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The Federal Coal Mine Health and Safety Act of 1969 established maximum
airborne respirable dust exposure levels for underground coal mines, In an
effort to provide the knowledge needed to achieve compliance without reducing
productivity, the Bureau of Mines has sponsored research oriented toward
improving mining machines. This work has consistently shown that a deep-
cutting, low-rpm (revolutions per mindte) continuous miner can reduce respirable
dust levels without production penalties. To provide the design data
by manufacturers to produce production versions of the deep-cutting machine, a
prototype miner was instrumented and in-mine tests were conducted. The data
acquisition system developed for this testing allowed real-time monitoring of
selected machine parameters to include cutterhead bit forces, power levels,
structural loads, and pressures. During the in-mine tests, these parameters
Test variables were
advance rate, bit lacing, and head rotary speed. Analysis 4f the test data was
performed to quantify the characteristics in terms useful to the designers of

continuous minin qui ment. Peak, average, and root-mean=square values for
boom 1sads, and bit ldads were computed.
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FOREWORD

This report was prepared by Southwest Research Institute (SWRI), located in San Antonio,
Texas. Work described herein was authorized and funded under USBM Contract Number
H0282029. The contract was initiated under the Coal Mine Health and Safety Program. It was ad-
ministered under the technical direction of Twin Cities Research Center, with Mr. Kelly Strebig act-

ing as the Technical Project Officer. Mr. Larry Rock was the Contract Administrator for the Bu-
reau of Mines.

Submitted by the author on 21 September 1982, this report is a summary of work recently com-
pleted as part of this contract during the period of 29 September 1978 to 31 August 1982.
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1.0 INTRODUCTION

The major objective of the program was to collect design data so that the manufacturers of
continuous mining machines could have the information needed to produce production machines
capable of generating less airborne dust. This objective is part of the Bureau’s goal to provide the
mining industry with the technology needed to implement safe mining practices without unduly
compromising production. The deep-cutting, low-RPM type of continuous mining machine rep-
resents such a mechanism, if it were available as a standard product.

To attain the project objective, the program was performed in three phases. The first phase
was devoted to defining the data requirements of the manufacturers and designing the associated
data acquisition system (BDAS). The second phase was devoted to the adaptation/installation of the
data system on the USBM’s machine, a Lee Norse Hard Head Model 456 (Figure 1). The third and
final phase was devoted to testing the outfitted machine under representative mining conditions.

Figure 1. The USBM Continuous Mining Machine Used for the In-mine Testing



2.0 SUMMARY OF RESULTS

In-mine testing of the HH456 was conducted in a United Coal Company drift mine located
near Grundy, Virginia. The seam, designated the ‘‘Splash Dam’’ was 6 to 8 feet in thickness and
had a consistent middle rock band. The rock varied from 12 to 24 inches in thickness. The mine
operated one conventional section, two shifts per day.

Preparations for the testing were initiated in September 1981 and completed in late October,
Testing began shortly thereafter and was completed in early February 1982. During the test period,
the machine ran at two different head rotary speeds: 18 and 51 RPM. For each head speed, the ma-
chine advance rate and bit spacing were varied incrementally. At each test condition, certain ma-
chine parameters were recorded to include head motor torques, head RPM, boom loads, and bit
loads. Test data were analyzed to quantify the operational characteristics in terms useful to the de-
signers of continuous mining equipment. Each recorded parameter was processed to provide aver-
age, root-mean-squared (RMS), and peak values for given cutting conditions. Additionally, certain
parameters were combined to calculate quantities that could not be measured directly. These calcu-
lated quantities included horsepower and machine reactive forces at the face (horizontal and verti-
cal) for each portion of the cutting cycle. A summary sheet for each test is included in Appendix A.

In general, the instrumentation system utilized in the mine performed well, considering the test
environment. The transducers installed on the machine boom and chassis worked reliably and with-
out failure, Problems, however, were encountered with the bit load measurement systems that were
mounted on the cutterhead. Although the approach to measurement of the bit loads proved to be
feasible, the effective life of the transducers (i.e., strain gages and thrust washers) employed was far
less than originally expected. This short life was due in large part to the impact loading from the
rock taken during the shear cycle and the corrosive effects of wetted coal dust in proximity to the
strain gages. As a result, we quickly depleted our spare parts inventory and were not able to acquire
replacement components within the time contraints of the program. Rather than postpone the pro-

gram and jeopardize mine cooperation, we decided to continue with fewer bit load channels being
recorded.

The cutting of the rock band not only contributed to the difficulties in measuring bit loads but
also required some adjustment in the test plan. Originally, the test plan called for three incremental
changes in face bit spacing—2 inches, 4 inches, and 8 inches. Although no difficulties were encoun-
tered at the lesser spacings, the 8-inch spacing induced severe machine dispiacement and vibration
while cutting the rock. After two sump/shear cycles, it was ciear that continued operation at the 8-
inch spacing was overly abusive and, if continued, would result in machine failure. Consequently,
the 8-inch configuration was discontinued and the cutterhead reconfigured to the 4-inch spacing for
the remaining tests in the §-inch series.

After completion of the in-mine testing, the data base was analyzed to determine the effects of
depth of cut and RPM on the monitored and calculated parameters. The results of our data analysis
provided both expected and unexpected relationships. In regard to torque, horsepower, and specific
energy, the results exhibited characteristics similar to those observed by other investigators. (1,2)*
On the other hand, cutting loads (as derived from bit measurements) and boom reactive forces dif-
fered considerably from those reported in the literature. Although some of the discrepancy can be
attributed to differences in the approaches used to measure and/or infer the relationships, we could
find no good reasons for rejecting our data simply because it departed from expectation. We can
only conclude that the non-uniformity in the coal seam, from top to bottom, affected the distribu-
tion and magnitude of the forces. A complete discussion of the results and their interpretation is
included in Section 4 of this report.

* Underscored numerals in parentheses refer to references listed at the end of the report.




3.0 EXPERIMENTAL PLAN
3.1 Test Machine

The particular continuous mining machine used in the testing was manufactured by the
Lee Norse Company under contract to the USBM. Designated the ‘‘Hard Head’’ 456, the machine
was designed and built to serve as a test base for assessing the effects of head rotary speed and depth
of cut on Airborne Respirable Dust (ARD) levels. {3) Though it was paiterned after the Lee Norse
production model HH455, the HH456 incorporated several features not found in standard moduc-
tion model HH455, the HH456 incorporated several features not found in standard machines.
These special features gave the machine not only the power and robustness needed to operate at
high depth of cut but also provided a means of changing the cutterhead rotary speed in discrete
increments. A comparison of the standard HH455 with HH456 is presented in Table 1. The dimen-
sional features of the HH456 are illustrated in Figure 2.

TABLE 1. Comparison of the HH456 to the HH455 Production Model

HH456 HH455

Cutterhead Drum Diameter (inches) 44.50 38.75
Cutterhead Rotary Speed (RPM) 9, 18, & 51 55
Cutterhead Drive Motors (Hp) 2at225ea. 2atl50ea.
(Continuous Rating)

Cutterhead Drum Width (inches) 124 124
Basic Machine Weight (pounds) 105,000 97,000
Gathering Head Dual Arm Dual Arm
Auto Cutting Cycle Yes No
Thrust Control " Yes No

Aside from the ability to change the rotary speed, the cutterhead could also be fitted with
various bit block configurations and spacing increments. Throughout the testing, 45-degree bit
blocks (Figure 3) were used. The bit spacing, however, was varied over a range from 2 to 8 inches in
increments of 2 inches. These spacing changes were confined to the ‘“face’’ bits only. The bits used
to cut clearance for the boom struts and the drum ends were not changed.

The original bit type designed for the HH456 had a 4.75-inch gauge length and rep-
resented a sizable replacement cost. Because it is primarily the carbide insert that wears, an insert
was designed to permit the use of a conventional bit type that costs significantly less than the origi-
nal bit. By so doing, the head could be frequently fitted with new bits and thus minimize the influ-
ence of dull tools on the measurements. The bit/insert configuration is compared to the original bit
in Figure 4. As indicated, the insert served as an extension for the smaller bit so that the gauge
length remained the same as the original bit.

Prior to its delivery to SwRI for installation of the data acquisition system, the HH456
underwent a complete inspection and rebuild of critical systems. It was during this period of rework
that some of the special machine features were eliminated. For example, the auxiliary sump/shear
mechanisms needed to achieve high depths of cut were eliminated; the automatic control for the
sump/shear cycle was likewise eliminated. These changes were made to simplify the maintainability

10
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aspects of the machine and enhance its appeal to mine operators who were being considered as par-
ticipants in the testing. For all practical purposes, the HH456 was operationally no different than
the HH455 at the time it was installed in the test mine.

3.2 Machine Design Data Requirements

To ensure that the experimental plan would yield the type of information most useful to
the design of continuous mining machines, six manufacturers were consulted. The companies con-
tacted were Fairchild Equipment, Jeffrey, Joy, Long-Airdox, National Mine Service, and Ingersoll-
Rand. The following text presents a brief summary of the feedback received from the survey.

Collectively, the companies expressed interest in the deep-cutting concept and were en-
couraged to see the Bureau undertaking the effort. Some reservation was expressed, however, over
the correlation of data derived from the HH456. These reservations arose from the fact that the
HH456 is an experimental machine that does not necessarily reflect a common design philosophy,
Consequently, the observed data would be unique, and the ability to apply the results to different
machine designs would depend upon the completeness of supporting documentation—documenta-
tion in the form of test procedures, test logs, mine conditions, and data reduction techniques. Addi-
tionally, there was concern for the utility of data derived from a single mine.

Attempts to define criteria for selecting a *‘representative’” mine were not overly success-
ful. There is no standard set of parameters employed in building a machine for a customer. The
design is largely dictated by the experience of the customer and/or the manufacturer, i.e., experi-
ence with bit life, maintenance, production, etc.; factors such a grindability, drillability, inclusions,
etc., can provide insight but are not used as absolutes. All companies sited the mine floor to be par-
ticularly important because floor conditions affect the tramming rate/depth of cut and buoyancy of
the machine.

To the companies contacied, 2 to 3-1/2 in./rev constituies a deep cut. The problem in
designing machines to operate at 2 to 3-1/2 in./rev is dictated primarily by the tractive force that
can be generated and not so much by the packaging of the drive components. All recognize that the
bit penetrations can be increased by reducing the number of bits in contact; however, in so doing,
the spacing increases and coring may result. In exploring avenues of creating additional thrust, few
people like the idea of auxiliary jacks or anchors interacting with the ribs or roof/floor. Often, con-
ditions would prohibit their use~conditions such as a weak roof or interference with loading equip-
ment. The practicality of jacks on production machines will have to be evaluated, eventually, be-
cause the trend is toward building smaller machines that will weigh proportionally less. The alterna-
tive would be to decrease the drum width.

The objective of the in-mine testing was to monitor those basic machine parameters
needed to synthesize a design capability for future deep-cutting, low-RPM machines. Having talked
to the manufacturers, an analysis network evolved. As shown in Figure 5, the process involved
monitoring five parameters, with each parameter providing part of the information needed to assess
the cutting conditions and design specifications/requirements.

3.3 Test Objectives and Variables
Although the manufacturers were instrumental in defining the kind of information de-
sired, the Bureau specified the test conditions. The contract specified a systematic evaluation of the

HH456, with the head rotary speed and depth of cut as the independent test variables. The head
rotary speeds selected were 18 RPM and 51 RPM. Depth of cut was to be varied in three discrete
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levels—1, 2, and 3.5 inches per revolution—where depth of cut is defined as the maximum cutting
depth a face bit achieves as it passes through the coal. The test design, as described, consisted of a
two-factorial experiment with six combinations of rotary speed and depth of cut. Furthermore,
each combination of machine’s cutting parameters (RPM and depth of cut) was to be replicated five
times. Accordingly, a total of thirty tests were required, as illustrated in Table 2.

TABLE 2. Test Matrix Layout*

HEAD ROTARY SPEED
18 RPM 51 RPM
DEPTH OF CUT DEPTH OF CUT
lin./rev |2in./rev {3-1/2in./rev {1in./rev | 2in./rev } 3-1/2 in./rev
X X X X X X
X X X X X X
X X X X X X
X X X X X X
X X X X X X
30 TESTS

*Each ”x’" indicates a test, and each column represents the number of replicates.

The ratio of bit spacing to depth of cut was also constrained at a value of approximately
2.5 for each test cell. This constraint physically amounted to three different bit spacing combina-
tions of 2, 4, and 8 inches as illustrated in Table 3. The resulting bit distributions for each of these
spacings is shown in Figure 6.

TABLE 3. Face Bit Spacing for Each Depth of Cut

d!, in. S2, in. S/d
1 2 2
2 4 2
3.5 8 2.3

1. d=maximum depth of cut.
2. S =spacing between adjacent bits.
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3.4 Data Acquisition System Design
The approach to the instrumentation design can be characterized by the following steps:

* Review of the permissibility requirements and discussions with MSHA and Bureau per-
sonnel

* Review of previous underground testing programs and identification of successful
techniques and recommended practices (4)

s Review of the HH456 setup to see what could be salvaged

¢ With the parameters needed by the manufacturers and those needed for test control in
mind, we reviewed available sources of MSHA approval components and systems.

e For those components or systems not available commercially in approved configura-
tions, we defined the requirements to render them intrinsically safe.

From the beginning of the program, we felt that the most important piece of data acquisi-
tion was the bit loading. Because of the face environment and rotary motion of the head, it was also
the most difficult measurement to make and involved novel techniques. Consequently, in Phases I
and II, we designed, built, and tested a self-contained recording system that could be affixed to the
cutterhead. Characteristics of the bit monitoring system are presented in Section 3.4.3,

3.4.1 Safety/Permissibility

To determine how the instrumentation system should be interfaced with the basic
machine, we reviewed the typical sequence in terms of advancing the entry, the haulage system, and
roof bolting. In conjunction, we reviewed the MSHA-enforced safety procedures that would effect
access to the machine during the mining cycle. With this information, we could anticipate how best
to power and lay out the signal conditioning/data acquisition system without jeopardizing the per-
sonal safety of site personnel.

