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MATERIALS HANDLING RESEARCH: THE BUCKET-WHEE L EXCAVATOR

by

G. C. Price,l C. B. Manula,2 i(nd RajarClman Venkataramani 3

ABSTRCT

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 m1n1ng system. The cost of
this function ranges from 30 to 70 percent of the selling price of mined
materials.

As the rema1n1ng 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 sys tems 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.

i Mining engineer.
aAssistant professor of mining, The Pennsylvania State University,

University Park, Pa.
3Graduate assistant, The Pennsylvania State University, University Park, Pa.
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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
ligni te 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. In
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 Comoanv
Kolbe W - i. . . . . . .. .. .. . .. .. . Little Sister..... . Saint David, IlL. Truax-Traer CoaL.
Kolbe W - 2. . . .. . .. . .. . .. . .. . Buckheart. . . . . . . . . . Canton, 111. . . . . . United Electric

Coal.
Kolbe W -31 . . . . . . . . . . . . Banner. .. . .. . .. .. .. . . . .. . Banner, 111. . . . . . Do.
Kolbe w-4.. . . . . . . . . . . . Cuba. .. . . .. .. .. .. . .. .. .. .. .. . Cuba, II i. .. . .. . .. .. .. Do.
Kolbe W -5. . . . . . . . . . . .. Fidelity. . . . . . . . . . . DuQuoin, 111. . . . . Do.
Bucyrus -Erie l054wX.. . Middle Grove. . . . . . . Farmington, IlL. . Peabody CoaL.
Bucyrus -Erie 954WX. .. Red Ember.. .. .. . .. .. . .. . .. Fiatt, II i.. .. .. .. .. .. ..Truax-Traer Coal.
Krupp 1500.. . .. .. .. .. .. .. .. .. .. . Northern Illinois. . Wilmington, ILL. . Peabody Coal.
Lauchhaie~ . . . . . . . . . . Glenharold.. .. ... . . Stanton. N. Dak. . Truax-Traer Coal.i .Not in operation.
20perated 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.S.R., South Africa, the United States, and Yug~slavia for loading chalk,
lignite, clay, sandstone, phosphate, broken iron ore, coal, clay, shale, oil
sands, and loose, semi loose, and rock overburden.
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GERMN AND AMRICA EXCAVATORS

Bucket-wheel excavators for strip mining may be divided into two main
types --German and .Aerican-Kolbe.4 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.
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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 ~nd 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 rai 1 cars. These machines may excavate overburden,
lignite, or both 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.
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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 not 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 becomíng increasingly popular for reclaiming and
s tacking/reclaiming operations. Higher capacity, higher availability,
simp licity 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. - Rai I-Mounted, Bucket-Wheel Stacker/Recla,imer, Fully Automated.
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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-I), 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-3l0 (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 modifications. In 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-l 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 layer 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, IlL. This machine
operated in conjunction with a 35-cubic-yard shovel removing overburden.



8

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 iS 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 l2-cubic-yard shovel then loaded the lignite from both seams into
trucks for trans fer to a powerplant.

This wheel excavator had a 29-l/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. p laced a Bucyrus -Erie Model 1054WX excavator in
service at their River King mine, Freeburg, 111., in 1960. This machine had
a 25-foot-diameter wheel with nine 1-1/8-cubic-yard buckets, a practical
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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, Ill.

The Peabody Coal Co. also operates a Krupp 1500 bucket -wheel excavator at
their Northern Illinois mine near Wilmington, Ill. This machine has a
37-l/2-foot-diameter wheel with nine 2-l/2-cubic-yard buckets, a capacity of
over 3,000 cubic yards per hour, a 239 -foot s tacker 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 3l-foot-
diameter wheel with 10 buckets, each with a 2-l/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 Darn project on
the Feather River in California. The machine had a 30-foot-diameter wheel
wi th 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 1.5 -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 proj ect. Each of
these machines was designed for one specific project.

McDowell-Wellman Engineering Co. is licensed by Demag-Lauchhamer,
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.



10

They offer crawler-mounted units with 300- to 3,000-cubic-yard-per-hour capac-
i ties and rubber tire uni ts with 300- and 500-cubic-yard-per-hour capacities.

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

Comparison With Shovels or Draglines

Mani (76 -12)6 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

Bas ic work content: Excavation
of soil (A) . . . . . . . . . . . . percent. . 25 32 45 70

Excess work content:
Transporting and shifting of
the machine (B)..... .percent.. 50 33 10 5

Downtime (C) .. . . . . .. . . . . . . . do. . . .. 25 35 45 25
Availability factor in percent:

(A+B)
X 100. . . . . .. .. II .. .. .. .. .. .. .. .. .. .. .. 75 65 55 75

(A+B+C)

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:

1. Lower ins tantaneous power demands.
2. Lower power consumption (60 to 70 percent of shovel).
3. Less shock loading.
4. Less weight for output capacity.
5. Adaptable to a wide range of haulage sys tems.
6. Long stacker boom aids spoiling.
7. Continuous operation.
8. Able to do selective mining.
9. Simp Ie to operate.

6Numbers in parentheses refer to items in the bibliography preceding the

appendixes.



11

Disadvantages of bucket-wheel excavators:

1. Does not work well in hard material that must be blasted, thereby limiting
its effectiveness for stripping operations in American coalfields.

2. Does not work well in loose material containing large boulders.
3. Capital investment 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

m3 m3 m electrical units, ipdex
per hr metric tons

A B C D CD! (~xC) Jxi ,000

Power shovels........... 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

Drag1ine 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. a 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. a 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. Each 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
hard strata; it is gradually being
the digging resistance of the soil
bucket-wheel excavator operation.
classified as follows:

an ideal machine for working in soft to medium
developed for use in harder strata. Specifically,
is the most sensitive parameter affecting the
For excavation purposes, material can be

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
examp le, hard shales, sands tone, 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 commn methods
of expressing the digging resistance are given:

1. Kilogram 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. Kilogram 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 land 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:--

Type of ground
Digging force 1

kg/crr

Hea-v. . . . . . . . . . . . . . . I . .. . . . . .. . .. . . ..

1. 8 to 2.5
3.0 to 3.5
7.0 to l8

L igh t . . . . .. . .. . .. . . .. .. .. .. . . . . . . .. . . .. " . .
Medium. .. .. . . .. . .. . . .. .. . . . .. . . . . .. . . .. . . .

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/cm 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 formla (112).

NG = ~~c J Qa XSXR

where:

NG = power required for cutting in kilowatt,

Qa = 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,

~ = 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,



14

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-
o~ 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 th  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

Earth. . . . . . . . . . . . . . . . . . . . . .
Loes s. . . . . . . . . . . . . . . . . . . . . .
Sand (fine, coarse, wet,
or dry)...................
Clayey sand................
Gravel, fine...............
Gravel, coarse.............
Sandy loam and wet loam....
Dry loan....................
Clay, wet..................
Clay , dry..................
Clay, schistose............
Sandy clay.................
Clayey slate...............
Slate. . . . . . . . . . . . . . . . . . . . . .
Sandstone (easy digging)...

Specific cutting
forces. kg/ cm

10- 30
20- 40

10- 40
10- 50
20- 50
20- 80
20- 60
20- 80
30- 65
50-120
35-120
20- 65
50-160
70-200
70-160

Material type

Sandstone (hard digging)....
Gypsum. . . . . . . . . . . . . . . . . . . . . .
Lime........................
Phosphate.. . . .... .. . . . . . .. ..
Marl. . . . . . . . . . . . . . . . . . . . . . . .
Limes tone. . . . . . . . . . . . . . . . . . .
Weathered granite...........
Alluvial, light consolidation
Alluvial, heavy consolidation
Alluvial, medium

consolidation. . . . . . . . . . . . . .
Hard coal, normal...........
Hard coal, frozen...........
Ligni te. . . . . . . . . . . . . . . . . . . . .
Brown iron are.. . .. . . . .. . . . .

Specific cutting
forces. kg/ cm

160-280
50-130
30-120
80-200
60-140

100-180
50-100
30- 60
70-150

50- 80
50-100

100-160
20- 70

190-210

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

Material type Specific cutting
force. kg/ cm

10-20
10-25
20-35
10-15
10-20
10-20
20-40
20-50
20-80
10-30
10-40
10-25
10-30
10-25
10-30
10-25

Size,
rn

Sand. . . . . . . . . . . . . . . .. . . . . . . fI . . . . . . . . . . .
Gravel, fine..............................

Gravel, coarse................................
0-100

100-400
Earth. . . .. . . . . . . . . . .. . . . . .. . .. .. . . . .. . . .. .. .. .. .
Phosphate. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bauxi te. . . . . . . .. . . . . . . .. . . . .. . . .. . . . . .. . . . ..
Iron-l1-Cr.. . . . .. . . .. .. . . . .. . . . .. .. . . . . .. .. . . . . 0-150

150-300
300-450

Ores. . . . . . . . . . . . . . . II . II . . II . . . . . . . II . II . . .

Loose hard coal.......................
So lidified hard coal..................
Lignite.. . . . . . _ _ . _ .. . . . ,. .. _ .. .. _ .. II . . _. . II . _ .

Coke. .. _ II . . II . .. II . . . . . . II .. . . II . II . II .. .. . . II . . . .
Pellets (ore, cement).................
Limes tone. .. . II . . . II II . II . . . . . . . . .. II . . . . . . . .
Slag. . . . . . II ii. . . II . .. . iI . . . II . . II II . . . II. . II . . II

Tests conducted on glacial till, sandstone, and Devonian shale, confirmed that earth
¡:ontaining a high percentage of boulders is. unsui table for wheels (13). The capacity of
any excavator operating in earth material with boulders will be affected adversely in
proportion to the fre-quency of boulder occurrence. Two possible reasons can be 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 Output Considerations

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

then

I = nominal bucket capacity in cubic meters,

Z = number of buckets in the wheel,

Vi = peripheral cutting speed of the wheel in meters per
second, and

D = diameter of the wheel in meters,

Ss
Vi

and Qt IxSx3, 600,= - =
TTD

where
Ss = number of bucket discharges per second, and

Qt = 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 = MXVi 2/R,
where

M = mass of material in the bucket in metric tons,

R = radius of the wheel in meters, and

g = acceleration due to gravity in meters per second,

which yields the following expression:

Vi = ,rgXR = Vm ax .

Practical values of speed for dumping lie between 0.4 Vmax to 0.6 Vmax
and, for reasons of wear of the bucket IS 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

QilQ2 = ~ /Kf ,
where

Qi = bucket-wheel excavator hourly capacity in material with
specific cutting resistance Ki, and

C6 = bucket-wheel excavator hourly capacity in material with
specific cutting res is tance IS .

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

Qa = IXBrXSs X3, 600,
where

Bf = bucket-filling capacity in the material expressed as a
fraction of the nominal bucket capacity,

Ss number of bucket discharges per second, and

Qa = 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 Qa' as compared to Qt. 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 NG = K)QLXVi

102

~ = Tt xR

367
2. Lifting power in kilowatts
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Total power required in kilowatts 1= (NG +l- )
Tì

where

K = specific digging resistance in kilograms per centimeter,

¿L = total length of the cutters in the material in centimeters,

Tt = the bucket-wheel excavator capacity in metric tons per hour,

Vi = peripheral cutting speed in meters per second,

11
= efficiency of the motor drive, and

R = radius of the bucket wheel in meters.

In mos t 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 optimum at this ratio. With a lesser bench height, full
advantage of the wheel capacity is not taken. Also, increases in bench height
above this limit result in undercutting which may lead to excessive spillage
to be rehandled; and, in soft materials, sliding of the burden over the wheel
may result. The specific cutting res istance of the material can be calculated
for a given digging power rating from the following formula,

K =
NG xTlXC

~\jQa xSxR
where

K specific cutting res istance iii kilograms per centimeter,

s == number of bucket discharges per minute,

Qa = actual capacity in cubic meters per hour,

R = radius of the bucket wheel in meters,

NG = digging power rating of the drive in kilowatts,

11
= efficiency of the motor drive, and

C = constant depending on the bench height to wheel diameter
ratio, is found to be increasing with decreas ing bench
height for a gi veii 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.....
Value 0 f C................

0.1 0.2 0.3 0.4 0.5
295 248 222 203 189

0.6 0.67
178 l71

0.7
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
butket 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

~ Vi
~ =V2 '

where

Md = cutting force exerted by the wheel drive in kilograms,

~ = cutting force exerted by the slewing motor in kilograms,

Vi = peripheral cutting speed of the wheel in meters per second,
and

V2 = 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,

u = frictional coefficient at the ball race on which the
superstructure revolves,

Dr = diameter of the ball race in meters,

Li = length of the cutting boom in meters, and

~ = efficiency of the motor drive;

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

Mt = Dr Wu/~.

The slewing motor power in kilowatts = (Mf +Ms ) xV2

llxl02
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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 counter force due to wind

resistance, which usually is 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 10. 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. In 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 des ign 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 satis factory.

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.

rør~:rt \
4! It (' q I .\ ~.~//~I / l J ( \ . ~~.

.?¿; /,~iI f i l : I t~';ß-¡;
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", ..' ~ !/~ r I \ l~ .' ~~-~::.'~)... ( .

.~~fJi¡( Ii, ,~~~,~~.,~L\ \'.~1.'Wit(( l(\1l\£~.\~~..
FIGURE 6. - Terracing Cut Method With Crowd.
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Terracing Cu t

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 tramed 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 tramed 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 mul tip Ie 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
start ing the next lower bench (fig. 8).

Drop Cut

In certain situations, especially where mining tends to dis lodge large
lumps of material, this method may be employed. The top layer is mined by
the bench cut method. The machine then is tramed 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. LO).

FIGURE 8. - Lateral Block Cut Method.



23

--
;:),/ 1"

/J J

l
III I /

I

Cut Method.FIGURE 9. - Drop

. Cut Method.Cut by TerracingFIGURE 10. - Deep



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. If 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 anyone 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 trans fer 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. In 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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management decision making.

------------ --,I i
i

I

i

I

I

it-------
i

I

I

I

I

I

i

i

I

ii--- --

Bucket i
Continuous wheel I
utting head excavator Idigging I

component I-,.----,
I

Bucket I
wheel I

excavator¡
materials i

belt handling I

componenti

I

I____ __..____
Primary materials
handling system

Stockpile
Railroad
cars or
trucks

Belt

FIGURE 11. - System F low Diagram.

different values of ~ form guidelines for

25

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 Xi represent
the aspects of the system

(variables) which can be
controlled by management,
and let Yj represent the
uncontrollable aspects of
the sys tem. Then, in model
construction, an attempt is
made to formulate one or
more equations of the form:

E;;f(x",yj).

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. The model is
programed to simulate the bench and drop cuts. This simulation enables the
wheel to perform according to 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 es tablished.

t = O. l33 VQ/RXS,

tp = t (cose Sin2 e~+ 2 ..'Pi

Sr
Pi = - andt '
Ve = V /Cos6 ,

where

t = thickness of slice in meters,

Si = thickness at the point p in meters,

R = radius of the wheel in meters,
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S = number of bucket
discharges per
minute,

e angle of slew from
the direction of
advance,

V = starting slewing
speed in meters
per second,

Ve = sl~wing speed at
the point p in
meters per
second, and

Sr = slewing radius in
meters.

