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1. INTRODUCTION

The purpose of this manual is to document the design and development of the computer

programs that comprise MDEC's Dragline Computer Simulation Model.

1.1 SCOPE

Simulation is the technique of representing by a set of equations a real world system

of interest which, for technical or economical reasons, is not suitable for direct

manipulation. The set of equations is known as the simulation model, mid it ideally

represents the essential characteristics and behavior of the actual system under study.

A simulation model may be deterministic or stochastic. A deterministic model is an

algorithmic representation of an actual situation, with single valued solutions de­

termined for each given set of input parameters. A stochastic model is one in which

the mathematical or logical relationships are represented by chance or :;tatistical

parameters; the results for a given set of input parameters can be predicted only in

terms of probabilities and statistical spreads.

The MDEC dragline simulation is a deterministic model programmed in FOR~~RAN on a

PDP 11/45 digital computer. The dragline simulation model includes all pertinent

parameters of the dragline, its geometric usage and mine conditions. TIle program

provides a realistic assessment of dragline behavior in terms of output parameter

variation directly related to changes in input parametrics. Any given dragline can

be modelled in the simulation by changing input parameters such as boom length,

bucket dimensions, swing rate, hoist cable length, etc. Its geometric usage can be

varied by changing the location from which it operates, the angle through which it

swings, the height at which it dumps, etc. Actual mine conditions can be varied by

changing such parameters as the depth of the overburden, the depth of the topsoil,

the angle of repose of the spoil, etc.

1. 2 SCHEMATIC DRAWING INDEX

There are no hardware drawings or schematics associated with the dragline simulation

model.

SIZE CODE IDENT NO.

11-2.fi'!iA1B (1' MA.Y 73

A
SCALE

12464
I REVISION

t

WE02MOOl

I SHEET 9



I

1.3 RELATED DOCUMENTS

This section lists design notes related to the development of the Dragline Computer

Simulation Model.

1.3.1 Design Notes

1450-7305. 03-16-73. Dragline Operation - Determination of Distance Between Spoil

Peak and Edge of High Wall.

1450-7306. 03-16-73. Drag1ine Operation - Spoils Rehanding.

1450-7307. 03-16-73. Dragline Operation - Point Mass Analysis.

1450-7308. 06-16-73. Potential Improvement Areas in Operat:ion of Draglines.

1450-7309. 07-11-73. Dragline Operation - New Spoiling Procedure.

1450-7312. 10-11-73. Dragline Operation Improvements.

1450-7607. 02-23-76. Computer-Aided Analysis Program Paralneters.

1450-7608. 02-23-76. Computer-Aided Analysis Simulation Displays.

1420-7602. 11-23-76. Drag1ine Computer Simulation Model.

1420-7703. 02-15-77. Computer-Aided Analysis Optimization Routine.

1420-7709. 05-11-77, Computer-Aided Analysis Validation Plan.

11·261'5A1 B ~11 MAY 73
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1.4 ABBREVIATIONS AND TERMINOLOGY

Abbreviations and common terms that are used throughout this manual are dE!fined

below.

CRT - Cathode Ray Tube

DINP - Data Input Program

DRAG - Dragline Simulation Program

GETD - Result Processing Program

MDEC - McDonnell Douglas E:.ectronics

Company

TMPR - Temporary

1. 5 REFERENCES

The following reference documents were utilized during the program development.

a. Price, G. C.; Manula, C. B. and Venkkataramani, Rajaraman: MatE!rials

Handling Research: The Bucket-Wheel Excavator, Bureau of Mines Informa­

tion Circular 8580, 1973.

Thieme, M. A.: Thesis - Computer Simulation of a Scrapper-LoadE!r, Univer­

sity of Missouri - Rolla.

b. Pfleider, Eugene P., Ed.: Surface Mining - The American Institute of

Mining, Metallurgical, and Petroleum Engineers, Inc., New York, 1968.

c. Cwmnins, Arther B. and Ivan A. Given, Eds.: SME Mining Engineering Hand­

book, Volumes 1 and 2, the American Institute of Mining, Metallurgical,

and Petroleum Engineers, Inc., New York, 1973.

d. Elements of Large Machine Applications - Draglines In Open Cast Mining,

Bucyrus-Erie Co., Sales Technical, February 1971.
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e. Casidy, Samuel M.: Elements of Practical Coal Mining, The American Insti­
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Douglas A.; Nickey, Richard A.: Design and Evaluation of Improved Surface

Coal Mine Overburden Handling and Coal Extraction Techniques, Theodore
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and Davis Incorporated, U. S. Department of IntE!rior Bureau of Mines Con­
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2. SIMULATION DEVELOPMENT

The objective of the dragline computer simulation model was to develop a program

that could be used to study the effects of mine dimensions, dragline parc~eters,

dragline positions, dig procedures and spoil techniques for simple sidecclst and

advance benching methods of strip mining. A secondary development goal (If the

simulation model was the capability to be utilized by mine personnel to tncrease

the efficiency of their draglines in their particular mine conditions. 1be program

is oriented to ~nvestigating conditons for a single cut, with inputs and outputs

simplified as much as possible.

J

In mid 1972, MDEG, at the invitation of Old Ben Coal Company, visited a surface mine

to observe the operation of a Bucyrus-Erie 2570W walking dragline. The purpose of

the visit was to determine the feasibility of a dragline simulator to train the

operators to att,iin a higher level of mach~e usage efficiency. As a result of that

visit. MDEC then initiated a company funded study of surface coal mining. This study

was conducted with the cooperation of Old Ben Coal Company and Peabody Coal Company.

While the initial effort was directed to training equipment, it soon broadened to

include other aspects of surface mining, includ~g a systems study of improving

dragline efficiency. During 1973, the results of these studies began to be documen­

ted in Engineering Design Notes.

In September 197'+, as a result of this work, MDEC elected to answer a Commerce

Business Daily rl!quest for letter proposals on "Innovative Surface Coal Mining Con­

cepts." MDEC proposed a feasibi~ity study of vari.ous traini.ng equi.pment, a dragli.ne

simulation model and of a dragline on-board display device. This led to a directed

RFQ to MDEC.

In June 1975, thE! U.S. Bureau of Mines awarded MDEC a contract to perform a "Concept

Feasibility Study for Training Equipment to Improve Coal Productivity". This contract

addressed three ~lpecific areas:

a. Establish the technical and economical feasibility of training

equipmE!nt/training aids for haulage trucks, front-end loaders,

and shovels.
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b. Establish the feasibility of using a computer simulation model to

improve dragline utilization.

c. Establish the feasibility of a dragline display system to improve

dragline operator performance.

The equipment study involved the analysis of both the individual pi~~es of

mining equipment and their interrelationships within the overall mining system.

A detailed computer simulation model of a dragline and its immediate mine condi­

tions was developed and demonstrated. Conceptual designs for dragline operator

display systems were developed. The study concluded that both the dragline computer

simulation model and the dragline display system were both technically and economi­

cally feasible and recommended continued development.

In April 1976, MDEC received a contract modification to use the dragline computer

simulation model to support a U.S. Bureau of Mines program that was investigating/

evaluating four cross-pit conveyor system designs. This contract modification

necessitated additions and changes to the simulation model to simulate four differ­

ent cross-pit conveyor systems. The model was used to evaluate draglines dump-

ing into the hopper portions of the cross-pit conveyor systems and how stripping

rates could be maximized by the related positions of the dragline and the hopper.

This Computer-Aided Analysis of Cross-Pit Conveyor Systems study was to be used

in conjunction with existing draglines and mine conditions to improve the effi­

ciency of spoiling overburden and parting waste at western mines. The results

obtained show that stripping rate increases varied between 3% to 22% and was

affected by factors such as length and width of the cut, location of the hopper

and continuous digging across the face (as opposed to a "keycut" operation).

In September 1976, MDEC received a contract from the U.S. Bureau of Mines (H0262056)

for the completion and validation of the dragl1ne simulation model and of the

dragline display device. The contract is entitled, "Development of Operational Aids

for Improved Dragline Utilization". The dragline simulation model has been

n·2~'~A1B (1' MAY 73'
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The work described above has been one of analyzing mining systems and developing

evaluation tech~iques for improving productivity through more efficient use of

mining equipment. The dragline computer simulation model can be used ae, a primary

tool for the development of dragline operating guidelines.

expanded to include bench fill procedures and to automate portions of the pro­

cedure so as to obtain optimal parameter values. Optimum overburden reIloval

procedures have been proposed. The simulation and the results obtained were

evaluated and validated at two mine sites.

The simulation lnodel solves all of the equations necessary to simulate a. dragline

walking and per:Eorming overburden removal, bench removal and bench fill operations.

In addition, printouts and graphic displays were developed to aid in the evalua­

tion of the si~llation results.

The model simulates the dragline overburden removal procedure by making a pass

through the program for each bucket-fill-swing-dump cycle. The model determines

where to position the bucket to remove the required volume, swings the bucket over

the position, lowers it to the grade level, fills and raises the bucket, swings

to the dump position, dumps the bucket, and swings to the next dig position. While

performing these functions, the model calculates the hoist, drag and swing dynamics,

cycle time, energy consumption and updates the overburden and spoil pile data

arrays. The input data has been formulated to maximize the freedom allowed to set­

up and execute .my simple sidecast or advance benching procedure.
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3. SIMULATION DESCRIPTION

The simulation model is composed of three main computer programs DINP. DRAG and GETD.

The DINP program allows the entry of 'mine language' inputs which are processed to

generate the data files necessary to simulate the prescribed removal procedures. The

program DRAG does the simulation of the dragline and mine environment. Data files

specifying the characteristics of the mine and dragline and the removal procedure are

entered in the DRAG program at run time. This data can be entered manually via the

CRT or read in from a prepared file. The prepared file could have been manually en­

tered earlier through the CRT or generated by the DINP program. If the data files

have been created by DINP the simulation of the removal procedures will be sequenced

automatically and the results stored. After the simulation run has been completed

the results are collated by the GETD progr~. If the data files have not been gen­

erated by DINP the simulation results are stored in a fi.le under the prescribed name.

In this case it is not necessary to run GETD. The difference here is that only one

removal procedure can be simulated per run unless the DIN? program is used. The

DINP program accepts multiple inputs which generate a number of different removal

procedures. In this way the affect of various parameters can be more conveniently

studied. In the sections that follow a description is given of what each of the

three main programs do and what is considered in the simulation model.

3.1 DRAGLINE COMPUTER SIMULATION MODEL

This discussion provides an overview of the dragline simulation model:

o What is Simulated.

o How it is Simulated.

o Required Input Data.

o Simulation Results.

The programs were developed on a Digital Equipment Corporation PDP 11/45 Computer.

The dragline routines were written in standard FORTRAN IV. Peripheral devices re­

quired by the program are CRT terminals. disc and a printer plotter.
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The dragline computer simulation programs can be subdivided into four main program

groups:

Program Groups

Dragline Simulation

Dragline Input Data

Result Output Routine

Plot Routines

Computer Words

91,449

42,527

10,124

10,009

'The maximum size program that can be loaded in the PDP 11/45 at anyone time is

32,000 words. To overcome this restriction, the programs are subdivided into sub­

routines and stor,ad on the system disc. The subroutines are overlayed during program

I:xecution. This means the individual routines are loaded from the disc when required,

l:xecuted and the memory space relinquished to the next routine.

3.1.1 Mine Simulation

A surface mine CO'1ers a vast area. Overburden conditions and pit configurations can

ITary considerably from one area of a mine to another. To simulate an entire mine,

caaintaining the rl~solution necessary to obtain meaningful results would require an

emormous amount 0:: computer memory. In addition, it would unnecessarily complicate

the collection of data and increase the setup time. To alleviate these problems and

~;ince a dragline ~10rks in a relatively small section of a surface mine, only the im­

:Jaediate dragline ~lorking area is simulated. The simulated area encompasses a 360 by

1120 foot overburdE!D area and an adjacent, variable width spoil pile. (See Figure

;1-1. ) Dimension Terminology is defined in Table 3-1. This area is sufficient to

permit the simulation of one complete sequence of overburden removal. The mine

parameters defining the working area can be easily changed to simulate different mine

c:onditions.

The terms 'cycle', 'case', 'block' and 'operation' are used frequently throughout

this report and are defined here. A cycle includes the total sequence of f~vents

necessary to remove a bucket full of overburden, dump it in a given position and
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1~' 420 FT. _

360 FT.

DOR

r
ltH..C------\-~--WC-. ~f..---IWP-...J---t:.~--~y

NOTE: Dimension Terminology Defined in Table 3-1.

Figure 3-1. Mine Area
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return to the ne:Kt dig position. A case is the removal of a block of overburden. A

block is roughly a parallelopiped, defined by the cut width, cut length and thickness.

An operation can be a move, or the removal of a specified volume of overburden from a

specified position. Several operations may be 'required to remove a block of overbur-

den.

Table 3-1. Dimension Terminology

Symbol Description

DOR Operating Radius

HE Height of Bench

HBD Bench Depth

He Height of Coal

HO Height of Overburden

HP Height of Parallelogram

lITP Height of Triangle Peak

HS Spoil Height

PWSEG Width of Spoil Segment

~I
SD Slope of Dig Face ~

I SHW Slope of Highwall
I

i SSP Slope of Spoil Pile

WE Width of Bench

WC Width of Cut

WP Width of Pit

XSP X Spoil Peak Location

3.1.1.1 OverburdE~n

\. rectangular coordinate system was selected to facilitate keeping track 0 f the over­

burden and dragline position. (See Figure 3-1.) The axis of the coordinate system

;'as positioned such that the dragline always works in the same quadrant. Th.e posi­

tive X direction points in the stripping direction. The positive Y directLon points

to the spoil pile. The positive Z direction corresponds to an increasing l)verburden

leight. The X-Y plane is located just below the coal seam.
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The overburden area is stored in a two-dimensional (X,Y) array of heights. The dis­

placement between adjacent array elements is one yard. To store this array as real

values (two words/element) would require 33,600 words of memory. Since this alone ex­

ceeds the maximum program size of 32,000 words, the array is stored in eight-bit bytes

(two bytes/word) reducing the memory requirements to 8,400. The maximum allowable

overburden plus coal height is 255 feet.

A maximum of five layers of overburden material can be simulated. Each layer is de­

fined by its height, density, swell factor, angle of repose and cutting force. Since

the area of the block of overburden to be removed is small (typically 120 x 90 feet),

the coal seam and overburden layers are assumed to be flat and parallel.

3.1.1.2 Spoil Pile

The shape of the spoil pile is not as critical as the shape of the overburden area.

The buildup of the spoil pile occurs over a long period of time with the dragline

dumping several bucket loads, essentially in the same position. The spoil pile is

assumed to build along a ridge. The ridge location is a function of the current

dragline position and its operating radius. The spoil pile is sliced in six-foot in­

crements along the X axis and stored in a two-dimensioD~l array of heights and

volumes. (See Figure 3-2.) The width of the spoil pile (pit width) is variable.

The assumptions eliminate the calculations necessary to keep track of the spoil pile

in terms of cones.

A spoil road parallel to the highwall and adjacent to the coal seam can be simulated

by displacing the spoil pile toe the width of the spoil road. (See Figure 3-3.) The

road allows hoppers located on the pit floor to be moved out of the way should the

cross-pit conveyor system be inoperable for an extended period of time. Conventional

side cast spoiling procedures can then be used.

3.1.2 Dragline Simulation

The dragline simulation model mimics the operation of a dragline in a mine environ­

ment. Overburden material is removed on a cycle by cycle basis according to the

•
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dig-spoil procedure which can be specified. The bucket trajectory and mass dynamics

required to move the bucket along the trajectory are calculated for each cycle. Hoist

and drag rope forces, torque required to rotate the machine, time, power and energy

consumption are calculated.

A series of bucket path coordinates are generated to move the bucket frOtl the dig to

spoil position and vice versa. The bucket path is a smooth trajectory, Belected so

the hoist, drag and swing motions arrive at the end coordinate simultaneously. When

obstructions are encountered, the bucket path is modified to avoid bucket and cable

contact. The hoist, drag and swing forces required to move the bucket between adja­

cent coordinates are calculated. The time required to complete each mot:~on is calcu­

lated from the dragline performance data. The maximum time for the three motions is

determined and used to recalculate the forces, slowing down the other motions. To

insure a smooth trajectory, the dynamics of the past and future incremenl:s are used

in the calculations. This is necessary to accurately model the plugging and stopping

motions.

3.1.2.1 Bucket Loading

The dragline is a radial machine. The simulated volume of overburden to be execa­

vated is intended to be a 'natural' dig for the dragline. The model attl!IDpts to re­

move the overburden in layers, each layer thickness being equal to the cutting height

of the bucket being simulated. A number of bucket passes may be required to remove a

layer. Each bucket loading path extends radially from the center of dragline rota­

tion and is a bucket width wide. The bucket paths are overlapped to ensure that all

of the overburden is removed. The overlapping is greatest near the fair:~ead because

of the smaller radius. Each bucket path is searched to determine if there is enough

overburden to load the bucket. There can be three outcomes: (1) a reje(:t; (2) a

stop; or (3) a full bucket.

A reject occurs t.1hen the available overburden along the bucket path is ll~ss than a

specified percentage of the bucket capacity. The result of a reject is ':0 search the

SIZE CODE IDENT NO.

'·215 .:.. t 9 .' • MI;., _

A
SCALE

12464
I REVISION

t

WEOZMOOI

ISHEET 25



next bucket path. When the entire layer of overburden has been removed, the dig

height is decreased by the cutting height of the bucket and the next layer of over­

burden is removed.

A stop occurs when there is an acceptable load, but a re~striction prevents a full

load. Possible restrictions are drag cables being drug through the overburden or

the drag stop limit (short drag). The result of a stop is to either accept less than

a full bucket load or to make a second bucket loading pa.ss along the next path. The

decision to make a second pass is based on the amount of material in the bucket and

the average time required to make a second pass. Genera.lly, a second pass is made

when 20 to 40% of the bucket capacity can be loaded. It is worthwhile to load this

additional volume. The bucket must be at least 80% full to be consi.dered a full

bucket.

Figure 3-4 shows a typical bucket loading sequence required to remove a layer of over­

burden, when the dragline is making a long cut length. In the example, eleven bucket

.loads were required to remove the layer of overburden. Bucket paths A through G were

sequentially searched and bucket loads 1 through 7 were removed. The bucket paths

were searched a second time. Bucket load 8 was removed and spoiled. Bucket load 9

in path B was not a full load. The drag stop limit was encountered before a full

load could be achieved. Sufficient volume existed so the overburden was loaded and

spoiled. Path C was rejected, the volume was not worth loading. A partial load was

removed from path D (IOn) and a second loading pass was made along path E (lOE).

Bucket load 11 is removed from paths F and G. The bucket paths were searched a third

time. No bucket loads were achieved, so the dig height was decreased and the next

layer removed. The overburden that could not be removed (shaded areas) may be re­

moved later. The vertical bucket path will follow the contour of the overburden.

As previously stated, the simulation model attempts to remove the overburden in lay­

ers. However, this is not always possible. The cut length may be so short that an

acceptable load cannot be found in any single layer. (S,ee Figure 3-5.) In this ex­

ample, an acceptable bucket load was not achieved until the third layer was searched.

~1·2~'S"'1E! l' MAY 72
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Figure 3-4. Long Cut Length Bucket Loading Sequence
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Since the bucket path followed the contour or the overburden, the bucket load consisted

of overburden removed from all three layers. As the digging depth increases, the

bucket path appToaches the slope of the front plane angle.

After a bucket path is located the bucket is loaded. Hoist motion is nct used during

bucket loading unless the path is inclined or a stall condition is encountered. It

was assumed that any stall condition can be overcome by 'shaking' the bl:cket with a

nominal amount I)f hoist motion.

The time. power and energy required to pull the bucket through the overcurden are cal­

culated from the speed versus pull characteristics of the dragline. The forces model­

led on the bucket are: gravitational force, frictional force, shear force and packing

force. Frictional force is due to dragging the bucket over the overburc,en. It is

proportional to the gross weight of the bucket and its contents.

Shear force is the force necessary to cut through the overburden. It i~: proportional

to the surface area cut per unit length. Packing force is the force required to push

the overburden through the mouth of the bucket. It is proportional to the volume of

overburden entering the bucket mouth per unit length.

The overburden data array is updated by subtracting the cut height along the bucket

loading path. The load time includes a pause to simulate bucket spotting or posi­

tioning prior to digging.

3•1. 2• 2 Dump

The dump simulation determines the dump coordinates and accounts for thl~ radial and

lateral distribution of the overburden material during dumping. Three dump procedures

are simulated: sidecast. bench fill and dumping into a hopper.

3.1.2.2.1 Side~

When normal sidecast procedures are used. the dragline dumps bucket load after bucket

load of overburden material onto the spoil pile. The spoil pile height is calculated
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by equating the swelled cross-sectional area of the overburden to be removed to the

cross-sectional area of available spoil space. The location of the spoil peak along

the X-axis is an input computed by the DINP program.

For each bucket load, the spoil pile is searched in either the positive or negative

X direction for a spoil location that is within reach of the dragline. The direction

of the search is determined by the spoil direction flag E~S. (See Figure 3-6.) When

KDOS is positive or zero, the direction of spoil is in the positive X direction. When

KDOS is negative, the direction of spoil is in the negatlve X direction. In this

case, the spoiling begins a cut length in front of the spoil peak and proceeds toward

the spoil peak.