Our approach to permissibility was to utilize approved equipment where possible.
We found that various systems similar to that envisioned in this program had been approved, but
approval pertained to the entire system. Thus, a subsystem approved as part of a total system did
not mean it was approved as an item. Even with this limitation, we felt that there was advantage in
using equipment that had been used successfully underground.

Fortunately, our selection of instrumentation did not require explosion-proof en-
closures or testing. Certain parts of the system, however, were restricted to use in fresh air. In these
instances, equipment interfaces were modified to incorporate barriers, thus providing the needed
isolation under fault conditions. The machine-mounted instrumentation was made instrinsically
safe by the use of (1) low-voliage, battery-operated circuitry; (2) current-limiting resistors; and (3)
judicious design to eliminate inductors and large storage capacitances. '
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3.4.2 System Characteristics

The transducer arrangement used to monitor the parameters of interest is shown in

Table 4. The physical location on the HH456 of each transducer is shown in Figure 7. It will be

TABLE 4. Summary of Transducer Characteristics

Locations Transducer Range No. of
Measurement (Figure 11) Type Make/Model {(FS) Channels

Biaxial Acceleration 1 Piezoresistive Entran +25g 2

of the Boom Accelerometer EGC-50008-25

Motor Torque 2 Strain Gaged Shaft LEBOW 1248-20K 20000 1bf-in 1

Boom Pivot Pin Load 3 Strain Gaged Pin  Strain Sert 100,000 Ibf 1

Motor Rotary Speed 4 Magnetic Pickup  Action Sensor 5000 RPM 1
ASM 710

Hydraulic Oil 5 Thermocouple Action Sensor 250°F 1

Temperature Type T AST-100

Bit Loading 6 Strain Gage SwRI 5000 Ibf 3

Electrical Power 7 Watt Transducer  Camille-Bauer 500 kW |
56-2P1-091

Longitudinal Position 8 Potentiometer Houston Scientific 50 in (displ) 2

& Velocity DC Generator 1150-50 75 in/sec (vel)

Boom Angular Position 9 Potentiometer Houston Scientific 50 in (displ} 2

& Velocity DC Generator 1150-50 75 in/sec (vel)

Boom Cylinder 10 Strain Gaged SENSOTEC +3000 psi 2

Pressures Diaphragm A-5/767

noted that the measurement system included those parameters designated by the manufacturers, as
well as a biaxial accelerometer on the boom, sump/shear velocity transducers, a hydraulic oil tem-
‘perature sensor, and an electrical power transducer. Although these additional parameters were not
designated as being necessary by the manufacturers, they were included for the following reasons:

* Biaxial Acceleration—useful in characterizing the induced structural forces as a
function of depth of cut

® Sump/Shear Velocities—mandatory for control of depth of cut

¢ Hydraulic Oil Temperature—useful as a test control parameter; i.e., functions
are variant until control oil temperature stabilizes.

e Electrical Power—useful as an indication of motor efficiency and load sharing,
as well as a backup means of calculating rotary horsepower and torque '
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For each commercial transducer (Figure 8), certificates of calibration were ob-
tained and checked prior to installation on the machine. The bit load transducers were also tested
and evaluated. As a final checkout of the system prior to installing the machine in the test mine,
simulated surface testing was conducted at SwRI (Figure 9).

S INSTRUMENTED 80 0M Pl il
S TRAINMSE :

POSITION(VELOLITY ssm:,(m"
{HOUSTON SCIE i

ACCELEROMETER THEARMGCOUPLE

{ENTRAN] {ACTION SENSOR) )
PRESSURE TRANSDUCER.
(SENSOTEC)

Figure 8. Transducer Types Used to Instrument the HH456

o el M

Figure 9. Simulated Coal Block Used for Check-out of Instrumentation
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Block diagrams of the instrumentation system are shown in Figures 10 and 11. It
should be noted that the bit recorder systems were separate from the main system because of their
location on the cutterhead. At the end of a test, however, each bit recorder system was interfaced
with the main system via an umbilical cable to permit transfer and recording of the bit load data
onto the analog tape. With the exception of the bit load transducers, all other transducer signals
were routed to conditioning systems mounted on the mining machine (Figure 12). Data was trans-
mitted via the umbilical to the central control station located out-by the last open cross-cut on the
fresh air side and installed in a dust-proof enclosure mounted on a wheeled cart (Figure 13). From
the control station, each channel could be monitored and calibration levels applied. All data was
recorded broadband on a multichannel magnetic tape recorder.

To ensure that the data were being recorded and were of proper quality, a six-pen
chart recorder was used. Monitoring of the magnetic tape was accomplished by connecting the chart
recorder to the playback side of the tape recorder. The data signal to the chart was thus delayed
only slightly from real time by the interval required for the tape to move from the record head to the
reproduce head.

3.4.3 Bit Load Monitoring System

Design of the bit load acquisition system has involved defining:
*  Physical constraints
*  Operational requirements

¢ TFidelity of the measurement required

Once these factors were defined, the process required various tradeoffs to obtain
the optimum configuration in terms of size, power, and running time. The following disucssion pre-
sents the rationale utilized.

For this program, we were interested in three bit-load components: the axial load,
the tangential load, and the lateral load. To measure each of these components and satisfy the con-
straint of using conventional bits, we designed a system of strain gage bridges to indicate the tan-
gential and lateral loads and a load washer to measure axial load. The assembly is shown in Figure
14; the individual pieces are shown in Figure 15.

Efforts were made in the design and fabrication of this assembly to minimize the
“cross talk’’ between channels (i.e., signals coupled into the unloaded channels from a loaded
channel) and to minimize the effect of cross forces on the sensitivity of other channels. Besides sin-
gle-axis loading tests conducted on an Instron testing machine, cutting tests in simulated coal and
actual coal were performed to evaluate system performance. Comparison of the measurement tech-
niques with that of the test stands indicated acceptable correlation (within 5 percent) for depths of
cut greater than 1 inch. The discrepancies at the lower depths of cut were due to the measurement
error in association with the strain gage bridge sensitivities and reduced cutting loads.

The nature of the application imposed a number of unique requirements on the bit
recorder. The location of the recording units on the cutterhead placed them in a potentially hazard-
ous area, where high concentrations of methane and dust can exist. For ¢lectrical equipment used at
the face, MSHA regulations require either an explosive-proof enclosure or circuits that are instrinsi-
cally safe; the latter method was selected for the bit recorder. Current-limiting resistors were in-
cluded in the ’
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Figure 13. Central Control Cart Used to Monitor Machine Instrumentation
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Figure 14. Instrumented Bit Assembly

Figure 15.

Instrumented Bit Assembly—Exploded View
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battery pack to reduce the available current to values well below the level needed to ignite methane.
Furthermore, no inductors and no capacitors greater than 1 microfarad were used in the system so
that stored energy was also well below the ignition level. Finally, all batteries, current-limiting resis-
tors, and series fuses were encapsulated in a urethane foam to ensure the integrity of the circuit.

Limited space available for mounting the recorders on the rotating head also placed
restrictions on the assembly size and on the space available for batteries, for the electronic signal
circuits, and for the memory. Because operating periods of up to several hours duration were nec-
essary, the electronics were designed for minimum current drain by using low-power CMOS logic
circuits where applicable, low-power analog amplifiers, and analog-to-digital converter memory de-
vices with low standby power requirements and by energizing circuits only when needed.

Remote and inaccessible [ocation of the bit recorders also imposed the requirement
for automatic initiation of the recording cycle, The finite recording time, which is available along
with the limited battery capacity, prevented the continuous operation of the unit over long time pe-
riods. However, it was also considered essential that the majority, if not all, of the recording be of
data obtained while the machine was cutting. To meet this goal, means were incorporated to auto-
matically turn on the recorder at a preset time after the cutting bits first strike the surface of the coal
(or rock) and to then continue to record until the memory is filled (either 61 or 491 seconds, as pre-
selected). After saturation, the memory switched to a low power mode to retain the data, and other
circuits were automatically turned off to conserve battery power.

The size of the memory in the bit recorder (491,520 bits) was selected to be the larg-
est that could fit into the available space. For flexibility, the option of dedicating the memory to one
strain gage channel or splitting it between the three gages was incorporated. The data sampling rate
was selected to be as low as possible, yet consistent with the measurement resolution or frequency
response required for the bit force data. For additional flexibility, a choice of two sampling rates,
125 and 1000 per second, were provided. With either single- or three-channel operation, the avail-
able recording time was 491.5 and 61.45 seconds for the high and the low sample rates, respectively.
In the three-channel mode, the resolution was approximately 10 Hz at the low rate and 83 Hz at the
high rate. In the single-channel mode, the corresponding frequency responses were 31 Hz and 250
Hz. To put these numbers into the perspective of the test program, the maximum speed of a cutting
bit was approximately 600 feet per minute (51 RPM configuration) and the minimum speed approx-
imately 210 feet per minute (18 RPM configuration). Thus, for the highest speed, sampling at a rate
of 1000 Hz for threec channels provides 2.77 load points for each channel per inch of travel. This
corresponds to angular rotation of 2.58 degrees or approximately 1 sample per degree of rotation.

The bit recorder and enclosure, as shown in Figure 16, were designed to permit reli-
able operation when installed on the cutterhead and subjected to rock/coal fragments, dust, water
spray, accelerations, and vibration resulting from the mining process. The enclosure was built of
3/8-in. welded steel and contained two compartments. The smaller compartment contained the bat-
tery pack, programming plug, motion switch, and the interface connector. The larger compart-
ments, as shown in Figure 17, contained the circuit boards and the strain gage connector, The sealed
cover of the second compartment was not normally removed except for maintenance; however, the
gasketed cover of the first compartment was opened periodically for battery replacement or pro-
gramming changes. The interface connector was protected by a single pipe plug that was removed
for the data transfer. The strain gage connections were made through a flexible conduit connected
to the instrumented bits.
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Figure 17.

Bit Recorder Unit with Covers
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on the bottom edge and card retainers on the top edge. Memory boards were encapsulated in foam
to reduce damage due to vibration, and all components were bonded to the circuit boards.

CONTROL BOARDS

Figure 18. Printed Circuit Boards for Bit Recorder

Three bit recorders were installed on the cutterhead to obtain data from three in-
strumented bits. One unit was installed at each end of the head, as shown in Figure 19, to monitor a
gauge bit and a strut bit, respectively. The third recorder was installed on the center section of the
head and monitored a face bit as shown in Figure 20.

3.5 Mine Selection

Selection of a test mine was based on the following factors:

* A seam height, entry width, and floor condition compatible with the HH456

¢ A seam grind of less than 60, as expressed by Hardgrove number

* Operator interest in the program

Although there were a multitude of mines and seams capable of satisfying the first two
considerations, few operators were found that were willing to cooperate without severe production
penalties imposed upon the program. After many dead ends, a cooperative agreement was obtained
with United Coal Company that had interest in the program from the standpoint of reducing the
fines in their run-of-mine product.

The particular mine selected for the testing was a drift operation near Grundy, Virginia.

The mine was under development and typically operated onc conventional section, two shifts per
day. The mine layout, as it existed during the test program, is shown in Figure 21.
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Figure 19. Gauge Bit Recorder Installation

Figure 20. Face Bit Recorder Installation
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The secam, designated the “‘Splash Dam’’, had a Hardgrove index of 49 to 50 and ranged
in height from 6 to 8 feet. Near the middle of the seam, there was a rock band that varied from 12 to
24 inches in thickness (Figure 22).

Figure 22. Typical Thickness of the Middle Rock Band

3.6 Test Procedures

Test procedures used during the test were divided into three parts. The first part was re-
lated to pretest preparations of the machine and check-out of the instrumentation. The second part
pertained to the actual test events and the third part to the post-test evaluation.

Each of these procedures had a definite sequence and associated check list to ensure that

steps were not overlooked. Samples of the protocols are contained in Appendix B, with the major
features presented in the text that follows.

3.6.1 Machine Preparation and Test Sequence
To configure the machine for each set of test conditions, it was necessary to change
the cutterhead rotary speed and/or bit lacing and to set the desired sump/shear rate. Changes in the

cutterhead rotary speed were accomplished by changing two of the three speed reducers between
cach motor and the final drive gear box, which was an integral part of the boom.
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Bit lacing was accomplished by adding or removing bit blocks—each block being
secured to the head by bolts. Because the rock in the seam put a severe load on the blocks, bolts wre
judiciously torqued to rated capacity and, in some instances, welded to the head.

The sump/shear rates for each cell were established through the setting of throttie
valve stroke. Two different positions were required, one for sump and one for shear. So that the
operator could reasonably replicate the desired rates, mechanical ‘‘stops’ were used. Prior to each
test, a trial-and-error process of measuring displacement and time was used to determine the appro-
pirate valve position. Inasmuch as it was difficult to determine the rate at which the machine would
cut through the rock band, the actual rates achieved by this method were subject to considerable
variability.

Initially, the test plan called for a confounded variation in test conditions consist-
ing of five speed changes and twelve lacing changes, as indicated in Table 5A. After the machine
was first instalied in the mine (July ’81), the mine operator welded all bit blocks to the head. Be-
cause the welding operation represented a considerable investment and made rapid removal diffi-
cult, as well as unpopular, the test sequence was modified to follow a progressive removal of bit
blocks with associated speed changes, as indicated in Table 5B.