The repeating procedure
used in the model is explained
as follows:

Step 1. Cut one bucket,
cumulative
material,
power, and time.

Step 2. Calculate width
traversed by
the boom to
take one bucket
of material.

bucket capacity
DIST = bench height X s lice thickness.

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

(COS (TANGLE)+ SIN2 (TANGLE))2xPET

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 pos ition of the buckets on the cut s lice. 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. .
Earth, poorly maintained and rutted............... .do....
Earth, rutted, muddy, no maintenance.............. .do....
Loose sand and gravel....... e_..................... .do.....
Earth, very muddy, rut ted and soft................. do. . . .

3 to 4
4 to 6
7 to 9
8 to 10

LO 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:

1. Mining dimensions. These include (a) the length of the m1n1ng
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
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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 s ignifi-
cant; whereas, a compacted material
may increase in vo lume 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 bal 1 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 times tudy which is broken
down into cutting, crowding, delay,
maneuvering, traming, 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 size are embedded in the upper layer of sand.
The abrasive nature of the strata is evident -from the Si02 content of the
beds. Analysis has shown that streaks of sandstone in the beds contain
73.5 percent Si~, and the shales 34 percent Si02. 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 reasons:
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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
app lication, in general,
is for open-pit mining
where the machines are
1 inked together by a huge
transportation comp lex.

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 per formance
data were readily available.

Data Co llec tion

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

result of this test run, are presented in tables 6, 7, and 8. 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

res is tance, 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.......... Mean 75 .1 .4 .80 0.8
Range 60- 90

Medium shale........ Mean l35 0 .6 .40 0.7
Range 120-150

TABLE 7. - Mining dimensions

(Slew angle, degrees: Left 50; right 20)

Section Bench Height. meters Length,
Initial Final meters

i 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 dianeter................................. ..meters..
Number of buckets.........................................

11.48
14

3,267, 000

2,500,000
0.15
5.9

44.24
1.53
0.5

Overall weight of machine.................... .kilograms..
Weight of superstructure....................... ..do.. ....
Crawler speed......................... .meter per second..
Radius of ball race assembly.... ................ .meters..
Slewing radius.................................. .do......
Capacity of buckets........................ cubic meters..
Maximum ermissible slewin seed..... .meter er second..

Resul ts

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 conditional 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.............................................................. hours.. .. 47
Production. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . cubic meters.. l65, 800
Average production capacity....... .cubic meters per hour.. 3,520
Power consumption.......................... kilowatt hours.. 150,800
Service factor.................................................................. .percent.. . 100
Digging motor rating............................ kilowatts. . 1,631
Slewing moto~...................... ii............................................... .do......... 95
Crawler motors... ........ l.................................... .................... .do......... 670
Does not reflect the power expended in belting. Power consumption

here is estimated at 32,800 kilowatt-hours.
2Wind resistance not taken into consideration.

Economic justification of new mining 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. If 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 PROGR

60-80 LISTIN~

THE BUCKET WHEEL ~XCAVATOR SlMULATuRc
C
C

C
C

C
C
C
C

C******
c******
c******
c******
C******

COMMON
1

2
3
4-

5
6
7
8
9

THE SlMULATION PRUGRAM CJNSISTS ÜF THREe PRUGRAM
UNITS - A MAIN PROGRAM ANû TWU SUbRüUTINE~. SUbROUTIN~
BENCUT SIMULATES THE beNCH CUT AND THE SUokûUT IN¿
FALCUT SIMULAT~S THe DRUP LUT.

THE MA! N PRUGRAM

THE OiMENSIuN OF EACH ARRAY IN THE FüLL~WING dLÜLK MUST dE UF
THE FORM (I.J). .HEH¿ 1 is AT LEAST Ni.i ANU J is AT LEAST
GREATER òY 1 THAN THe MAXIMUM NUMBER OF dENCHES IN A SECTIUN.

DLC',,( 10.10).
HSKWH( 10.10).

¡) He I T ( 1 0 . 1 0 ) .

t1iJTPU( 10.10).
KwTPU( 10.10).

PGRAûc ( 1 Cì, 1 Û ) .
.: DH l: 1 T ( 1 0 . 1 0 ¡ .
:. ìViP C¡( i O. 1 V ) .

T I ME ( 10. ¡ ü J .
TRAMP(1U.I0).
TSLEP(lO.iOI.

AC"00.10).
HPKIlH( i 0.10).
HTKWH(lO.10.l.
LTYPE(lv.iO).
RTûIGP(10.1ü).
SUoY" ( 1 0 . 1 0 ) .
T A OV ( 1 0 . 10 ) .

TPû(109101.
TRAVT(10.1UJ.
. IvT H ( 1 0 . 10 )

CTIMe(lu.10J.
HPSMPO( 10.10).
",wSI,¡.PO(10.10).
ívlATL(10.iO).
RTKWH( 10.10 I.
~MI;:':( 1 ü. 10).
TEM(10.l0).
TPKliH( 10.10).
T SK iN H ( 1 v 9 1 0) .

i-kUû(10.10) .
SHtIT\lO.l01.
STVCTl10.101.
TUTAL( 10.10).
TKAMT(lO.IO).
TTl MC ( 1 0.10 ) ,

c
C***.*. THE uIM¿NSiûN (N) Of EACH ARRAY IN THl: FO~LûiNING dLuCK MUST dE
C****** AT L¿AST THe NUMdER U~ CUTS (MUuND) THAT TH¿ EX~AVATûk ~lLL
C****** MAKE. MUUND IS CALCULATED bY SUMMING (MSLEN(I)/R¿ACn + 1).
C***... wiTH 1 iNCR~MENTALLY VA~YIN~ FRuM 1 Iu Nl. MSLcN(l) is TH¿
C****.. MAXIMUM SLEN(I.J) IN THE llTH ScCTluN.
C******

CUMMUN RK.,OT(oOO). RTPOT(500)
c
C****** THE uIM¿NSlûN UF EACH ARRAY IN THE fOLLUWING aLÜCK MUST bE AT
c****** LEAST EwUAL TO Nl.
c******

COMMON GRAUl:(10). HT(Iu). ,\jUM(10). RûRI(lO).
1 V I NC ( 10 )

C

c****** THE uIMcNSIUN UF ~ALH ARRAY IN THE FULLUWINb BLuCK MUST o¿ AT
c****** LEAST E~UAL 1 U KS.
c******

COMMON bUL~IL(JO). OIGMIN(SO). ûIGMAX(50). RPM(SO¡
c*.****
c

CUMMON ófll ü. KS. KMj~)(. hi I . CLd. S14 1 NL. f,ANGU=.
lLANGLE, US::. ::L. O..M. CS. CUMTIM. DT I ME. Si:lTI,'l.
2CUNV. SPGR9 uRAI/. L.H A. NUB. CUb. Cl i u. LUT.
31NS. RS. FRS. ALPHA. RAlJl/ . TbACK. ;:¿ T T. ISl:CT.
4 I SE T . TA,'¡GLi: . KuUNT. TT i K. E T I K. TAùVAN. Kd. ,,.OuA.
5TMATL. Tul 5 l TCiIIM. LeNt. . Ro:('O. VMAX. F;llf-LJh:. T 1 KNES.
6MLTHOl), RtACH. 5LEK WM. Dli.KwM. MUUND. AN 1 TA
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MNOOOOoO
MNOOOO 10
¡INOOü020
MN000030
MN00004Ö
1''~;1000050
MN000060
MN000070
,.íNOOOOdO
¡Vi;10000CJO
MhlOOO 1 00

ì\fNQUOI10
1-.''1000120
¡-.NOOU130
Mhi00u140
¡loNOOO i:50

Mí-JOOO i 60

MNOuO 170
MNOOQ180
M;;JOU 0190
MN000200
Î"""UUu¿ 1 0
1'1,.000220
,vlNOOü¿30
¡IINOUÜ240
,IoN000250
,"\1'0" 0260
¡-IN000270
MNOù02bO
MI,¡000290
14NOu0.100
MNOu0310
,"NO';0320
MN000330
¡"N000340
MN00035ü
MN000360
MNOù0370
MNOù038ü
;"1'1000390
W'¡OOû400
Mí\JOù0410
rvN000420
i",NOú0430
ivNOv044ú
,1oNQ004::O
MN0004ó()
MNûûú470
MN0004óO
p"NOOü4':ú
MNOu050Q
MNOO(J'; 1 0
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RtAL NOB i LOT .MATL .LANGLt.LEND .KWTPO. KWSMPU
INTEGER DiGMIN.OIGMAX
LOGICAL.l STYPE(10.10.10)
DIMENSION MOu¿L(6)
DIMENSION BWE( 10J

C

C DATA IS BEING READ READ IN.
C

READ lOiN
1(1 FORMAT (aiiO)

c
C SIMULATE ALL THE wHEELS.
C

DO 255 KL~lIN
READ 12.(MUDcL(I).I=I.8)

12 FURMAT(8l 101
c
C MINING DIMENSIUNS
C

35
40
45

95
C

~
(.

50

70

READ 15. I' 1. (NUM ( I ) . GRADE ( I ) . RUR i ( i ) i i = 1 . I' 1 )
15 FORMAT (I10/(3l15.2Fl0.5)))

SMINL=O.O
00 30 I=I.Nl
K=NUM L ( )
00 30 J=l.K
RtAD 20.PRUB(I.J).LTVPEii.J)

20 FORMAT (FI0.2.Il0)
READ 25. (STYPE( I .J.Ll .L=l. 10)

25 FORMAT (BOAI)
30 CONT INUE

N2=Nl +1
00 45 l=l.Nl
K=NUM( 1 )
READ 40. (SLEN( I. J) . SHE I T ( I . J ) . J= 1 . K J
SMINL=SMINL+SLEN( I.K)
I F (I-N I ) 45 . 35 . 45

READ 40. ( SHE IT (N2. J ) . J= 1 . K)
FURMAT (8t=10.2)
CONT INUE
RtAO 95. ALPHA
FORMAT(FIO.2)

SOIL CHARACTERISTICS

READ 50.K5.KMAX
FORMAT (2110)
READ 70 i (BUCF 1 L ( I) .RPM ( I) . VI NC ( I ) .01 GM IN ( I ) .01 GMAX ( I ) . 1 = 1 . KS 1
FORMA T (3F 10.2.2 110)

c
C WHEEL SPECIF ICAT IONS
C

READ 55.(8WEii).I=I.IO)
55 FORMAT (BOAI)

READ tiO.CL8.REACH
60 FORMAT (8FIO.¿)

MN000520
MN000530
MN000540
MN000550
MN000560
MN000570
MN000580
MN000590
MN000600
MNOOOtilO
MN000620
MN000630
MN000640
MN000650
MN000660
MNOû0670
MN000680
MN000690
MN000700
MN000710
MN000720
MN0007.30
MNOOQ740
MN000750
MN000760
MN000770
MN000780
MN000790
MN000800
MN000810
MN000820
MN000830
MN000840
MN0008S0
MN0008óO
MN000870
MN000880
MN000890
MN000900
MN000910
MN000920
MNOOù930
MNOù0940
MN00095Q
MN000960
MN000970
í~N000980
MN000990
MNUOIOOQ
MNooi010
MNOO 1020
MNOOl030
MN001040
MNooi050
MNOO 1060



tiS

15

85

90
C

C

C

80

100
C

L.

C

oiis
(.
(.
c

c
C

C
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SHcACH=REACH
XREXN=REACH
READ 6S.RANGLE .LANGLE.USS.SL
FORMA T (at" 1 0.2 )
B~ lD=CLB* (5 I N( RANGLE i +SIN (LANGLE) )
RtAO 75.UiIM.CS
FORMAT (dFl0.¿)
READ 8S.01A,NUb.CUd
FORMAT (8f-l0.2)
ReAD 90.wS.RS.F~S
FORMAT (8F10.¿)

MN001070
MNOOI060
MNOO 1 090
MN001 ioa
MN001110
MNOO 1120
MNOOl130
MNOu1140
MNOOl150
MNoa11bO
MNooi170
MNOO 1180
MNOOl190
MNOO 1200
MN001210
111'001220
"'1'001230
MNOO 1240
MNOO 1250
MN001260
MNOO 1 270

MNOO 1280
MNOO 1290
MNO(;1300
MN001310
MNOO 1320
MN001330
MN001340
MN001350
1'1'001360
1'1'001370
MN001380
MN001390
MNOO 1400
MNOOl410
MNOO 1420
MNOO 1430
MNOU 1440
MNOO 1 450

MNOO 14bO
MN001470
MN001480
MN00149ù
MN001500
MN001510
MNOO 1520
MNOO 1530
MNûù i 540
MNOO 1550
MNO¡) i 560
MN001510
11"1001580
MN001590
MNOOlbOO
MN001610

UTHER INPUT DATA - CUNVERSION FACTUR.EFFICIENCY ETC.

ReAD dQ. CUMT 1M. DT I M~. SETT I M.CuNV. ~PGR. GRAV
FURMAT (dFl0.2)
READ lOO.cFFM.~Ffc
FuRMAT (örlO.c!)

CALCULATc AVE~AGE tlENCH HE I GHT ANU BENCH GRADcS

DO 115 1-I.Nl
K=NUMll i
00 1 1:5 J= 1 . K
A V E RHT; L S H¿ 1 T ( I . J ) + 5 H LIT ( 1+1 . J ) ) /2.

wIUTHil. J i=AVERHT/~L
PGRAOE(I.J) - (SHLIT(I.J) - 5HEIT(I+1.J))/SLEN(I.J)
CONT INUE

MAXIMUM L 1M1 TS UF THE wHEEL

VMAX=SQR T L O. 5~GRAV*D lA)
XF 1= ( VMAX$öO. / (3.14 i 6*0 I A) ) .0.7

THCP=COB*NUd*XF 1*60.
TONS=THCP*SPGk/ i OUO.
FR IFUR=FR5*wS~RS/CLB
ANITA:( 1./cFFM)*l 1./EfFE)
00 254 MOD = 1.8
IF lMODEL(MOl)) .t\". 0) GO TO 2:j5
RE ACH=5R.EACH
XKEXN:;SHE;ü.:H

INITIALIZATION OF THe VARIAbLeS AND ARRAYS.

