 *

11-20 *
*¥

£%
1i-10

11-20

* % % ®

21-30
* ¥

* %
1-10

11-20

L B B

21-30
%
*¥

FORMAT

10A1

2F102

4F 102

2F10.2

3F10.2

3F10.2

DATA1620
DATA1630

DATAL 640

DATA1650

DATA1660

DESCRIPTION DATAL670

DATA1680

ks VATA1690
* ANY STRING OF TEN CHARACTERS TO DATAL1700
¥ IDENTIFY THIS MACHINE DATA1710
xk DATA1720
DATA1730

& DATA1740
* SLEWING RADIUS (METERS) DATAL750
* DATA1760
* MAXIMUM ADVANCE OF THE EXCAVATOR IN AGATAL770
* ZENCH, BEFORE MOVING TO THE NEXT DATAL780
* BENCH» IN BENCH CUT METHGOe (METERS) DATAL790
ek DATA1800
DATA1810

Ex DATAL1820
*+ ANGLE OF SLEW TO THE RIGHT OF THE DATA1830
* DIRECTION OF ADVANCEs (RADIANS) DATA1840
* ANGLE OF SLEW TO THE LEFT OF THE 0ATAL1850
* DIRECTIUN OF ADVANCE« (RADIANS) DATA1860
* MAXIMUM PERMISSIGLE SLEWING SPEED. DATA1870
* (METERS/SEC) DATA1880
% SLOPE OF THE BENCHESs EXPRESSED AS DATA1890
* THE TANGENT UF THE SLOPE ANGLEe DATA1900
wEw DATA1910
DATA1920

xwk DATA1930
* OVERALL WEIGHT OF THE MACHINEe (KG) DATA1940
* DATA1950
* CRAWLER SPEED (METERS/SEC). DATA1960
*%% DATA1970
DATAL1980

wxs 0ATA1990
* DIAMETER OF THE WHEEL (METERS). DATA2000
* OATA2010
# NUMBER UF BUCKETS ON THE WHEEL. DATAZ2020
* DATAZ2030
x CAPACITY UF THE BUCKET (CUBIC METERS)DATAZ2040
kb DATA2050
DATA2060

*H DATA2070
# WEIGHT OF THE SUPERSTRUCTURE. (KG)  DATA2080
* DATAZ2090
* RADIUS OF THE BALL RACE ASSEMBLY. (M)DATA2100
* DATA2110
* FRICTIONAL RESISTANCE AT THE BALL DATAZ2120
* RACE. (DIMENSIONLESSs SEMANTICALLY  DATA2130
* FRS IS IN UNITS UF FORCE/WEIGHT) DATA2140
P DATA2150
DATA2160



C

C CUMTIM
C

C OTIME
C

C SETTIM
<

C CONV

C

C SPGR

c

<

C

C

€ GRAV

c

C

C

C

C EFFM

C

C EFFE

C

<

<

C

C

* ¥ LT 2
1-10 = ¥ LIMIT ON SIMULATION-TIME. (S£EC)
*
11-20 * * DOWNTIME WHEN A BOULDER I5 STRUCK.
* * (5EC)
21-30 % ¥ SETTING TIME UF THE E£XCAVATOR. (SEC)
* *
31-40 * * CONVERSION FACTUR FOR CUNVERTING
¥ * MECHANICAL TO ELECTRICAL ENERGY.
41-50 * * SPECIFIC GRAVITY OF THE MATERIALS
¥ 6F1042 * BEING EXCAVATED. ALL SOIL TYPES
L * REFERENCED BY THE BENCH DESCRIPTIOUN
* * DECK-1 ARE ASSUMED TOU HAVE THE SAME
* * SPECIFIC GRAVITY.
51-60 * ¥ ACCELERATION DUE TO GRAVITY.
*x * (METERS/SEC¥%2)
L2 2
L L2 X
1-10 * * EFFICIENCY OF THE MECHANICAL TRANS-
* 2F10.2 % MISSIONe (DECIMAL FRACTIOUN)
11-20 * * cFFICIENCY OF THe ELECTRICAL PARTS.
®k * (VDECIMAL FRACTION)
k&
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DATAZ2170
DATA2180
DATA2190
DATA2200
DATA2210
DATA2220
DATA2230
DATAZ240
OATA2250
DATA2260
DATAZ2270
DATAZ2280
DATA2290
DATA2300
DATAZ2310
DATA2320
DATAZ2330
DATA2340
DATA2350
DATA2360
DATA2370
DATA2380
DATA2390
DATA2400
DATA2410
DATA2420

AR R R R RER SRR SRR REREND OF INPUT SPECIFICATIUNSH S ks k ek a kR sahxxx XEX X A6 XDATA2430

CARDS LISTED 244
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T o - D 0o 1

