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SUMMARY

The object of this report was to determine the effectiveness of the time domain Coal
Interface Detector (CID) developed by the General Electric Company under Contract
HO155120. This detector indicates amplitude modulation levels in the filtered
vibration signal and was shown by laboratory testing to be relatively independent of

machine design.

The performance of the time domain sensor was evaluated by an extensive field test
and data collection program. The intent was to determine the detector's applicability
to a wide range of mining conditions and to document its limitations. Four longwall
mines participated in the data collection program. A total of nine visits were taken to
the Emway Resources, Emerald No. 1 Mine located in Waynsburg, Pennsylvania; the
Jim Walter Resources No. 3 Mine located in Adger, Alabama; Kaiser Coal's Sunnyside
Mine located in Sunnyside, Utah; and to the North River Energy Corporation Mine

located in Berry, Alabama.

The variance in the geological and operational conditions between the participating
minesites provided sufficient data for a complete CID performance evaluation. The
geologic condition of primary interest at each minesite was the coal/rock hardness
ratio. The hardness ratio is the source of the sensor discriminant. The hardness ratios

ranged from 0.2 to 1.2 at the participating minesites.

To investigate the effect of different types of shearing machines on CID performance,
each participating mine had a different type of shearing -machine. The types of
shearers instrumented at the participating minesites were the Anderson Maver 500,
the Eickhoff 150-2L, the JOY 1LS, and a MISUI Mike.

The instrumentation system consisted of three metal enclosures. One metal enclosure
contained four accelerometers and was mounted near the cutter drum on the shearer
ranging arm. The accelerometer that feeds the input to the CID is mounted in this
enclosure. A second metal enclosure containing three accelerometers was mounted on
the shearer chassis. These accelerometers plus the three accelerometers mounted

near the cutter drum are referred to as survey accelerometers and were mounted on
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the shearing machine to provide additional data for future CID development work.

The third enclosure contained the CID electronics.

A TEAC Model HR-30 Type E seven-channel data cassette recorder was used
underground to record the signals generated by the equipment described above. The
recording format was mixed with five direct record channels and two FM wide-band
group I channels. This format allows 50 Hz to 8 kHz bandwidth for the direct record
channels and DC to 1.25 kHz bandwidth for the FM channels.

Data was taken during a production shift as the shearer trasversed the face. The
shearer operator performed his function in a normal manner. As the instrumented
shearer druin axis crossed each shield, the shield number was recorded on the voice
channel of the tape recorder. The second member of the data acquisition team
maintained a direct line of site with the instrumented drum and noted the depth of cut
into rock along the longwall face. Data was collected over at least three cutting

passes during each mine visit.

Prior to the start of the production shift, an attempt was made to measure the coal
and rock hardness values with a Schmidt Concrete Test Hammer (Type N) at each
shield location. Coal and rock samples were also taken at each of the hardness testing
locations. The samples were used to determine the bulk density of the coal and rock

strata.

The acquired data was divided into two categories, primary and secondary. The
primary data are the CID analog signal and the longwall face condition data (i.e.,
coal/rock hardness ratio, depth of cut into rock, and shearer velocity). The secondary
data are the recorded survey accelerometer data that can be used in the laboratory
along with the longwall face condition data to evaluate other CID discriminant

schemes.

The test program generated over 2,400 data vectors. This large amount of data
contained a sufficient amount of variable conditions to support the analysis of the data
as a factorial experiment. A factorial experiment is actually a set of experiments in
which the individual and joint effects of several variables and combinations of the

values, or levels of these variables, are systematically studied.
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The results of the factorial experiment revealed that as the magnitude of the velocity
increased, the magnitude of the analog signal increased. This may be due to the
cutting bits imparting a greater force of impact on the cutting surface at the higher
veloeities. It appears that the depth of cut into rock and coal/rock hardness ratio had

no significant effect on the level of analog signal.

An analysis of the percentage of correct cutting signals obtained from the CID reveals

that the CID was effective approximately 50 percent of the time.

It can be concluded from the results of the factorial experiment and the analysis of
correct cutting signals that the shearer vibration data processed by GE's time domain
signal processing algorithm cannot be used reliably to detect when the cutting drum

erossed the coal/rock interface.
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L INTRODUCTION

There is a continuing slow and steady trend toward longwall mining in the United
States. Longwall faces accounted for approximately 20 percent of the U.S. under-
ground production. However there was a decline in the number of active faces in the

U.S. in 1986 due to the depletion of reserves and economics.

Several problems unique to U.S. longwalls, such as multi-entry systems, health and
safety regulations, and mining conditions, must be overcome so that longwalls can
provide the necessary productivity to remain cost effective. Longwalls are expensive.
For cost effectiveness, high productivity and production rates must be achieved.
Additional research and development are needed to overcome the limitations to

production and productivity.1

The U.S. Bureau of Mines is encouraging the American coal mining industry to employ
'1ongwa11ing more widely. Among its efforts is a program to automate longwall mining
to a cost-effective level that can extend, amplify, and even sharpen human perception
by using electronic sensors to provide additional and more quantitative operating
information, relieve the monotony of repetitive operations, and permit monitoring

from safer and more comfortable remote loca’cions.2

In the past, the government funded a number of projects in support of a program to
improve resource recovery and productivity through automation of existing mining
machines. Using that expef‘ience as a base, the BOM now plans to explore the
potential of advanced sensor technology to meet the requirements of tomorrow's

mining systems,

In the past, one lesson learned is that coal interface detectors (CID) are a weak link in
all the advanced extraction systems studied. In such systems, these devices are

required to determine when the machine's cutting drum is operating at the desired

1Longwall--Shor'twall Mining State-of-the-Art, ed. Raja V. Ramani (New York: The
American Institute of Mining, Metallurgical, and Petroleum Engineers, Inc., 1981) p.
vii.

2 Normen R. Kuchar; Robert V. Klint and Bernard Darrel, "A Vibration Sensor for
Horizontal Control in Automated Longwall Mining," NTIS FE/9015-1, October 1977,
p. 7.
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upper and lower coal horizons. A number of CID (nucleonie, radar, acoustie, natural
gamma radiation, ete.) investigations have been conducted to date; and in each case,
the device showed some merit in a specific mining environment but was not applicable

in the general case.

Horizon control on ranging drum shearers is presently performed by operators who
follow the machine and adjust the cutting drum position, using visual observation,
cutting noise characteristics, and the "feel" of the shearer as indicators of the
material being cut.3 The fact that qualitative sound and vibration characteristics are
presently used by the shearer operators to detect the coal/rock interface led to the
postulation that a vibration transducer and subsequent mechanical signature analysis

could be used for automatic interface de‘cection.4

Two types of vibration sensors were developed under Contract HO155120, "Vibration
Sensor for Horizon Control in Automated Longwall Mining," by General Electric's
Corporate Research and Development Division. The first type (frequency domain)
operates on vibration amplitudes at resonant frequencies and was found to be accurate
and sensitive but required fine tuning for each machine model. The second type (time
domain) looks at amplitude modulation levels in the vibration signal and is relatively
independent of machine design. The latter unit was laboratory tested using a limited
number of data tapes (longwall shearer vibration signals recorded on a magnetic tape).
A detailed description of the time domain sensor is given in Appendix A. The potential

and limitations of the time domain sensor had not been fully explored.

On September 28, 1984, the U.S. Bureau of Mines awarded a contract entitled "Coal
Interface Detector Investigation" to Wyle Laboratories. The objective of this program
is to evaluate the effectiveness of the time domain interface detector (CID) developed
under Contract 10155120, "Vibration Sensor for Horizon Control in Automated
Longwall Mining." The evaluation of the performance of the time domain sensor is the

subject of this report.

3Ibid., p. 8.

4 Ibid.
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II. BACKGROUND

The program objectives were accomplished through four distinet program phases.

Phase I Experimental Program Definition
Phasell = Equipment Acquisition and Checkout
Phase Il Data Collection

Phase IV Data Reduction and Analysis

This report will be structured in accordance with the accomplishment of each phase.

15



. EXPERIMENTAL PROGRAM DEFINITION

The performance of the time domain sensor was evaluated by an extensive field test
and data collection program. The program included four longwall mines and a total of
nine visits. The intent here was to determine the applicability of the CID to a wide
variety of conditions and to document its limitations. The results of this investigation
were used in assessing whether the sensor is a viable coal interface detector for future

automated systems,

1.0 MINE SELECTION

Four longwall mines were sought for participation in the data collection program.
Certain geologic and operational conditions were required to provide sufficient data
for a relatively complete CID performance evaluation. The participants included Jim
Walter Resources No. 3 Mine located in Adger, Alabama; North River Energy
Corporation located in Berry, Alabama; Emway Resources, Emerald No. 1 Mine
located in Waynesburg, Pennsylvania; and Kaiser Coal's Sunnyside Mine located in
Sunnyside, Utah. The geologic condition of primary interest in each mine was the
coal/rock hardness ratio. The hardness ratio is the source of the sensor discriminant.
It was desirable for the sensor evaluation, therefore, to select longwall faces that

collectively and/or individually represent a wide coal/roek hardness ratio range.

Since the sensor is designed to discriminate when the cutter drum has crossed the
coal/rock interface, each participating mine has an operational goal of leaving no roof
coal but cutting little rock. The CID is not suitable for mines that seek to leave

several inches of roof coal.

Finally, to investigate the effect of shearing machine type on CID performance, each
participating mine has a different shearing machine. The mining conditions at each

participating mine are given in Appendix B.

2.0 MEASUREMENT PLAN

The data required for complete CID evaluation was obtained without inhibiting coal
production. Several visits were made to each participating mine to obtain data at
various points along the panel length. The data was collected by a two-man team
using the instrumentation system deseribed in Appendix A. After the first visit to
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Emway Resources, which occurred in September 1985, the instrumentation system was
modified. Originally, a Bell and Howell, Mars 2000, 14-channel FM tape recorder
enclosed in an explosion-proof box was used. This system proved to be a disadvantage
due to its weight (approximately 300 pounds, including power supply) and to the
clearance problems posed between the shearer body and the shields. An intrinsically
safe seven-channel TEAC HR-30E tape recorder was purchased and used to record

data for the remaining mine visits. The procedure used to collect data is outlined

below.

A.  Before entering the mine:

1. Prepare documentation.

2. Check instrumentation readiness.
- Check charge on the CID.
- Check operation of the tape recorder.
- Check the accelerometer power supplies.

B.  Atlongwall face and during maintenance shift:
1. Mount the data collection system.

During the first mine visit, several mounting lugs were welded to the
shearing machine. These lugs, in most cases, remained in place for all of
the data collection visits. A block diagram of the instrumentation that was
mounted on the shearers is shown in Figure 1. The system consisted of
three separate metal enclosures. Two enclosures contained accelerom-
eters, One enclosure contained the coal interface detector electronics.
Typical mounting positions of these instruments are shown in Figure 2. The

complete data measurement system specifications are given in Appendix A.

2. Number the shields.

Check to see if the shields are adequately marked.

3. Take coal and rock hardness measurements.

A Schmidt Concrete Test Hammer (Type N) was used to measure the coal
and rock hardness along the panel width. The position of the measurements

along the face were defined by the corresponding shield number.
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An attempt was made to take ten measurements on each of the strata (top,
coal seam, bottom) at each shield location. Sometimes this procedure was
precluded by the presence of water, by the relative position of the shields

and the pan line, or by the production schedule.

The test hammer would not register a reading for highly fractured coal. In
this case, hardness readings were performed on a large sample of coal

appropriated from the face at the shield location.
The measurements at each location consumed approximately ten minutes.

Collect coal and rock samples,

Coal and rock samples were collected at each hardness test location.
Again, the locations of the samples were identified by the shield number.
The samples were used to establish the density of the coal and rock (see

Appendix D).

C. At Longwall face and during production shift:

1.

Take measurements during cutting passes,

The "half face technique" was the most common cutting maneuver used at
the participating minesites. At the beginning of the cycle, the shearer is
at the headgate with the lead drum raised for the principal cutting action
and the tail drum is at the floor level to cut the lower seam portion and to
load most of the material. The sections of the conveyor toward the
tailgate side of the shearer are pushed close to the face. The shearer
deadheads to the point where the conveyor is close to the face. Then,
following the contour of the conveyor, the shearer begins sumping into the
coal. After the full cut sump has been achieved, the shearer continues to
cut at lower speed until it reaches the tailgate. As soon as the lead drum
cuts out into the tailgate, the lead drum is lowered while the tailgate drum
is raised. While this action is occurring, the conveyor sections to the
headgate side of the shearer are pushed close to the face and the chalks
are advanced. Then the reverse action is employed to cut towards the
headgate side of the longwall face.
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D.

Data was taken as the shearer transversed the face. The shearer operator
performed his function in a normal manner. As the axis of the instru-
mented shearer drum crossed each shield, the shield number was recorded
on the VOICE channel of the tape recorder. The second member of the
measurement team accompanied the worker advancing the shields during
the earlier data acquisition visits. As each shield was advanced, the depth
of cut into rock was noted on an after-the-fact basis. A direct line of sight
with the instrumented cutting drum was not maintained from this position.
The depth of cut noted was, at times, erroneous due to large pieces of the
roof strata falling out ahead of the cutter head action. Following these
early visits, this procedure was changed. The member in charge of depth-
of-cut measurements was stationed in advance of the cutting action where
a direct line of sight was attained with the instrumented cutting drum. A
more accurate determination of depth of cut into rock was attained from
this new location. This team member was also able to converse with the
shearer operator, who defined the extent of the depth of cut into the
bottom stratum. Data was collected on a minimum of three cutting passes

in this manner.

Remove measurement system.

During a natural interruption of operations, such as a lunch break, or during
a mechanical failure, the measurement system (i.e., CID. tape recorder,
sound level meter) was removed from the shearing machine and carried to
the headgate. Once data collection activities had been completed, the
measurement system was removed at the headgate area during a planned
maintenance period (i.e., changing bits). The system was removed from the

shearer in less than ten minutes.

After exiting mine:

1.

2.

Check documentation.

The documentation was checked for completeness,

Check the charge remaining on the CID.
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3.0 DATA ANALYSIS

A large amount of data was generated by the experimental program. Several variables
were monitored on over 35 shearer passes. This section describes the data analysis
method used to draw, from the mass of raw data, statistically valid answers to the
question, "How effective is the CID sensor?" and "How do the measured variables alter

the effectiveness?"”.

The acquired data can be divided into two categories, primary and secondary. The
primary data are the CID analog signal and the longwall face condition data. This data
was used to evaluate the effectiveness of the CID. The secondary data are the
recorded accelerometer signals. This data along with longwall face condition data can

be used in the laboratory to evaluate other CID diseriminant schemes,

3.1 Primary Data Analysis

The primary data of each shearer pass was reduced to the form shown in Figure 3.
This form correlates all the data according to the longwall face position at which it
occurred. The data was also digitized to the limit of data resolution and stored on a

computer data file to allow computerized statistical analysis of the combined data.

The limit of data resolution concept is important to the formulation of a reasonable
data reduction plan. While the data recorded on FM tape is continuous, the face
condition data could only be recorded at a number of discrete points. In addition, the
correlation of the CID and vibration data with the longwall face condition data is only
valid at the shield count marks. Accurate shield count was limited to one-half shield
resolution. Hence, given a shield width of 5 feet and a panel width of 500 feet, the
cutting pass data could be digitized into about 200 valid data points. The several
variables measured at each point constitute a data vector. The test program
generated 2,477 data vectors. This large amount of data contains a sufficient amount

of variable conditions to support the analysis of the data as a factorial experiment.

A factorial experiment is actually a set of experiments in which the individual and
joint effects of several variables and combinations of the values, or levels of these
variables, are systematically studied. In the particular case at hand, the conditions

and result at each data point can be interpreted as an "experiment." The several
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variables (or factors) act on the CID sensor at each point to produce an analog signal.
The analog signal is checked against an assigned coal cutting band (an important,
independent variable) to yield the cutting coal or cutting rock signal. A check of the
actual cutting condition at the data point gives the success.or failure of the CID at
that data point (and with the associated variable conditions), If the factors (variables)
and the several levels (or values) associated with each factor are correctly chosen, a
significant number of data points will be associated with each factorial condition. The
measure of the CID effectiveness (the result of the experiment) can then become the

percentage of correct cutting signals,

Organization of the mass of data in this manner yields two important results. First,
the CID effectiveness is quantified for each factorial condition (or specific set of
variable conditions). Second, a statistical analysis of variance can be conducted to

estimate the significance of each variable's effect on the CID effectiveness.

A computer program was written in Fortran 77 (Microsoft V3.2) to support this data
analysis procedure. The program can be run on a IBM-compatible computer. It allows
creation of the data files, definition of the factorial experiment (variables and levels
of each variable to be considered), and the execution of the statistical analysis. Three
measures of CID effectiveness may be chosen by the program user. They are the
percentage of cutting signals overall, the percentage of coal cutting signals, and the
percentage of rock cutting signals. The results of this program are used in the Data
Analysis section of the report. The program is fully described in Appendix E. A
printout of all data files is shown in Appendix A of the Supplement to the Final
Report.

3.2 Secondary Data Analysis

The vibration signals from the survey accelerometers were recorded on FM tape. The
data can later be used as input for a bench test of other vibration CIDs. Analysis of

the vibration signals was not funded under the program scope of work.
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IVv. EQUIPMENT ACQUISITION AND CHECKOUT

Four Coal Interface Detectors, two Bruel and Kjaer Model 4344 accelerometers, and
two battery chargers were received by Wyle Laboratories from the Bureau of Mines in
October of 1984. By November of 1984, a laboratory procedure to check the

operational condition of the CID's was developed. This procedure is described below.

Several different tests were required to evaluate the operation of all functions of the
CID electronics. Figure 4 gives a block diagram of the CID and also indicates by test
number the method used to evaluate the performance of each function. Figure 5
shows the test setup, and Table 1 lists the instrumentation needed to perform the
required tests. The accelerometer signal input to the CID was simulated by a
capacitor. In all tests, the input charge and voltage were maintained at levels
comparable to the real accelerometer input expected (maximum of 150 mV and
150 pC). The results of the initial evaluation procedure performed on the CID's in

November of 1984 are shown in Appendix F.
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TABLE 1. CID Operational Checkout Instrumentation List

Function generators

a) Dynascan Corp. 3020 Sweep/function generator 3W100058,
calibrated 11-15-84, calibration due 5-15-~85.

b) Hewlett-Packard 311A Function Generator #W0892 cali-
brated 8-22-84, calibration due 2-22-85.

Voltmeters

a) Keithley Digital Multimeter, model 178 DMM $#W11313,
calibrated 9-21-84, calibration due 3-31-85.

b) Hewlett Packard Digital Multimeter, model 3465a,
#W11184, calibrated 9-28-84, calibration due 3-28-85.

Oscilloscope

a) Gould 20 MHz Digital Storage Scope 0S1420 $#W101050,
calibrated 7-28-84, calibration due 1-20-85,.
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V. DATA COLLECTION

All the data was recorded from four different double ranging drum shearers in four
mines and four different coal seams (see Table 2). This broad diversity of shearers and
seam parameters provided a good data base for sensor evaluation. The physieal

characteristics of the shearers are shown in Appendix B.

The least friable coal tested was that in the North River Energy Corporation Mine
located in Berry, Alabama. This coal contrasted sharply with the very friable Lower

Sunnyside coal mined at Kaiser Coal's Sunnnyside Mine.

Roof and floor rocks tested ranged from a very hard sandy shale at Kaiser Coal's

Sunnyside Mine to claystone at the Jim Walter Resources No. 3 Mine.

The procedure described under Part 3.0 (Measurement Plan) of the Experimental
Program Definition was strictly adhered to during all of the data acquisition visits. A

more detailed description of the test procedure follows,

Prior to entering the mine, a final check was made on the power supplies of all test
equipment, and discussions were held with mine personnel to determine which cutting
drum was most suited for instrumentation. The cutting drum selected was the one
which ranged most throughout the mine strata.

Upon arriving at the longwall face, two fabricated accelerometer mounting plates
were welded to the shearer. One of the mounting plates was attached to the ranging
arm near the cutting drum, and the remaining plate was situated on top of the machine
chassis. The metal enclosures housing the accelerometers were attached to the
mounting plates with 2 3/4-inch sections of 5/8-inch diameter all thread and assorted

fastening hardware.

The coaxial leads used to connect the accelerometers to the power supplies and the
CID were protected by a 1/2-inch rubber jacket flexible conduit. Microdot connectors
were used to connect the coaxial cable to the accelerometers and to the power
supplies of the survey accelerometers. BNC connectors were used to connect the
coaxial cable to the CID input and to the input cable of the TEAC-HR30E tape
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TABLE 2. Summary of the Geology Encountered During Mine Testing

SEAM
SHEARER MINE THICKNESS ROOF MATERIAL FLOOR MATERIAL | TEST DATE
Anderson Jim Walter Resources 78" Shale (hard) Shale and clay (soft) 8/24/86
Mavor No. 3 Mine
500 Adger, Alabama
E:Sc(')( haoi' North River Energy 55" Shale (hard) Shale and Clay (soft) 9/15/86
) Corporation :

Berry, Alabama
Anderson Jim Waiter Resources 78" Shale (hard) Shale and Clay (soft) 9/28/86
Mavor No. 3 Mine
500 Adger, Alabama
Eickhoff North River Energy 55" Shale (hard) Shale and Clay (soft) 10/3/86
150-2L Corporation
JOY Emway Resources 72" Shale (hard) Shale 11/17/86
ILS Emerald No. 1 Mine
Anderson Jim Waliter Resources 78" Shale (hard) Shale and Clay (soft) 11/23/86
Mavor No. 3 Mine
500 Adger, Alabama
Eickhoff North River Energy 55" Shale (hard) Shale and Clay (soft) 12/1/86
150-2L Corporation

Berry, Alabama
Misui Kaiser Coal 78" Laminated Sandy Laminated Sandy 12/8/86
Mike Sunnyside Mine Shale (hard) Shale (hard)




recorder. Since the TEAC-HR30E tape recorder is very lightweight (approximately 1.3
pounds), it was easily carried around the shoulder of the data collection team member
by using the shoulder strap provided with the carrying case. Several J-hooks were

tacked to the ranging arm in order to tie-wrap the flexible conduit against the arm.

- There were two instances (Jim Walter Resources No. 3 Mine, Visit 3; Emway
Resources Emerald No.1 Mine, Visit 2) where the coaxial leads from triaxial
accelerometer location 1 were severely damaged. Other than CID malfunction, this

was the only other adversity encountered during testing.

The data collection team member responsible for voice annotating the data tapes was
in charge of mounting the data collection system. The other member of the data
collection team was in charge of taking hardness measurements and also samples of

the coal and rock from along the longwall face.

A Schmidt Concrete Test Hammer (Type N) was used to measure the hardness of the
coal and rock strata. When this device was applied on a highly fractured coal face, no
reading was registered on the rebound number scale. The rebound number indicates
the hardness of material tested. In these instances, the rebound values recorded were
obtained on a large sample of coal taken from that face location. A crucial question
arises as to which of these hardness values are detected by the CID. The premise of
the data analysis is based on the assumption that the CID encounters a coal hardness in
magnitude of that which was recorded from the large coal sample. The range of the
coal/rock hardness values along the longwall face of Kaiser Coal's Sunnyside Mine was
not adequately measured due to a malfunction of the test hammer during this visit.

The test hammer was inoperable after taking just a few hardness measurements.

An average of ten impact readings were taken with the hammer on each stratum at
every shield test location. Rebound values that did not deviate by more than five units
from the means of the others were used in calculating the mean value of the rebound
number at the test locations. A note was made as to the direction into which the

impact testing was conducted.

Coal and rock samples were taken at each shield test location. The procedure
described in Appendix D was used to determine the bulk density of each sample. The
average of these bulk densities were entered as data input on the data reduction form

for each mine visit.
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Generally, the first vibration data recorded was when the cutting drums were powered
and rotating in the air. Frequently, this was followed by the recording of the startup
of the face conveyor. Consequently, additional background noise information on the

shearer and conveyor were acquired.

The majority of data was collected during actual cutting operations. The data
collection team member in charge of voice annotating the tape was stationed between
the shearer operators at a known distance from the instrumented cutting drum. His
responsibilities were to locate the instrumented drum with a shield number during the
cutting operation and to note all pertinent shearer operating data. This included
noting when the shearer stopped, started, or idled and also when the pan line stopped

or started and its load condition.

The second data collection team member was in chai‘ge of observing and noting the
location of the instrumented drum with respect to the coal/rock interface. As stated
earlier, the most suited position for this member was found to be ahead of the cutting
action where a more accurate account of depth of cut into rock could be recorded.
The depth of cut was observed and noted as it was occurring rather than in an after-
the-fact manner. When the cutting drum was lowered into the floor and the interface
difficult to observe, the operator provided the depth-of-cut information. The

accuracy of these observations are estimated to be within 2 to 4 inches.

During testing, the instruhented cutting drum was monitored during normal cutting
operations which consisted of cutting as close to the interface as possible. This
resulted in the cutting drum operating approximately 1 inch above and below the
interface. At several points along the face, the operator was instructed to take a

deeper cut (greater than 2 inches) into the rock stratum.

A minimum of three passes of data were collected during each visit except in one
instance when the shearer broke down during testing and remained inoperable (North
River Energy Corporation, visit 1). The data acquisition phase of this project resulted
in the collection of 29 cassette tapes of data. Fifteen of these tapes were suitable for
CID evaluation; the remaining tapes contain questionable values of the analog output
due to CID malfunction. The raw vibration data collected from the survey accelerom-

eters on all of the data tapes is suitable for future use.
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Prior to the commencement of data acquisition visits, the CID's had not operated in a
mine environment. The operation of the detector had been evaluated in aiaboratory
which can be considered to be ideal conditions when compared with the atmosphere of
an operating longwall face. During the early stages of testing, the values recorded for

the output of the CID's were questionable (i.e., 50 to 85 mV range).

An inquiry was made to determine the cause of these questionable values. The results
of this investigation revealed that several CID electronic components had failed and

that the charge on the NiCad power supplies had depleted rapidly.

The humid mine environment caused condensate to form inside the explosion-proof box
housing the CID electroniecs. This condensate rendered various chips and regulators
inoperative. The age of the detector (approximately nine years old at time of testing)

may have been an integral part of this problem.

Extensive time run checks were conducted on the original and new NiCad power
suppplies. The conclusion arrived at from the results of this investigation was that
recommended charging procedure (G.E. Operating Manual) did not adequately charge
the power supplies for mine testing. The battery charger specified for use was not
suitable for charging the NiCad power supplies. New chargers were purchased (Globe

Union 24350M) and a charging procedure was developed.
The procedure involved connecting the charger to the external lead of the CID marked

"CHARGER." Charging required about 18 hours. The charge on each unit was checked

just prior to entering the mine and directly after exiting the mine.
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VI. DATA REDUCTION AND ANALYSIS

The recorded CID analog output data was played through a Hewlett Packard Model
3467A Logging Multimeter with a TEAC R-71 tape player. The RMS value of the CID
output (Appendix A, Supplement to the Final Report) for all recorded data points
(shield locations) was entered on a data reduction form. The velocities between the
shields was calculated from the information contained on the data tapes. The coal and
rock hardness values entered on the reduced data form are the average rebound values
taken with the Schmidt Concrete Test Hammer between two hardness sample
locations. The Rebound Number indicates the hardness of the material tested. A data
reduction form was prepared for each shearer pass and then stored on a computer data
file. A printout of these data files are shown in Appendix A of the Supplement to the
Final Report. The following analysis was then derived from the information contained

on the computer data files.

Figures 6 and 7 are example plots of the primary factors data (analog signal, depth of
cut, hardness ratio, and velocity) collected for this project. The remaining plots are
shown in Appendix B of the "Supplement to the Final Report." These plots correlate
all the data according to the longwall face position at which it occurred. The
operating characteristics of the mines that participated in this project are shown in

Appendix B.

JIM WALTER RESOURCES NO. 3 MINE

Figures 6 and. 7 are plots of the primary data collected for two cutting passes at the
Jim Walter Resources No. 3 Mine located in Adger, Alabama. The level of analog
signal that is most prevalent in these figures ranges from 0 to 3 volts and is found to
be equally associated with both coal and rock cutting. Figure 7 shows that an analog
signal range of from 4.5 to 5.5 volts to be strongly associated with cutting 12 inches of

rock.
The hardness ratios found at the Jim Walter Resources No. 3 Mine ranged from 0.2 to

0.75. All of the CID analog signal outputs had their greatest recurrence when the

hardness ratio was equal to or greater than 0.5 but less than 0.7, (Figures 6 and 7).
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An operating velocity equal to and greater than 20 fpm but less than 33.3 fpm was
most common at this property (Figures 6 and 7). For a velocity rank of greater than
33.3 fpm, an analog signal level equal to or greater than 3 volts but less than 5 volts

had a greater frequency of occurrence (Table 3).

Shown in Table 3 is the variance of each of the levels of analog signal data for each of
the levels of the primary factors involved in this experiment. The percentages

discussed in the following text are derived from this table.