The spoil pile is built up in layers. The thickness of these layers is specified as

a percentage of the spoil pile height. In Figure 3-6 the percentage is SM. Hence,

the layer thickness is LT = (SM) x (HS)!lOO. If SM = 100, the spoil pile filled as

one layer. The DUMP routine searches the spoil pile in the direction specified by

KDOS and at the specified layer height. The material is dumped at the first coordi­

nate where the spoil pile height is less than the search height and is within the

reach of the dragline. The material is spread to maintain the angle of repose. If a

spoil location within reach cannot be found, the search height is incremented by LT

and the search is repeated. If the search height equals the height of the spoil, HS,

the dragline swings perpendicular to the spoil pile and dumps. The volume of over­

burden dumped in this manner is considered rehandle and is identified as such in the

simulation results.

3.1.2.2.2 Bench Fill

The area to be filled is determined by the two angles BFLA and BFRA. BFLA is the

left angle limit and BFRA is the right angle limit. These angles are generated by

DINP but can also be input in DRAG. The dump coordinates are generated as the region

is filled. The bench fill takes place from outside inward and in an angular direc­

tion corresponding to the value of KDOS. If KDOS is positive or zero, the fill is

from right to left and if KDOS is negative, the direction of fill is from left to
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right. The material is dumped into a region about the dump coordinate until the

average height equals the fill height I'LHT. The material falling from the bucket is

spread to maintain the angle of repose. For dump coordinates insidE~ the carry radius,

the bucket is accelerated toward the dragline and the.n the drag is stopped and paid

out as the material is dumped.

If FLHT is input as a negative number, this indicates the material should be smoothed

by bucket heeling. After a region is filled to the specified height (FLHT) the bucket

is drawn in ahead of the dump coordinate. The heel of the bucket then smooths the

terrain as the hoist ropes pull the bucket outward. The material being carried by

the bucket load is displaced according to the terrain and angle of repose of the

material.

3.1.2.2.3 Hopper

Two different hopper procedures are simulated. In one, the swing motion is stopped

with the boom positioned over the hopper before initiating drag payout to dump the

bucket. The other procedure allows dumping during swing direction change, similar to

dumping onto a spoil pile.

When a hopper is simulated, the spoil pile is removed by initializing an empty pit.

The bucket dump height is limited by the minimum and max:lmum hopper dump heights. The

minimum hopper dump height prevents the bucket and drag chains from striking the

hopper. During the swing to the dump position, the bucket is not allowed to go beyond

the carry radius until the appropriate dump conditions o(:cur. Beyond the carry radius

the bucket will begin to dump. The carry radius is a fWlction of the dumping height

and is located approximately 15 degrees from a vertical line passing through the boom

point. All overburden material dumped into a hopper is assumed to be conveyed away.

The stop swing before dump procedure does not initiate drag payout to dump the bucket

until the very end of the swing. The cycle time includes the additional time required
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to move the bucket from the carry radius to the operating radius. An adjustable dump

pause can be added to allow time for the bucket to empty.

The dump during swing direction change procedure is a function of hopper dimensions

and orientation. Drag payout to initiate bucket dumping begins when carry radius in­

tersects the hopper opening. (See Figure 3-7.) This corresponds to point B for

clockwise (CW) a.nd point D for counter clockwise (CCW) approach angles. The dump is

complete when the dragline operating radius intersects the center of the hopper open­

ing, point F. ~hen using this procedure, the hopper is usually oriented with its

length perpendicular to the operating radius when the dragline boom is positioned

over the center of the hopper opening. This provides the maximum dumping area.

3.1. 2. 3 Move

The move simulation controls the sequence of events necessary to move thE~ dragline

and/or the hopper from its current position to a new position.

The dragline moves in a rectangular pattern, stepping parallel to the X end Y axis.

The order in which the steps are taken is established by determining whether the drag- •

line is stepping toward or away from the spoil pile. The Y steps are taken first when

the dragline is :stepping away from the spoil pile. Once the step directi.on has been

determined, the dragline swings to the proper direction positioning the bucket at the

midpoint of its operating radius and 15 feet above the bench height. The number of

steps to be taken are calculated and rounded to the nearest whole step. The step

t:ime is calculat4~d by multiplying the number of steps by the step time constant. The

grounds-man prepClration time is simulated as a linear function of the nUIDber of steps

taken. It is specified as a percentage of the step time. The dragline move time is

the sum of the step time and grounds-man preparation time.

The step energy is calculated by assuming the dragline lifts 80% of its weight and

drags the other 20%. The dragline move energy is the sum of the step energy and the

energy required to swing to the walk angle.
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Figure 3-7. Swing Direction Change Hopper Dump
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The hopper portio::l of cross-pit conveyor systems are propelled by either ",'alkers or

I::.rawlers. The propelling systems can be rotated, allowing movement in any direction.

The simulation model moves the hopper along a straight line, directly to the desired

position. The hopper move time accounts for:

a. The re~)val of Stabilizing Jacks

b. Walker Clr Crawler Rate

c. Hopper Position Check

d. Placemellt of Stabilizing Jacks

e. Hopper cmd Belt Startup Times if required

The total move tinle is the larger of the dragline or hopper move times.

3.1. 3 Input ParaIIleters

The dragline computer simulation model requires four different types of input data:

o Dragline/Mine Characteristics

o Case Parameters

• o Operation Parameters 1+
o Program Control Flags

3.1.3.1 Dragline/J!1ine Characteristics

The dragline chara,::.teristics and mine conditions that are to be simulated are speci­

fied by a set of input parameters. (See Figure 3-8.) The parameters are grouped in

s:Lx general areas:

0 Mine and Hopper

0 Dragline Bpecifications

0 Dragline I'erformance

0 Bucket

0 Overburdert

0 Curves
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HCSP - Feet/minute; hopper move speed.

HDL2 - Feet; radial distance between the operating radius and the center of
the hopper opening.

HPC - Seconds; position check time, accounts for the time spent positioning
the bucket above the hopper and minor position adjustments.

Feet; boom length from the fair lead to the hoist sheave.

Feet; dragline operating radius.DOR

HPJ - Seconds; stabilizing jack insert time.

HRJ - Seconds; stabilizing jack removal time.

~ - Feet; maximum hopper dump height.

HPDM - Feet; minimum hopper dump height.

.§Q - Dig face slope, dig face rise for a unit horizontal run.

SHW - Highwall slope, highwall rise per unit run.

HC - Feet; coal height.

HBD - Feet; bench depth.

HBFL - Feet; bench fill height.

HSRD - Feet; spoil road width.

HPSL - Feet; hopper opening length.

HPSW - Feet; hopper opening width.

HPH - Feet; hopper opening height.

HDLI - Feet; radial distance between the carry radius and the center of the
hopper opening.

3.1.3.1.1 Mine and Hopper

These parameters define the overburden slopes, overburden depth and hoppe'r specifica­

tions (if applicable).

3.1.3.1.2 DragliIle Specifications

These parameters define the physical characteristics of the dragline.
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QM. -
DBAS -
DFLH ---

DFLR ---
CRD -
TWTD -
BRAD ---
GRAD -
RMSL -
HSLD -
DSLO -
ADPC -
SAM -
SIM -

Degres; angle between the boom and the horizontaL

Feet; diameter of the dragline base.

Feet; fair lead height above the bench.

Feet; radial distance from the center of rotation to the drag fairlead.

Feet; radius required to clear the dragl:lne house.

Tons; total dragline revolving weight, including the bucket.

Feet; roller circle radius.

Feet; pitch radius of the swing rack.

Pounds; maximum suspended load.

Feet/minute; maximum hoist lowering speed.

Feet/minute; maximum drag payout speed.

The ratio of swing deceleration to acceleration.

Dragline acceleration adjustment

Dragline inertia adjustment

3.1.3.1.3 Dragline Performance

These parameters define the performance characteristics of the dragline.

UTIL -
EFH ---
EFD --
EFrH ---
DHWC ---
HCLR -
CA -

%; machine utilization.

%, hoist efficiency.

%, drag efficiency.

%, swing efficiency.

Feet; minimum tub to highwall crest distance.

Feet; minimum height required to clear obstacles.

Degrees; carry angle, the minimum angle between vertical and the hoist
rope required to keep the bucket from dumping.

Degrees; dump angle, when the swing angle to the dump location is less
than this angle, bucket dumping will be initiated.
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DPTM - Sel:onds; dump pause, the time required to empty the bucket prior to
starting the return swing.

TPSl - Sel:onds; spotting or positioning time prior to bucket loading.--
TPS2 - Sel:onds; spotting or positioning time when within ten feet of coal.

BWMP - %, buckwall material percentage. If the bucket contains more than this
pe:rcentage of buckwall material, then it must be deposited at a point
below the buckwall height (HBW).

STEP - Fel~t; length of a step.

STIM - Sel:onds; time required to take a step.

SPTM - %; ground preparation time as a percentage of the direct move time.

3.1.3.1.4 Bucket

These parameters define bucket and chain dimensions and the bucket performance charac­

teristics such as bucket fill, cutting height and bucket loading characteristics.

BC - B~lk cubic yards; bucket capacity.

BFIL - %, average percentage of bucket fill.

BWT - POlmds, empty bucket weight.

BW - Fel~t; bucket width.

BTL - Fef~t; bucket length.

BCL - Fel~t; horizontal distance between the bucket drag and hoist connectors.

BCHC - Fef:t; vertical distance between the bucket bottom and the hoist con­
nec:tor.

BCHT - Fel:t; vertical distance between bucket drag and hoist connectors.

HCL - Fef:t; hoist chain length.

DCL - Fef:t; drag chain length.

DPCL - Fef:t; dump cable length.

HCH - Fent; bucket cutting height.
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BFL2

SCLI

ALT

CARF

~~; full bucket percentage, additional loading pass es are not required.

Cable drag ratio.

Seconds; average bucket loading time.

Foot pounds/cubic yard; bucket loading resistance pressure.

RMLS - Feet/minute; minimum loading speed for drag.

3.1.3.1.5 Overburden

These parameters define the characteristics of the overburden material. Five layers

of overburden can be simulated. The layers are numbered from the pit floor up (in­

creasing height). Each layer is specified by five parameters.

HGHT

SWLL

CUTF -

Feet; overburden layer thickness.

Pounds/cubic yard; expanded overburden density.

Swell factor.

Angle of repose, rise per unit run of the material when spoiled.

Foot-pounds/square yard; cutting force required to separate the material
from the bank.

3.1.3.1.6 Curves

These parameters define the swing, hoist and drag performance of the dragline. The

swing performance of the dragline is defined by the six points shown in Figure 3-9.

The hoist and drag performance are defined by the three points shown in Figure 3-10.

3.1.3.2 Case Parameters

The case parameters define the pit conditions and the initial dragline location and

orientation. (See Figure 3-11.)

CL - Feet; cut length, length of the block of overburden.

WC - Feet; cut width, the perpendicular distance from the crest of the new
highwall to the crest of the old highwalL

'l-261!A16 1 ~ ~A'r "'3
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TIME
( SEC)

30 60

y

120

6

10 ~
SWING ANGLE (DEG)

• SPEED
CPT/MIN)

Figure 3-9. SWing Performance

.:'

Figure 3-10. Hoist/Drag Performance
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WP

XSP

XSL -

SHRP ---
DX -
DY --
DZ --
BT --
BR --
BZ --
NHSM ---
HPCX ---
HPCY ---
HPA ---

"

Feet; pit width, the perpendicular distance from the toe of the old
highwall to the toe of the old spoil pile.

Feet; X spoil peak location.

%, percentage of increase or decrease in the spoil length. The length
of available spoil space is normally equa.l to the cut length eeL).

%. allowable percentage of spoil rehandle:.

Feet; X dragline position.

Feet; Y dragline position.

Feet; dragline height.

Degrees; dragline swing angle.

Feet; bucket radius.

Feet; bucket hoist hitch height.

Hopper Simulation Flag

Feet; X hopper position

Feet; Y hopper position

Degrees; Hopper Angle with X-Axis

CASE PARAMETERS

09-NOV-77
06:27: 1:
SAMPLE.DAT

NAME ID VALUE DESCR IPTI ON

2
3
4
5
6
7
o
'-'

CL
LJC
WP
><SP
XSL
SRHP
D:<
D"""
DZ
BT
BR
BZ
tIH':,f1
HPC><
HPC{
HPA

65.00
110.00
110.00

0.00
65.00
0.00

129.00
330.00

9 127.00
10 180.00
11195.00
12 147.00
13 -161.00
14 0.00
15 32,0.00
16 :30.00

CUT LENGTH
CUT WIDTH
P IT WIDTH

X SPOIL COORDINATE
X SPOIL ADVANCE

SPOIL REHANDLE ~

DRAGLINE X LOCATION
DPAGLINE Y LOCATION
DRAGLINE Z LOCATION

BUCKET ANGLE
BUCKET RADIUS
BUCKET HEIGHT
HOPPEP FLr=1G
HOpC:'EP' COOPD
HOPPER I COOF:D
HOPPER ArIGl..E

Figure 3-11. Case Parameters
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3.1. 3. 3 Operati,:>n Parameters

The dragline move and overburden removal procedures that are to be simulc.ted are

specified by a series of operation parameters. (See Figure 3-12.) The move opera­

tion parameters specify the next dragline and hopper positions.

NXTX - Feet; next dragline X coordinate.

NXTY - Feet; next dragline Y coordinate.

HPNX - Feet; next hopper opening X coordinate.

HPNY - Feet; next hopper opening Y coordinate. Either HPNX or HP~~ must be
negative. The negative parameter is calculated from the opposite
parameter and the dragline position.

HPNA - Degrees; desired hopper orientation. The angle is measured counter­
clockwise from the positive X direction to the centerline (If the hopper
length. If negative, the hopper length is oriented perpendicular to
the operating radius.

HACT - A control flag that controls whether the hopper is active (lr inactive
(0 = inactive).

The dig volume or the volume of overburden to be removed by the dragline is specified

by the dragline position and 13 operation parameters. (See Figure 3-13.; The volume

is bounded by (1) the dig face or front plane boundary, (2) the bottom plane, (3) the

range limit and (4) the left and right sidewall planes. The sidewall planes are

formed by passing a plane through the dragline position and the respecti,'e left and

right volume coordinates. The range limits are determined by RI and R2. When Rl > 0

and R2 = 0, the outer boundary of the dig volume is a cylinder of radius Rl. The

range is not allowed to exceed the operating radius of the dragline.

The dig/spoil procedure to be simulated is specified by the following six parameters.

~ - %, spoil method, percentage of the total spoil height that the spoil
pile layers will be built up to.

KDOS - A control flag that controls the direction of the spoil pile buildup
(positive z spoil advance direction, negative = from spoil advance
limit back towards the spoil pile).
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Figure 3-13. Dig Volume
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"

A control flag that controls the direction that the overburden layers
are removed (positive = counter clockwise, negative = clockwise).

K360 - A control flag that will allow 360 degree swings (>0 = allow 360). A
360 degree swing will be made if it will rt:duce the cycle time.

KSHT - A control flag that will allow the draglinE: to take the shortest swing
angle (>0 = shortest sWing angle). The no]~l swing directions are
clockwise to the spoil location and counter clockwise to the dig loca­
tion.

KOVR - A control flag that specifies that any spoil pile obstructions will be
hoisted over (>0 = hoist over). If not selected, the bucket will be
held closer to the dragline to avoid hitting the spoil pile.

Bench fill limits are specified by the following three parameters.

BFRA - Degrees; bench fill right angle limit.

BFLA - Degrees; bench fill left angle limit.

FLHT - Feet; bench fill height. Bucket heeling can be specified by entering
the bench fill height as a negative number '.

3.1.3.4 Program Control Flags

This section provides a central location for program logic control flags. (See Fig­

ure 3-14.) Most of the flags control diagnostic printouts that provide detailed in­

formation about the individual routines (0 = off or no printout).

•

KEND - A control flag used to terminate the dragline simulation.

- Control flags used to control diagnostic printouts for the specified
routines.

- A control flag that will create a data file containing hoist, drag and
swing positions and power consumption as a function of time. The data
is accumulated in the file until the flag is reset to zero.

- Spares.
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PROGRAf1 FLAGS

NAME ID VALUE DESCRIPTIOH

•

KEND I El TERMH1ATE
KBElI :2 [\ DIAG-DUMP.SPILE
KBEl2 3 El DIAG-BCORD
KB03 4 [\ DIAG-INITIALIZATION
1<804 5 0 DIAG-TPWR
1:805 b 0 IilAG-D IG
k806 ~ El DIAG-BUCKETI

K807 8 El DIAG-8PWR
f(BEl8 9 El DIAG-~10VE

V809 10 [1 DIAG-DATA FILE
f(810 1 1 0 DIAG-SLJG HISTOGRA~1

K811 12 0 DIAG-CYCLE PERF
f:812 13 13 DIAG-
f<B13 14 0 DIAG-

Figure 3-14. Control Flags

3.1.4 Simulation Outputs

Printouts and graphic displays have been developed to aid in the document~ltion and

evaluation of the simulation results. Sample printout formats and plots, that can be

obtained, will be described in this section. The results described are fClr a 70

cubic yard dragline removing a block of overburden 90 feet high, 65 feet long, 110

feet wide; and the overburden is dumped into the hopper portion of a cross-pit con­

veyor system. The input parameters for this case are shown in the followi.ng figures.

Figure

3-8

3-11

3-12

Description

Dragline/Mine Characteristics

Case Parameters

Operation Parameters

'The hopper printouts only appear when a hopper is simulated.
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3.1.4.1 Printouts

The simulation results printout consists of the following items:

o Quick Reference Cover Sheet

o Individual Operation Results

o Total Results for Similar Operations

o Total Sequence Results

The quick reference cover sheet displays pertinent information describing the over­

burden dimensions, spoil height, dragline dimensions and dragline performance char­

acteristics. (See Figure 3-15.) The individual operati.on results are listed next,

in the order that they were performed.

Figure 3-12 defined six dragline operations; they were:

a. Move

b. Overburden Removal (Keycut)

c. Move

d. Bench Removal

e. Bench Fill

f. Overburden Removal (Plug)

A typical move operation printout is shown in Figure 3-16. The printout shows the

starting and ending coordinates, the number of steps, the move time and the energy

required to move the dragline from one location to another. In addition, when the

hopper is active, the printout will show the hopper start and end coordinates, orien­

tation, status, move distance and move time.

X Start

X End

X Steps

- X coordinate of the dragline pri.or to the move.

- X coordinate of the dragline after move.

- Total number of steps parallel to X axis.
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0S-NOV-77
0':::27: 15
':;";f'IPLE. DAT

PARAMETER Ll 5T

OVERBURDEI'I:

HEIGHT (IF OVERBURDEN·
HEIGHT OF BENCH ,.
HEIGHT (IF COAL •
SLOPE OF HIGHWALL =
SLOPE OF DIG FACE =

137.00 FEET
127.El0 FEET

12.00 FEET
2.75
1.20

SPOIL:

HEIGHT CF SPOIL PILE =
HEIGHT CF BUCKWALL •
SLOPE CF SPOIL PILE =

159.12 FEET
D.DEl FEET
0.78

DPAGL I!'IE:

PERCENT/100.
FEET
FEET
DEGREES
FEET
FEET
FEET
SECOHDS
SEcmms
SECONDS

1. 00
292.00
325.00

35.80
62.0EI
15.00

7.DEl
39.80
0.60
1. 50

3.00 SECONDS
70.00 BCU-'r'['S

0.80 PERCENT/lOO.
15.75 FEET
3.00 FEET

0.01939 PADIANS/SEC**2
= 21539786752. LBS*FT**2

UTILIZATION =
OPER8TING RADIUS =
80011 LUJGTH ,.
BOOM ANGLE ,.
DIAMETER OF BASE ,.
DISTANCE TO HIGHWALL ,.
LENGTH OF STEP =
TIME OF STEP ,.
POSITIONING TIME =
BUCKET SPOTTING TIME =
BUCKET SPOTTING TIME

tJEAF: CGRl' .
8UCleET CAPAC Ir/
8UCIET FILL
BUCKET lo, IDTH
BUCKET CUT' HEIGHT
SWING ACCELEPATION
IliERTIA

•

MA><IMU~1 PIT I,JIDTH I,JITHOUT REHANDLE =
CRITICAL ANGLE FOR A 360 DEGREE SWING •

97.70 FEET
152.00 DEGREES

Figure 3-15. Quick Reference Cover Sheet
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Y Start

Y End

Y Steps

Total Time

Total Energy

Position Time

Drag Move Time

Hopper Printouts

..l.

Active

Move Distance

Move Time

- Y coordinate of the dragline prior to the move.

- Y coordinate of the dragline after move.

- Total number of steps parallel to Y axis.

- Total move time, greater of the dragline or hopper move times.
The dragline move time is the sum of the Drag Move Time and
the Position Time.

Total dragline move energy.

Dragline position and ground pre:paration time.

Minimum walk time.

- X coordinate of the hopper openi.ng.

- Y coordinate of the hopper opening •

- The hopper orientation angle is measured from the positive X
direction to the centerline of the hopper length.