3.6.2 Test Operations

Prior to each test, transducer continuity and response were checked through the en-
tire data acquisition system. Upon receipt of acceptable calibration signals from each device, the bit
recorders were made ready by selecting the desired time delay and turning on battery power. Al-
though the units had adjustable features in terms of delay time, sampling frequency, and record
channels, only one configuration was used during the program. For the duration of the testing, the

TABLESA. Test Sequence — Planned

HEAD ROTARY SPEED
18 RPM 51 RPM
DEPTH OF CUT DEPTH OF CUT
1in./rev 2in./rev 3.5in./rev lin./rev 2in./rev 3.5in./rev
7 9 11 5 3 1
8 10 12 6 4 2
19 21 23 17 15 13
20 22 24 18 16 14
28 29 30 27 .26 25
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TABLESB, Test Sequence — Actual

HEAD ROTARY SPEED
18 REM 51 RPM
DEPTH OF CUT DEPTH OF CUT
lin./rev 2in./rev 3.51n./Tev 1in./rev 2 in./revy 3.5in./rev
6 11 26 1 16 21
7 12 27 2 17 22
8 13 28 3 18 23
9 14 29 4 19 24
10 15 30 5 20 25

setup was maintained at 15-second time delay, 1000-Hz sample rate (per channel), and three-chan-
nel record.

After the above mentioned preparations, the instrumentation cart operator and
machine observer took their positions, and the test was initiated. Each man had an assigned respon-
sibility: the cart operator selectively monitored incoming transducer signals (Figure 23) while the

Figure 23. Instrumentation Cart Operator—Test Underway
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machine observer noted the operator action and repositioned the sump stroke pole between sump
cycles (Figure 24). Both men had headsets and microphones to perniit verbal communication during
the testing. As with the transducer data, the voice transmissions were recorded.

Figure 24. Machine Observer—Test Underway
3.6.3 Post-Test Evaluations
After the machine had completed a ““place’’, a post-test calibration of the trans-

ducers was performed, and preparations were made to dump the bit recorders. Each bit recorder
executed a playback of its memory when accessed with control box/cable link shown in Figure 25.

Figure 25. Playback of Bit Recorder
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At this point, all data was reviewed, the machine inspected, and decisions made for test continua-
tion. Figures 26 and 27 exemplify the type of data available from each test.

3.7 Data Reduction

3.7.1 Initial Considerations

Once the magnetic tape reel had been exhausted, it was returned to SWRI. At SwRI,
the tape was played back to extract the voice documentation and to obtain complete hard-copy re-
cords of each tape channel. The transcribed communications were used to interpret/diagnose cer-
tain events and artifacts in the data, as well as provide a general time correlation. The hard-copy
records were also checked for the presence of the proper calibration levels. Additionally, *‘timing”’
information was extracted from the traces to refine the time base. The preliminary information thus
collected provided the adjustments for the computer reduction to follow.

3.7.2 Digitization

The next step in the data reduction was to transform the analog data recorded on
magnetic tape to digital records. These records were written on tape and then used to analyze cer-
tain data channels in greater detail, as well as to compute selected parameters.

Recorded data on the analog magnetic tape was played back, with each channel
passing through an active amplifier filter with adjustable gain. With the adjustable amplification
feature, the magnitude of the calibration signal and peak values of each channel were adjusted to fit
within the permissible values of the analog-to-digital (A/D) data acquisition system. Each channel
was sampled at a rate of 1000 times per second and the digitized data written on digital magnetic
tape. Once the raw digitizd data was stored on tape, the RMS and average value for each channel
were immediately calculated and printed on a teletype to ensure that the data on each channel had
been successfully captured. At this point, the digital tape was ready for further processing on a
larger computer, where residing software programs were used to complete the data reduction.

3.7.3 Basic Calculations

Four basic calculations were performed to determine:;
. Maximum depth of cut (sump and shear)

¢ Cutting horsepower

. Sump and shear forces

. Resultant bit loads

Algorithms that were used are developed mathematically in Figures 28 through 31, respectively.
Using the computer software, a summary of each test was prepared. The summary

included a print-out of each portion of the cycle (sump and shear), as shown in Tables 6 and 7. The
notation for each channel number is given in Table 8.
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NOTATION:

SHEAR

SUMpP u
POSITION AFTER

S \/_ ONE REVOLUTION
\ ,

D
,
\
POSITION AFTER \ e N |
§ ONE REVOLUTION \ ! ¥
‘ max
2

RELATIONSHIP:

U = Velocity of Cutterhead §
é= u sin © N = Cutterhead Rotary Speed
N f = Number of Tracking Cutters

(f = 1 for face bits)

KNOWN QUANTITIES:

= 4 . @=90°

max
Measured Directly {use Avg. Value)

— Measured Directly (use Avg. Value)

For Sump,

2 Cs

_ U
maxs SUMP = “-I\T“

d

For Shear, know the duration of the cutting pass, “t”, from the bit load data

U  — Measured Directly (use Avg. Value)
N  — Measured Directly (use Avg. Value)

..., Shear = % sin © where © = 2r N - t {radians}

Figure 28. Calcufation Scheme—Depth of Cut
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NOTATION:

RELATIONSHIP:

_TxN
P ™ 5252

KNOWN QUANTITIES:

T.N

MOTORS C

Indicated Torgue
Indicated RPM

where T has units of Ibf-ft

T — Measured Directly (Avg. Value of Both Motors)
N

— Measured Directly

Figure 29. Calculation Scheme —Cutting Horsepower
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NOTATION:

RELATIONSHIPS:

1. SM,=0=F, Lsinf-F, Lcosp -F, L-C-—2— sina + WIL-X)cosf + T

tan o
2. XF,=0=F, + F cosla +B)-F,,
3. ZF, =0=F +F sinla+f-W+F,
Solve Eqn. 1) for pr and Subst into Eqn. 3)
Solve Eqn. 2) for Foump
Solve Eqn. 3) for F_,
KNOWN QUANTITIES:
T — Cutterhead Torque — Calculated from Motor Torques and Reduction Ratios
w — Boom Weight—Measured (Constant, Neglecting Block Changes)
X — Boom C.G. —Measured {Constant, Neglecting Biock Changes)
pr — Measured Directly from Boom Pins {Average of Both Sides)
F. — Measured Directly from Boom Lift Pressure Transducers (Average of Both Sides)
G,C,L — Boom Geometry {Constants)
B,a — Measured Directly from Boom Angular Position Transducer

Figure 30. Calculation Scheme—Sump/Shear Forces
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NOTATION:

F, (TANGENTIAL)

>
\
v
{8\ |
s 2
< <
LLN

RELATIONSHIPS:

fe2 g2, g2
Fi + F, + F5

R =
F,= F;sinO + F,co0s@
F,= F,sin©@-F,cos 8

KNOWN QUANTITIES:

F,, F,, F;—Measured Directly

0 — Bit attack angle (Constant @ 45°)

Figure 31. Calculation Scheme — Resultant Bit Forces
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TABLE 8. Channal Notation

Channel
No. Label Parameter* Units Sign Convention*
1 TORQUE LHS Motor Torque—Left Hand Ibf-ft  Scaler
Side
2 TORQUE RHS  Motor Torque—Right Hand Ibs-ft  Scaler
Side
3 SHAFT RPM Shaft Rotary Speed, #3 Box RPM  Scaler
4 XLOAD Horizontal Boom Pin Load— Ibf  Positive toward head
LHS Left Hand Side
5 XLOAD Horizontal Boom Pin Load— Ibf  Positive toward head
RHS Right Hand Side
6 FCYLD—DWN Boom Jack Force—RETRACT 1bf Scaler
Side
7 FCYLD—UP Boom Jack Force—EXTEND Ibf Scaler
Side
8 SMP RATE Sump Rate in./sec Scaler
9 SHR RATE Shear Rate in./sec Scaler
10 SMP STK Sump Stroke in. Scaler
11 VER STK Head Position, WRT ““Full-Up”’ in. Scaler
12 BOOM GY Boom Accel—Vertical g's Positive up
13 BOOM GZ Boom Accel—Lateral g's  Positive to right
14 E POWER Electrical Power kw Scaler
15 XLOAD Avg. Horizontal Boom Pin Ibf  Positive toward head
AVG Load—Left & Right Hand Side
16 FCYLD Effective Boom Lift Jack Ibf  Positive to raise head
Force
17 TORQUE Average Torque—Left & Ibf-ft  Scaler
AVG Right Hand Side
18 DELTA Maximum Depth of Cut in./rev Scaler
19 F-SUMP Sump Force(Total) Ibf  Positive toward tail piece
20 YLOAD Avg. Vertical Boom Pin Load— Ibf  Positive—up
Calculated Total Load
21 F-SHEAR Shear Force (Total) Ibf Positive—up
22 ALPHA Angle Between Boom & degrees Scaler
Lift Jack
23 M POWER Mechanical Power Delivered kw Scaler
to Cutterhead
24 EFF Conversion Efficiency— percent  Scaler
Elec. Power to Mech. Power
25 HEAD RPM Cutterhead Rotary Speed— rpm  Scaler
Calcuated from Red. Ratios
26 BETA Angle Between Horizontal & degrees Scaler
Boom
27 RATIO Ratio of Max. Depth of Cut to —_— Scaler

Bit Spacing

*Reference to right/left hand side is defined from the operator’s compartment looking toward the head.
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3.7.4 Analysis

Analysis of the computer-generated results initially consisted of plotting the pa-
rameter values as a function of RPM, depth of cut, and cutting cycle (sump or shear), Later, an
analysis of covariance was performed to normalize computer values to an average depth of cut.
Quantities could then be averaged and examined for sensitivity to head rotary speed.

44



4.0 EXPERIMENTAL RESULTS
4.1 System performance

Adjustments to the experimental plan as described in Section 3.0 were made as a conse-
quence of unanticipated problems with the HH456 and the DAS.

4.1.1 Test Machine

The rock in the seam represented véry difficult cutting conditions that tocok their
toll on the HH456. The problem that manifested itself most often was the loss of the bit blocks.
Although proper tightening and monitoring of the block bolts reduced the problem, welding was
often required. Welding of the blocks to the head, in turn, reduced the ability to alter bit spacing in
a timely manner. Consequently, once a spacing was established, all testing (at both head speed con-
ditions) was conducted before going to the next bit spacing arrangement.

The presence of rock in the seam dictated not only a change in test sequence but
also a change in bit spacing test objectives. Only one test was attempted at the 8-inch bit spacing. As
shown in Figure 34, the 8-inch spacing worked well for the sump cycle, but once the rock band was
encountered on shear, the machine began to “‘buck’” and experience large lateral displacements, as
evidenced by the bit marks shown in Figure 32. Rather than risk damage to the machine, the deci-

Figure 32. Coal Face Using 8-inch Bit Spacing
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sion was made to discontinue testing at the 8-inch spacing. The spacing was reduced to 4 inches, and
testing resumed, with the same depth of cut objectives for the 8-inch spacing (3.5 in./rev).

As the testing progressed to the higher advance rates, the machine began to experi-
ence speed box coupling failures, either with the coupling spline or the coupling key. Additionally,
the machine did not have the thrust capacity to consistently cut at the desired rate on sump. The
highest average sump rate attained was 2.8 inches per revolution.

4.1.2 Data Acquisition System

With the exception of the bit load recording system, the DAS worked very well,
considering the environment. Persistent problems were encountered with only two of the transduc-
ers—the watt transducer and one of the instrumented load pins. The signal conditioning for the
watt transducer was damaged early in the testing. Despite several attempts to repair the unit, its re-
sponse level was never again consistent with calibrated levels; therefore, no power data was ob-
tained.

The right side load pin used to monitor horizontal forces developed an unusual
characteristic midway through the testing. The signal would invert itself during a test; however,
during static load situations, its response was normal and consistent with the left side pin. No expla-
nation of an electronic nature could be found. Although it was never verified, the instrumented pin
could have been rotating with the boom.

The bit load recording system did not perform as expected. Initially, the problems
were of a ‘‘quality control’”’ nature, in that certain components were not properly matched, and
printed circuit boards were not properly protected against corrosion. After these initial problems
were resolved, other problems were encountered with the instrumented bits. Both the strain gages
and the load cell used in each assembly had a very limited life. Only after the testing was near com-
pletion was an acceptable adhesive/coating procedure found for the strain gages. Unfortunately,
this was at a time when the machine advance rates were at their highest, and the high loads in cut-
ting the rock caused permanent deformation of the insert and/or damage to the load cell. Out of
three instrumented positions, we could get only one system to consistently perform, and it was at
great cost in terms of expended inserts and load cells.

4.2 Analysis of Test Data

The computer summary sheets for each test are contained in Appendix A. The average
and RMS values for sump/shear forces, cutting horsepower, and bit loads for each test are summa-
rized in Tables 9 and 10.

As indicated in the Experimental Plan, depth of cut was to be varied in three discrete
increments—1, 2, and 3.5 inches per revolution for each head speed. In actuality, however, the ma-
chine advance rate during a given test series varied considerably. Because of the variability within
each test cell, comparison of data across cells purely on the basis of ‘‘planned depth of cut’’ was
meaningless. To analyze the data, it was therefore necessary to regroup the tests by actual depth of
cut and bit spacing. With the tests regrouped, as shown in Tables 11 and 12, the cell averages for the
varicus parameters (forces, torques, etc.) were computed and plotted using linear regression and
power curve routines.
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Table 11. Test Distribution by Depth of Cut, Bit Spacing, and Cutting Cycle - 18 RPM

SUMP
S=2in* S=4in.
Test No. Average £ ** Test No. Average £,
9 1.2 1 1.0
8 1.9 26 1.6
7 2.1
0 2.1
2.03 {mean) 15 1.9
13 2.0
29 2.0
14 21
6 2.7 27 2.1
28 23
2.07 {mean)
12 2.8
30 2.6
2.7 {mean)
SHEAR
S=2in. S=4in.
Test No. Average .. Test No. Average £ .
6 1.9 12 1.5
7 1.9 13 1.8
8 20 14 1.8
1.93 (mean) 1.7 {mean)
10 25 15 23
9 29 11 25
2.7 (mean) ' 2.4 {mean)
30 3.1
28 35
27 3.8
3.65 (mean)
26 43

*S = bit spacing
**£ = depth of cut
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Table 12. Test Distribution by Depth of Cut, Bit Spacing, and Cutting Cycle - 51 RPM

SUMP
S=2in.* S=4in.*

Test No. Average £ ."* Test No. Average ..
3 0.9 23 0.5
5 0.9 : 20 0.6
2 1.2 16 0.7
4 1.2 17 0.7

1.05 {mean) 0.625 (mean)
18 0.8
1 1.9 19 0.8
0.8 {mean)
25 1.2
24 25
SHEAR
S=2in. S=4in.