Assume that an analog signal value of less than 1 volt (Al) would be obtained for coal
cutting (Level Bl)' The percentage of correct cutting signals would be found to be
approximately 32-percent correct for coal cutting and 74-percent correct for rock
cutting (Figure 8). When assuming that an analog signal level of less than 3 volts (Al’
AZ) is associated with coal cutting (Bl)’ then approximately 93 percent of the coal
cutting and 32 percent of the rock cutting signals would be correct (Figure 9). For an
assumption that an analog signal level of less than 5 volts (Al’ Ay, A3) is associated
with coal cutting (Bl), then the percentage of correct cutting signals is found to be
correct approximately 100 percent of the time for coal cutting and 4 percent of the

time for rock cutting (Figure 10).
The data in Tables 3 and 4 and the bar charts shown in Figures 8 through 11 conclude

that the CID was not effective in determining the coal/rock interface at this minesite.
There was no level of analog signal that distinguished between coal and rock cutting.
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TABLE 3. Percentage of Occurrence of Analog Signal for Each Primary Factor,

Jim Walter Resources No. 3 Mine

JIM WALTER RESOURCES No.3 MINE
TOTAL NUMBER OF DATA POINTS-687
PERCENTAGE OF OCCURRENCE
ANALOG SIGNAL-A ANALOG SIGNAL VS. DEPTH OF cUT
Al: 0<X<1.0 l l
A2: 1.0<X<3.0 ANALOG SIGNAL LEVEL
A3: 3.0<X<5.0 DEPTHOFCUT A1 A2 A3 Ad TOTAL
Ad: 50<X<8.0 B1 156 (22.71)] 293 (42.65)] 33 ( 4.80) 0| 482 (70.16)
B2 4{ 0.58) 4 ( 0.58) 2( 0.29 0] 10 ( 1.45)
DEPTHOF CUT=B B3 28 ( 4.28) 61 ( 8.88) 28 ( 4.08) 0| 117 (17.04)
B1:  0<X<0.1 B4 20 ( 2.91) 22 ( 3.20)] 28 ( 4.08)| 8( 1.16)] 78 (11.35)
B2: 0.1<X<2.0 TOTAL 208(30.28) | 380 (55.31] 91 (13.25) 8 ( 1.16)| 687 (100)
B3: 2.0<X<6.0
B4: 6.0<X<60
ANALOG SIGNAL VS. HARDNESS RATIO
HARDNESS RATIO-C T
Cl:  0.2<X<0.5 ANALOG SIGNAL LEVEL
C2  0.5<X<0.7 HARDNESS RATIO| A1 A2 A3 Ad TOTAL
C3:  0.7<X<0.9 C1 13 ( 1.89)] 156 (22.71) 0 0] 169 (24.60)
C4:  0.9<X<1.2 c2 194 (28.24)[ 222 (32.31)] 90 (13.10)[ 8 ( 1.16) | 514 (74.81)
c3 0 2 ( 0.29) 1( 0.15) 0 3 ( 0.44)
VELOCITY=D c4 1( 0.15) 0 0 0 i( 0.15)
D1:  0<X<10 TOTAL 208 (30.28 | 380 (55.31 91 (13.25) 8 ( _1.16) | 687 (100)
D2: 10<X<20
D3: 20<X<33.3
D4:33.3<X<70 ANALOJG SIGNAL VS. VEILOCITY
ANALOG SIGNAL LEVEL
VELOCITY Al A2 A3 Ad TOTAL
D1 1{_ 0.15) 0 0 ol 1( 0.15)
D2 24 ( 349) | 40 ( 528 ] 2( 0.29) o] 66 ( 9.60)
D3 143 (20.82) [247 (35.95)| 28 { 4.08) 6 (087424 (61.72)
D4 40 ( 5.82) | 93 (13.54) | 61 ( 8.88) 2 ( 0.29)196 (28.53
TOTAL 208 (30.28) /380 (55.31)| 91 (13.25) 8 (__0.87)687 (100)
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TABLE 4. Percentage of Occurrence of Each Level of Analog Signal for each Level of Primary Factor,

Jim Walter Resources No. 3 Mine

JIM WALTER RESOURCES NO. 3 MINE

| TOTAL NUMBER OF DATA POINTS =687

ANALOG SIGNAL =A ANALOG SIGNAL LEVEL NUMBER CN\E

Al: 0<X<1.0

A2: 1.0<X<3.0 FACTORS C1 c2 Cc4 TOTAL

A3: 3.0<X<5.0 B1 13 ( 6.25%) [142 (68.27%) 0] 1 ( 0.48%)156 (75.00%)

A4: 5.0<X<8.0 B2 0 4 (1.92%) 0 0 4 (1.92%)
B3 0| 28 (13.46%) 0 0] 28 (13.46%)

DEPTHOF CUT =B B4 0 20 ( 9.62%]) 0 0 20 ( 9.62%)

B1: 0<X<0.1 TOTAL 13 ( 6.25%) {194 (93.27%) 0] 1 ( 0.48%){208 (100%)

B2: 0.1<X<2.0

B3: 2.0<X<6.0

B4: 6.0<X<60

HARDNESS RATIO =C FACTORS D1 D2 D4 TOTAL

C1: 0.2<X<0.5 B1 1 (048%) | 17 ( 8.17%) |126(60.58%) | 12 (5.77%) |156 (75.00%)

C2: 0.5<X<0.7 B2 0 2 (0.96%) 2( 0.96%) 0 4 (1.92%)

C3: 0.7<X<0.9 B3 0 5 (2.40%) 10 { 481%) | 13 { 6.25%)] 28 (13.46%)

C4: 0.9<X<1.2 B4 0 0 5( 2.40%) 1 15 ( 7.22%)] 20 { 9.62%)
TOTAL 1 (048%) 1 24 (11.53%) 1143(68.75%) | 40 (19.24%)] 208 (100%)

VELOCITY =D ' :

D1: 0<X<10

D2: 10<X<20

D3: 20<X<33.3 -

D4:33.3<X<70
ANALOG SIGNAL LEVEL NUMBER ™O
FACTORS C1 C2 Cc4 TOTALS
B1 151 (39.74%)141 {37.10%) 1 ( 0.26%) 01293  (77.10%)
B2 0 4 (1.05%) 0 0 4 (1.05%)
B3 0 60 (15.80%) 1 ( 0.26%) 0 61 (16.06%)
B4 5 (1.32%) 17 ( 4.47%) 0 0f 22 (5.79%)
TOTAL 156 (41.06%)222 ( 58.42%) 2 { 0.52% 0{380 (100%)
FACTORS D1 D2 D4 TOTALS
B1 0f 38 (10.00%) {190 (50.00%) 65 (17.10%J293 (77.10%)
B2 0 0 4 ( 1.05%} 0] 4 (1.05%)
B3 0 2 ( 0.53%) 40 (10.53%| 19 ( 5.00%) 61 (16.06%)
B4 0 0] 13 { 3.42% 9 (2.37%] 22 ( 5.79%)
TOTALS 0] 40 (10.53%) 1247 (65.00%) 93 (24.47%)1380 (100%)
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TABLE 4. Percentage of Occurrence of Each Level of Analog Signal for each Level of Primary Factor,

Jim Walter Resources No. 3 Mine (Concluded)

JIM WALTER RESOURCES NO. 3 MINE
TOTAL NUMBER OF DATA POINTS =687
ANALOG SIGNAL =A ANALOG SIGNAL LEVEL NUMBER THREE
Atl: 0<X<1.0
A2: 1.0<X<3.0 FACTORS C1 c2 C3 C4 TOTALS
A3: 3.0<X<5.0 B1 0| 32 (35.16%) 1 ( 1.10% 0{ 33 (36.26%)
A4: 5.0<X<8.0 B2 0 2 [ 2.20%) 0 0 2 ( 2.20%)
B3 0f 28 ( 30.77%) 0 0| 28 (30.77%)
DEPTH OF CUT =B B4 0} 28 ( 30.77%) 0 0] 28 (30.77%)
B1: 0<X<0.1 TOTALS 0] 90 ( 98.90%) 1 ( 1.10%) 0] 91 (100%)
B2: 0.1<X<2.0
B3: 2.0<X<6.0
B4: 6.0<X<60
FACTORS D1 D2 D3 D4 TOTALS
HARDNESS RATIO =C B1 0 2 { 2.20%)] 14 {15.30%) 17 {(18.68%)} 33 (36.26%)
C1: 0.2<X<0.5 B2 0 0 2 ( 2.20%) 0l 2( 2.20%)
C2: 0.5<X<0.7 B3 0 0 2 (2.20%)| 26 (28.57%)| 28 (30.77%)
C3: 0.7<X<0.9 B4 0 0] 10 (10.99%)] 18 (19.78%)] 28 (30.77%)
C4: 0.9<X<1.2 TOTALS 0 2 { 2.20%) 28 (30.77%) 61 (67.03%)] 91 (100%)
VELOCITY =D
D1: 0<X<10
D2: 10<X<20
D3: 20<X<33.3 ANALOG SIGNAL LEVEL NUMBER FOUR
D4:33.3<X<70
FACTORS C1 c2 Cc3 Cc4 TOTALS
B1 0 0 0 0 0
B2 0 0] 0 0 0
B3 0 0 0 0 0
B4 0 8 (100%) 0 0 8 {100%)
TOTALS 0 8 (100%) 0 0 8 (100%)
FACTORS D1 D2 D3 D4 TOTALS
B1 0 0 0 0 0
B2 0 0 0 0 0
B3 0 0 0 0 0
B4 0 0 6 (75.00%) 2 (25.00%) 8 (100%)
TOTALS 0 0 6 (75.00%) 2 {25.00% 8 (100%)




EMWAY RESOURCESJ EMERALD NO. 1 MINE

Figures 12 and 13 are plots of the primary data collected for two cutting passes at the
Emway Resources Emerald No. 1 Mine located in Waynesburg, Pennsylvania. The
range of analog signal output recorded at this minesite was from 0 to 5 volts. A signal
of greater than 0 volts but less than 1 volt was output most frequently and was
associated equally with coal and rock cutting (Figures 12 and 13).

The hardness ratio measured at this minesite ranged from 0.5 to less than 1.2. The
predominant level of hardness ratio encountered ranged from a value greater than or
equal to 0.7 but less than 0.9 (Figures 12 and 13). A hardness ratio interval of a value
equal to or greater than 0.5 but less than 0.7 was found to have a high frequency of

occurrence for an analog signal interval of from 0 volts to 3 volts (Table 5).

The principal operating velocity identified for this minesite was in the range of 20 fpm
to 33.3 fpm (Figures 12 and 13). It appears that a velocity interval of a value greater
than or equal to 10 fpm but less than 20 fpm had the greatest influence on the analog
signal that ranged from a value greater than or equal to 3 volts but less than 5 volts
(Table 5).

The variance of each of the levels of analog signal for each of the levels of the
primary factors is shown in Table 5. The percentages discussed in the following text
are derived from this table.

The CID is found to be correct approximately 87 percent of the time for coal cutting
and 35 percent of the time for rock cutting based on the assumption that an analog
signal level of less than 1 volt (Al) is associated with coal cutting (Figure 14). Based
on the assumption that an analog signal level of less than 3 volts (Al’ AZ) is associated
with coal cutting, it is determined that the CID is approximately 89-percent correct
for coal cutting (Bl) and 17-percent correct in determining when rock (Bz, B3, B4) was
being cut (Figure 15). An assumption that an analog signal level of less than 5 volts
(Al’ AZ’ A3) be associated with coal cutting reveals that 100 percent of the time the
CID output the correct signal for coal cutting (Bl)’ and the CID was incorrect 100
percent of the time in determining when rock (BZ’ B3, B 4) was being cut (Figure 16).
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TABLE 5. Percentage of Occurrence of Analog Signal for Each Primary Factor,
Emway Resources, Emerald No. 1 Mine

EMWAY RESOURCES,EMERALD No.1 MINE
TOTAL NUMBER OF DATA POINTS=790
PERCENTAGE ICF OCCURRENCE
ANALOG SIGNAL VS. DEPTH cF cutr
ANALOG SIGNAL=A
Al:  0<X<1.0 ANALOG SIGNAL LEVEL
A2: 1.0<X<3.0 DEPTHOFCUT (At A2 A3 A4 TOTAL
A3: 3.0<X<5.0 B1 238  (30.13) 4 ( 0.51) 30 ( 3.80) 01272  (34.44)
A4: 5.0<X<8.0 B2 10 ( 1.27) 2 { 0.24) 1 (0.12) 0 13 ( 1.83)
B3 138  (17.47)] 24 ( 3.04) 4 (0.51) 01166 (21.02)
DEPTH OF CUT=B B4 188 (23.80)] 70 ( 8.86) 81 (10.25 0]339 (42.91)
Bi:  0<X<0.1 TOTAL 574 {72.67)]100 (12.65)] 116 (14.68 0]790 (100)
B2: 0.1<X<2.0
B3: 2.0<X<6.0 :
B4: 6.0<X<60 ANALOG SIGNAL VS, HARDNESS RATIO
HARDNESS RATIO=C ANALCG SIGNAL LEVEL
C1: 0.2<X<0.5 HARDNESS RATIO| A1 A2 A3 A4 TOTAL
C2 0.5<X<0.7 C1 0 0 0 0 0
C3: 0.7<X<0.9 c2 200 (25.33)] 40 ( 5.05) 1 ( 0.19) 01241 {30.50)
C4: 0.9<X<«1.2 Cc3 330 (41.77)] 47 ( 5.95) |115 (14.56) 01492 {62.28)
C4 44 ( 557)] 13 ( 1.65) 0 0] 57 ( 7.22)
VELOCITY=D TOTAL 574 (72.67)[100 (12.65)i{116 (14.68) 0}790 (100)
D1:  0<X<10
D2: 10<X<20
D3: 20<X<33.3 ANALOG SIGNAL VS. VELOCITY
D4: 33.3<X<70 ANALOG SIGNAL LEVEL
VELOCITY Al A2 A3 A4 TOTAL
D1 3 ( 0.38) 0 4 ( 0.52) 0 7 ( 0.90)
D2 83 (10.51} 17 ( 2.15) 60 ( 7.59) 0] 160 (20.25
D3 361 (45.70] 52 ( 6.58) 50 (6.32) 0] 463 (58.60
D4 127 (16.08] 31 ( 3.92) 2 (0.25) 0] 160 (20.25
TOTAL 574 (72.67)100 (12.65)} 116 (14.68 0] 790 (100)




% OF CUTTING SIGNALS EMWAY RESOURCES (A.S.<1)

o 100
ad

<

-

S 80
7]

o]

=

F 604
>

Q E
¢ 9

O 40~
w

2

E 204
i

O

&

O 0 -

correct coal
incorrerct coal
correct rock
incorrect rock

9 1Y Y
RlzhRs]

FIGURE 14. Percentage of Correct and Incorrect Coal and Rock Cutting

Signals (Analog Signal<1), Emway Resources

% OF CUTTING SIGNALS EMWAY RESOURCES (A.S.<3)

o 100

-d

<

-

S 80+

[77]

O

Z

E 601

-

u e

[T

O 40~

w

g

E  20-

w

[3)

& 1

o 0 ~
FIGURE 15.

7

correct coal
incorrect coal
correct rock
incorrect rock

N

Percentage of Correct and Incorrect Coal and Rock Cutting
Signals (Analog Signal <3), Emway Resources

47



% OF CUTTING SIGNALS EMWAY RESOURCES (A.S.<5)

2

E 100 A

Z 80 /

E : / t coal

% et
] . t rock

/ oo

< . /

-

& 20- /

: .

Q. 0 2

FIGURE 16. Percentage of Correct and Incorrect Coal and Rock Cutting
Signals (Analog Signal <5), Emway Resources

48



The data in Tables 5 and 6 and the bar charts shown in Figures 14 through 16 infer that
the CID was not effective in detecting the coal and rock interface. The predominant
level of analog signal output (0< X <1) was found to be associated with both coal and
rock cutting. In most instances, there was not a great difference between the coal and
rock hardness values which is shown by the predominant hardness ratio. This may have
had an effect on the analog output. The percentage of correct cutting signals reveals
that the CID was ineffective in determining when the shearer drum had crossed the

coal/rock interface.
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TABLE 6. Percentage of Occurrence of Each Level of Analog Signal for Each Level
of Primary Factor, Emway Resources, Emerald No. 1 Mine

A B C D E F G H
1 |EMWAY RESOURCES EMERALD NO.1 MINE
2 |TOTAL NUMBER OF DATA POINTS =790
3
4
5 |(ANALOG SIGNAL=A ANALOG SIGNAL LEVEL NUMBER ON\E
6 JA1: 0<X<1.0
7 |A2: 1.0<X<3.0 FACTORS C1 Cc2 C3 C4 TOTALS
8 [AS3: 3.0<X<5.0 B1 0/132 (23.00%) |103  (17.95%) 3 ( 0.52%) 1238  (41.47%)
9 |[A4: 5.0<X<8.0 B2 0 1 ( 0.17%) 9 ( 1.57%) 0] 10 ( 1.47%)
10 B3 0| 36 (6.27%) {101 (17.60%) 1 ( 0.17%) {138  (24.04%)
11 {DEPTHOF CUT=8B B4 0 31 (540%) {117 (20.38%) 40 ( 6.97%) 1188 (32.75%)
12 {B1: 0<X<0.1 TOTALS 01200 (34.84%) 1330 (57.50%) | 44 ( 7.66%) 1574 {100%)
13 |B2: 0.1<X<2.0
1 4 |B3: 2.0<X<6.0
15 |B4: 6.0<X<60
16 FACTORS D1 D2 D3 D4 TOTALS
1 7 |HARDNESS RATIO=C B1 2 ( 0.35%) 34 ( 5.93%) 1170 (29.62%) | 32 ( 5.57%) (238 (41.47%)
18 IC1: 0.2<X<0.5 B2 0 8 ( 1.3%%) 2 ( 0.35%) 0l 10 ( 1.74%)
19 {C2: 0.5<X<0.7 B3 0] 23 { 4.01%) ;105 (18.29%) 10 ( 1.74%) 1138 {24.04%)
20 JC3: 0.7<X<0.9 B4 1 { 0.17%)) 18 ( 3.14%) 84 (14.63%) 85 (14.81%){188 {32.75%)
21 )C4: 0.9<X<1.2 TOTALS 3 [ 0.52%)] 83 (14.47%) [361 (62.89%) 1127 (22.12%) 1574 (100%)
22
2 3 |VELOCITY=D
24 |D1;: 0<X<10
25 |D2: 10<X<20
2 6 ID3: 20<X<33.3 ANALOG SIGNAL LEVEL NUMBER ™™o
2 7 1D4: 33.3<X<70
28 FACTCRS c1 Cc2 C3 C4 TOTALS
29 B1 0 1 { 1.00%) 2 { 2.00%) 1 ( 1.00%) 4 (4.00%)
30 B2 0 0 2 ( 2.00%) 0 2 (2.00%)
31 B3 0 9 ( 9.00%) 11 (11.00%) 4 ( 4.00%) 24  (24.00%)
32 B4 0 30 (30.00%) 32 (32.00%) 8 ( 8.00%) 70 (70.00%)
33 TOTALS 0 40 (40.00%) 47 (47.00%) 13 (13.00%) {100  (100%)
34
35
36
37 FACTORS D1 D2 D3 D4 TOTALS
38 B1 0 1 ( 1.00%) 1 ( 1.00%) 2 ( 2.00%) 4 ( 4.00%)
39 B2 0 1 ( 1.00%) 1 ( 1.00%) 0 2 ( 2.00%)
40 B3 0 5 ( 5.00%) 17 (17.00%) 2 ( 2.00%) 24 (24.00%)
41 B4 0 10 (10.00%) 33 (33.00%) 27 (27.00%) 70 (70.00%)
42 TOTALS 0 17 (17.00%) 52 (52.00%) 31 (31.00%) 100 {100%)
43
44




TABLE 6. Percentage of Occurrence of Each Level of Analog Signal for Each Level
of Primary Factor, Emway Resources, Emerald No. 1 Mine (Concluded)

A C D E F G H
4 5 |EMWAY RESOURCES EMERALD NO.1 MINE
4 6 |TOTAL NUMBER OF DATA POINTS =790
47
48
4 9 |ANALOG SIGNAL=A ANALOG SIGNAL LEVEL NUMBER THREE
50 |A1: 0<X<1.0
51 |A2: 1.0<X<3.0 FACTORS C1 C2 Cc3 C4 TOTALS
5 2 |A3: 3.0<X<5.0 B1 0 1 ( 0.86%) 29 (25.00%) 0 30 (25.86%)
5 3 |A4: 5.0<X<8.0 B2 0 0 1 ( 0.86%) 0 1 ( 0.86%)
54 B3 0 0 4 ( 3.45% 0 4 ( 3.45%)
5 5 |DEPTHOF CUT=B B4 0 0 81 (69.83% 0 81 (69.83%
56 |B1: 0<X<0.1 TOTALS 0 1 ( 0.86%) 115 (99.14% 0| 116 (100%)
57 |B2: 0.1<X<2.0 :
5 8 |B3: 2.0<X<6.0
5 9 |B4: 6.0<X<60
60 FACTORS D1 D2 D3 D4 ~ TOTALS
6 1 |HARDNESS RATIO=C B1 0 15 {12.93%) 13 (11.21%) 2 ( 1.72%) 30 (25.86%)
6 2 JC1: 0.2<X<0.5 B2 0 0 1 ( 0.86% 0 1 { 0.86%)
6 3 |C2: 0.5<X<0.7 B3 0 1 ( 0.86%) 3 ( 2.59% 0 4 ( 3.45%)
6 4 {C3: 0.7<X<0.9 B4 4 ( 3.45%) 44 (37.93%) 33 (28.45% 0 81 (69.83%
6 5 |C4: 0.9<X<1.2 TOTALS 4 ( 3.45%) 60 (51.72%) 50 (43.11% 2 { 1.72%) 116 (100%)
66
6 7 |VELOCITY=D
6 8 |[D1: 0<X<10
6 9 [D2: 10<X<20
7 0 |[D3: 20<X<33.3 ANALOG SIGNAL NUMBER FOUR
7 1 |D4: 33.3<X<70
72 FACTORS C1 Cc2 Cc3 C4 TOTALS
73 B1 0 0 0 0 0
74 B2 0 0 0 0 0
75 B3 0 0 0 0 0
76 B4 0 0 0 0 0
77 TOTALS 0 0 0 0 0
78
79
80
81 FACTORS D1 D2 D3 D4 TOTALS
82 B1 0 0 0 0 0
83 B2 0 0 0 0 0
84 B3 0 0 0 0 0
85 B4 0 0 0 "0 0
86 TOTALS 0 0 0 0 0




KAISER COAL'S SUNNYSIDE MINE

Two examples of the plots of the primary data collected at Kaiser Coal's Sunnyside
Mine are shown in Figures 17 and 18. The value of the CID analog signal output
voltage recorded during this visit ranged from values greater than 0 volts to less than
5 volts. The prevalent range of analog signal output recorded at this minesite ranged
from 0 volts to a value less than 1 volt. This level of analog output was associated
with cutting both coal and rock (Figures 17 and 18).

The level of hardness ratio measured was fpom 0.7 to a value less than 0.9 (C3). The
horizontal line shown for the hardness ratio profiles is attributed to the malfunction of
the Schmidt Concrete Test Hammer during this visit. Hardness values had been taken
at only a few test locations when the Schmidt test hammer became inoperable.

A velocity of between 20 fpm to 33.3 fpm was found to be the principal operating
velocity at this minesite. The analog signal output that was recurrent with this level
of velocity was from 0 volts to a value less than 5 volts (Al’ A, A3) (Figures 17 and
18 and Table 7). A analog output of from 0 volts to less than 1 volt (Al) also had a
high frequency of occurrence with a velocity of from 10 fpm to a value less than 20
fpm (DZ) (Table 7).

The variance of each of the levels of analog signal for each of the levels of the
primary factors is shown in Table 7. The percentage discussed in the following text

are derived from this table.

Assuming that an analog signal voltage of less than 1 volt (Al) is associated with coal
cutting presents the CID as being approximately 97-percent correct in determining
when coal (Bl) was being cut and 17-percent correct in determining when rock (BZ’ B3,
B4) was being cut (Figure 19). The assumption that an analog voltage of less than 3
volts (Al’ Az) is associated with coal cutting (Bl) reveals that the CID was 99-percent
correct in determining when coal was being cut and 2-percent correct in determining
when rock (BZ’ B3, B4) was being cut (Figure 20). An assumption that an analog signal
level of less than 5 volts (Al’ AZ’
CID was 100-percent correct in determining when coal was being cut and 0-percent

A3) is associated with cutting coal reveals that the

correct in determining when rock was being cut (Figure 21).
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TABLE 7. Percentage of Occurrence of Analog Signal for Each Primary Factor,
Kaiser Coal's Sunnyside Mine

KAISER COAL, SUNNYSIDE MINE
TOTAL NUMBER OF DATA POINTS=426
PERCENTAGE |CF OCCURRENCE
ANALOG SIGNAL VS. DEPTH cr CcuUr
ANALOG SIGNAL=A
Al:  0<X<1.0 ANALOG SIGNAL LEVEL
A2: 1.0<X<3.0 DEPTHOF CUT Al A2 A3 A4 TOTAL
A3: 3.0<X<5.0 B1 167  (39.20) 4 ( 0.94) 1 ( 0.23 0]172  (40.37)
A4: 5.0<X<8.0 B2 27 ( 6.34) 4 ( 0.94) 0 0] 31 ( 7.28)
B3 165 (38.73)] 25( 5.87) 5 ( 1.18) 01195 (45.78
DEPTH OF CUT=B B4 20 ( 4.69) 8 ( 1.88) 0 0| 28 ( 6.57)
Bi: 0<X<0.1 TOTAL 379 (88.96)] 41 ( 9.83) 6 ( 1.41) 0]426  (100)
B2: 0.1<X<2.0
B3: 2.0<X<6.0 -
B4: 6.0<X<60 ANALOG SIGNAL VS. HARDNESS RATIO
HARDNESS RATIO=C ANALOG SIGNAL LEVEL
C1: 0.2<X<0.5 HARDNESS RATIO [At A2 A3 A4 TOTAL
C2: 0.5<X<0.7 Ct 0 0 0 0 0
C3: 0.7<X<0.9 c2 0 0 0 0 0
C4: 0.9<X<1.2 C3 379 (88.96)] 41 ( 9.63) 6 ( 1.41) 01426 (100)
C4 0 0 0 0 0
VELOCITY=D TOTAL 379 (88.96)] 41 { 9.863) 6 ( 141 014268  (100)
D1: 0<X<10
D2: 10<X<20
D3: 20<X<33.3 ANALOG SIGNAL LEVEL VS. VELOCITY
D4:33.3<X<70
ANALOG SIGNAL LEVEL
VELOCITY At A2 A3 A4 TOTAL
D1 4 ( 0.94) 1 ( 0.23) 0 0 5 (117
D2 149 (34.98 3 ( 0.71) 0 0| 152 (85.69
D3 218 (51.16)] 34 ( 7.98) 5 ( 1.18) 0] 257 (60.32
D4 8 { 1.88) 3 ( 0.71) 1 { 0.23) 0} 12 ( 2.82)
TOTAL 379 (88.96) 41 ( 9.63) 6 ( 1.41) 0] 426 (100)
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Based on the data in Tables 7 and 8 and Figures 19 through 21, the CID does not prove
to be effective in distinguishing between the coal and rock horizons at this minesite.
The dominant level of analog signal (0<X <1) was found to be associated with both
coal and rock cutting. The prevalent hardness ratio encountered was from 0.7 to 0.9.
This data closely resembles the data obtained at the Emway Resources mine. As was
stated earlier, the analog signal output appears to be influenced by the similarity
between the measured coal hardness and rock hardness values. As determined by the
analysis of correct cutting signals, the CID proved to be ineffective in determining

when the shearer cutting drum had crossed the coal/rock interface.

58



6G

TABLE 8. Percentage of Occurrence of Each Level of Analog Signal for Each Level
of Primary Factor, Kaiser Coal's Sunnyside Mine

KAISER COAL, SUNNYSIDE MINE

TOTAL NUMBER OF DATA POINTS=426

ANALOG SIGNAL = A ANALOG SIGNAL LEVEL NUMBER ONE

Al: 0<X<1.0

A2: 1.0<X<3.0 FACTORS C1 c2 C3 C4 TOTALS

A3: 3.0<X<5.0 B1 0 0]167  (44.07%) 01167  (44.07%)

A4: 5.0<X<8.0 B2 0 0] 27 ( 7.12%) 0] 27 { 7.12%)
B3 0 0{165  (43.54%) 0i165  (43.54%)

DEPTHOFCUT =B B4 0 0f 20 ( 5.27%) 0f 20 ( 5.27%)

B1: 0<X<0.1 TOTALS 0 01379  (100%) 01379  (100%)

B2: 0.1<X<2.0

B3: 2.0<X<6.0

B4: 6.0<X<80
FACTORS D1 D2 D3 D4 TOTALS

HARDNESS RATIO=C Bt 0] 99 (26.12%) 68 (17.95%) 01167 (44.07%)

C1: 0.2<X<0.5 B2 0 14 ( 3.69%) 12 ( 3.17%) 1 { 0.26%)| 27 ( 7.12%)

C2: 0.5<X<0.7 B3 4 ( 1.06%) 31 ( 8.18%) 124 (32.72%) 6 ( 1.58%) 1165 (43.54%)

C3: 0.7<X<0.9 B4 0 5 ( 1.32%) 14 { 3.69%) 1 ( 0.26%)] 20 ( 5.27%)

C4: 0.9<X<1.2 TOTALS 4 ( 1.06%)| 149 (39.31%) 218 (57.53%) 8 ( 210%) 1379 (100%)

VELOCITY =D

Di1:  0<X<10.0

D2:10.0<X<20.0 ANALOG SIGNAL LEVEL NUMBER WO

D3:20.0<X<33.3

D4:33.3<X<70.0 FACTORS C1 Cc2 Cc3 C4 TOTALS
Bi 0 0 4 ( 9.76%) 0 4 ( 9.76%)
B2 0 0 4 { 9.76%) 0 4 { 9.76%)
B3 0 0! 25 (60.98%) 0] 25 (60.98%)
B4 0 0 8 ( 19.50%) 0 8 (19.50%})
TOTALS 0 0] 41 (100%) 0] 41 (100%)
FACTORS D1 D2 D3 D4 TOTALS
81 0 1 ( 2.44%) 2 ( 4.88%) 1 ( 244%) 4 ( 9.76%)
B2 0 0 4 ( 9.76%) 0 4 ( 9.76%)
B3 1 ( 2.44%) 2 { 4.88%) 21 (51.22%) 1 ( 2.44%) 25 (60.98%)
B4 0 0 7 {17.06%) 1 ( 2.44%) 8 (19.50%)
TOTALS 1 { 244%) 3 ( 7.32%) 34 (82.92%) 3 ( 7.32%) 41 {100%)
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TABLE 8. Percentage of Occurrence of Each Level of Analog Signal for Each Level

of Primary Factor, Kaiser Coal's Sunnyside Mine (Concluded)

KAISER COAL, SUNNYSIDE MINE

TOTAL NUMBER OF DATA POINTS=425

ANALOG SIGNAL =A ANALOG SIGNAL LEVEL NUMBER THREE

Al. 0<X<1.0

A2: 1.0<X<3.0 FACTORS C1 Cc2 C3 Cc4 TOTALS

A3: 3.0<X<5.0 B1 0 0 1 (16.67%) 0 1 (16.67%)

A4: 5.0<X<8.0 B2 0 0 0 0 0
B3 0 0 5 (83.33%) 0 5 (83.33%)

DEPTHOFCUT =8 B4 0 0 0 0 0

B1: 0<X<0.1 TOTALS 0 0 6 (100%) 0 6 (100%)

B2: 0.1<X<2.0

B3: 2.0<X<6.0

B4: 6.0<X<60
FACTORS D1 D2 D3 D4 TOTALS

HARDNESS RATIO=C B1 0 0 1 (16.67%) 0 1 (16.67%)

C1: 0.2<X<0.5 B2 0 0 0 0 0

C2: 0.5<X<0.7 B3 0 0 4 (66.66%) 1 (16.67%) 5 (83.33%)

C3: 0.7<X<0.9 B4 0 0 0 0 0

C4: 0.9<X<1.2 TOTALS 0 0 5 (83.33%) 1 (16.67%) 6 (100%)

VELOCITY =D

D1: 0<X<10.0

D2:10.0<X<20.0 ANALOG SIGNAL LEVEL NUMBER FOUR

D3:20.0<X<33.3

D4:33.3<X<70.0 FACTORS C1 Cc2 C3 C4 TOTALS
B1 0 0 0 0 0
B2 4] ] 0 0 0
B3 0 0 0 0 0
B4 0 0 0 0 0
TOTALS 0 0 0 0 0
FACTORS D1 D2 D3 D4 TOTALS
B1 0 0 0 0 0
B2 0 0 0 0 0
B3 0 0 0 0 0
B4 0 0 0 0 0
TOTALS 0 0 0 0 0




NORTH RIVER ENERGY CORPORATION

Figures 22 and 23 are examples of the plots of the primary data collected for two
cutting passes at the North River Energy Corporation Mine located in Berry, Alabama.
The analog output recorded at this minesite ranged from 0 volts to an output which
was less than 5 volts (Al’ AZ’ A3). The dominant level of analog signal is found to be
from 0 volts to a value which is less than 3 volts (Al’ Az) and is found to be associated
with coal cutting (Bl) (Figure 22). An analog output of from 3 volts to less than 5
volts (A3) is obtained when 0.1 to less than 10 inches of rock (BZ’ B3, B4) is cut (Figure
23).

The hardness ratio measured at this minesite ranged from 0.2 to less than 0.9 (Cl’ CZ’
C3). An analog signal level of from 1 to less than 5 volts (Al’ AZ’ A3) is found to
occur most frequently with a hardness ratio of from 0.2 to less than 0.7 (Figures 22

and 23).

The prominent operating velocity found at this mine site was from 20 fpm to less than
33.3 fpm (D3). This level of velocity was found to be strongly associated with a analog
signal of 0 volts to 5 volts (Al, A2, A3) (Figure 22).

The data in Table 9 shows the variance of each of the levels of analog signal for each
of the levels of primary factors. The percentages discussed in the following text are
derived from this table.