- Control flag indicating that the hopper is active or inactive
(0 = inactive).

- Distance between the hopper start and end coordinates in feet.

- Hopper move time in minutes.

OPERATION ,. 1 MOVE

'j STI=lRT " 129.00 FEET".
>< EtlD " 192.00 FEET
..'''. STEPS " 9.0CJ

TOTAL TI~1~ " 15.86 t1HIUTES
TOTAL ENEPr;'{ " 78.21 nJ-HP
POS ITIOH TIME " 5.95 tlINUTES
DRAG MOVE TIME " 15.86 t1HlUTES

HOPPER START HOPPEP Et~D

y START " 338.00 FEET..'
E~W = 295.00 Ff:=-I _~I, . STEPS = -S.DD,

x " 0.00 FEET >< " -87.35 FEET
,)

" 380.00 FEET. Y " 380.GO FEETI

R~IGlE = 80.00 DEGREES AnGLE = 7'"3. DE: DEG?EES
ACTI\'E= 0.00 [I-OFF ACTI'/E= 1 .00 O-OFF

MO\!E DISTel'WE "
MO'v'E T I 11E =

87.35

Figure 3-16. Move Operation Printout
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~ typical overburden removal operation printout is shown in Figure 3-17. The TOTALS

column shows the number of cycles removed, the overburden volume removed, intra cycle

times and energies. The AVERAGES column displays the same information on a cycle

basis. Details 0:: the printout are described below.

TOTALS

Cycles

Volume

Time-Position

Time-Swing

Time-Load

Time-Dump

Time-Heel

- The number of completed dig-dump cycles.

- Total volume removed in this operation.

- Time required to swing to the first dig position.

- Total time spent swinging.

- Total time spent spotting and loading the bucket.

- Total time spent waiting for the bucket to empty.

- Total time spent bucket heeling.

- Total time required to remove the volume defined by the opera-
tion parameters.

Energy-PositioIl~ - Energy consumed when swinging to the first dig position.

Energy-Loading

Energy-Transit

Energy

Number of Heels

Second Loading
Passes

Second Loading
Time

Full Load

- Total bucket loading energy.

- Total swing, hoist and drag energy consumed during swing
motions.

- Total energy required to remove the volume defined by the
operation parameters.

- The number of times the bucket is used to heel or hlade the
overburden.

- The number of second bucket loading passes that were made.

- The total second bucket loading pass time.

- The bucket is considered full when it contains thie: yardage.

SIZE CODE IDENT NO.

A
SCALE

12464 WEOZMOOl

51



?-H ~/--?

• 1 '='=, • ..:. '.L_

Hi'iF' E. ['lyT

OPERATION ~ 5 BENCH FIL~

TOTALS

11.82 I'!,.J-HR
20.24 ii.,!-HF'
:::2.0'; 11.,J-HF'

188 C\':. ,'[iSHF'.'-' ,_.
")

~ 1 ,'[':,HF' 'YDS
:' .'-. E:CU 'iDS

11 ~l1 DEGF'Et::;;
3 1 1 SECCitmS
2 3::: SECOtmS

00 SECOtwS
41 'SECmmS

10 0 1 ~:,ECO~m'S

A\'Ei:'AGES
STPIP FATE
STP IF' PHTE
8UC,ET ~ILL

SUWG AHGLE
T WE 3l,J! 1'1 G
TIrtE - LOHD
TInE - vur1P
TIME - HEEL
C\'C,-E TIr1E

EIIEPG'( - LO~tr, I t-IG
EUEPG',' - TF'miS IT
EIIEPGY :~""~Lt:

57.00
3035.33 BCU.YDS

D. (' 1 ImlUTES
6 1 . 13 1 rmil'TE.S
22.21 iW1UTES

13. 95 ~1 I ~lUTES
11 .79 imlUTES
96.67 tl1 ~lUTES

5.30 IG.I-HP
673.65 I'LJ-HF:

1153.:::7IJ,.I-HF'
1:::'32. :::2 Il,.I-HP

PIJS ITIm~

LOAD I !iG
- Tf"AtlS I T

[('CLES
'·iDLUr1E
TI ~lE - POS IT I O~i

T II1E %1 IIIG
TI~1E - LOAD
TWE - DU~1P

TIME - HEEL
T I~1E

EUEPGY ­
ErlEPG l'
EtlEPG'(
EilEPG\

I1UI1BEP OF HEELS 34. DO HEEL TIt'lC: .20. E: 1 ';ECClt-iDS

2HD LOADING PASSES·
2NV LOAVING TIME
:=ULL LOAD

1. I3tl
,) . 38 r1 I ~lUTES

45.63 Bell. \'DS
2ND LOADING TIME 22.96 SECOHI'S,

PEHAllDLE VOLlIt1E 3763.81 Eeu. '(DS

*** '3G.I I HG AtlAL'r'S IS, **:t:

HUMBER OF SGJIrJG'3 114.80
I A'.,IEPf4GE 'SW I tiG AtiGLE 111. ,0 DEGREES

AVERAGE SGJWG TIME 32. 11 SECOHDS

*------- TOTALS ------* *-- AVEF'riGE --*
SWltlG tiUt1BEP AHGLE Tlr1E AHGLE TI;1E
RAtlGE (DEG) UlItD (DEG' (SEC:;

ti - 30 ~j 0.00 EJ. 00 O.DO 0.00

38 - 60 0 0.00 0.ao 0.00 O. >30

60 - :30 -- a- 0.41 .86 24.44( I • ub r ,

80 100 14 130;-. 15 .- .36 93.~r 31.52

100 120 76 8491.86 40.03 111.74 31.60

120 - 150 23 2857.32 13.22 124.23 34.4,9

150 - 180 0 0.00 0.00 0. (HJ 0.00

180 - 360 0 0.00 EL 00 0. DE) 0.00

t1IIl IMUt1 SWING ANGLE = -- .86 DEGREES 24.44 SECDND,:.. ,
MA><H1Url SWH1G ArlGLE 128.80 DEGREES 23.89 '3ECCiND~;

Figure 3-17. Overburden Removal lPrintout

SIZE CODE IDENT NO.

A 12464 WE02MOOl

SCALE I REVISION I SHEET 52

~ >2615.lo.16 /1: VAY 73 t



•...-_., ...L. . --,

AVERAGES

o Selectee. 50 x 50 Yard Position of the Overburden Area

o Spoil Pile Area

o Spoil Pile Profile

3.1.5 Plots

Graphic plots of the overburden area and spoil pile can be obtained on a Tektronix

graphic terminal or on a line printer. Four types of plots can be obtainl~d:

- Total Volume/Total Time.

- Total Volume/Total Time/Bucket Capacity.

- Total Volume/Cycles.

- Total Swing Angle/2 x Cycles.

- Total Time/Cycles.

- Total Energy/Cycles.

Entire Overburden Areao

Strip Rate

Cycle Time

Energy/Cycle

Bucket Fill

Swing Angle

3.1.4. 2 Swing AD,alys is

The swing analysi.s provides a histogram of the dragline swing angles. Thl~ swing angle

to the dump position and the return swing angle to the next dig position are classi­

fied according tCI swing angle ranges.

A plot of the ent:ire overburden area is shown in Figure 3-18. The plot shows the

appearance of the: overburden area following the simulation case described in the pre­

ceeding section. The date, time, file name and the last operation completed are list­

ed on the plot fClr identification. The dragline position coordinates are listed and

the position is i.ndicated by the triangular peak on the overburden plot.

The eye-point or viewing position is also listed on the plot. The azimuth is the

angle, in radians, about the Z axis of the overburden coordinate system. The azimuth

is measured from the -x direction. (See Figure 3-19.) The elevation is the angle,
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in radians, from the intersection of the X-Y plane and the Z axis. The distance is

the eye-point distance to the origin of the coordinate system.

The grid size of the "entire overburden plot" was nine feet. This size was selected

to reduce the program size and processing time. This grid size is adequate for dis­

playing the general shape of the overburden; but occasi.onally, a finer resolution is

desirable. To facilitate these occasions, a close-up of any 50 x 50 yard portion of

the overburden area can be plotted with a grid size of 3 feet. Figure 3-20 shows a

50 x 50 yard plot of the bench fill area outlined on Fi.gure 3-18. In addition to the

identification and eye-point information, the plot coordinates are listed.

- ; -,\/-'-';
>­
a.

E 0o u
"::Q)

,,:0
Q)~
u·­
:J ro,,>
o ro
.....
0.-:;;
Q) Q)
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~CJ :F~ Eo.
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...:._c . C,'T 11::i'~ -\-:
=,~:: I·wi'....:~ :<';~..\ :~,

Fl...Cli
v ~., ~ ~!

'(}~~\

"'::' .<

Figure 3-20. 50 x 50 Yard Plot

Figure 3-21 shows a typical spoil pile plot, and Figure 3-22 shows a profile of the

same spoil pile.

3.2 DINP PROCESSING ROUTINE

The Dragline Simulation program provides a means to evaluate different removal proce­

dures for a given mine and dragline. By simulating various configurations a best or

optimal removal procedure can be found. How optimal ttds procedure is depends on how

extensive a search can be made. The DINP program was written to structure and expe­

dite the search for the optimal procedure.

SIZE CODE IDENT NO.

A 12464 WE02MOOI

"·L.5~~A1B 111\,~AY 72

SCALE REVISION SHEET 56



y

SIZE CODE IDENT NO.

A 12464 WE02MOOJ.

SCALE REVISION SHEET 57



I
I
I

+
I
I

I
+
I
I
;
I
+
I
!
I
I
+
I
I
I
I
+
,
1
I
+
I,

"

fl9-Nov-n
16: 18:38
B~lXl • DAT
GPERAT JO~j# 10
0.8; TO SPOIL

X
X

X

X
X

X

X

Xx

i
I
+
I
I
1
I+ XX)<)(){)(XXX>::<:<
'X
I
I
1
+
I
I
I
I
+,
I
I
I
+,
I
I
1
+
I
I
i
I
+
1
I
I
I X
~-------------------------------------_._-------

Figure 3-22. Spoil Pile Profile
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A removal procedure is the manner in which a case block of overburden is removed. Re­

moval procedures are specified by a case file and a series of operation files. These

files contain a geometric description of the dig and spoil areas in the c'Jordinate

system of the siD~lation model. The DINP program is designed to generate this geo­

metric data from more general 'mine language' inputs such as cut width, pit width

and type of cut. This eliminates manual calculations of this data from mlne layouts.

Also variations c,f a basic removal procedure can be investigated by entering several

values of an inpu:t parameter. For instance several keycut widths may be lmtered to

investigate the effect of this on the strip rate. The program creates tht! case and

operation files corresponding to each distinct series of inputs. These files are

then labelled according to a specified nomenclature. This nomenclature not only dis­

tinguishes the files but also structures the simulation of the removal procedures to

reduce the computer time required. The idea is to apply the principles 0:: dynamic

programming in simulating the removal procedures.

3.2.1 Data Input~

This section describes the data inputs to the DINP program and their sign:~ficance to

the determination of a removal procedure. The inputs are all answers to questions

which appear on a CRT terminal. The possible responses are also displayed. The in­

puts are discussed in the same order as they appear in the program. A pr:.ntout of a

sample run is given in Figure 3-23.

3.2.1.1 Set Number

The set number is a classification number that identifies the mine, draglj~ne and re-

lnoval strategy to be simulated. The input is a number from 1 to 26. The numbers do

:clot have to be used consecutively •

.3.2.1.2 Parameter File Input

The parameter fil,e contains the dragline and mine specifications. This information

can be entered fr,:>m a prepared file or input through the CRT. The input procedure is

the same as in th,:! DRAG program.
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3.2.1.5.2 VOlumE! Location

This input is usE~d to give a general location of the dig volume that will be further

specified by the inputs that follow. Inputs are:

3.2.1.5 Input RE~moVal Strategy

The removal strategy is determined by a series of lines. Each line is input in a

mnemonic languag(2. There are four entries to each line; position number, volume lo­

cation, cut type and spoil area.

SIZE CODE IDENT NO.

A 12464 WEOZMOOl

SCALE IREVISION I SHEH 61

t

0 BR - Bench Removal

0 cw- COI~plete Width

0 HS - Highwall Side

0 SS - Spoil Side

3.2.1.3 Hopper Simulation

If a hopper is to be simulated, this input is greater than zero. This will permit

entry of the hopper data later in the program. If there is to be no hopper simulated

in this set input a zero or carriage return. In this case no hopper data can be in­

put for this set.

3.2.1.4 Enter Cut Length, Cut Width and Pit Width

The cut length, (~ut width and pit width give the dimensions of the case block and

spoil area. For a given removal strategy it may be desirable to simulate several cut

lengths, cut widths and pit widths. This can be done by repeating the ordered

triple (cut length, cut width, pit width) as indicated on the CRT display. Five

such triples can be entered.

3.2.1.5.1 Position Number

A number from onE~ to ten can be entered here. Usually the position numbers are conse­

cutive and correBp'ond to each line entered. However, if it is not desirable for the

dragline to move from its previous location to make the present cut the line number

can be repeated. This serves as a cue to the DINP program to not move the dragline

from its past pOBition. In general, the dragline is located at the most advantageous

position for each cut.



The response BR indicates the volume is to be removed from the bench. CW indicates a

layer will be removed from the entire width of the cut. HS indicates a cut will be

made from the new highwall to desired width toward the old highwall. The cut width is

input after the line is entered. The SS input indicates a cut be made from the old

highwall to a desired width toward the new highwall.

3.2.1.5.3 Type of Cut

There are CWO possible inputs:

o KG - Keycut

o NC - Normal Cut

The KC response indicates the cut is to be made so a highwall is maintained along the

side farthest from the spoil pile. This response is usally used with the HS or the

CW cut location. In this case the dragline is positioned to advance the new highwall.

When used with the 5S response the result is the same except the highwall is located

on the left side of the cut. This situation is not usual.

The NG response used with a CW or HS entry will position, the dragline in the middle

of the cut. The dragline is not positioned to maintain a highwall.

The NC response with a SS response causes the dragline to be located as close to the

old highwall as possible. This is to maximize the reach of the dragline. Neither

the NC or KG response has any affect when used with a BR - Removal. The BR response

is sufficient to determine the position of the cut.

3.2.1.5.4 Spoil Area

The fourth entry of the removal strategy specifies the spoil area.

o B - Overburden to Bench

o S - Overburden to Spoil Pile

SIZE CODE IDENT NO.

A 12464
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A three position procedure can be specified by three lines. The line entry for the

top cut could be

1, ew, KC, ~'
~,.

This could be followed by a keycut

') HS, KC, ~'-, ~,

and the removal e,f the plug by

3, 5S, NC, 8.

After each line is entered, a carriage return will advance the program to input more

detailed data fOl that line. The inputs for each line are as follows.

3.2.1.5.4.1 Cut Depth

This input specifies the depth of this cut measured from the bench level down. In

case the second entry is a BR this input is not used. The depth of the bE~nch cut is

given by HBD and HBFL which occur in the parameter file. Also, if the seeond entry

is aSS, HS or Clol' and the fourth entry is a B the cut depth need not be entered. In

this case the depth is computed from the cut width and the bench fill voltnne.

3.2.1.5.4.2 Cut Width

This input specifies the cut width of the line. This input is used only for lines

with second entry HS or SS. In the case of an HS entry the cut width is Ileasured

from the new highwall. For an SS entry it is the cut width measured from the old

highwal1.

The ew input implies the cut width equal to the width of the case block. In this

case the cut width inputs are igt1ored. If the second entry of the line is: a BR the

cut width is calculated from the pit dimensions. The cut width input is not used.

There can be three cut widths entered for each line.

SIZE CODE IDENT NO.
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3.2.1.5.4.3 Right Side Wall Angle

Input the angle of the right dig wall. This angle is ml:asured from the vertical in

degrees. At most three numbers can be entered here.

3.2.1.5.4.4 Left Side Wall Angle

Input the angle of the left dig wall. This angle is measured from the vertical in

degrees. There can be as many as three inputs.

3.2.1.5.4.5 Dig Direction

This input determines the direction the dragline will dig. Inputting a positive real

number corresponds to digging in the clockwise direction (swing angle). Inputting a

negative number corresponds to digging in the counterclockwise direction. At most

two inputs are permitted.

3.2.1.5.4.6 Hopper Active

This input is to set the Hopper Active Flag for this line. A positive input sets the

Hopper Active Flag and a negative input resets this flag indicating no hopper is to be

simulated in this line. This input does not appear if the Hopper Simulation Flag has

not been set. Only one entry is permitted.

3.2.1.5.4.7 X-Coordinate of the Hopper Location

This input appears only if the Hopper Simulation Flag is set. The X coordinate of

the hopper location is entered. As in the DRAG program, one of the hopper coordinates

either the X or Y must be negative. This serves as a cue to calculate the negative

coordinate using the positive coordinate and the location of the dragline. Then the

hopper is located at the proper distance from the dragline on the X or Y coordinate

that is positive. Only one entry is permitted.

3.2.1.5.4.8 Y-Coordinate of the Hopper Location

This input appears only if the Hopper Simulation Flag is set. The entry of the Y

coordinate is the same as the X coordinate described above.
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3.2.1.5.4.9 Spoil Layer Thickness

This input is a percentage from a to 100 and specifies how the spoil pile is to

evolve. For example an input of SO will cause the spoil pile to evolve in two

layers. The thickness of each layer will be half of the total height of t.he spoil

:pile. The first layer is filled to half the spoil pile height as much as allowed by

the reach of the dragline. Then the material is deposited above this height.

This input applie:; for this line only. The next line may employ another spoil

strategy. This illput is not used when doing a bench fill. At most two iIJputs are

allowed.

:3.2.1. 5.4.10 spon Direction

This input determines the direction of the spoiling both to the spoil pile and to the

bench. A positivl~ entry corresponds to spoiling in the counterclockwise direction.

A negative entry eorresponds to spoiling in a clockwise direction. Two inputs are

permitted.

3.2.1.5.4.11 Input a 3600 Swing
oThis input is a f:Lag that enables the dragline to do a 360 swing if it will reduce

the swing time. If the flag is not set the dragline will not do any 3600 swings. The

emtry of a positive number sets the flag. A negative or zero entry resets the flag

and disables the 3600 swing. There can be two entries.

3.2.1.5.4.12 Input Shortest Swing

Ibis flag permits the dragline to swing in the direction of the smallest swing angle.

If the flag is not: set, a zero or negative number is entered, the dragline will swing

t:o the bench area in the clockwise direction and to the spoil area in the COl.nlter­

t::lockwise direction regardless of possible shorter paths. For instance in a bench

removal if the angle exceeds 1800 the drag1ine will not take the shorter swing if

t:he Shortest Swing flag is not set. If this flag is set by entering a positive num­

)er the dragline lOrill always seek the shortest swing regardless of direction. Two

inputs are permitted.
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3.2.1.5.4.13 Hoist Over

On the swing to the spoil pile to dump the material the bucket can be hoisted over the

existing spoil peak or held in toward the dragline cab to miss this obstruction. If

the Hoist Over Flag is set the bucket is hoisted over the obstruction. If it is not

set the bucket is held in to miss the obstruction. The entry of a positive number

sets the flag. The entry of a negative number or zero disables the flag. Two entries

are permitted.

3.2.1.5.4.14 Any Mistakes: 1 - Go Back, 0 - Go On

If a mistake has been made on a line or the data entered after the line, this allows

one to go back and re-enter the line and the data that follows.

After this last input the program returns to input another line of the removal stra­

tegy. A total of 10 lines can be entered. However, the total number of operations

resulting from these 10 lines is limited to 12. Overburden to spoil, bench fill and

moves generate one operation. Bench removals generate two operations. So depending

on whether the dragline moves, a line generates from 1 to 3 operations. After the

last line of the removal strategy is entered a carriage return will terminate the

entry of the removal strategy.

3.2.1.5.4.15 Input Allowable Spoil Room

The DINP program computes the volume of each dig area and determines the spoil room

available from the dragline positions and the spoil method. From these computations

it locates the spoil peak relative to the dig face, determines the height of the

spoil, and indicates how much if any material must be rehandled.

If material has to be rehandled, the algorithm tries to minimize the amount of rehan­

dle. In doing so the spoil peak is located nearer the dig face so the reach of the

dragline is maximized and the rehandle kept to a minimum. Occasionally it may be

desirable to allow some rehandle or restrict the spoil I~Oom without affecting the

position of the spoil peak. This can be done by entering the desired percentage of

the spoil room available.

+ % - Percentage of rehandle allowed.

- % - Percentage of spoil room reduction.

Only one entry is permitted.
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3 .2.1.5.4.16 Input Change in Spoil Length in Percent

T0 simulate an approach to a spoil road or other irregular condition, the :.ength of

t he spoil pile can be altered. This is done by entering a percentage of the original

~:poil length which is equal to the cut length. A negative percentage will shorten

the spoil pile. A positive percentage will lengthen the spoil pile. For example, an

Emtry of 33 will increase the length of the spoil area 33% of the cut lengt:h. This

is the last entry of the set. One entry is permitted. A carriage return ~'ill com­

plete the data inputs for this set. The DINP program does the necessary computations

a.nd returns to display the results via the DATA program. The DINP program displays

the removal procedure of each case of the set in the order they were creatE!d. The

operation and case files can be printed out at this time. The data in thee:e files

can also be editted but operations can not be added or deleted. After the last re­

lIioval procedure has been examined the program asks for the next set number. Another

set can be entered and the process repeated or a carriage return entered to halt the

inputs and terminate the program.