RADV=O.O
TtiACK=Q.O
Sc TT=O. 0
l$ECT=i
l::tT=v
TANGLc=O.ü
KOUNT=O
TTIK=O.O
ETIK=O.O
TAUVA¡\j=O.v
KU=O
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NUDA;;O
SMAX1;;0.0
TMATL;;O.O
Tv 15;;0.0
TUTIM=O.O
Uw 1 10 I:: 1 . N 1
K= NUM ( 1 )
(¡O 110 J=I.K
T 1 Mt: ( i . J )'-0.0

TAúV( 1. J);;u.O
5 T LIe T ( 1 . J ) = 0 . 0

CT1Mt:(1.J)=0.U
RTUIGPlI.J)=ù.O
MAILll.J);;u.O
TSLcP(i.JI~O.O
TRAMP(l.J).:Q.O
TTl ME ( 1 . J ) = o. ¡.
TRAVT (i.J )=0.0
TPu(I...)=O.O
SMPO( I.J)=O.O
TRAMT( I .J)=O.O
TOIAL( I.J 1=0.0
5,"'15C(I.JI=0.U

110 CONTINOE
I ivUU=MUOEL (MUO 1
GU,TO (10101020103). IMOü

101 CA.LL UE1'-COT
PRINT 105
GO TO i 65

102 METHOû = 1
CALL FALCuT
xR¿XN=rll:ACH
PRINT 106
GU TO 165

I 0.3 Me: T HOD= 0

(;ALL fAL(;Ur
XREXN=REACH
PRINT 107

105 FURMAT('I'.T41.'LATi:RAL cur fLCHNIQUE USE0')
106 FORMAI( "I' .T4d.'DROP CUT TeCHNIQOl: USEOI)
107 FURMAT('I'.T41.'OROP CUT WITH INITIAL LATLRAL COT USED')
1 bS TPMAX..O. 0

UIGKwM=OIGKwM*ANI TA
SLEKWM=SLeKWM*ANI TA
OU 160 l""I.Nl
K=NUM(I)
DU 180 J=l.K
IF(TTIMl:(i.J).EO.O.O)GO TO 161
TIME ( 1 . J ) =T I ME ( I . J) / 3D 0 O.
TT 1 1'1: ( 1 iJ)=TTIME( 1,J)/3600.
TRAVT(IIJ)=TRAVT( I.J)/jbOO.
STUCT (i. J )=STUCT ( I,..)~ j600.

MN001620
,IiNOOlò3ù
¡"1NOQ 1640

/JNOO I 650
r-NOO 1 óóO
MNOOI670
MN001680
M1.JOO 1690

MNOO 1700
¡-¡N00171\)
MNOù172.0
MN001730
MNOO 1740
MNOO 1750
MNOù 1760
,V\Nooi/7Q
MNOJ 1 780
M;'-OOI790
MNOU1800
MN001810
MN001820
I\iNOO 1830
I;ON001840
rl¡NOO 1850
MNOO 1 860
,YNOO 1870
MNOOlli80
¡ÝlNOù1890
MNOO 1900
MN001910
MNOO 1920
MNOU 1 930
MN00194Q
MNOO 1950
MN001960
¡JINOO 1 970
i'oNOO 1 980
MNOO 1 990
MNOO2.000
¡\4NOu¿010
MN00202ù
MN002030
MN002040
MN0020S0
MN00206Q
MN00207Q
MN0020BO
MN002090
MN00210Q
MN002110
MN002120
MN002130
MN002140
MN002150
MN0021óO

L
C OUTPUT MANIPULATEU FOR UNIT CUNVc~SION ANu ~FFICltNCY.
C



TRAMT(I.J)=TRAMT( lIJ)/~fi00.
CT IME( i iJ)~CTIME( I.J)/3600.
T u T AL ( I i J ) =C T I ì"ll: ( 1 1 J ) + T RMH ( 1 , J ) +1 KA" T ( I . J ) + T rIM E ( I . J )
5 j'¡ 1 :'C ( i i .J ) .; TIM E ( I . J ) - f uTA L ( I . J )
RTDIGP( i iJ)~RT0IGPl i iJ)/CuNv.~NiTA
TS LtP ( I i J ) = T S~ l:P L I i J ) / CUN V *A NIT A
TRAMP(i.J)~TRAMP( l,.J)/CONV~ANIIA
TPLJlliJ):TPU( I.J)/LONV",ANI fA
SM P U ( 1 . .J ) =~ M~J ( 1 1 J ) / C uN V * AN 1 fA
R T Kil H ( i i J 1 = R T U 1 GP L 1 i J) / C T 1 ~¿ ( i 1 J )

HPKWH ( I i J ) =RT K wH ( I 1 J ).1.34

TSKWi-H IiJ)=TS..c.P( IiJ)/CTIMt:( I.J)
H~KWHiiiJ)=TSKWH( lIJ)",1.34
TPKWH( IiJ )=TRAMP( 1 ,j )/TT1Mc( 1. J)
H T Kil H L I i J ) = T PI( ii H ( 1 , J ) '* 1.34
If (TRAVT(I.J)) 20112
KwTPOlIiJ) = 0
GU Tü 5

2 KwfPUlIiJ)=TPu(lIJ)/TRAVT(i.J)
~ IF (TPMAX-KWTP(Hi.J)) 17û.l/tì.i(~

l/u TPMAX -= KwfPU( IiJ)
1 I ~ HI" T P 0 ( 1 1 J ) = K W r p u ( I . J ) . 1 . 34

IF (T HA M T ( I 1 J )) 4. J . 4

3 KWSMPU(l,J) = °
Gu T Li Q

4 Kii::MPU(I,J)=SM¡JU( I.J)/TRAMTl I.J)
b HPSMPU(i,J)=KwSMPU(1.J)*i.34

1 dO L.JNT II'ÌUt.
161 TIMM=TUTI~/JbUO.

C
C SiMULATIUN is CLJMPL~Tc ANu ~~SULTS AR~ PR1Nft.D OUT.
L

PRINT 120
120 FORMAT (.u' iT4t:1 'KCSULTS lJF HIt: rJl/E SIMULATIUN')

P~INT 12S.(dWt:(I)II=Iil0)
1¿:: FùRMAT l'ü'.f50Il0Al)

I"¡XN=Nûd
PRINT 130,UIA.NXNiCUd,XREXN

130 FuRMAT( "0' ,T50."WHEt:.. ~PELiFI~AfiUNS'I/T201'WH~t:L DIAl
I ,fbU,F~.2,2Xi 'METt.R~'/T20, 'NuMbER UF uUC~~TSI iTbl
2,13/1;'Ui 'öUCKcT CAf-ACl T'l.1 oO.t'J.212Xi ICU.I'4TS.,
3120, .LuT LLNGTH"ITbO,~~.2.2Xi"Mt:T~RS'I/)

PkINT 13::
13:: fURMAT(IOI1T501.MINING PRUFILL"llf¿O,'MATLKIAL T'lPt: ~ ~..

1 T 4 1 , i t;P . C u r . R t: S r s ' . T bU. · S fAR T h L 1 (, Ii T' , r 7 ~ . · F 1 ¡\ 1 ::Ii H t: 1 '
1 i G HT ' , T 100. ' Sç CT 1 U~ LeNGTH 1 .ll 20, 1 ~LOPE i / r 45. ' RAN~c i I I
OU 140 1=1.N1
K=NUM ( I )
L=1
Ml=I+1
DU 140 J ~ 1. K
lA=LTYPi:(l,J)

1..0 PRINT 14J' i.J,(~rYPl.(I,J'LLliLL=I,I¡J)llA.ù¡GMINliAI.LJlGMAX(IA¡1
1 SHl: 1 T L 1 i J ¡ . SHi: i T (M 1 ,J ) ,SLcN ( I i J ) i PGRAUì: L I i J)

140 FORMAT(' '.TS. ISeC" II¿,2X, I¡)..NCH'. IZiT21110A1i15.T41 li41
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M,"¡UOZI/O
MN0021aO
MNOO;¿ 190
M,"¡OO¿200
MN0022 1 0
MI\l00222ù
MN002230
MNû0224U
MNOO¿250
MNOU2260
,"IN002270
MN002280
MN002290
MN002.jOu
Mi\OU231iJ
MNOO¿.320
MN002330
MNUU2340
MI,"OO;¿3~O
MNOCi2360
,\F'ÌOU2370
MNOO¿38\J
MNOù¿390
MNOO 2400
MNOU¿4IO
MNOò¿4¿O
¡1INÙ U243 0
Mí,,002440
MNOu2450
MNU02460
lo1NU024 (0

i\o 1\ 0 1. 2480
í"ÍNO()¿490
MN002500
."11\002510
Mi\OI.2:,ú.'O
MNOU¿530
MNO(¡¿~40
,'l,:\l002550
;.1"¡OÙ256Û
,"Ii\OO¿57 0
Mi..Ou258ù
MN002590
MNU02öOO
¡'4N002610
MNOu2ö20
MN002630
MNO()2640
i'oNOu2ö50
""NOu2660
MNOu2670
MN0026dv
I"NOu26~0
MNOO¿700
l01,"002710
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12X. 1_. T60 .F9.2. T75. F9. 2.T I aO.FS. 2. T I 20. F6.2 J MN002720PRINT 150.aWIO.SMINL MN002730
150 ~ORMATI'0'.T20.'WIUTH OF THE BLOCK',T60.Fb.O,4X.'METE' MN002740

2'RS'/T20. 'PIT ADVANCE '.T60,Fb.O.4X. 'METERS'//) MN002750
136 FURMATI'I'/T55.'MATERIAL DESCRIPTIONl//T25,'MATERIAL TYPE .',145, MN002760

i 'BUCKET' .T55,'FRAC MAX' ,T65.'SWELL' .T7~,'CUTTING RESISTANCE'/ MN002770
2T4~, 'FILL', T55, 'CUT SP.'. T65, 'FACTOR' . T7~.' MIN', T8S.' MAX' /) MN002780PRINT 136 MN002790137 FORMATI T25. I i O. 4X.3F 10.2, 211 0) MN002800
PRINT 137, I I. BUCFIL( I) ,RPM( I). V INC( i l. OIGMINI I) .OIGMAX( I) .1= 1 .KS)MN002810PRINT 400 MNOù2820

400 FORMAT ('I'.T40,'PUWER AND TIME STUDY FOR EACH CUT'//) MN00283000 761 KR=l.MOUNO MN002840PRINT 750.KR.RTPOT(KR) .RKPUT(KR) MN002850
750 FORMAT" '.T3~,'CUT',2X,I3.5X.'TIME',2X,F5.1,2X. MN002860

I' HOURS' ,5X, 'POWER' ,2X, F5. O. 2X. 'KWH' ) MN002870761 CONT INUE MN0028BOPR INT 185 MN002890
185 FORMAT('I',T50,'TIME 5TUDY'/T25,'MACHINE SOIL INTER' MNOô2900

I' FACE' ,T75, 'MACH INE POS I T I ONI NG' /T29, · CUT'. T40, 'CRUWD' MN002910
2. T52, 'DELAY', Tó7. 'MANEUVER' ,TdS, 'TRAM' ,T98,' TOTAL' / /) MN002920DO 190 I=l,Nl MN002930K=NUM( I) MN00294000 190 J:I.K MN002950

190 PRINT 19S,I,J.CTIME(I,J),TTIM¿(I,J).STUCTlI,J), MN002960I TRAMT L i. J ) . TRAVT ( I, J) , TOTAL ( I , J) MN002970
19ó FORMAT (' '. Ta, 'SEC' . 12, 2X,' 8ENCH' ,12. T25, FlO. 2, T3ó. MN002980

IF1 0.2. T47,F 10.2. Tó4, FlO .2, T79. FlO. Z, T93, Fl0.2) MN002990PRINT ZOO,TIM'" MN003000
200 FORMATt'O'.T20,'TOTAL SIMU~ATIUN TIME',T45.FIO.2.2X, MN0030lOI' HOURS' ) MN003020PRINT 205 MNOOJ030
205 FORMATt' 1',TSO,'PUwER CONSUNPTION'//T46, 'CUTTING' ,T90. MN003040

1 'PUSI T I OHING' //T24, · CUT', T43,' CROwD' ,T63, · SLEW' ,IdO. MN003050
2' MANEUVER', T 1 0 1, 'TRAM' /T24, 'KWH' . T44.' KWH' . T64, · KWH'. MNOù30603T83, 'KWH' ,TIOS, 'KWH'~/) MN00307000 210 I = I. Nl MN003080K=NUMl I) MNOO~090DO 210 J=I.K MN003100

210 PRINT ZI5,I.J.RTOIGPlI.J),TRAMP(I.J).TSLEP(I,J), MN003110ISMPO(I.J),TPOll,J) MNOtJ3120
215 FORMAT(' '. 'SEC'12, IX,'BENCH'.12,T23,F6.0,T43,FS.O, MN0031301 T63,FS.O. T83, F5. O. T 103 .F5. 0) MN003140PRINT 220.DIGKWM,SLEKWM.TPMAX MN0031S0
220 FORMAT('O'.T20,'KW RATING OF THE DIGGING MOTOR',lbO, MN003160

IF6.0/T20. 'KW RATING OF THE SL¿. MOTOR' .T60,F6.0/T20, MN003170
2'Kw RATING OF THE CRAWLER MOTORS',T60.F6.0//) MN0031aoDO 225 l:l,NI MN003190K=NUM( 1) MN003200DO 225 J=l,K MN003210TMATL=TMATL+MATL (i, J) MN003220225 CUNT INUE MN003230AVER==TMATL/TIMM MNl003240PRINT 230.TMATL,NûOA MN0032S0

230 FORMAT('i' ,T50,.PRODUCTIUN STUDY"~T20.'MATE~'AL EXC' MN003260



l'AVATEOI.T60,Fl0.0,2X. 'CU.MTS'/T20.'NUMBER OF dUCKëTI
2' OISCHARGES'. 154. i i 5)
PRINT 235,THCP,AVER

235 FOHMAT(IO'.T20.ITHEORETICAL CAPACITY IN CUdIC METERSI
11 PER HOUR' ,F9.0/T20. 

I AVERAGE CAPACITY IN CUBIC'
21 MET~RS PER HOURI,3X.F9.0l
00 250 1=I.Nl
K=NUM( I l
OU 245 .1=1. K
PR 1 NT 240, I . J~ ACP L I , J )

240 FURMAT( I '. T20.' SECT IONI .I3.2X. · BENCH' .13. T50.' ACTUAL'
l' CAPACITY'.FIO.O)

245 CONT I NùE
250 CONTINUE
254 CONT I NuE
255 CUNT IHUE

STOP
END

49

MN003270
MN003280
MNOU3290
MN003300
./ONOO.$310
MN003320
MN003330
MN003340.
MN003350
MN0033óO
MN003370
MN003380
/oN003390
MN003400
/ON003410
MN003420
MN003430
14N003440