The CID proved to be correct approximately 28 percent of the time in detecting when
coal was being cut and 90 percent of the time in detecting when rock was being cut,
assuming that an analog signal level of less than 1 volt (Al) is associated with coal
cutting (Bl) (Figure 24). The assumption that an analog signal of less than 3 volts (Al’
Az) is associated with coal cutting (Bl) reveals that the CID was correct for 96
percent of the instances when coal was being cut and 54 percent of the instances when
rock was being cut (Figﬁre 25), An assumption that an analog signal of less than 5
volts (Al’ AZ’
effective in 100 percent of the instances where coal was being cut and in 0 percent of

A3) is associated with coal cutting (Bl) presents the CID as being

the instances where rock was being cut (Figure 26).
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TABLE 9. Percentage of Occurrence of Analog Signal for Each Primary Factor,

North River Energy Corporation

NORTH RIVER ENERGYY CORPORATION

TOTAL NUMBER OF DATA POINTS=574

PERCENTAGE |CF OCCURRENCE
ANALOG SIGNAL=A ANALOG SIGNAL VS. DEPTH F Ccur
Al:  0<X<1.0
A2: 1.0<X<3.0 ANALOG SIGNAL LEVEL
A3: 3.0<X<5.0 DEPTHOFCUT A1 A2 A3 A4 TOTAL
A4: 5.0<X<8.0 Bi 102  (17.76)1244 (42.51) 18 (2.79) 0 362 (63.06
B2 10 ( 1.74)] 28 ( 4.88){ 51 (8.89) 0 89 (15.51
DEPTHOF CUT=B B3 9 ( 1.57)] 42 ( 7.32)1 58 { 9.76) 0] 107 (18.65
B1:  0<X<0.1 B4 2 { 0.35) 6 ( 1.04) 8 ( 1.39) 0f 16 { 278
B2: 0.1<X<2.0 TOTAL 123 {21.42){320 (55.75)1131 (22.83 0i574 {100)
B3. 2.0<X<6.0
B4: 6.0<X<60
ANALOG SIGNAL VS, HARDNESS RATIO
HARDNESS RATIO=C
C1: 0.2<X<0.5 ANALOG SIGNAL LEVEL
C2: 0.5<X<0.7 HARDNESS RATIO | A1 A2 A3 A4 TOTAL
C3: 0.7<X<0.9 C1 9 ( 1.57) (134 (23.34)] 41 ( 7.15) 0/184 (32.08
C4: 0.9<X<1.2 C2 13 ( 2.26)i162 (28.23)] 79 (13.76) 01254 (44.25)
C3 101 (17.59) 24 ( 4.18)] 11 { 1.92) 0]136  {23.89)
VELOCITY=D C4 0 0 0 0 0
D1:  0<X<10 TOTAL 123 (21.42)|320 (55.75)|131 (22.83) 0(574  (100)
D2: 10<X<20
D3: 20<X<33.3
D4: 33.3<X<70 ANALOG SIGNAL VS, VELOCITY
) ANALOG SIGNAL LEVEL
VELOCITY Al A2 A3 Ad TOTAL
D1 0 2 { 0.35) 0 0 2 { 035
D2 40 { 897 41 ( 744 19 ( 3.31) 0j100  {17.42)
D3 77 (13.41)1235 (40.94){101 (17.60) 0{413  (71.95)
D4 6 ( 1.04)] 42 ( 732 11 ( 1.92) 0l 59 (10.28)
TOTAL 123 (21.42) 1320 (55.75)]131  (22.83) 0l574  (100)
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Referring to the data in Tables 9 and 10 and the bar charts shown in Figures 24
through 26, the CID proved to be most effective when the analog voltage assigned to
coal cutting was less than 3 volts. The effectiveness of the CID in determining when
the coal/rock horizon had been crossed was sustained in over 50 percent of the
instances when 0.1 to less than 6 inches of rock was being cut. The level of analog
output associated with roek cutting was from 3 volts to a value less than 5 volts.
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TABLE 10. Percentage of Occurrence of Each Level of Analog Signal for Each Level
of Primary Factor, North River Energy Corporation

NORTH RIVER ENERGY CORPORATION
TOTAL NUMBER OF DATA POINTS=574
ANALOG SIGNAL=A ANALOG SIGNAL LEVEL NUMBER ONE
Al: 0<X<1.0
A2: 1.0<X<3.0 FACTORS C1 Cc2 Cc3 C4 TOTALS
A3: 3.0<X<5.0 B1 5 ( 4.07%) 13 {10.57%) 84 (68.29%) 0] 102 (82.93%)
A4: 5.0<X<8.0 B2 2 { 1.62%) 0 8 { 651%) 0 10 ( 8.13%)
B3 0 0 S ( 7.32%) 0 9 ( 7.32%)
DEPTHOF CUT=B B4 2 { 1.62%) 0 0 0 2 { 1.82%)
Bi: 0<X<0.1 TOTALS 9 ( 7.31%) 13 {10.57%)] 101 (82.12%) 01 123  (100%)
B2: 0.1<X<2.0
B3: 2.0<X<6.0
B4: 8.0<X<60.0
FACTORS D1 D2 D3 D4 TOTALS
HARDNESS RATIO=C B1 0 34 (27.64%) 63 (51.22%) 5 ( 4.07%) | 102 (82.93%)
C1: 0.2<X<0.5 B2 0 3 ( 2.44%) 7 { 5.69%) 0 10 { 8.13%)
C2: 0.5<X<0.7 83 0 2 { 1.63%) 6 ( 4.88%) 1 ( 0.81%) 9 { 7.32%)
C3: 0.7<X<0.9 B4 0 1 {0.81%) 1 ( 0.81%) 0 2 ( 1.62%)
C4: 0.9<X<1.2 TOTALS 0] 40 (32.52% 77 (62.60%) 6 ( 4.88%)| 123 (100%)
VELOCITY=D
D1: 0<X<10.0
D2:10.0<X<20.0
D3:20.0<X<33.3 ANALOG SIGNAL LEVEL NUMBER TWO
D4:33.3<X<70.0
FACTORS C1 C2 C3 C4 TOTALS
B1 112 (35.00%)] 127 (39.69%)] 5 { 1.56%) 0} 244 (76.24%)
B2 11 { 3.44%)| 16 { 5.00%) 1 ( 0.31%) 0 28 { 8.75%)
B3 6 ( 1.88%) 18 { 5.63%){ 18 ( 5.63%) 0 42 (13.13%)
B4 5 ( 1.56%) 1 { 0.31%) 0 0 6 { 1.88%)
TOTALS 134  {41.87%)] 162 (50.83%)] 24 ( 7.50%) 0! 320 (100%)
FACTORS D1 D2 D3 D4 TOTALS
B1 1 ( 0.31%) 29 ( 9.06%)| 181 (56.56%) 33 (10.31%)] 244 (76.24%)
B2 ¢] 6 ( 1.88%)| 22 ( 6.87%) 0 28 ( 8.75%)
B3 1 { 0.31%) 6 { 1.88%) 28 ( 8.75%) 7 ( 2.19%) 42 (13.13%)
B4 0 0 4 ( 1.25%) 2 ( 0.63%) 6 ( 1.88%)
TOTALS 2 ( 0.62%) 41 (12.82%)| 235 (73.43%) 42 (13.13%)] 320 (100%)
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TABLE 10. Percentage of Occurrence of Each Level of Analog Signal for Each Level
of Primary Factor, North River Energy Corporation (Concluded)

NORTH RIVER ENERGY CORPORATION

TOTAL NUMBER OF DATA POINTS<574

ANALOG SIGNAL=A ANALOG SIGNAL LEVEL NUMBER THREE

Al: 0<X<1.0

A2: 1.0<X<3.0 FACTORS C1 c2 Cc3 Cc4 TOTALS

A3: 3.0<X<5.0 B1 4 { 3.05%) | 12 ( 9.16%) 0 0 16 {12.21%)
A4: 5.0<X<8.0 B2 14 (10.70%) | 37 (28.24%) 0 0 51  (38.94%)

‘ B3 17 (12.98%) 30 (22.90%) | 9 ( 6.87%) 0 56 (42.75%)
DEPTHOF CUT=B B4 6 ( 4.57%) 0 2 ( 1.53%) 0 8 ( 6.10%)
B1:  0<X<0.1 TOTALS 41 (31.30%) | 79 (60.30%) 1 11 ( 8.40%) 0] 131 (100%)
B2: 0.1<X<2.0
B3: 2.0<X<6.0
B4: 6.0<X<60.0

FACTORS D1 D2 D3 D4 TOTALS
HARDNESS RATIO=C B1 0 2 ( 1.53%) 14 (10.68%) 0 16 (12.21%)
C1: 0.2<X<0.5 B2 0 8 ( 6.11%) 41 (31.30%) 2 ( 1.53%) 51  (38.94%)
C2: 0.5<X<0.7 B3 0 8 ( 6.11%) 42 (32.06%) 6 ( 4.58%) 56  (42.75%)
C3: 0.7<X<0.9 B4 0 1 ( 0.76%) 4 ( 3.05%) 3 ( 2.29%) 8 ( 6.10%)
C4: 0.9<X<1.2 TOTALS 0] 19 (14.51%) | 101  (77.09%)] 11 ( 8.40%) | 131 (100%)
VELCCITY=D
D1:  0<X<10.0
D2:10.0<X<20.0
D3:20.0<X<33.3 ANALOG SIGNAL LEVEL NUMBER FOUR
D4:33.3<X<70.0
FACTORS C1 C2 C3 C4 TOTALS
B1 0 0 0 Q 0
B2 0 0 0 0 0
B3 0 0 Q 0 0
B4 0 0 0 0 0
TOTALS 0 0 0 0 0
FACTORS D1 D2 D3 D4 TOTALS
B1 0 0 0 0 0
B2 0 0 4] 0 0
B3 0 0 Q 0 0
B4 0 0 0 0 0
TOTALS 0 0 0 0 0




VL. FACTORIAL ANALYSIS

A factorial experiment is a statistical procedure that efficiently extracts information
on several design factors. The main objective is to determine the effect of various
factors (independent variables) on some characteristic of a product (dependent
variable) of interest.6 In this analysis, the independent variables are depth of cut into
rock, coal/rock hardness ratio, and shearer velocity. The dependent variable is the
CID analog signal output.

The general computational procedure of this multifactor experiment begins by first

analyzing the data (shown in Table C, Appendix H) as a two-way classification:
The treatment sum of squares are analyzed into components attributed to
the various main effects and interactions. The sum of squares for each
main effect is found by adding the squares of the totals corresponding to
the different levels of that factor, dividing by the number observations
comprising each of these totals and then subtracting the correction term.
The sum of squares for any interaction is found by adding the squares of all
totals obtained by summing over those subscripts pertaining to factors not
involved in the interaction, dividing by the number of observations
comprising each of these totals and then subtracting the correction term

and all sums of squares corresponding to main effects and fewer-factor
interactions involving the factors contained in that interaction.”

An example of this computational procedure is shown in Appendix G.

The resuits of each factorial experiment are summarized in a "ANOVA" (Analysis of
Variance) table. Table 11 is an example of an ANOVA table. Directly beneath Table
11 are the formulae used in a factorial experiment. The computed F factor contained
in the example table is a test statistic for the hypothesis that there are no significant
differences among the means of each factor or that there are no interactions. This
hypothesis is rejected if the calculated F factor exceeds the required F factor at a

level of significance for a ratio of the degrees of freedom.

Fcalc. > Freq.

6 Charles Lipson and Narenda F. Sheth, Statistical Design and Analysis of Engineering
Experiments, McGraw-Hill, Inc., New York, 1973, p. 194.

7 Irwin Miller and John E. Freund, Probability and Statistics for Engineers, Prentice-
Hall, Inc., Englewood Cliffs, N. J., 1965, p. 307.
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TABLE 11. Example of an Analysis of Variance (ANOVA) Table Format
(Three-Factor Experiment)

Source degree of freedom (d.f.) Sum of Squares Mean Square F
Replicate r-1 SSR MSR FR
A NLA -1 SSA MSA FA

B NLB - 1 SSB MSB FB

C NLC - 1 SO MSC 3]

AB (NLA - 1}(NLB - 1) SSAB MSAB FAB
C (NLA - 1)}(NLC - 1) SSAC MSAC FAC
BC (NLB - 1)}(NLC - 1) SSBC MSBC ___FBC
ABC (NLA-1)}(NLB-1)(NLC-1) SSABC MSABC FABC

Error (r-1)(NLA x NLB x NLC - 1) SSE MSE
r = replicates

NLA = Number of levels assigned to factor A
NLB = Number of levels assigned to factor 8
NLC = Number of levels assigned to factor C

C = Correction term = G2 /(NLA x NLB x NLC)
* G = Grand total of ail observations

| SST = Sum of Squares of the Total = %; £33 V?'ijk! -C
SSR = Sum of Squares of the Replicates =(1/(NLA x NLB x NLC))ZiF!i2 -C
SSA = Sum of Squares of Factor A = (1/(r x NLB x NLC))ZjAj2 -C
SSB = Sum bf Squares of Factor B = (1/{r x NLA x NLC))ZkBkZ -C
SSC = Sum of Squares of Factor C = (1/(r x NLA x NLB))Z,C,2 -C

SSAB = Sum of Sguares of the AB interaction =
(1/(r x NLC)EE, Ty 2 - C- SSA - 5B

SSAC = Sum of Squares of the AC interaction =
(1 x NLB)ZZ T % - C - SSA - SSC

SSBC = Sum of Squares of the BC interaction =
(1/(r x NLA)Z, Z T2 - C - SSB - SSC

SSABC = Sum of Square of the ABC interaction =
ﬁlr)Z,-ZquTij -C-8SA-8SB-S8SC-SSAB-SSAC - SSBC

SSE = Sum of Square of the Error =
SST-SSR-SSA-SSB-SSC - SSAB - SSAC - SSBC - SSABC

* Mean Squares are obtained by dividing the sums of squares by their
associated degrees of freedom. '

* MSE serves as a denominator of all F ratios.
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The presence of interactions are of particular interest. When two factors do not
behave independently, they are said to be interactive. When two factors interact, the

response in changes in one factor is conditioned by the level of another faetor.8

The interpretation of the results of the ANOVA table depends on the outcome of the
significance tests. The interpretation begins by first considering the significance of
the four-factor interaction. If it is significant, none of the factors are acting
independently. In this case, the results may be summarized in a four-way table. If the
four-way interaction is not significant, we look at the three-factor interaction. If it is
significant, we summarize the results in a three-way table. This process is followed
until significance is found at some level of interaction or in the main effects. When an
interaction is found to be significant, the lower order interactions and main effeets
will not be investigated. The interaction indicates a dependence of one factor on one

or more other fao::tors.9

The following analysis is comprised of three factorial experiments: 1) the percentage
of cutting signals overall, 2) the percentage of coal cutting signals, and 3) the
percentage of rock cutting signals. In these experiments, the treatments consisted of
the combinations of four factors. These factors are CID analog signal, depth of cut
into rock, coal/rock hardness ratio, and shearer velocity. The combinations are such
that each level of every factor occurs together with each level of every other factor.
The percentage of occurrence of each of these combinations was calculated and
presented as output by the computer program (Appendix E) which was written to

support this data analysis procedure.

An analysis of the percentage of correet cutting signals was conducted for each
factorial experiment. A summary table was prepared from the data contained in the
two tables' (Tables C and D) output from the computer program. This table contains
the number of occurrences of each level of analog signal for each of the levels of the
primary factors. A level of analog signal was assigned to either coal oé rock cutting,
and the percentage of correct occurrences were calculated.

8 Roger G. Petersen, Design and Analysis of Experiments, Marcel Dekker, Inc., New
York, 1985, p. 116.

¥ Ibid, p. 129.
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Throughout this section of the report, the factors involved in the factorial experiment
and in the percentage of correct cutting signals will be referred to in the following

manner,
Factor A - Analog signal
Factor B - Depth of cut into rock
Factor C - Coal/rock hardness ratio
Factor D - Shearer velocity

Each of the measured factors was grouped into four class intervals or levels. The
subscript following the variables refers to the level of the factor. For example, Ay
refers to the first level of the analog signal and, likewise, AB,, refers to the first

level of analog signal and second level of depth of cut.

In order to explain the significant interactions, the values from Table C1 (Appendix H)
of the computer output were summarized in tabular form (Table 13). The data was
normalized and profiles were developed for all significant interactions. As a
computational aid, an additional F test was conducted on each analog signal subset of
the summary table in order to explain the source of factor dependency. This was
achieved by calculating the simple effects that the levels of a factor had on each of
the levels of analog signal. The following formulae will be used throughout the

analysis section.
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*
SSB at A

555 at A,

N.L.A

N.L.B

11
%
MsB for Ai
MSB for Ai
d.f.

12
*F

MSE

Simple Effect Formulas

2 2 2 2
AB11 + AB12 +AB13 + ABij

nx N.L.A

(2ABU.>2
N.LLA,x N.L.Bxn

The sum of squares of all levels of B with Level Ai

Number of observations under each treatment condition.

Number of levels of Factor A

Number of levels of Factor B

S5p at A,

No. of d.f. of Factor B

Mean square of the simple effects of Factor B for level i of A

degree of freedom
MSg for Ai

MSE
Mean square error term for Table 11

Test for the significance of the effects of the levels of Factor B
for each level of Factor A.

10 B. J. Winer, McGraw-Hill Series in Psychology, MeGraw-Hill, Inc., New York, 1962,

p. 2586.

1 i,

12 g,
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PERCENTAGE OF CUTTING SIGNALS OVERALL

In this factorial experiment, we will analyze the effect that depth of cut (B), hardness
ratio (C), and veloecity (D) have on the analog signal (A) for all of the data. The
experiment was replicated four times, and each replicate represents the data collected
at one of the participating mines. The variable ranges assigned to the factor levels

are:

Analog Signal (A)

A1 0 <x <1

A2 1 <x<3

A3 3 ¢<x <5h

A4 5<x <8
Depth of Cut (B)

B1 0 <x <0.1

BZ 0.1<x < 2

B, 2 <x <6

B, 6 < x <60
Hardness Ratio (C)

C1 0.2 < x < 0.5

02 0.5 < x < 0.7

C3 0.7< x < 0.9

C4 0.9 < x <« 1.2
Velocity (D)

D1 0 < x <10

D2 10 < x <20

D3 20 < x < 33.3

D4 33.3 < x <170
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Replications
*Replication 1 - Jim Walter Resources, No. 3 Mine

*Replication 2 - Emway Resources, Emerald No. 1 Mine
*Replication 3 ~ Kaiser Coal, Sunnyside Mine
*Replication 4 - North River Energy Corporation

A preliminary analysis of variance is given in Table 12 for the data in Table Cl1
(Appendix H). The preliminary analysis of variance indicates that the three-factor
interaction between analog signal (A) X depth of cut (B) X hardness (C) is significant
at a 10-percent level of confidence.

1.401

1]

F cale.

Freq. (0.1, 27, 765)

1]

1.374
F cale. > Freq.

Therefore the main effects and two-factor interactions involving these factors will not
be considered in this discussion.

Table 12 also indicates that the two-factor interaction between analog signal (A) X
velocity (D) is significant at a 0.5-percent level of confidence.

26.17

F cale.

Freq. (0.005, 9, 765) = 2.65

F cale. > Freq.

Since the velocity factor was not involved in the three-factor interaction, we will

investigate this significant interaction.

- 76



TABLE 12. Analysis of Variable Table (ANOVA) for Percentage

of Cutling Signals Overall

E. STATISTICAL ANALYSIS
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REPLICATES
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Three-Factor Interaction: Analog Signal (A) X (Depth) of Cut (B) X Hardness Ratio (C)

The results of the factorial experiment for this signficant interaction are summarized
in Table 13. A geometric representation of the data contained in Table 13 is shown in
Figures 27a through 27d, which are profiles of the simple effects of the depth of cut at
each of the levels of analog signal for a respective hardness ratio. The marked
differences in the simple effect indicate that the simple effeet interactions are not
zero. To determine the significance of the simple effect interactions, an F test was
conducted on the subset of analog signal for each level of hardness ratio. The results
of these computations are shown in Tables 15a through 15d.

For the first level of hardness ratio, we examine Table 15a and Figure 27a. A, tests
to be significant at the 0.5-percent level of significance. Observing the profile for
this interaction, we find Az to occur most frequently with Bl‘ The test on the simple
effects on the other levels of analog signal indicate no significant difference between
levels of depth of cut.

Observation of Table 15b and Figure 27b for the second level of hardness ratio
indicates that Factor Al tests to be significant at a 5-percent level of confidence and

is strongly associated with B,. The test on the simple effect of the remaining levels

1
of analog signal show that there is no significant difference in the occurrence of these

levels with any level of depth of cut.

The simple effect interaction between analog signal and depth of cut at level 3 of the
hardness ratio tests to be significant at three levels of the analog signal. From Table
15c and Figures 27¢, we find that A, is significant at a 0.5-percent level of confidence
and appears to be equally associated with B1 and B3. Az is found to be significant at a
10-percent level of confidence and is also correlated with level B1 and B3. A3 tests to

be significant at a 0.5-percent level of confidence and is strongly associated with B4.

Based on this statistical analysis, it appears that the CID was effective at a level 3
hardness ratio. Further analysis of Figure 27c reveals that analog signal A1 was
output more frequently than analog signal level A3 at a depth-of-cut level B 4 In fact,
analog level A, is found to be the dominant analog output for all levels of depth of
cut. Based on this observation, the CID does not demonstrate effectiveness at this
level of hardness ratio. The coal and rock hardness values are very similar in this
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TABLE 13. Summary Table for the Three-Factor Interaction Involving Analog Signal, Depth of Cut,

and Velocity for the Percentage of Cutting Signals Overall

Ct C1 Ci Ct G2 G2 Cc2 G2
B1 B2 B3 B4 B1 B2 B3 B4
Al 27.79 11.11 0 64.29 479.11 225 389.15 219.24
A2 662.12 88.99 185.42 292.86 340.04 101.91 248.37 281.54
A3 10.1 200 214.58 142.86 80.83 273.08 162.48 75.12
A4 0 0 0 0 0 0 0 24.11
C3 C3. C3 C3 C4 C4 C4 C4
B1 B2 B3 B4 B1 B2 B3 B4
At 718.42 587.5 716.87 392.44 300 0 33.33 202.66
A2 319.66 87.5 296.6 128.23 100 0 166.67 97.34
A3 161.93 25 86.51 379.34 0 0 0 0
A4 0 0 0 0 0 0 0 0




ANAL. SIG. FRO. FOR D.O.C.,LEV. 1 H.R.,ALL DATA
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FIGURE 27a LEVELS OF DEPTH OF CUT
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FIGURES 27a and 27b. Profiles of Each of the Levels of Analog Signal

for the Levels of Depth of Cut at a) Hardness Ratio Level 1 and

b) Hardness Ratio Level 2 for the Percentage of Cutting Signals Overall
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ANAL. SIG. PRO. FOR D.O.C.,LEV. 3 H.R.,ALL DATA
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FIGURE 274 LEVELS OF DEPTH OF CUT

FIGURES 27c and 27d. Profiles of Each of the Levels of Analog Signal
for the Levels of Depth of Cut at ¢) Hardness Ratio Level 3 and
d) Hardness Ratio Level 4 for the Percentage of Cutting Signals Overall
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TABLE 14
Freq. for the Factors Involved in the Coal and Rock Cutting Factorial Experiment

LEVELS CF SIGNIFICANCE
D.F.8.V./D.F.MS.E. 10% 5% 2.50% 1% 0.50%
3/7865 2.09 2.615 3.135 3.81 4.32
8/765 1.635 1.895 2.13% 2.435 2.65
27/765 1.374 1.505 1.619 1.765 1.873
B1/765 1.224 1.295 1.36 1.463 1.495

D.F.S.V. = Dgrees of Freedom for the Source of Variation
D.F.M.S.E. = Degrees of Freedom for the Mean Square Error

TABLE 15a

Summary of the Simple Effects of Depth of Cut (B) on Analog Signal (A) at Level 1 of the Hardnes s Ratio (C)
LEVELS o3 ANALOG SIGNAL

S.E.CALC. Al A2 A3 A4

SSBAi 147.93 11788.74 1626.88 0

MSBAI 49.31 3229.58 542,29 0

Fealc. 0.097 7.7293 1.0687 0

LEVEL OF SIG. NOT SIG. 0.50% NOT SIG. NOT SIG.

S.E. CALC. = Simple Effects Calculations

SSBAI = Sum of Squares for the levels of Factor B for each level of Factor A
MSBAI = Mean Square for the leveis of Factor B for aach level of Factor A
Fcale. = Calculated F factor

TABLE 15b

Summary of the Simple Effects of Depth of Cut (B) on Analog Signal (A) at Level 2 of the Hardness Ratio (C)
LEVELS &F ANALOG SIGNAL

S.E.CALC. At A2 A3 A4

SSBAi 3063.2 1927.33 1605.03 27.25

MSBAI 1021.07 642.44 535.01 9.08

Fealc. 2.0084 1.2637 1.0523 0.0179

LEVEL OF SIG. 5% NOT SIG. NOT SIG. NOT SIG.

S.E. CALC. = Simple Effects Calculations

SSBAI = Sum of Squares for the levels of Factor B for each level of Factor A
MSBAI = Mean Square for the levels of Factor B for each level of Factor A

F calc. = Calculated F factor
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TABLE 15¢ .
Summary of the Simple Effects of Depth of Cut (B) on Analog Sigr al (A) at Level 3 of the Hardne ss Ratio (C)

LEVELS CcF ANALOG SIGNAL
S.E.CALC. : Al A2 A3 Ad
SSBAI , 4428.83 2575.09 4481.17 0
MSBAI 1476.28 858.36 1493.72 0
Feale. 2.9083 1.6884 2.9381 0
LEVEL OF SIG. 0.50% 10% 0.50% NOT SIG.

S.E. CALC. = Simple Effects Calculations

SSBAI = Sum of Squares for the levels of Factor B for each level of Factor A
MSBAI = Mean Square for the levels of Factor B for each level of Factor A
Fealc. = Calculated F factor

TABLE 15d

Summary of the Simple Effects of Depth of Cut (B) on Analog Signal (A) at Level 4 of the Hardness Ratio (C)
LEVELS F ANALOG SIGNAL

S.E.CALC. Al A2 A3 A4

SSBAI 3772.54 883.01 0 0

MSBAI 1257.51 294.34 0 0

Feale. 2.4735 0.5789 0 (o]

LEVEL OF S/G. 1% NOT SIG. NOT SIG. NOT SIG.

S.E. CALC. = Simple Effects Calculations

SSBAi = Sum of Squares for the levels of Factor B for each level of Factor A
MSBAI = Mean Square for the levels of Factor B for each level of Factor A
Fecalc. = Calculated F factor
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interval of hardness ratio. This may explain the high frequency of occurrence of
analog signal level 1 with all levels of depth of cut,

At the fourth level of hardness ratio, we find that level A1 tests to be significant at
the 1-percent level of confidence. From Figure 27d we see that /A1 can be expected to
oceur with level B1 and B,.
At this level of hardness ratio the coal hardness is either equal to or greater than the
hardness of the rock stratum. This appears to aceount for the dominance of level A1

of the analog signal.

Two-Factor Interaction Analog Signal (A) X Velocity (D)

Summary Table 16 presents the results for all treatment conditions of this two-factor
interaction. The profiles of each of the levels of analog signal for the levels of
velocity are shown in Figure 28, The marked differences in the profiles signify that
the levels of velocity had a different effect on each of the levels of analog signal. To
test whether the differences of these effects were significant, F tests were conducted
on the data in Table 16. The results shown in Table 18 reveal that there was a

significant difference in the levels of velocity for analog signal levels Al’ A2, and A3.

Levels A, and A2 are significant at the 0.5-percent level of confidence while level A3
tests to be significant at the 2.5-percent level of confidence. From Figure 28, we can
see that the magnitude of the analog signal increased as the velocity increased. This
increase may be attributed to velocity being a component of the force attributed to

the cutting action.
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Summary Table for the Two Factor Interaction involving

TABLE 16

Analog Signal and Velocity for All Data Points

Al A2 A3 A4
D1 300 220 80 0
D2 1653.82 775.68 470.59 0
D3 1368.73 1319.91 592.03 19.35
D4 1044.36 1081.66 669.22 4.786
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ANALOG SIGNAL PRO. FOR LEV. OF VELOCITY, ALL DATA
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" 0<A1<1.0
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FIGURE 28. Profiles of Each of the Levels of Analog Signal for the
Levels of Velocity for the Percentage
of Cutting Signals Overall
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TABLE 17
Freq. for the Factors Involved in the Coal and Rock Cutting Factorial Experiment

LEVELS e SIGNIFICANCE
D.FS.V/D.FMS.E. 10% 5% 2.50% 1% 0.50%
3/7865 209% 2.615 3.135 3.81 4.32
89/765 164% 1.895 2.135 2.435 2.65
27/765 1.374 1.505 1.619 1.765 1.873
81/765 1.224 1.295 1.36 1.463 1.495

D.F.S.V. = Degrees of Freedom for the Source of Variation
D.F.M.S.E. = Degrees of Freedom for thr Mean Square Error

TABLE 18
Summary of the Simple Effects of Velocity (D) on Analog Signal (A) for Goal and Rock Cutting
LEVLELS CF ANALOG SIGNAL
S.E.CALC. Al A2 A3 A4
SSDAi 15964.91 10576.61 3211.23 3.93
MSDAI 5321.64 3525.54 1070.41 1.31
Fealc. 10.4674 6.9346 2.1054 0.0026
LEVEL OF SIG. 0.50% 0.50% 5% NOT SIG.

S.E. CALC. = Simple Effects Calculations

SSDAI = Sum of the Squares of the levels of Factor D for each of the levels of Factor A
MSDAI = Mean Square for the levels of Factor D for each level of Factor A

Fcalc. = Calculated F factor
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Percentage of Correct Coal and Rock Cutting Signals (All Data Points)

Table 19 is a summary table that relates the number of times each of the levels of
analog signal (A) occurred for each of the levels of the primary factors (i.e., depth of
cut into rock (B), coal/rock hardness ratio (C), shearer velocity (D)). This table
consists of all the primary data collected during the data acquisition phase of the
project.

The effectiveness of the CID was determined by assigning a range of analog signal
data to coal cutting and then calculating the percentage of correct output for both
coal and rock cutting. These percentages were calculated from the values shown in
Table 19.