3.2.2 File Nomenclature and Optimization Sequencing

After the data for each set has been entered DINP calls a number of subroutines to

process the input data and create the corresponding parameter, case and opE~ration

files. Each set has only one parameter file containing the mine and dragljne speci­

fications and one removal strategy specified by the series of "lines" entered. The

d,etails of the removal procedure are specified by the remaining inputs. Ec;.ch distinct

s,eries of inputs will generate a distinct removal procedure. Again a removal proce­

dure refers to the manner in which the overburden is removed and is specified by the

operation files and the case file. The DINP program creates and labels thE: operation

alld case files for each removal procedure. This labelling is a series of t:.umbers

that identifies that operation as belonging to its appropriate set and caSE. It also

structures the manller in which the operations are simulated in order to reG.uce the

computer run time. For instance, two removal procedures of the same set ma.y differ

only in the last of four operations. So the results of the first three operations

lomuld be identical for both case blocks. Then it is necessary to simulate the first

three operations once and the two different fourth operations. The case results
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y

for both removal procedures can then be reconstructed from these five operations

rather than simulating the eight operations for both case blocks. Also suppose two

removal procedures containing four operations differ only in the second operation.

In this second operation the difference is one has the 360
0

Swing Enable set and

the other does not. When simulated this difference does not affect the geometry of

the pit. It is possible to simulate the first operation, the second operation for

both 3600 Swing Enable set and not set. and the remaining two operations to produce

the case results for both procedures. The crucial factor here is that the 360
0

Swing Enable does not affect the pit geometry. So the initial and final pits pro­

duced by the simulation of both second operations are identical. Other inputs which

do not affect the pit geometry are Hoist Over and Shortest Path. The nomenclature

used to store the removal procedure data identifies to the DRAG simulation program

the initial pit to use, the name of the pit produced by the operation and the sequence

in which to simulate the operations. In order to store and manipulate the data and

results there are several file types using the same name. Files are of the form:

"Name. Type; Version". The name is a nine character word beginning with a letter

of the alphabet. The type is a three character word beginning with a letter of the

alphabet. The version is a number of at most rwo characters. File types of the form

"DVI" are used to store the input data to be processed by the subroutines of the DINP

program. These files have the form:

A(ISET) IJKLM. DVl;*

where ISET denotes the set number and A(ISET) is the letter corresponding to the num­

ber ISET (i.e., A(l)=A. etc.) I is a single digit number. The range of I is between I

and NC. NC is the number of ordered triples. (cut length, cut Width, pit width).

entered in DINP. J is a single digit number. The range of J is 1 ~ J < NL where

NL is the number of lines in the removal strategy. K is a two digit number which

denotes the previous pit of the case to which this operation is a member. L is a

rwo digit number which denotes the operation's number among the pits generated for

this line number of the removal strategy. M is a two digit number which denotes the
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lath or procedure used in operations that begin and finish with identical pit geome­

:ries. If two fi:Le names differ only in this digit the two operations will have the

;ame initial and final pit geometry. For example the file name AllOlOlOl. DVl; 1

.ocates the operation as being generated from set number 1, from the first order

:riple entered, from line 1 of the removal strategy, it is the first operation of the

:ase, it is the f:lrst operation of this line number, and it is the first procedure

:.oput. A more extensive example is given in Figure 3-24.

The input data is written out in DVI files in the program DINP. These files are used

:0 generate the operation data files of type DV2. The same name is used for these

'iles as for DVI type files. The DV2 files are inputs to the DRAG program which exe­

:utes the defined operation and writes the results in unformatted fashion in files of

:ype DV3. The saDIe nomenclature is used here. The pit file resulting frO"lIl these

runs are stored under file type DVT with the same first name as the DV3 file. File

type COM is used to store the dragline and mine parameters associated with each input

::iet. It also is used to the store index pointers (number of lines, number of opera­

t:ions, etc.) associated with that set number. The name of the COM file is of the

form A(ISET).COM; where ISET is the set number and A(ISET) is the corresponding letter •

of the alphabet. In addition to these data files there is also a file nam'2d ACT.FIL.

This file is used by DRAG to store the index pointers that sequence the simulation of

,.:he various operations. The first line of ACT .FIL contains the IXF flag. The second

line contains the set numbers to be run. The third line contains a pointe:r to which

::iet number is presiently being simulated. The fourth line contains the nam,:! of the

pit being simulatE!d. The fifth line contains the index poi.nters of the "DO" loop

t:hat sequences thE~ DRAG program through the operations of the set. The ACT .FIL must

be initialized at the beginning of each simulation run. The DRAG program then updates

ACT.FIL file at the completion of each operation. If DRAG aborts for any :reason the

ll,imulation can be restarted in sequence with a RUN command. Upon entry DRAG reads

ACT. FIL to determi.ne its place in the simulation run. The files used by DINP, DRAG

and GETD are summa,rized in the following list. The file names, AllDIOIOI ,lnd AOI,
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INPUTS:

ISET = 2

One Triple: (Cut Length, Cut Width, Pit Width)

Removal Strategy:

Line 1: 1, CW, KC, S - Two Cut Depth Inputs

Line 2: 2, HS, KG, S - Three Cut Width Inputs

Line 3: 3, SS, NC, S - Two Hoist Over Inputs

These inputs would result in the following file structure:
Initial pit generated from
input parameters

B13040401
B13040402

812020401

811010201

B12020301

813030301
B13030302

812010201

813020201
B13020202

B11010101

812010101

813010101
813010102

Note that for Line 3 the pit geometry is the same for both
Hoist Over inputs. The results are different and are stored
under the appropriate names.

Pits and results
generated by Line
inputs

Pits and
Results gene­
rated by Line
2 inputs

Pits and
res uJ ts gene­
rated by Line 3
inputs

Figure 3-24. Example of File Nomenclature
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ACT.FIL; - A file used to store the index pointers for the DRAG program.

AIIOIOIOI.DVI; - Files of type DVI are created in the DINP program tel store in­
put data.

AllOIOIOl.DV2; - Files of type DV2 are created in the DINP program t(l store the
operation data generated from the corresponding DVI type file.

- Files of this type are used to store the index pointers and
machine parameters of the set.

AIIOIOIOI.DVT; - Files of type DVT are created in the DRAG program tc store the
pit corresponding to the operations described in the DV2 type
file.

AIIOIOIOI.DV3; - Files of type DV3 are created in the DRAG program t(l store in
unformatted form the results of the operations descI'ibed in the
corresponding DV2 type file.

AOl.eOM;

AIIOIOIOI.DV6; - Files of this type are created by DRAG to store the results of
each operation simulated. The results are stored in a formatted ~

form rather than unformatted as in the DV3 type files. The DV6
file corresponding to the first operation of each case is used
by GETD to obtain the parameter header for the DV4 type file
which contains the case results.

AOI.DV4; - Files of type DV4 are created in GETD to store the case results
as they are generated from the operation results stored in the
DV3 type files.

are used to indicate the form of the name. The name of these file types 1Tary with

set number, line number and other input parameters.

3.3 GETD

~Jhen the DRAG program simulates the removal procedures generated by the DINP program

the results of ea<:h operation are stored in DV3 type files. The name of these DV3

type files corresponds to the nomenclature used for the input data (DV2 type files)

and for the pit f:Lles (DVT type files). The GETD program generates the total and

averages for each case from the operation data. The input to the GETD program is the
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set number. GETD generates the results for each case of the set and stores these re­

sults in a file. The names of the case files are of the form:

AI. DV4; I

where A is a letter of the alphabet corresponding to the set number. I is a two digit

number corresponding to the number of the case in this set. DV4 is the file type and

I is the version number. For example, the results of the fourth case in the third set

would be written in the file C04.DV4;1. The number of cases in the set corresponds to

the number of different inputs entered in DINP. If there are a number of different

pit widths or entries on each line of the removal strategy the number of cases grows

rapidly. However, the printout of the operation data and case data produced by the

DINP program for each case is titled by the same first n.ame. Thus the input and out­

put data for each case can be associated by the title appearing on the top of the

page with the time and the date of the simulation run.

3. 4 SAMPLE RUN

This section contains an example of a simulation run using the DINP J DRAG and GETD

programs. The purpose of the run was to study the effect of cut length on the strip

rate for a given removal procedure. The process went as follows:

Step 1: A parameter data file was prepared on the mine environment and dragline.

The parameters considered and the format of the file is given in Display/

Edit Section 4.

Step 2: The DINP program was run and the following data input:

a. Set Number - Enter a number from one to twenty-six. In this instance

the set number was three.

b. Name of Parameter File - The parameter file prepared in Step I was read

by the DATA subroutine thus entering the mine and dragline data.
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•....-_.., . ....:1.... ..,

c. Hopper in Simulation - A zero, implying no hopper is to be simulated,

was entered.

d. Input cut length, cut width, pit width - 120., 152., 200., 100., 152.,

200., 80., 152., 200.

e. Input Removal Strategy:

Line 1: 1, ew, KC, S
Line 2: 2, HS, KC, S
Line 3: 3, SS, NC, S
Line 4: 3, BR, NC, S
Line 5: 3, SS, NC, B
Line 6: 3, SS, NC, S

The entries for the respective lines are given in Table 3-2.

f. Allowable Spoil Rehandle - 0

g. Spoil Length Change - 0 •
Step 3: The DINF program processed the input data and produced the case and opera­

tion files for three cases with cut lengths equal to 120, 100 and 80 feet.

These fi.les were then displayed and printed out for each of the three cases.

The time:, date and case name were printed at the top of the first page of

each fil.e. The case names were C01, C02 and C03 respective1y.

Step 4: The file ACT.FIL was edited to the following form:

Line 1: 1
Line 2: 3 0 0 0 0 0 0 0 0 0
Line 3: 1
Line 4: CnOlOlOI. DVT
Line 5: 1 1 1 1 1
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Step 5: The program DRAG was run. No inputs were necessary. The data was prepared

and stored by the DINP program.

Step 6: After the DRAG program had finished the program GETD was run. The request

for set number was answered by inputting a 3. GETD then generated the simu­

lation results for each of the three cases and stored the same in files

COl.DV4, C02.DV4 and C03.DV4.

Step 7: The files, COl.DV4, C02.DV4 and C03.DV4 were printed out.

Table 3-2. Data Line Entri.es

Data Entry 1 2 3 4 5 6

Cut Depth 28 66 56 - - 66

Cut Width - 27 150 - 150 150

Right Side Wall Angle 15 15 15 15 15 15

Left Side Wall Angle 15 15 15 15 15 15

• Dig Direction 1 -1 1 1 -1 1 ~
Spoil Layer 100 100 100 100 100 100

Spoil Direction 1 1 1 1 1 1

3600 Swing 0 0 0 a 0 0

Shortest Swing 0 0 0 0 0 0

Hoist Over 0 0 0 a 0 0
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4. SIMULATION DATA INPUT PROGRAMS

This section desl~ribes the simulation data input routines. The function of these

routines is to input and/or edit, display and print the simulation input data.

The input data has been classified into five different categories. The main routines

associated with I:!ach category are listed below:

Data Type Routine

Source DSRCE

Parameter UPSET

Case UPCASE

Operation OPSEQ

Program Flags UPFLG

DATA is the exec'lItor routine that controls which type of data is being mclnipulated.

Figure 4-1 describes the data input process.

4.1 BLANK

This routine bl~~ks the CRT display. It is called prior to displaying a new page of

information. (S,ee Figure 4-2.)

4.2 DATA

This routine is the main or executor routine that controls what type of E:imulation data

is being input/editted, displayed or printed. If the CRT terminal is active, a message

identifying the types of simulation data is displayed followed by a requElst for which

type of data is to be manipulated. When the type has been specified, thEl appropriate

routine is executed.

If the CRT termi1~al is inactive, the type of data to be manipulated is rElad from a

data file. (See Figure 4-3.)
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FIGURE 4-2. Blank Routine Flow Chart
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Figure 4-3. Data Routine Flow Chart
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4.3 .DSPAC

This routine is associated with the manipulation of parameter data. It is called by

the UPSET routine only when the CR'r terminal is active. It displays the different

types of parameterfi and allowable activities. (See Figure 4-4.)

DISPLAY PARN£'ml -:
ACTIVITIES (DSPAC

TYPE 100

10 ACTIVITY- - - - -

(S£TllM)

~ PARN£T[R IIMC

(0.0)

10 PARN£'ml

1 MINE I HOPPER
2 IltIA&LINE • SPEC
3 IlIWi.INE • PERF
4 BUCICIT
5 OVE_
, CURVES

l'
/

(
I

I 1·1_3

I
POSIT (2(1) + 3.0)

TYPE 101

1 CHAM[
2 DISPlAY
3 PllIIIT

( m )

Figure 4-4. DSPAC Routine Flow Chart

4.4 DSPDS

Th.is routine is associated with the control of the data sources. It is caLLed by the

DSRCE routine only '<Then the CRT terminal is active. It displays the types of input

data and the source of the input commands. The command information can either be
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input from the CRT terminal or read from a previously prepared data file. A typical

display format is shown on the flow chart. (See Figure 4-5.)

4.5 DSPOD

This routine is associated with the manipulation of the dragline operation data. It

displays the elements of an individual operation. The operation to be displayed is

selected by the OPSEQ routine and passed to DSPOD via the calling arguments. (See

Figure 4-6.)

4.6 DSPPD

This routine displays the mine and dragline parameters on the CRT display to facilitate

editing from the terminal. It is called by the UPSET routine. (See Figure 4-7.)

4.7 DSPSQ

This routine is associated with the manipulation of the dragline operation data. It

displays and prints the sequence of operations. It is called by the OPSEQ routine.

The argument IDP specifies whether the operation sequen.ce is to be printed or display­

ed on the CRT. The argument KTAB specifies the location of the display on the CRT.

(See Figure 4-8.)

4.8 DSRC

This is the main routine for controlling the source of the simulation input data types.

It displays the data types and requests the source of input data. Data can be input

from either the CRT terminal, a new data file or an active data file. (See Figure

4-9. )

4.9 DSSAC

This routine is associated with the manipulation of the dragline operation data. It

displays the allowable operation activities. It is called by the OPSEQ routine only

when the CRT terminal is active. (See Figure 4-10.)

SIZE CODE IDENT NO.

A
SCALE

12464
I REVISION

t

WE02MOOl

I SHEET 80



" ~ m

..
!

-

D
IS

PL
A

Y
PA

RA
M

ET
ER

(
D

SP
D

S
)

(H
D

R)
DA

TA
SO

U
RC

ES
I

~
DA

TA
TY

PE
S

<
PO

SI
T

(0
,0

)

L
--

•
T

Y
P

E
1

0
0

I

--
-

--
-

-
--

--
--

DA
TA

SO
UR

CE
S

-
-

-
-

-
--

--
-

-
--

nA
ME

SO
UR

CE
--

-
--

--
--

-
-

-
-

V
I

---
.I

n

»s
)0 ....

1
1

-
1

-
.
.
5

I
m

-
n 0

D
E

V
IC

E
•

C
R

T
~

~,
NO

~
0 m

~
0

-.
Y

ES
m

2
..

~
z ...

TY
PE

1
0

1
TY

PE
1

0
2

~
z

-
0

;I
a

PA
RA

M
ET

ER
PA

RA
M

ET
ER

~
TE

RM
IN

A
L

F
lU

NA
M

E
U

;
CA

TE
GO

RY
CA

TE
GO

RY
0

(:.
--

-
I

z

N
O
~

TY
PI

C
A

L
D

IS
PL

A
Y

FO
Rl

-tA
T

Y
ES

-
-

-
--

-
-

-
-

-
-

-
-

-
[

_~
~

~O
~

_
_

_
_
I

DA
TA

SO
U

RC
ES

~
BO

TT
OM

--
--

-
-

-
-

-
-

-
-

-
-

a
LI

N
E

NA
M

E
SO

UR
CE

~
~

(
0

,0
)

--
-

-
-

-
-

-
-

-
-

-
-

-
-

a
PR

GR
M

CM
D

TE
RM

IN
A

L
V

I
a

J:
.....

.
PA

RA
M

ET
ER

D
RA

G
1.

D
A

T
m m ...

C"
A.

sE
TE

P.
M

U
tA

J..

(
Rm

)
O

PE
RA

TI
O

N
O

PE
R

1.
D

A
T

PR
GR

M
FL

G
TE

R
M

IN
A

L

0
0 .....
.:

F
ig

u
re

4
-5

.
D

SP
D

S
R

o
u

ti
n

e
Fl

ow
C

h
ar

t



~ '"

..
" .. III

D
IS

Pl
A

Y
O

P£
IlA

Tl
O

II
DA

TA

~ .. ~ -, C
d

~~
~t

?
,

TY
PE

10
0

(K
,

fO
RM

,
DP

RH
M

)

(0
,0

)

AR
GI

J4
EH

TS

K
•

OP
ER

AT
lO

II
HU

HB
ER

FO
AH

•
OI

'E
RA

TJ
OI

l
H

N
£S

D
PI

U
Il

•
O

PE
RA

Tl
O

ll
EL

EM
EN

T
HA

M
ES

O
P

R
'

K
OP

ER
AT

IO
Il

N
N

£

R
N

£
ID

VA
lU

E

~

OP
DA

T
(J

,K
I

OP
DA

T
(I

,K
)

J

I
JI

lP
PE

R1

DP
RN

Il
11

,2
1

I
Fo

r
I
'
'
:
_

1
I
-
-
~
~
-
-
-

I
O

P
M

II
,

2)
I

Fo
r

I
•
1

-
Z

I,m
1M

~
-
-
-
-
-
-
g

:T
J"

..
..

.
..

..
..

..
..

..
..

..
..

..
..

..
..

_L

»
~I

~
y

~
/
'

r
-

T'"

-
II

TY
P£

lD
I

t-V

'L
E

fT
SI

D
E

'

~

OP
III

IlI
(I

,l
l

J
fo

r
I

•
I

OP
DA

T
(I

,
K

I

0
-

.lt
C

iK
I

SI
D

E
'

-
5

....
O

PI
III

l
(1

.1
I

~
Z

f.
,

I
J

OP
DA

T
(I

.
K

I

o
.

.'
_1

0

.
~ O

PI
III

l
II

II
f.

.
:

II
I

DP
OA

T
0

,
II

'P
R

O
C

fD
tJR

£.
-

12
fo

r
I

•
J
]
-
1

8
I

OI
'D

AT
(I

,K
)

lI
'l n J> ,... m I
- ,., ~

I
I

in 5 z...

BE
HC

H
N

fiL
L

~
20

0
y

0
I

TY
PE

lD
lS

N

l
m

~
'f

lU
1I

I1
IT

S'

0 0
O

PI
III

lI
0,

11
I

~
F

or
I
'

It
-
2

1
O

PI
W

11
,1

1

r

(X
l

N

F
ig

u
re

4
-6

.
D

SP
O

D
R

o
u

ti
n

e
F

lo
w

C
h

ar
t

t



~ » III
I

y

I

..
f4

BO
TT

O
M

L
IN

E

O
IS

PL
A

Y
PA

R
A

M
ET

ER
S

(
1

6
-

-
2

5
)

(I
,

J
,

SE
T

tll
1)

W
R

IT
E

P
A

R
A

IIE
T

E
R

H
EA

D
ER

~
~ t lJB
.'

9
1

\
W

RI
ID

R
'>

-
-
~

~
:
;
-
-
L
-
_
5
~
l

I
"
.

5
(
I
-
l
)
~
~
_
~

_
_

_
_

_
_

_
_

1..
...

__
~

TY
PE

10
2

l
P
~
U
:
,
l
~
:
"

PR
MV

~~
I6

+H
)

:I
:4
~~
5-
1

I
_

I
TY

PE
10

5
-
-
-
-
-
-
-
-

-
-
-j

~~
v~
t:
RB
~~
):
N

L
E

V
E

L
'I

'
LA

Y
ER

S

--
-_

._
--

--

J
•

P
A

R
A

IIE
TE

R
TY

PE
5

r:
ii
-li "

ioi
•

Y
A

K
A

l-
tE

iE
K

N
M

t:
S

PR
N

H
l

-
PA

R
A

llE
T

E
R

LA
B

EL
S

(
J
.

1
-
-
-
4

)
PR

N
H

2
•

PA
R

A
M

ET
ER

L
A

B
E

tS
(J

•
5

--
-·

6
)

~

NU
M

BE
R

O
F

PA
RA

M
ET

ER
S

(.
J,

SE
T

N
H

,
P

R
N

H
l.

PR
N

M
2)

i
•

,1
2

I
_~
'_
I

I
IS

lZ
•

I
_
~

I
_

j
_

(
i
i
~
)

r
-
-
-
-
-
-
J
~
-
-
-
-
-
-
-
·

..
-,

·
1

2
3

4
S

6
'

-"
'-

-r
---"

,
-_.

.._
-..

'
-

'
_

t
_

_
}

rL
]

L
IM

IT
-

IS
IZ

(.!
-

~2
.I

T
./

2
C

O
I.U

H
II

IS
IZ

-
•

>
.