CARDS LISTED 3~5



50

dO-dO LI ST I NG

SUbROUT I Nt 8~NCUT
COMMON ACp(lO.iO). CTIME(lO.iO). DHEIT(lO.IO). OLEN(lO.iO).
1 HPK~H(lO.lO). HPSMPOIIO.lO). HPTPU(IO.IO). HSKWHIIO.IO).
2 HTKwH(IO.lO). KWSMPO(lO.lO). KWTPO(lO.IO).
3 LTYPE(lO.lO). MATL(IO.IOl. PGRADE(lO.IO). PROB(IO.IOJ.
4 RTDIGP(IO.lOJ. RTKWH(IO.lOJ. SDHEIT(IO.10J. SHEIT(IO.IO).
5 SLENIIO.iO). SMISC(lO.IO). SMPO(lO.lOJ. ST0CT(lO.IO).
6 TADvIIO.iO). TEM(lO.IO). TIME(IO.IOJ. TUTAL(IO.IO),
7 TPO(IO.IO). TPKWH(lO.lOJ. T~AMP(lO.lO). TRAMT(lO.IO).
8 TRAVT(lO.10). TSKWH(la.IO), TSLEP(lO,lO), TTIMEllO,lO),
9 WIOTH(lO,10)
CUMMON RKPUT(~OO), RTPOT(500)
COMMON GRADE(lO). HT(lO). NUM(lO). RORIC10).
1 V INC 110 )
CUMMON BUCFIL(50J. DIGMIN(~O). DIGMAX(50J. RPM(SOJ
CUMMUN BWID. KS. KMAX. NI. CLd. SMINL. RANGLE.
lLANGLE. uss. SL. O.M. CSt CUMTIM. OTIME. SETTIN,
2CUNV. SPGR. GRAV. DIA. NUB. CUb. BID. LOT.
3WS. RS. FRS. ALPHA. RADV. TBACK. SETT. ¡SECT.
4ISET. TANGLE. KOUNT. TTIK. EriK. TADVAN. KB. NUDA.
5TMATL. TOIS. TOTIM. LEND. RENO. VMAX. FRIFOR. TIKNES.
6M~THOO. REACH. SLEK~M. DIGKwM. MOUND. ANITA
REAL NUB. LUT. MATL .LANGLE. LEND. KW TPO. K~SMPO
INTEGE~ DIGMIN.DIGMAX
LOGICAL FN5H5N.TRMNTG
FNSHSN = .FALSE.
TRMNTG :.FALSE.
SLEKlIM=0
01 GKW/o:O.O
/01 :1
KKR:O
WM INED=O. \)
MUUND:O
RT lME=O.O
RPOWER=O.O
I XZ= 19
IXLI:!l
I Y z= I XL
IYZl=IXZl

C
C 51 MULATE ALL THE bENCHES IN ALL THE SECT IONS.
e

40t. K=NUM (M 1 )
DU 765 J=l.K
8i.OT=O.O
I : Ml

407 HT 1 NS T=SHE. IT ( I . J )-PGRADE ( I . J) * T ADV ( I . J)
C
C CALCULATE TEMPORARY VALUES TO bE USED FOR T I ME AND POwER
C CALCULATIONS LATER.
C

TeMP3: OwM*(RORI(l) + O.Ò2*GRADE(I))

BENOOOOO
6EN00010
BEN00020
BEN00030
BEN00040
BEH00050
BEN00060
BEN00070
BEN00080
dEN00090
BENOOIOO
BEN00110
BENoa 120
BENOO 130
8ENOOl40
BENOal5D
BEN00160
aEN00170
8ENOOl80
BENOOl90
i:EN00200
BEN00210
6EN00220
6EN00230
BEN00240
6EN00250
6EN00200
dEN00270
BEN00280
8EN00290
6EN00300
BEN00310
BEN00320
I:EN00330
BEN00340
6EN00350
6EN00300
dEN00370
BEN00380
BEN00390
BEN00400
BEN00410
BEN00420
bEN00430
BEN00440
BEN00450
8EN00460
6EN00470
BEN00480
BEN00490
oEN00500
8EN00510
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TtMP4 = 2*lWIUTH(i.J) + wlûTH(I~J-IJ)
TEMP5 = fcMP4/CS
T£MP6 = TeMPS + SETTIM
IA=LTYPE(i.JI

dEN00520
dEN00530
8EN00540
.:EN00550
8E,\l00560
dEN00570
tJEN00580
ì:EN00590
dEN00600
tlEN006 1 0
iJENO 0620
tlEN00630
dEN00640
UEN00650
8EN00660
BEN00670
tlEN00680
BENOOó90
BEN00700
dEN00710
tlEN00720
tlEN00730
tlEN00740
oEN00750
BEN00760
dEN00770
BEN00780
dEN00790
8EN00800
6EN00810
BEN00820
BEN00830
BEN00840
tiEN00850
tlEN00860
8EN00870
8EN00880
BEN00890
tlEN00900
BEN00910
dEN00920
BEN00930
BEN00940
dEN00950
BEN00960
BEN00970
BEN00980
dEN00990
BEN01000
BENO 1 01 0
6EN01020
ISENOI030
6EN01040
8ENOI050
6EN01060

c
C THE SOIL CHARACTERISTICS ARE INITIALIZED.
C

410 BCOB=UUCFIL(IAl*CUb*VINCt IA)
C5PEED=VMAX*RPMlIA)
XF=CSPEED*60./(3.1416*OIAI

420 ACP( I. J )=öCOd*NU8*XF*òO.
T1KNE5-0.133*SQRT(ACP( I .J)/( (U1A/Z)*XF*NOÐ) L
IF(.NUT. TRMNTG) GU TU 421
IF (TIKNE5 .L~. SN) GU TU 421
T i KNE5"'S¡'o

421 SN=TIKNES
T 1 KM1 N=dCUd/ (HT I NST*C~d)
Bt TANG= (ó.2832/NOb)
NNB lú- 1. 5708/UETANG

(.
C CALCULATION OF CUTTEW LENGTH IN THt BENCH
C

00 430 11=1.100
IF (NNBID-II) 435.425.425

420 BLOT =bLUT~2. *T 1 KNES* (COS tBETANG* I I L I
430 CONT INUE
435 PE T;CLB/T I KNES

LEND=T IKNES*COS (LANGLE I
REND=T I KNES*COS (RANGLE)
BK TSPA= 3.141 6*U I A/NOB
BA T=BK TSPA/CSPEED
5801 H=8COB/ (HT INS T* T I KNES)

(.
C
C

440

PASSAGE OF A dUCKET THROUGH THE SOIL ~IMULATEO.

IXZ=IYL
CALL RANDU(IXZ~iYZ.XE)
CUTRES=DIGMIN(lA) + (OIGMAX(IAI-DIGM1N( IAI )*XE

C

C
C

CHECK FOR bOULDERS AND CALC. DOWN TIME IF STRUCK

445

Ixzi=lyZI
CALL RANOU( lXZi~IYzi.xX)
XX=XX*IOO.
IF (XX-PROB(I.J)i 445.445.450
T i ME ( I. J I =T i ME ( I . J J + D T I ME

RT I ME=RT IME+DT IME
KB=KB+l
STUCT( i .J)=STUCT( 1. J)+DTIME
To T i M=TOT IM.OT I ME

c
C
C

ACCUMULATE TIME AND NUMBER OF PASSAGES

450 TIME(I.J)=TIME(I.J)+BAT
RT IME=RTIME+BAT
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NODA;NOOA+1
C T I ME ( I , J ) = C TIM E ( I . J ) + BAT
TOT I M;TOTHi\i3A T
TTTR=(1.570a.ATAN( (HTINST-OIA/2. )/(OIA/2.)))
Nb 10= (TTTR/6. 2832) *NOB+O. 5
ALOT=2. *T lKNES* (Nd I O-NNSIO)
LOT= (bLOT+ALOT) * 1 00.

ç
C

C

ACCUMULA TE POWER

0455
460

01 GP=CUTRES*LOT *BKTSPA
RISP=6COa*SPGR*0IA
RPO~ER=RPûwER+R ISP+OI ~P
TOTPER=O IGP+R I SP
DI GKW= I TOTPER/CONV) * ( 1 ./BAT j *3600.

IF (OIGKW-OIGKWM) 460.460,455
OIGKWM = OIGK\I
RTDIGP( I ,J)=RTDIGP( I.J)+OIGP+RISP
MA TL L 1, J ) =MA TL ( I , J J +BCOB
IF (TOTIM-CUNTIM) 465.770,770

C

C CA LCULA TE 5LE \~~ NG POWER
C

465 0IST=SBDTH
SLP=OIST/BAT
IF (SLP-US5J 480.480.475

4'15 SLP=USS
480 IF (DIST .LE. CLB) GOTO 481

c
C CHECK FO~ ROUNDOFF DiSCREPANCIES IN CALCULATION OF DIST
C

482

IF (DlST-CLB .LE. 0.001) GO TO 484
LABEL=480
PR lNT 483.LAl:EL
CALL POUMP (OLEN ( 1.1 ) . OLEN ( 10. i 0) . 5, T ADV ( 1 ,1 ) , T ADV ( 10. i 0) .5.

18W 1 D. AN I T A. 5, B \I 10, AN 1 T A. 4. FNSHSN. TEMP 1,5, FNSHSN. TEMP i ,4)
RETURN
FURMAT(' BENCUT TERMINATED AdNORMALLY AT .,15)
OIST=CLB
ANGLE=ARSIN (01 Sf /CLB)
o l;j T=SLP*OA T
TANGL~~TANGLE+ANGLE
SLtP~ (CUTRES*LO T*SLP/CSPEEU+FR IFOR) *UI;jT
RPO\lER=RPÜ\lER+SLE~
SLEKW= (SLEP/CONV) *( 1 ./BAT ) *3600.
IF (SLEKWM-SLEKW) 48~ ,490.490
SLEKWM=SLEKW
T~LEP( i,J)=TSLEP( I.JJ+SLEP

483
484
4tH

0485
4'J0

c
C SELECT SLEWING DIRECTIUN
ç CûKRECT MATERI AL EXCAVATED FOR ANGLE

IF (ISET) 770.495.560
490 IF (ISECT) 770.520,500
500 If (LANGLE-TANGLE) 510,515,505

c

dENOI070
8EN01080
BENOt 090
BENO 1 I 00
BENO III 0
dENO 1120
BENOl130
BENO 11 40
dEN01150
BEN01160
6EN01170
6EN01180
t:ENU1190
8ENO 1200
8ENOl210
BENOl220
dENO I 230
BEN01240
dENO 1250
BENO 126ù
dEN01270
BENO 1280
dENO 1290
BENOl300
BENO 1 31 0
BENO 1 320
8EN01330
dENO 1340
tìENOl350
dENO 1 360
öENOl370
8ENOl380
tiENO 1390
BENO 1400
dENü1410
BENO 1420
BENO I 430
BENO 1440
BEN01450
BENO 14ÓO
t1EN0147Q
dENO 1480
dEN01490
BENO 1;:00
BEN01510
BENO 1520
tiEN01530
BEN01540
8ENOl550
t1EN01560
dEN01570
ilENOl580
BE NO 1590
6ENOl600
BENOI 61 0
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THE BWE IS CROWOEU IN BY THICKNESS.

l:EN01620
dENOl630
6ENOl640
öENO 1650
BENO 1660
dENO 1670
BENO 1680
dEN01690
BENOi700
ëiEN01710
BEN01720
bEN01730
BENO 1740
dEN01750
BENO 1760
titNO 1770
BENO 1780
dENO 1790
dE-NOlS00
dEN01810
BE NO 1820
dEN01830
BENO 1840
dEN01850
dEN01860
dEN01870
BEN01880
BENO 18S10
BEND 1900
BENO 1910
dEN01920
tiEN01930
dENQ 1940
l:EN01950
dEND 1960
bENO 1970
BENO 1980
BEN01990
BEN02000
dEN02010
BEN02020
dEN02030
BEN0204Q
BEN02050
BEN02060
dENU207û
dEN02080
dEN02090
BEN02100
dEN02110
BEN02120
dEN02130
tiEN02140
8EN021S0
6EN021óO

c
C

505

WHEEL MOVING FROM LEFT TO RIGHT.

SHTIK=T IKHE5* (CaS(LANGLE-TANGLE)+( C SIN tLANGLE-TANGLE)
i*.e.)/C2.*PETj))
S80TH=6C08/(HTINST*SNT IK)
GO TO 440

c
510 O=TANGLE-~ANGLE

D I S=CLtl*SIN CO,
MATL( I.~)=MATL( I. J)-OlS.HT INsr.SNTIK

515 TANGLE=O.O
ISECT=O
GO TO 440

C
520
525

C

530

535
C
C
C

536

IF CRANGLE-TANGLE) 5.l0.535.525
SNTIK=T I KNES$C COS C TANG~E)+ C 51 NC TANGLE) **2.) / (2.*PET))
SBOTH=BCOB/ (HT I N5 T*SNT I K)
GO TO 440

O=TANGLE-~ANGLE
OIS:CLS*SIN(OJ
MATL( I.J )=MATL( I. JJ-OIS*HTINST*SNT IK
SNTIK=RENO

ISET=i
IS~CT=l
TANGLE=o.a
TAOV C I.J )=TADVC I .J) +TI KNES

RAOV=RAOV+T IKNES
HT INST=SHEi T (i.J )-PGRAOEI 1. J) *lADV (I. J)
IF (RADV-REACH) 540. ÓSO .537

C

C CHECK IF REACH ~ AS EXCE~OEO BY AN ACCEPT ABLE AMOUNT
C

537 iF CTIKMIN+REACH .GE. RAOV) GO TU 650
LABEL = 537
GOTO 482

540 IF (TAOV(I.J) - SLtN(I.J)) 545.7i~.713
545 01 FF=REACH-RADV

IF (OIFF-TIKNES) 550.555.555
550 SN=TIKNES

IF (DIFF .LT. TIKMIN) DIFF=TIKMIN
TIKNES=DIFF

555 TRAMPli.J) = TRAMP(i.J) + TtMP3*TIKNES
TIMINC= TIKNES/CS
TTIMECI.J).= TIMECi.J) + TIMiNC
T I ME ( I . J) = T i ME C I . J) + TIM I NC
TOTIM = TOTIM + TIMINC
RIIME :: RTIME + TIMINe
RPO~ER :: RPOWER + lEMP3*TIKNES
GO TO 440

C
C WHEEL MUVING FROM RIGHT TU LEFT.
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C

560
505

570

C

IF (ISECT) 710.585.565
IF (RANGLE-TANGLE) 575.580.5/0
SN T IK=T IKNES*( cost RANGLE-T ANGLE) + ( (S1 N (RANGLE-TANGLE )

i**2.)/(2.*PET)))
S8DTH=BCD8/ (HT INST*5NT I K)

BEN02170
8£NQ2180
6EN02190
6EN02200
dEN02210
6EN02220
8EN02230
BEN02240
dEN02250
BEN02260
8EN02270
8£1'02.280
öEN02290
i3ENO,300
BEN02310
BEN02320
8£1'02330
dEN02340
8£1'02350
BEN02360
8EN02370
6ENO,380
6EN02390
8EN02400
dEN02410
dEN02420
8EN02430
6EN02440
tlEN02450
dEN02460
8EN02470
tlEN02480
bEN02490
8EN02500
BEN02510
8EN02520
BEN02530
BEN02540
BEN02550
dEN02560
dEN02570
tlEN02580
dEN02590
8f.N02600
dEN02610
tlêN02620
dEN02630
dEN02640
BEN02650
t:EN02660
dEN02670
BENO¿680
8EN02690
dEN02700
dEN02710

GO TO 440
575 D=T ANGLE-RANGLE

IH S-CLB*SIN (D)
MA TL ( I. j ) =MA TL ( I . j i -01 S*HT INS T*SN T I K

5ÓO TANGLi:-O.O
IS€'CT=O
GU TO 440

585 IF (LANGLE-TANüLE) 59S.S36.590
5~O SNT I K= T I KNES* ( COS (TANGLE) + ( 5 IN ( TANGLE) .*2. ) / (2. *PE T) )

SbDTH=dCOB/ (HT I NST*SNT i K)
GO TO 440

5~5 O=T ANGLE-LANGLE
DI S=CLB*SHH D)
loA TL (1. j )=MATL( I. JJ -01 S*HT 1NST*SNT I K
SNT IK=LENO
I SêT-O
ISECT.-l
GO TO 536

C
C A REACH HAS Bi:EN COMPLETED.
ç
0650

ó~o
615

c
c
c

L
C
C
0755

0680

RADV=O.O
T 1 KNES=SN
IF (TAûV(I.J)-SLEN(I.J)) 055.705.695
IF (J-K) 710.675.770
/01= I
/00 UND=MOUI'üJ+ 1
RTPOT (MOUND )=RT I /oE/36ü ().
RKPOT( MOUND) =RPUWER/CONV*ANI TA
RTIME=O.O
RPOwER=O.O
WM I NEO= WM1NEO+REACH

TEST FOR COMPLET I NG SIMULAT ION ALLOWS FOR ROUNDOFF ERROR

IF(A8S(WMINED-SMINL) .LE. 0.001) RETURN
IF (WMINEO .GT. SMINL) GO TO 482

THE Bwe MOVES FOR THE NEXT CUT.