Assigning an analog signal level of less than 1 volt to coal cutting results in the CID
being effective in approximately 51 percent of the cases where coal was being mined
and in 48 percent of the instances where rock was being cut (Figure 29a). Assigning a
greater level of analog signal to coal cutting leads to an increase in the percentage of
correct signals for coal cutting and a decrease in the percentage of correct rock
cutting signals. For the assumption that coal cutting would result in an analog signal
of less than 3 volts, it is found that the percentage of correct coal cutting signals is
approximately 94 percent and the percentage of correet rock cutting signals is
approximately 23 percent (Figure 29b). Figure 29c¢c depicts the consequences of
assigning an analog signal of less than 5 volts to coal cutting. Therefore, from Table
19 and Figures 29a through 29c it appears that, at best, the CID was approximately 50-
percent effective in determining when the coal/rock horizon had been traversed.
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TABLE 19. Percentage of Occurrence of Analog Signal for Each Primary Factor, Coal and Rock Cutting (All Data Points)

COAL AND ROCK CUTTING, ALL DATA
TOTAL NUMBER OF DATA POINTS=2477
PERCENTAGE OF OCCURRENCE
ANALOG SIGNAL=A ANALOG SIGNAL VS. DEPTH OF CUT
Al:  0<X<1.0 i
A2: 1.0<X<3.0 ANALOG SIGNAL LEVEL
A3: 3.0<X<5.0 DEPTH OF CUT A1 A2 A3 A4 TOTAL
A4: 5.0<X<8.0 B1 663 (26.76) 545 (22.00) 80 ( 3.23) 01288 (51.99)
B2 51 { 2.06) 38 (_ 1.53) 54 ( 2.19) 0{ 143 ( 5.78)
DEPTHOF CUT=B B3 340 (13.73) | 152 { 6.14) | 93 ( 3.75) 0{ 585 (23.82)
Bi: 0<X<0.1 B4 230 ( 8.29) | 106 ( 4.28) | 117 ( 4.72) 8 { 0.32) 461 (18.61)
B2: 0.1<X<2.0 TOTAL 1284 (51.84}] 841 (33.95) | 344 (13.89) 8 ( 0.32) 12477 (100)
B3: 2.0<X<6.0
B4: 6.0<X<60
ANALOG SIGNAL VS. HARDNESS RATIO
HARDNESS RATIO=C
C1:  0.2<X<0.5 ANALOG SIGNAL LEVEL
C2  0.5<X<0.7 HARDNESS RATIO |A1 A2 A3 A4 TOTAL
C3: 0.7<X<0.9 Ct ~22{ 0.89) 290 (11.71)| 41 ( 1.86) 0! 353 (14.26)
C4: 0.9<X<1.2 Cc2 407 (16.43) | 424 (17.12) |170 ( 6.86) 8 ( 0.32) [1009 (40.73)
Cc3 810 (32.70) | 114 { 4.60) |133 ( 5.37) 0}1057 (42.67)
VELOCITY=D C4 45 ( 1.82) 13 ( 0.52) 0 0 58 ( 2.34)
D1:  0<X<10 TOTAL 1284(51.84)! 841 (33.95) 1344 (13.89) 8( 0.32) {2477 (100)
D2: 10<X<20
D3: 20<X<33.3
D4:33.3<X<70 ANALO[G SIGNAL VS. VEI]_OCITY
ANALOG SIGNAL LEVEL
VELOCITY A1l A2 A3 Ad TOTAL
D1 8( 0.32) 3( 0.12) 4{ 0.18) 0! 15 ( 0.60)
D2 296 (11.95) | 101 ( 4.08) 81 ( 3.27) 0{ 478 (19.30)
D3 799 (32.26) | 568 (22.93) | 184 ( 7.43) 6 ( 0.24) |1557 (62.86)
D4 181 ( 7.31) | 169 ( 6.82) 75 (_3.03) 2 (_0.08) 427 (17.24)
TOTAL 1284 (51.84)] 841 (33.95) 344 (13.89) 8 ( 0.32) |2477 (100)
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FIGURE 29a. Percentage of Correct and Incorrect Coal and Rock Cutting Signals
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PERCENTAGE OF CUTTING SIGNALS WHEN CUTTING ROCK

This investigation was made to determine the effects that depth of cut, hardness ratio,
and velocity had on the output of the CID for cutting rock. The experiment consisted
of four replications with each replication representing the data collected at one of the
participating mine sites. The variable ranges assigned to the four factors chosen for

this experiment are:

Analog Signal (A)

A1 0<x<1
A, 1<x<3
A3 3<x<K5
A4 5<x <8

Depth of Cut (B)
B, 0.1<x < 2.0
32 2 <x< 6
By 6 <x <60

Hardness Ratio (C)
C 0.2 < x < 0.5

1
C, 0.55x < 0.7
C, 0.7<x < 0.9
C, 0.9<x < 1.2

Veloceity (D)

Dy 0 < x<10
D, 10 < x<20
B, 20 < x <33.3
D, 33.3< x<70
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Replications
*Replication 1 - Jim Walter Resources, No. 3 Mine
*Replication 2 - Emway Resources, Emerald No. 1 Mine
*Replication 3 ~ Kaiser Coal, Sunnyside Mine
*Replication 4 ~ North River Energy Corporation

The preliminary analysis of variance of the data in Table C2 (Appendix I) is given in
Table 20.

The ANOVA table (Table 20) indicates that there are no significant three- or four-
factor interactions while all of the two-factor interactions involving analog signal are
found to be significant at a 0.5-percent level of confidence.

" AB Interaction

4.477
3.136

F cale.
Freq (0.005, 6, 573)

1]

F cale. > Freq.

AC Interaction

F calc. 6.537
Freq. (0.005, 9, 573) 2.657
F cale. > Freq.

i

i

AD Interaction

F cale. 19.72
Freq. (0.005, 9, 573) = 2.657
¥ cale. > Freq

i

1]

Two-Factor Interaction: Analog Signal (A) X Depth of Cut (B)

Table 21a is a summary table for the treatment conditions involved in this significant
interaction. The values in Table 21a were normalized and used to plot the profiles for
each of the levels of analog signal (Figure 30a). The profiles indicate that the depth of
cut had a different effect on each of the levels of analog signal. The significance of
these differences in effect are shown in Table 23a. From Table 23a, we find that A2 is
significant at a 0.5-percent level of confidence. From Table 21a, A2 is found to occur
most frequently with B2 and }33, while levels Al’ A3, and A 4 cannot be associated with
any level of depth of cut. From these observations, it appears that depth of cut has no
overall effect on the output of the CID for rock cutting.
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Two-Factor Interaction: Analog Signal (A) X Hardness Ratio (C)

The summary of the data in Table C2 for this interaction is shown in Table 21b. The
profiles for each of the levels of analog signal are shown in Figure 30b. These
geometric representations indicate that the levels of hardness ratio have an effect on
each of the levels of analog signal. The significance of these effects are summarized
in Table 23b. Analog signal levels A. and A

1 3
percent level of confidence. From Table 21b and Figure 30b, A

are found to be significant at a 0.5~
is found to be
Cz, and

1

correlated with C3, and A, is found to be associated almost equally with C

C

3 17

3

From these observations, it can be concluded that the hardness ratio does influence
the output of the CID. The magnitude of the CID signal was found to increase as the
rock hardness increased. This is indicated by the slopes of profiles Al’ AZ’ and A3.

Two-Factor Interaction: Analog Signal (A) X Velocity (D)

The results for this two-factor interaction are summarized in Table 2le. The
geometric representations of the normalized data in Table 21c¢ is shown in Figure 30c.
These profiles of each of the levels of analog signal differ markedly from each other.
The results of the test on the hypothesis that there was no difference between levels
of velocity for each of the levels of analog signal are summarized in Table 23e. The
data for levels Al’ AZ’ and A3 clearly indicate a significant difference between levels

of velocity (D). Analog signal level A tests to be significant at the 0.5-percent level

1
of confidence and from Figure 30c we can see that it is strongly associated with D2‘
Level A2

correlated with D3. Level A, is significant at a 2.5-percent level of confidence and

also tests to be significant at a 0.5-percent level of confidence and is

appears to be equally associated with levels D3 and D 4

As we found in the previous factorial experiment, the magnitude of the analog signal
increased as the magnitude of the velocity increased. At the higher velocities the
cutting bits have a greater force of impact on the rock strata.
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TABLE 20. Analysis of Variance Table (ANOVA) for the Percentage
of Cutting Signals When Cutting Rock

E. STATISTICAL ANALYSIX

SQURCE OF Sum QF MEAN F
VARIATION DaF SOURARES SOUARE FARCTOR

ot st e o, st e s e i s oy —— . i st . i e e i s oot st i o e s it

REPLICATES 3. 000 7e04, 2925, 5.8935

MAIN EFFECTS

FACTOR 1. 3. 000 L 217 1E+OS 7239, 16,43
= 2. 000 ~7044, 3888, -8. 132
3. 3. 000 L LEGETEFOS 4757, 11.06
4, 3. 000 - GIEAIE+0E - VTT7RE+QE -41, 25
TWOQ FACTOR
INTERACTION
= &l D00 » T18BSE+0S 1325, 4, 477
1,3, B 000  BEINE+OE =811, €. 5937
1, 4. D000 » TEIOZHOS 8474. 19,78
2.3, €. OO0 B37E3. 1683, 2. 780
2, 4. &, D00 . TETIE+OE . 127 3E+05 29, 74
Byl F. Q00  EGHBE+ODE FTE0, 17. 35
THREE FACTOR
INTERACTION
1.2, 3. 18, 00 2EI4. 146, 3 e SH0O3
1,2, 4. 18. Q0 —. 7T134E+05 ~ZBE 4. 3,218
1,3, 4. 27. 00 -, 51 15E+05 -1834, ~d, H0OE
243y b4 18, 00 - 7OEIE+OS -3327. -3, 134
FOUR FRCTOR
INTERACTION
1,2,3, 4. G4, GO —. 4ESEE+OT -B&&. 3 2. QO
ERRCR 573.0 . 24E4E+OE 430, 0 1. 000
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TABLE 21 a
Summary Table for the Two Factor Interaction Involving
Analog Signal and Depth of Cut for the Rock Cutting Data Points

A1 A2 A3 A4
B1 823.61 278.4 498.09 0
B2 1139.35 897.06 463.57 0
B3 878.63 799.97 597.32 24.11
TABLE 21b
Summary Table for the Two Factor Interaction Involving
Analog Signal and Hardness Ratio for the Rock Cutting Data Points
Al A2 A3 A4
C1 75.4 567.27 557.44 0
C2 833.39 631.82 510.69 24.11
C3 1696.81 512.33 490.85 0
C4 235.99 264.01 0 0
TABLE 21¢
Summary Table for the Two Factor Interaction Involving
Analog Signal and Velocity for the Rock Cutting Data Points
At A2 A3 A4
D1 100 220 80 0
D2 1213.93 388.96 397.12 0
D3 830.75 897.9 552.11 19.35
D4 696.91 568.57 529.75 4.76
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ANAL. SIG. PRO. FOR LEV. OF D.O.C., ROCK CUTTING
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FIGURES 30a and 30b. Profiles of Each of the Levels of Analog Signal for the
Levels of a) Depth of Cut and b) Hardness Ratio for the Percentage

of Cutting Signals When Cutting Rock
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TABLE 22
Freq. for the Factors Involved in the Rock Cutting Factorial Experiment

LEVELS CoF SIGNIFICANCE
D.F.S.V/D.FMS.E. 10% 5% 2.50% 1% 0.50%
2/573 2.31 3.009 3.717 4.647 5.356
3/573 2.1 2.619 3.139 3.817 4.327
6/573 1.79 2.119 2.429 2.837 3.136
9/573 1.64 1.8989 2.139 2.439 2.657
18/573 1.464 1.619 1.779 1.967 2.107
27/573 1.384 1.509 1.625 1.772 1.881
54/573 1.304 1.362 1.442 1.539 1.612

D.F.S.V. = Degree's of Freedom for the Source of Variation
D.F.M.S.E. = Degree's of Freedom for the Mean Square Error

TABLE 23a
Summary of the Simple Effects of Depth of Cut (B) on Analog Signal(A)

LEVELS *s ANALOG SIGNAL
S.E.CALC. A1l A2 A3 A4
SSBAI 889.03 3459.39 150.66 6.06
MSBAI 444.52 1729.69 75.33 3.03
Fcalc. 1.0338 4.0225 0.1752 0.007
LEVEL OF SIG. NOT SIG. 0.50% NOT SIG. NOT SIG.

S.E. CALC. = Simple Effects Calculations

SSBAi = Sum of Squares of the levels of Factor B for each level of Factor A
MSBAI = Mean Square for the levels of Factor B for each level of Factor A
Fecalc. = Calculated F factor
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TABLE 23b

Summary of the Simple Effects of Hardness Ratio (C) on Analog Signal (A)

LEVELS cF ANALOG SIGNAL
S.E..CALC. A1l : A2 A3 A4
SSCAI 33675.4 1616.54 4268.18 9.08
MSCAI 11225.15 538.85 1422.73 3.03
Fcalc. 26.105 1.2531 3.3087 0.007
LEVEL OF SIG. 0.50% NOT SIG. 0.50% NOT SIG.
S.E. CALC. = Simple Effects Calculations
SSCAI = Sum of Squares for the level of Factor C for each level of Factor A
MSCAI = Mean Square for the levels of Factor C for each level of Factor A
Fcalc. = Calculated F factor

TABLE 23c
Summary of the Simple Effects of Velocity (D) on . Analog Signal (A)

LEVELS a ANALOG SIGNAL
S.E.CALC. A1l A2 A3 A4
SSDAI 13349.93 6658.44 2957.5 5.24
MSDAI 4449.98 2219.48 985.83 1.75
Fcalc. 10.3488 5.1616 2.2926 0..41
LEVEL OF SIG. 0.50% 0.50% 2.50% NOT SIG.

S.E. CALC. = Simple Effects Calculations

SSDAI = Sum of Squares for the levels of Factor D for each level of Factor A
MSDAIi = Mean Square for the levels of Factor D for each level of Factor A
F calc. = Calculated F factor
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ANAL. SIG. PRO. FOR LEV. OF VEL., ROCK CUTTING
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FIGURE 30c. Profiles of Each of the Levels of Analog Signal
for the Levels of Velocity for the Percentage
of Cutting Signals When Cutting Rock

100



Percentage of Correct Rock Cutting Signals (All Data Points)

Table 24 summarizes the association between the occurrence of each of the levels of
analog signal (A) for each of the levels of primary factors (i.e., depth of cut into rock
(B), coal/rock hardness ratio (C), and shearer velocity (D)) involved in rock cutting.
This table consists of all the primary data collected for rock cutting during the data

acquisition phase of this project.

A range of CID analog signal output was assigned for rock cutting, and the percentage
of correct rock cutting signals was determined from the values shown in Table 24. The
percentage of rock cutting signals was found to be approximately 1-percent correct,
assuming that an analog signal voltage of greater than or equél to 5 volts is assigned to
rock cutting (Figure 31a). When an analog signal output of greater than or equal to 3
volts is assigned to rock cutting, it is found that approximately 23 percent of the rock
cutting signals are correct (Figure 31b). Assigning an analog signal of greater than or
equal to 1 volt to rock cutting results in approximately 48 percent of the cutting

signals being correct (Figure 31c).

A conclusion on the effectiveness of the CID for rock cutting cannot be made until the

distribution of analog signals for coal cutting is investigated.
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TABLE 24. Percentage of Occurrence of Analog Signal for Each Primary Factor, Rock Cutting (All Data Points)

ROCK CUTTING, ALL DATA

TOTAL NUMBER OF DATA POINTS=1183

. PERCENTAGE OF OCCURRENCE
ANALOG SIGNAL=A ANALOG SIGNAL VS. DEPTH OF CUT
Al:  0<X<1.0 i ]
A2: 1.0<X<3.0 ANALOG SIGNAL LEVEL
A3: 3.0<X<5.0 DEPTHOFCUT | A1 A2 A3 A4 TOTAL
Ad: 5.0<X<8.0 B1 51 ( 4.29)| 38 ( 3.20) 54 ( 4.54) 0| 143 (12.03)
B2 340 (28.60)] 152 (12.78)] 93 { 7.82) 0] 585 (49.20)
DEPTH OF CUT=B B3 230 (19.34); 106 ( 8.91}] 117 { 9.84) 8( 0.68)! 461 (38.77)
Bl: 0.1<X<2.0 TOTAL 621 (52.23)1 296 (24.89)! 264 (22.20) 8( 0.68){1189 (100)
B2: 2.0<X<6.0
B3: 6.0<X<60
ANALOG SIGNAL VS. HARDNESS RATIO
HARDNESS RATIO=C
Cl:  0.2<%X<0.5 ANALOG SIGNAL LEVEL
C2  0.5<X<0.7 HARDNESS RATIO| A1 A2 A3 A4 TOTAL
C3:  0.7<X<0.9 C1 4( 0.34) 27 ( 227 37 ( 3.11) 0 68 { 5.72)
C4: 0.9<X<1.2 c2 120 (10.09 155 (13.04] 125 (10.51) 8 ( 068)] 408 (34.32)
) C3 456 (38.35)] 102 ( 8.58) 102 { 8.58) 0! 660 (55.51)
VELOCITY=D C4 41 ( 3.45) 12 ( 1.00) 0 0 53 ( 4.45)
D1:  0<X<10 TOTAL 821 (52.23)] 296 (24.89] 264 (22.20) 8( 068){1189 (100)
D2: 10<X<20
D3: 20<X<33.3
D4:33.3<X<70 ANALOIG SIGNAL VS. VEILOCHY
ANALOG SIGNAL LEVEL
VELOCITY Al A2 A3 A4 TOTAL
D1 5( 0.42) 2( 0147) 4 ( 0.34) 0 11 { 0.93)
D2 112 ( 9.42)| 32 ( 2.69) 62 ( 5.21) 0] 206 (17.32)
D3 372 (31.29)] 194 (16.32)] 142 (11.94) 6 ( 0.51)] 714 (60.06)
D4 132 (11.10) 68 ( 5.71)| 56 ( 4.71) 2( 0.17)y] 258 (21.89)
TOTAL 621 (52.23)] 296 (24.89] 284 (22.20) 8 ( 0.68)11189 (100)
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% OF ROCK CUTTING SIGNALS ALL DATA (A.S.x1)
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PERCENTAGE OF CUTTING SIGNALS WHEN CUTTING COAL

The results of this factorial experiment were investigated to determine the effect that
hardness ratio and velocity had on the analog signal for all data pertaining to coal
cutting. The experiment was replicated four times, and each replicate represents the
data collected at one of the participating mines. The variable ranges assigned to the

four factors chosen for this experiment are:

Analog Signal (A)

A1 0 <x<«1
A2 1 <x <3
A3 3 <x <5
A4 5<x <8

Depth of Cut (B)

B, 0 < x< 0.1

Hardness Ratio (C)

Cl 0.2 <x < 0.5
C2 0.5 < x < 0.7
C3 0.7<x < 0.9
C4 0.9 <x < 1.2
Velocity (D)
D1 0 < x <10
D2 10 < x <20
D, 20 < x <33.3
D4 33.3 < x <170

Replications
*Replication 1 - Jim Walter Resources, No. 3 Mine

*Replication 2 - Emway Resources, Emerald No. 1 Mine
*Replication 3 - Kaiser Coal, Sunnyside Mine
*Replication 4 - North River Energy Corporation
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Table 25 is the ANOVA table for the data of C3 (Appendix J). This ANOVA table
indicates significance for the two-factor interactions involving analog signal (A) and
hardness ratio (C) and for analog signal (A) and velocity (D). Both of these

interactions are found to be significant at the 0.5-percent level of confidence.

AC Interaction

F cale. 3.249
Freq. (0.005, 9, 189) 2.739
F cale. > Freq.

1

fl

AD Interaction

F cale. = 7.554
Freq. (0.005, 9, 189) = 2.739
F cale. > Freq.

I}

i

The three- and four-factor interactions do not test to be significant.

Two-Factor Interaction: Analog Signal (A) X Hardness Ratio (C)

Table 26a is a summary table of the data for each treatment condition involving
analog signal and hardness ratio. The data in Table 26a was normalized and used to
develop the profiles for each of the levels of analog signal (Figure 32a). The profiles
show a difference in the effect of the level of hardness ratio (C) for each of the levels
of analog signal (A). The results of the investigation to determine the significance of
these differences in simple effects are shown in Table 28a.

Analog signal level A, tests to be significant at a 0.5-percent level of confidence and
is found to be most strongly associated with hardness ratio level Cq. Analog signal
level A, also is found to be signficant at a 0.5-percent level of confidence and is found
to occur most frequently with hardness ratio level Cl' These results seem to
contradict the effect of hardness on the level of signal output. At hardness ratio level
C3, we find a much harder coal than at hardness ratio Cl' This diserepancy may be
explained by the condition of the coal face at the time of testing. The face abutment
pressure was much greater at the Emway Resources Emerald No. 1 Mine and Kaiser
Coal's Sunnyside Mine (hardness ratio Cs) than at the Jim Walter (Resources No. 3
Mine and the North River Energy Corporation Mine (hardness ratio Cl)' The high
abutment pressure caused the coal along the face to fracture and soften, thus making
it easier to mine.
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Two-Factor Interaction: Analog Signal (A) X Velocity (D)

Table 26b is a summary of the data in Table C3 for this two-factor interaction. The
data in Table 26b was normalized and used to plot the profiles for each of the levels of
analog signal (Figure 32b). The results of the calculations performed to determine the
significance of the differences in the levels of velocity for each of the levels of analog
signal are summarized in Table 28b. The null hypothesis of no difference in levels of
and A,.

1 2
is found to be significant at a 10-percent level of confidence and is found to be

velocity for each level of analog signal is rejected for analog signal levels A
A4
correlated with D3. Level A, tests to be significant at a 1-percent level of
confidence and is found to occur most frequently with D 4
As in the prior factorial experiments, we find that as the magnitude of velocity
increased the magnitude of the analog signal increased. As implied earlier, this may
be caused by the greater force of impact that the cutting bits impart to the cutting
surface at higher velocities.
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TABLE 25. Analysis of Variance Table (ANOVA) for the Percentage
of Cutting Signals When Cutting Coal

E. STATISTICAL ANALYSIS

SOURCE QF
VARIATION

REPLICATESR
MOIN EFFECT
FACTOR 1.
2.
&4,

TWO FACTOR

INTERACTION
1, 2.
1, 3.
1, 4.

’4_

&

[ LUN T

. b

THREE FRCTU

INTERACTION
1,2, 3.
1,2, 4.
1,3, 4.

2, 3, 4.
FOUR FACTGOR
INTERACT ION

1,2.3, 4.

ERRCR

a

R

I 000
. QD00
Se QDO
3. 000

o (00
‘3. Q00
- IEalale]
. 0000
. OO0
F. 000

o L0
. D000
27. 00
« 000

o IO

183.90

P 28TLHE+0T
- SBOIE+DT
SI1z.
- ADOOE+OS

Z8OGE+0T
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Summary Table for the Two Factor Interaction Involving
Analog Signal and Hardness Ratio for Coal Cutting Data Points

TABLE 26 a

Al A2 A3 A4
C1 27.79 662.12 10.1 0
C2 479.11 340.04 80.83 0
C3 718.42 319.66 161.93 0
C4 300 100 0 0
TABLE 26 b ,
Summary Table for the Two Factor Interaction Involving
Analog Signal and Velocity for the Coal Cutting Data Points
A1 A2 A3 A4
D1 200 100 0 0
D2 439.89 386.62 73.47 0
D3 537.98 422.11 39.92 0
D4 347.45 513.09 139.47 0
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ANAL. SIG. PRO. FOR LEV. OF H.R., COAL CUTTING
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FIGURES 32a and 32b. Profiles of Each of the Levels of Analog Signal
for the Levels of a) Hardness Radio and b) Velocity
for the Percentage Cutting Signals When Cutting Coal
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_Freq. for the Factors Involved in the Coal Cutting Factorial Experiment

TABLE 27

D.F.S.V/D.F.M.S.E
3/189

9/189

27/189

LEVELS o3 SIGNIFICANCE
10% 5% 2.50% 1% 0.50%
2.113 2.652 3.184 3.889 4.414
1.664 1.932 2.184 2.507 2.739
1.408 1.544 1.674 1.838 1.964

D.F.S.V. =Degrees of Freedom for the Source of Variation
D.F.M.S.E. =Degrees of Freedom for the Mean Square Error

TABLE 28 a

Summary of the Simple Effects of Hardness Ratio (C) on Analog Signal (A)

LEVELS OF ANALOG SIGNAL
S.E.CALC. A1 A2 A3 A4
SSCAI 15924.73 10051.22 1054.52 0
MSCAI 5308.24 3350.41 651.51 0
Fcalc. 7.1463 4.5105 0.4732 0
LEVEL OF SIG. 0.50% 0.50% NOT SIG. NOT SIG.
S.E. CALC. = Simple Effects Calculations
SSCAi = Sum of Squares for the levels of factor C for each level of Factor A
MSCAIi = Mean Square for the levels of Factor C for each level of Factor A
Fcalc. = Calculated F factor

TABLE 28 b

Summary of the Simple_Effects of Velocity (D) on Analog Signal (A)

LEVELS OF ANALOG SIGNAL
S.E.CALC. A1 A2 A3 A4
SSDAI 3874.81 5970.01 653.67 0
MSDAI 1291.6 1990 217.89 0
Fcalc. 1.7388 2.6791 0.2933 0
LEVEL OF SIG. 10% 1% NOT SIG. NOT SIG.

S.E. CALC. = Simple Effects Calculations
SSDAi = Sum of Squares for the levels of Factor D for each level of Factor D

MSDAI = Mean Square for the levels of Factor D for the each level of Factor A
Fcalc. = Calculated F factor
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Percentage of Correct Coal Cutting Signals (All Data Points)

Table 29 is a summary correlating the number of occurrences of each of the levels of
analog signal (A) for each of the level of the primary factors (i.e., depth of cut into
rock (B), coal/rock hardness ratio (C), and shearer velocity (D)) involved in coal
cutting. This table consists of all the primary data collected for coal cutting during

the data acquisition phase of this project.

The question as to how effective the CID was in determing when coal was being cut
was answered by assigning a range of analog signal data to coal cutting and then
calculating the percentage of correct coal cutting signals. These percentages were

calculated from values shown in Table 29.

Selecting an analog signal of less than 1 volt for coal cutting results in the CID being
effective in approximately 51 percent of the instances where coal was being cut
(Figure 33a). Choosing an analog signal of less than 3 volts for coal cutting results in
the CID being effective in approximately 94 percent of the instances where coal was
being cut (Figure 33b), and assigning an analog signal of less than 5 volts to coal
cutting reveals that the CID was 100-percent effective in determining when coal was

being cut (Figure 33e¢).

A comparison of the analysis of the percentage of correct coal cutting signals and
correct rock cutting signals was required to determine the effectiveness of the CID
for each of these cutting conditions. It was necessary to assign a level of analog signal
for one of the cutting conditions and determine CID effectiveness. Based on this, the

effectiveness of the remaining cutting conditions could be determined.

An analog signal of less than 1 voit was chosen for coal cutting. This established the
CID as being 51-percent effective in determining when coal was being mined and 48-
percent effective in determining when rock was being cut. When an analog signal of
greater than 1 volt is chosen for coal cutting, the percentage of correct coal cutting

signals increased while the percentage of correct rock cutting signals decreased.
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TABLE 29. Percentage of Occurrence of Analog Signal for Each Primary Factor, Coal Cutting (All Data Points)

COAL CUTTING, ALL DATA

TOTAL NUMBER OF DATA POINTS=1288

PERCENTAGE OF OCCURRENCE
ANALOG SIGNAL=A ANALOG SIGNAL VS. DEPTHOF CUT
Al:  0<X<1.0 1 1
A2: 1.0<X<3.0 ANALOG SIGNAL LEVEL
A3: 3.0<X<5.0 DEPTHOFCUT _ | A1 A2 A3 Ad TOTAL
A4: 5.0<X<8.0 B1 663 (51.48)] 545(42.31)| 80 ( 6.22) 0 1288
TOTAL 663 (51.48)] 545 (42.31)] 80 { 6.22) 0 1288
DEPTHOF CUT-B
Bi:  0<X<0.1
ANALOG SIGNAL VS. HARDNESS RATIO
HARDNESS RATIO=C | |
Cl:  0.2<X<05 ANALOG SIGNAL LEVEL
C2  0.5<X<0.7 HARDNESS RATIO| A1 A2 A3 Ad TOTAL
C3:  0.7<X<0.9 [ 18 { 1.40)| 263 (20.42) 4 ( 0.31) 0| 285 (22.13)
C4:  0.9<X<1.2 c2 287 (22.28) 269 (20.88)] 45 { 3.49) 0| 601 (46.65)
c3 354 (27.48)] 12 ( 0.93) 31 ( 2.42) 0] 397 (30.83)
VELOCITY=D C4 4 ( 0.31) 1 ( 0.08) 0 0 5 ( 0.39)
D1: 0<X<i0 TOTAL 663 (51.47)] 545 (42.31)] 80 ( 6.22) 01288 (100)
D2: 10<X<20
D3: 20<X<33.3
D4:33.3<X<70 ANALO{G SIGNAL VS. VEILOCH’Y
ANALOG SIGNAL LEVEL
VELOCITY A1 A2 A3 A4 TOTAL
D1 3 ( 0.23) 1({ 0.08) 0 0 4 ( 0.31)
D2 184 (14.29)] 69 { 5.36)] 19 ( 1.48) o] 272 (21.13)
D3 427 (33.15)] 374 (29.03)] 42 ( 3.26) 0| 843 (65.44)
D4 49 ( 3.80)] 101 ( 7.84)] 19( 148 0] 169 (13.12)
TOTAL 663 (51.47)] 545 (42.31)] 80 ( 6.22) 0[1288 (100)
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VII. CONCLUSIONS AND RECOMMENDATIONS

The results of the extensive field tests indicate that the shearer vibration data
processed by GE's time domain signal processing algorithm cannot be used reliably to
detect when the shearer cutting drum crossed the coal/rock interface. At best, the
CID proved to be approximately 50-percent effective in determining when the

coal/rock horizon had been traversed.

When considering the data from each respective minesite, the CID proved to be most
effective at the North River Energy Corporation Mine. The effectiveness of the CID
was sustained in over 50 percent of the instances when the coal/rock horizon had been
crossed. The coal seam at the minesite was the least friable of all tested, and the
predominant difference between the hardness of the coal and rock strata was the

largest sampled.

The analysis of the data collected from the other participating mines revealed that
there was no difference in the CID analog output for either cutting coal or rock. The
coal seams at these minesites were very friable, and the difference between the coal

and rock hardness readings taken were small.

The factorial analysis section of the report confirms that velocity does influence the
CID analog output. Analysis of the tables and graphs for this interaction show that as
the magnitude of the velocity increases, the magnitude of the analog signal also
increased. This may be due to the cutting bits impacting a greater force of impact on
the cutting surface at higher velocity. It appears that the depth of cut into rock and
the hardness ratio had no effect on the analog signal output of the CID.

Based on the data obtained and the analysis performed in this investigation, it is
recommended that the GE sensor not be considered as a coal interface detector for

use on future automated extraction systems.
The recorded raw vibration data and documentation generated in the course of this

effort provides the Bureau with a valuable data base for the assessment of other signal

processing schemes.

116



APPENDIX A

DATA ACQUISITION SYSTEM

117



APPENDIX A. DATA ACQUISITION SYSTEM

A MSHA experimental permit will be obtained for the instrumentation system as block
diagramed in Figure Al. The important operational characteristics of each element of the
system are given below.

1.

Coal interface detector (CID)5

The CID is intended to determine from the machine vibration signal when the coal
rock interface has been crossed by the cutter drum.

The most consistent coal/rock discriminant in the time domain was found to be the
amplitude of signal modulations which occur due to bit impacts. Modulation
amplitude appears to be directly related to the hardness of the material being cut,.
This time domain discriminant is attractive since it was found to be largely
independent of the exact design of the shearer cutting components, and hence
would avoid the tuning problem inherent in the frequency domain technique.

The coal/rock discriminant must be extracted electronically from the complete
wide-band accelerometer signal and compared with set point values; normalization
1s necessary to minimize effects of shearer operating parameters; and appropriate
averaging must be used to reduce the incidence of false indications caused by
instantaneous vibration fluctuations unrelated to the cutting process.

A Horizon Control Sensor based on the time domain technique has been designed
and built. The block diagram for this Sensor is shown in Figure A2. First, an
automatic gain control is used to normalize the accelerometer signal (based on the
amplitudes of the signal peaks, averaged over 1 sec). The normalized signal is then
sent through a band-pass filter with a relatively broad bandwidth (2 kHz to 4
kHz); this step focuses further analysis on that part ofthe spectrum closely
associated with cutting vibrations from all tested shearers and hence improves the
signal-to-noise ratio. A root-mean-square (RMS) converter with integral DC-level
subtractor yields the fluctuating level of the filtered signal as a function of time,
while subsequent demodulation gives the envelope of the RMS signal. Finally,
rectification and peak detection (with 5 sec acquire and 8 sec decay time constants,
for averaging and minimization of instantaneous anomalies in the accelerometer
signal) lead to an analog voltage proportional to the level of the vibration
modulations, i.e.,the coal/rock discriminant. The analog voltage is then compared
with two setpoints corresponding to the values expected when the bits just begin
penetration into the two rock layers, one being harder and the other softer than
the coal seam itself (if both floor and roof rocks are harder than the coal, one
ofthese set points is redundant. If the analog voltage level is greater than the
higher set point or less than the lower set point, the Sensor yields a "rock”
indication by means of an electrical switch and a light.