Y
ES

_

D
IS

PL
A

Y
~
l
"

I
Gl

.r
5

,N
O

2
C

po
~i
~~
)

(0
,0

)

(-
~
D
R
\
.

(0
,

J
,

SE
T

N
H

)
4

'-
I

'(
I
,
J
,

SE
T

N
H

)
)

W
R

IT
E

P
A

R
A

/l
E

U
R

(
W

RI
ID

R
)

-
-
,
-
-

H
EA

D
ER

---
--

.1
[
i
'
;
!
~
L
r
I
u
_
i
]

j
l
~

1
6
_

_
IS

lZ
J

-
-
-
-
-
-
.-

-
J

I
I

l: ~
;~

~~
~-

I~(
;~(

2~;
=i)

+l)
!

~~
ER

S
_

_
r.~=

!!.~
.!.l

ii2
.

,
_

_
I

(I
-
_

IS
)

t
_

_
I

I
_

_~
~~

--
--

1
--

-.
-

--
~~

~~
[-

=-
--

I,
TY

PE
10

1
IB

O
TT

O
H

f!
!p
~~
~~
--
--
·J

_
_

_
_

_
_

_
_

_
_

_
_

_
•

•
_

L
IN

E
•

-
-
.

'-
--

.r
.-

-.
--

.
--

-T
--

--
C

R
TN

)
rL

ii
ir

r'
;l

s]
,

~
-
-
'

D
IS

PL
A

Y
PA

R
A

llE
TE

R
C

.-
-.

----
D

A
TA

D
SP

PD
_

_
)

,-
--

-
~

I
[
~
-
=
.
-
-
-
2
9
1

I
~.N

O
)

-
-
-
-

~R
NI

Il
(I

)
:D

~ a ~ a I-
'

»
~

-
n 0

t--
J

0 m

~
0 m

0
'

z ...
~

z 0
~

:J
Ill ~
I

I
in o ZV

'
n » ... m 10

-
V

'
J: m m ...

~ » " , ,.

0
0 w

F
ig

u
re

4
-7

.
D

SP
PD

R
o

u
ti

n
e

F
lo

w
C

h
ar

t
(S

h
ee

t
1

o
f

2)

+



II
> g
~

_
n

~
~

1J
~

0 In
~
~

~
~

I
n < ;;; 0 z

N '" " " m ~ "-< , ,,>

~
II

> :r m m -
t

(X
l

~

~ o 1£ o o I-
-'

"

YJ
(
~~
-

N
jD

R
)

(I
,

J
,

SE
T

N
lI

)
._

W
R

IT
E

PA
R

A
M

ET
ER

I-
-
~
-
-

.
-
-
-
-

•
H

EA
D

ER

[
~
~
.
.
!
:
D

-
_.

~
_
~

I
.

_
_

_...
.

110
0

s---
_..

x..
l~t

lJ.
~'I

~l
:::7

,12
,13

,14
140

0
r

F
-
I
-
0

6
-
'-l

·T
Y

-P
-E

-I
-0

;-
--

-
-

\-;
,'~

E';
,"~9

--
-
I

H
O

IS
T

'O
R

C
E

12
'n

.2
SP

,E
ED

J2
Fl

1.
2

DR
AG

'--
=r

-=
-I

}
~

~
,
,
~
)

--
-l
-
-
'

I
-IS

KP·
--~

L_~
~

.L
~~
-

[-5
.10

-
-
I

_
_

_
_

_
_

_
._

_
.
_

.
N
(
L
~

,
/

~
/

20
00

IY
ES

l_
.~
iE
·i
03
-=
--
~-
=-
--
1

eJ
l-

-~
:

-~
1~

~:
~-
--

~
_
_

[I
Jl

D~
~
~_
J

7
C!

.C
!s

IY
-)

(0
,0

)

r-
<_w

RH
Di

-)
(0

,
J
,

SE
T

N
H

)

I
.

[
2
_
'
;
i
=
-
~
D
~

m------
-1

-
_'

l"
!P

E
1

0
4

-
-
-
-
-
-
-
-

~~
i-

--
-~-

:~:
-..

-..
.i

J~-:5
:)J

~:
~y

_
_

(J
-6

)

j
-
-

o

F
ig

u
re

4
-7

.
D

SP
PD

R
o

u
ti

n
e

F
lo

w
C

h
ar

t
(S

h
ee

t
2)

...

@ __L
~
.
~
L
J
~
0
]

•
Q

:~
,-,

i.i
~

__
TY

PE
1

0
0

I
pR

N
H

2(
J:

',
J
-4

),
H

PR
HV
(2
9(
J-
l)
+~
)1

I~~
=:=

:-~
---~-

-=-
-.

-.
--

--
­

C
R
T
N
~

D
IS

Fl
.A

Y
PA

R
A

M
ET

ER
S

B
U

T
T

O
M

U
N

E

~
.



" » lD

I
"

\ ,

/
'
'
'
.

EN
D

OF
SE

QU
EN

CE
("
rs
p~
g(
J

1>
-

_

•
["

n
f
~'.

'TJ
~:~'

"
LE

ND
f1

L
E

6
J

C
C

JS
E

,(
6

)

___
r-

'
~
~
)

(
~

3
~
h
-
\

.(.~
L.

'~'
''T

'''
'''

'no
'"

.
.
~.~

~
~
.
_
I

"
"

I
l
L

J
.L

J
L

I1
I

I
'

I
l.

oM
I

I
V

I
1

1
1

L
-M

V
L

n

IU
n

iT
-L

-
[W

RI
TE

(6
,9

9
)]

LI
N

E
SP

A
CI

N
G

···
·-

-e
_~:

]'
:O
_~
_?
]

HE
AD

ER

301
--£

-"'-
'-
--

-
~
.
'

J
'

1-=
:1

~x
ik

10
2;

]~~
~~A

TIO
NS

/

AR
GU

M
EN

TS

FO
R

M
'

O
PE

RA
TI

O
N

NP
i'lE

KT
AB

'
D

IS
PL

A
Y

LO
CA

TI
ON

IIi
D

IC
A

TO
R

lO
P

,
D

IS
PL

A
Y

/P
R

IN
T

IN
D

IC
A

TO
R

-@

(F
O

RM
,

K
IA

B
,

IO
PI

'!_
PR

IN
T

EN
D

OF
SE

QU
EN

CE
~
,

NO

lO
P :3

~
~
.

DI
SP

LA
Y

.
.<

-
n

P
O

r
)

(0
,0

)

L
U

L
'"

"I
n
~
~
T
~
,
,
>
l
!

RI
G

H
T

SI
IJ

E

',
:0

..
..

1
r',

LE
FT

S~
DE

.
J
.
L
_
'
n
~

~~;
~~

~~t
i~:

:]I-
t="

"
--

--
c=

--
-

--
--

r
-

11
I

[
J_
'.L

=:
J

J
'

J
+

1
--

1
"-

-
LO

CA
TI

ON
~

~,
RI

G
/IT

s_
~~

_
~
o
-
/
/
'
>
-
-

'
(
,

LE
!T

_S
~D
E
~
_

'"
-.!..

.--YP
-~-2-

:-~--
-(K-,

.l-IS
-P-EC

-(J))
JI~
~
\

~~~
ATI

ONS
I

SE
lE

C
T

O
PE

RA
TI

O
N

D
IS

PL
A

Y
AN

D
PR

IN
T

O
PE

RA
TI

O
N

SE
QU

EN
CE

»
~

n

~
0 0 m

~
0 m

0
-

z ....

.a::
.

z 0
:J

a ~
I

I
iii o zII

> n )0 ... m

"w~ » -<

•
YE

S

~
.

RI
G

H
T

II
> :r m m ....

~ o N ~ o o I-
'

LO
C

A
Tl

O
H

<.
'.K

IM '0
T

-:
'f'

,L
EF

(X
l

U
1

F
ig

u
re

4
-8

.
D

SP
SQ

R
o

u
ti

n
e

F
lo

w
C

h
ar

t



"
.

..
1-4

CR
T

D
IS

PL
A

Y

(0
) J

/
(
C
M
~

~
,
N
O

30
~
~
-
-
-
.
-
-
-
-
-

TY
PE

10
0

.
.

.
-
-
-
-
~

-
-
-

_.
._
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-

IN
PU

T
SO

UR
CE

FO
R

'
TY

PE
'

DA
TA

o
'

TE
RM

IN
AL

1
'

NE
W

FI
LE

2
'

AC
TI

VE
FI

LE

LO
GI

CA
L

U
N

IT
,

•
KC

Hl
lU

•
1

•
KP

RH
U

•
2

•
KC

AS
U

-
3

•
I(J

JP
RU

•
4

,
K

Fl
G

U
•

9fR
Ef

ill'
(iiC

HDii
:lk~

-.:.
.:.i

=---
=:-:

---J
-;-~

rUT

I.
.

---'
:':T

__.
~

=--
SO~

":
_

_
1

2
3

J
1
.
_
.
~
l
i
~
r
m..i

~a
l

--
·J

!E
W

fi
iT

--
--

--
-l

i-
.-

=
r.

.A
CT

I.V
E

FI
LE

[~
~~
~~
l-
-

5J
~
)

[K
DE

V~
H~

-:
H

H
]

~
</
~U
'-
>f

,
NO

V
Y

,
.
~
_

'-..1"
YE

S
50 fTY

i>E
-io

4
~

__~
_-
=
---

---
--.

1
.

R
ES

TA
R

T'
TY

PE
'

DA
TA

.
SO

UR
CE

?
J

I
o

'N
O

;
1

·
YE

S

9
-
:
:
..

-
-
-

-
_.

_.

L
Jl

E
A

D
CK

CH
OO

;-io
lj

-
-
[
-

--'
j

Ill
PU

T
-T

--
--

A
CT

IV
IT

Y

RE
W

IN
D

.
/
~
'

NO

<..
.L

~
Y

E
S

'
-
-

]1

[R
EW

lN
rliR

---
r

---f
---·

J -
-

~
-
-

-

(
~)

KD
EV

11
KO

EV
2

~
~
n

K
D

EV
l5

_
~
A
!
A
.
S
Q
U
~
C
~

~
C
!
I
~
I
!
Y
•
•
•
•
•

_

•
!O

•
•

_
~
S
~
R
!
P
!
I
Q
H
_

•
_

•
_

_
•

1
UP

DA
TE

PR
GR

H
CH

O
2

UP
DA

TE
PA

RA
I£

TE
R

3
UP

OA
TE

CA
SE

4
UP

DA
TE

OP
ER

AT
IO

N
5

UP
DA

TE
FL

AG

r~~
PE

90
=r
--
~~
__
-

.'
IN~

~~~
~~

~~
--

--
--

-~
=-

10
'

AC
__

_
T1

Y
IT

Y

C
~
;
;
(
~

__
E

-~
_~

~~
~
---

---
...

.1
0

1
)

-
'-

I
H

J
IN

PU
T

10

~
~
,

[
,
(
~
-
-

~-
-_
.

Ii
f.

H
RT

N

"
'"

">
G

U
"

:i
iQ

U
N

IT
NU

M
BE

R
~

..
:'1

11
4:

5
~

.
r:

"f
:J

I
C;

l

TY
PE

99

r
J

DA
TA

CO
NT

RO
L

SO
UR

CE
1.

1
~

.'
r-

o
S

.R
C.·

·.E
·-

-)
'

(1
I0

R
)

(
)

r
\...

-
_.

.
\.

.A
._

--
L

..
..

__
.

..
•~

r
-
-
-
-

DA
TA

TY
PE

S
1

2
(.

.
-
L
_
~

··
~l

~~
-l

CR
T

/
---

"
~

NO
D

IS
PL

A
Y

<
/

KC
M

OO
'.

-
-
-
!
-
.-

-
-
-
-
-
-
.

-
~
"

:5
//

/
'-

/"
YE

S

--o
J

-
(II

O
R

)

~
~
=
>

D
IS

PL
A

Y
PA

RA
ll:

TE
R

DA
TA

SO
UR

CE
S

-
-

-
-

-.
~

~ o ~ o o f-
'

»
~

-
n 0

tv
c m

~
0 m

0-
-

z ....

~
z 0

'"n }> ,... m

~

'" :I: m m ....

~
;lI

D <I
I

ii
i o Z

~ ~ -< " '"

0
0

0
'

F
ig

u
re

4
-9

.
D

SR
CE

R
o

u
ti

n
e

F
lo

w
C

h
ar

t
(S

h
ee

t
1

o
f

2)

-.



TYPE 102

APPEND
'.DAT'

INPUT
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Figure 4-9. DSRCE Routine Flow Chart (Sheet 2)
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4.10 IDENT
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Figure 4-10. DSSAC Routine Flow Chart
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,~,.ll OPDFM

This routine is associated with the manipulation of the dragline operation data. It

:)errorms page formatting to list the operation data on the line printer. It is called

by the PROPD routine. It formats one line of operation data (20 character;) each time

i.t is called. (SE!e Figure 4-12.)

,~·.12 OPDUP

This routine is associated with the manipulation of the dragline operation data. It

(~ontrols the input: and/or editing of operation data. It is called by the OPSEQ rou­

t:ine. (See FigurE! 4-13.)

,\·.13. OP SEQ

This is the main routine for controlling the manipulation of the dragline ::>peration

sequences and dat~l. It requests what type of activity (Change, Display or Print)

i.s to be performed and at what level (Sequence or Operation). It then calls the

appropriate routines.

Data can be input from either the CRT terminal or a previously prepared data file •

(See Figure 4-14.)

'\f.14 POSIT

This routine positions the cursor of the CRT display. It controls the location of

the information displayed on the CRT. (See Figure 4-15.)

'~f .15 PRNPD

This routine is as:sociated with the manipulation of parameter data. It prints the

mine and dragline parameters on the line printer. Each line of parameter data 1s

Jormatted and placed in the A(5,6} array for printing. It 1s called by the UPSET

Toutine. (See Figure 4-l6.)
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Figure 4-12. OPDFM Routine Flow Chart (Sheet 2)
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4.16 PROPD

This routine is associated with the manipulation of the dragline operation data. It

prints the operation data on the line printer. A maximum of six operations can be

printed on a page. Each line of the page is formatted, stored in the A (5,6) array

and printed. It is called by the OPSEQ routine. (See Figure 4-17.)

4.17 UPCASE

This is the main routine for controlling the manipulation of the case parameters. It

requests the type of activity (Change, Display or Print) that is to be performed CiIld

then performs the activity.

Data can be input from either the CRT terminal or a previously prepared data file.

(See Figure 4-18.)

4.18 ~

This is the main routine for controlling the manipulation of the program flags. It

requests what type of activity (Change, Display or Print) that is to be performed

and then performs the activity.

Data can be input from either the CRT terminal or a previously prepared data file.

(See Figure 4-19.)

4.19 UPSET

This is the main routine for controlling the manipulation of the mine and dragline

parameters. It requests what type of activity (Change. Display or Print) is to be

performed and which parameter category is to be manipulated. The parameter categories

are:

i
0 Mine and Hopper I

0 Dragline Specification

0 Dragline Performance

0 Bucket

0 Overburden

0 Curves

Data can be input from either the CRT terminal or a previously prepared data file.

(See Figure 4-20.)
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i CRT 4I
i DISPLAY
I KCASU ~ , NO
I :5

=, YES
I

i BLANKI

I
I

TYPE 107 DISPLAY
HEADER

I
TYPE 100 DISPLAY

VALUES

I
I TYPE 108 BOTIOM

LINE

I
I II

, TYPE 104
! INPUT CHANGEI

o '" NONE
10, VAlUE'" CHANGE

,
I I(i

5
I

READ (KCASU, 105) I. X UPDATE THE
PARAMETERS

I
I

00"' <$>" , YES
1:0

.. , NO 1
C2JI CASX(I) • x I

I

Figure 4-18. UPCASE Routine Flow Chart (Sheet 2)
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....,------------------_...._-----------_._-----..,

4.20 'W1\HDR

This routine is associated with the changing and displaying of the mine and dragline

pa~ameters. It displays the parameter identification header above the column of

parameter data. It is called by the PSPPD routine. (See Figure 4-21.)

ARGUMENTS
I = LOCATION CONTROL
J = PARAMETER TYPE

SETNM = PARAMETER NAMES

WRITE PARAMETERC ~ (I. J. SETNM)
HEADER ~

~~ =. LEFT COLUMNLOCATION 1:0

f. RIGHT COLUMN 1
,...-------:1.--------,

TYPE 100 TYPE 101
I---------j- - .. - - - - - - -

'PARJIMETER NAME I- - .~ - - - - - - - - -
NAME 10 VALUE _- - .. - - - - - - - -

(RTN )

Figure 4-21. WRHOR Routine Flow Chart
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5. DRAGLINE PROGRAMS

This section describes the individual dragline simulati.on routines.. Written descrip­

tions, flow charts and lists of intenlal symbols may be used to describe each routine.

Common block symbols used by the routines are identified in Appendix B.

5.1 AHOP

The AHOP routine is called if a hopper is to be simulated in the current operation.

AHOP calculates the center coordinates of the hopper, the angle thE! hopper length

makes with the X-axis and the angle limits that determine where thE! bucket is to be

positioned for dumping into the hopper. The flow chart and symbol table are given in

Figures 5-1 and 5-2.

The hopper center coordinates (HPCX and HPCY) are inputs. One of these coordinates

is input as a negative number and the other as a positive number. The negative coor­

dinate serves as a cue for AHOP to compute that coordinate using the positive input,

the dragline position and the dragline's reach. The angle the hopper length makes

with the X-axis is also an input. If this input is positive, the hopper is placed at

this position. If the angle input is negative, the AHOP routine computes that angle

which positions the hopper length perpendicular to the dragline boom.

The coordinates of the hopper's corners are also computed by the AHOP routine. This

information is used to define the physical limits of the hopper to avoid hitting it

with the bucket and to compute the angle limits that determine the hopper opening.

The angle at which the dump can be initiated is determined by intersecting the circle

centered at the dragline position with radius equal to the carry radius and the hop­

per sides. There will actually be two angles; one for a left-handed approach and one

for a right-handed approach. Similarly, two angles are computed to determine by when

the dump should be completed. The radius used to compute these angles is the operat­

ing radius rather than the carry radius. Thus, the initial angle i.ndicates when the
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•

drag should begin to payout and the final angle indicates the limit pass which the

bucket should not be swung while dumping.

5.2 AOBR

This routine displays and prints the totals and averages for each stripping operation.

At the completion of a simulation run it displays the SE!quence or case totals and

averages. If no cycles were taken, the routine exits wi.thout displaying anything.

The averages are calculated first and then the totals and averages are displayed. A

swing angle histogram is displayed when the results of c:tn individual operation are

being displayed. (See Figures 5-3 and 5-4.)

5.3 BeORD

This routine generates a bucket path from the current bucket position to the end

coordinate specified by the calling arguments. It searches the overburden area and

spoil pile for possible obstructions and modifies the bucket path to clear any ob­

structions. A series of bucket path coordinates are generated to move the bucket

from the dig to spoil positions and vice versa. The bucket path is a smooth trajec­

tory, selected so the hoist, drag and swing motions arri.ve at the end coordinate

simultaneously. For the following discussions, refer to the flow charts in Figures

5-5 and 5-6.

During normal overburden removal cycles, the dragline wi.ll swing clockwise to the

dump position and counterclockwise back to the dig position. There are several simu­

lation options that can modify this normal procedure:

o Take the shortest swing angle.

o Make a 360 degree swing.

o Hoist above all obstructions.

When the shortest swing angle option (KSHT~O) is selected, the dragline swing angle

is compared to 180 degrees. If it is greater than 180 degrees, the dragline will

swing in the opposite direction, taking the shortest swj.ng angle.
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When the 360 degree swing option (K360~0) is selected, the dragline 'will swing 360

degrees if it will reduce the cycle time. A critical s~Lng angle (SX360) is calcu­

lated from the dragline swing performance. When the swing angle to the dump position

exceeds this critical angle a 360 degree swing will be made with the dragline dumping

on the fly.

When the hoist over all obstructions option (KOVR~O) is selected the bucket will be

hoisted above all obstructions. When the dragline is positioned close to the spoil

pile, as in the bench removal position, the spoil pile may interfere with the normal

bucket path. The hoist over option will raise the bucket higher to clear the spoil

pile. If not selected, the bucket will be held closer to the dragline to miss the

spoil pile. When returning to the dig position, the bucket must hoist over all ob­

structions.

Once the swing direction has been determined, the swing angle is calculated and the

theoretical swing time is calculated from the dragline swing performance data. The

area between the initial and final bucket positions is searched and an array of

heights (contour array) is created. The contour array is searched to find the highest

obstruction.

The dragline bucket must be carried inside the operating radius to prevent the over­

burden from falling out. This radial distance is calculated and will be referred to

to as the carry radius (Re). Beyond this radius the bucket is assumed to dump. When

swinging to the dump position the bucket is not allowed to exceed the carry radius

until the remaining swing angle is less than the dump angle (DMPA).

The bucket path coordinates (BPATH) generated by BCORD will be passed to the TPWR

routine which will calculate the mass dynamics required to move the bucket along the

path.
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5.4 BFILL

The BFILL routine calculates the dump coordinates for bench fill operation:, and pro­

cesses the overburden array to insure proper distribution of the dumped ma~erial.