T RAVT ( i . J ) = TRA V T ( I . j ) + TEMPS
T 1 ME ( I. j) = T I ME ( I. J) + TEMP6
TUTIME = TOTIME+ TEMP6
TPO(i.J) = TPO(i.Jl + TEMP3*TeMP4
SETT=SETT+SETT 1M
1 F (I-N 1) 690 . 6d 0 . 770
TEMP1 = SLEN(I.J) - TADV(I.J)
IF (TEMP 1 .GE. REACH) GO TO 405



0685

069t)
705
70d

C
.:
C
0710

c
c
C
71.:

7 I 5
720

0725

55

686

REACH c: TE/lPl
IF (T IKNES . LE. REACH ) GO TO 405
TRNNTG:-. TRUE.
IF (REACH-T 1 KMIN) 686.687.687
T I KNES.;T IKIoI N
SN .; TIKMIN
REACH.;TIKMIN
GO TO 405
II KNES-=REACH
SN=REACH
GO TO 405
IF (.NOT. FNSHSN) GO TO 405
FNSHSN=.FALSE.
Ml=I+1
GO TO 405
TAOV(I+I.J) =TADV(I.J) - SLEN(I.J)
I~ (J-K) 710.708.770
FNSHSN = .TRUE.
GO TO 675

6EN02720
6EN02!30
6EN02740
tlEN02750
tlEN02760
BEN02770
BEN02780
BEN02790
BEN02800
BEN02810
BEN02820
8EN02830
8EN02840
8EN02850
BEN02860
BEN02870
BEN02880
BEN02890
BEN02900
bEN02910
BEN02920
8EN02930
BEN02940
dEN02950
BEN02960
8EN02970
BEN02980
BEN02990
BEN03000
üEN030IO
BEN03020
8EN03030
BEN03040
dEN03050
BEN03060
l5EN03070
dEN03080
BEN03090
BEN03IOO
BEN031 1 0
BEN03120
dEN03130
BEN03140
UEN03150
BEN03160
6EN03170
6EN03180
8EN03190
BENO.:2QO

687

690

THE aWE MOVES TO NEXT bENCH.

TEMPI = (KEACH + 2.*WIUTH(i.J~)/CS
TRAMT(I.Jl.; TRAMf(I.J) + TEMPI
SETT .; SETT + SETTIM
TEMPI.; TEMPI + SETTIM
TIME(I.J) = TIME(I.J) + TEMPI
TOTIMt -= TOTIM + TEMPt
RTIME = RTIME + TeMP!
TEMPI:: TcNP3*(REACH + 2.*wIDTH(I.J))
SMPO(I.J) = SMPO(I.Jl + T~MPi
RPOWER = R~O_ER + TEMP!
GO TO 765

INTRUDEO INTO THE NEXT SECTION

765
770

TAOV(i+l.J~ = TADV(i.J) - SLEN(I.J)
OIFF :: REACH-RADV
IF (DIFF .GE. TIKNES) GOTD 715
SN :: TIKNES
IF (DIFF .LT. TIKMIN) DIFF :: TIK~IN
T 1 KNES=D IFF
IF (I-NI) 725.720.770
IF (J-KJ 710.765,770
I :: I + I

GO TO 407
CONT INUE
RE TURN
ENU

CARDS LISTED 32 i
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I:O-dO LiSTING

SUURour I Nt: FALCUT
COMMON ACP(lO.10l. CTIME(lO.10). DHEIT(lo.iO). DLEN(lO.lO).
1 HP¡(WH(lO.l0l. HPSMPO(LO.IO). HPTPU(lO.lO). HSKWH(lO.iO).
2 HTKWH(lO.lO). KwSMPO(lO.IOJ. ¡(WTPU(IO.IOJ.
3 LTYPE:(lO.lO). MATi.(IO.lO). PGRADl:(lO.lO). PROIH10.iO).
4 RTUIGP(lO.IOJ. HT¡(wH(lO.lOJ. SOHEIT(lO.lO). SHEITlIO.IOl.
5 SLEN(lO.lOJ. SMISC(IOolOJ. SMPO(IOtllH. STUCT(lO.iOi.
6 TADV(IO.IOJ. TEM(lO.lO). TIME(IO.IOJ. TUTAL(lO.IO).
7 TPu(iO.IOi. TPKlirHIO.iOJ. TRAMP(IO.IO). TRAMT(lo.iO).
8 TRAVT(lo.iO). TSKWH(lo.iO). TSLEP(10.10). TTIME(lO.101.
9 WI OT H ( 1 O. 10)
CUMMON RKPOT(SOOJ. RTPUT(500l
CUMMON GRADE(IO). HT(lO). NUM(IO). RORI(IO).
1 Vi NC ( 11))
COMMON BUCFIL(50), OlGMIN(50). OIGMAX(SO). RPM(SO)
CUMMUN 8WIO. K5. KMAX. NI. CLd. SMINL. RANGLE.
ILANGLE. ass. SL. OwM. CSt CUMTIM. OlIME. 5ETTIM.
2CONV. SPGR. GRAV. OIA. NOB. CU8. BIU. LOT.
3\15. RS. FRS. ALPHA. RADV. TßACK. SETT. ISECT.
4ISET. TANGLE. KDUNT. TTIK. ETIK. TAOVAN. Kd. NUDA.
5TMATL. TDIS. T~TIM. LEND. REND. VMAX. FRIFOR. rlKNES.
6M~THOO. REACH. 5L~KWM. OIGKWM. MUUND. ANITA
R~AL NUd. LUT. MATL .LANGLE. LEND. KWTPO. KW 5MPu
INT~GER DIGMIN.DIGMAX
SL~K\IM=O
OIGKWM=O.O
RT I ME=O. 0
RPOWER;O.O
KAOVA;O
5AII=O.O
LXZ=19
IXZ1=17
I YZ= IXZ
I YZi=lxzl

c.

C 5 I MULATE ALL THE BENCHES I N ALL THE SECT i ONS.
C

DO 11.35 1=I.Nl
STARAH=2./3.*OIA
AOVAN=STARAH/S I N (ALPHA)
REACH = AOVAN
SAOVAN;AOVAN
KKK;O
VARAH;STARAH
XCLB;CLt:
KOUNT=KOUNT+ I
MQUNT=O
K=NUM( I)
TEMP3 = OWM.(RORI(I)+O.02*~RAOE(i))

ó I 0 00 1 130 J= 1 . K
8LOT=O.O

c

FALOOOOO
FAL0001D
FAL00020
FAL00030
FAL00040
FAL00050
FAL00060
FAL00070
FALOOOBO
fAL00090
FALOOIOO
FAL00110
FALOOl20
FALOO 13D
FAL00140
FAL001SO
FALOD16D
FAL00170
FALoolao
FAL00190
FAL0020D
FAL00210
FAL00220
FAL00230
FAL0024Q
FAL00250
FAL00260
FAL00270
FAL00280
FAL00290
FAL00300
FAL00310
FAL00320
FAL00330
FAL00340
FAL00350
FAL00360
FAL00370
FAL00380
FAL00390
FAL00400
FAL00410
FAL0042D
FAL0043D
FAL00440
FAL00450
FAL00460
FALD0470
FALOO4-aO
FALOO4-90
FAL00500
FAL00510
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AVERAGE HE! GHT OF THE CUT TAKEN CALCULATED.c
C

615
625
630
635
640
645

C

C

C
410

FAL00520
FAL00530
FAL00540
FAL00550
FAL00560
FAL00570
FAL00580
FAL00590
FAL00600
FAL00610
FAL00620
FAL00630
FALOOb40
FAL00650
FAL00660
FAL00670
FAL00680
FAL00690
FAL00700
FAL00710
FALO()720
FAL00730
FAL00740
FAL00150
FAL00760
FAL00770
FAL00780
FAL00790
FAL00800
FAL00810
FAL00820
FAL00830
FAL00840
FAL00850
FAL00860
FAL00870
FAL00880
FAL00890
FAL00900
1"1\1.00910
1"1\1.00920
FAL00930
FAL00940
FAL00950
FAL00960
1"1\1.00970
FAL00980
FAL00990
FAL01000
FAI.Ol0l0
FAL01020
FAI.Ol030
FAL01040
FAL01050
FALO 1060

I I" (KKK) 1140.615.635
SOHEI T( I. J)=SHeI T (l.J)-PGRADE (I. J )*TAOVAN
SD~E IT (I +1. J)=SHEI T( 1. J )-PGRAD~ (i. J l*( TAOVAN+ADVAN)
OHE I T (J , J ) = (SOH~ IT ( I, J ) +SOHE I T ( 1+ i , J) ) /2.

IF (J-K) 645.640.1140
KKK=O
MQUNT=MOUNT+ 1
IA=LTYPE(I,J)

THE SOIL CHARACTERISTICS AWE INITIALIZED.

Bcue=BUCF II. ( I A) .CU8 *V INC ( I A)
CSPEEU=VMAX*RPM( IA)
XF=CSPEEO.bO./ (3. 1416*OIA)
ACP( I.J )=8COS*Nue*XF*60.
T I KNES=O. 133*SQRT (ACP ( I. J J / ( (0 I A/2) *XF.NOtl) )
LENO=T I KNES*CUS( LANGLE)
RENO=TIKNES*COS( RANGLE)

660 SN=T IKNES
C
C CALCULATION OF CUTTER LENGTH IN THE BENCH.
C

BE T ANG= (ó .2832/NOti)
NN8ID=1.5708/8£TANG
00 670 I1~1.i00
IF (NNBIO-II) 675.665.665

665 BLOT=8LOT.2.*TJKNES*(COS(SETANG*II))
670 CONTINUE
675 PE T=CLB/ADVAN

BKTSPA=3.1416*OIA/Noa
SA T=BK T SPA/CSPEED
VLENO=STARAH*( COS (LANGLE) + (( 5 IN( LANGLE) ..2.)/ (2. *PET I))
VREND=STARAH*(COS(RANGLE)+( (SIN(RANGLE)**2. )/(2.*PET)))
BDTH=BCOB/ (OHE I T ( i. J) *T I KNES)
S80TH=BDTH
IF (METHOO-l) 680.665.680

660 IF (J-l) 1140.690.685
685 TTIK=DHEIT(I.J)/COS(I.570b-ALPHA)

GO TO 895
690 TT IK=(ùHEIT( I, J )-OIA/2. )/COS( 1.S7Ub-ALPHA)

C
C TOP CUT TAKEN BY BENCH CUT.
C

LOT=BLOT* 100.
HEIT=DIA/2.
IF (N1-I) 1140.725,700

70 0 I F (K OU N T - 1 ) 1 1 4 0 . 7 0 5 , 7 1 0
705 IF (MOUNT-I) 1 I~O.720,725
710 IF (KOUNT-Nl) 723,715,1140
715 IF (MOUNT-I) 11~O.730.725
720 DCUTA~1.5*SADVAN

GU TO 735
725 DCUTA=SAOVAN
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c
c
C

735

c
c
C

c
c
c

c
c
C

GO TO 735
730 DCUTA=O.5*SAO~AN

FALOI070
FAL01080
FALOI090
FALOIIOO
FALOll10
FAL01120
FALOl130
FALO 1140
FALOll50
FAL01160
FALOl170
FALO 1180
FALOl190
FAL01200
FAL01210
FALOl220
FAL01230
FAL01240
FAL01250
FALOl260
FALOi 270
FALO 1280
FAL01290
FALO 1300
FAL01310
FAL01320
FAL01330
FALOi 340
FALOi 350
FALO I 360
FAL01370
FAL01380
FAL01390
FALO 1400
FAL01410
FAL01420
FAL01430
FALO 1440
FALO 1450
FAL01460
FAL01470
FALO 1460
FAL01490
FALO 1500
FAL01510
FAL01520
FAL.01530
FALÒ 1540
FAL01550
FALO 1 560
f'AL01570
FALO 1580
FAL01590
FAL01600
FALOlólO

CHECK FOR BOULDERS AND CALC. DOWN TIME IF STRUCK

740

IXZ=I VZ
ClLL RANDU( I XZ. I YZ. XE)
CUTRES=DIGMIN( lA) + (D IGMAX (1 A )-0 i GMIN( IA)) *XE
SA T=BK TSPA/CSPEED
I)(Zi=IVZl
CALL RÂNDU(IXZi.IVZi.XX)
XX=XX*100.
IF (XX-PROB(l.~)) 740.740.745
T I ME ( I . ~) =T I ME ( I . ~) +OT I ME
RT IME=RT IME+OT IME
TOT IM=TOT IM+oT 1 ME
STUCT( 1.~)=STUCT( 1.~)+OTIM~
K8=KB+I

ACCUMULATE TIM~ AND NUMBER OF PASSAGES

745 TI ME( l.~ );T IME (I.~ )+BAT
TUT IM:=TOT IM+8A T
RT INE=I'H IME+tsAT
NODA=NOOA+I
C TIME ( I . J) =CT I ME ( I. J ) +BA T

ACCUMULATE POWER

750
755

01 GP=CUTRES*LOT*SKTSPA
R I sp=acOa*SPGR*O I A
RPOWER=RPOWER+R I SP+O I GP
TOTPER=O 1 GP+R I SP
01 GKW= (TOTPER/CON~) * (I ./BAT) *J600.
IF (OlGKW-UIGKWM) 75ã.755.750
01 GKllM=O 16K II

RTDIGP( 1.J)=RTDIGP( I.J )+OlGP+~¡SP
MATL( 1.J):=MATL( I.J)+BCGd
IF (TOTIM-CUMTiM) 760.1140.1140
01 ST=SBOTti
SLP=OIST /6AT
IF (SLP-USS) 770.770.765
SLP=USS
ANGLE:=ARSIN( OIST /CL6)
TAN GLE=T ANGLE+ ANGLE
OIST;:Sí.P*dAT
SLEP= ((CUTRES.LQT*SLP/CSP£~O) +FRIFOR) *0 1ST
TSLEP( 1. ~ )=TSLEP( 1. J l +SLEP
RPOWER=RPùW ER+ SLEP
SLEK W= (SLEP/CONV) * ( 1 ./BAT) *3600.