Most of the CID operation description taken from Norman R. Kuchen, Robert V.
Klint, and Bernard Darrel, "A Vibration Sensor for Horizon Control in Automated
Longwall Mining," NTIS # FE/9015-1, October 1977, 71 pp.
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Dwg. No. RG-174
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NOTES:

(1) Unless otherwise indicated, aii reference drawings are those of Wyle Laboratories.

All referenced Dwgs. filed at MSHA-A&CC.
@) Total No. of survey accelerometers plus microphone does not exceed 6.
3) All cables must be installed in accordance with applicable requirements in 30 CFR
Part 18.
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Figure A1. Coal Interface Detector Data Acquisition System Diagram
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Because the automatic gain control normalizes the accelerometer signal regardless
of its level, the circuitry described above would yield a "coal" or "rock" indication
even if the shearer was not cutting and the shearer vibration consisted only .of
background noise. In order to eliminate false signals from this source, the
accelerometer signal is also sent to an average level detector and comparator, where
the signal level is compared with an "idling" set point,i.e.,, a value indicative of the
vibration level when the shearer is idling and not cutting coal or rock. If the
signal level exceeds the idling value, anenable-switch is opened which allows the
analog discriminant voltage to pass to the coal/rock comparator. Otherwise, this
voltage is blocked, and electrical switch and visual outputs indicating "idling" are
initiated.

The electronics for the time domain Horizon Control Sensor was placed on a single
6.5 by 6 inch printed circuit.

The circuit is powered by an internal battery pack consisting of 20 nickel-cadmium
cells which produce a +12 volt output with a capacity of 1 amp-hrsufficient to
power the Sensor for about 8 hours of continuous operation. It is expected that the
battery will be used as a power supply only during field evaluation of the Sensor,
with external AC power being supplied if the Sensoris made part of complete
automated longwall system.

Circuitry and battery pack were packaged inside a mine-permissible steel enclosure
(Hubbel-Ensign Electric, Huntington, WV), shown in Figure 6.4. External sensor
dimensions are 10 by 7 by 6.5 inches, and total weight is 38 Ib. The cover plate
contains the on-off switch, upper and lower discriminant level set point
adjustments; the idle level set point adjustment, and a viewing window with 3 LED
lights which indicate when the Sensor is on, when the shearer is idling, and when
it is cutting into rock. Electrical inputs and outputs pass through 3 flame-proof
glands in the enclosure side. Separate glands are provided for the accelerometer
signal; the output of the analog discriminant signal; and the outputs of the "rock"
and "idle" switches combined with a battery recharging connector.

The analog discriminant signal was recorded on FM channel 4 of the TEAC-HR30E
tape recorder. The other switch indicators are simple voltage gates that will be
varied by the data analysis software and hence need not be recorded.

CID Accelerometer

The accelerometer that feeds the vibration signal to the CID was located near the
cutter drum on the shearer ranging arm. The accelerometer is a Bruel and Kjaer
type 4344. It has the following characteristics:

Weight - 2 grams

Vibration sensitivity - 0.25 mV/ms-2 and 0.25 pc/ms-2
Useful frequency range (£10%) - 21 kHz

Maximum peak vibration level - 3,000 g

Maximum temperature - 482°F
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Survey Accelerometers

Several additional accelerometers were mounted on the shearing machine to
provide additional data for future CID development work. The accelerometers are
combined into two sets. Prior to September 28, 1986, a dual accelerometer was
positioned very close to the CID accelerometer and was mounted in the X and Y
direction with the CID accelerometer in the Z direction (triaxial accelerometer
location #1). A triaxial accelerometer was placed on the shearing machine body
near the CID (triaxial accelerometer location #2).

After September 28, 1986, one of the triaxial accelerometers (X direction, channel
#1) from triaxial accelerometer location #2 was moved to a position in the Z
direction of triaxial accelerometer location #!. This arrangement assured that an
applicable source of data from the Z direction of triaxial accelerometer location
#]1 was recorded in the event of a CID malfunction.

The recorded vibration data from the survey accelercmeters can later be analyzed
to determine if the CID accelerometer could be placed in a much safer position on
the shearing machine body instead of on the ranging arm.

Each survey accelerometer was a PCB model 308B. It has the following
characteristics.

Weight - 87 grams

Vibration sensitivity - 100 mV/g
Useful frequency range (+10%) - 8 kHz
Maximum peak vibration - 500g
Maximum temperature - 250°F

The accelerometer has a built-in amplifier and comes with a battery operated
power supply of +18 to 24 volts and 2 to 20 mA through a current regulating diode.
The power supplies will be located in a rigid black carrying case for physical
protection.

Tape Recorder

A TEAC Model HR-30 Type E 7-channel data cassette recorder was used
underground to record the signals generated by the equipment described above.
The recording format was mixed with direct record channels (1, 2, 3, 5 and 6) and
FM wide band group I channels (4 and 7). This format allows 50 Hz-8 kHz
bandwidth for the direct record channels and DC to 1.25 kHz bandwidth for the
FM channels. TEAC CT-90 Type II cassette tapes were used with a recording time
capability of approximately 45 minutes per cassette at 1-7/8 inches per second.
This tape deck is specifically modified to meet MSHA permissibility standards for
underground use. The record-only TEAC HR-30E tape format is compatible with
the TEAC R-71 which was used for data reduction.
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This tape deck is specifically modified to meet MSHA permissibility standards for
underground use. The record-only TEAC HR-30E tape format is compatible with
the TEAC R-71 which was used for data reduction.
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APPENDIX B

OPERATING CHARACTERISTICS OF EACH PARTICIPATING LONGWALL MINE

Mine

Location

Primary
Contact

Shearer Type
Coal Seam

~ Shield Type
and Width

Operating Seam
Height

Width of
Longwall Face

Original Length
. of Panel

Length of Panel
Last Visit

Drum Diameter

Bit Spacing

Bit Type

Number of
Visits Made

Jim Walter Resources
No. 3 Mine

Adger, Alabama

T. Burrage

A.M. 500

Blue Creek

Gullick Dobson
5'CtoC

78"

600’

5000’

11/23/86

1500

60"

1" spacing

Radial

3 visits
1 successful visit

North River Energy
Corporation

Berry, Alabama

P. Bradford

Eickhoff 150-2L

Pratt

Heimscheidt
5CtoC

55"

600’

4500’

11/30/86

2535

53"

1" single pick
per line

Conical

3 visits

Emway Resources
Emerald No. 1 Mine

Waynesburg, PA

K. Seiber

JOY 1LS

Pittsburgh

Dowty
5'CtoC

72"

615'

4000’

11/17/86
3000’

57"

21/2" (varies)

Forward Attach
AMT 4" Gauge

1 visit
Successful

Kaiser Coal
Sunnyside Mine

Sunnyside, Utah

R. Hughes

Misui Mike

Lower Sunnyside-

Westfaliz
5'CtoC

78“

500'

5700

12/18/86

4800

72“

Shank

1 visit
Successful
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Operating Instructions

Concrete Test Hammer
Type N

1. General Information

There are different types of test hammers:

Type N (impact energy = 0.225 mkg) is intended for testing concrete in
ordinary bullding and bridge constructions.

Type NR (impact energy = 0.225 mkg) corresponds substantially 1o type
N, but It Is equipped with a special recording device.

Type L (impact energy = 0.075 mkg) is a smaller version of type N. it is
suitable for testing small and impact-sensitive parls of concrete or artificial
stone.

Type LR (impact energy = 0,075 mkg) corresponds substantiaily to type L,
but is equipped with a special recording device.

Type LB (impact energy = 0.075 mkg) Is particularly suitable for the con-
tinuous centrot of the quality of burnt clay material and tile products.

Type M (impact energy = 3 mkg) is especially suitable for determining the
strength of mass concrete and for tesling the quality of concrete road
pavements and airfield runways.

Type P (pendulum-type hammer, impact energy = 0.09 mkg) is intended for
tesling materials of low hardness and strength such as lightweight building
materials of every description, plasterwork and surfacings. With concrete of
low strength (cube compressive strength 700 to 3500 psi) type P gives betler
rasults than the types N and L.

Type PT (impact energy = 0.09 mkg) with a larger hammer head surface
has been developed for iesting of building materials with extremely low
compressive strangth (cube compressive stiength of 70 to 1150 psi).

The operating instructions on hand can, In principle, also be applied for
the type NR Instruments.
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The type N concrete test hammer is intended for non-destructive testing ol
the quality of concrete in the finished structure (ordinary bullding and bridge
construction). When testing, the “Rebound Number” is measured which
depends on the strength of the mortar (concrete without coarse aggregate
particles) close to the surface. Since the strength of the mortar as a rule
datermines the strength of the concrete, the rebound number gives an indi-
cation of the strength of the concreta.

Compared with the direct test an the concrete of a structure, the conventional
test cubes have the disadvantage that their compaction and their hardening
conditions always differ more or less from those of the structure; further-
more, differences (unintentional and Intentional) in the composition are not
uncommon. In addition, the number of test cubes is generally so smalf that

Fig. 1

View of the Concrete Test Hammer Type N during calibration tests with
a concrete cube of 20 cm side length at the ‘Eidgenbssische Materialprii-
fungsanstait’ (Federal Material Testing institute) at Zurich.

The cubes are fixed in a heavy crushing press with a force of 4 metric tons.
The hammer impacts are equally distributed on two cube sides which have
been faying sidewards during concreting.

2

they can only be considered as random tests. With the test hammer, how-
ever, all parts even on the largest structures can be tested in a very short
time so that it is possible to determine the deviations in the concrete quality
over the different parts of the structure. Since the test does not destroy the
concrete, the curing process continuing after selting of the cement can be
followed up accurately. The correlation between rebound number and
strength of the concrete has been derived fram a great number of hammer
tests on cubes, each cube being crushed in the machine immediately after
carrying out the hammaer tests (see fig. 1). With concrete of medium and good
qualily, the uncertainty inherent in this correlation is slight (see fig. 3).
Under normal conditions. the accuracy in determining the strength of the
concrete of a structure with the test hammer is conslderably greater than by
means of a few test cubes. The value of the hammer fests is, however,
increased if some cubes are produced simultaneously with the various
structural parts and thelr rebound numbers is determined before being
crushed so as to ascertain the exact corrslation between rebound number
and strength applying to the conditions of the case on hand.

Frequently a definite concrele strength is not specified with regard 1o the
stiesses to be expected but to oblain a sufficiently large resistance to
wear (such as with concrele road pavements), ta erosion (in hydraulic
structures) or to climatic influences. In such cases the surface hardness
determined with the test hammer Is obviously a better measure of quality
than the compressive strength.
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tl. Operating Instructions for the Concrete Test Hammer
(Fig. 2)

1. By lightly pressing on tha head of the impact plunger (1) the plunger is
released and will slide out of the housing (3) by itself.

2. The plunger (1) is pressed againsi the spot of the concrets surface (2) to
be tested. Just before it .disappears completely in the housing (3) the
hammer is released. Release must be eflected by sltowly Increasing the
pressure on the housing. At the moment of impact the hammer must be
held exactly at right angle to the surface (2). Do not touch the push-
‘button (6)1

3. After the Impact the hammer mass (14) rebounds by a cerlain amount
which is Indicated on the scale (19) by the rider (4). The reading of the rider
position gives the rebound value In percent of the forward movement of
the hammer mass.

4. By simply removing the hammer from the spot tested, it is reset for a
further test and at the same time the Indication is cancelled. The rider
never returns quite to zero. In its extendsd position the plunger (1) is
slightly out of the longitudinal axis of the hammer.

5. After having finished the tests, the plunger (1) together with its guide bar
{7) and gulde disk (8) is locked in is rear posilion by means of the push-
button (6). Locking should always be eflected after releasing the impacl,
I.e. with untensioned impact spring (16). The lock also serves for fixing
the rebound reading after impact tests In dark or not easily accessible
focations.

6. The test hammer {s callbrated for horlzontal impact direction, l.e. for
testing vertical surfaces. When using it on inclined or horizontal surfaces,
the rebound value Rg must be corrected as per table 1.

Table & Correction of the Test Hammer Indicatlens
for Non-horizontal Impacts

Rebound Correction for inclination angle a
value upwards downwards

Ra -+ 90° - 45° —45° —90°

10 + 2.4 +3.2

20 —~54 —3.5 + 25 + 34

30 —4.7 —3.1 + 23 + 3.1

40 —39 —2.6 + 2.0 + 2.7

50 ~—3.1 —-241 + 1.6 + 2.2

60 —23 —1.6 +1.3 + 1.7

LA-0350-01 Impact Plunger

L A-0350-03 Housing

LA-0350-04 Rider with Guide Rod
LA-0350-06 Push-Bulton Complete 12
LA-0350-07 Hammer Gulde Bar

LA-D350-08 Disc 23—
LA-0350-09 Cap
LA-0350-10 Two-Part Ring 8- -

LA-0350-11 Ring Cover

LA-0350-12 Compression Spring

LA-0350-13 Pawl

LA-0350-14 Hammer Mass—"N"
and “NA"” Hammer

L A-0350-15 Retalning Spring

LA-0350-16 Impact Spring 7
LA-0350-17 Gulde Sleeve
LA-0350-18 Felt Washer P

LA-0350-19 Window & Scale o~
LA-0350-20 Trlp Screw
LA-0350-21 Lock Nut
LA0350-22 Pin 19
LA-0350-23 Pawl! Spring
LA-0350-24 Screw-Window
LA-0350-25 Calib. Chart Cyl.
LA-0350-26 Carrying Case
LA-0350-27 Callb. Chart

Cube kgicm

16

Fig.2
Longitudina? Section of the
Type N Concrete Test Hammer

Condition on impact B - --

When ordering spare patis,

piease state No. of part and 9 Z

serial No. of test hammerl [P 7
92— 3

2

A
7 ZZ'/#/%: %

i, .,

'

7
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APPENDIX D. COAL AND ROCK DENSITY MEASUREMENT

The laboratory coal and rock density measurement procedure is as follows.

I.

Place the coal or rock sample into a glass beaker with known volume and mass.
This beaker will be referred to as the sample beaker.

Weigh the filled sample beaker on a balance scale.

Calculate the mass of the coal or rock sample.

Pour a known volume of water into the sample beaker.

Calculate the sample volume by subtracting the water volume introduced into the
sample beaker by the total volume indicated by the water levei in the sample

beaker.

Calculate the sample density by dividing the sample mass by the sample volume.
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APPENDIX E. COAL INTERFACE DETECTOR EVALUATION PROGRAM

The data evaluation program is written in Fortran 77 for execution on an IBM PC with
256K memory and two double density disk drives or a hard disk.

The fully interactive program consists of seven routines that arrange and analyze the data

as a factorial experiment.

0 Main - directs the program flow,

0 Datas - directs the manual input of test data and the factorial experiment
organization,

0 Result - calculates the effectiveness of the CID for each given factorial
condition,

o Stat - calculates the statistics of the factorial experiment.

0 Prtres - Prints the results of the data analysis to a print file for later dump
to printer.

o Manage - manages disk files for program.

o Ckdata - allows selective printout of data/analysis files.

The programs Main and Data are interactive and hence mostly self-explanatory. The
required data is prompted from the user. A separate data file is prepared for each
shearer pass. The sequential access data storage is organized as follows.

o File Name = FILENUMBER.DAT

(File number is the assigned data set number)

DDES

IDPT
ISERER
DISSLD
CRPM
DENCOL
DENROK
DCUT(IDPT)

HRDCOL(IDPT)

character description of the data set, 40 characters
or less

number of data points in the data set
sheafer type (1 through 3)

distance between shields or data marks (ft)
cutter head rpm (rev/min)

density of the coal (slugs/ft 3)

density of the rock (slugs/ft 3)

depth of cut into rock (in.)

coal hardness by concrete impact hammer test
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HRDROK(IDPT) - rock hardness

VEL({DPT) - average velocity of shearer over last measurement
: distance (ft/min)

CID - analog signal of the coal interface detector (volts)
- end of file -

The second interactive portion of subprogram DATA is the definition of the factorial
experiment to be used to analyze the data. The program user defines the factorial
experiment by choosing the factors to be included in the analysis from a displayed list.
Each factor is then assigned the number of levels or conditions the variable may take.
The levels are defined by assigned lower and upper limits or the variable value. If the
number of factors, the number of factor levels, and the variable ranges assigned to each
level are adequately selected, each factorial condition should have a significant number
of data points. The factorial experiment could be organized as in the following table.

Factor, X Level 1 Level 2 Level 3
1. Range of CID signal for coal Os_xl <3 32x;<6 6< x;<10
cutting
2. Depth of cut into rock 0< Xy < .1 1 2xy<2 2< x9< 6
3. Coal/rock hardness ratio 1< x3< 25 25 < X3 < 5 a5 < Xg <1

If organized in this manner, other possible factors such as shearer velocity, shearer type,
etc. have been assumed inconsequential,

The data that defines the factorial experiment organization to be imposed on the raw data
is stored in another sequential access file as follows.

o File Name = STAT.SET

NREP - number of replications

NDSPR - number of data sets per replication

NF - number of factors

MNL - maximum number of levels of any factor
NFAC(NF) - name of each factor

IDR(NREP, NDSPR) - data sets assigned to each replication
NL(NF) - number of levels for each factor
FACLEV(NF,MNL,2) - low and high factor levels for each factor.
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The subprogram, RESULT, examines each data vector and assigns the data to the
applicable factorial condition. It then evaluates the success or failure of the CID in
signaling the actual cutting condition at each data point. The final results of the
experiment are in terms of the percentage of data points at which the CID gives the
correct cutting condition signal. This percentage is calculated for each factorial
condition.

The subprogram, STAT, conducts a statistical analysis of variance to establish the
significance of the individual and joint effects of the chosen factors (variables) on the
CID effectiveness.

The calculated results of the subprograms RESULT and STAT are stored on a sequential
access file as follows.

File Name = STAT.RES

BRES(4,4,4,4 NREP) - percentage of correct signals

NDPRES(4,4,4,4, NREP) - number of data points in each factorial
condition

TABLE(16,4) - statistical table of results
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CLined 1 7 Microsoft FORTRANTT 93,

54 C
551 WRITE (%, 1088)
S& READ (%, %3 TANA
57 IF(IAMA.LE.2)CAll. DATAS TIANMA ,HIDFT , NF , FINL , NOSFR , DATHFY , NFAT, TDR N
S8 #L, FACLEY , NREF)
59 IF{IANA.GE.Z.ANMD. IANA. LE. 3) CALL RESULT (IANS,MIDFT N, MML , NDSFR, DA
&0 HTARY ,NFAC, IDR,NL ,FACLEY ,NREF ,J5,J&%,J7,d8,MDFRES , BRES)
&l IF (IANALEC. &) CALL STAT (MF , MNL ,NL y NREF , 05 ,J6,37 (J&, NDFRES , BRED , THR
&2 #HLE)
AF IF CIANA.ER. 7 CALL FRTRES (MF MM, ML, MREF , J5,J86,J7 , J2,MDFRES , BRES , T
&4 #ABLE , IDR,NDSFR, FACLEY , NFAL)
&5 IF{IANA.ER.3)CALL CEDATA
bé IF{IANA.ER.2)BD TO S000
&7 GO TO 1
L3
&5 C FORMAT STATEMENTS
7B C
71 1000 FORMAT(1HL,18X, COAL INTERFACE DETECTOR EVALUATION FROGRAM/IH ,&6X
72 Hy "MAIN MENU' /7iH 6%, —=—we——e—— S H 8%, "#BELECT: "/LH 10X, "1, DATAH
7I # EMTRY (FRERECQUISITE TO #2,%,4,4AND 5). /1HO,18X, "Z. DATA ANALYSIS
74 HSETUF {(FRERERUISITE TO #Z,4,AND 3). /140, 13X, "3, RUN DATA ANALLYSIS
75 # EVALUATING THE FERCEMTAGE OF DATA FOINTS ' /1H 14X, "WITH THE CORRE
76 HCT CUTTING COMDITIOM SIGMNAL. FL1HD, 10X, 4. RUN DATA AMALYSIE EVALUA
77 HTING THE FERCENTAGE OF DATA FOINTS /1H 14X, WHERE ROCKE WAS RBREING
7 #CUT WITH THE CORRECT CONDITION SIGMAL. " AL1HO, 183X, “S. RUM DATA ANAL
7% #HYSIS EVALUATING THE FERCENMTAGE OF DATA FOINTS /1H 14X, "WHERE COAL
20 # WAS BEING CUT WITH THE CORRECT CONDITION SIGMAL.  A1HE, 13X, &. RUN
81 # STATISTICAL AMALYSIS. "/1HO,10X, 7. FRINT RESULTS TO FRIMTFILE. /1
82 #HHO, 10X, ‘8. SELECT AND DUMF DATA/AMALYSIS FILES TO FRINTER FOR CREC
8z Hi.'/71HO, 10X, "9, EXIT FROGRAM. */1iH ,2X, ENTER MUMEBRER F CHOICE: '\}
854 SROB  STOF
B3 END
ame Type Dffset F Class
RES REML il LARGE
SGTARY REOL @ LARGE
4CLEV REAL B LARGE
INA INTEGER*4 32
IR INTEGER*4 @ LARGE
3 INTEGER*4 RIS
B} INTEGER+4 40
7 INTEGER®4 44
3 INTEGER*4 48
DFT INTEGER*4 24
IL INTEGER*4 =2
FRES INTEGER®4 480 LARGE
SFR INTEGER*4 16
INTEGER*4 28
AC INTEGER*4 16000 LARGE
INTEGER*4 160146 LARGE
IF INTEGER*4 20
ILE  REAL 16032 LARGE
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Microsoft FORTRANTZ VI, 20

i

D Line# 1
Name Type Hive Class

CEDAETA SUBROUTINE
LAaTAS SUBROUT INE
MAIN FROGRAM

FRTRES SUBROUT INME
RESULT SUBROUTINE
STAT SUBROUTINE

Fass One Mo Errors Detected
83 Bouwrrce Linss
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7 Microsoft FORTRANTZ V3. 20

FEAGESIZE: 58
FLARGE
FOEBLG

L
™

(i

OO0

RS

RT3 00

oo

= 100

swskews  SUBROUTINE DATAS seksxss

SURROUTINE DATAS (IANGS, MIDFT , NF , MNL  NMOSFR, DATARY , NFAT, TOR, N, FACLE
#HY o, NREF

TYFE ANMD DIMENSIOM STHTEMENTS

CHARACTER DRES®EH
DIMENSION DATARY (8,300) (MFAC(4) , IDR 4,20 (ML 04) ,FACILEY (4,4, 2)

EMTER DATHA ENTRY OR DATAS ANALYSIE SETUR
IF (IANA.GT.1)GEOTO 40
DATA ENTRY MA&IN MEMU

WRITE (%,1@01@)

READ (#,%) [
IF(I.ER. LHYBEOD TO 2@
IF(I.EQ.2)6B0 TD 35
GO TO 2000

DATA ENTRY: FACE AND OFERATING COMDITIONS

WRITE (%, 1020)
WRITE (%, 1070)
READ (%, %) ID
ID=ID+181

CHECK FILE STATUS IM SUBROUTINE MANAGE

CALL MANAGE(ID,S)

IF (5.ME.Z) THEN :

WRITE (%,1035) 'FACE AND OFERATING CONDITIONS

READ (%, %) 10

IF (IG.NE.1) BOTO 10

REWIND ID

READ (ID,  (A) ‘) DDES

READ (ID, %) IDFT, ISERER,DISELD, CRFEM, DENCOL , DENROK , (DATARY (2,.0) ,J=1,1
#DPTY , (DATARY (3,30 ,J=1, IDFT) , (DATARY (4,3) ,J=1, IDPT) , (DATARY (&,d) ,Jd=
#1,IDFTY, (DATARY (1,3) ,J=1,IDFT)

ENDIF

WRITE (%, 1040)

READ (%, * (A) ') DDES

WRITE (%, 1050)

READ (%, %) IDET

WRITE (%, 1060)

READ { # , #) I SERER

WRITE (%, 1072)
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T4
55
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Zb
o7
38
59
o
&l
62
&3
&4
&5
b&
&7
-8
&7
78
71

72
-

- s
a3

74
75
7é
77
78
7
8
g1
e
83
84
85
86
87
88
g9
9@
91
i
9
94
95
B4
97
98
99

100

101

102

107

104

105

106

e
)
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onon

HOoo

&
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7 Microsort FORTRONTT
READ (%, %) DRPH

WRITE (%, 1086

READ (%, %) DENCOL

WRITE (&, 1990

READ (%, %5 DENROE

WRITE (%, 110

READ (%, #) DIBBLD

WRITE(#,111@é)

WRITE (, 1115

READ (%, #1 N

IF(M.LT.@ GO TO =&

WRITE (%, 1114

RIEAD (%2 DATARY (2, M) JDATARY (3 N ,DATARY (4,0 , DATARY (6, M)
GO TO 25

COMTINUE

[ ket
VA

STORE DATS AND RETURM CONTROL TO DATA ENTRY MEMU

REWIND ID
WRITE(ID,*)DDES
WRITE(ID, %) IDFT, ISERER,

#IDFT) , (DATARY (3,J) ,J=1,

#=1, IDPT) , (DATARY (1,00 ,J
CLOSE (ID,STATUS= KEER -
G5O TO 1@

DISSLD, CREM, DENCOL , DEMROK , (DATARY (2,3) , J=1,
IDET) , (DATARY (4,30 ,J=1, IDFT) , (DATARY (&, J) 44
=1, IDET)

)

DATA ENTRY: COAL IMTERFACE DETECTOR ANAGLOG SIGHMAL

WRITE (%, 112@)

WRITE (%,1130)

READ (%, %) ID1

ID1=ID1+101

WRITE (%,1140)

READ (%, %) IDFT1

CALL MANABE (ID1,S)

IF (5.NE.3) THEN

WRITE (%,1@35) 'COAL INTERFACE DETECTOR ANALUG SIBNAL

READ (%, %) IQ

IF (IG.NE. 1)BOTO 10

ENDIF

READ FACE CONDITION DATA FROM FILE

REWIND ID1

READ¢IDL, ' (&) *)DDES

READ(ID1,%) IDPT, ISERER,DISSLD, CREM, DENCOL , DENROK , (DATARY (2,00 ,J=;
#$IDFT) , (DATARY{3,d) ,J=1,IDFT), (DATARY (4,0) ,Jd=1, IDFT} , (DATARY (&4, J)
#=1,IDFT), (DATARY (1,J},J=1, IDFT}

IF(IDPT.NE. IDPT1IG0 TO 10

LOAD THE COAL INTERFACE DETECTOR VALUES

WRITE(*,115@)

C 141



Line#
17
1@ag
18%
116
il
112
113
114
115
116
117
118
119
126
121
122

e
arl et

124
125
126
127
128
129
126
124

132

-

134
125
136
137
178
139
140
141
142
1473
144
145
146
147
148
149
156
1351
132
1573
154
155
136
157
158
159

KA Y|

L 7 Microsott FORTEANTY YI.20 6F/84
WRITE (i, L1 &@)
READ (%, %) N
IF(LLT.DY B0 TO =7
WRITE (%, L17@)
READ (%, %) DATARY (1, 1)
BO TO Zé
37 COMT IMUE

RESTORE THE FRCE COMDITION DATE AND THE COAL INTERFACE DETECTOR
DATA

T3 03 i L

1

REWIND IDI1

WRITE (ID1,%)DDES

WRITE(ID1, %) IDRT, ISERER,DISSLD, CRFM, DEMCOL , DENRDK , (DATARY (2,J) ,J=1
#, IDFTY , (DATARY (3,3) ,J=1, IDFT), (DATARY (4,0) ,J=1, IDFT) , (DATARY (&,J) ,
#J=1,IDFT) , (DATARY (1,J),Jd=1,IDFT)

CLOSE (IDL,3TATUS= HKEEF ')

GO TO 1R

DATA AMALYBIS SETUR

ZERD THE IDR ARRAY

oo on

&

RO 41 I=1,4

PO 41 J=1,31

IDR(I,J) =0

DO 42 I=1,4

DO 42 J=1,4

DO 42 k=1,2

432 FACLEVI(I  J,k)=0.0
WRITE (%, 1208)
WRITE (#,1218)
READ (%, %) NREF
WRITE (%,122@)
READ (#, %) MDBFR

45 WRITE (%, 1230)
WRITE (%, 1235)
READ (%, %) N
IFINLLT.®Y GO TO 50

CWRITE (%, 1236)

READ (#,%#) {IDR{N,J) ,J=1,NDSFR)
DO 46 J=1,NDBPR

44 IDRIN,J)=IDR{N,J)+101
B0 TO 45

50 COMT INUE

WRITE (%,1240)

READ (&, %) NF

WRITE (%,1250)

READ (%, %) MiNL

DO 34 I=1,4

I
—

=

54 NL{I)=1.8
53 WRITE (%, 12640
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LoLined# 1 7 Microsoft FORTROMTY

140 WRITE (i, 1265)
. 151 READ (%, %) 1
162 IF(NLLT.BYBO TO &8
167 WRITE (%, 1266)
164 READ (%, %) NFAC (M), ML ()
165 GO TR 55
166 6@ CONT INUE
167 65 WRITE (#,1270)
1468 WRITE (%, 1280)
169 READ (%, %) M
170 IF(N.LT.@}E0 TD 78
171 WRITE (#, 1290)
173 READ (3, %) IFL, FACLEV (N, IFL, 1) , FACLEY (M, IFL,2)
17% GO TO &5
174 7@ CONT INUE
175 ¢
176 C STORE ANALYSIS SETUF AND RETURN CONTROL TO MAIN MENU
177 C
178 OFEN (100, FILE="B: GTAT.SET ' ,STATUS="NEW )
179 WRITE (100, %) NREF , NDSFR , NF , MNL , NFAC , TDR, NL , FACLEY
182 CLOSE (180, STATUS='KEEF ')
181 ©
182 C FORMAT STATEMENTS
183 C _
184 12910 FORMATC( 1’ ,6X, 'DATA ENTRY ' /1H ,@X,  —=———————— /1HE, 8%,  *SELECT: /1
195 #HO, 10X, ‘1. FACE AND DFERATING CONDITIONS INFUT. /1HB, 18X, 2. COAL
186 #INTERFACE DETECTOR AMALOG SIGNAL IMFUT. /1HD, 10X, 3. RETURN TO MAI
187 #N MENU. * /1H@, 2%, 'ENTER NUMEER OF CHOICE: ' //)
198 1028 FORMAT (‘1 ,46X, ‘'DATA ENTRY : FACE AND OFERATING COMDITIONS /1M ,&X,
189 ! e em )

198 1030 FORMAT(IWM@,9X, "*DATA SET ID MUMEBERT (1-898) ")

191 18335 FORMAT (1HB, 10X, 'FILE EXISTS AND IS5 OFEM. "/1H ,10X, 'DO YOU WANT TO
192 #CHANGE ' A, * DATAT /1HB, 180X, "IMFUT 1 FOR YES OR Z FOR NO

193 12840 FORMAT(IHD,9X, "*DATA SET DESCRIPTION (30 CHARACTERS MAX.Y 77

194 1@3@ FORMAT (1HD,9X, "*NMUMBER OF DATA FOINTS INM THE LDATA SET 7))

195 18068 FORMAT(IHBD,9X, "*BHEARER TYFE FOR DATa SET " /iH 11X, 1. JOY'/71H

1946 #11X, '2. ANMDERSON MAVOR'/1H 11X, 3. EICEQOFF 188 /1H 11X, 4. MIZY
197 HMIKE ' /1HB,2X, "ENTER NUMBER OF CHOICE: *)

198 1878 FORMAT (1HO,9X, "*CUTTERHEAD RFM (RFMY 770

199 1888 FORMAT(IHO,2X, "#BULE DENBITY OF COAL (SLUGB/FT##I) 7°)

200 1399 FORMAT(1HD,2X, "*BULE DENSITY #F ROCE (SLUGS/FT*%Z) 7°)

281 1108 FORMAT(1HD,9X, "#*DISTANCE BETWEEN SHIELD MARKS (FT) 7))

2@2 1116 FORMAT( 17 ,92X, "*ENTER " '/I1H 11X, SHIELD NUMBER. "/1H 11X, DEPTH

203 #F CUT (IM.) ,COAL HARDNESS,ROCK HARDNESS, AVERAGE SFEED (FT/MIN)Y /13
204 #0, 132X, '—~IF A NUMBER IS8 ENTERED INCORRECTLY, SIMFLY REFEAT THE TWC
205 #/1H 13X, "ENTRIES WITH THE CORRECT VALUES.  /1H@, 13X, "-EXIT THE F¢
2806 #E AND OFERATING CONDITIONS DATA ENTRY BY ENTERING /1H 18X, A NE(
207 #TIVE SHIELD NUMEER. ")

208 1115 FORMAT(IHB,SX, "INFUT SHIELD NUMBER')

% 20% 1116 FORMAT(IH@,3X, "INFUT DEFPTH OF CUT (IN),COAL HARDNESS,ROCK HARDNE
' 210 #, AVERAGE SPEED (FTA/MIN) 7)
211 1120 FORMAT( 1 ,6X, 'DATA ENTRY : CID ANALOB SIGNAL/1H ,6X,  —————m——e
212 #) :
143
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1LER
1148

11468
117@
1298

1218

1228

1275

e

st od
236
1240
1288

12468

12865

1266

Microsoft FORTRAMTT VI 20
CEDATA SET OID MUMBER T (1 »oa
TORFAT CLHE LHE, FH ., sNUMBER OF DATA FOINTS IN DATA E
AEAINST MUMBER/LH 11X, "ON FACE COMDITION FILE.