Test No. Average ¢ .. Test No. Average £ ..
5 0.9 16 1.1
4 1.0 19 1.2
1 1.2 20 1.2
1.03 (mean) 17 1.3

18 1.

1.22 (mean)
2 1.4 24 1.5
3 1.6 25 1.5
1.5 (mean) 23 1.8

1.63 {mean)

*§ = bit spacing
**{ = dapth of cut
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4.2.1 Bit Loads

Because of various operational problems, we were not able to keep the recording
systems working consistently. Furthermore, we had to dedicate available resources to recording
face bit loads. Consequently, we obtained very limited data from the instrumented strut bit and
gage bit. Although there was not sufficient data to establish the relationship between load and
depth of cut at the strut and gage positions, the data did indicate that the load components were not
drastically different in terms of magnitude than those of a face bit for any given machine advance
rate.

With the emphasis on measuring face bit loads, we obtained considerably more
loading data than would otherwise have been possible. Despite the emphasis, however, the data set
was far from complete in the sense we did not get the repetition needed to perform a complete statis-
tical evaluation. Thus, our analysis merely exhibits the trends associated with the measurements.

Since we did not expect cutting speed to have any significant influence on the face
bit loads, the 18-RPM bit data were combined with the 51-RPM bit data to produce the data sets
shown in Table 13. Linear regression curve fits were then done for each load component, with the
results shown in Figures 33, 34, and 35.

Table 13. Test Distribution for Face Bit Data

SUMP
S=2in* S=4in,
Test No. Average £ . ** Test No. Average £ ..
b 0.8 17 0.7
1 1.9 18 0.8
6 2.7 19 0.8
26 2.1
27 21
SHEAR
§$=2in. S=4in,
Test No. Average £, Test No. Average (.
5 0.9 16 1.1
1 1.2 19 1.2
6 1.9 17 1.3
7 1.9 18 1.3
10 25 23 1.8
27 3.8
26 4.3

*$ = bit spacing.
**¢ = depth of cut.
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Figure 33. Average Tangential Bit Load vs. Depth of Cut (both RPMs)
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4.2.1.1 Tangential Bit Load

The average load tangential to the bit axis (Figure 33) shows a negative
gradient with respect to increasing depth of cut. Unlike the 2-in. spacing configuration, which starts
positive and goes through zero load between 2-3 in/rev, the 4 in. spacing configuration started at a
negative level, The negative values in both cases imply that the load is opposite to the direction as-
sumed; i.e., instead of tending to lift the bit block away from the front bolt hole, the load actually
tries to lift the block at the back bolt hole when negative.

The negative gradient associated with the tangential bit load came from a
reversal in load direction as the machine advance rate was increased. Accordingly, as the testing
progressed to higher depth of cut, the negative portion of the load history subtracted from the posi-
tive portion, thereby reducing the average value for the cycle. A typical load history is shown in
Figure 36 to illustrate the characteristics of the reversal.

There are three possible explanations for the observed tangential load:

(1) The negative load is due to “‘self-loading’’; i.e., after a chip is cre-
ated, the bit “‘springs back”’ in response to the reduced load.

(2) The negative load is due to the cutting of the rock band, which was
considerably harder than the coal.

(3) The instantaneous advance rate and rotary speed combine to reduce
the velocity of the bit with respect to the face during rotation
through the lower quadrant such that the bit is forced into the face.

Of these three possibilities, the duration of the negative load tends to dis-
count the first possibility. Furthermore, if the rock were the primary factor, then one would expect
to see the load reversal primarily on shear, as it was during the shear cycle that most of the rock was
taken. Since the average decreased for both sump and shear cycles, only the last possibility is left to
explain the result. We suspect, however, that the non-uniformity in the seam had an effect, and ad-
ditional research is needed to fully understand the data.

4.2.1.2 Axial Bit Load

Generally speaking, the average values of the axial bit load increased
with increasing depth of cut. The one excpetion occurred with the 2-in. bit spacing. On sump, the
axial bit [oad had a small negative slope with increasing depth of cut. The observed axial loads did
not show the expected rate of increase. Possible reasons for the slightness in slope include

(1) dirt in the transducer that increased the friction between the bore
and the insert, thereby reducing the axial response, and

{2) the limitation of the data itself in that the curves were fitted to rela-
tively few points.

4.2.1.3 Lateral Bit Load

For a face bit, one would expect the lateral bit load to be very near zero
for non-interacting grooves. As shown in Figure 35, however, the data would suggest that the side
relief created by the adjacent bit causes a significant side load for the shallower depths of cut with
the effect of the side relief decreasing with increasing depth of cut.
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4.2.1.4 Cutting Force

Besides providing insight to the load history, our intent in measuring bit
load components was to ultimately resolve the coal cutting forces acting tangentially and normal to
the bit trajectory. The transformation would then allow the data collected from the mine to be more
easily compared with data derived from linear cutting experiments, as well as serve as a means of
correlation with other machine parameters, such as boom forces and cutterhead torque. The results
of the coordinate transformation for the face bit data are shown in Figure 37.

As would be expected, the tangential force (or cutting force) decreases
with increasing depth of cut because of the change in directional sense of the load normal to the bit
axis (F-Bit 1) previously discussed. On the other hand, the force normal to the cutterhead orbit in-
creases due to the contribution of F-Bit 1 with increasing depth of cut.

4.2.1.5 Maximum Bit Loads

The maximum value observed for a given bit load component was be-
tween 4—35 times greater than the respective average value. The same proportion was true of the
relationship between the load normal to the bit axis and the bit axial load; i.e., the maximum axial
load (F-Bit 2) was approximately five times greater than the maximum normal (F-Bit 1) load.

4.2.2 Cutterhead Torque

Because the bit forces that create the cutterhead torque requirement are indepen-
dent of RPM, the motor torque measurements for each test were combined in one data set. The
appropriate torque ratios were, of course, applied to each RPM set (18 and 51) to convert motor
torque to cutterhead torque. The approach of converting motor torque to head torque, while
straightforward, inherently assumes that clutch slippage is zero. This assumption did not always
apply. During the larger depths of cut (particularly at 18 RPM), the clutches became hot, which was
indicative of some slippage.

As shown in Figure 38, there was not a consistent difference between sump vs.
shear torque. At the 2-in. spacing, sump torque was higher than shear torque. At the 4-in. spacing,
shear torque was generally higher than sump torque. With both sump and shear, the torque in-
creased with depth of cut.

4.2.3 Cutterhead Power

Because the torque data did not consistently show a difference between cutting cy-
cles (sump vs. shear), the cycle data sets were combined to analyze cutterhead power. The discrimi-
nation between RPM (18 RPM vs. 51 RPM), however, was maintained.

As shown in Figures 39 and 40, the horsepower for both RPM configurations in-
creased with depth of cut. Furthermore, the 51-RPM configuration required about 2—3 times more
power than the 18-RPM configuration, as would be expected.

The effect of bit spacing on power requirement was most pronounced at 51 RPM.
For 51 RPM, the 4-in. spacing required about 20 percent more power than the 2-in, spacing.

56
b4



siXy |enuebue] uo [gsieasy peoT Yiim AIoisiH peoT g edeq "9f ainbig

= 8 FrEH 1 1 b T I I 11 I 3
ik £ R i i i ! i -
I SO ! !
S i i ! M + ,
At 5 & M X ) N
) = Aa.; 13 T 1
i i i
i g H H 3 - : T T
SEiss Hi } S i : i i
B 5 o H ! i H 3 i i
| . ki : sl £ 118 — TvHILYY pli
H 413 i H : i TR B
R } 4 B . L
HEH I IR ; i [ {
1 H i, H HHH +H
T A bwLEE H i | i :
i inm i Bl * HEE i3
Rt b : riee bty i L :
Erh ; ! T f : FH §
f b i H it
Fhe i i iEEdTE L
- ErET TR TR : ; T T
ins F K =t m I i A.w_e TR
HEE iz i : Fe I Einy
i } £ b it i it i £ it
I il 1 1 1 1 1 1 1 1 1 1 H 1 1 1 1 1 1 1 1 1 1 1l 1 1 1 1 1 1 1 4 1 1 1 i 1 1 1 1 } 1 1 1 1 1 I 1 1l i
; TEILR S
H : j2323: EEELs i3]
1
1
i H
: Hi

M3N ‘O7vd4ng

57




AVERAGE LOAD, LBF

1500

1000

500 b

CUTTING FORCES
B Fy 5* El‘i:'// -
d
/7
1 2 3

AVERAGE DEPTH OF CUT, IN/REV

Figure 37. Average Face Bit Cutting Forces vs. Depth of Cut (both RPMs)
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Figure 38. Average Head Torque vs. Depth of Cut {both RPMs)
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Figure 39. Averaga Cutterhead Power vs. Depth of Cut, 18 RPM

60

[ FY )



AVERAGE CUTTERHEAD POWER, Hp

400

300

200

100

CUTTERHEAD POWER, 51 RPM

1 2
AVERAGE DEPTH OF CUT, IN/REV

Figure 40. Average Cutterhead Power vs. Depth of Cut, 51 RPM
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4.2.4 Specific Energy

Specific energy, as commonly used in evaluating mining machinery, is the ratio of
power to production rate. Inasmuch as we did not measure tonnage on a cut-cycie basis, specific
energy based on predicted tonnage of the machine for a given cut cycle introduces an artificial as-
pect to the data. The difficulty can be overcome by using the actual advance rate of the machine,
which is directly proportional to production rate, as the geometry of the cutterhead did not change
during the test program. Calculating specific energy in this manner precludes a direct comparison
between machines. One must first know the production per foot of advance for each machine in
order to make comparisons.

The specific energy relationships for both the 18-RPM and the 51-RPM data sets
(Figures 41 and 42) reveal a significant decrease in specific energy when the depth of cut exceeds 2
in./rev.—a result consistent with previous field testing of the HH456.

A comparison of the data sets purely on the basis of the RPM does not provide any
distinctive characteristics. This is s0 because of the apparent lack of ““order’’ associated with the 18-
RPM data set.

Although the 18-RPM result (Figure 41) is hard to interpret, the 51-RPM configu-
ration (Figure 42) indicates the shear specific energy to be higher than the sump specific energy. In
light of the seam characteristics, this would be expected as the rock in the seam was typically taken
during the shear cycle. If, however, the RPM data sets are combined, the result is totally different.
As shown in Figure 43, combining the sump data for both RPMs and the shear data for both RPMs
produces just the opposite result;, i.¢., sump specific energy is higher than shear specific energy.

The inconsistency comes from the sump data for the 18-RPM data set, which was typically higher
than the shear.

The 4-in. bit spacing typically produced a higher specific energy than did the 2-in.
spacing.

4.2.5 Horizontal Boom Force

The horizontal boom force was derived from boom pin measurements and pressure
values on the boom jacks. Because these forces are primarily dependent on the depth of cut and bit

spacing, not RPM, the data sets for 18 and 51 RPM were combined. The results are shown in Figure
44,

As shown in Figure 44, the horizontal boom force during sump has a positive gra-
dient. The more interesting aspect, however, is the variation in sense of direction of the force as
depth of cut increases. At shallow depths of cut, the horizontal force is negative, indicating that the
machine is being pulled toward the face. Near a cutting depth of 2 in./rev., the load direction re-
verses, indicating that the machine must then provide a forward thrust in order to cut.

The only explanation, other than instrumentation malfunction, available for the
observed effect resides in the seam characteristics. The coal in the uppermost part of the seam was
highly cleated and friable. On sump, the upper coal was taken and usually a small portion of the
rock bank, depending on the total advance of the machine. The low resistance of the top coal, com-
bined with the cutting of rock by the lower quadrant of the cutterhead, could induce a self-engaging
effect.
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Figure 41. Average Specific Energy vs. Depth of Cut, 18 RPM
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Figure 42. Average Specific Energy vs. Depth of Cut, 51 RPM
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Figure 43. Average Specific Energy vs. Depth of Cut (both RPMs)
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Figure 44. Average Horizontal Boom Force vs. Depth of Cut (both RPMs)
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The self-engaging effect on shear is also indicated in Figure 44. In the casc of shear,
however, the gradient is negative, meaning that the self-engaging force increases with increasing
depth of cut.

Bit spacing most directly effects the gradient of the force; i.e., the 2-in. spacing had
a greater gradient than the 4-in. spacing. In addition, the force levels for the 4-in. spacing were typ-
ically higher than the 2-in. spacing for the same portion of the cut cycle and depth of cut,

4.2.6 Vertical Boom Force

The vertical boom force was also derived from boom pin measurements and boom

jack pressures: The data sets for both RPMs were combined as was done for the horizontal boom
force evaluation.

The vertical boom force (Figure 45) increases with depth of cut for both sump and
shear. The shear load, however, is consistently greater than sump load for a given bit spacing and
depth of cut.

As with the horizontal force, the 4-in. spacing typically generated higher vertical
force levels than did the 2-in. spacing for similar cut cycles.

5.0 CONCLUSIONS

When operating at the same depth of cut and head lacing, the differences between the 18-RPM
and 51-RPM machine configuration reside only in the power requirement to cut. There is no differ-
ence in boom forces or cutterhead torque. If compared on an equal production rate basis, however,
there is considerable difference in force and torque. For example, to replace a typical 51-RPM ma-
chine operating at 1 in./rev. in the test mine with an 18-RPM machine that produces at the same
rate would require a low-speed machine to operate at 3 in./rev. Using the test data, the higher ad-
vance rate of the low-speed machine implies the following:

* The head torque requirement would increase by 200 percent.

® The power requirement (= 150 hp) would be the same.