760

765
770

CALCULATE MATERiAL EXCAVATED

IF (SLEKllM-SLEKW) 775.780.780
775 SLEKWN=SLEKW
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760 IF (ISET) 1140.785.8~5
185 IF (ISECT) 1140.810.790
7~0 IF (LANGLE-TANGLE) 800.805.795
795 SNT IK=LENO*COS (LANGLE-TANGLE) ;COS( LANGLE)

SBOTH=BCOB/ (HE 1 T *SNT 1 K)
GO TO 735

BOO D=TANGLE-LANGLE
01 S=CLB*SIN( 0)
MATL( I.J)=MATL( I.J)-D1S*HEIT*SNTIK

805 TANGLE=O.O
ISECT=O
GO TO 735

810 IF (RANGLE-TANGLE) 820.825.815
815 SNT IK=T ¡KNES*COS( TANGU:.)

SaOTH=eC OB/ ( HE 1 T *SNT I ~ )
GO TO 735

820 0= TANGLE-RANGLE
01 S=CLB*SIN (I))
MATL( I.J)=MATL (l.J )-DIS*HEIT*SNTIK

825 SNTIK=REND
TANGLE=O.O
SA'I=SAV+T IKNES
IF (SAV-DCUTA) 830.890.8ÓS

830 ISET=I
¡SECT=1
TRAMP(1 .J) = TRAMP( I .J) + TEMP3*TIKNES
lIMINC= TIKNES/CS
RTIME = RTIME + TIMINe
lTIME(I.J) = TIMElI.J) + TIMINe
TIME ( I . J) = T I ME ( I . J) + TIM INC
TUTIM = TUTIN + TIMINC
RPUWER = RPO~ER + TEMP3*TIKNES
GO TO 135

835 IF (ISECT) i 140.8bO.640
840 IF (RANGLE-TANGLE) 850.855.845
845 SNTIK=RENO*COS (RANGLE-TANGLE)/COS( RANGLEJ

SBOTH=ôCOd/ (HE 1 T*SNTI K)
GO TO 735

850 0= TANGLE-RANGLE
01 S=CLd*S IN( D)
MATL( I.J)=MATL( I.J)-DIS*HElT*SNTIK

855 TANGLE=O.O
ISECT=O
GO TO 135

860 IF (LANGLE-TANGLE) 610.875.865
865 SNT1K=TiKN~S*COS(TANGLt)

S80TH=~CÜ~/ (HE I T*SNT I ~ )
GO TO 135

810 0= TANGLE-LANGL~
01 S=CLd*SIN (D)
MAT L ( I . J ) = MAT L ( I . J J - 0 I S * HE ¡ T * S N T 1 K

675 TANGLE=O.O
SNT IK=LENIJ
SAV=SAV+T IKNES
IF (SAV-DCUTA) 860.890.B8~

FALoi620
FALl) 1630.
FALoi 640
FAL01650
FAL01660
FALO I ó70
FALO 1680
FALO 1690
FAL01700
FAL01710
FAL01720
FALO 1 730
FALO 1 740
FAL01750
FAL01760
FAL01770
FAL01780
FAL01790
l'ALO 1800
FAL01810
FALO 1 820
FAL01830
FAL01840
FALO 1850
FAL018óO
FALOJ. 870
FALO 1880
FAL01890
FALO 1 900
FAL01910
FAL01920
FALOi 930
FAL01940
FAL01950
FALù 19ÓO
FAL01970
FALO 1980
FAL01990
FAL02000
FAL02010
FAL02020
FAL02030
FAL02040
FAL02050
FAL02060
FAL02070
FAL02080
FAUì2090
FAL02100
FAL02110
FAL02120
FAL02130
FAL02140
FAL02150
FAL02160



c
C

C
C

895

C

(.
e

c

60

880 FAL02170
FAL021åo
FAL02190
FAL02200
FAL02210
FAL02220
FAL02230
FAL0224-0
FAL02250
FAL02260
FAL02270
FAL02280
FAL02290
FAL.02300
FAL.02310
FAL.02320
FAL.02330
FAL0234-0
FAL02350
FAL02360
FAL02370
FAL02380
FAL02390
FAL024-00
FAL024-10
FALû24-20
FAL024-30
FAL024-4-0
FAL024-50
FAL.02460
FAL.02470
FAL02480
FAL.02490
FAL02500
FAL02510
FAL02520
FAL02530
FAL02540
FAL02550
FAL02560
FAL02570
FAL02560
FAL02590
FAL02600
FAL02610
FAL02620
FAL.02630
FALó2640
FAL02650
FAL02660
FAL02670
FAL02680
FAL02690
FAL02700
FAL02710

88S

ISET=O
IseeT.:1
TRAMP(I.J) = TRAMP(I.J) + TEMP3*TIKNES
RPOWER : RPOWER + TEMP3*T IKNES
TIMINC: TIKNES/CS
R T I ME : RT I ME + TIM 1 NC
T I ME ( J . J) .: T I ME ( I. J) + TIM I HC
TTIME(I.J) =TTIME(I.J) + TIMINe
TOTIM : TOTIN + TIMINe
GO TO 735
DEF=SAV-OCUT A
MATL( 1. J )=MATL (I .J )-OEF*HE IT*8WIO
SMPO (I. J) = SMPO ( I. J) +TEMP3*OCUTA
RPOWER=RPUWER+ TEMP3*OCUT A
TIMINC=DCUTA/CS
TEMPS=T IMINC+SETT 1M
RT IME=RT IME+TEMP5
TIME( I.J)=TIME( I .J)+TENP5
TOT IM=TOT IM+TEMP5
TRAMT(i.J) =TRAMT(I.J) +TIMINC
ISET=O
ISECT=l
SAII=O.O
KRAM=O
IF (TOTIM-CUNTIN) 695.1140.1140

890

DROP CUT STARTS HERE.
PASSAGe OF THE BUCKET THROUGH THE SOIL is SINULATEO

90u

IXL=! YZ
CALL RANOU ( 1 XL. 1 YZ. XE)
CUTRES=OIGMIN(IA) + (OIGMAX(IA'-OIGMIN(IA))*XE
TTTR= ( 1.5706+ATAN( (VARAH-Ol A/2.)/ (01 A/2. ) ))
NB ID= (TTTR/6.2832) *NOd+O.5
ALUT=2. *T IKNES. (NBID-NNBI 0)
LU T= (8LUT+ALOT) * 1 00.
IXZl=IVZl
CALL RANOU( IXZ1. IVZ1.XX)
xx=xx*ioo.
IF (XX-PROB(I.J') 900.900.905
T I ME ( I . J ) - TIM E ( I . J) + 0 TIME
RT IME=RT INE+OTIME
STUC T ( 1 . J )-5 TUC T ( I. J, .UT I NE

TOT IM=TOTIM+OT lME
Kd:K8+1
MATL( 1.J )=MATL( I. J) +bCOB905

ACCUMULAT~ TIME AND NUN8ER OF PAS~AGES

NUOA=NUOA.i
C T I ME ( 1 . J )=C TIME ( I. J ) + 8A T
TIME ( I . J )= TIME ( 1 . J, +BA T
RT 1 ME=RT 1l"+8A T
TUT I M= rOT 1 M+8AT



C ACCUNULA TE PO~ER
C

01 GP:CUTRES*LUT*dKTSPA
R 1 SP:8COB*SPGR*OI A
RPOWER=RPO~ER+R I SP+U lGP
TOTPER:DIGP+RISP
D I GKW:( TOTPER'CONV) * ( 1 .'BAT) *3600.
If (OIGKW-OIGKWM) 915.915,910

910 Dl~KWM:OIGKW
91~ RTUIGP( I .J)=RTOIGP( I.J)+OIGP+RISP

IF (TOTIM-CUNTIM) 920.1140.1140
920 UIST=BCOBI'(VARAH*TIKNI:S)

SLP=U1ST'BAT
IF (SLP-USS) 930.930.925

925 SLP:USS
C

L
C

930

DEBUG STATEMENTS ~ STUP CUNOI T IONS

c

IF (OIST .lE.XCLB) GO TO 932
IF (OIST-XCLd .LE. 0.001) GU TU 931

COMPARISON ALLOWS FUR RUUNO OFF DISCREPANCIES
CALL POUMP ( OHI: i T ( 1.1 ) . DHE IT ( i O. 10) .5. SOHEI T ( 1.1 ) . SDHEI T ( 10. 10) .5.

1 R T I ME . T E M H T 1 . 5 , R T i ME . T E MH T 1 . 4 . B WID. A NIT A . ~ . B WI U. AN 1 T A. 4 )
RETURN

931 DIST=XCLB
932 ANGLE=ARSIN(OISr'XCLB)

TANGLE=TANGLE+ANGLE
DI ST=SL"P*BAT
SLEP= ( (CUrRES*LOT*SLP/CSPEED) +FRIFOR) *01 ST
RPUWER=RPOWER+SLEP
SLEKW=( SLEP'CONV) * ( i .'BAT) *3bOO.
IF (SLEKWM-SLEKW) 940,945,945

940 SLEK lIM= SLEK W
945 T SLLP ( I. J )~TSLEP ( It J) +SLEP

IF (ISET) 1140.950.1010
950 IF (ISECT) ii40.975.9~5
955 IF (LANGLE-TANGLE) 965.970.960

c
C

C

960

WHEEL MOVING FHUM LEFT TO HIGHT.

VA RAH~STARAH* (COS (LANGLE-TANGLE)+ ( (SI N (LANGLE-TANGLE) **,) /
l( 2.*PET) n
GO TO &95
O~TANGLE-LANGLE
01 S=CLß*S IN (0)
MATLI I.J)=MATL( I.J)-OIS*TIKNE~*VARAH
TANGLE=o.a
ISECT=Q
GU TO d9S
IF (RANGLE-TANGLE) 985.990.960
VARAH=STARAH* (COS( TANGLE) +( (SIN( TANGLE) **2.) / (2. *PET)))
GU TO 695
0= TANGLE-RANGLE
DlS=CLü*SIN(O)
MA TL ( i . J) =MA TL ( I . J )-D I S*T lKNES*VARAH

965

910

975
980

985

61

FAL02720
FAL02730
FAL02740
FALO;¿750
FAL0276Q
FAL02770
FAL02760
FAL02790
FAL02600
FAL02810
FAL02620
FAL02630
FAL02640
FAL02650
FAL02660
FAL02670
FAL02660
FAL02690
FAL0290Q
FAL02910
FAL02920
FAL0293U
FAL02940
FAL02950
FAL02960
FAL02970
FAL02960
FAL02990
FAL03000
FAL03010
FAL03020
FAL03030
FAL03040
FAL03050
FAL03060
FAL03070
FAL03060
FAL03090
FAL03100
FAL03110
FAL03120
FAL03130
FAL03140
FAL03150
FAL03160
FAL03170
FAL031ao
FAL03190
FAL03200
FAL03210
FAL03220
FAL03230
FAL03240
FAL03250
FAL03260
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990 TANGLt:=O.O
ET lK=ETIK+TIKNES
IF (TTIK-ETIK) 1070.1075.995

995 DIFF=TT I K-ET IK
1005 ISET=!

I SECT=!
c
C

C
C
C
C
C

1000

CHECKING TU DETERMINE IF TIKNES IS SO SMALL THAT THE VALUE OF
GIST WILL EXC~ED THE S_EWING RAOIUS (XCLBl CAUSING AN ARCSIN
ERRUR tAT 930). THEREFOHE. TIKNES WILL dE RE-CALCULATEO SO AS TO
AVUID ARCSIN ERRUR. ANY MATERIAL MINED IN EXCESS ~ILL ~E
ADJUSTED BY THE STATEMENTS AT 1070.

IF(TIKNE5 .LE. DIFF. GO TU 1008
IF ( BCOB/(VARAH*U1FF) .GE. XCLB)
T 1 KNES=O IFF
GO TO 1008
TIKNES = bC08/(VARAH*XCL8)

GO TU 996

996
c
C

C
1008

CALCULATIONS FOR THE CROWD.
TEMP l=T IKNES*COS (ALPHA)
TBACK=TBÁC~+ TEMP 1
TRAMP(i.J) =TRAMP(l.J) + TEMPl*TEMP3
RPUWER = RPOWER + TEMP3*TEMPI
TIM INC=TEMPl/C::
RT IME =RTIME+T IMINC
T I ME ( i . J ) = TIME ( 1 . J. + T i M i N C
TTl ME ( I . J) = TTl ME ( 1 . J) + TIM I HC
TUTIM =TOTIM . TIMINC
GO TO b95
IF (ISECT) 114001035.1015
IF (RANGLE-TANGLE) 10¿5.1030.1020

1010
1015

C

C
C

1020 VARAH=STARA H* (COS (RANGLE-TANGLE) + ( 151 N (RANGLE-TANGLE) *
1 *2. ) / (.2. *PE T ) ) )
GO TO 895

1025 O=TANGLE-RANGLE
01 S=CUHSIN (0)
MATL( I ,JJ=MATL( I .J)-01S*T1KNES*VARAH

1030 TANGLE=O.O
I SECT=O
GU TO 895

1035 11" (LANGLE-TANGLE) 1045.1050.1040
1040 VARAH=STARAH* (COS (TANGLE) + ( (S I N (TANGLE) **2. )/ (2. *PET) ) )

GO TO 895
1045 O=TANGLE-LANGLE

DIS=CLd*SIN(D)
MATL( i.J)=MATL( I.J)-DiS*TIKNE~.VARAH

iO~Q TANGLE=O.U
ETIK=ETIK+TIKNES
IF (TTIK-ETIK) l070.107ti.l055

ioss DIFF=TTIK-ETIK

WHEEL MOV ING FROM RI GHT TO L¿FT~

FAL03270
F AL03280
FAL0329IJ
FAL03300
FAL03310
FAL03320
FAL03330
FAL03340
FAL03350
FAL033óO
FAL03370
FAL03380
FAL03390
FAL03400
FALO.:410
FAL03420
FAL03430
FAL03440
FAL03450
FAL034óO
FAL03470
FALOJ480
foAL03490
FALu3500
FAL03510
FAL03520
FAL03530
FAL03540
FAL03550
FAL03560
FAL03570
FAL03580
FAL03590
FAL03óOO
FALO,j610
FAL03620
FAL03630
FAU)3640
FAL03650
FAL03660
FAL03670
FAL03680
FAL03690
FAL03700
FALO.j710
FAL03720
FAL03130
FAL03740
FAL03750
FAL03760
FAL03770
FAL03780
FAL03790
FAL03800
f AL0.381 0
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ISET=O
ISECT=1
GO TO 1000