DN DO DO

r

o]

I o © @ O

«55

— e

[N B ]

DOAN O OO W N -

[ -
— (@) 0

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
1.98
1.98
1.98
1.98
1.98
1.98
1.98
1.98
1.98
1.98
240
28
.28
.28
e 30
«30

« 06
206
«06

APPENDIX C.--DATA INPUT

SAMPLE DATA

wew w

Be167
B8e167
Be+167
Be167
B8e167
8s+167
Be167
8a167
B8e167

1.98

«83
«83
«83
«83
«83

et
[ 2 B ]

1.98
1.98
1.98
198
198
1498
1«98
1.98
198

80
120
180

80
120

« 06
« 06
« 06

8e167
Be167
86167
Bel167
Be167
8.167
Bel67
Be167
86167

120
180
240
120
180

198
1.98
l1.98
1.98
1.98
le98
le98
1.98
1498

- s

«06
« 06
« 06
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« 55

* 55

55

s 70

«70

70

«70

+ 70

«70

e 70

«70

« 70

e85

+ 85

e85

e85

«85

e85

«85

«85

«85
MAVOR £E10
Tett2
122
29972400
2ebld
199R2.00
$999000.00
0e80

¢ 30
«32
«32
e 32
28
«28
«28
« 30
¢ 30
«30
e 32
32
e 32
28
28
28
e 30
« 30
«30
32
«32
«32

3.06
1e22
Oes6
5e
1.64
30400
0«30

83 180
«83 80
«83 120
«83 180
«83 a0
«83 120
«833 180
«83 80
83 120
«83 180
«B3 R0
« 83 120
83 180
«83 80
83 120
« 83 180
83 80
«83 120
83 1830
«83 8]0
83 120
«83 180
0«50 7700
0603

6000 36710040

240
120
180
240
120
180
240
120
180
240
120
180
240
120
180
240
120
180
240
120
180
240

2017.00

9.81

71
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MATERTAL DESCRIPTICN

MATERIAL TYPFE # BUCKET FRAC MAX SWELL CUTTING RESTISTANCE

FILL Cut SP, FACTCR MIN MAX

1 C.83 0.28 0.83 80 120
2 C.83 .28 0.83 120 180
3 0.83 C.28 N.872 180 240
4 c.83 0.30 0.83 80 120
5 0.83 0.2¢C 0.83 120 180
6 0.83 0.30 0.83 180 240
7 0.83 €.32 0.83 B0 120
8 C.83 0.32 0.83 120 180
9 C.83 0.32 0.83 180 240
10 0.83 C.28 0.83 B8O 120
11 0.83 0.28 0.82 120 180
12 C.83 0.28 0.83 180 240
13 c.83 0.30 0.83 80 120
14 0.83 0,30 0.83 120 180
15 C.83 0.30 0.83 180 240
16 .83 €.32 0.83 80 120
17 0.83 0.32 0.83 120 180
18 0.70 0.32 0.83 180 240
19 0.85 0.28 0.83 80 120
20 C.85 0.28 0.83 120 180
21 0.85 C.28 0.83 180 240
22 0.85 0.30 0.83 80 120
23 0.85 C.30 0.83 120 180
24 0.85 0.30 0.83 180 240
25 0.85 0.32 0.83 80 120
26 C.85 0.32 0.83 120 180

N
-~

C.85 0.32 0.83 180 240



PCwWER AND TIME STUDY FOR £ACH CUT

cur 1 TIME 1.8 HCURS PCWER 217T. KWH
CuT l TIME 1.8 HGOURS POWER 217« KWH
cuT 2 TIME 1.7 HOURS PCWER 232. KWH
CuT 4 TIVE 1.6 HOURS PCWER 218+ KHWH
cur © TIME 1.6 HOURS FCWER 217« KHWH
cuT € TIME 1.6 HGCURS PCWER 248. KWH
cuT 1 TIME 1.5 HGURS PCWER 218. KWwH
curw £ TIME 1.5 HCURS PCWER 217. KHWH
cuT c TIME 1.7 HOURS PCWER 264, KWH
cut 10 TIME 1.8 HQURS POWER 217, KWH
cury 11 TIME 1.7 HOURS PCWER 231. KWH
CuT 12 TIME 1.7 HOURS POWER 217. KnH
cuT 132 TIME l.6 HOURS PCWER 217. KWH
cur 14 TIME 1. HOURS PCWER 257. KwH
CuT 1% TIMF 1.6 HOURS PCWER 226. KKWH
cuT 1€ TIME 1.6 HOURS PCWER 227« KHWH
cur 17 TIME 1.7 HCURS PCWER 263. KHH
cut 1R TIME 1.7 HOURS PCWER 218+ KHWH
curT 16 TIME 1.7 HOURS PCWER 232. KuWH
cuT 20 TIME 1.6 HOURS POWER 217. KuH
cuT 21 TIME l.6 HOURS PCWER 217. KHH
cuT 22 TIVE le6 HOURS PCWER 248+ KHWH
cuY 23 TIME 1.5 HOURS POWER 218, KWH
CurT 24 TIMF 1.5 HOURS PCWER 217. KHWH
Curv 2% TIME 0.1 HOURS POWER l. KuwH
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PRCDUCTION STUDY