RS DO MOT METCH)Y 73
DR Xy "RENMTER @7 /1H 11X, "SHIELD NUMBER. "/1H , 11X, "CIL
HMAL LEVEL. "/IHB, 13X, —IF A NUMEER I8 EMTERED INCORRECTLY,
HEFEST THE TWO /1H 15X, "EMNTRIES WITH THE CORRECT VALUES. "/1HGB, 173X,
#OEXIT THE CID SIGMAL LEVEL DATA EMTRY BY ENTERING & MNEGATIVE /LH
#15X, "GHIELD NUMBEFR. )

FORMAT (1HB , 52X, "INFUT BHIELD MUMBER

FORMAT (1HB, 5K, "INMPUT DID SIGNAL LEVEL ) :

FORMAT (17, &X, "DATA ANALYSISE SETUP @ "/1IH b, "~ oo
#AUHG 9K, TTHE DATH REBUIRED FOR THE CID EVALUATION I5 STORED IN DaT
#y SETS. SIH &K, TEALH DATH SET CONTAINS THE DATA FROM ONE SHEARER
HCUTTING PASE. THE /LM 66X, "NUMBER OF DATA POIMTS IN EACH DATA BET
#I8 NOT REQUIRED TO BE /1M ,6X, "CONSTANT BUT MUST BE LESS THAN 380.
# THE DATA IS5 ANALYZED A5 A /1H &K, FACTORIAL EXFERIMENT. THE EXFE
HRIMENT DREANIZATION IS DEFIMED BELOW.

FORMAT (1HA/1H X, " *TOTAL MUMBER OF REFLICATIONS OF THE EXFERIMENT
# P

FORMAT (1H@, X, "#MAXIMUM NUMBER OF DATA SETE FER REPLICATIOM 77)

FORMAT (1HB, 9X, "#ENTER & "/1H 11X, "REPLICATION MUMBER /1H , 11X, "DAT
#A BETS ASSIGNED TO THE REFLICATION' /IHE, 13X, —IF A NUMBER IS ENTER
HED INCORRECTLY, SIMFLY REFEST ENTRY /1H ,13%, "WITH CORRECT VALUES.
#OAIHBD, 13X, T~EXIT DATA BET ABSIGNMENMT BY ENTERING A MEGATIVE MUMEER
f# FOR/IH 18X, "THE REFLICATION. )

FORMAT (1H@, 19X, " INFUT REFLICATION NUMBER ")

FORMAT (1HB, 18X, " INPUT DATA SETS ASSIGNED TO REPLICATION)

FORMAT (1,94, "#NUMBER OF FACTORS TO BE CONSIDERED %)

FORMAT (1HG , 2X, " #MaX IMUM NUMBER OF LEVELS FER FACTOR %)

FORMAT (1HB, 92X, "#*FACTOR ASSIGMMENT. ENTER " /1H 11X, "FACTOR NUMBER
#.0/1H 11X, TFACTOR TYRE, MAXIMUM LEVEL OF FACTOR'/1HO,10X, "CHOOSE
#FROM =’ /1H , 18X, 1. CID aNaLOG SIsMAL CUTTING BAND (REGUIRED FIRST
# FACTOR) "/1HGB, 18X, "2. DEFRTH OF CUT INTO ROCK. ' /1H@, 18X, 3. AND 4.
# NOT USED. "/1HB, 18X, "S. COAL/ROCE HARDHNESS RATIO.

#/1HD, 12X, "6, SHEARER VELOCITY. "/1HBO, 10X, 7. SHE&SRER TYFE. S

#OLHB, 13X, "—IF A NUMBER IS5 ENMTERED INCORRECTLY, SIMPLY REFEAT EMTRY
#. 0 /1HD, L3X, T-EXIT FACTOR ASSIEBNMENT BY ENMTERING & NEGATIVE MNMUMEBER
HFOR THE " /1H 413X, "FACTOR. ")

FORMAT (1HD, 18X, " INFUT FACTOR NUMEER )

FORMAT (1H@, 18X, " INFUT FACTOR TYFE (1-7) A&MD MAXIMUM LEVEL OF FACTO
#R)

FORMAT (717 ,92X, "*ENTER LIMITS CHOSEM FOR FACTOR LEVELS (FILL &RRAY
HEACLEV (INF FINLL, 20 7/ 1H 12X, "FACTOR MUMBER'/71H , 12X, LEVEL NUMBER
# LOW , HIGH /1HR, 13X, —IF & NUMBER 15 ENTERED INCORRECTLY, SIMFLY
HREFEAT ENTRY. "/1HD, 13X, —EXIT FACTOR LEVEL ASSIGNMENT BY ENTERING
#A NEBATIVE FACTOR /1H , 18X, "NUMBER. )

FORMAT (1HB, 18X, " IMFUT FACTOR NUMBER, N7

FORMAT (1H@, 10X, * INFUT LEVEL NUMBER, LOW FACTOR LEVEL, HIGH FACTOR
#LEVEL ")

4

4

RETURN TO MAIN FROGRAM
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oo 7 Microsoft FORTRAMT? VI, 2¢
FETURRN
EMD

Maumne Type ffeset P Class

CRPM REAL G4
DATARY REAL LI
DRES CHAR=5B 342
DEMCOL REAL 28
DENROE REMAL i@z
DISSBLD REAL @
FaCLEY REML Zh w®
I INTEGER=4 14
TANA INTEQER®4 @ =
I INTEGER=4 2@
Int INTEGER®4 14
oeT INTEGER*4 82
I0FTL INTEBER=4 138
IDR INTEGER*®4 28 =
IFL INMTEGER+*4 158
Ig INTEGER® 4 28
IBERER INTEGER#4 8é&
J INTEGER*4 186
2 INTEGER#4 142

MIDFT INTEGER®4 4 %

ML INTEGER#®4 12 %

i INTEGER®4 138

MDEFR INTEGER#4 16 #

MF INTEGER®4 g %

NFAE INTEGER*4 24 %

ML INTEGER#4 2 %

MREF INTEGER*4 4@ =

=] REAL 24

Mame Type Size Class

RATAS SUBROUTINE
MANAGE SUBROUTINE

Fass One Mo Errors Detected
267 Source Lines
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Microsoft FORTRANT? V3,2

1 s &

I OEDERUG

4 0

=50 %kdd  SURROUTINE RESULT #esks

s C

7 SUBROUTINE RESULT (IANG,MIDFT M MNL ,NDSFR, DATARY ( NFAT, TR, N, FATL
£ #EV ,NREF ,J5,J34,37,38,NDFRES , BERES)

o)

12
i1
12 LOGICAL*2 YES

13 CHERACTER*S0 DDES

14 DIMENSION DATARY (5,500) ,NFAC (43, IDR (4,3@) ,NL (4) ,FACLEV {4,4,7) , BRES
15 #(4,4,4,4,4) ,NDFRES(4,4,4,4,4)

)
17
18
1 OFEN{100,FILE="FE: STAT.SET ' ,STATUS="0LD "}

20 READ (100, %) NREF , NDSFR , NF , ML , NFAC , IDR, NL , FACLEWY
21 CLOSE (100}

2 DO 5 I=1,4

2 DO 5 J=1,4

24 DO 5 H=1,4

25 DO 5 L=1,4

M=1,4

27 BRES(I,J,k,L,M =0.0

24 NDFRES (I,J,k,L,M) =2.0

CONT INUE

TYFE AND DIMEMSION STATEMENTS

oo

READ ANALYSIS FILE AND INITIALIZE ARRAYS TO ZERO

Goa

oo aan U

REFLICATION DO-LOOF

i
O u

7 DO 1008 M=1,NREF

DATA SETS THAT ARE FART OF THE REFLICATION INCLLUDED HERE

i
&}
o000

37 DO 1000 MZ=1,MDSFR
FILL DATA ARRAY ACCORDING TO THE SELECTED DATA ANALYSIS STRUCTURE
FROM THE STORED DATA SET, IDR{M,M2)

i
~0
GooOoo

4z IR=IDR {(M,M2)

43 CALLL MANAGE(IR,S)

44 IF (S.ER.EY RETURN

43 IF (S5.EG.1) REWIND IR
44 READ(IR, " (A) ")DDES

47 READ(IR, %) IDFT

INITIAILIZE DATA ARRAY

4
0
o000

31 DO 10 I=1,7
52 DO 1@ Jd=1,IDFT
I DATARY (I ,J)=0.0
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i@ COMTIMUE

FEWIND IR
- READ (IR, 7 (/) ") DDES

FREAD (IR, =1 IDFT, ISERER, DISSLD, ORFM, DENCOL  DENROE , (BATARY (E

Microsoft FORTRANTZ VI,

TN T oom
D S 5 I

HOPTY  (DATARY (3, 1) , I=1  IDPT) ((DATERY (4,10 , T=1,1DFT) , (DATARY (5,15 , T

#1,IDFTY , (DATARY (1, 1), I=1,IDFT?
CLOSE (IR,STATUS= KEEF ")

CALCULATE COAL/R{OCK HARDNESS RATIO AND STORE, ALSO STORE
TYFE IN DATARY

oo

DO 15 I=1,IDFT
DATARY (5, I3 =DATARY (Z,1) /DATARY (4,1)
WRITE(%,%) I,DATARY {(J5,1)
15 CONMTIMUE
DO 2@ I=1,IDFT
DATARY (7, 1) =I5ERER
26 CONMTIMUE

SHEARER

(N MAXIMUM OF FOUR FACTORS ALLOWED. SELECT THE F&CTORIAL CONMDITION

(™ INTO WHICH EACH DAT& FOINT FALLS.

DO @@ I=1,NML(1)
DO 903 J=1,NL(2)
DO 908 k=1 ,NL(X)
DO 9200 L=1,NL {4}
DO %@@ ID=1,IDFT
ICT=1
IF (DATARY (NFAC (2) , ID) . GE.FACLEV{2,J,1) . AND.DATARY (NFAC (2}
#ACLEV (2,0 ,2)) ICT=ICT+1
IF(NF.EQ.2)G0TO @
IF (DATARY (NFAC(Z) ,ID).GE.FACLEV{Z,k, 1) .AND.DATARY (NFAC (=}
HACLEV(Z,K,2) ) ICT=ICT+1
IF (NF.ER.Z)GOTO 0
IF (DATARY (NFAC (4) ,ID) . GE.FACLEV (4,L, 1) . AND.DATARY (NFAC (4)
HACLEV (4,L,2)) ICT=ICT+1
87 IF(ICT.LT.NFYGO TO S00

ADD THE DATA FOINT TO THE COUNT ARRAY NDFRES(I,J,k,L,F

oon

IF(IANA.EG. 4. AND.DATARY (2, ID) .EG.B.0) 50 TO 500
IF (IANA.E@.S.AND.DATARY (2, ID) .GT.0.0) G0 TO 560
NDFRES (I, b ,L, M) =NDFRES (I ,J,K,L,M)+1

DECIDE IF CID IMDICATION IS CORRECT
USE ALL DATA FOINTS, IAMA=Z CHOICE

ooon

,ID).LLT.

,IDJ.LT.

y IDY LT,

IF(DATARY (1,1ID) .GE.FACLEV(1,I,1).AND.DATARY (1,ID? . LT.FACLEV(1,I

#) BRES(I,J,k,L,M=BRES(I,J,K,L,M) +1
SO0 CONTIMUE

900  CONTINUE

180@ CONTINUE

»
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Microsodt FORTRANT?Z VI

& CONVERT BRES INTO FERCENMTAGE

1199 DO 1010 I=1 ML)
110 DO 1010 J=1,NL(2)
111 DO 1010 HE=l,NL {3

112 DO 1010 |

117 DO 1010 M=1,NREF

114 IF (NDFRES(I,J,k,L,M) .EQ.D) THEN

115 BRES(I,J,k,L,M)=0.0

116 EL.SE

117 BRES(I,Jd.k,L M) =BRES (I,J,k,L,M /NDFRES (1,J,E,L,M) %100
113 END IF

119 1010 CONTINUE

121 C STORE RESULTS 0OF EXPERIMENT IN FILE 101
122 C

123 OFEN(101 ,FILE="Ri:RES.RES " ,5TATUS="NEW "}
124 WRITE(1@1,%) IANA,NDFRES, BRES

125 CLOSE(101 ,5TATUS="KEEF ")

126 C
127 C RETURN TO MAIN FROGRAM
128 C
129 RETURN
136 END
ame Type Offset F Class

ES REML &4 %
IFM REAL 126
ATARY REAL 20 %
JES CHAR®SD 6@
INCOL. REAML 170
INROE REAL 174
35LD REAL 22
CLEVY REGL 26 ®
INTEGER#4 20
MY INTEGER#4 @ %
T INTEGER*4 190
INTEGER*4 182
=T INTEGER*4 11@
2 INTEGER#*4 28 *
INTEGER*4 52
wER INTEGER*4 118
INTEGER*4 24
INTEGER*4 44
INTEGER*4 48
INTEGER*4 a2
INTEGER*4 Sé
INTEGER*4 28
INTEGER#4 a7
INTEGER¥*4 b
INTEGER*4 44
T INTEGER#*4 4 *

* ¥ ¥ ¥
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INTEGER®S4
INTEGER#4
INTEGER*4
3 REAL

LOGICAL =2

MName Type

MANABE
RESULT

No Errors
128 Souwrce

Gloe

w
£ I N

Clams

BUBROUTINE
SUBROUTINE

Detected
Lines
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Lime# 1 7 Ficrosofrt FORTROANTT VI ZE
1 FFAGEBIIE:s &6
2 FLARGE

IORDERUG

4 C

=0 FNRERE SUBROUTINE STAT  seastsrs
& ¢

7 SUBROUTINE STAT (MF,MNL ML, NREF,J5,J6,07 .08, NDFRES , BRES , TARLE)
a8 ¢

9 C TYFE AND DIMENMSIONM S5TATEMENMTS

1@ C

i1 DIMENSION ML (4) ,BRES(4,4,4,4,4) ,TABLE(17,4) NDFRES (4,4, 5 4D
12 DPEN(l@i,FILEm'BEREb RES' ,8TATUS="0LD ")
13 OFEMIB L FILE="LPTL ,8TATUS= "NEW")
14 READ (1O, #) IANA, NDFRES , BRES

i5 ¢

146 C IMITIALIZE STATISTICAL VARIABLES
17

ig S55T=@. 1

19 SETR=0.1

el S5R=0.0

21 G5 1=0, 0

22 B582=0.2

23 58E=0.8

el S54=7.0

25 G512=0.0

2é 5513=0. 0

27 5514=0.3

28 GEZE=0. 0

29 5824=0.0

e S834=0.8

3t 55123=0.0

2 58124=0.@

33 58254=00.

4 SE1Z4=0.8

x5 8812734=0.0

b SEE=@0.0 P

37 CC=0.0

a8 DO B85 I=1,17

z9 DO B5 J=1,4

43 TABLE(I ,J)=0.8

41 @5 CONTINUE

42 C

4% ¢ CALCULATE THE CORRECTION FACTOR CC
44 ¢

45 SUM=0.0

44 DO 1@ I=1 NL.(1)

47 DO 1@ J=1,NL(2)

48 DO 18 k=1, ,NL(Z)

49 DO 1@ L=1,ML{4)

5@ DO 18 M=1,NREF

5118 SUM=SUM+BRES (I ,J kLM

582 CC=8UM##2/ (N (1) #NL. (2) #NL (3) #hL (4) MREFS
53 C
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=4
55
S
=
it
0y
&3
&l
&2
&F
&4
&5
&hé
&7
&8
&Y
78
71
73
7E
74
7E
Té
77
73
7
238
g1

"~y
-

83
34
8%
86
a7
88
87
2
71
22

94
5
E4-)
3?7
58
Eard
126
131
132
123
134
135
1a6

et A e T iy S e g s o i wm  at © st a4 e

Mlorosoft FORTRANTT

e
o~
4
|y
[y
i
I
a
o~
o
-
e
P
8y
&
5
s
B
s
L
11
193]
g;
o
i
=

,,,,, g
e 05T

iy

=

BUM=@. 0
DO 2B I=1,NL{1)
DO 20 J=1,M (3
DO 2@ H=1,NL D)
DO EB L=1,NL 4
DO 20 M=1,NRER
20 SUM=BUM+ERES (1 ,J, 1L, M) ##2
SET=BUM-CC
WRITE (1@,25@) SuM, &ST
250 FORMAT (1M, 2%, ' SUM=' ,F20. 10,5, 'S§T=" ,F2#. 18

CALCULATE THE TREATHMENT SUMS OF BRUARES, SB8TR

300

SUM=0. &
DO BB I=1,NL (1)
DO #@ J=1,NL{(2)
DO 5@ k=1,NL (5
DO IB L=1,NL{4)
S1=0.0
DO 25 M=1,NREF
25 B1=51+BRES (I,J,K,L,M
51=G1%%2
=0 SUM=SUM+S 1
BETR=8UM/NREF~CC
WRITE (10,768 SUM, S5TR
260 FORMAT (1H@,2X, 'SUM=' ,F20. 10,5%, ‘S&8TH=" ,F20.10)

> CALCULATE REFLICATE SUMS OF SQUARES, S5R
SUM=0. 2
DO 40 M=1,NREF
S51=0.0
DO 35 I=1,NL(1)
DO 35 Je=i,ML(2)
DO IS K=1,ML ()
DO 35 L=1,MNL(4)
=5 51=S1+ERES (I,J,K,L,M
S1=G1 %42
4 SUM=8UM-+S1
SER=SUM/ (ML (1) #NL (2) #NL (3) %N (4 ) =00
WRITE (18,272 SUM, SSR
278 FORMAT (1HB,2X, 'SUM=’ ,F20.10,5X, ‘SSR=",FE@. 10)

C CALCULATE ERROR SUM OF SOUARES, SSE
5BE=S5T~85TR-SSR
WRITE (1@,280)SSE

280 FORMAT (1HB,2X, ‘5SE=' ,F20. 1)

C
c CALCULATE MAIN EFFECTS OF FACTOR 1,881
c
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Lined#
1@y
188
Wiy
11
111
112
113
114
115
11s
117
118
11w
128
1"1

AN

LRI
it

124
125
126
127
124
129
1758
1351

i:b
1354
127
1738
1739
14@
141
142
1473
144
145
144
147
143

149

150
151
132
153
154
135
1546
187
138
139

Ryl

000

SUM=, &

DO &B I=1 ML (10

G,

DO #5 u-l NL&“

DO 48 R=1 NLOE

DO 48 L= 1,NL&43

DO 4% M=1 , NREF
Si=G1+BRES (L, J,k LM

Sl=51%xl

SUF=SUM+5 1

58 1=8UM/ (ML {(2) &ML {5 #hl. (4 NREF) ~C0
WRITE (1@,298) 5uUM, 851

FORMAT (1HB,2X, "SUM=" FE@.18,9X, "'581=",F20. 1@

CALCULATE MAIN EFFECTS OF FACTOR

&8
)

Pt
i

SUM=0.8
DO 6B J=1 ,ML(2)
S51=0.9

DO S5 I=1,ML(1)

DO 55 k=1, ML )

DO 5 L=1,NL (D)

DO 55 M=1,NRER
S1=81+BRES (I, J 8, L, M)

Gl=G] e

SUM=SUM+S 1

SSR=BUM/ (ML (1) #NL (3) *NL (4) $NREF) ~C0
WRITE (10,308 SUM, 552

FORMAT (1H@, 2X, ' SUM= .F20. 10,5, ° §57= ,F20, 18)
IF (NF.LE.2) 50 TO 81

CaLCULATE MAIN EFFECTS OF FACTOR 3, S83

SUM=0. @

DO 7@ K=1,NL (D

51=0.0

DO &5 I=1,ML (1)

DO &5 J=1,NL(5)

DO &5 L=1,ML(4)

DO 65 M=1,NREF

S1=B1+BRES (I ,J,8,L,M

S1=G1x%2

SUM=3UM+5 1

SST=BUM/ (NL (1) #NL (2) %NL (4) *NREF ) ~CC
WRITE (1@,718) SuUM, 83
FDRMQT(lHB,EX,’SUM%’,FE@.i@,SX,’SSEm'qFE®.1@)
IFC(NFLLE.T) GO TO 81 '

CALCULATE MAINM EFFECTS OF FACTOR 4, 584
SUM=@. @

DO 88 L=1,ML{4)
S1=0.@
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fd etk
1 &6
161
163

4o
Lo

165
166
167
168
169
173
171
172
173
174
i 175
5 174
z 177
= 178
4 179
= 189
2 181
2 1872
1872
184
185
184
187
168
189
199
191
192
193

e (BB Ld B e DD

1 174
2 195
2 196
= 197
4 198
= 199
2 ednlri
2 201

282
@4
285
286
287
=208
209
21
211

213

[

164 7

i

~J
a4

=14

E,‘
-
c
81

EED

0

[zRvRe]

FE

i@

4@

00

.

DO TE I, NL(L

DO7E J=1,ML{E)

DO 7S K=, N O

DOTE Me1, NRER
G1=S1+ERES (I, J.08,L, 1)

B51=51%52

SUM=SUM+S1

SS4=SUM/ (NL (1) %ML (2) %ML (3) *NREF) —0C
WRITE (10,328) SUM, S54

FORMAT (LHB, 2X, ' SUM= ", F2@. 10, 5X, ' 554

i

LFEB. e
CALCULATE TWO WaY FACTOR INTERACTION EFFECT, 38512

SUM=8. 0

DO 90 I=1,NL{1)

DO S8 J=1,NL (2

51=0.0

DO 85 k=1,NL (S

DO 85 L=1,ML(4)

DO 8S M=1,NREF
S1=B1+BRES (1, ,K L, M
Gi=G18%0

SUM=SUM+S1
SUM=SUM/ (ML () %ML (4) NREF) ~CC
551 2=5UM-581-852

WRITE (10,330) SUM, 5812
FORMAT { LHB, 2X, "SUM=" ,F20.10,5%, '8512=",F20. 10

IF{NF.LE.2) GO TO 200
CALCULATE TWO WAY FACTOR INTERACTION EFFECT, BS513

5UM=0.10

DO 182 I=1,NL(D)

DO 108 E=1,NL (5

S1=0.0

DO 95 J=1,NL

DO 95 L=1,Ni.{4)

DO 95 M=1,MREF
B1=81+BRES (1,4, L,
Bl=G1%%R

AUM=SUM+S1
SUM=8UM/ (ML (2) #NL (4) *NREF) ~CC
551 Z=8UM~85 1 ~883

WRITE (10,34@) sUM, §813
FORMAT (1HB, 2%, 'SUM="' ,F20. 10,5X, '8813=" ,F20. 18)

CALCULATE TWO WAY FACTOR EFFECT, 8823
SUM=0.0
DO 118 J=1,N_(2)

DO 110 k=1 ,Mo (5
Si=0.0
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Lined 1 7 Maoorosobn FORTRANTT WV
21 i b
214

R .
2ile165 51 f‘bhi*‘qllqd,l D

51 1wz

218 119 SiM=5UM+381

219 “lM“SUN/(NL(l)%N[(4)%NHEP)"CC

._.L""""‘

o fan o IR

WRITE \Lm,_qm> SUM, S82F

FORMAT (1HE, 2K, "SUM=" ,F20.10,5%, ' S855= ", F20. 10)

IF (NFLLE.Z) GO TO 144

COLCULATE TWO WAY FACTOR INTERACTION EFFECT, 5514

SUM=0.
DO 128 I=1,MNL{1)
DO 120 L=1,ML (4)
51=0.0
DO 115 J=1,ML (2D
DO LIS E=1,NL ()
DO 115 M=1,NMREF
S1=G1+ERES (T, J,K,L, M)
31%91%%”

=BS5S
nUMzSUM/ﬁNt(f)ﬁﬂL(E)%MREpkmﬁﬁ
551 4=8UM-551 ~584
WRITE (16,36@) SUM, 5514
D41 T6D  EORMAT (LHE, 2K,  SUM=’  F20. 10,5, 'SS14=",F20, 10

24T 0 CALCULATE TWO WaYy FACTOR EFFECT, S824
244 0
245 . SUM=B.0
LT DO 13@ J=1,NL(2)
247 DO 1@ L=1,NL(4)
243 S1=0.0
249 DI 125 I=1,ML (1)
250 DO 125 =1, bl ()
2% DO 125 M=1,NRER
2 S1=51-+BRES (1, 0,8, L, M)
Gl=51 %83
4 BUM=SUM+S 1
taty SUM=SUM/ (NI (1) #NL (3) NREF ) 00
256 552 4=3UM-B52 5S4
TE7 WRITE (1@,370) SUM, S824
F2@. 10,5, '8824=",F20. 1)

258 3780 FORMAT (1H@,2X, Suk=",

25T

260 € CALCULATE TWO WAY FACTOR EFFECT, $537
261 C

262 SUM=0. @

263 PO 140 k=1, ,N_{3)
2a4 DO 148 L=1,NL{4)
265 51=0.8
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i K Miorosort FORTRAOMNT

o1 Tl ML €13
D0 1EE J=1,NL 00
DO 1EE M=l MREF

1EE 1 B, .0,

Bi=E1e
14 Stl=ZUM+51
SUM=SLIM/ (ML U1y ML (2) #NREF -CC
EEE3=5UM-387-884
WRITE (16,388 3uUM, IEI4

FORMAT (1H@B, 22X, "BUM=" ,F20. 12,54, '8534=" ,F28. 14

CALCULATE THREE WAY INMTERACUTION EFFECT., SH1EE

BUM=@. @

i

DO 1S3 I=1,mM.{1}

DO 153 =1 N (2D

DO 150 =l NLIE)

51=0.8

DO 145 L=1,NL4)

LO 145 r=1 ,NREF

2y o145 Sl=81l+BRES{] J L,

288 Sil=081%%2

289 15k SUM=8UM+S 1

SUM=SLIM A (ML (4 #NREF) -0

551 23=8UM~851 -4U82-585~-851 2891 3-8823
2 WRITE (1@,39@) SumM, 55122

293 Z9a FORMAT (1H@B 22X, "SiiM=" F2@. 18,5, '588133=" ,F2E. 18
294 C ,

295 ‘ IF (NFLLE.3) GD TO 208

]
i

GG B e

E=

L4 e O
¥
by

CALCULATE THREE WaY INTERACTION EFFECT, 855124

281

0

i
IS RE Ry

299 SUM=8. 0
00 DO 160 I=1,NL{1)
1 IBL DO 16@ J=1,NL(2)
2 IpR DO 140 L=1,NL (4}
I 303 $1=0.0
I R4 DO 155 K=1,NL(3)
a4 EEs DO 155 M=1,NREF
5 I06 155 S1=S1+BRES(I,J,K,L,M
I 307 51=51%%D
I OIE8 160 SUM=SUM+SL
09 SUM=5UM/ (NL (3) #NREF) ~C0
510 55124=8UM~551 -582~554~551 2551 4-5574
11 WRITE (10,400) SUM, SS124
I1Z 400 FORMAT (1HB,2X, 'SUM= ' ,F20. 18,5, '§5124=",F20. 1®)

14 C CALCULATE THREE WAY INMTERACTION EFFECT, 895274
314 SUM=0. 8

E17 PO 178 J=1,NL{2)
DO 178 k=1, ML {3

i
P
oy
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L g B e

b
=3

L tef OF

R IER

T=1  NL (1)
M, NREF
BREG (T .0,k Lyt

GlmE]wed
17A SUM=BUMHS T
BUM=BUM/ (ML (1) #NREF) ~CC

ST 4=8UM-88E-5 ‘:) &
WRITE (1@,419) SUM,
41@ FORMAOT (1H@, 2%, "BUM="

"

3 FaE &

» CAlLCULATE THREE WAY IMNTERMCTIOMN EFFECT,

SUM=@.@8
DO 18 I=1, M.."l"
Lo 188 k —~L.,HL(
L0 189 L=1 _NL\*H
Si=@.0
DO 175 J=1,NL (D)
DD 175 M=1 , NREF
173 .“"‘iﬂLiht*GfI Ikl M
\..11 BN %

188 ‘UM =G5UM+-S1

Si=8UM /A (ML (2) #MREP) -0
‘-"‘1 F4=3UM-551-55: ‘-~km4 SS13-8514-5874
WRITE (1@,422) 5UM, 85134

4zp FORMAT1HO, 2K, 'SUM=',F20. 10,5, 55134

o~

L.
c CHLCULATE FOUR WAY INTERADTION, S51XI4

#24-885234~851734
WRITE (1@,43@0:581234
FORMAT (1HE  2X, "581234=",F2@. 1@
CLOBE (1@

TABLE(L, 1) =(NREF-1)%1.8

TEELE(Z, D) ={NL{1)-1) =1, GJ

TABLE (T3, Li=(NL (2)—1)%l.