1070 OlFF=ETIK-TTIK
NATL (1. J );:MATL (1. J)-OIFF*aWIO*STARAH

1075 iF (J-K) 1080.1065.1140
1080 TTIK=O.O

ETIK;:O.O
GO TO 1130

FAL03820
FAL03830
FAL03840
FAL03850
FAL03860
FAL03870
FAL03680
FAL03~90
FAL03900
FAL0.3910
FAL03920
FAL03930
FAL03940
FAL03950
FAL03960
FAL03970
FAL03980
FAL03990
FAL04000
FAL04010
FAL04020
FALù4030
FAL04040
FAL04050
FAL04060
FALÙ4070
FAL04080
FAL04090
FAL04100
FAL0411 0
FAL04120
FAL04130
FAL04140
FAL041S0
FAL04160
FAL04170
FAL04180
FAL04190
FAL04200
FAL04210
FAL04220
FAL04230
FAL04240
FAL04250
FAL042tiO
FAL04270
FAL04280
FALù4290
FAL04300
FAL04310
FAL04320
FAL04330
FAL04340
FAL04350
FAUì43bO

c
C THE ewE NO~ES FOR THE NEXT CUT.
C

1085 TAOVAN=TAOVAN+ADVAN
TEMP4=T6ACK+AOVAN
TEMP5=TENP4.1CS
TENP6 = TENP5+SE TT I M
TEMP7=TENP4 *TEMP3
TRAVT(I.J) =TRAVT(i.J) + TENPS
TIME(I.J)= TINE(I.Jl + TENPb
RT INE=RT lME+TENP5
TOTIM=TOTIM+ TEMP6
TPO( I.J l ;: TPO( i .J) + TENP7
RPOWER ;: RPOWER+ TEMP7
T6ACK"=0.O
TT IK;:O.O
ET IK=O.O
KADV A=KADVA+ 1
MOUNO=KADVA
RTPOT (MOUNO)=RT I ME'3bOO.
RKPOT (MOUND )=RPOWER'iCUNV*ANI T A
RT IME=O.O
RPOWER=O.O
IF (TAOVAN-SL~N(i.J)l 1095.1125.1120

1095 DISTGO=SLEN( i.~)-TAO~AN
IF (DISTGû-AOVANl 1100.610.610

1100 IF (I-Nl) 1110.1105.1140
1105 AOVAN=lHST60

SADVAN=ADVAN
ST ARAH;:AOVAN*S IN (ALPHA l
GO TO 610

11100IFFER=ADVAN-OiSTGO
00 1 1 1 5 J= 1 . K
TEMHT 1= (DHE IT ( i. J) +SHE IT ( I + I . J ) ).1 2. *0 IS TGO
TEMHT2=( SHE I T (1+ 1. J) + (SHEIT ( 1+1. J )-PGRADE (1+ 1. J) *

lDIFFER) )/2.*DIFFER
1 1 1 5 0 H E I T ( I . J ) = ( T E MH T 1 + T EM H T 2 ) / A 0 ~ AN

KKK=l
GO TO bl0

1120 TADVAN=OlFFER
DU'FER=O.O
GO TO 1135

i 1.30 CONT I NUE
1125 TAOVAN=O.O
1135 CUNTINUE
1140 Rt: TURN



Ø4

END FAL04370

CARDS LISTED 438

80-80 LI STING_

5
Õ

SUBROUT INE RANDU (ix. I Y. YFL)
i Y=I X*Õ5539
IFlIY)S.õ.b
I y; IY+2147483647+ i
YFL=I Y
YF L;YFL * .4b5~b i 3E-9
RêTURN
END

RANDUOOO
RANOU010
RANDU020
RANDU030
HANOU040
RANOU050
RANDUObO
RANOU070

CARDS LISTED 8



80-80 LISTING

APPENIX B. --COMPUTR INPUT CONTOLS

c ..*. .*. *...*.. ****.. .*.. **. **.* **.* .*.. ...... ............ ........ .....
C

C
C
C
C..**** RUN CARD .....
C
C VAR.NAME
Co

C

C
C

C

C
C

C..****MINING TtCHNIUUE CARD*.*.*.
C

C

C

C

C

C
C

C

C
C

C VAR.NAME
C

C
C

Co

C

C

C
C.***** SECTION DESCRIPTION DECK ******
C

C
C

C lIAR.NAME

N

OATAOOOO
OATA0010
OATA0020
OATA0030
OAT40040
OATA0050
OAT40060
OATA0070
OATAO.080
OATA0090
OATAOIOO
DATAOI 10
04T40120
OATA0130
OATAOl40
OATAOl50
OATAO 160
OATA0170
OAT40180
OATAOl90
OAT40200
OATA0210
OATA0220
DATA0230
OATA0240
OA TA0250
OA1A0260
DATA0270
OATA0280
OATA0290
DATA0300
OATA0310
OATA0320
OATA0330
OATA0340
OATA0350
OATA0360
OATA0370
DATA0380
DATA0390
DATA0400
DATA0410
DATA0420

SECT IONDATA0430
DATA0440
OATA0450
OATA0460

(PRCNT) .OATA0470
DATA0460
DATA0490
OATA0500
DATA0510

INPUT SPECIFICATIONS. BWE SIMULATOR
*****.*...* ....... *... .......... ...*...

COLS. FORMAT DESCRIPTION

1-10 ( 11 0) NUMBER OF BUCKET-WHEtLS AND/OR CUT-
TYPES TO BE 51 MULATED. FOR EACH
dUCKET-WHEEL/CUT-TYPE COMB I NAT ION.
ALL OF THE FOLLOw ING CAA05 ARE RQRO.

THE DATA
SI MULA TED:

CODE MEAN 1 NG
1 LATERAL CUT TECHNIQUE USING BENCUT
2 DRUPCUT TECHNIQuE U~ING FALCUT
3 DROPCUT TECHNIQUE USING AN INITIAL LATERAL CUT.

THE VARIOUS MINING TECHNIQUES AND THE ORD¿R IN WHICH THEY ARE
SIMULATED ARE DETERMINED BY THE CODES AND THEIR OHDER ON THIS CARD.

MODEL( 1 )
MODEL (2)

ETC.

ON THIS CA~O DETERMINES THE MINING TECHNIQUE1S) TO BE

CDLS.
*.

1-10 *
11-2U *

..
**

FORMAT DESCRIPTION
**

. MINING

.. SAME
*
*.

til! 0 TECHNIOUE CODE.

THE TOTAL NUMBER OF CARDS IN THIS DECK WILL BE 1~Nl/3

'-
C N 1

C

C

C NUM ( I )
C NUM( I ~ 1 )
C NUM( 1+2)
C
C GRADE( I)
C GRADE ( 1 +1)
C GRADE(I+2)
C

'- ROH I ( i )

COLS. FORMAT DE~CRipriOi'

1-10 (II 0) NUMBER OF SECTIONS TO BE MINED.** .*
* .. NUMBER OF BENCHES IN THE I.TH* ** ..* *
* * GRADIENT OF THE 1"TH SECTION
*3( 15.2F 10.5).. ... .

16-25 * ..

1-5
2b-.30
51-55

6-15
31-40
56-65

RULLING RESISTANCE OF THE 11TH

65



OATA0520
OATA0530
OATA0540
OATA0550
DATA0560
DATA0570
DATA0580
OATA0590
OATA0600
OATA0610
lJATA0620
OATA0630

COLS. FORMAT DESCRIPTION UATA0640** ** DATA0650
1-10 * .. PWOBABILITY OF STRIKING. ON A PARTI- OATA0660

.. * CULAR PASS OF A bUCKET. A OATAÙ670

.. .. BOULDER I N THE J' TH BENCH OF THE I' THDATA0600

.. .. St.CTIUN. (PERCENT) DATA.0690*(FI0.2.I10I* OATA0700
11-20 * * AN INDEX SPECIFYING THE LOCATION IN OATA0710

* * THE SUIL DESCRiprlQN DECK OF THE SOILDATA0720
.. * TYPE FOUND IN THE J'TH BENCH OF THE OATA0730* * i'TH SECTION. OATA0740*..* OATA0750

1-80 BOAI * AN ALPHA-NUMERIC DESCRIPTION OF THE DATA07óO
* J'TH BENCH OF THE I'TH SECTION. ONLY OATA0770
* THE FIRST 10 COLUMNS ARE READ IN AND OATA0780.. PRINTED OUT. OATA0790** I)ATA0800

OATAOOI0
DATA0820
DATA0830

THE TOTAL NUMBER OF CARDS IN THiS OECK IS Nl+NN+N3+NUM(Nl )/8. N1 is OATA0840
THE NUMBER OF 5¿CT IONS. NN I ~ THE NU~BER OF SECT IONS HAVI NG MORE OATA0850
THAN 4 BENCHES, AND N3 is THE NUMBER OF SECT IONS HAV iNG MORE THAN OATA0860
ti BENCHES. SLEN AND SHEI T ARE ENTE~EU FUR EACH BENCH. UP TO 4 DATA0870
PER CARD, IN A SECTION. THE DATA FOR THE FIRST BENCH OF A SUBSEQUENTDATA0880
SECTION ALWAYS BEGINS ON A NEW CARD. DATA0890

OATA0900
OATA0910
OATA0920

BENCH 1 N THE I' TH OA TA0930
DATA0940.
DATA0950
OATA0960
DATA0970
OATA0980
DATA0990
OATA1000
DATAI010
OATA1020
OATAI030
OATA1040
DATA 1050
I)ATA1060

66

C RURi(I+l)
C RUR I ( 1 +2 )
C

C

C

'-**"'***
C

41-::0 -'
66-75 -'

**

* SECTiUN (DECIMAL FRACTION).
*

**

BENCH DESCRIPTION OECK-l ******

C

C

C
C

C

THE TOTAL NUMBER OF CARDS I N THIS DECK ~ ILL BE TW ICE THE
TOTAL NUMBER OF BENCHES. THt. 2*NUM(Il CARDS DESCRIBiNG THE
BENCHES iN THE I 'TH SECTION ARE iMMEDIATELY FOLLOWEO BY
¿*NUM(I+1) CARDS DESCRiBING THE BENCHES iN THE (l+l)'TH SECTION.

C VAR.NAME
C

C

C

C
C
C

C
C

C

C

C

PRUB(i.JJ

LTYPE(I,J)

C STyPE( ~..).*)
C

C
C
C

C
C******
C

C

C
C
C

bENCH DESCRIPTiON OECK-2 ******

c
C
C

ç VAR.NAME
C
C

C
C
C

ç
C

C

C
C

C
C
C
C
C

SLt:r\l(I,J)
SLEN( I. J+l)
SLEN( 1. J+2)
SLEN( i ,J+3)

SHE I T ( 19 J I
SHE IT ( 19 J + 1 )
SH E I T ( i ,J + 2 )

SHE IT ( I . J +3)

SHE I T ( N2 . J )

COLS.
**

1-1 (; ..
2.1-30 ..
41-50 ..
61-70 *.
11-20 *
.;U-40 .
51-óO .
71-80 *

*.

DESCRIPTIONFORMAT

(8F i 0.2)

**
* LENGTH OF THE J' TH
. SECTION. (METERS)
*
*
*
* HEIGHT OF THE .)'TH BENCH AT THE
* BEGINNING OF THE "TH SECTION. THE
* HE IGHT OF THE J' TH BENCH AT THE END
* UF THE I' TH seCT I ON I S ASSUMED TO BE
* SHEIT(I+l.J). (METERS)

**

..
1-10 *

.*
* HEiGHT OF THE J'TH BENCH AT THE END



C
C
C

C

C
C
******
C

C

C
C VAR.NAME
C
C
C

C

C

c******
C

SHEIT(N2,~+1)11-20 .
SHEIT(N2,J.Z)¿1-30 .ETC. ETC. *

**

* UF THE LAST (N2"TH) SECTIUN. (METERS)DATAI070
* THIS DATA FILLS THE LAST NUM(Nl)/ti DATA1080
* CA~DS OF THE clENCH DESCRIPTION DECK-2DATA1090** lJATAIlOO

OATAII10
OATAl120
lJATAll.30
DATA1140

at SIMULATEO.uATA1150
OATAl160
ùATAlllO
uATAl180
DATAl190
UATA1200
DATA1210
DATA1220
DATA12.30
DATA1240
OATA1250
DATA1260
DATA1210
DATA1280
OATA1290
DATA1300
ûATA1310
DA T A i 320
DATA1330
DATA 1340

THE INFURMATIONDATA1350
SOIL TYPL L1STEODATA1360
DECK-l BY SET- ûATA1370

OA TA 1380
OATA1390
DATA1400
OATA1410
DATA1420
OATA1430
DATA1440
ûA T A 14 50
DATAl460
OATA1470
DATA1480
lJATA1490
DATA1500
DATA1S10
DATA1520
OATA1530

M IGHTOATA 1540
TYPE.DATA1S50
MIGHTOATA1560
TYPE .lJATA 1570

DATA1580
OATA1590
DATAlóaO
UATAló10

(8F l 0.2)

DkOP CUT CONTRBATTER ANGLE CARU ******

THI S CARD is NEC~SSARY wHETHeR UR NUT A DROP CUT I S TO

ALPHA

CULS. FORMAT DESCRIPTION

11-20 F i 0.2 FRONTAL bATTER ANGLE.(RADIANS)

SOIL TYPe CUNTROL CA~O ******

C VAR.NAME CULS. FO~MAT
C

C K5 1-10 110
C * :+

C KMAX 11-20 I 10
C
C

UESClH PT I ON

NUMBER OF SOIL TYPES.

MAXIMUM UIGGING RESISTANC¿ OF THe
KS'TH SOIL TYPE. (KG/CM)

C

C****.. SOIL DESCRIPTION DECK ******
C

c
c
C

THE TOTAL NUMBER OF CARDS IN THIS OECK WiLL BE KS.
FOR TWO SOIL TYPES IS LISTED ON EACH CARD. THE 1"TH
IN THIS DECK is REFERENCED IN THE 8ENCH DESCRIPTION
TING A PARTICULAR LTYPE EQUAL TO 1.c

C

C VAR.NAME
C

C

C

C

ßUCFIL(I)

C

C RPM( I)
C

C

C

c
C VINC(I)
C

C

C
C

C

C

C

DIGMIN(l)

DIGMAX (I)

C

C

C

COL5. FURMAT DE:SUUPTION

** ***
1-10 * * dUCKET-FILLING CAPACITY iN THe 1"TH

* :+ SOIL TVPE. DECIMAL FRACTiUN UF CUB.* *
11-20 :+ * CUTTiNG ~PEED OF THE WHEEL IN THE

* * 1"TH 50lL TYPE, EXPRESSED AS A DECI-
* * MAL FRACTION OF THE MAXIMUM CUTTING
* * SPEEU VMAX = SQRT(O.5*G*OIAM).
*2 (.iF 1 0.2. 1 101

21-30 * * SwELL FACTOR UF THE 1"TH SOIL TYPE
* * DECIMAL FRACTIUN)... *

31-40 * . MINIMUM UIGGING RLSISTANCL THAT
* * be ENCOUNTLReD IN THe 1"TH SOIL

41-50 .. * MAXIMUM DIGGING Ri:SlSTANCE THAT
** . de ENCOUNTERED IN THE I'TH SOIL

* NOTICE THAT HPM AND DIG"S ARE
. MACHINE-DEPENDENT.

***

67



C
C....** MACHINE SPECIFICATIUN DECK ......
C

C
C
C VAR.NAME
C
C
C

C
C
C

C
C
C
CREACH
C
C

C
C
C
C RANGLE
C
C LANGLE
C
CUSS
C

C
C

C
C
C
C UWM
C

C CS
C
C

C
C DIA
C
C NOd
C
C CUB
C
C

C
C
C
C
C
C FRS
C
C
C
L

68

THE NUMBER OF CARDS IN THIS DECK is d.