® A 20,000-lb, increase in the thrust requirement.
Ordinarily, the increase in thrust requirement would dictate an increase in machine weight or the
use of auxiliary thrust rigs. Because of the nature of test data, however, a weight increase would not
be necessary, assuming the basic machine weight was on the order of 100,000 pounds.

In light of the differences indicated and the operational experience with the HH456 18-

RPM configuration tested in the mine, it is feasible to make the substitution without sacrificing pro-

duction. The substitution could be in the form of new machines specifically designed for low-speed
operations or in the form of reworked conventional machines.
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Figure 45. Average Vertical Boom Force vs. Depth of Cut (both RPMs)
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APPENDIX A. TEST SUMMARY SHEETS
Explanation of Computer Sheet Headings

At the top of each summary page, the test number, cutting cycle, and test conditions are listed. The nota-
tion for the column headings is as follows:

CHAN __  Chanel number; 1 through 14 refer to parameters actually measured and recorded; 15
through 27 refer to computed parameters.

LABEL _ Parametef name {ref. Table 8)

RMS ___ Theroot mean squared value as calculated over the duration of the cycle

AVG . The average value as calculated over the duration of the cycle

MAX _ The maximum value during the cycle

TMAX ___  The time (in seconds) at which the maximum occurred

MIN __ The minimum value during the cycle

TMIN _. The time {in seconds) at which the minimum occurred
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TEST NO,  } SUMP  LYCLE
IN MINE TESTING OF WM %§b, BLUE §TAR NO,3

HEAD SPEED: 5] RpV BIT SPACINGE 2 INCHES
LOCATIONT 1~ B8R DEPTH DF CUTS 1,0 FMN/REV
CHAN LABEL RMS (3] MAX TMAX MIN TMIN
) TORQUE LHS Y4p, 9 392,7 10BS,.? 3,85 37,2 9470
¢ TORGUE RM§ 44,8 348,1 1084 0 beib «20,7 . Vbl
3 SHAFT RPM 1554,% 15b2,b 1654, 7 15,08 1469,3 3,8%
* X«_OAD LH§ 17742, ®10843,8 33b15,9 §,17 «38061,3 .38
S XelLQAD RH§ 16S10,8 wiv2e,l “1888 ) [ 7% § 1 w3W]02,8B 1
b FeCYLD OWN INb1,} ?7i0,2 15680k ,3 b,40 53,1 2.87
7 F=CYLD UP 225h9,b 22000,% . 33717,9 J43 13285,% Bo4)
8 SUMP RATE 2.l leb 5,4 e 3k -l he55
% SHEAR RATE ey . . %o B, i 3,09
10 SuMP 5Tk 24,8 23,2 s, ? 14,83 v, 200
1l VERY §TK 37,9 38,0 39,2 1,91 37,0 .18
12 BOOM GeY 1.2 ., 0 3,5 S.8b =3,% 2445
13 ROOM Gel . =40 o0 §,6b *0 2445
N TR Jer 1 L L] L g
16 X=LDAD Avg 18l112,9 =] 34,0 P2972U,b 5,17 =30082,1 35
16 FaCYLD 1735¢,3 142902 33%08,0 o2 vbl13,6 b, 40
1?7 YORGQUE AVG 439,90 3904 1038,8 9911 »E,5 4,70
le DELTA 2.5 1,9 byt 36 .l By 58
18 Fagyvp 18008,5 11091,5 53067, C9e17  w1BNSS,) ' 35
2Q YeL0AD 1763),7 14%33,d 35804, . e,MD »5524,2 e
21 F=SHEAR 193%),3 10278, 4% 15437,9 1%,b% ¥892,3 3,51
22 ALPHA 24, P4 24 ,b 1,91 24,2 6,18
23 M POWER 19y, 176,08 44,3 8,3k -4,p 4,70
. ey s a2 bty o mee TP
25 HEAD RPM %9, b 49,7 SR,7 15,08 4,8 .88
2b BETA 10,9 10,9 11,3 §,18 10,8 . 1,9}
27 RATIO 1,3 1,0 3,2 1 "0 b85S
TEST 1o, i SHEAR CYCLE
IN MINE TESTING OF MM 4Sb, BLUE STAR NU,3
HEAD SPEED; S1 RPM BIY SPACINGt 2 INCHES
LOCATIONY 1w ag DEPTH OF CUTI 1,0 IN/REV
CHAN LABEL RMS AVG MAX TMAY MIN TMIN
1 YORQUE LHS§ 391,% ELLIN ) 10587 23,9%7 »2%,b 10,71
2 TORQUE RHS 379,% 46,3 891 ,8 20,85 «PB, 4 7.56
3 SHAFT RPM 1567,1 1567,0 i6?73,5 1l,bl 1511,0 2L,95
% XwLOAD LH$ 15484 ,2 5803,% 37293,% 2bgbs  =w3IHp8B5 .3 11467
S5 XeLDAD RHS 29045 1,} 21715,8 SSH%E,5 26,50  w1921]1,.1 10.88
b FeCYLD OWH 299943,0 24bUR, 8 5608D0,5 27,90 ige, ¢ 11,8y
? FeCYLD UYP 16632, 184118,2 $3620,7 80 938,2 29,39
8 SUMP RATE N W0 o? 33,74 "1 19,45
9 SHEAR RATE 1.2 140 kP It ,05 =l 10,48
L0 sy«p §TX 34,0 34,0 35,0 11,8% 32,5 33,58
Ll VERT 57K 95,7 85,8 V6,7 35,03 38,0 201
12 BOOM GeY 1,1 -, 0 3,s 12,17 =3,2 1l.5%
13 A00M Gel o0 0 W0 12,17 .0 11,54
ol it ru oyt ol @ A K A iy ey
15 XeL0oAD AVG 21063,0 137597 ML 28,19 =2031b,4 11y
lb FeCYLD 17544 ,8 =]10480,6 18838,7 11,84 =38339,7 28,19
1? YoPnueE Avg 371 .0 ELR N 03,0 23,97 “3 10,2}
1B DELTA 1,5 1,2 4l 34,05 -1 10,48
19 Fegyup 186l ¢4 8955 ,0 486976 29,20 430N b 34,78
20 YelQAD EAL R 2BIAQ,S 4358g,3 14,60 9279,0 11,84
2l FeSHEAR 231%,9 22381,5% 34585,2 28,14 10523, 11,29
22 ALPHA 27,13 27,3 3g, ¢ 35,03 24,4 W0}
23 4 POHER 170,1 159,6 353,6 23,9 “.l 10,24
FI=T 35 R ek K Ml Sgprcamarr b pey 3 2 E13 e Ty
25 HMEAD RPM ¥q,19 49,9 83,3 11,1 48,1 21495
2b BETA 5.3 2,8 In, 8 .01 b2 35,03
2% RaTIO .7 Wb el 34, N6 -1 10,48
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TEST NO, 2 SUMP  CYCLE
IN MINE TESTING OF HH w&k, BLUE 8T2R N0,3
HEAD SFPEERy 51 RPM 81T SPACINGY ¢ INCHES
LOCATIONS 3w §) DEPTH OF CUTE 1,0 IN/REV
CHAN LABEL RMS AVG MAX TMAX MIN TMIN
1 TORQUE LHS§ 46,8 29,7 1s1@2,0 .00 wl?%,2 »01
2 TOROUE RH§ Y54, 30,6 774,8 13,03 =17,9 . «80
3 SHAFT RPM 185+ 8 1556, % 1603 .9 <08 1528,7 j2.72
¥ xeL 04D LKW 16826,5 =148%3,0 9296,5 jU,.99 *342483,5 20
S XeLOAD RHS 12b5%,0 «7329,8 17175,6 11,57  =38484%,0 .02
b FeCY(LD DWN 4473,.% $P913,8 $e035,3 12,39 40207,3 2%
? FalYLD LP “3682,% $3509,% 5a¥57,3 o1l 36%30,2 12,3%
8 3UMP RATE 140 1,0 1,b 4,77 5 Se4b
9 SKE4R RATE o 20 3 I3 ¥ =1 11,93
10 SUMP 5TK 13,7 12,6 21,2 13,08 2,4 + 00
11 VERY §71X “§,3 48,3 45,9 40 L1 9,50
12 BOOM GeY B .0 2,8 .74 wZeb 9,08
13 BOOM Gel o0 -, 0 0 9,7¢ -0 LNY
b rras ré +ré Iy v gl
15 XelLOAD AVe 14n69,13 «1109] . % b181,? 2,90 »35914,3 + 01
16 FelYLD 24,8 *3839,% 13144,y W21 *15573,9 12,19
1? TQROUE AVS 47,7 430,38 .0 +00 =5b,8 «01
18 DELTAE 1,2 1,2 1.9 ¥,77 ob Y
19 Fea3iMpP 2%e27,3 -28710,9 =6$30,0 11,55 *51472,4 01
20 Y=, 0AD 22690, 6 220R8,5 311289,.9 12,89 7783,8 «l10
21 FeSHEAR 232b1,7 2319%,4 2828b,6 9,30 18208,8 [P L
22 ALPWA 25,k 26,6 £5,7 + 40 25,8 9,50
23 M POWER 203,8% 185,8 36,4 0 w2b, b £ 01
o TR e ARt T s sk kA S nad
25 HEAD RPM +a.5 49,% 1,0 J08 48,5 12,72
2b BETA 7,5 7,5 7,8 9,50 .2 Y
27 RaATIO N rh 1,0 4,77 i B, ¥k
TEST ~p, Hy SHEAR CYCLE
IN MINE TESTING OF MW w5k, BLUE STAR NO,3
HEAD SPEEDD S RPM B}T SPACINGY 2 INCHES
LOCATION: 3w A DEPTH OF QUYY 1,0 INJREY
CHAN LABEL RMS AVE MAX TMAX MIN TMIN
1 VYORQUE LK§ 19,4 379,0 ¥0,? 11,84 20,4 19,09
2 TORQUE RHS “ig,v 80,8 a40,1 5,32 2,4 18,94
3 SHAFY RPM 1580,3 1560,2 ib03,9 1B,8% 150%,% 32,51
VU X=( 04D LHS 13374,8 L3 LTI INALT, R 33,%% =-330%43,9 21,44
S Xx[0OAD RHS 13484 .4 1998, 4 ERAL EIR] b,B5  w3¥5aQ,] 22,41
b FelYLD DWN 112084 2B1bE,¢ 5088¢2,3 +53 165,23 19,84
? FeCYLD UP FOBI2,0 17978 4% $3085,3 L8k »15%,p 35,04
8 SUMP RATE .2 0 241 5,20 .1 14,36
9 SHEAR RATE 143 led #45 10,80 m i 38,00
10 SumMP §tK 7.1 3,9 2g,2 241b o 4,89
11 VERY 8TK 57,3 beel 87,9 EL L1 0%
12 BOOM GeY N v, 0 3,3 23,23 w3, 2 8,92
13 ROOM Gel .0 -, 0 o0 23,23 -, 0 5,82
& ¥ ™ L3 L4 v v
15 Xe0AD AVEG l11002,& -?982,9 28495, 3 31,87 w29169,7 22,437
lb Fel¥LD 19425,9 «10j%0,0 LALL I 28,47 ©33933,.6 31,87
17 TORGUE AVE 4311,3 379,49 #21.1 32,47 »8,3 1h,587
18 DELTA 1.0 1,4 3,0 16,80 -1 +59
19 Fe3ump 2b218,2 LALLM 13711,2 33,16 =57555,3 10,09
20 Yel DAD 24950g,b 2ap2?,? 409263 ¥ .bb 19189,0 1487
2] FeSHEAR 2d129,0 21%07 .3 33420,1 ¥,0% 10015, 28,5k
2¢ ALPHA 9,0 28,9 32,2 3%, 7R 25,5 i
23 ™ POWER 1872,0 173, 38,9 32,47 LM ] 1h,57
-V X4 513un'ﬂ K‘:\J'L tj:\hn‘J-L ::"lu quunu'n =1YL.3
25 HEAD RPM «9,? Y96 Sl,U 18,85 47,4 32,51
26 BETA hel w),8 2,8 04 =11,7 34,78
27 RATID .8 ' ? 1,5 10,80 =0 259
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TEST NO, 3 SUMP  CYCLE
IN MINE TESTING OF kH g, BLUE STAR NO,3

MEAD SPEEDI 51 RPM 81T SPACINGy 2 INCHES
LOCATIONG S= 93 DEPTH OF CUTE ),0 IN/JREV
CHAN LABEL RMS VG MAX TMAX MIN TMIN
1 TORQUE LHS v28,1 3927, 8B1,0 13,58 ~i0,Y 1,4k
2 TORRUE RKS 16,8 39,7 829,77 18,88 alll, b 1,03
3 SHAFY pPeM 1892, 1897,? Ib33,9 W18 1543,5 2.3
4 Xe0AD [ HE BR3S,8 .)709,3 1747k, 4 10,11 -27B4R],0 59
S X=0AD AHS 142b6,1 =490, b e9363,3 12,38 =40189,2 W17
b Fe=CYLD DuWN Y5B30,2 Ypa4I b §3253,8 bei¥ N1076,% 19,00
? FelYLD UP ¥3R43,b YN, S5847,0 20 35980,7 it,ll
8 SUMP RaTg ) 2 1.7 Ee63 o0 10,82
9 SHEAR RATE o1 vl ? 15,05 =l 17,03
10 SyMP 8TK 13,8 17,9 27,3 18,8% G.8 2ib
11 VERT 51K ¥5,1 45,2 5,06 1,96 vy, 2 11,11
12 B00OM GeY 1.0 -0 3,7 72 m3,8 78
13 BOOM Gel .0 v, 0 D 72 ] b
et TUWLN S ad Tk :.' LA iy ngﬁ
15 XwlL 04D AvG 9695,3 *4099,9 12748,1 13,21 »3176]1,7 0,00
le FelYLD 537G,% w32Ng,2 12956,b 23 »lbb?7b,3 12,36
17 TORQUE AVG Ylib,Y 393,6 809,? 13,55 Cr- ] 1,03
18 DELTA 1,0 . 2,1 2463 o0 10,82
18 Fesymp 162b3,2 =13%61,3 ¥5bb,? 15,51 v44235,8 0,00
20 Ye{ DAD 24]1%p,2 23713,4 338%8,1 11,10 B8?205,5 2%
21 FeSHEAR closg,l 21070,13 2683 ,1 12,36 1736%,1 8B
22 ALPHA . 2%, 28,7 25,b 1,90 2R, % Cilelt
23 M POWER 193,2 182,% 32,0 13,58 w,q 1,03
L{fr :Pn@-‘-L !\nuﬂ,u liﬁlLu'l ;:':n ll;ﬂ{"l":l |a.rr ]
25 HEAD RPM . [1: A 50,8 ) 52,0 018 $9,1 12,37
26 BETA 2,7 7.7 8,0 11,11 T 1496
2? RATIO 3 35 ) 1,0 Cob3 o o0 . 10.82__