THE‘LL(ﬂ 1)——\NL(”‘~1}*1.Q)

('\'BLE\‘.)u ={(ML(4y~1)%1.0
THULE\&:,L) (NL ALY -1 % (NL{2)—10%1. @
TRELE(7 1= {ML (L)1) % (ML (Z)~10%1.0
TARABLE(S, 1)=(NL{1)-1)% (ML {4} -1)%1.8
TABLE (P, 1) ={(ML{E2) -1 (NL{Z)~-1)%1.@
TORLE(LI@, 1) ={(NL(Z)-L)®{NL{4) ~-1)=l.@
TRBLE(LL 10 =(NL(Z)~1) % (NL {4 ~-1)%1.@
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851234=8 SF\-851—~&:S”—-S(3?-Sb4~€381 2-8515-58

COMPLETE THE ANALYSIS OF VARIANDIE TARLE

LE2E. 18D

BE1A4

LR 1)

14-553%~

TABLE (12, 1) ={ML{L) 1) #(NL () -1 (NL {3 -1)0%1.0
TOBLE(IZ, D)= (NL (1) ~1) % (NL (2) 1) #(NL{4)~1)%1.0
TAELE(L4, L= (NL L)Y ~1) % (NL (3) =10 % (NL{(4)—-1)%1.3

FORTRANTT

B524-8554-88123-881



Horosot b FORTRA
FE R .
(LA, L= N DLy = s (ML T Ly N (Y Ly e I

P OB CL Y L ) #RL O SNl (4 1) %

TEBLE (3,3
TRELE (4,2) =583
TABLE (5, 2) =554
TABLE (h,2)=8817

TABLE (7,2)=85173

TABLE (8,2)=8514

TABLE (9,2) =827

TRELE (10,2) =5524

TOBLE (11,2)=8834

TABLE (12,2) =851273

TRBLE (13,2)=85124

TARLE (14,2)=85134
THRLE(15,2)=55234

TABELE (1&4,2)=55812%4

TABLE (17,2) =58E

DO 2% I=1,17

IF (TRBLE (I,0).EG.8.@) 60 TO 205
TABLE (I,3)=TARLE(I,2)/TABLE (1,1}
205 CONMTIMUE ‘

IF (TRBLE(17,3) .EQ.8.8) THEN
WRITE (%, 130@)

BOTO 22

ENDIF

DO 218 I=1,17

TABLE (I, 4)=TABLE (I, ) /TORBLE (17,3
 21@ CONTINUE

Pl gt ok

C
4 C. STORE RESULTS ON DATa FILE, 101.
™

REWIND 101

WRITE (101, %) IANA, NDFRES , BRES, TABLE
CLOSE (101, 8TATUS= ' KEEF )

COMT ITMUE

i
&

RETURM TO MAIN MENMU

OO0

RETURN

FORMAT STATEMENTS

BT RYRY

5
=
)

FORMAT (1HB, 1@X, "*%x% DATA ERROR IN SUBROUTINE STAT #%x='/1H 18X,
#BLE ARRAY ELEMENT 17,3 EQUAL TGO ZERD

END

Mame Type Offset P Llass

BRES REAL T&H #
ce REAL 24
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DoLined# 1 7 Microsoft FORTRONTT VI,
I INTEGEF 4 10

ANa INTEGER=®4 14
J INTEBER LEa
I INTEGER 4 14 *
Jé INTEBER#4 SE %
J7 INTEGER #4 24 %
N INTEGER®4 28 %
i INTEGER®4 120
L. INTEGER*4 128
M INTEGER®4 1356
MM INTEGER%4 4 x
NDFRES INTEBER#4 32 #
NF INTEBERs4 D %
ML INTEGER#4 8 %
NEER  INTEBER4 12
51 REAL 240
52 REAL 568
551 REAL e
8512 REAL 48
5127 REAL 72
REAL ae
REAL T4
REAL e
REAL 84
REAL 56
552 REAL 4
. REAL &0
REAL 80
REAL b4
REAL 40
REAL 68
REAL 44
REAL 92
REAL 2g
REAL 20
SSTR  REAL 24
BUM REAL 128
TRELE  REAL ap %

&

lame Type Sice Class

TAT BSUBROUT INE

“ass Une No Errors Detected
419 Source Lines
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leimed 1 7 Microsoft FORTRAMYT

o &

#wads  BUEBROUTINE PRTRES sesses

& SUBROUT IME PETRES (MF , MNL , ML, NREF ,J5, 76, J7 , I8 NOFRES, BRES, TABLE, 1D
7 #, NDSFR, FACLEY , NFAD)
g Cc
5 TYFE AND DIMENSION STATEMENTS
10 C
11 CHARACTER®4D FDES (7)
13 DIMENSION NL(4) ,BRES (4,4,4,4,4) ,TARLE (17,4 ,NDFRES (4,4,4,4,4) , IDR
13 B4, IR, FACLEY (4, 4,2) NFAC (4)
14 C
15 © READ FILES 100 AND 101
16 C
17 OFEN (190, FILE=" B STAT.SET ' ,STATUS="0LD ")
13 OFEN (181 ,FILE= " B: RES. RES ,S5TATUS="0LD )
19 REWIND 100
o0 READ (108@, %) NREF , NDSFPR , MF , MNL , NFAC, IDR, NL , FACLEY
21 REWIND 181
2 READ (101 ,#%) IANA, NDFRES , BRES, TABLE
2 CLOSE (160, 3TATUS= " KEEF /)
24 CLOSE (1@1,5TATUS=KEEF )
25 ¢
26 C NAME THE FACTORS
"""'?' C .
28 FDES(1)='CID ANALOG SIGNAL CUTTIMG BAND
29 FDES(2)="DEFTH OF CUT INTO ROCK
0 FDES (3) = ERROR, NOT USED'
e FDES (4) = 'ERROR, MNOT USED-
e FDES (5) = COAL/ROCE HARDMESS RATIO
33 FDES (&) = 'SHEARER VELOCITY "
4 FDES (7)='SHEARER TYFE
35 C
6 C DUTPUT RESULTS TO FRINT FILE i@
37 C
I8 C A. EXFERIMENTAL REFLICATIONS
390
40 OFEM (18, FILE="LPT1  ,STATUS= NEW )
a1 WRITE (10, 100@)
4z WRITE(1®,1010)
47 DO 30V I=1,NREF
44 WRITE (10,1020 I
45 DO 3B J=1,NDSFR
44 WRITE (12,1030 J, IDR(I,J)-101
47 IB@  CONTINUE
48 ©
49 ¢ BH. EXFERIMENTAL FACTORS AND FACTOR LEVELS
=50 €
51 WRITE (10, 1040
el DO 480 I=1,NF
53 WRITE (10, 1@058) I,FDES (NFAC (1))
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S i B

[ S

&3
bé
&7
658
&5
7B
71
72

[

74
75

77
78
7%
3@
81
82
832
84
83
86
87
88
39
9@
21
2
@I
G4
P35
b
F7
kA=)
79
12@
181
133
183
124
183
1@6

[

508

C
C
c

&8

aoao

430
>

g
7

DO 488 J=1, MM
WRITE (LS, 1868 3, FACLEV(L , J, 10 JFRCLEVIT,J,2)
COMT INUE

Microsoft FORTRANTY VILZ

. BABE REBULTS

WRITE (1@, 1870 TaNA
WRITE(LE, 1380)
WRITE{1®, 1@%70)

DO J@8 I=1,MNLC1)
0O 5@ J=1,ML(2)
DO 500 k=1 N3
DO B56@ L=1,ML (4D

WRITE(10,1108) I,J,k,L,BRES (I, J, K, L, 1) JBRES (I, J,K, L, 2 ,BRES (1,05,
#l, ), BRES (I, J,E,L,4)

D. TOTAL MUMBER OF DATA FOINTS

WRITE (10,1875 IANA
WRITE (1D, 10380}
WRITE (12, 1090)

DO 409 I=1,NL(1)
DO 608 J=1,NL(2)
DO ARG k=1 ,NL (D)
DO OB L=1,NL(4)

WRITE (10,1105 1,3 ,H,L ,NDERES (1,J,E,L, 1) ,NDFRES(I,J,K,L,2) ,NDFRES (1
H,d, 0,0, T, NDPRES (T ,J,5,L,4)

E. STATISTICAL TABLE

WRITE(1@,1110)

WHITE(1D,112@)

WRITE (18, 1130)

WHITE (18, 114@)

WRITE (18,1150 TRRLE (1,15 , TABLE(1,2) , TABLE (1,3) , TABLE (1, 4)
WRITE (1D, 1160)

WRITE(1@,1170) TABLE (2,1) , TABLE (2,2) , TABLE(2,S) , TABLE (2, 4)
WRITE (12,1180 TABLE (T, 1), TABLE (3, 2) , TRELE (2, ) , TABLE (3, 4)
WRITE (18, 119@) TAELE (4,1) , TARLE (4,2) , TABLE (4,3) , TABLE (4, 4)
WRITE (10, 1200) TABLE (5, 1), TABLE (5,2) , TRELE (3,3) , TABLE (5, 4)
WRITE (1@, 12107

WRITE (18, 1220)

WRITE (1@, 1270) TABLE (6, 1) , TABLE (6,2) , TABLE (6,T) , TARLE (&, 4)
WRITE(10,1240) TABLE (7, 1) , TRBLE(7,2) , TAELE (7,3 , TAELE (7, 4)
WRITE(1@,1250) TABLE (8, 1), TABLE(8,2) , TABLE (8,3) , TAELE(8,4)
WRITE(1®, 1248) TABLE(9,1) , TABLE(9,2) , TABLE(9,3) , TABLE (9, 4)
WRITE(1Q,1270) TABLE(10,1) , TABLE(18,2) , TABRLE (1@,7) , TARLE (1@, 4)
WRITE(1Q), 1280) TABLE(11,1) , TABLE(11,2) , TABLE (11, , TABLE (11,4
WRITE (18, 129@)

WRITE(1Q,17008)

WRITE(10,1310) TABLE (12,1) , TABLE (12,2) , TARLE (12, , TARBLE (12,4)
WRITE(1D,1320) TABLE(13,1) , TABLE (13,2 , TABLE(13,3) , TABLE (13, 4)
WRITE (1@, 1330) TABLE (14,1) , TABLE (14,2) , TABLE (14,5) , TARLE (14, 4)
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1
i
157
158
159

e 003

1@5@
1368
187@
1@7E
198

050

1186

11@s
1118
1126
11730

114e

115
1168
1178
1188
1198
1208
121@
1228
1226
1241
1250
1268
1278
1280
1293
1780
13108

-

/

WRITE (1@, 1
WEITE (1R, 1550
WERITE (1@, 1560
WRITE(1@, 1370)

13

CLOSE (18

=
TEBLECLE, Ly TRELE (LS, 2  TABLE (LS, 2 (ToBLELIS 40

YTARBLE(LG, 1 , TARBLE (LS, 2) \TRBLE (L&
WRITE (L@, 13800 TABLE (17 ,1) ,TRELE (17, 2) , TABLE 7

Microsett FORTRANMTY VILZ26 8278

FiRy!