On the reset pass, the BFILL routine sets up the sequencing of the fill op,~ration.

~[be inputs from the operation file are the angle limits BFLA and BFRA, the fill height

::'LlIT, and the dire~ction of fill DOF. The routine sets up a loop that incr,~ents the

dump coordinates from the outer radius to the inner dumping radius and in the direc­

tion prescribed by the DOF flag. This means the outer rim would be filled first and

',rould progress in~rard toward the dragline. The increment in the radial direction is

one bucket length. The angular increment is that angle corresponding to one bucket

',ridth of arc length at the given radius.

I~

The routine computes the average height of the material in a square centered about

the proposed dump coordinates. The dimensions of the square are equal to the average

c,f the length and width of the bucket. It then compares this with the desired fill

height. Material is dumped at this coordinate until the proper average height is

attained. The routine will function the same regardless of whether the material is

smoothed by bucket heeling. Slightly more material will be dumped into a region if

bucket heeling is done.

The material is distributed over a set region as it is dumped. One third of the ma­

terial is dumped a half of a bucket length before (along the bucket radius) the dump

eoordinate. One-half of the material is dumped at the dump coordinate. One sixth of

l~he material is dumped one-half bucket length behind the dump coordinate. The actual

spreading of the IDaterial is done by the subroutine SPREAD.

Note that if the BliEEL flag is set (FLHT is negative), the routine BFILL ,,'ill trigger

the bucket heeling by setting the flag leS 0= -1 if the average height is e:qual to or

greater than the fill limit. The flow chart and symbol table are containe:d in Figures

5-7 and 5-8.
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5.5 BFL

This routine controls the bench fill procedure, removing the overburden a::ld dumping it

on the bench. For the following discussions, refer to the flow chart in!."igure 5-9.

±' (NX. NX. NY)

-o-IGH--.-HO- i MAX DIG HEI~HT
DISPLAY TYPE OF OPERATION i 'BENCH FILL

r-;;h (NH. ~X. NY)

~
OBR OVERBURDEN REIIlVAl

L (MH. n. NY)
DISPLAY AND SUM
THE TOTAlS

\ RTN "

Figure 5-9. BFL Routine Flow Chart

The maximum dig height (DlGH) is limited to the total overburden height and the over­

burden removal routine (OBR) is called. OBR terminates when the bench area defined

by the bench filI operation parameters has been filled to the specified height. The

BFLF routine is then called to display the operation totals for this bench fill opera- ~

tion and to sum this operation with the total bench fill operations.

5.6 BFLF

This routine writes the current bench fill operation totals on the line printer and

on the CRT terminal, when controlling the number of cycles to be removed. For the

fol.l.owing discusldons, refer to the fl.ow chart in Figure 5-10.

The IDENT routinl! issues a top of form command and writes the identification header

(date, time and file name). The operation number and type of operation are then

written.

The current bench fill totals (OBRX) are passed to the AOBR routine where they are

averaged and displayed.

The current operation totals are then summed with the total bench fill fi.gures (TBFL).
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( BFlF )

I

NIT CYClES 0TAJ:EJl CYCI _.-,.c..;;NO~ --,

;0 .;to ,rES

T
/

BLAIIl: BLNI( CRT

I
( 1DE1lT 1:l£IlTIFlColTION H£J\IlER

I
I WRm: 101 I

I OI'ERATIOIl , 8DIOl FlLl. I
I

( .. (08RI. AIfI.)

10 I

I
I 0. 1--?20 ITIrr~TIFl. (I) • TIFl. (I) + 0IIUl (I ) Bf.JlOi FlLl.

I

1<
( Il1lI )

Figure 5-10. BFLF Routine Flow Chart

5.7 BHEEL

The routine BHEEL calculates the bucket path coordinates and distributes the material

for bucket heeling during bench fill operations. (See Figures 5-11 and 5-12.)

Bucket heeling is triggered by BFlLL. After dumping the bucket, if the average height

in a neighborhood of the dump coordinate is equal to or greater than the desired fill

height, a flag, leS, is set as an indication to call BHEEL. In BHEEL, the initial

coordinates (one bucket length toward the dragline cab from the dump coordinates) are

computed. An iterative process is then set up that sweeps at the fill height from

that point out toward the end of the boom. The width of this sweep is the width of

the bucket rounded up to the nearest yard. The purpose of this sweep is to simulate

the advance of the bucket heel. Each array coordinate encountered is compared to the

fill height. If the material height is greater than the fill height, the material is

removed (subtracted from the grid) and added to the carry volume that simulates the
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material being pushed by the bucket heel. If the material height is less than the

fill height, some I~terial from the carry volume is used to fill this area. This is

done by calling the subroutine SPREAD. If the carry volume is zero or insufficient to

fHl the "hole" it remains being filled by what volume was available. Similarly, if

the material height is greater than the cut height but the carry volume is already at

its maximum value, the height of the sweep is incremented by one foot. The process

is then continued. At the completion of this iteration, the sweep height is reset to

the fill height. The maximum carry volume is taken to be 2/3 times the bucket width

in cubic yards.

The sweep continueB for two bucket lengths from the initial coordinate. If the carry

v:>lume is zero at this time, the sweep is halted. If not, the sweep continues out the

radius until the carry volume is zero or the bucket is under the boom sheeve. In the

latter case, the carry volume is dispersed in the last iteration step.

A~; the sweep is done, the coordinates of the bucket path are computed. This is usually

done every six feet modulo roundoff. These coordinates and the carry volume at each

coordinate are then passed to BPWR for power computations.

•
5.8 BNR

1'::lis routine controls the normal bench removal procedure, removing the overburden and

dumping either on the spoil pile or into a hopper. For the following discussions,

r,:~fer to the flow chart in Figure 5-13.

(NIl, NX. ItY)

I
( BNR
'--....-

DIGH • ItO
DISPLAY TYPE t.lF OPERATION

MAX DIG HEIGHT
•BENCH REillYAL I

I
(NIl, NX, ItY)OBR OVERBURDEN

I
ROOYAL

BNRF (NH. !tX, NY)
DISPLAY AND SlIl

1 THE TOTALS

( RTH )
Figure 5-13. BNR Routines Flow Chart
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routine is called to disp]By the operatlon totals

b.eight and the G\le~-·to the total overbtlrden

willen the '=',enc.h has been n:~moved, the BNRFis ca1lE~d.

\.DIGH) -'.s limitl'!d

(ORR)burden removal routine

and to sure this operation ~~'ith the tOta.l_ bencil r,::'IDoilal (lpe:racions ..

5.9 BNRr

This routine writ:es the current bench removal operation totals on the line printer

and on the CRT terminal, when controlling the number of cycles to be removed. For the

following discussions, refer to the flow chart in Figure 5-14.

(IlIIRF ) (lilt, RX, If()

I
NlYClCU3 ~:.1lC>
TAm! <Q8~(Il),----'

.... :0
f. YES

lOEllTIFlCATICII
HUllER

lIIliTt 101

LOPf_RA_T_IIlN_'__.,..._Wl_~_'_IlDIl_V_AL__,J

(OSlU. ABIIR)

l·l--}2O

TllIItl(I} • T1Illt(I) • OIIIU(I)

Figure 5-14. BNRF Routine FIm, Chart

The IDENT routine issues a top of form command and writes the identification header

(date, time and file name). The operation number and type of operation are then

written.

The current bench removal totals (OBRX) are passed to the AOBR routine where they are

averaged and displayed.

The current operation totals are then summed with the total bench removal figures

(TBl\TR) •
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5.10 BPWR

The BPWR routine c1)mputes the power used in loading the bucket and in smoothing the

t':arrain by heeling during bench fill operations. These two operations require motion

in the opposite di:rf>ction. In loading the bucket, th:= motion is toward the dragline

cab. In bucket hel:aling, the motion of the bucket is away from the dragline cab. The

flag, leS, is used to indicate to the BPWR routine which of these motions to perform.

\ole first discuss bucket loading.

The coordinates of the bucket loading path are generated by the routine BUCKET.

BUCKET generates these coordinates which are stored in the arrays BPX, BPY and BPZ.

It also records th,: volume of material removed along this path and the surface area

0 •• the material CUi: by the bucket edge. The volume information is stored in the array

BTV (I,J). The Index I is on the material layers. The Index J is on the increment of

the bucket path. The length of this increment is approximately 10 feet (see descrip­

t:lon of BUCKET roul:ine). For each increment of the bucket path, the BPWR routine cal­

culates the force :required to move the bucket and the subsequent power used. There

al=e three factors I~onsidered in the force calculations. The frictional force, the

cutting force and l:he force required to pack the material in the bucket. (See Figure

5··15.) The bucket weight is the empty bucket weight plus the material loaded into

the bucket at that time in the loading process. This is needed to compute the fric­

t:lonal force of sl:lding the bucket along the path. The coefficient of friction is

taken to be one. The cutting force is proportional to the surface area of the

material being loaded. The constant of proportionality is a function of the material

a[ld is stored in the array HBANK(5. I) where I i.s the i.ndex on the layers of overbur-

dem material. Thill force simulates the cutting or shearing of the bucket edge through

the material. The packing force is proportional to the amount of material entering

the mouth of the bucket. The constant of proportionality is denoted by CARF and this

number is independE!Ot of the material. It is an input parameter.

It: is assumed the forr;e applied to the bucket will be through the drag motion. Only

in instances where a stall condition is reached or the bucket path is steep will the
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PH-HOIST I
FORCE

FWMV - HEELING FORCE

1
FW - WEIGHT

)
FC - CUTTING FORCE
FF - FRICTIONAL FORCE

Figure 5-15. Bucket Forces for Digging and Heeling

SIZE eOOE IOENT NO.

A 12464 WE02M001

11~2151!SA1B {It MAY 73'

SCALE IlEVISION SHEET 132



r
hoist motion be used to help. If the hoist motion is used, the frictional force drops

out and is replaced by the horizontal component of the hoist force in the computation

of the total drag force. The force calculations for hoist and drag are dore for each

increment. The av,erage bucket weight and the average angular displacement are used in

the force calculations for each increment. After the drag and hoist forces are com­

pleted, the time r,equired to perform these motions is determined. This is done by

doing an interpolation of the dragline's performance tables. There is alsc a drag

speed limit which is considered in the calculations. This speed limit is computed from

the performance parameters; ALT - loading time, and RNTL - loading length. It is

assumed that the operator never exceeds this speed when loading the bucket. Stall con­

d:itions are determined by the input stall speed. If the drag speed falls below this,

it is assumed that the hoist force will be used to "loosen" the bucket. The force is

then multiplied by the average velocity to determine the average power usage. The

r.3.W power is multiplied by the reciprocal of the drag efficiency to determine the

power required by the drag motors. The efficiency is determined as a function of

force. The efficiency is equal to the input parameter EFD unless the force exceeds

the knee of the performance curve. In which case the efficiency drops linearly from

H'D to EFD -0.10 as the force increases from the knee to the stall load.

The modelling of the bucket heeling is done after the same fashion only the motion is

ill the opposite direction. The hoist motion is used to pull the bucket tOw'ard a point

under the boom she,eve. The bucket path coordinates are generated by the routines

Bl?ILL and BHEEL and are stored in the arrays BPX, BPY and BPZ. Also, the amount of

material carried by the bucket heel is stored in the array BTV (1,1) where I is the

index on the bucket path increments. These are the same arrays used for the loading

motion. The horizontal component of the hoist force is proportional to the carry

vc,lume and the frit:tional force of the empty bucket. This constant of proportionality

is taken to be one as in the coefficient of friction. The drag force is used to

support the bucket at the fill height if the carry volume is zero. This assumes if

the carry volume i;;; zero, there is not sufficient material under or being moved by

the bucket to be of any consequence. The time and power calculations are then made
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by interpolating the performance tables. The flow charts and symbol table are given

in Figures 5-16 and 5-17.

5.11 BUCKET

The BUCKET ana DIG subroutines determ.i.ne where the bucket is to be loaded each cycle.

The DIG subroutine sets up a search pattern to increment through possible bucket paths

in the dig area. In the BUCKET subroutine, each bucket path is processed to determine

if a load can be obtained along this path. A bucket path is a rectangular area extend­

ing from the initial point generated by the DIG subroutine to a point in front of the

dragline fairlead determined by the length of the drag chains and cable. The width is

equal to the bucket width. The BUCKET subroutine defines this rectangular area in

terms of the line segments that form its border. The overburden grid is interrogated

from rear to front and the volume of material above the cut height is accumulated. If

this volume eventually equals EBC, the effective bucket capacity, the bucket can be

filled along this path. Once this has been determined, the process is repeated and

the material is loaded. The bucket path is segmented into increments of approximately

10 feet. The volume of material removed from the grid each increment is stored in an

array corresponding to that increment. Also, the surface area the bucket cuts through

to remove the material and a series of coordinates that define the trajectory of the

bucket is stored. The bucket i.s initially at the cut height determined by the DIG

subroutine. As it is loaded, the bucket follows the terrain of the grid minus the

cut depth. If the front or lower plane is encountered, the bucket follows the plane.

The coordinates, the volume removed, and the cutting surface area are used by the sub­

routine BPWR to compute the loading energy and time.

Not all bucket paths produce a full load. There may not be much, if any, material

above the cut height set by the DIG routine. So the digging may have to stop before

a full load is obtained. The loading must be stopped if the drag ropes are pulled in

as far as possible or the drag ropes are rubbing on the overburden. When a restric­

tion is reached, the bucket loading stops and a decision is made whether to accept the

load, reject the load or return for a second pass. The volume accumulated in the
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The cut depth of the bucket is input by the parameter HeH. However, if the material

has a cut force coefficient (CUTF) greater than or equal to 50,000 the CU1: height

The cut height is determined by the DIG subroutine. If the lower plane i~l parallel

to the X-Y plane, the cut height is never below this lower plane. If the lower plane

slopes toward the toe of the dig, then the bucket path can intersect the :Lower plane.

When this happens, the bucket follows the contour of the lower plane, taking all the

overburden material above it.

.A. bucket path may also be rejected if the ratio of VOlume accumulated to the length is

to low. This ratio is the parameter entry SCLl. The length is measured from the

start of the dig to the present position. The s tart of the dig is the inc:rement be­

fore that increment of the bucket path where material was first encountered. If this

load length exceeds one half of the operating radius, the volume vs. length test is

made. This prevents taking unnecessarily long loads.
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SCALE

search along the bucket path is compared to BPLFL BPLFl is a test volume computed in

the OBR subroutine. If the accumulated volume is greater than BPLFl, it ;.;ould not be

::Jrofitable to make a second pass to get a fuller load and the load is acce.pted. The

value of BPLFl is usually about 80% of the effective bucket capacity, depending on

the characteristi:s of the dragline. That is how fast it could make a second pass.

If the accumulated volume is less than BPLFI it is compared to BPLF2. BPLF2 is a test

volume that is percentage of the effective bucket capacity. The percenta~;e is entered

as the parameter BFL2 in the parameter input file. If the accumulated volume is less

than BPLF2, the load is rejected and another path is searched. If the accumulated

"\Tolume is greater than BPLF2, a second pass will be made to fill the buckE:t above the

BPLFl limit. In this case, the BUCKET routine accepts the load. The load is then

removed and the BUCKET subroutine searches for a suitable path to get the load above

the BPLFI limit. In no case will the dragline make 3 passes to get a load. The value

of BFL2 is usually set at 60 to 70 percent. The parameter controls how mIlny second

passes are taken and how 'clean' the dig area will be upon completion of the operation•
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is reduced by one if the angle drag ropes make with thl; horizontal is greater than 29

degrees. The value, 29 degrees, is an approximation based on field data. Figures

5-18 and 5-19 contain the flow chart and symbol table.

5.12 DIG

Each dig volume is defined by an operation file. The boundaries of the volume are

defined by the front plane, the lower plane, the dig range, and the left and right

dig wall angles. The DIG subroutine sets up the procedure to remove the dig volume.

The material is removed in layers from the top down. The thickness of the layers is

given by, HCH, the bucket cut depth. Each layer is partitioned into bucket paths. A

bucket path is a rectangular area a bucket width wide E!xtending from the front plane

to the specified dig range given by RI and R2 in the operation file. All bucket paths

are centered on a line passing through the dragline center of rotation. The bucket

paths overlap slightly near the operating radius and more so nearer to the fairlead.

Then all the material of the layer is included in the series of buc.ket paths. The

DIG subroutine calls the BUCKET subroutine to search each bucket path for a load.

Figure 5-20 shows a typical bucket loading sequence required to remove a layer of

overburdE!Il. In the example, elevE!Il bucket loads were required to remove the layer of

overburden. Bucket paths A through G were sequentially searched and bucket loads I

through 7 removed. The order of removal is determined by the direction of dig, KDGD,

which appears in the operation file. The bucket paths were searched a second time.

Bucket load 9 in path B was not a full load. The front: plane boundary and/or the

drag stop limit was encountered before a full load could be achieved. Sufficient

volume existed so the overburden was loaded and spoiled. Path C was rejected, the

volume was not worth loading. A partial load was removed from path D (IOD) and a

second loading pass was made along path E (IDE). Bucket load 11 is removed from

paths F and G. The bucket paths were searched a third time. No bl1Cket loads were

achieved, so the dig height was decreased and the next layer removed. The overburden

that could not be removed (shaded areas) may be removed later. As the layers are re­

moved, the side dig wall angles are maintained by decreasing the width of the layer.

A vertical cross-section of the side walls would look like a stair step descending

to the bottom of the cut.
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:he DIG routine calls the BUCKET routine twice each cycle. Once to load the bucket

md then to search for the next load. The first search is done in the res,~t mode at

:he start of each operation. DIG also calls subroutine BPWR after each bUi:ket load.

lPWR calculates the energy and time to load the bucket from the data stored by the

mCKET subroutine. If a second pass is required to load the bucket, the DIG subrou­

:ine treats it as another cycle although it is recorded by the higher level program

lBR as a second pass. The flow chart and symbol table are contained in Figures 5-21

md 5-22.

i-13. DRAG

:he DRAG subroutine is called by EXDRG. DRAG in turn calls subroutine INAl1 to name

:he case and record the time and date. If the IXF flag is zero, DRAG callB subroutine

lATA to enter the parameter, operation and case data. If the IXF flag is not zero,

:his information has already been entered in subroutine WRDG which is call1!d from

~XDRG. In this case, DATA is not called but the device unit number is set to 8 indi-

e:ating there will be no inputs from the CRT. DRAG then checks the end flag KEND which

c:an be set in DATA. If DRAG is not to end, it calls subroutine INT. INT :lnitializes

t he pit and spoil pile either by creating a new pit and spoil pile or reading a pre- •
pared file. It also initializes the values of variables and constants used in the

simulation. After initializing, DRAG sequences through the series of operations to be

simulated. The t,pe of operation is stored in the array ISPEC. The operation number

:l.s KSE. ISPEC (KSE) equal to one corresponds to an overburden removal, a two to a

bench fill, a three to a bench removal and a four to a move. DRAG calls either DBS,

llFL, BNR or MOVE depending on the value of ISPEC (KSE). After each operat:Lon is simu-

ated, the resulting pit is written into a file. DRAG calls subroutine PFTLE to do

this. After all the operations of the series have been run, DRAG calls WTOT to com­

pute and record the totals and averages of the operations simulated. DRAG also calls

subroutines DATE and TIME to determine when the run was completed. DRAG then closes

devices 5, 6 and 7 and returns to EXDRG. (See Figures 5-23 and 5-24.)
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•

5.14 DTOT

This routine displays and prints the totals and averages for each type of simulated

Jperation and the total simulation results. Only operations that were actually per­

formed will be di.splayed. For each operation a:

o New Page is Started

o Simulati,:>n Identification Header is Printed

o Type of Operation is Printed

o AOBR Routine Prints the Totals and Averages

:i='igure 5-25 contains the flow chart for this routine•

.5.15 ~

This routine searl:hes the spoil pile for a dump location that can be reached by the

dragline. When a dump location is located the swing angle and the X, Y coordinates of

1~he dump location are calculated.

If dumping into a hopper, the swing angle is set equal to the angle through the center

of the hopper and the dump height is limited to the minimum and maximum hopper dump

heights.

There are numerouB considerations and constraints that must be resolved when dumping

1m the spoil pile.. (See Figure 5-26.) These include:

a. Allowable Spoil Advance (XSL)

b. Direction of Spoil Advance Buildup (KDOS)

c. ~p He:Lght (H)

1. Layers (HTS)

2. M~~imum Spoil Height that can be Reached from the Current Dragline
POllition (THR)

3. Buc:k.wall Height (HBW)

4. Spoil Peak (HS)

5. Mm~imum Spoil Height that could be Reached by the Dragline (HMX)
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Figure 5-26. Spoil Pile Dump Area D~agram

HS

HMX

The dump area of the spoil pile is defined by the parallelogram defined by the spoil

peak location (XSP), the allowable spoil advance (XSL) and the angle of repose (SSP).

This parallelogralt, is searched for a spoil height that is below the desired dump

height. The direction of search is specified by the direction of spoil flag (KDOS).