TEST Np, 3 SHEAR CYCLE
IN MINE TESTING OF HH 4%b, BLUE BTAR ND,3

HEAD $PEED: 5] RPM BIY SPACINGS 2 INCHES

LOCATIONG 5= 93 DEPTH OF CUT1 1,0 IN/REV
GHAN LABEL RMS AVE Ma&X TMAX MIN TMIN
1 TORGQUE LM 73,0 447,9 1048,9 1b .69 5,8 15,93
¢ YORQUE RHS 451,0 Y408 876,2 23,03 w5, 0 15,87
3 SHAFT RPM 1878,4 1678,% 1s22,6 15,87 1532,2 23,11
¥ XelLOAD LHS 1733g,%2 12%59,3 4w14%03,9 T.¢B »245%2,5 15,24
5 YelOAD RHS 2158),2 1535b,% sglg,2 S,2% =35737%,¢ 15.%b
b FeCYLD Dan $17349,6 3951b,5 53%39,9 .09 1083,0 18,70
? Fegyih yp 21179,4 lpees,s 4leeo,e M:H =GB, % 29,22
8 SuMe RATE el W 1.8 12,75 =l 9,02
9 SHEAR RATE 145 1,3 2,9 13,43 =5l 29,94
10 SUMP 81K 15,2 10,9 e7,7? 7?25 48 12,48
Ll VERT S5TK ",1 bB8,7? 88,0 28,98 44,3 » 70
12 BOOM GwY 1,0 W0 4,7 3,80 3,8 0,07
13 B00OM Ga2 Nl -0 0 3,80 .0 30,07
:;11 i ::TJ::‘. ;_.; ":‘, L'ﬂ :|'1| n.fz 3\'_Ab
1S XelDAD AYG LR34 % 13997,9 309i5,0 5,285 *23938 .0 15,90
1b FelYLD FAFEL M »21233,% 19660, 3 15,71 =42p07,3 25,41
t? YORQUE AVG $h2, % L1 ) 83,0 Jlybb o] ,2 15,50
18 DE[TA 1,8 1.6 3, 13,43 . o9
I% Fegump 15?3k, =1D234,7 3}13%3,0 10,18  =39687,8 18,01
20 YeLO0AD 341Y],.5 33E71,b 43810,0 %,04 14910,1 15,71
21 FeSHEAR 2e%82,1 25994 ,% ELE 11 4,38 8599,7 15,71
22 ALPHA 29,8 29,3 3a,? 28,45 25,4 + 70
23 M POWER 213,5 2ne, 5 359.: ll,b8 LI 15,50
- = AR SEanE Alam LR ERE Y THy T Ty L
25 HEAD RPM 80,2 50,2 51,6 15,87 R, B 23,11
2b BETA B,q «3,0 2,8 70 =11,? £8,9%
27 RATIO . 8 1,7 13,43 -0 e
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TEST

NG, %

IN MINE TESTING OF HH wsbs BLUE STAR NO,3

HEAD SPEED1

LOCATICON) 2= 90

S1 RPM

SUMP  CYCLE

BIT SPALING: 2 INCHES

DEPTH OF CUTt 1,0 IN/JREY

CHAN LABEL RMS AVG MAX TMAX MIN TMIN
1 TOROUE LMS 192,2 108,58 S%1,? 10,79 0]l0,¢ 8,88
2 TORQUE RHS 191,4 104,58 57b,1l 12,19 .lY, b sbd
3 SHAFT RPM 1608, 7 1b1%,3 Ib}5,2 5,88 1577,2 9,76
4 XelLOAD LM ¥358,1 ¥101,% 12734 ,0 B,b0 #8406 ,5 8,50
S X=L0AD RHS $2703,1 »42872,9 =30%12,3 9,18 =5D277,% .15
b FelYLD DWN 380}1,$ Jb10,b 9226,9 8,53 439,8 +5b
? FeCYLD UP 3223?,2 32401,3 339949,1 ?.70 27810,b 8,53
8 SUMP RATE 1.1 1,0 Le? 8,81 +1 9, b4
9 SHEAR RATE W1 +0 2 b,5% . . =-,1 11,73

10 SUMP §TK 11,8 10,8 . 18,9 13,11. » » 00
11 VERT stK $7,b 47,4 2.4 11,3 7,0 11,81
12 BOOM Gey o w,0 1.5 i1,00 =1,5 3,65
13 BOOM GaZ .0 ., 0 ] 15,00 -0 3,68
TR Hped Stry It S +eaT5 Sy
15 X=L0AD AVG 427b3,1 =%2892,9 -30%12,3 9,18, =50277,% 15
lb F=LYLD ZBn98,b 28790,7 3303%,3 .54 18BbY, b . 8,83
17 TORQUE AVG 123,8 06,5 ¥89,2 8,52 . »5,1% 3,73
18 DELTA 1,3 142 2.0 8,81 ol - 9.b%
19 FegUMpP 37364, % =37329,% =126?7,2 9,18 «3%973,8. . £,72
20 Y=LOAD 1474, 8 =478,3 5095,0 . 8,51 ... =4040,3 _ 453
2] FeSHEAR 10951,¢2 10968,3 1SB%9,4 8,53 1920,2 8,95
22 ALPHA eh,1 2b,2 26,0 11,31 . 25,%.. ... 11,81
23 M POWER 38,0 49,9 228,3 . Be52 . . o wB,5 .. ... 3,73
TS S X 2oda o T Ll 1 bl Bl [W.E W - -1 elhde
-~ —=r-r 4 A3 &K * Ll L2 hdl r= Ty
25 HEAD RPM 51.1 E1,Y4 S5l.% 5,88 0,2 3,786
2b BETA B,k bk Ge? . 11,81 e BT 11,31,
2? RATID b B Lo .. 848l ... _ Y T Y L
TEST NO, ¥ SKEAR CYCLE
IN MINE TESTING OF HH 4Sb, BLUE STAR NO,3
HEAD SPEED: S1 RPM BIT SPACING; 2 INCHES
LOCATION: 2« Q0 DEPTH OF CUTT 1,0 IN/REV

CHAN LABEL RMS AVG MAX TMAX MIN TMIN
1 TORQUE LHS 145, % 107,7 SB3,b 28,68 elbyl 31437
2 TORQUE RHS 1%2,.3 106,.8 517,12 14,30 =16,0 1eb0
3 SHAFYT RPM 1897,2 1577, 1695,8 38,96 1877,2 Ily%2
§ XaLDAD LHS 11788, % ©?75492,8 8587, 4 .28 wiSHEG b 1,00
S X=LOAD RHS IBYLI, R -37%}0,? =106b67,3 40,56 wE514B8,b 14,48
b F=CYLD DWN 4289,3 091,49 15705,5 Y6,89 128%,0 2,32
T FaC¥YLD UP 2790h,7? 27048,8 348493 5,50 3%31,.b %0,91
8 SUMP RATE .2 + 0 144 32 =5l 3b,88
9 SHEAR RATE .q 2 1,7 7.9% "l i,5b

10 SUMP §TK 7.4 L 21,3 2,71 =1 ?.82
1] VERT STK 69,0 87,9 87,1 40,99 7,0 2,3%
l2 800M Gev 4 .0 1,7 30,14 vl % ba58
13 BOOM Gel W0 0 o0 30,14 -, 0 be&8
mjbipnfin '—:"4:: un'3 3:.1 §'1 - & W Iy ] w194 2 o8 g
15 XeLDAD AVG 3e4b9, 2 =3%410,7 »]10b67,3 40,56 =5S198,6 14,98
lb FelYLD 19582 ,3 1797b,8 294%30,2 o5l w}}550,4% 40,91
17 TORQUE AVG 127,k 106,8 14,7 20,48 »8,8 +3b
18 DELTA 1,1 1,0 1,8 7,94 -l L145Sb
19 F=SUMP $400b,3 -$2939,.4 -9142,9 9,?% »7b34,3 14,94
€0 Y~-L0AD 18237.3 Iby122,7? 35727,8 40,91 =2352,9 L.08
2] FeSHEAR 84lb,3 B834%,3 15536,0 8,21 -1301,6 35,67
22 ALPHA 29,2 29,2 2,1 %0,9% 25,9 2,34
23 M PONER 59,7 50,0 238,13 20,48 w1 + 3k
25 HEAD RPM 80,8 50,8 54,0 38,9 50,2 11,42
2b BET2 b,2 247 b,? 2,34 =11,3 0,99
27 RATIN .5 5 1,0 7,94 "l LeSh
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TEST

NO, 3

IN MINE TESYING OF HH %8b, BLUE STAR ND,3

HEAD SPEED) 5] RPM

LOCATION; Sw-l2%

BIT SPACINGT @ INCHES
DEPTH OF GUT) 1,0 IN/REV

SUMP  CYCLE

GHAN LABEL RMS AVG MAX TMAX MIN TMIN
} TORQUE LHs 391,38 373,3 671,7 12,69 1.9 %1
* TORQUE RHS Y23,.49 360,3 1100,2 1,59 8,7 3,22
3 SHAFT /PM 1586,9 1592,8 1722,0 58 15%1,1 LI T ]
4 XeLDAD LHS 12366,5 36%8b,8 g¥elq,q 11,78 *374%03,% 203
5 XelDAD RHS 13851.3 «?90,8 174254 18,60 45854 ,.8 0,00
& FuCYLD DWN Y2u80,7 $E959,0 ¥T137,% %.,13 18940,% 15,07
7 F=CYLD UP 43393,9 $32b2,1 55782,5 200 18k00,2 18,07
8 SUMP RATE oB W7 2.3 2 ol 2,10
9 SHEAR RATE ol 20 l’ 15,02 LIY} 3.50

10 SUMP §TK 39,3 39,2 45,7 14,80 30,0 W03
11 VERT 87Tk 35,5 15,k 3b,% L] FA M 13,48
12 BOOM GeY | Wl 1,8 73 wl,® R4
13 BOOM GeZ .0 o0 o0 73 0 4,13
LB nnufn _’l.l_.n :%.: llﬂ'i :;'(i l;'= ';_;__‘
15 X=_ 0AD AVG 12080,% %33,0 14168,9 18,02 w4044, 0 00
1b FeCYLD 7i8k,% 402,45 25095,0 .00 «7%85,) 13.0%
17 TORQUE aVG 195,} 3bh,8 808,49 14,47 2,0 3B
19 DELTA 1,0 1«9 2,7 2 . Byl
19 Fe=SUMP 12952,C 18§0,.9 25442,9 15,02  «~4D%33,% +05
20 Y=l 0AD 29593, 23258,9 31281,9 1%,81 «4909 4 «00
21 FeSHEAR 17314,3 17358,9 20187,1 13,0% 13887,2 16,07
22 ALPHA 24,0 24,1 2%,1 b8 23,8 13445
23 M POWER 182, 169,86 370,1 14,47 . +3b
H—fF- +ETd Hrirpo—33384 Ay poisadiitier s
5 HEAD RPM 50,5 §0,7 54,8 .58 %80 9,42
b BETA 12,1 12,1 12,4 13,48 11,5 b8
27 RATIO W5 4 1,3 1) 0 2,10
TESY NO, 5 SHEAR CYCLE
IN MINE TESTING OF HH 4%b, BLUE $TAR NO,3
HEAD SPEED: 51 RPM BIT SPACING: 2 INCHES
LOGATIONG Sellq DEPTH OF CUTS 1.0 IN/REV