Iy TaRLELS,
TS, TRBLENLT,

FORMAT STATEMENTS

FORMAT ("1 7 (24K
e o e e e s e e o o

FORMAT (LHB , 5%,

 CID EVALUATION PROGRAM REBULTE/1IH 24K, -

~~~~~~~~~ D]

AL EAPERIMENMT REFLICATIONS )

FORMAT (1HE, 18X, "REFLICATION NUMBER'® ,2X,11)

FORMAT (IH 4, 13X
FORMAT (1@, 1H

T DATA SET 1K, 12, 7. "y 1XKg I3
sGaX, ‘B, EXFERIMENTAL FACTORS AND FACTOR LEVELS )

FORMAT (1H@, 18X, "FACTOR NUMBER ', 1X, xzq“.' 2%, 8
FORMAT (1H 4 13X, "LEVEL ' 1%y 120 s ' g 1X, G1B. 3,15, "y 41X, G108, )
FORMAT (1M1 ,&6%X, 'C. BASE RESULTS : RUN SELECTION MUMBER, ©, 1X,I2)

FORMAT (1H1, X,
FORMAT (1H@, 1%, °
HBEFS, )
FORMAT (1M , 13X,
fpomm e ')
FORMAT (1H ,1X,
5.2
FORMAT (1H , 1X,
FORMAT (1M1, &%,
FORMAT (1HR, 1 X,
FORMAT C1H ,1X,
#X, FACTOR )
FORMAT (1H ,1X,
T QR )
FORMAT (1H , 1X
FORMAT (1HD, 1X,
FORMAT (1H ,2X,
FORMAT (1H , 9%, °

FORMAT (1H , 9%,

FORMAT (1H , 9%,
FORMAT (1HB, 1X,
FORMAT (1H ,1X,
FORMAT (1H 7%, -
FORMAT (1H ,7X, °
FORMAT (1H , 7%,
FORMAT (1H ,7X,
FORMAT (1H ,7X,

FORMAT (1H 47X, °

FORMAT C1HB, 1X,
FORMAT (1H , 1X,
FORMAT (1H ,5X, *
FORMAT (1H ,5X,
FORMAT (1H ,5X,
FORMAT (1H ,5X,
FORMAT (1H@, 1X, *

‘D, TOTAL DATA FOINMTS : RUN SELECTION NUMBER, "1X,I2
ARERAY INDEX ‘35X, ‘REFL. 55X, REFZ, 5%, REFI. ©,5X, '

L. 3 QLS TR I ) I
T8,y I, Il LB I Fh. 2, X Fh. 2, 4%, Fé. 2, 4%,
I,y I,y I,y I2,3%,16,4%X,16,4%,16,4%, 1&)

'E. STATISTICAL ANALYSIS )

‘BOURCE OF *, 22X, ‘SUM OF°, 11X, "MEGN',14%, F )
VARIATION', 7%, 'D D F',10%, SOUARES', 10X, ‘SOUARE ', 1

e e CLTKy e s b e 1. QUL

, REFLICATES ,6X,518.4,6X,610.4,6X,610.4,5%,510. 4}

"MAIN EFFECTS )

"FACTOR 1. ,oX,BlD.4,6%,610.4,6%,610.4,6%,510.4)
B OX,GLB. A X BID. B, 6X s GLE. B, 6K 610, 4\

T 6K GLD. A X B0, A 6K GLO. 4, 6K 51D, 4
'4n',ax,e1m,4?éxgaim,4ﬂbxﬂ81mu4,ax,alwn4)
‘TWO FACTOR )

CINTERACTION) .

1,2, ,6%,B10.4,6%,610.4,6%X,510.4,6X,510.4)
1,5, ,6%,610.4,6X,610.4,6X,610.4,6X,610.4)
1,4, L 6X, G0, 4,6%X,610.4,56X,610.4,6X,618.4)
':,r.',&x,s1w.4,éx981@n4,@x,Glm.4,ax,aim"4>
"R 4. L 6X,G10.4,6X,510.4,6X,610.4,6X,510.4)
Tyde L 6X,G10.4,6X,610.4,6%,610.4,6X,510.4)
‘THREE FACTOR )

CINTERACTION )

1,2,3. 7 ,6X,B10.4,6X,610.4,56%,610.4,6X,510. 4)
"1,2,4. ,6%X,510. 4, ﬁx,eim 4,6%X,510.4,6X,G10.4)
1,3, 4.',axﬁsimu4,5x,81m.49ax,siw,4$&x,aim.4>
2,3,4. 7 ,6%,610.4,6%,610.4,6X,510.4,6%,610.4)
FOUR FACTOR')
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D oLdred
1 &E
161

1&2

7 Microsoft FORTRANTTY VI,
FORMAT (1H 1%, " INTERACTION )
FORMAT (LH ,3X, "1,2,5,4, 6%, 810,4,46%,510.4, 6%, 510, 4,45, 6

. 1
FORMAT (LH@, 1K, ERROR, 11X, 510.4,6%,610.4,8%, 510, 4,6%, 510,

1&3
1dg
1&5
1éré RETIRN
147 END

FRETURN TO MAIN FROGRAN

Mame Tvpe Offset P Class

BRES REAL RICEE

FACLEY REAL I %

FOES CHAR*4D ] LARGE
I INTEGER+*4 24
LANG IMTEGER*4 2
IDR INTEBER*4 44
J INTEGER®4 2
J3 IMTEGER®*4 16
Jb INTEGER®4 21
J7 IMTEGER®4 24
J8 INTEGER+4 28
B INTEGER®4 g6
e INTEGER®4 &4
ML INTEGER+4 4
MDRFRES INTEGER#4 22
MDSFR  INTEGER*4 44
NI INTEGER#*4 3
MEAC INTEGER*4 96
ML IMTEGER*4 g
MREF INTEGER*4 2
TABLE REOL 4@

* kK H ok #

* ok %

E I A

Mame Type Bize Class

FRTRES SUBROUT INE

Fass One  No Errors Detected
1467 Source Lines
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Dolinedt

o] Bl e

SOl IR
303 3

b

Y

~3
OG0

24
2%
26
27
24
29
=@
%1
ey

ot st

rer
RS
-
=g
.
]

-
a3
-
=
-

=9
4@
a1
4z
47
44
45
4s
47
48
49

Mame

B
&

FRAGED
FLARGE
FRERUE

PO

g

110

s

e
TEE: &6

*wdsws  GURROUTIME MANAGE #wxgws
SUBROUTINE MANABE (ID,5)
TYFE AND DIMENSION STATEMENTS

LOGICAL O, X
CHARACTER FNAME*S, CH%L

INEUIRE IF FILE IS5 OFENED (STATUS=1:

INGUITRE (UNIT=ID,0FPENED=0)
IF {0) THEN

B=1

G0TO 1@

ENDIF

FILE NOT OPENEDR CHECE FOR EXISTENCE ON DISE

OFEN(1EDE,8TATUS= "NEW "

WRITE (1000, 208@) "B " ,ID, ".DATY
REWIND 19@a

READ (1228, 2818 CH, FNAME

CLOSE (1688

oo

aooo

o
("

c
2068
2013
1@

Type

O CHAR*]

INGUIRE (FILE=FNAME ,EXIST=X)
IF (XY THEN

FILE EXISTS OM DISK OFEN AB DLD {(BTATUS=2)
QPEN(ID,PILE=FNAMEgSTﬁTUS='OLD’)

e

FILE DOEB NOT EXIST OFEN AB MEW (SBTATUS=Z)

OFEN (1D,FILE=FNAME , STATUS="NEW ')
§=3

ENDIF
FORMAT STATEMENTS
FORMAT (1H ,AZ,13,A4)
FORMAT (A1, A9)
RETURN
END

Offset F Class

4.

bl
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D Line#
FNAME
1o

£l

fan’

&
Fa

Name

MOMAGE

Pass

2 7

CHAR 3
IMTEGEFR*4

Type

Mo Errors
4% Source

ne

Slize

Microsoft

Clas

i

SUBROUT IME

Detected
Limes
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[E—

Pt b b ek et

b b ek b pei et bl feb Rl pb e e

por] ]

51
52

i g

f R

i
EPABES
FLORGE
FDEBUG

—
i

Ci 1

oo

#

= 3303

@

GO0 e

20
i

7y p

Microsoft FORTRAaNTT

TEE: &8

xaewsnr  SUBROUTINE CEDATAH  s%xess
SUBROUTINE CKDATA
TYEE AND DIMENSION STATEMENTS

CHARACTER FARRAY (B98) %9, FNAME*S, CH# 1 , DDES®SE, FDES (7) 40
LOBICAL O,X

DIMEMSION ID(898) ,DATARY(E,580) (NFAC (4) , TOR4, 38y ML (4  FACLEV (4,

,2)
CHECE FOR DATA OR ANALYSIS FILES 7

OFEN(S,FILE="LFTL (STATUS:= "NEW"
WRITE (%, 1@

READ (3%, %) @

IF(G.ER.2)BOTD 2

CHECKH DISK FOR EXISTENCE OF ALL FPOBSIBLE DATH FILE MAMES

OFEN (1080, STATUS=  NEW ")

WRITE (%,%) ' INFUT TOTAL NUMBER OF FILES TO INQUIRE
READ (%, %) IFN

WRITE (#,%) * INFUT STARTING NUMBER FOR SEARCH'
READ (%, %) I8N

DO 10 I=ISN, ISN+IEN

ID1=1+101 ‘

WRITE (1000 ,2000) "Bz *,ID1, . DAT”

REWIND 1000

READ (1000, 2018) CH, FNAME

BACKSFACE 1000

INGUIRE (FILE=FNAME (EXIST=X)

IF (X) THEN

FARRAY (1) =FNAME

ELSE

FARRAY (I)="N"

ENDIF

CONTINUE

WRITE TaABLE OF EXISTING DATA BET ID NUMBERS AND FILE NaMES T0O
FRIMTER

WRITE (5, 2@15)

DO 2B I=I5N, ISN+IFNM
IF{(FARRAY (I} .EQ. "N )GOTO 20
ID{Iy=1
WRITE(&,282@0) ID(I) ,FARRAY (1)
NEOUNMT=NCOUNT+1

CONT INUE
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[ N

o b B B3 R G G Gd D A BJ RS ORI B3 ORI PI ORI B3 R ORI BRI B3 ORI b b bn ke b R pe e b i

Hid
a1
g2

834
835
86
87
a8
87
9
31
K2

4
25
G b
97
I8
99
10@
181
i@
183
184
183

16

448

w

e,
g

CLOBE (1088

Microsoft FORTRANTY VI, 20

FROMET OFERATOR FOR DATA SET ID NUMBERS DF FILES WHERE DATA IS TO
BE VERIFIED

WRITE (%, 20730)

FEAD (%, %) N

IF (NGER. 1) THEN

MUM=NCOUNT

GOTO 4@

ENDIF

WRITE (#,2040)

READ (%, %7 NUP

DO I@ I=1,NUM

WRITE (%, 2050) 1

READ (% %) ID (1)

CONT I MUE

DO 5B I=1,NUM

IDCT)=ID(I)+1B1

CALL MANABE (ID(I),S)

READ(IDCI), (&) ) DDES ,
READ (ID(I), %) IDFT, ISERER, DISSLD, CREM, DENCOL , DENROE , (DATARY (2,0} ,J=
#1, IDPT) , (DATARY (3, J} ,Jd=1, IDFT) , (DATARY (4,3% ,J=1, IDFETY , (DATARY (4,0
#,0=1, IDFT) , (DATARY (1,J) ,J=1, IDFT)
I0=INT(IDFT/Z0) +1

Ia=1

1E=30

pO 44 K=1,I0

WRITE (&, 206@) ID(I) -101

WRITE (&,207@) DDES

WRITE (&, 2080) IDFT

IF (ISERER.ER. 1) WRITE (4, 2092) IOV

IF (ISERER.ER. 2)WRITE (6, 2090) ‘ANDERSON MAVOR -
IF (ISERER. EQL. Z) WRITE (&, 2090) ‘EICKOFF 150"

IF (ISERER.ER.4) WRITE (&, 2098) ‘MISUI MIKE"
WRITE (6,210@) CRFM

WRITE (6,2118) DENCOL

WRITE (&,2128) DENROK

WRITE (4,2130) DISSLD

WRITE (&,2143)

DO 45 J=1a,1H

IF(J.LE.IDFT) THEN
WRITE(6,215@)J,DATARY (2,3) ,DATARY (3, J) ,DATARY (4,3) ,DATARY (&,d) ,DAT
#ARY (1,0)

ENDIF

CONT INUE

IA=1A+350

IB=IE+I{

CONT INUE

CLOSE(ID(I) ,STATUS=KEEF ")

CONT INUE

BOTO 100

INQUIRE (UNIT=100,0FENED=0)
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L.

ORI e e

ilé6 &8

-
)
&
o
8]

129 C
14@ C
141 1980

14% 1918
144 18=8

146 1825
147 1836
14 1@E7
149 1333
153 1839
131 1049
182 2000
1532 2818
154 2015

1857 2820
158 2028

il

IF (D EOTO L8
INBUIREFILE="B:8TAT. BET " ,EXIST=X)
IF GO THEN
OFEMILOB , FILE="RB:STAT.SET  ,8TaTUE= "0OLD ")

E0TO 58
ELSE

WRITE (%, 181

EBOTO 1@
ENDIF

REWIND 1028

READ {1808, %) NREP , MDBFR , MF  FINL , MFAC, TDRG ML, FACLEY

CLOSE (100, STATUS= KEEF ')
WRITE (&, 1030)
WRITE (&6, 1055)
DO &5 I=1,NREF
WRITE (&6, 1B346) I
DO &5 J=1,NDSPR
WRITE (6, 103733, IDR(I,J) ~101

CONT INUE

WRITE(6,1633)
FRDES{Ly="0CID ANALOG SIGNAL CUTTING RAND’

FRES(2)="DEFTH OF

FRDES (Z)="ERROR NOT
FDES (4)="ERROR NOT USED’
FDES (8)="COAL/ROCK
FDEB (&)="5HEARER VELOCITY"

FDES (7) ="' SHEARER
1, NF

RO &7 I=

USED’

Mi crosaft FORTRONTT VE

CUT INTO ROCE’

HARDNESES RaATIO”

TYFE

WRITE (&, 1039) I,FDES (NFAC (1))
DO &7 J=1,MNL
WRITE(6,1040)3 ,FACLEV(I,J,1) ,FACLEV (I,J,5)

FORMAT STATEMENTS

FORMAT (1H®, 12X, "CHECE DATA FILE OR ANALYSIS FILE 7 (IMPUT 1 FOR Di

#TR FILE OR 2 FOR aMallyYs8Is

FILEY )

FORMAT (1H@, 10X, "DATA ANALYSIS FILE DOES NDOT EXIST ON DISK ")

FORMAT (1M1, 29X, "CURRENT ANALYSIE SETUF ' /1HB, 29X,

e /)

FORMAT (IHB, 66X, "A.

FORMAT (1H
FORMAT CLHB/IH 66X, "B.

EXFERIMENT REFLICATIONS )
FORMAT (1H@, 18X, "REFLICATION NUMBER ,2X,I1)

LAEX, ‘DATA SET 1%, 12, ., 1X,I%)
EXPERIMENTAL FACTORS AND FACTOR LEVELS)

FORMAT (1H@, 18X, 'FACTOR NUMBER ', 1X,I2, . ,2X,4)

FORMAT {1+

, 13X, "LEVEL ,1X,12,

FORMOT (1H A2, T35, 44)
FORMAT (A1 ,A9)
FORMAT (1M1 ,3X, "TABLE OF EXISTING DATA SET ID NUMBERS AND FILENMAME

# ON DISK /1H@, 10X, 'DATS BET I

T, 13X,

FORMAT {1+, 17X, I3, 20X,4/)
FORMAT (1H@, 13X, 'DO YOU WANT A& PRIMTOUT OF ALL DR SOME OF THE DAT

#HFILES 7

(INPUT 1 FOR ALL, OR
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208@
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Z106
2118
2120
2138

2143

2150

C
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FRINTOUT
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FORTF

Microsofh 4
DAaTAE FILES

MUMEBER OF

FORMAT (1@, 1Y, "IMPUT THE TOTAL FQH“
)

FORMAT (LHE, 18X, " INFUT THE DATA SET 1D R
FORMAST CIHL &Y, "DATA SET 1D MUMBER:
frmmm )
FORMAT (LHB &%,
e )
FORMAT (1HB , &X,
T "
FORMAT (1HD, &%, " SHEARER TYFE: ' ,2X,A71H
FORMAT (1HED, &, "CUTTERHEAD RPM: *,3X,610.471H L 46X,
FORMAT (1H@ , &6X, "BULK DENSITY OF COAL (BLUGS/FT¥rE)
JEU " e i e i e e )
FORMAT (1HED, &X, "BULE DENSITY OF ROCH (SLUGEB/FTesX)
By o e ot e o e e e )
FORMAT (LHE, &%, "DISTANCE BETWEEN SHIELD MARRS
'f*x " £ it e o o v st e St o o0 et S0t S S S5 S PR St e S o ) 3 Ay e P i Eet St et it S it i t )
FORMAT (LHE/ IHA/ LM, 16X, 'D.0.C. 7 37X, "AVE,
BELD ,9%,  INTO', 18X, 'COAL’,1BX%, ROCK 8%,
#¥,25, MUMBER ' ,7X, "ROCK " ,B8X, "HARDNEESS
#X, LEVEL /1M ,°

e ¢

ER
CL IR, LT/

FOR PRIMTOUT

, e,

TR

‘DATAE BET DESCRIPTION: ",3X,A71H ,6X,7

NUMBER OF DATA POINTS: ", 3X,I3/71H 46X,

g Xy e e )

AR

ot i ctt e e e Gty e e St i L o et o ]

CLEXRLELBL471H L6
P, IXLELE.4/0H L6

(FTre

=

CLEX,GLB.A/1H L6

CLBK, C.IuD. /1M LBX, TSHI
CWELDCITY , 7%, "SIGMAL ' /1H
yhX, HARDMESS ‘&%, - (FT/MINY ©,7

e 20 s o o2 et e st s it . qx v ¥ e st et vt 24 s s v s ’ L’LX y ¥ e it et vt st o s ot o s y 4,‘( y

.

’ A% . ? e e e s v s e st i e 4 4¥ v Tt L L LI g |

FORMAT (1H+, 110,4%,610.4,4%,510.4,4X,618.4,4X,510.4,4X,610.4/)
RETURN TO MAIN MENU
CLOSE (&)

RETURN
END

Marme

CH
CRFM
DATARY
DDES
RENCOL
DENROE
DISHLD
FaoLEY
FAaRRAY
FDES
FMAME
I

16

I

D

Ipl
nET
IDR
IFN
INT

10

Type

CHAR*1
REAL

REAL
CHaR=»SB
REAL

FEAL

REAL.

RE &L
CHAR®9
CHAR%AG
CHAR*9
INTEGER*4
INTEGER*4
INTEGER®4
INTEGER*4
INTEGER#*4
INTEBER*4
INTEGER®4
INTEGER®4

INTEGER*4

Offset

44
148
o
a6
152
156
144
a

@

@
45

1y

b

188
192

40
134

24

184

Class

LARGE

LARGE

LAaRBE

LARGE

LARBE

LARGE

INTRINSIC
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8
1
TEN
d

k.
PN

INTEGER®4
™ INTEGER=4

NCOUNMT
MDSFR
M=
MFAL

INTEBER®4

LARGE
LARGE

INTEGER#®4
ML INTEGER®4

MREF INTEGER®4
MUM IMTEGER®% 4
8] LOGICAL 4
0 Rzl
& RE®ML
X LOGICAL %4

Mame Type Sire Class

SURROUTINE
SUBROUTINE

CEDATA
MAaNAGE

Mo Errors Detected
188 Souwrce Lines

Fass Une
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APPENDIX F

RESULTS OF INITIAL CID EVALUATION PROCEDURE
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Test #1 <+ Modulation Amplitude to Analog Output Propertionality

The coal interface detector is designed to output a voltage that
is proportional to the amplitude modulations of the vibration
signal input. A signal consisting of a 3000 Hz sine wave
carrier fregquency modulated by a 10 Hz sine wave was used as an
input to the CID. The analog output of the CID was measured as a
function of the modulation amplitude. The rms level of the
signal was kept constant. This test was considered successful if
the analog output increased as the modulation amplitude was
increased.

Test #2 -~ Bandpass Filter

In an attempt to increase the discriminant signal to noise ratio,
the vibration input is bandpass filtered. The operation of this
bandpass filter was checked by varying a constant amplitude sine
wave carrier frequency over the range of 300 to 30,000 Hz. The
modulation frequency was maintained at 20 Hz and at a constant
amplitude. The test was considered successful if the maximum
analog output of the CID occurred in the 2000 to 4000 Hz band.

Test #3 - Automatic Gain Control

The automatic gain control should maintain the analog output at a
constant level if only the magnitude and not the character of the
vibration signal is changed. A signal consisting of a 3000 Hz
sine wave modulated by a 10 Hz sine wave was fed to the CID. The
steady state CID analog output was recorded as a function of the
gain applied to the signal level. The test was considered
successful if the analog output remained within 20% over a gain
range of 1 to 4.

Test #4 - Idle Level Switch

The idle level switch uses the average level of the vibration
signal input to distinguish between the cutting and idling
conditions. The vibration level at which the idle light goes off
and the analog signal comparator is enabled can be varied by a
switch setting. In Test #4, the procedure described in Test #3
was repeated. At each gain setting, the idle switch was advanced
until the idle light turned on. The test was considered success-
ful when increased input levels also increased the idle switch
setting required to cause the idle light to switch on.

Test #5 - Rock Indicator Switches

Rock cutting is indicated by the CID when the analog signal
exceeds a high level set point or drops below a low level set
point. Both set points are switch adjustable. In Test #5, the
procedure described in Test 41 was repeated. After each increase
in amplitude modulation of the input signal, the high level set
switch setting was advanced from zero until the rock light went
off. This was conducted with the low level switch set at zero.
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Then, the low level switch was advanced from zero until the rock
light came on.

The test was considered successful when an increase in modulation

level required an increase in the high and low level rock switch
settings to cause the expected change in the rock light state.
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TEST RESULTS

I. Serial number 72-0003-01
o] Test #1 = Modulation amplitude to analog output proportion-
ality
Input Signal Input Signal Analog
Modulation* (mv) rms (mv) Qutput Signal (v)
0 15 0.01
2 15.5 0.92
4 15.9 1.70
6 16.2 3.0
8 1603 - 309
10 16 4.5
12 15.1 5.1
14 12.6 5.8

*The input modulation measure is the peak voltage change from
the carrier signal peak.

o Test #2 - Bandpass filter
Carrier Input Signal Analog
Frequency (Hz rms _(mv) Qutput Signal (v)
300 5.6 0.50
1000 1ll.6 0.74
2000 12.6 5.9
3000 12.5 5.7
4000 12.8 6.0
5000 12.8 5.7
6000 12.8 5.4
7000 12.9 3.2
8000 12.9 1.8
10000 12.9 0.67
30000 12.9 0.09
o] Test #3 - Automatic gain control
Input Signal rms (mv) Analog Output Signal (v)
8 5.7
10 5.4
12 5.3
16 5.8
32 4.8
80 3.1
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o Test #4 -~ Idle level switch

Input Signal rms (mv) Switch Setting at Idle Indication

8
10
12
16
32
80

Lo W SV
au+HRF®

o Test #5 - Rock indicator switches

Analog -
Signal output (v) Low Level Switch High Level Switch

O WHO
ouvwouwm
BN
Olh WK

L] I5
Note: Once the high level switch is activated at levels above

switch setting 5, the rock light sometimes "sticks" in the on
position.
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II.

o

Serial number 72-~0003-02

Test #1 - Modulation amplitude to analog output proportion-
ality

Input Signal Input Signal Analog
Modulation (mv) ms_ (mv) Qutput Signal (v)
0 14.5 0.020
2 14.9 l1.65
4 15.3 3.20
8 18.3 5.82
12 17.4 7.09
14 14.0 : 7.8

Test #2 - Bandpass filter

Carrier Input Signal Analog !
Frequenc Hz rms (mv) Qutput Signal (v)
300 5.6 0.76
1000 12.8 0.45
2000 14.1 8.5
3000 14.0 7.8
4000 14.3 7.3
5000 14.4 8.3
6000 14.3 7.3
7000 14.4 4.7
8000 14.4 2.2
10000 14.4 0.41
30000 14.4 0.015
Test #3 - Automatic gain control
Input Signal rms (mv) Analog Output Signal (v)
8 7.6
10 7.7
12 7.8
1lé 8.0
32 8.1
80 6.9
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Test #4 - Idle level switch

Input Signal rms (mv) Switch Setting at Idle Indication

8
10
20
40
60
80

QU
oOoo0ouLuw

Test #5 - Rock indicator switches

Analog -
Signal Output (v) Low Level Switch High Level Switch
1.0 1.0 1.0
1.5 1.5 1.5
3.0 2.25 2.25
4.0 2.75 2.75
5.0 3.25 3.25
6.5 3.75 3.75
7.5 4.25 4.25
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III. Serial number 72~0003-03

This CID did not function. The "on" light indicated the unit to
be on, but all other functions of the CID were inoperable. The

cause of this failure has not been investigated.
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IV. Serial number 72-0003-04

o Test #1 - Modulation amplitude to analog output proportion-
ality
Input Signal Input Signal Analog

Modulation (mv) ms_(mv) Output Signal (v)
0 15 0.025
2 15.6 1.97
4 15.9 4.13
8 16.3 6.23
12 15.0 7.17
14 12.6 7.3

o Test #2 - Bandpass filter

Carrier Input Signal Analog
Frequency (Hz) rms_(mv) Output Signal (v)
1000 : 11.6 0.03
2000 12.6 6.3
3000 12.6 7.3
4000 12.8 6.1
5000 12.9 7.2
6000 12.9 6.6
7000 12.9 2.6
8000 12.9 0.83
10000 12.9 0.17
30000 12.9 0.00
o Test #3 - Automatic gain control
Input Signal ¥rms (mv) Analog OQutput Signal (v)
8 6.8
10 6.8
12 7.0
16 7.0
32 6.3
80 1.1
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Test #4 - Idle level switch

Input Signal rms (mv) Switch Setting at Idle Indication
8 1.5
10 2.0
20 4.0
40 5.0
60 5.0
80 5.0

Test #5 -~ Rock indicator switches

Analog :
Signal Qutput (v) Low Level Switch High Level Switch
1.0 1.0 1.0
2.0 2.0 2.0
3.0 2.0 2.0
4.0 2.75 2.75
5.0 3.25 3.25
6.0 4.0 4.0
7.0 4.5 4.5
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APPENDIX G

EXAMPLE OF THE COMPUTATIONAL PROCEDURE
USED FOR FACTORIAL EXPERIMENTATION
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This Appendix is included as an aid in understanding the Analytical Methods used for Factorial
Experimentation. Included is an example of a Factorial Experiment that was conducted on two
sample sets of data.

The experiment consists of two replicates. There is one data set associated with each replicate.
The factors involved in this experiment are the analog signal(A), depth-of-cut into rock(B) ,
and the coal/rock hardness ratio(C). The levels assigned to each of these factors are:

0.1<A1< 1.0
1.0sA2< 5.0
5.0<A3<10.0

0.0<B1<1.0
1.0<B2< 8.0
8.0<B3<60.0

0.10sC1<0.25
0.25<C2<0.75
0.75<C3<1.00

To illustrate the analysis of a three factor experiment suppose that the two replicates yielded the
following percentages of occurrences:

Table of Results

Factorial Condition REP1 REP2
1111 0 0
1121 0 0
1131 0 0
1211 100
1221 15.38
1231
1311
1321
1331
2111
2121
2131
2211
2221
2231
2311
2321 100
2331 16.67
3111
3121
3131
3211 25
3221
3231
3311
3321
3331 83.33

N
(42}

—h
Qlojojojoiojo]o
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OOOOOOOg

76.92
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The following equations are used in analyzing a three factor classification.

r = replicates

NLA = Number of levels assigned to factor A
NLB = Number of levels assigned to factor B
NLC = Number of levels assigned to factor C

C = Correction term = G2 /(NLA x NLB x NLC)
* G = Grand total of all observations

SST = Sum of Squares of the Total = X; ;5 %) yzijkl -C

SSR = Sum of Squares of the Replicates =(1/(NLA x NLB x NLC))EiRi2 -C
SSA = Sum Squares of Factor A Main Effect = (1/(r x NLB x NLC))ZLjAj2 -C
SSB = Sum Squares of Factor B Main Effect = (1/(r x NLA x NLC))ZkBk2 -C
SSC = Sum Squares of Factor C Main Effect = (1/(r x NLA x NLB))}Z,CI2 -C

SSAB = Sum of Squares of the AB interaction =
(1/(r x NLC))ZjZkT kK< -C-SSA-SSB

SSAC = Sum of Squares of the AC interaction =
(1/(r x NLB))ZJZ| | -C-SSA-SSC

SSBC = Sum of Squares of the BC interaction =
(1/(r x NLA)Z Z Ty % - C - SSB - SSC

SSABC = Sum of Square of the ABC interaction =
(1/r)EJZkE|TJk, -C-SSA -SSB - SSC - SSAB - SSAC - SSBC

SSE = Sum of Square of the Error =
SST - SSR - SSA - SSB - SSC - SSAB - SSAC - SSBC - SSABC

* Mean Squares (MS) are obtained by dividing the sums of squares by their
associated degrees of freedom.

* MSE serves as a denominator of all F ratios.

* Fogic= MS/MSE

The results of these equations are used to compile an Analysis Of Variance(ANOVA) table which is
shown on the following page. The ANOVA table presents the results of the Factorial Experiment.
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ANOVA TABLE (COMPUTATION EQUATIONS)

SOURCE OF VARIATION DEGREES OF FREEDOM SUMOF SQUARES | _ MEAN SQUARE FFACTOR
REPLICATES NREP-1 SSR SSR/DOE MSR/MSE
MAIN EFFECTS
FACTOR
A NLA-1 SA SSA/DOF MSA/MSE
B NLB-1 SSB SSB/DOF MSB/MSE
C NLC-1 SO SSC/DOF MSC/MSE
D NLD-1 SSD SSD/DOF MSD/MSE
TWO FACTOR INTERACTION
FACTORS
AB (NLA-1)(NLB-1) SSAB SSAB/DOF MSAB/MSE
/C (NLA-1)(NLC-1) SAC SSAC/DOF MSAC/MSE
AD (NLA-1)(NLD-1) SSAD SSAD/DOF MSAD/MSE
BC (NLB-1)(NLC-1) SSBC SSBC/DOF MSBC/MSE
BD (NLB-1)(NLD-1) SSBD SSBD/DOF MSBD/MSE
[©) (NLC-1)(NLD-1) SSCD SSCD/DOF MSCD/MSE
THREE FACTOR INTERACTION
FACTORS
ABC (NLA-1)(NLB-1)(NLC-1) SSABC SSABC/DOF MSABC/MSE
ABD (NLA-1){NLB-1){(NLD-1) SSABD SSABD/DOF MSABD/MSE
ACD (NLA-1)(NLC-1)(NLD-1) SSACD SSACD/DOF MSACD/MSE
BCD (NLB-1)(NLC-1)(NLD-1) SSBCD SSBCD/DOF MSBCD/MSE
FOUR FACTOR INTERACTION
FACTORS ,
ABCD (NLA-1)(NLB-1)(NLC-1)(NLD-1) SSABCD SSABCD/DOF MSABCD/MSE
ERROR (NL1*NL2*NL3*NL4-1)(NREP-1) SSE SSE/DOF=MSE MSE/MSE=1




Foliowing the procedure used in analyzing a three way classification we first compute the
correction term.

CC=(25+100+50 +...+ 100)/(3 X3 X3 X 2) = 18,518.52

Then the total sum of squares is given by

SST = 252 + 1002 + 15.382 +.. .+1002 - CC = 63,866.62

and the treatment and replicate sum of squares are given by

SSTR = (1252 + 15.382 + 602 +....+ 183.33 2) /2 = 51,199.75

SSR = (5002 + 499.992)/(3 X 3 X 3) - CC =.0009

Finally by subtraction we obtain

SSE = 63,866.62 - 51,199.75 - 0.00094 = 12,666.98

Using the formulas for calculating the sum of squares of the three main effects

SSA = (200.382 + 583.592 + 216.022 )/(3 X 3 X 2) - CC = 5225.82

SSB = (1002 + 5002 + 4002 )/(3 X 3 X 2) -CC = 4814.81

SSC = (2002 + 5002 + 3002 )/(3 X 3 X 2) - CC = 2592.59

Using the formulas for calculating the sum of squares of the three interactions

SSAB = ((02 +200.382 + 02 +... + 183.332 )/(3 X 2)) - CC - SSA - SSB = 5278.56
SSAC = ((1252 + 15.382 + 602 +...+183.33%)/(3 X 2)) - CC - SSA - SSC = 21 483.25
SSBC = ({1002 + 02 + 2002 +....+2002)/(3 X 2) - CC - SSB - SSC = 4074.07

The formula for the three way interaction yields

SSABC = (1252 + 15.382 + 602 +....+183.332)/2)-CC-SSA-SSB-SSC-SSAB-SSAC-SSBC
From the formulas for the calculated F factor we obtain

Fr=.0009404/487.2 = 1.903E-06
Fa=2613/487.2 = 5.363
Fg=2407/487.2 = 4.941

Fo= 1296/487.2 = 2.661
Fap=1320/487.2 = 2.709
Fag=5371/487.2 = 11.02
Fpg=1019/487.2 = 2.091

Fagc= 966.3/487.2 = 1.983
Fp=487.2/487.2 = 1
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Note that the degrees of freedom for each main effect is one less than the number of levels of the
corresponding factor. The degrees of freedom for each interaction is the product of the degrees of
freedom for those factors appearing in the interaction.

The following table (ANOVA) shows the complete analysis of variance for this coal and rock

cuting experiment.

ANOVA TABLE
SOURCE OF VARIATION degree's of freedom | SUM OF SQUARES | MEAN SQUARE| FFACTOR
REPLICATES 1 0.0009404 0.0009404 | 1.903E-06
MAIN EFFECTS

1 2 5226 2613 5.363
2 2 4815 2407 4.941
3 2 2593 1296 2.661

TWO FACTOR INTERACTION
12 4 5279 1320 2.709
13 4 21480 5371 11.02
23 4 4074 1019 2.091

THREE FACTOR INTERACTION
123 8 7730 966.3 1.983

26 12670 487.2 1

ERROR

From the comparison between the calculated F factor and the required F factor we conclude that

*The difference between levels of analog signal is significant
*The difference between levels of depth-of-cut is significant
*The interaction between the coal/rock hardness ratio is significant

DFSV/DFMSE

ONOG W

1/26
2/26
2/26
2/26
4/26
4/286
4/26
8/26

Freq. 5%

4.24
3.39
3.38
3.39
2.76
2.76
2.76
2.34
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Fcalc.

1.903E-06
5.363
4.941
2.661
2.709
11.02
2.091
1.983




APPENDIX H

COMPUTER OUTPUT OF THE PERCENTAGE
OF CUTTING SIGNALS OVERALL
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21D EVALUATION 2IYIGAMN RIZULTS

A, EXPERIMENT REPLICATIONS

REBLICATION NUMBER 1
DATA 3SET 1. 33
DRTA SET &2, 18
DATA SET 3. 13

DATA SET 4. &9
DATA SET &. 21
DATA SET €&. &2
DATA SET 7. &3
DATA SET 8. 24
DATA SET 3. 26
REPLICATION NUMBER 2
DATA SET 1. 4
DATA SET 2. a7
DATA SET 3. @28
DATA SET 4. &9
DATA 3ET ©. 30
DATA SET &. 3t
DATA SET 7. 3&
DRATA SET 4&8. 39S
DATA SET 3. 3

rE
(93}

REPLICATION NUMBER
DATA SET 1. 37
DATA SET &. 38
DATA SET 3. 33
DATA SET 4. 40
DATA SET S. 41
DATA SET 6. 42
DATA SET 7. 43
DATA SET 8. 44
DATA SET 9. 45

REPLICATION NUMBER 4
DATA SET 1. 46
DATA SET 2. 47
DATA SET 3. 48
DATA SET 4. 493
DATA SET S. SO
DRATA SET 6&. S
DATA SET 7. S&
DRTA SET 8. S
DATA SET 2. S

B. EXPERIMEMTAL FACTORS AND FACTOR LEVELS

FACTOR NUMBER 1. CID ANALOG SIGNAL CUTTING BAMD

LEVEL 1. . QQ0 ’ 1.0Q0
LEVEL 2. 1. Q0 ’ F. Q0
LEVEL 3. 3. 00 . S. 00
LEVEL 4. F. 00 P 8. 00
FACTOR NUUMBER 2. DERTH OF CUT INTO RIOCK
LEVEL L. . QOO0 . L 160
LEVEL 2. . 1Q0 ’ 2. Q0
LEVEL 3. 2. Q0 . . D0

LEVEL 4. &. 00 . &0, 0 188
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2 St Mmd T e S N s s ERR N in B0 W WU § R el
LEVEL L. . 200 . W SO0
LEVEL 2. » EO0 . , 700
LEVEL 3. VAR . . 300
LEVEL 4. . FOD . 1. 20

FACTOR MUMBER 4. SHERRER VELOCITY
LEVEL L. . OO0 ) 10,0
LEVEL 2. 10.0 . 20.0
LEVEL 3. 20.0 . 33. 2
LEVEL 4. 33. 3 . 70.9
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TABLE Cl C.o Ba8
ARARY [NMDEXR
1, 1, L1, 1
1, 1, 1, &
1, 1, 1, 3
1, 1, 1, &
1, 1, &, 1
1, 1, 2. 2
1, 1, 2, 3
1, 1, 2. 4
1, 1, & 1
1, 1, 3, &
1, 1, 3, 3
1, 1, 3. 4
1, 1, 4, 1
1. 1, 4, 2
1, 1, 4, 3
1, 1, 4, 4
1, &, 1,1
1, 2. 1, &2
1, &, 1, 3
1, 2, 1, 4
1, 2, 2y 1
1, & 2, 2
1, &, &, 3
1. 24 2, &
L, &, 3, 1
1, &, 3. 2
1, 2, 3, 3
1, 2, 3. &
1, &, 4, 1
1, 2, 4, 2
1, 2, 4, 3
1, 2, 4. 4
1, 3, 1, 1
1, 3, 1, &2
1, 3, 1, 3
i, 3, 1, 4
1, 3, 2, 1
1, 3, 2 2
1, 3, &, 3
1, 3, 2, 4
1, 3, 3, 1
i, 3, 3, 2
1, 3, 3, 3
1, 3, 3, 4
1, 3, 4, 1
1, 3, 4, 2
1, 3, 4, 3
1, 3, 4, 4
1, 4, 1, 1
1, 4, 1, 2
1, 4, 1, 3
1, 4, 1, 4
1, 4, 2, 1
1, 4, 2, &2
1, 4, 2, 3
1, 4, 2, 4
1, 4, 3, 1
1, 4, 3, 2
1, 4, 3, 3
1. 4, Z, o

100,

100,
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[ )

[

[ e

Q0
00
00
QO
(@I8)]
QO
Q0
QO
OO0
00
01
QO
Q)
QO
(%10
QO
OO0
OO0
Q0
QO
Q0
QO
(3]0]
(a1v}
00
43
23
a1
(8]0}
00
QQ
00
00
QO
00
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00
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00
00
00
13
71
00
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O
QO
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33.
100,
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S
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A, EXPERIMENT RSHLICATIONS

REPLICATION NUMBER 1

DATA SET 1. 933
DATA SET . 18
DATA SET 3. 13
DATA SET 4. 20
DATA 32T &. &t
DATA SET &. &2
DATA SET 7. 23
DATA SET 8. &4
DATA SET 3. 26
REPLICATION NUMRBER 2
DATA 3ET 1. 4
DATA SET 2. a7
DATA SET 3. 28
DATA SET 4. &3
DATA SET S. 30
DATA SET 6&. 3
DATA SET 7. 32
DATA SET 8. 38
DATA SET 3. 36
REPLICATION NUMRE 3

R
DATA SET L. 37
DATA SET 2. 3
DATA SET 3. 33
DATA SET 4. 40
DATA SET &. 41
DATA SET €. 42
DATA SET 7. 43
DATA SET &. 44
DATA SET 3. 48

REPLICATION NUMBER 4
DATA SET 1. 4&
DATA SET 2. 47
DATA SET 3. 48
DATA SET 4. 493
DATA SET &. SO
DATA SET &. St
DATA SET 7. &&
DATA SET 8. &3
pATA SET 3. S

L EXBERIMENTAL FACTARSE AND FACTAR LEVELS

FACTOR NUMEER 1. CID ANALOG SIGNAL CUTTING BAND

LEVEL 1. « QQO ' 1.00
LEVEL 2. 1.00 . 3. 00
LEVEL 3. 3. 00 y Z. 00
LEVEL 4. 5. 00 ’ 8. 00

FACTOR NUMBER 2. DEPTH OF CUT INTO RCCK

LEVEL 1. . 100 . 2. 00
LEVEL &. 2. 00 . &. 00
LEVEL 3. &. Q0 . 0.0
LEVEL 4. . QOO0 ' Ryalale]

200



[l o AVRLIR IV R o S LI L1 ol i

LEVEL
LEVEL
LEVEL
LEVEL

FRCTOR NUMBER

LEVEL
LEVEL
LEVEL
LEVEL

i.

S

-
=

&,

1.
2
3.

4.

= LIRS R A e Ut D
f 00 . < FHO0

4. SHERRER VELIOCLITY

. OO0 . 1.0
10.0 . 20.0
20.0 . 33.3
33.3 . 70.0
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TABLE C2

‘W a .

-

ARARY
1, 1,
1, 1,
1, 1,
1, 1,
1, 1,
1, 1,
1o 1,
1, 1,
1, 1,
1, 1,
1, 1,
1, 1,
1. 1,
1, 1,
1, 1,
1, 1,
1, 2,
1. 2
1, &,
1, 2,
1, 2,
1, 2,
1. 2,
1, &,
1, 2,
1, Eg
1, &,
1, 2,
1., &2,

2
z
2
3
3

[
P A I A

KR LR T L C O (O T VIR G £V YO VI (VR £

o Gs 0 Bs 03 02 O G G L
- Y . A g3 M g A .

-

3 G
~

C. BOHE RIGULTS

REFL.

v o st e

{MDEX

1, 1 L 00
1, & . 00
i , 3 . Q0
1; 4 . D0
2, 1 .00
2, 2 100,00
2. 3 25, 00
2, 4 . 00
3, 1 » QO
3. 2 . 00
3, 3 . 00
3; 4 L Q0
4, 1 . Q0
4, 2 . GO
4, 3 )
4, 4 . 00
i, 1 . 00
1; 2 . 00
1, 3 . D0
i1, 4 L 00
2, 1 . QO
2, B 71.43
2, 3 12. 23
2. & &z, 81
3, 1 . 00
3. z L 00
3., 3 . Q0O
3; &4 . 00
4, 1 . Q0
4; 4 QO
4, 3 . 00
4, 4 . Q0
1, 1 . 00
1, & . 00
i, 3 . OO0
1, 4 . Q0
2, 1 « 00
2, 2 .00
2, 3 1€.13
2, 4 38.71
3, 1 « 00
3, 2 . Q0
3, 3 « 00
3, 4 . OO0
4, 1 . Q0
4, 2 L DO
4, 3 . OO0
4, 4 . QO
1, 1 . 00
i, & . 00
1, 3 . Q0
1, 4 . 00
2, 1 A Th
2, 2 . Q0
Ee 3 0. 00
2, 4 . Q0
3; 1 . Q0
3, B . 00
3, 3 L DO
3. 4 L Q0

"

Q0
[S1H)
(w14
[B]}
S0
Q0
00
00
00
(915
[s18)
[415)
0
D0
00O
[alu]

100, 00
7S,
100, 00

N N
~N@geos am

i

o o 3

E.

a

&4

D0
00
53
D0
O
33
(818)
Q0
(81]
[R1n)
(]9}
00
Q0
&7
88
a3
00
73
43
53
00
33
47
21
OO
QO
00
OO0
(518}
Q0
QO
OO
)
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O

LU

100G,
75,
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fQ
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[a]8]
Q0
QQ
[w1a)
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(918)
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OO
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OO
O
i}
QO
OO
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QO
00
(040
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00
QO
34
22
OO0
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O
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00
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060
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00
&7
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D0
[a18)
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[819]
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(810
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QQ
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DO
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. 0 . O . 00 . 0
. ) . DO . DG . OO
. D L 00 . D0 L 0O
.00 . 00 ’ L OO0 . 00
o 0 . 0 . OO0 ol i
.00 D) .00 .00
. 30 elsl . HD . D0
. 00 . 0 . 0 o 00 '
OO0 . OO0 <00 . 00
. OO0 < OO0 <D0 . 30
. D o 0 . 00 Eelel
. OO0 L OO0 . Q0 « D0
. 0 . 0 . 00 . OO0
.00 . Q0 . 00 . Q0
. 0 . OO0 . OO0 . OO0
. 00 00 OO0 . 00
Esls) . OO . 0 . OO0
. 00 . Q0 . 00 . Q0
. O . Q0 . 00 . OO
. 00 . Q0 . 00 . 00
. 080 o 00 . OO0 . 00 |
als] . 00 L 00 aly
PERIR] . OO0 » 0 . 00
. 00 . QO . OO0 . 00
. 0 . OO » OO0 . OO0
. Q0 Q0 L 00 . Q0
. 0 . OO0 . 0 » 0
RaTs! L 00 . Q0 . 00
. QO . 0 . 00 « DO
« DO als] . OO0 . D0
. OO0 . OO0 . OO o D0
« Q0 . 00 .00 . 00
. 00 o 06 . O . 00

13. 35 . 00 00 00
4. 76 . OO0 . 20 REale)
< OO . 00 . OO0 . OO

. 00 » 0 . OO0 . O
L 00 Q0 . 00 . Q0
OO0 . OO0 . 0 o 0
. 00 . OO0 . 00 . 0
. Q0 o 6D . 0 . 0
. 0 . 530 . 00 . O 204
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TABLE D2

D. TOTAL
ARRAY INDEX
1. 1, 1, 1
1, 1, 1, &
1, 1, 1, 3
1, 1, 1, 4
1, 1, 2, 1
1, 1, 2, 2
1, 1, 2, 3
1, 1, 2, 4
1, 1, 3, 1
1, 1, 3, 2
t, i, 3, 3
1, 1, 3, &
1, 1, 4, i
1, 1. 4, 2
1, 1, 4, 3
1, 1, 4, 4
1, 2, 1, 1
1, 8, 1, 2
4, & 1, 3
1, 2, 1, 4
1, 2, 2, 1
1, 8, 2, &
1, 2, 2, 3
1, 2, & 4
t, 2, 3, i
1, 2, 3, 2
1, 2, 3, 3
1, 2, 3, 4
1, 2, 4, 1
1, 2, 4, 2
1, 2, 4, 3
1, 2, 4, 4
1, 3, 1, 1
1, 3, 1, &
1, 3, 1, 3
1, 3, 1, 4
1, 3, 2, 1
1, 3, 2, 2
t, 3, 2, 3
1, 3, 2, 4
1, 3, 3, 1
1, 3, 3, &
t, 3, 3, 3
1, 3, 3, 4
1, 3, 4, 1
1, 3, 4, 2
1, 3, 4, 3
1, 3, 4, 4
2, 1, 1, i
2, 1, 1, &
2, 1, 1, 3
2, 1, 1, 4
2, 1, 2, 1
2, 1, &, &2
2, 1, 2, 3
2, 1, &, 4
2, 1, 3, 1
2, 1, 3, 2
2, 1, 3, 3
2, 1, 3, 4
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COMPUTER OUTPUT OF THE PERCENTAGE
OF COAL CUTTING SIGNALS
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Ha

B.

LD EVARUAT ION
EXPBERIMENT RELLICAT IONS
RERLICATION NUMBER 1
DATA SET L. 33
DATA SET 2. 18
DATA SET 3. 19
DATA SET 4. 29
DATA SET &. 21
DATA SET &. 22
DATA SET 7. 23
DATA SET 8. 24
DATA SET 3. &6
REPLICATION NUMBER 2
DATA SET 1. 4
DATA 3ET 2. &7
DATA SET 3. &8
DATA SET 4. 23
DATA SET &. 30
DATA S8ET 6&. 31
DATA SET 7. 32
DATA SET 8. 38
DATA 3ET 3. 36
REBLICATION NMUMBER 3
DATA 3ET 1. 37
DATA SET 2. 38
DATA 3ET 3. 39
DATA SET 4. 40
DATA 3ET &. 41
DATA SET &. 42
DATA SET 7. 43
DATA SET 8. 44
DATA SET 3. 45
REPLICATION NUMBER 4
DATA SET 1. 4§
DATA SET 2. 47
DATA SET 3. 48
DATA SET 4. 493
pATA SET S. S0
DATA SET 6. Sl
DATA SET 7. &2
DATA SET 8. &3
DATA SET 3. 5S4
EXPERIMENTAL FACTORS

e p e v e 1, eetan
DROGRAM BERULTS

FACTOR NUMBER

LEVEL 1.
LEVEL 2.
LEVEL 3.
LEVEL 4.
FACTOR MUMBER
LEVEL 1.
LEVEL 2.
LEVEL 3.
LEVEL 4.

1.

. DOO
1. 00
3. 00
S 00

2.

PRalele
L D00
. Q00

. Q0O

AND FARCTOR LEVELS

k]
*
]

1

DEPTH OF

- m A .

CID ANALOG SIGNAL CUTTING BAND

1.00
3. 00
S. 00
8. 00

CUT INTO ROCK
. 100
» Q00
« OO0
. QOO
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FRULTUR NUMBe R S CURG S UL A HRRDNE DS KA iy

LEVEL 1. Bl . . SO0
LEVEL 2. . . . 700
LEVEL 3. . TO . . B0
LEVEL &, Pl . 1. 20

FACTOR NUMRER 4, SHERARER VELOCITY
LEVEL 1. . QOO y 10.0
LEVEL 2. 10,0 . 20.0

L=
LEVEL 3. 20.0 . 33.3
LEVEL 4. 33. 3 . 70.0
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ARRAY ITNDEX
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88.3

3.

3.
46,
Si.

100,

100.

O
OO0
43
22
O
38
33
31
QO
Q0
QO
Q0
QO
OO
00
[816]
00
OO

OO
[918)]
[#18]
Q0
Q0
o0
00
QO
52
73
77
00
(615
(o]0}
Q0
Q0
[a18]
OO
Q0
Q0
[81%]
Q0
Q0
Q0
(w]9]
(h13]
00
[$10]
(818
00
OO

80,
33,
100,
100,
£3.
ao,
ae.
100,
100,

.
100,

(819}
[a]8)
D0
OO
Q0
QO
15
(s10]
OO0
18
[als)
61

Q0
00
O
[a]s]
OO
Q0
QO
[#1]
(875
Q0
83
Q0
DO
OO
[919]
70
(815
OO0
00
OO0
(219
00
(a8}
QO
00
(e]8]
Q0
QO
00
az
20
70
00
00
(513
OO0
00
OO
Q0
[a]s}
00
QO
[a18)]
[218)
QO
O
00
[w18]
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00
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100,
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Q0
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00
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OO
D0
75
Q3
15
00
39
48
=
(818
OO0
14
QO
00
[518)
00
[u1)
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a5
Q0
00
a8
ar
819
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OO
00
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Q0
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TABLE D3 . TOTAL DETA BOINTS @ MM BELEDTION NMUMBER, 9
ARRAY INMDEX R=31, RERE. REME. HED4A,
1, 1, 1, 1 0 0 O 1
1, 1, 1, & 3& O 0 16
t, 1, 1, 3 a7 O 0 78
1, 1, 1, & 41 9] O 26
1, 1, 2, 1 Q 0 ) Q
i, 1, & &2 21 ) O 17
1, 1, 2, 3 242 117 O 124
1, 1, &, 4 52 12 0 11
1, 1, 3, 1 0 2 Q 3]
1, 1, 3, & 0 44 100 22
1, t, 3, 3 1 &3 71 ]
1, 1, 3, 4 1 23 1 1
1, 1, 4, 1 1 (s} ¢ Q
1. 1, 4, 2 0 1 0 o)
1, 1, 4, 3 O 2 0 0
i, 1, 4, & O 1 Q0 Q
2, 1, 1, 1 O y] O 1
2, 1, 1, & 36 O 0 15
2, 1, i, 3 a7 " Q 742
2, i, 1, 4 41 0 O 26
2, 1, 2, 1 O 0 ) 0 0
2, 1, 2, 2 21 5 O 17
& 1, 2 3 z2ag 117 0 124
2, 1, &, 4 s2 12 o 11
2, 1, 3, 1 y) 2 ] 0
g, i1, 3, & O 44 100 32
2, 1, 3y 3 1 &5 71 =58
2, 1, 3, & 1 23 1 1
2, 1, 4, 1 1 0 Q 0
2, 1, 4, 2 0 1 Q o
2, 1, 4 3 Q 2 ? 9
2, 1. 4, & 0 1 0 QO
3, 1, 1, 1 8] O 0 1
3y 1, 1, 2 36 O 0 16
3 i, i, 3 a7 0 0 78
3, 01, 1, 4 41 o 0. 26
3, 1, & 1 0 0 0 0
3, 1, 2 & 21 5 0 17
3, 1, 2 3 242 117 0 12
3, 1, 2, 4 32 12 0 11
3, 1, 3, 1 0 2 0 0
3., 1, 3, 2 0 44 100 32
3, 1, 3, 3 1 =5 71 56
3, 1, 3, 4 1 23 1 1
3, 1, 4, 1 1 O O )
3, 1, 4, 2 0 L 0 0
3, 1, 4, 3 0 2 o 0
3, 1, 4, & 0 1 0 0
4, 1, 1, 1 O ) O 1
4, 1, 1, 2 36 0 Q 16
4, 1, 1, 3 a7 O 0 78
4, 1, 1, & 41 0 0 26
4, 1, 2, 1 o 0 0 0
G, 1, 2, & 21 5 Q 17
4, 1, 2, 3 262 117 \ 12
4, 1, 2, & s2 12 0 11
4, 1, 3, 1 O 2 O 0
4, 1, 3, 2 fa} G4 100 32 214
4, 1, 3, 3 1 &5 71 g6
4, i1, 3, 4 1 23 1 1
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