OESCR l PT i ON

DATA 1620
DATA1630
OATA1640
DATA1650
DATA 1660
DATA1610
DATA1680
OATA 1690
DATA1700
OATA17l0
DATA1720
DATA1730
DATA1740
OATA175Q
DATA 1 760

ADATA1770
DATA1780
DATA1790
DATA1800
DATAl ai 0
DATA1820
DATA1830
OATAI B4Q,
OATAI850
DATA 1860
DATA1810
DATA1880

AS OATA1890
DATAl 900
DATA1910
DATA1920
DATA1930
DATA1940
DATA1950
DATA 1960
DATA1970
OATAl980
OATA1990
DATA2000
OATA20 1 0
OATA2020
OATA2030

METERS) DATA2040
OATA2050
DATA2060
OATA2070
DATA2080
DATA2090

(M)OATA2100
DATA21 10
OATA2120
OATA2130
DATA2140
OATA2150
DATA2160

BWE

CLB

SL

liS

RS

COLS.

.
1-10 ...

..
1-10 ..

11-20 ...

..
1-10 ..
11-20 ..
21-30 *.
.31-40 ...

..
1-10 ..

11-20 ...
..

1-10 ..
11,-20 ..
2:1-30 ...

..
1-10 ..

IJ.-20 ...
21-30 *....

FORMAT

10Al

2Fl0.2

4F i 0.2:

2F 10.2

.3F 1 0.2

3FIO.2

....

. ANY STRI NG OF TEN CHARACTERS

. IDENTIFY THIS MACHINE...
TO

..
. SLEWING RADIUS (METERS)
..
.. MAXIMUM ADVANCE OF THE EXCAVATOR IN
. pcNCH. BEFORE MOV I NG TO THE NEXT
.. BENCH. IN BENCH CUT METHOD. (METERS)...
...

. ANGLE OF SLEW TO THE RIGHT OF THE

.. DIRECTION OF ADVANCE. (RADIANS)

. ANGLE OF SLE~ TO THE LEFT OF THE

. DIRECTION OF ADVANCE. (RADIANS)

. MAXIMUM PERMISSIBLE SLE~ING SPEEU.

. (METERS/SEC)

. SLOPE OF THE BENCHES. EXPRESSED

. THE TANGENT UF THE SLOPE ANGLE.
**..

....
.. uVERALL
..
. CRA.LER

***

~EIGHT OF THE MACHINE. (KG)

SPEED (METERS/SEC).

...
. DIAMETER
.
.
.
. CAPACI TY
**.

OF THE WHEEL (METERS).

NUMBER OF BUCKETS ON THE WHEEL.

UF THE BUCKE T (CUB I C

.**
.. 1iE IGHT
..
...

OF THE SUPERSTRUCTURE. (KG)

RADIUS OF THE BALL RACE ASSEMBLY.

. FRICTIONAL RESISTANCE AT THE BALL
* RACE. (DIMENSIONLESS. SEMANT I CALLY
. FRS is IN UNITS OF FORCE/WEIGHT)...



C
C CUNTI N
C
C T INE
C
C SETTIN
~
C CONV
C
C SPGR
C
~
C
C
C GRAV
C

C
C
C
C cFFN
C
C EFFE
C
C
C
C
C...**...............ENO

..
1-10 *

.
11-20 *

*
21-30 .

.
31-40 .

.
41-50 ..

-
.
*

Sl-bO *
**

-*
1-10 *

*
i 1-20 *..

69

*** OATA2170
. LIMIT ON SIMULATION-TIME. (SEC) OATA21aO. OATA2190
. DOWNTIME ~HEN A BOULDER is STRUCK. OATA2200. (SEC) OATA2210
. SETTING TINE OF THE EXCAVATOR. (SEC) OATA2220. OATA2230
. CONVERSION FACTOR FOR CONVERTING OATA2240
* M£CHANICAL TO ELECTRICAL ENERGY. DATÁ2250
* SPECIFIC GRAVITY OF THE MATERIALS OATA2260

6F10.2 * âEING EXCAVATED. ALL SOIL TYPES OATA2270
* R~FERENCED BY THE BENCH DESCRIPTION DATA2280
- OECK-l ARE ASSUMED TO HAVE THE SAME OATÁ2290* SPECIFIC GRAVITY. DATA2300
. ACCELERATION DUE TO GRAVITY. OATA2310
* (NE TEHS/SEC.*2) OA T A2320*.* DATA2330

OATA2340*** OATA2350
. EFFICIENCY OF THE MECHANICAL TRANS- OATA2360

2FIO.2 * MiSSION. (DECIMAL FRACTION) OATA2370
. EFFICIENCY OF THL ELECTRICAL PARTS. DATA2380
. (DECIMAL FRACTION) OATA2390... OATA2400

OATA2410
OATA2420

OF INPUT SPECIF ICAT IUNS**.***.*..*..*.***..*.**OATA2430

CARDS LISTED 244
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APPENDIX C. --DATA INPUT

SA MPLE DATA

1

1 2 3
9

3 1 . .06 3 1 . .06 3 1 . .06
3 1 . .06 3 1 . .06 3 1. .06
3 1 . .06 3 1 . .06 3 1 . .06.20

L-GRAV - R
.20 2

C GRAV - B
.20 3

R GRAV - B
.20 4

- GRAV - B C
.20 5

C GRAV - B
.20 6

R GRAV - R
.20 7

L GRAV - R C
.20 R

C GRAV - B
.20 9

R GRAV - B
.20 10

1- GRAV - R
.20 1 1

C GRAV - 8
.20 12

R GRAV - 8
.20 13

L GRAV - R
.20 14

C GRAV - B
.20 15

R GRAV - B
.20 16

L GRAV - 8
.20 17

C GRAV - B
.20 18

R GRAV - B
.20 19

L GRAV - B
.20 20

C GRAV - B
.20 21

B GRAV - R
. ;;o 22

1- GRAV - R
.20 23

C GRAV - B
.20 24

A GRAV - B
.20 25

L GRAV - 8
.20 26

C GRAV - 8
.20 27

R GRAV - B
8.167 1.98 8. i 67 1.98 8.167 1.98
8.167. 1.98 8.167 1.98 8.167 1.98
8.167 1.98 8.167 1.98 8.167 1.98
8.167 1.98 8.167 1.98 8.167 1.98
R.167 1.98 8. i 67 1.98 R.167 1.988.167 1.98 8.167 1.98 8.167 1.98
8.167 1.98 8.167 1.98 R.167 1.988.167 i .98 8.167 1.98 R.167 1.988.167 1.98 8. i 67 1.98 8. i 67 1.981.98 1.98 1.98

1.57
27 240

.55 .28 .83 80 120.55 .28 .83 120 180.55 .28 .83 180 240

.55 .30 .83 80 120.55 .30 .83 i 20 i 80
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.55 .30 .83 180 240

.55 .32 .83 80 l20

.55 .32 .83 120 180

.55 .32 .83 180 240

.70 .28 .83 FlO 120

.70 .28 .83 120 180

.70 .28 .83 180 240

.70 .30 .83 80 120

.70 .30 .83 120 180

.70 .30 .83 180 240

.70 .32 .83 RO 120

.70 .32 .83 120 18(\

.70 .32 .83 180 240

.135 .28 .83 80 120

.85 .28 .83 120 180

.85 .28 .83 1 AO 240

.85 .30 .83 80 120

.85 .30 .83 120 180

.R5 .30 .83 180 240

.85 .32 .83 80 120

.85 .32 .R3 120 180

.85 .32 .83 180 240
MAVOR E 10

7.42 3.06
i .22 1.22 0.50 77.00

29972.00 0.46
2.44 5. 0.10

'19982.00 1.64 0.03
9999000.00 30.00 60.00 367100.0 2017.00 9.81

0.80 0.90
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MATEflIAL OEseR IPT ION

HATERI Al TYPE l eUCKET FRAC MAX SWELL curT ING RESISTANCE
FILL CUT SP. FAC TeR MIN MAX

1 o. e3 0.28 o. A3 80 120
2 0.83 0.l8 0.83 120 180
3 0.83 C.2R 0.83 180 240
4 0.83 0.30 0.83 80 120
5 0.83 0.'30 0.83 120 180
6 0.83 0.30 0.83 180 240
1 o. e~ C.32 0.83 80 120
8 O.EB 0.32 0.83 120 180
9 0.83 0.32 0.83 180 240

10 0.83 0.28 0.83 80 120
1 i 0.83 0.28 0.83 120 180
12 ().83 0.28 0.83 180 240
13 0.83 0.30 0.83 80 120
14 0.83 0.10 0.83 120 180
15 0.83 0.30 0.83 180 240
16 0.83 C.32 0.83 80 120
17 0.83 0.32 0.83 120 180
1 a 0.10 0.32 0.83 180 240
19 0.85 0.28 0.83 80 120
20 O. A5 0.28 0.83 120 180
21 0.85 0.28 0.83 180 240
22 0.85 0.30 0.8 :3 80 120
23 0.85 0.30 0.83 120 180
24 0.85 0.30 0.83 180 240
25 0.81i 0.32 0.83 80 120
26 0.85 0.32 0.83 120 lRO
21 C .85 0.32 0.83 180 240
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PO~ER Af\D T I ME STUDY FOR EACH CUT

CUT 1 TI Mf 1. A HDURS POWER ? 17. KWH

CuT ~ TIM ¡: i. R HOUPS POWER 217. KWH

CUT -i T I -.~ f 1 . 7 HOURS PCWEP 232. KWH.-

CUT it T ( "E 1.6 HOURS PCWER 219. KWH

CUT c; T I ~E 1.6 HOURS FeWER 217. KWH

CUT (; T I ~E i.6 HOURS PCWFR 248. KWH

CUT 7 TIM F i. '5 HOURS PCWER 218. KWH

CUT f T i tl f 1 . '5 HOURS POvER 217. KWH

eii T c; T I "E 1. 7 Hf1URS PCWFR 264. KWH

CUT 10 T I ~E i. A HOURS POWER 2 i 1. KWH

CUT 1 i T J",E i. 1 HOURS PCWER 231. KWH

CUT 12 T I~E 1. 7 HOURS POwER 217. KWH

CUT 1'3 T I ME 1.6 HOURS POWER 211. KWH

CUT 14 Tl ~F 1. n HOURS PC~ER 257. KWH

CUT 1 i: T I MF 1.6 HOURS PCWER 226. KWH

CUT i i- T I fJE 1.6 HOURS PCWER 727. KWH

eLT i 7 T I ~E 1. 7 HCURS PCWER 263. KWH

CUT 1 P T I ME 1.7 HOURS POWER 218. KWH

CUT 1 c; T I fA E 1.7 HOURS PCWER 232. KWH

CUT 20 TIME 1.6 HOURS POWER 217. KWH

CUT 21 TI ME 1.6 HOURS PCWFR 217. KWH

CUT 22 T 1 ""E 1. (, HOURS POWER 248. KWH

CUT 23 TIME 1.5 HOURS POWER 218. KWH

CUT 24 TI ",F 1. ') HOURS POWER 217. KWH

CUT 2 ~ TIME 0.1 HOURS POWER 1. KWH
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PRODUCT I ON STUny

MATERI~L EXCAVATFC 6140. CU.MTS
I\U~BER Cf eU(1(ET 01 SCH~RGES 89647

THEOR ET I CAL CAPACITY IN CUBIC MET ER S PER HOUR 5t:G.
AVERAGE CAPACITY IN cueic METERS PER HOUR 160.
SECTieN i RENCH 1 ACTUAL CAPAC I TV i 51.
SFCTICN i BENCH 2 IlC TUAl CAPAC ITY i 57.
SECTION 1 BENCH -: ACTUAL CAPACITY 157.
SECTION 2 BENCt- 1 ACTuaL CAPAC lTV 1 t8.
SECTION 2 BENCH 2 .ACTUAL CAPAC ITY 1 fA.
SECTICN 2 BENCH 3 ACTUAL CAPACITY 168.
SECT ION 3 8ENCh 1 ACTU AL CAP.AC ITY I1t;.
SECTICN '3 BENCH 2 ACTUAL CAPAC ITY 119.
SEC T ION 3 BENCH "3 AC TUAl CAPACITY 17q.
SECTICN 4 BENCH 1 ACTUAL CAPAC ITY i '57.
SECTIGN Li BENCH 2 AC TU AL CAPACITY 151.
SEC T ieN 4 BENCH .3 ACTU AL CAPAC ITY 1131.
SECTION 5 BENCH 1 .ACTUAL CAPAC ITY 168.
SEC TION 5 BENCH 2 ACTUAL CAPACITY 168.
SECT ION 5 BENCH 3 ACTUAL CAPAC ITY 168.
SECTION f- BENCH i ACTUAL CAPACITY i 79.
SFCTION 6 BENCt- 2 ACTUAL CAPAC lTV 11C; .

SECTION 6 BENCH '3 ACTUAL CAPAC lTV i 51.
SECTION 7 8ENCJ- 1 ACTUAL CAPAC lTY 1 to.
SECTION 1 BENCH 2 ACTUAL CAPAC lTV i 60.
SECTION 1 BENCH "l ACTU !L CAPAC ITY 160.-
SECTICN 8 BENCH i ACTUAL CAPACITY 172.
SECTICN 8 PENCH 2 ~CTUAl CAPAC ITY 112.
SECTION 8 BENCH '2 ACTUAL CAPAC lTV 172.
SECTION S BENCH 1 ACTUAL CAPAC I TV .183.
SECTION a 8ENCH 2 ACTUAL CAPAC lTV 183.
SECTICN 9 BENCH "3 ACTUAL CAPACITY 183.
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APPENDIX E. - -GLOSSARY

Q Digging capacities in cubic meters per hour.

Qt Theoretical digging capacity in cubic meters per hour.

Q2

Actual digging capacity in cubic meters per hour.

Hourly digging capacity in material with specific cutting resistance k¡ .

Hourly digging capacity in material with specific cutting resistance kg'

Mass of material in the bucket in metric tons.

Qa

Qi

M

Sa Number of bucket discharges per second.

S Number of bucket discharges per minute.

C Constant depending on the bench height/wheel diameter.

Dr Diameter of the ball race in meters.

D Diameter of the wheel in meters.

R Radius of the wheel in meters.

Z Number of buckets in the wheel.

I Nominal bucket capacity in cubic meters.

~L Total length of cutters in material in centimeters.

L" Length 0 f cutting. boom in meters.
g Acceleration due to gravity in meters/sec2.

Bf Bucket filling capacity in the material expressed as a fraction of the
nominal bucket capacity.

Tt BWE capacity in tons per hour.

t Thicknes s 0 f slice in meters.

K Specific cutting resistance in kilograms per centimeter.

M~ Cutting force exerted by the wheel in kilograms.

~ Cutting force exerted by the slewing motor in kilograms.

~ Force 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.

"* U.s. GOVERNMENT PRINTING OFFICE: 19730-497.161