CHAN LABEL RM§ AVG MAX TMAX MIN TMIN
1 TORGUE LHS$ 14,5 390,9 15,2 49,04 §5,8 380
? TORBUE RHS 39,4 39,8 1136,4% 42.% «ll,0 8259
3 SHAFT RPM 1878,2 1878,0 1741,.% 13,27 14T7h .8 19,80
§ XeLDAD LHS 37350,7 34307,3 788bb,q 31,07 3100,1 1130
S Ae_DAD RHS 29854 ,3 2h982,4 b0979,8 38,080 w3?09,.§ A%l
b F=CYLD DAN 20aSh,? 2716%,0 $3007,6 R4 .99 RI2¥S ] . a7
? FaCYLD UP 8932,2 Bu3ne, 8 IULEL N | 01 35e.,0 33.15
8 SUMP RATE sl 20 +8 10,47 LY ] 45,97
9 SHEAR RATE AL 8 1Y% I8, 3) L't} 4,45
10 SUMP §TK 44,5 $4,5 T 11.82 1.6 99210
1l VERT 81X b2, bl,l 86,7 51,89 ¥l.9 21,28
12 BOOM GeY ] ol Lt 33,51 el ¥ 249,99
13 BOOM Gel .0 o0 N 33,51 -0 29,99
;-— a At d a1 L 3 LAl Ad wwgw T el Bided Ll 3l bl
15 X=LDAD AVG 32835,0 Idper, . 57058,5 3z,02 b2b0, % 2 7h
1y FetyYLD gosla,]l =}BR%32.? 7832,3 79 =384991,% b4, %2
17 TORBUE AVG 11,8 384,13 868,4 49,18 3b,¥ 3,80
1B DELTA 1,0 o 1,9 78,31 -, 4,48
19 FegUMP 3236},1 2B199,% 5?7930,0 42,84 «?736%,8 Sb,E)
20 Y=L DAD 33922,.5§ 33537,¢6 $?7126,8 21,2k 19860, % $o,97
2l FeSHEAR 28¢3b6,7 24893, b 14bS2,9 b%,93 N0, 2 21,28
22 ALPHA 28,2 28,1 g0 81,29 21,4 21,28
23 M POWER 1882 117,3 397,85 34,98 17.2 3,80
2 —ppp k=T Tyt e .ot T T a3
25 HEAD RPM 50,2 50,7% 5S¢ .8 13,27 LY ] 19,60
26 BETA S,8 %4 18,8 2i,.e5 =jled 51,29
27 RATIO . 1 5 % 8.3 w0 Ih 45
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TESY NO, b SUMP  CYCLE
I MINE TESTING OF HH %&b, BLUE STAR NO,3
HEAD SPEED: 8 RPM BIT SPACINGY 2 INCHES
LOCATION: le 89 DEPTH OF CUTH [,0 IN/ZHEV
CHAN LABEL RMS AVE MAX TMAX MIN TMIN
1 TOROUF LHS 175,b 14,9 ble,b 11,580 LY 9,80
2 TORBUE RHS 313,b 29%,5 871,0 1,41 b, 4 28R
3 SHAFT RPM slh,l S0h,2 SUb,0 1b,05% 50b,0 16,05
¥ Xe«LOAD LHS 92,6 137,b 111s,2 9,81 =8p0,9 11,12
S X=LDAD RHS 17552,9 15929,2 34040,9 7,21 =10%88,3 6,08
b FeCYLD DuN 20pen,e 2054%1,0 27119,% 16,08 114978,3 W03
? FelYLD UP 9, 39,5 9463,5 1855%3,13 .03 3851,1 14,08
8 SUMP RATE .9 o ? 2.k .37 -l %,91
9 SHEAR RATE W1 o0 o8 2,75 o, 1 beS3
10 SUMP STK 9,9 8,9 15,7 lb,00 P | W02
11l VERT 37K S%,3 54,3 55,3 L 03 83,7 15,583
12 BOOM GeY 3,3 ] =1,9 .03 4,3 16,05
13 BOOM GeZ .0 e, 0 7.0 1b,0% -, 0 $ 03
L]
15 X=L0AD AVG 17852,9 1592%,2 346%L,9 7.21 =1U488,3 b,0§
1b F=CYLD 116EB, 2 =11077,5 B2bl,7? 03 =22980,% 16,08
17 TORGUE AVG 31b,3 30%,7? 5B3,b 10,5% 39,8 o2b ..
18 DELTA 3,4 2,7 1,5 .37 -, 2 $,91
1% FeSuMp 19305,0 1277%6,3 47804 ,% 7,38 -42b42,7 belD
€0 YelLOAD jox7e,.l Job95,¢ 36589,5 14,73 132h1,b 0, 40
2l F=3HEAR 2iess,2 21842,3 £8129,8 16,05 CL1¥8%6,1 203
22 ALPHA 27,1 27,1 27,2 ,03 27,0 18,53
23 ¥ POWER 136,0 131,0 251,0 10,59 17.1 CeBb__.
i e At o Sinp e P EB St
25 HEAD RPM ib, i 164l 1b,1 16,05 ib,1 1b,06.
2 BETA 3,58 3,5 3,7 15,53 0 .03
27 RATIO 1,? et $.8 37 o, o %491
TEST NO, [ SHEAR CYCLE
IN MINE TESTING OF W 45k, BLUE STAR NO,3
HEAD SPEED3 18 RP! AIT SPACING: 2 INCHES
LOCATION: le 89 DEPTH OF CUTH 1,0 IN/REV
CHAN LABEL RMS AVG MAX TMAX MIN THIN
1 TURQUE LHKS 183,49 172,9 531, 19,1% 7,0 1i.26
2 TORGUE RHS 192,8 1b4,1 941,5 18,10 wlg,3 33,03
3 SHAFT RPM 506, 0 S0b,0 S0k, 0 1,03 506,00 41,03
4% X=LDAD LHS 290,9 127,8 1355,1 1,51 =980,9 30,9%
5 Xe| DAD RHS Lln4e,? w3 29b93,2 19,130 *31EB48,0 34,12
b FeCYLD DWN 16437,5 14b83, 0 5%b05,0 16,37 kla3,e 32,33
? FulYLD UP 110é9,4% 93724 ,9 32340 ,8 15,82 *308,% 22,77
B SUMP RATE N L] ol 28,84 e, 1 9,04
9 SHEAR RATE W7 .5 2,1 16,00 LIS} #432
10 SUMP STK 4,7 2,0 18,8 .03 -, 4 1be21
11 VERT STk bl,® b1.5 77.2 1,00 53,7 53
12 BODM GaY 2ok 2,3 “l .y 32,33 -§,7 lbe37
13 BODM Ga2 0 e, L0 22,77 L% 18,92
J‘J'L{ ;\A‘nr‘if‘\ uu.‘-_‘\ l\'_\ 127'2 ‘:u-lJ lln'u A -1 2 0
15 x=L04D AVG 110447 =244, 3 A LRI 19,30 *31E48,0 Ju.ie
1k F=CYLD ay?5,¢ =4 70B, 1 L08?2,3 3b,37° =312%%,1 1b,3?
17 TORGQUE AVG 1582,%8 168,45 b2 1,8 18,10 10,5 8,78
16 DELTA 2.5 1,9 7.8 lb,NO -4 Y432
19 Fe3uvp 19204 R =12211,4 as2a0,7 25,9k «58489,2 L0
20 Y=L0AD ECELL 2445%,b $1031,7 b7 17047,1 1l,bh
21 F=sSHEAR 202 3,9 19g17,0 33380,1 J40 2909 b 37,76
22 ALPHA 28,2 26,2 0,6 wp on 27U +53
23 M POVEFP 78 ,b ?2.5 gbR ¢ 18,10 4,5 q,74
B bl - dydplp el i Seyelie
25 HEAD RPM 1h, !} Ibyt 16,1 41,02 lb,1 41,03
2b BETa 3,2 P 3,7 «53 b, 8 41,00
22 RATID 1,0 1.0 LIl i1k, 00 -, 2 4,32
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TESY NO, ? JUMP  CYCLE
IN MINE TESTING OF WM 4546, BLUE STAR NO,3
HEAD SPEED: 1R RPM HIT SPACING; 2 INCHES
LOCATION: le R§ DEPTYH DF LUTE |,0 IN/REY
CHAN LABEL RHS AVG Max TMAX M1k THMIN
1 TORGQUE LHS 29,9 277,% bl2,3 13,80 «3,5 1,42
2 TOROUE RHS 2Bb, 2 e, b9% B 18,15 =10,8 7,78
3 SHAFT RPM 98,2 98,5 97,0 g2, %0 597,9 23,04
4 X=LOAD LHS EXA IR 57,7 10%1,% 19,83 =}230,8 21462
S XelDAD PHS 1887),0 Pibd,b 32924, 4 13,48 «5098% b 1,10
b Fe(YLD DriN eBv 71,9 2b7RE,S 4a533,7 2,46 =39} ,5 b
7 FeCYiD WP e5831,3 E53b4,7 51726,8 2,89 17875,2 218
&8 SUMP RATE 9 ? 3,b 57 ol 75?7
9 SHEAR RATE o 2} I 4 2,94 -l 7¢b0
10 sumpP g1k 12,3 112 19,9 22,53 ., 0 02
1]l VERT §TK h,? 4by? $7,.b 5,98 [N 2.3%
12 BOGM GaY 4,5 =43 ol B2 =7,9 2,35
13 BOOM Ge2 .0 =0 -0 21,81 -0 2,88
e Felrrit Bl Db e T3 T ama
15 X={ 04D AYG 18871,0 2369,b I292U 4 13,48 w504964 b 1,10
16 F=CYLD 123972,2 w]1%23,8 34428 4 .72 «14035,% 14,95
17 TORQUE AVG 88,1 2bR, b24 2 15,09 wS,] 1,23
18 DELTA 2.9 2.1 11,3 57 .3 7.57
19 Fesuup 20112,1 2317,1 525%1,.8 18,4% «4BR0L8,2 1,09
20 YeLO0AD 26470,7 evipl,3 3pl0e,3 18,21 497, % 71
2] F=SHEAR 1B5%R, 3 18223,4 26030,8 15,07 $222,5 2e3%
22 ALPHA 25,8 25,9 2b,0 5,48 25.% 2,39
23 M POWER 196, % 13b,Y 37,2 15,09 w2,b 1,23
St ELL Llﬂh:l.‘! ::?’_\ t:n“:_'a :...r i "n n_'_::
25 MEAD RPM 19,p 19,0 19,1 22,90 19,0 23,04
éb BETA 0,3 b 7.7 2,38 b,5 ... 5498
2? RATIOD Lo 1,0 5,b . ¢57 LIS 7.57
TEST HO, H SHEAR CYCLE
IN MINE TESTING DOF H¥ 4Sb, BLUE STAR ND,3
HEAD SPEEDS 1R RPM BIT SPACING} 2 INCHES
LOCAT]OM) le RYQ DEPTH OF CUTt 1,0 IN/JREV
CHAN LAREL RMS AVG MAX TMAX MIN TMIN
1 TORGUE LHS awp,y 2492,9 510,3 ,0B 13,4 11,B8
2 TORAUE RHS 239,13 219,0 70,8 14,17 b, 7 32,158
3 SHAEFT ppM 517,49 £97,9 599,p 34,23 597 .4 57,08
§ XeLDAD LHS 2b7,3 LY. P 1lbl,e S% .2l =991 .3 52419
S X=| 04D RHS 14797, 17532,5 Ib8S2 b 41,30 -110bB,0 2% ,3%
b FeCYLD DwhM 2bsln,b 25322,1 ¥1519,3 S4.41 520b,2 1.53
7 FeCYLD UP 55k, h 4555,4 223BE,? 18 =515,% 58,37
B SUMP RATE Wil ., 0 . W01 -1 7,20
9 SHEAR RATE o7 y & 1,9 32,78 "1 2Y,61
10 sume 5Tk 3,0 -l 20,0 025 wlo b 5beft}
11 VERT STK bg .5 B%,3 Bb,9 52,03 b, 2 70
12 BOO™ Gay 4,2 Wiyt -1,0 1,83 wb, b 54,4]
13 BOOM G=Z Nl il WU 55,37 L .18
i 5 S5 :"'1 Lﬂ.! nA—nyl HH’B A.ﬂ_ll_"_)u :u 2': 4 l'?_ﬂ
15 X=(08D AVEG 14277, 1253¢,5% ILREZ b $1,3n »11l068,0 24 3%
le F=CYLD 219¢b,3 =2076b,7 =2526,6 o1? -38805,5 52,32
1?7 TORQUE AVEL 23b,3 25,9 5p2,9 14,17 12,2 1} .88
18 DELTA 2,2 1.9 5,9 3e,78 “,3 2é,kl
19 Faguvp 1a23e,2 =1193,¢ 35692,5% LUS =51309,9 49,74
20 Y=L DAD 33651 ,0 3351%,b v3041,¢2 g, 74 28174,0 P4 .38
Pl FeSHEAR bR, N 26n83,7 32908,1 12,45 1581k, 8 1,43
22 ALPHL 23,7 FEIN 32,0 57,03 25,8 e?b
23 M POWER 120, 1 1164,8 26,0 14,17 b2 11,RR
R < -\rluru g u_lf')nu'( oyt 2 N e e
A% HELD ppv 18,0 18,4 19,3 3% 23 19,0 57,09
2b RFYA 5,7 1.0 7.1 L7k -1l,2 57,03
27 R&TIQ 1,1 1,0 PG EE ) 1 24 ,b1
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TEST NO, 8 SUMP  CYCLE
IN MINE TESTING OF HH 4§k, BLUE §TAR NU,3
HEAD SPEED: 18 RP™ B1T SPACING; 2 INCHES
LOCATION: 1. 89 DEPTH OF CUTE 1,D IK/REV
CHAH LABEL RMS AVG MAX TMAX MIN TMIN
1 TORAUE LHS 285,8 2940 583,3 b4l S,1 .05
2 TORQUE RHS e?5,.8 287,08 PEB.5 18,80 wl0yb 81
I SHAFT RPM 560, b 550,9 5b1,.3 27,10 Sb0,2 27,13
Y XeLOAD LHS 2t0,b »Jb,8 luss,5 IS "A8p, % ?3.0%
5 X=LOAD RHS 17178,% 13199,3 IBHBLY, | 15,57 =3535B,% 207
b FeCYLD DN Y449 ,2 $4344,0 578,13 %5 37893,0 25,bk
? FelYLD UP 26b38,7 25842,5 Slb7%,3 S0 18534,2 20,5k
8 SUMP RATE W? +b 2,4 W1k -0 B,92
9 SHEAR RATE oM .1 2,? v,87 -1 18,94
10 SUMP STK 10,? B,? 14,8 27,08 w3, 5§ 0.00
11 VERT STX 52,8 52,9 53,8 15,72 SOk 3,97
12 BOOM GeY 7.1 el b, 25,bb -%,1 45
13 BOOM GaZ .0 -0 =, B 20,bb =D .00
+—t—priwEn ndira 1 a2  miaa ey )
15 X=LDAD AVG 17178,% 13159,3 38%59,1 15,57 *35358 % 407
lb F=CYLD 1957%6,9 ~1B50145 |%31.8 N0 «28058,2 4,89
17 TORBUE AVG 277,% 2b5,5 580,9 18,80 77 .02
18 DELTA 2,3 1.9 B0 olb LY 8,92
19 FesUMP 17613,9 «5342,7 376129 22,b? shbab4,” 1,58
20 YeLDAD JHYER .5 4R, b +2288,9 5,31 LEBYY Y 0,00
2] F=SHEAR 2%803,9 257b7,8 apise,e2 7,45 181h5,5 « 00
22 ALPHA 26,9 b9 27,0 15,72 26,5 3,97
23 M POWER 132.3 12645 27b,b 18,80 3,2 02
S0 = Ldindd sl = I Mialb d 3 5 T e 1 3 T - 1 =L
NEELZA BT A ) o L2 =T Ty e n g
25 HEAD RPM 12,3 17.8 17,9 22,10 17,8 27.13
2t BETA 4,1 4,1 5,1 3.97 3,7. 15,78
27 RATIO Lol o9 4,0 o 1B -1 8,92
TEST NO, 8 SHEAR CYCLE
IN MINE TESTING OF HH 456, BLUE STAR NO,2
HEAD SPEED¢ 18 RPM BIT SPACINGS 2 INCHES
LOCATIONS 1= 8% DEPTH OF CUTH 1,0 IN/REV
CHAN LABEL RMS AVE MAX TMAK MIN THIN
1 TORDUE LHS 215,8 201,89 503,3 10,88 -3,0 43,08
2 TORQUE RHS 214%,8 182,0 A, 2 5,93 -14%,7 37.8%
3 SHAFT RPM 5b0,8% (3518 1 5bl,3 43,07 5h0,2 43,07
4 X=LOAD LHS 2b1,8 »3742 JULE N 41,85 sllbb,% 18,79
% X=|DAD RHS 19335,7 14760,0 46625,6 42,2b =l5722,% 24,19
b FeCYLD DuN 27126 ,4 237278,0 554%38,2 1,27 5D78,4 25,43
? FeCYLD UP £732,8 4418, 8 23371,% L3 =473,8 23,31
8 SUMP RATE N ] «5 24,5 e, 1 27,13
9 SHEAR RATE L? b 2,2 1,02 -1 1
10 SUMP §TK 16,8 13,7 18,3 15,1b “S.h 43,04
11 VERT 38tk 79,4 70,8 83,3 42,hE 52,7 0 31
128 RODM Gay $,3 =3,8 ~,8 25,43 8,9 1.27
13 BOOM Gm? .0 -0 .0 23,31 -,0 W91
Tt En Foemy et by R R o oyt
15 X=LOAD AVG 19335,7 14700,0 Ybb2h,b 42,20 «}5722 % 24,149
lb FeC¥LD 23n%8 b -193,0,2 47 R 21,56 -9622,3 V2,28
17 TORQUE AVG gha,b 136.9 54%8,5 5,93 3,4 42,82
1B DELTA 2,3 2.0 ) 1,08 -, 3 NS
1% Fesuup 1376%,0 -5155,3 $0h1Y,9 15,33 =57819,9 3435
20 Y-LDAD 32918, 3 323904 4731%,8 1,71 2155b,2 29,54
21 FeSHEAR ebhibke, 2 3 XA YOLYL,? “r,eb Ibl%0,1 2%,19
22 ALpH2 29,b 29,9 1.5 42,beR 2b,8B 31
23 M POKER a9, 3 43,8 2bl,e 5,92 *l,.b 42,82
e Lr:— a‘uu'll :V:l’-; '.\uu:'l:'u ':I: ‘\‘h 1Luﬂ5_'Q J_&'JLu
25 HEAD Rpu 17,8 17,8 13,9 43,03 17,8 “3,07
2b RETA 6,5 o ¥,2 31 =q,b Y2,bR
2?7 RATID 1,2 1.0 347 1,02 v, d -1
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TEST