The parallelogram will be filled in layers. The layers can be specified aB a percent­

age (SM) of the spoil peak height (HS). These layers are shown in Figure 5-26 as HTS
I

,

HTS 2 and HrS
3

• When a layer is filled, the dump height is incremented to the next

layer height. If the parallelogram is to be filled as a single layer (SM .. 100%), the

dump height will be either the spoil peak height (HS) or the buckwall height (HBW)

ci,epending upon the type of overburden in the bucket. If the dragline has llufficient

I'each to stack the overburden Mgher (BMX) than the spoil height, it will cio so when

the parallelogram is full.

No matter what dump height is desin~d, th~ dr3.gline will not stack the overburden any

t.igher than can be reached from its current position (THR). If a spoil pOllition within
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reach carmot be located, the dragline will swing perpendicular to the spoil pile and

dump. The volmne of overburden dumped in th,is manner is considered rehandle and is

listed as such in the operation results. Fi.gurE's 5-27 and 5-28 contain the flow chart

~~d symbol table.

5.16 EXDRG

EXDRG is the main program of the simulation. It calls the DRAG subroutine which se­

quences the simulation through the operations entered. EXDRG exists only to sequence

DRAG through the files prepared by the DINP program. EKDRG calls WRDG to read the

ACT.FIL file. This file contains the index pointers as to what files to read and simu­

late. The set nmnber and file names are contained in the ACT.FIL. EXDRG then calls

WRDG again but with the flag IT set to zero rather than -1 as on the first call. If

IT is set to zero, WRDG reads the case file *.COM which contains the case data and

index pointers for this set. EXDRG then enters 'a nest of DO's. For each pass, it

calls WRDG with the IT flag set to one to read the operation data stored in the DV2

type file for that operation. Subroutine DRAG is called to simulate the operation.

• EXDRG executes this DO loop until all operations have been simulated.

If the IXF flag read in by WRDG from the ACT.FIL is a zero, this indicates no files of

DV2 type are to be read. EXDRG jumps directly to the DRAG subroutine. (See Figures

5-29 and 5-30.)

5.17 INAM

The subroutine INAM is called by DRAG. If the IXF flag is set to one, INAM calls sub­

routine DATE and TIME to establish the data and time and then exists. If IXF is set

to zero, INAM asks for the file name to store the results and asks :if the cycles are

to be controlled as well as establishing the time and date. (See Figures 5-31 and

5-32. )
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5.18 INT

The subroutine TNT is called by DRAG before the first operation of each case file. INT

p':lrforms the follm<7ing functions:

o INT assi~ls the proper file names to store the simulation results. The re­

sults are written into DV5 and DV6 file types if the cycle control flag KCYC

is not set. If the KCYC flag is set, only the DV6 file is saved. The first

name of the DVS and DV6 type files is input in subroutine INAM if the IXF

flag is SE!t to zero in the file ACT.FIL. If the IXF is set to one, the first

name is taken to be the same as the first name of the DV2 data file.

I
I

j~
!

I

o INT initializes the overburden grid and the spoil pile. The grid and spoil

pile can be read in from an existing file or built up from the data given in

the paramE!ter and case files. To read in a file, the name is entered through

the CRT unless the IXF is set to one. Then the file name is determined in

subroutinE! WRDG and passed to INT in the RFILN array. The spoil pile and

overburden grid can be created by INT as specified by pit width, spoil peak

location. overburden height and other parameters. INT calls the subroutine

PINIT to build up the overburden grid. The spoil pile is created by INT

with help from subroutines SHGT and SVOL. Even 1£ a file is read to initial­

ize the overburden grid. it is possible to create a new spoil pile which rill

overlay the spoil pile read from the file. This option appears as a question

on the CR~:.

o INT calculates the values of constants and initial values of many variables

used in the simulation model. The inertia of the dragline, the acceleration

and decelE!ration rates, the total overburden height are a few of the items

calculated.

o !NT writen out some of the more essential constants and input parameters into

the DV5 aI~ DV6 type files. This provides a header for the simulation results

which are to be written in the same files.

SE!e Figures 5-33 and 5-34 for the flowchart and symbol table of this routine.

SIZE CODE IDENT NO.

A
SCALE

12464 WE02MOOl
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5.19 MOVE

This routine controls the sequence of events necessary to move the, dragline and/or a

hopper from its current position to a new position. (See Figure 5-35.)

The dragline moves in a rectangular pattern, stepping parallel to the X and Y axis.

The order in which the steps are taken is established by determining whether the drag­

line is stepping toward or away from the spoil pile. The Y steps are taken first when

the dragline is stepping away from the spoil pile. Once the step direction has been

determined, the dragline swings to the proper direction, positioning the bucket at the

midpoint of its operating radius and 15 feet above the bench height. The number of

steps to be taken are calculated and rounded to the nearest whole step. Step time and

energy are obtained by multiplying the number of steps by the appropriate time or

energy constant.

Ground preparation and positioning or alignment time is specified as a percentage

(SPTM) of the minimum walking time. The alignment or positioning time increases in

direct proportion to the number of steps taken.

The hopper portion of cross-pit conveyor systems are propelled by either walkers or

crawlers. The propelling systems can be rotated, allowing movement in any direction.

The simulation model moves the hopper along a straight line, directly to the desired

position. The hopper move time accounts for the

a. Removal of Stablizing Jacks

b. Walker or Crawler Rate

c. Hopper Position Check

d. Placement of Stabilizing Jacks

e. Hopper and Belt Startup Times if Required

The dragline and hopper move performance are displayed on the CRT and printed on the

line printer. The current move operation totals are then summed with the total move

figures.
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;.20 MVSG

This routine is called by the MOVE routine. It handles the connnon move functions for

:aking both X and Y direction steps. (See Figure 5-36.)

( MVSG ")

r
OJXY • JXY(KH)
DIGS(JM) • DXY(JM)
DIGS{KH) • DXY{KM)-1/2DOR
JXY{KM) • 0
TSWG • 0
TPC • 0
TPH • 0
TPTH • 0
TPD • 0

(NH,NX,NY)

POSITION BUCKET AT
1/2 OPERATING RADIUS

( BCORD
I

TPWR
I

(NH,NX,NY.DIGS)

AMV(4.KM) • TSWG
AMV(6.KM) • TPC
AMY ( 7.KM) • TPH
AMY (S.KH)· TPTH
AMV(9.KMO • TPD
STEPM • /AMY(2.KM)/
DXY(KM) • DXY(KM) + AMV(2.KM)*STEP
AMY(3,KM) • (STEPM*STIM)/60.
AMY(5.KM) • STEPM*SERG

I

SWING TIME
SWING ENERGY
TRANSIT HOIST

I SWING
, DRAG

{I OF STEPS
XIV COORDINATE
STEP TIME
STEP ENERGY

DIAG
PRINT

( RTN )

MOVE ~JMDIRECTION
X 1 2

KBOB

Figure 5-36. MVSG Routine Flow- Chart

ntis routine positions the bucket at the midpoint of the operating radius end calcu­

lates the X, Y coordinates (DIGS array) of the bucket position prior to the dragline

Ylalking. The buck,~t is moved to that position by calling the BeORD and TP"t-'R routines.
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5.21 OBR

This routine controls the sequence of events necessary to perform overburden-to-spoil,

bench removal and bench fill operations. The routines that simulate the dig-spoil

cycle are sequentially executed until the volume defined by the current operation has

been removed. For the following discussions, refer to the flow charts in Figures

5-37 and 5-38.

To reduce the size of this routine, the major portion of the initialization functions

were grouped together and placed in the OBRI routine.

If the number of dig-spoil cycles are being controlled via the terminal, the number

of cycles will be requested. There are three possible responses:

a. XXX - This number of cycles will be made, the~ results displayed and the re­

quest repeated. When the dig volume specified by the operation parameters

has been removed, the routine exits.

b. o - The number of cycles will be set to a maximum and the dragline will dig

until the dig volume has been removed.

c. -XX - A negative number signals the routine to exit.

The diagnostic print flags can be changed each time the number of cycles are entered.

The bucket is loaded by the DIG routine. If the bucket is not fully loaded (KFULL=O),

the bucket is repositioned by the BeORD and TPWR routines and another bucket loading

pass is made.

When the bucket is loaded, the overburden material in the bucket is expanded and the

dump location is determined (i.e., spoil pile or bench). To dump on the spoil pile,

the dump angle is specified and the DUMP, SWGA and SPILE routines are called. DUMP
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•

"
locates the spoil position. SWGA calculates the trajectory, moves the bucket and

keeps track of the swing angle histogram data. SPILE updates the spoil pile shape.

\i~hen performing beIlch fill, the total volume of overburden placed on the bench is con­

sidered as rehandle material. The BFILL routine determines where to dump the over­

burden and when the area to be filled is full. The bucket cannot exceed the carry

radius until the d:ragline swings to the dump angle and stops. The bucket is then

payed out at a fast rate to allow maximum radial distribution of the overburden.

I:E bucket heeling :ls to be performed, the bucket is pulled in by BCORD and TPWR and

payed out by BHEEL and BPWR.

When the bucket dumps, a dump pause is added to the cycle time to allow time for the

o'lerburden to fallout of the bucket. SWGA returns the bucket to the dig area.

When the dig voluml~ has been removed (KVR;tO), the total time, volume and energy for

ttle current operat:Lon is calculated.

5.,22 OBRF--
Ttlis routine writefl the current overburden removal operation totals on the line printer

and on the CRT terIllinal, when controlling the number of cycles to be removed. For the

f':lllowing discussions, refer to the flow chart in Figure 5-39.

Tete IDENT routine tssues a top of form command and writes the identificatio::J. header

(date, time and file name). The operation number and type of operation are then

w::'itten.

The current overbuI'den removal totals (OBRX) are passed to the AOBR routine where they

al:'e averaged and dj,splayed.

The current operati.on totals are then summed with the total overburden remo7al figures

(TOBS).

SIZE CODE IDENT NO.

A 12464 WE02MOCI

SCALE I REVISION I SHEET 181
•

'!SAl B £11 ~AY 731 t

•



OBRF ) (NH,NX,NY)

ANY CYCLES C~N NO
TAIT' y>-=.:-' ~

'BLAN' alAN' CRT I

WRITE 101 ]

OPERATION I OVERBURDEN RE~VAl..'
I .

AOBR ) (OBRX, ADBS)

IDENTIFICATION
HEADER

I

I
IDENT

I
I I

I • 1 • 20 ITOTAL OVERBURDEN I
TOBS (I) • TOBS (I) + OBRX (I) RE~VAL :

I I,
( RTN )

Figure 5-39. OBRF Routine FlcM Chart

5.23 OBRI

The subroutine DBRI is called by DBS. It determines the attitude numbers of the front

and lower planes from the data in the operation file. It also determines the angular

limits that will contain the dig volume, the maximum dig depth, and the dragline's

reach. Each operation DBRI initializes variables such as the starting spoil height,

the bench fill heeling flag, the cycle time and the swing time. (See Figures 5-40

and 5-41.)

5.24 DBS

This routine controls the normal overburden removal procedures, removing overburden

and dumping either on the spoil pile or into a hopper. For the following discussions,

refer to the flow chart in Figure 5-42.

The maximum dig height (DIGH) is limited to the bench height and the overburden re­

moval routine (DBR) is called. When the overburden ha.s been removed, the OBRF routine

is called to display the operation totals for this overburden removal procedure and to

sum this operation with the total overburden removal operations.

SIZE CODE IDENT NO.
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5.25 PFILE

5.27 RTHTA

5.26 PINIT

185I SHEET

WE02MOOI

MAX DIG HEIGHT

'O.B. TO SPOIL'

(NH, NX, NY)
DISPLAY AND SUM
THE TOTALS

(NH, NX, NY)
OVERBURDEN REMOVAL

(HN, NX. NY)

I

I
OBR

I

I

IREVISION

aBS

t

OBRF

RETURN )

DIGH • HB

WRITE OPERATION

12464
SIZE CODe IDENT NO.

A
SCALE

Figure 5-42. OBS Routine Flow Chart

The subroutine PI~IT is called by !NT to initialize the overburden grid. The bound­

aries of the high~all, dig face, bench and other pit features are determdxled by PINIT.

'The grid is then built up by several calls to SFILL. SFILL uses the infol~tion

passed by PINIT to create the properly shaped p~t. (See F~gures 5-44 and 5-45.)

'This routine calculates the radial distance and angle to a desired point. The X and

'{ distances to the desired point are input via the calling arguments. ThE! radial dis­

tance and angle to the desired point are calculated. The angle is express:ed in both

radians and degrees. Only positive angles are peJ.mitted. (See Figures 5-·46.)

The subroutine PFILE is called by DRAG after each operation to write the date, time,

overburden grid and the spoil pile array into a file. The name of this fj.le is the

same as that entered in INAM unless the IXF is set to one. This indicatef; the opera­

tion data was prepared by DINP. In this case, the file name will be the E;ame as the

:on data file but the file type name will be DVT. (See Figure 5-43.)

"leil!5A.IB (11 MAY 73'

•



" - I( PFILE ) (NH. NX, NY)

I
ICOMMON I

DATA FORM I
O.B. TO SPOIL I
BENCH FILL I

I
BENCH REMOVAL

!

ENCODE (2, lOa, KOP)
KSE

CALL ASSIGN :>
(8, SFILN, ISPFN)

\'--r-----

~- I ------.
WRITE(S) (RDATE(J), ,) = 1, 9), (RTIME(J), J = " 8)
(SFILN(Jj' J = 1, 16), KOP(l), FORM(J, ISPEC(KSE)),
J - " 4WRITE (8 WP, HSRD, SSP, HS, DX, DY
I = 1, 2
WRITE (8) (PSHV(I, J), J = 1, 100)
WRITE (8) NX, NY
I = 1, NX
WRITE (8) (NH(I,J), J = 1, NY)

I ENDFILE 8 I

CALL CLOSE (8)

i
( RETURN

Figure 5-43. PFILE Routine Flow Chart

SIZE CODE IDENT NO.

~
I
I
I
I

A 12464 WE02MOOI

11-2«515.4.18 (11 MAV 73'
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Figure 5-46. RTHTA Routine Flow Chart

5.,28 SFILL

SJ1ILL is called by PINIT to initialize an overburden grid. PINIT passes X ,:md Y

l:lmits, X and Y sta.rting points and a slope to SFTI.L. SFILL creates the sh,lpe defined

by these values. SFILL is called seven times. Each time it shapes a part I)f the grid.

(See Figures 5-47 a.nd 5-48.)

5.. 29 SHGT--
This routine calculates the height of a spoil pile segment. It calculates the height

from the volume cOD.tamed in the spoil segment and the pit dimensions. (Se,a Figure

5-·49. )

TIlere are two sets of spoil segment height equations. (See Figure 5-50.) ,)ne set of

equations for AREAl and another set for heights greater than PHAl.
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Figure 5-50. Spoil Segment Height Equations

5.30 SPEED

The SPEED subroutine is called by TPWR to calculate the time required for the hoist,

drag or swing motion:; of a given increment of the bucket trajectory. For each incre­

men1: SPEED is called three times for the three different motions. The inputs to

SPEED are: the total number of increments, the number of the present increment, the

max:Umwm acceleration of the motion, the maximum deceleration of the motion, the velo­

city limit of the m01:ion, an array indicating increments where the motion is stopped
oor (~hanges direction" the 360 swing flag, the initial velocity of the increu:ent, a

flag indicating the motion (either hoist, drag or swing) and an array containing the

displacement of the lllOtion for each increment. The SPEED subroutine examines the tra­

jectory and determint~s the maximum velocity allowed at the end of the increment. This
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is a function of the velocity limit of the motion, the displacement of the increment

and the displacement to the next stop or direction change of the motion. SPEED either

speeds up, slows down or continues the present velocity through this increment. Be­

cause of the processing of the displacement to the next stop, thE~ motion is not called

upon to decelerate more than is possible. If the motion accelerates, the velocity

cannot exceed the prescribed velocity limit. From these calculations, the time of the

motion is determined. It can be the case that for a given increD~nt a motion has a

small initial velocity, rather large displacement and a zero ternrinal velocity due to

a stop or change in direction. The trajectory grid is not fine enough to allow the

motion to accelerate then decelerate. The acceleration must be constant for a given

increment. This situation can lead to an excessive time to perform the motion. To

avoid this situation, the time for each increment is checked against an average time

calculated assuming the motion can be accelerated and decelerated in the same incre­

ment. The smaller time is taken for the increment. The power taken to do this accel­

erating and decelerating is lost and not included in the total power figures. If the

3600 Swing Flag is set, the past velocity of the bucket is saved so no momentum is

lost from the dig to return swing. (See Figures 5-51 and 5-52.)

5.31 SPTI.E

This routine controls the buildup of the spoil pile. The position where the overbur­

den material is to be dumped (KSP) was determined by the DUMP routine. This routine

places the overburden in that spoil segment, PSHV(2,KSP) and then calculates the

height of the spoil segment. The overburden is then spread in both X directions to

maintain the spoil pile angle of repose. It is spread first in the direction that the

dragline approached the spoil segment. This simulates the bucket: swinging past the

dump position when the swing direction is reversed.

There are two sets of spoil segment equations for height and volume calculations.

(See Figure 5-50.) One set of equations for AREAl and another set for heights greater

than PHAl. (See Figures 5-53 and 5-54.)
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5.32 SPREAD

The routine SPREAD distributes material that has been dumped in a bench fill operation

OI' graded while bucket heeling. (See Figures 5-55 and 5-56.)

Tt.e inputs to the routine are spread coordinates, the volume of material and the fill

height. The coordinates mark the starting point for the spreading procedure. The

rc utine adds one fo,:>t (one third of a yard of volume) to the grid array at the given

ccordinate. The derivative of the grid height or gradient is computed in eight direc­

ti,:>ns along the coordinate axis and the diagonals. If any of these gradients are less

th.an (more negative) than the angle of repose, the material moves in that direction

om~ step. The step size is either 1 or 1. 414 yards. The direction chosen is always

that of the steepest descent. Ties are broken by a random number generator. After

th,: initial test, the gradient is computed only in the five directions that are less

th;an or equal to 90 degrees from the direction of the last motion. If the gradient is

less than the angle of repose, the process stops. The array height is incremented by

Onl: foot at this COQrdinate. The routine then returns to the original coordinate and

repeats this process. This iteration loop is completed when either all the material

has been distributed or the material has piled up and equalled the height limit. In

thl: first case, the subroutine returns the volume equal to zero. In the latter case,

the volume will be J~eturned non-zero. The height limit is used in BHEEL to fill up

the terrain as the laaterial is graded by the bucket's heel.

5.33 SVOL

Thi~s routine calculates the volume contained in a spoil pile segment. It calculates

th,! volume from the height of the spoil segment and the pit dimensions.

Th,:~re are two sets of spoil segment volume equations. (See Figure 5-50.) 011e set of

equations for AREAl and another set for heights greater than PHAL (See Figure 5-57.)

5.34 SWGA

This routine moves the bucket from the bucket loading position to the dump location

and vice versa. It also updates the swing angle histogram.

SIZE CODE IDENT NO.

A 12464 WE02MOOl

SCALE IREVISION I SHEET 19q.
~18 \ 1 I MA Y -:? t
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The desired bucket ending coordinates are specified by the array ENDC (3). The bucket

is removed to that position by calling the BeORD and TPWR routines.

The minimum and maximum swing angle values are updatE~d if necessary. Then the swing

angle traversed and swing time required are stored in the appropriate swing angle his­

togram category. (See Figures 5-58 and 5-59.)

5.35 ~

For each cycle the BeORD subroutine generates the bucket trajectory from the end of

the dig to the spoil point and from the spoil point to the start of the next dig.

This bucket trajectory consists of a series of coordi.nates (r .• 0., z.) that define
~ ~ ~

the path of the bucket. BeORD produces a set of these coordinates for the swing to

spoil and a set for the return swing. For each half cycle or swing these coordinates

are passed to the subroutine TPWR. TPWR calculates the time and energy required to

move the bucket through the trajectory specified by BeGRD. The flow' charts for this

routine are contained in Figures 5-60 and 5-61.

The TPWR calculates the hoist and drag lengths for each point of the bucket trajectory.

The drag length is the distance from the drag socket to the fairlead. The hoist length

is the distance from the hoist hitch to the boom point. The drag socket and the hoist

hitch can be located from the trajectory point. The difference becween successive

hoist and drag lengths is calculated. If this difference exceeds five feet the trajec­

tory is refined by linear interpolation. This refined trajectory is then processed to

detect any stops or changes in direction of the hoist and drag motions. It is assumed

that the swing motion will always be in one direction. So there is only one stO? for

the swing motion and that is the end coordinate. TPWR uses this information plus the

performance parameters to calculate the time required for each increment of the bucket

trajectory. This is done by calculating the time required for each motion (hoist, drag

and swing) and taking the maximum as the time for this increment. The calculations

for each motion are done by the SPEED subroutine. The time for this increment and the
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initial velocities are used to compute the final velocities for all three motions.

The initial velocities are saved from the previous increment in the variables DDP

(drag), HDP (hoist) and THDP (swing). The hoist and drag rope velocities are then

converted to velocities in the (r,z) plane. The average accelerations for hoist,

drag and swing are calculated from the initial and final velocities. From this and

from the bucket weight the average hoist and drag force applied for this increment

are determined. For the swing motion the torque is calculated from the bearing fric­

tion, the angular acceleration and the inertia. The power and energy for the incre­

ment are then calculated from the average force and efficiency of the motion. If the

acceleration of any of the motions is opposite the direction of motion that motion is

plugging and power will be generated. This situation is detected in the time and

velocity calculations and a flag is set. This flag reverses the sign of the power

calculations and a flag is set. This flag reverses the sign of th.e power calcula­

tions. As power is generated by a motion the efficiency of that lI!lotion is reversed.