MATERIAL EXCAVATET 6140. CUMTS
NUMBER CF BUCKET DISCHARGES 89647
THECRETICAL CAPACITY IN CUBIC METERS PER HCUR 5€56,
AVERAGE CAPACITY IN CUBIC MFTERS PER HOUR 160.
SECTICN 1 BENCH 1 ACTUAL CAPACITY 157.
SECTICN 1 BRENCH 2 ACTUAL CAPACITY 157,
SECTICN 1 BENCH 2 ACTUAL CAPACITY 157.
SECTICN 2 BENCH 1 ACTUAL CAPACITY 1€8.
SECTICN 2 BENCH 2 ACTUAL CAPACITY 1€8.
SECTICN 2 PBENCH 2 ACTUAL CAPACITY 1€8,
SECTION 3  BENCE 1 ACTUAL CAPACITY 17G.
SECTICN 3  BENCH 2 ACTUAL CAPACITY 179,
SECTICN 3 PBENCK 13 ACTUAL CAPACITY 179,
SECTICN 4 PBENCH 1 ACTUAL CAPACITY 157,
SECTICN 4 BENCH 2 ACTUAL CAPACITY 157.
SECTICN 4 BENCH 3 ACTUAL CAPACITY 157.
SECTICN S BENCH 1 ACTUAL CAPACITY 168,
SECTICN S BENCH 2 ACTUAL CAPACITY 168.
SECTION S BENCH 2 ACTUAL CAPACITY 168,
SECTION ¢ PBENCH 1 ACTUAL CAPACITY 179.
SECTIOCN 6 EENCE ¢ ACTUAL CAPACITY 175,
SECTICN €& BENCH 12 ACTUAL CAPACITY 151.
SECTICN 7 BENCH 1 ACTUAL CAPACITY 1€0.
SECTICN 7 BENCH 2 ACTUAL CAPACITY '1€0.
SECTION 7 BENCH 2 ACTUAL CAPACITY 160.
SECTICN 8 BENCH 1 ACTUAL CAPACITY 172,
SECTICN 8 BRENCH 2 ACTUAL CAPACITY 172.
SECTICN 8 RENCH 2 ACTUAL CAPACITY 172,
SECTICN G BENCE 1 ACTUAL CAPACITY 183,
SECTICN 9 BENCH 2 ACTUAL CAPACITY 183.
SECTICN 9 BENCH 2 ACTUAL CAPACITY 1813,
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APPENDIX E.--GLOSSARY
Digging capacities in cubic meters per hour.
Theoretical digging capacity in cubic meters per hour.
Actual digging capacity in cubic meters per hour.
Hourly digging capacity in material with specific cutting
Hourly digging capacity in material with specific cutting
Mass of material in the bucket in metric tons.
Number of bucket discharges per second.
Number of bucket discharges per minute.
Constant depending on the bench height /wheel diameter.
Diameter of the ball race in meters.
Diameter of the wheel in meters.,
Radius of the wheel in meters.
Number of buckets in the wheel.
Nominal bucket capacity in cubic meters.
Total length of cutters in material in centimeters.
Length of cutting boom in meters.

Acceleration due to gravity in meters/sec®.

resistance kl.

resistance k;.

Bucket filling capacity in the material expressed as a fraction of the

nominal bucket capacity.
BWE capacity in tons per hour.
Thickness of slice in meters.,
Specific cutting resistance in kilograms per centimeter.
Cutting force exerted by the wheel in kilograms.
Cutting force exerted by the slewing motor in kilograms.

Torce at the wheel end in kilograms.
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Power required for cutting in kilowatts.

Frictional coefficient at the ball race on which the superstructure
revolves.,

Lifting power in kilowatts.

Weight of superstructure in kilograms.

Specific cutting resistance in kilograms per centimeter.
Cutting speed of wheel in meters per second,

Slewing speed of wheel in meters per second.

Slewing radius in meters.

Efficiency if the motor drive.

Thickness at the point p in meters.

Angle of slew from the direction of advance.

Starting slewing speed in meters per second.

Slewing speed at the point p in meters per second,
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