The power generated is a percentage of the power applied to that motion's gearing.

The energy for each motion and for the combined motions are totaled for each incre­

ment. If the sum of the energies for each motion is negative this negative value is

not summed in the total. Thus the total energy figure represents the energy used by

the dragline. If regenerated power is not used as it is generated it is lost.

5.36 WAT

The subroutine WDAT writes out the results (totals and averages) of an operation in

a file with type name DV3. The first name corresponds to the name of the pit file for

that operation-and is stored in the array WFILN. WDAT is called by OBR or MOVE. It

is not called unless the IXF flag is set to one which means the simulation is using

DV2 type data files prepared by DINP. (See Figures 5-62 and 5-63.)

5.37 WRDG

The Subroutine WRDG is called by EXDRG. WRDG performs one of three functions depend­

ing on the value of the variable IT which is passed to WRDG. If IT is equal to minus
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ene, WRDG reads the file ACT.FIL to obtain the index pointers for EXDRG. 1f the IXF

flag is set to zer:>, EXDRG does not call WRDG again. If the IXF flag is set to one,

EXDRG calls WRDG with IT=O. In this case, WRDG reads the proper parameter file for

the simulation of this Set. The type name of this parameter file is COM ar:.d the first

n,ame is that letter of the alphabet corresponding to the Set number. EXDRG then calls

Ii:RDG with IT=l. 0:[1 this call, WRDG reads the DV2 file to get the operation data.

liJRDG also determin,es whether to initialize a pit or read in a pit file. If a pit

file is to be read in, WRDG determines the name of the pit. This name is stored in

the array RFILN £0:[' the INT subroutine which reads the pit file. (See FigtJres 5-64

al:ld 5-65.)
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6. DATA INPUT AND OPTIMIZATION PROGRAMS

6.1 DINP

The DINP program is the main program of the data input and optimization scheme. It

provides a means to specify removal procedures by a sl=ries of "mine language" inputs.

From these "mine language" inputs it creates the proper operation and case data files

for the DRAG program to simulate che removal procedurl=s. The program also determines

the sequence in which the operations are to be simulated by DRAG in order to decrease

the computer run time and avoid repetition in simulating the operations. DINP is a

conversational program. Data is entered by responding to statements as they appear on

the CRT screen. The first input is the set number which is used to identify the mine

and dragline characteristics and the basic removal strategy specifying the type and

order of the operations in the case. Within this basic removal strategy multiple in­

puts are accepted. For example, one can enter several pit widths or keycut widths.

DINP stores the input data for each set in data files. After all the data has been

entered DINP calls the subroutine OPRP to process these inputs and create the proper

operation and case data for the DRAG program. DINP also determines which operations

must be simulated in order to produce the results for each case of the set. For in­

stance if two cases differ in the last of four operati.ons it suffj.ces to simulate only

five operations to produce the results for both cases. The operation and case data

for each case are displayed by the subroutine DATA. The data can be editted at this

time if any changes are desirable. However, operations can not be deleted from or

added to any caSe. After the editting is complete DINP writes the case and operation

data into a DV2 type file. Then it branches back to accept data for the next set.

(See Figures 6-1 and 6-2.)

6.2 GDATA

GDADA is a subroutine called by DINP to convert ASCII input characters to numbers.

GDATA is passed the input line in the array B and returns the numerical values of the

inputs in the array P. If an error is detected in the conversion an error flag is

set. This error flag is tested in DINP. If it is set the DINP program asks for the

input entry t:o be rp.pp.ated. (See Figures 6-3 and 6-4.)
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( GDATA ) (B, J, P, N)
i
I

DIMENSION P(lO)
DATA A(l) = 'BLANK'

A(2)=','
I
I

I

J = 0
N = 0
K = 0
I = 1 .-10
P(I) = 0

ARGUMENTS
B - INPUT DATA LINE
J - NUMBER OF INPUT FIELDS
P - ARRAY OF INPUT DATA
N - ERROR FLAG

K = K + 1
C(K) = 8(1)

= A(2)

8

J = J + L
DECODE (K, C, ERROR = 10) P(J)
K = 0

Figure 6-3. GDATA Routine Flow Chart
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6.3 GETD

The DINP program prepares the operation and case files to be simulated by the dragline

simulation program DRAG. DRAG simulates the individual operations as prescribed by

DINP. DRAG stores the results of each operation in DV.3 type files. The program GETD

processes these DV3 type files and produces the case r,=sults. These case results are

written in DV4 type files. The first name of the DV4 type file corresponds to its

case number for that set. The form ~s:

A(ISET) 1. DV4;

where A(ISET) is that letter of the alphabet corresponding to the number ISET. I is a

two digit integer representing the number of the case in that set. The DV4 files con­

tain the totals and averages of each operation of the case and the overall totals and

averages for that case. The only input to GETD is the set number. After the set num­

ber is input GETD creates the DV4 files for all cases in this set. It then asks for

the next set number. Functionally, GETD first reads the case file A(ISET) I. COM; to

obtain the index pointers for this set. It then uses these pointers in a "DO" loop.

In the "DO" loop the index pointers are passed to the subroutine GETR which reads the

proper operation file of type DV3. When all the operation files of the case are read

GETD calls subroutine WIOT to total the case results. The program then proceeds to

the next case of the set. The flaw chart and symbol table are contained in Figures

6-5 and 6-6.

6.4 GETR

The GETR subroutine is called by GETD to read the operation data files of type DV3 and

write these results in the case file of type DV4. GETD passes GETR the index pointers

that specify the DV3 operation file. GETR reads the DV3 file, checks the type of

operation (move, bench fill, bench removal or overburden to spoil). writes the appro­

priate operation header and calls subroutine WOBR which writes the operation results

in formatted form into the DV4 type case file. GETR is called once for each operation

of the case. (See Figures 6-7 and 6-8.)
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6.5 OPRP

The subroutine OPRP is called by DINP to compute the operation and case files specified

by the inputs to DINP. OPRP initializes several parameters then calls a subprogram

OTSP for each line of the removal strategy. OTSP calculates the dragline positions

and dig coordinates. OPRP also calls the subprogram SPR to calculate the spoil height

and check for rehandle. Before returning to CETD, OPBP transfers the case information

to the CAS array. (See Figures 6-9 and 6-10.)

6.6 OISP

The subprogram OTSP is called by OPRP to calculate the dragline position and dig coor­

dinates for each line of the removal strategy. After the calculations are made the I
data is stored in the OPDAT array corresponding to the operations generated by that

line of the removal strategy. OISP also calls subroutine VOL which calculates the

volume of material removed for each operation. (See Figures 6-11 and 6-12.)

6.7 RFILE

The subroutine RFILE is called by DINP to read the DVI type data files. The DV1 files

contain the "mine language" input data stored by DINP. (See Figure 6-13.)

6.8 SPR

The subroutine SPR is called by OPRP to calculate the spoil height, the spoil peak and

the percentage of rehandle. The percentage of rehandle is computed by placing the

spoil material on the spoil pile from the dragline position of each operation. The

spoil material is spread on the spoil pile by the subroutine XPILE which is called by

SPR. The dragline reach, material swell and angle of repose are considered in the

calculations. Before returning to OPRP the volume of material moved in each opera­

tion is written on the CRT. (See Figures 6-14 and 6-15.)

6.9 VOL

The subroutine VOL is called by OTSP to calculate the volume of material removed in a

given operation. VOL is passed two cut depths that define the thic:kness of the cut
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f-+----.----- -JJ
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/' "' ,/

(10, J, N)RFILE \ K, L, M,
\

I

..... ..J
i

i

I COMMON

I
DATA A/A, B,C, ...
xy? 1111 I 01'

» • •

Figure 6-13. RFILE Subroutine Flow Chart

Arguments:

TO - Set Number
J - Cut Number
K - LinE! Number
L - Old Pit Number
M- New Pit Number
N - Procedure Number

I,..-----'------..
<' CALL COLSE (3)
L----r--~

I

\,--~---_/

~=A(27)
~>-----

RETURN
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and the number of the operation. The operation dig coordinates are used to define

the front and side planes. This region is intersected with the left and right high­

wall planes. The program iterates over all grid points in the contained region and

sums these volumes to produce the total volume. VOL may be called several times by

OTSP to calculate the volume of an operation that is irregularly shaped. If an opera­

tion follows an operation that has been taken on the same side (either highwall side

or spvil side) and the cut width of that operation was less than the present operation

the volume of the overlapped region will not be computed. For instance, if a keycut

is made and then widen by a later operation to the same depth the volume for this last

·operation would be computed as zero. Operations on the same side should be nested

with decreasing cut widths. This is true in the real world also. The bucket tends

to work out of the cut and slide down the dig wall. The flow chart and symbol table

are given -in Figures 6-16 and 6-17.

6.10 WFILE

The subroutine WFILE is called by DlNP to write the operation and case data into the

proper DV2 type file. WFILE is passed the index pointers that define the correct

first name of the file. The program then writes the case and operation data into

this file. (See Figures 6-18 and 6-19.)

6.11 WOBR

The program WOBR is called by GETR to compute the totals and averages resulting from

an operation and write this data in a formatted form into a file of type DV4. The

name of the file corresponds to the set and case number. (See Figures 6-20 and 6-21.)

6.12 WTOT

The -subroutine WTOT is called by GETD to calculate the totals and averages of the case

being processed. After the calculations are complete the subroutine writes this data

into the DV4 type file. (See Figures 6-22 and 6-23.)
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6.13 XINT

T"rle subroutine XINT is called by DINP for each set number to initialize several machine

and mine parameters and set ot:her variables to zero. (See Figure 6-24.)

(l

l
'--_-....-_-1

T=-/_/OJ
/-IP>rCT) '" 0

HPY(T} .0

HP" (~) • D
'--T--

Figure 6-24. XINT Subroutine Flow Chart
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6.14 ~

The subroutine XPILE is called by SPR to distribute material on the spoil pile. XPILE

is passed the spoil segment number, the volume of material to be spread and the maxi­

mum height at that segment number. The material is distributed i.n 10 cubic yard in­

crements by an iterative algorithm. The algorithm computes the gradient of the mater­

ial and adds volume to the spoil segment until the input volume i.s exhausted or the

maximum height is reached. (See Figures 6-25 and 6-26.)
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7. PLOT PROGRAMS

This section contc:~ins the flow charts and descriptions of the programs used in conjunc­

::ion with the simulation mode.l to plot such items as the overburden grid. the spoil

pile and the bucket trajectory and power usage of the dragline.

7.1 FLIMTS

The subroutine FLIMTS is called by PLOTF to subdivide the overburden grid into 3 yard

Increments. (See Figure 7-1.)

~ I" ••Y. 'KAX. '. '. Z. '"I'. >MAX. Y"'. YMAX)

NX "' 40
NY "' 47

XMIN • 1.0
XMAX • 118
YMIN" 1.0
YMAX • 140
NMAX • MAXO (NX, NY)

I

I
I ,. 1 • N .1

READ (4) A(I.J) J .1-MI
I

( ClOSE (4)

I
D·1-NXI

I J. 1- NY I
I
I

IZ(I,J) "' A(3*I~2 3(J-ll I

,------<NO~
~
~

Figure 7-1. FLIMTS Subroutine Flow Chart
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7.2 GRAPH

The program GRAPH plots a profile of the spoil pile. The plot produced is two dimen­

sional and shows the spoil pile height in yards vs. the spoil pilE~ length in six foot

segments. The only input to GRAPH is the name of the pit. (See Figure 7-2.)

7.3 PDATA---
The program PDATA will plot either the hoist power, drag power, swing power and total

power as a function of time or the drag length, hoist length and s~ing angle as a

function of time. The data to be plotted is obtained from the DRAG program by set­

ting the KB09 diagnostic flag. Only one cycle can be plotted at a time. PDATA calls

subroutines CRAYON and COLOR. These subroutines are included in the flow charts con­

tained in Figure 7-3.

7.4 PLOTF

The program PLOTF is used to plot the overburden grid in increments of 9 feet. The

name of the pit, the angle of elevation, the angle of rotation and the distance to the

eyepoint must be input to PLOTF. PLOTF calls the subroutine FLIMTS and several sys­

tem subroutines. (See Figure 7-4.)

7.5 PLOTS

The program PLOTS is used to plot segments of the overburden grid. A segment of the

grid is specified by upper and lower bounds on the X and Y coordinates. The program

generates a plot of this area in increments of one yard. The overburden area plotted

can be no larger than 50 yards by 50 yards. The name of the pit, angle of elevation,

angle of rotation and the distance to the eyepoint must be input through the CRT.

PLOTS calls subroutine SLIMTS and several other system subroutines. (See Figure 7-5.)

7.6 PLOTSUBS

PLOTSUBS is a library of system subroutines used by the plot programs. It contains

subroutines BLANK, DRAW, MODE, NOTE and PLOT3D.
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7.7 SLIMTS

The subroutine SLIMTS is called by PLOTS to properly space the grid points between

the X and Y coordinate limits and transfer these grid points to the plotting array.

(See Figure 7-6.)

7.8 SPLIM

The subroutine SPLIM is called by SPLaT to read in the spoil pile height array and

from this determine the grid points. (See Figure 7-7,,)

7.9 SPLOT

The program SPLOT is used to plot the spoil pile in 3 dimensions with increment size

equal to one yard. The name of the pit, angle of elevation, angle of rotation and

distance to the eyepoint must be entered. SPLOT calls subroutine SPLIM and sevp.ral

system subroutines. The flow chart is given in Figure 7-8.
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COMPUTER-AIDED DRAGLlNE ANALYSIS
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1.0 PURPOSE

The following pages document the information required to define thE
dragline and mine conditions that are to be si~ulated.

2.0 DISCUSSION

The simulation model requires a considerable amount of data to define a
specific d:ragline working in specific mine conditions. An attempt has
been made to keep the amount of required data to a minimum and in terms
that are e,3sily understood.

The data r':!quested in the following pages may not be readily availeble
in the spedfic formats shown. The data formats are not binding. The
pages are intended to define what is required. Specification sheet:s,
drawings, l:!tC., can be attached. If an item is not understood, pIece
a question mark by it and skip it.

required to define the dragline workir:g area,

_____Ft.

_____.FT.

Ft.------

3.0 MINE AREA

The following information is
reference Figure L

A. Width of Cut (WC) =

B. Width of Pit (WP) =

C. Width of Bench (WB) =

D. Slope of Dig Face (SD), Rise/Run = ------
E. Slope of Highwall (SHW), Rise/Run = _
F. Slope of Spoil Pile (SSP), Rise/Run = _
G. Height of Coal (HC) = FT.

H. Bench Depth (HBD) = FT.------
I. Bench Fill Height (HBFt) = FT.

J. The overburden area can usually be considered to be composed of several
layers of different types of material (Le., clay. sand, rock or shale)
that have different physical characteristics. The layer descr:.ption
and thickness is the mini:num infornation required. The additional data
\.;ill be obtained from a materia13 handbook if it i3 not supplied.
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FIGURE 1
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OVERBURDEN LAYER TABLE

LAYER DESCRIPTION I THICKNESS DEi-JSITY SlvELL I _-lliGLE OF
NO. (SHALE, ETC.) (FT) (:±/YD 3 ) FACTOR REPOSE

I
I

I,
I

I

I,
l

I
I

I
!

The sum of thE! layer thickness should equal the total overburden height.

K. X spoil peak location (XSP) when completing a block of overburden removal,

just prior to moving back to begin a new block.

xsp = ----
4.0 ];iRAGLINE DIMENSIO}.l§.

FT.

The following information is reqUired to define the physical characteristics
,)f the dra gline, reference Fi.gure 2.

A. Operating radius = FT.

Boom length = FT.------
('-' . Boom angle = DEG.-----"

Clearance radius =

D.

F.

G.

Base diameter = FT.------'
Fairlead height = FT.------(Height of th,~ drag cable above the bench as it enters the first sheave

or support)

Fairlead radiu:3 = IT.-----
FT.-----

:1. Total revolving weight '..;i.th e:'!l'C't':: Jl1cke"'::' = '!'O'i.-----
1. Roller circle ,radius =
J. Pitch radius of swing rack;:: FT.
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~, 10 HOIST

The following information is required to define the hoist performance of
the dragline.

A. Bail Speed vs Pull Table, Reference Figure 3.

Point

I
2
3

Speed
CFT/MIN)

Pull
(# x 1000)

B. Maximwn Lower Speed: FT/MIN

c. Maximwn Suspended Load = #

D. Hoist Efficiency = %

:z
900H

~ Point J.
t
"0 750
IlJ
'lJ
::l.,

Cr.l

.... 600
rJJI,.,
:2

450

300

150 r
1
I

0 200 -1,00 600

Point 2

.30t) 1000 .J

Point 3

Hoist Performance

Figure 3

Hoist Pull x 10)0 lbs
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6.0 DRAG

The following information is required to define the drag performance of the
dragline.

A. Bail Speed vs Pull Table, Reference Figure ~.

Point
Pull
x 100.QL

1
2
3

B. Maximum Payout Speed = FT/MIN

C. Drag Efficiency = %

900

z
H 750
~ Point 1
t
"'0 600

QJ
QJ
c..

<:I.l

~ 450co
~

300 •
I
!

150

Point 2

"-

~
"", Po ir.t 3

5=

'200 400 6GO soo 1000 l~OO

Drag Performance

Figure 4

Drag Pull x 1000 IDs.
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7.0 SWING

The followillg information is required to define the swing performance of
the drag1ine.

A. Swing Time Table, Reference Figure J.

Graph Angle Time
Point (DEG) (SEC)

1 5
2 10
3 30
4 60
5 120
6 180

B. Swing Deceleration Rate = % x Swing Acceleration Rate

C. Swing Efficiency = %

60

50

. 40
(.J
Qi

Cf.l

Qi
30s.....

Eo-<

"OIl
s:: 20.,..,
3

Cf.l

10
~

'Z
'6 , , ,

5 10 30 60 ?C ......... ,-., 1 ~ ,
......... 'J 1,3C

Swing Performance

Figure 5

Angle of Swing Degrees
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8.0 DRAGLINE PERFOR"1ANCE

The following information is required to define dragline performance.

A. ~achine utilization PERCENT

B. Minimwn distance between highwall crest and the edge of the tub FT.

C. Carry angle (smallest angle the hoist ropes make with the vertical at
which the bucket will not empty) DEGREES

D. Length of step = FT.

E. Time to complete a step = SEC.

F : \~hen dumping what is the average time from when the swing is stopped
to when the return swing is started?

I sec 2 sec sec

Does this vary with different operations, i.e., bench filling or spoiling
on the pile?

Does this vary as the digging becomes nearer the coal seam?

G. How much time does it take to spot the bucket? By this we mean the average
time from the end of the swing to the start of the bucket loading.

1 sec 2 sec sec

H. The dump angle is the angle the dragline swings through from the start
of the dwnp to the end of the dump when the swing is stopped. Please
conunent on what you feel the average dump angle is and if it varies for
different operations such as bench fill or spoiling?
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9.0 BUCKET

The following information is required to define tht~ bucket characteris":ics,
reference Figure 6.

:-\.. Bucket capacity = 8YD
3

B. Bucket fill = %

C. Bucket weight = #

D. Bucket width = FT.

E. Bucket length = FT.

F. Horizontal distance between the drag and hoist connectors = FT.---,----"
G. Vertical distance between the bottom of the bucket and the hoist

connector = FT.

H. Vertical distance between the drag and hoist connectors = FT.-------
I. Hoist chain length = FT.

J. Drag chain length = FT.

K. Dump cable length = FT.

L. Depth of cut = FT.

M. Average time to fill bucket = SEC.
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10.0 COMPiiRISON DATA

The following information is requested to improve and insure the accuracy of
the draglinE! si:nulation.:

A. A graph of energy usage vs cycle ti:ne as in Figure 7 or a similar
substitute.

B. Any energy usage data on the dragline recorded on the monthly, weekly
or daily basis.

c. A breakdown of the mass distribution of the dragline.

D. Data on the area over which a bucket can be dumped and the distribution
of dump€!d material wi thin this area.

E. A descdption of dragline operating procedures describing the dragline
positions, material removed from each position, and its spoil location.
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DATE:

DESCRIPTION

Overburden Remcval~

Total Minutes
Total Swings
Average Swing Pngle

Bench Removal:
Total Minutes
Total Swings
Average Swing Angle

Bench Fill:
Total Minutes
Total Swings
Average Swing Angle

Clean Coal:
Total Minutes
Total Swings
Average Swing llIlgle

YARDS MOVED

TOTAL ENERGY U~:ED _

TOTl~L TIME

PERCENT ACTIVITY _

PERCENT AVAILABILITY _

PRESENT
MONTH TOT.-\L

PER CENT
OF TOTAL

Percent activity includes overburden removal, bench removal, and clean coal.

Percent availability includes overburden removal, bench removal, bench fill,
clean coal, lubrication, power ca~le <.:hange, moving, shooting, waiting on other
mine vehicles, and taking on supplies.
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