8O, 9

IN MINE TESTING OFf HH 48k, BLUE STAR h0,3

SUMP  CYCLE

HEAD SPEEDL 18 RPM BIT SPACING} 2 INCHES
LOCATION; S= 83 DEPTH OF CUTT 1,0 IN/REV
CHAN LABE( RWS AVG Max THAX MIN TMIN
1 TORGUE LHS 2% B 19%,1 638,5 4,00 ., 4 1,3%
g TORQUE RHS ensy . s 17?.0 Bl2,% 1,87 ~ll,b - 4,98
3 SHAFT RPM §57,1 558, 7 555,95 2g,07 5%5,5 22,03
¢ XeLO4&D LHS 2bb ) .5 l27e,§ i, 8k ~1352,3 3,5%0
S XelDAD RHS 1eann,l =4128,2 $737b1,7 3,97 “SHhBPI, ¢ +?0
b FeCYLD DwWN 402%6,9 ¥0353,3 b05LR,? 4,02 27853,}) Y4
? F=CYLD UP 3er1y,? 32613, Y 7385,3 11 gbl08,2 $,02 .
8 SUMP RATE b o 3.9 1%,.99 -1 13,49
9 SHEAR RATE 3 o2 1,? 4,39 ., ] 2.03
10 SUMP STK b,S byl q,8 20,99 .5 0k
1} VERT §TK 31,6 31,7 32,85 81 30,8 3,51
12 BOOM GeY b,5 bt 4.5 12 g7 4,02
13 BOOM Gel 0 =, 0 -, 0 4,02 ., D W13
; “ RPN lh ‘: .t JJ’I'H 'sn ,_:An.n :"nv_::
15 X« 04D AyG 1b200,1 »4128,2 $7761,7 3,97 «56873,4 20
lb F=C¥LD liwde, b «2240,7 18215,5 Wl LI 4,02
17 TORGUE AVG 05,0 JRS, b L1 “,00 1.3 27
18 DELTA 2.1 1e2 13,1 15,94 .3 13,49
19 FeStMp 29051,7 =2060%,7 58389,7 3,97 =99312,9 70
20 YelOAD 269072 24p38,% 58333,2 %02 .9]3%,] ,09
2] FeSHEAR gbllG,b 25932,8 Y1blb,9 .57 12186,7 3,97
22 ALPHA 23,3 23,¢ 23,4 .8l 23,1 3,51 .
23 M POWER % ,8 B7,b 324,86 4,00 Y 7 .
- 3T - 4 b, ‘f’r,“ }J§3|L A.L:hLi'l'ﬂ 3."" ‘:ul‘":l‘:.—; -.:‘
25 HEAD RPM 17,7 17,8 17,7 22,07 17,7 22,07
2b AETA 13,8 13,9 14,3 3,51 13,3 81 ..
27 RATIQ .1 Wb b,b 15,99 . Pl L 13,489
TEST NOD, ] SHEAR LYCLE
IMN MINE TESTING OF HH 45hL, BLUE STAR NO,3
HEAD SPEEDE If RPH BIT SPACING; 2 INCHES
LOCATIONG S5« 83 PEPTH OF CUTE 1,0 IN/REV
CHAN LABEL RMS AVH MAX THAX MIN TMIN
I TORGUE LHS 2Nh, 1 182,1 S449,.9 11,38 1,5 48,0bb
@ TORRUE RHS§ 19%,2 174,8 1403,7 lb,08 «2b,b ibefi?
3 SHAFT RPM 55%5,5 555,5 BSh, b 18,89 5565,5 83,14
¥ XL OAD LHS FLEM FA] le?2,8 2469 ~le3e2, 8 Wb
5 Xw_0AD RHS 19087, 12383,2 37l9s,2 ¥7,b1 »19316,% 30,19
& FeCYLD DN J4RIb, b 32ban,q 53584%,3 37 bR53,% Zbels
? FeLYLD UP 499 ,9 735b,13 $2018,9 .69 ®533,2 1b32
B SUMP RATE o1 -, D ,B 40,17 -1 3,19
9 SHEAR RATE 1,0 W8 Y4 2?3 ", 1 16:36
10 SUMP JTK 3,8 23 9,8 le3b s48 b be33
11 VERT STK h?,2 6543 85,3 52,71 32,0 0E
12 BOOM GeY 5,6 =5,2 el,u 2b,3F® wd,5 37
13 ROO™ Gwi .0 -0 ,0 1k, 38 =0 eba
:_u :: nr"-‘rn ALln r\.! J)': ﬂn.\‘;L :I.L.ﬂ'( u-’n_'_n:;
1S Xe| DAD AVS 19097,1 12383, 3714%,2 47,6l *1931b,9 30,19
Ib FelYLD 29n1t3,1 =25334,b =823,9 Pb,le 4 8857,5 53,09
1?7 TORGUE ave 196, % 187%,4 8bb,b 1b,08 10,3 SN.R0
18 DELTA 3.4 2,% 10,9 .73 .4 lby36
19 FaguMp 2UpST Y =20778,7 30736 ,4 B¢l =?55486,h 23,4P
20 Y 0AD ELLEF IYERI, N 45478 0 15,44 20171,5 ,bQ
2} F=SHFAR 28709 ,7 PBRSC,) 38723,3 2,70 169841 If, 19
22 ALPHA 28,9 8,7 31,8 52,71 23,3 02
23 M POUER e, Bh, b 4092 1h UR Y, S, &0
- BT R < ¥ el o 3 iy Il L o W TRRLL N T Y AT W W h | e oy
v ol - v T L E i L
25 HEAD RPM 13,7 1247 17,7 14,89 17,7 530w
2b BETA 7.7 ~lab 13,6 0 =10,5% 88,7}
27 RatID 1,? 1.4 5,5 73 -2 1h,3b
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TEST NO, 10

IN MINE TESTING OF HH wsb,

HEAD SPEED: lp FPM

LOCATIONS S5e12%

BLUE STAR

ND, 3

SUMP  CYCLE

BIT SPACING; 2 INCHES

DFPTH OF CUTI 1,0 INJREV

CHAN LABEL RMS AVG MAX THAX MIN TMIN
1 TORAUE LHS 2r?,5 234, 8%1,0 27,12 -9,z 19,27
2 TURQUE RHS b2, 13,2 46,5 1,71 =lb,l 14,14
3 SHAFT RPM 22,5 523,0 65,8 24,06 16,8 23,25
Y X=LOAD LHS 2¢3%%,7 «22100,8B *BL29,3 2b 43 =3%0]11,6 23,47
5 X={DAD RH3 27D3R,9 =20%E2,9 26339,3 27,8%  «52n02b,} 5,92
b FaCYLD DWN 180%3,3 16555,1 31153,8 27,93 2073,1 -1
? FeCYLD UP ge247,1 25870,1 33492,3 1) 1302%,% 27,94
8 SumP RATE 7 ok é,2 1 LY 18,03
9 SHE&R RATE ol .0 9 17,27 v, 1 14,bb
10 SUMP STX 12,8 11,2 22,0 28,01 m,l 0,00

1} VERT §TK 33,7 33,8 3,4 19,39 32,1, 27,17
12 BOOM GeY .2 o0 28 2% ,22 o, ? 23,63
13 BOOM Gel R .0 o0 24,22 w,0 23,53
L& ﬂnhls’\ s's u'; L.n ‘L‘.AA ‘::I: ;‘:';"_A:
15 XeLOAD AYG 27038,9  «2p¥BE,S 26339,3 27,8% «5202b, 1. £,92
ib FerYLD 19993, Q35,1 31158,7 « 25  ~17%%,.b 27,94
L7 TORGUE AVG 1589, % 133,k 472?2,7 27,18 7,3 bl
18 DELTA 2,7 2al §9,b 23,25§ L. 18,03
19 Feguup 32017,3 =25083,2 32820,8 24,95 =63657,b B,4%9
20 Yol DAD le3)2,2 qBhbl1,1l 43217,6 27,84 -1.058,% 5,92
2] FeSHEAR 20425,0 20223,5 31480,7 17,00 RN W 24
22 ALPHA 23,? 23,7 23,8 19,3% 23,3 27,77
23 M POWER 0.t 59,2 213,1 27,12 -3, ol
ik Et'r .v:n:.'n ;n::':'n Lnﬂﬂl_'& ;u-l:x. nl.!ﬂn-l SM(L_R_
25 HEAD RpM 1b,b 1b,b 18,0 24,06 3 . 23,25
éb BETA 12,8 12,8 13,5 27,77 k2gt 19,39
27 RATIO 1,3 141 29,8 23,28 "l 18,03
TEST NO, 10 SHEAR CYCLE
IN MINE TESTING OF HH %5b, BLUE STAR ND,3
HEAD SPEEDT 1@ RPW BIT SPACING: 2 INCHES .
LOCATION} Swl2A DEPTH OF CUT! ],U IN/ZREV

CHAN LABEL RpMS AVG MAX TMAX MIN TMIN
1 TORGUE LHS 277,1 252,b ?50,% .2n 10,7 64,34
2 TORGUE RHS Sp 4 32,8 3el,3 1,59 ~lbgl 12,58
3 SHAFT RPM 522,0 521,8 S$64%,3 13,81 b, 4 vo,02
% XelOAD LHS 26429,3  e24%p7,9 3560,9 ba3b  w4bBDA W 37,46
S X=L0AD RHS$ 16190,3 #2294 ,4 480b3,b 26,7%  «35830,9 #9,17
b FeCYLD DwN Az, b q212,b 3119%,1 L13 271b,b 39,60
? FeCYLD uP 13037,% 10378,3 270%2,8 ¥6,91 w3be,q 26,80
B SUMP RATE W1 .0 5 Nl 1 24,44
9 SHEAR RATE .8 .7 2,2 10,67 =47 7.78

10 SUMP §TK 21,7 21,7 23,5 5,20 19,6 b %8
11 VERY §TK 55,4 53,9 77,8 b, D2 9,8 25,31
12 BOOM GeY W2 W0 1,4 38,80 »l,5% 38,81
13 BOOM Ga? .0 N B 38,80 .0 38,81
%JLTI YW .-.: "'1 :'u ALn'j:) J:'; |.|‘3L
15 X=LUAD AVG 15190,3 =228, 4 480bI, b 26,79  =35420,5 9,17
1b FeCYLD 98583, % 1166,7 2266, 2 4,80 253301 10,16
1?7 TORGUE AVEG 1589, 14e,? 393,1 Jol b b33
18 DELTA e2,b 245 “a?g,5 vn,08 =l11%,1 0,02
19 FasiiMp 178485, w2055,3 bHULE,E Ph, 78 =524 14,8 he3?
20 YalOAD 24876 ,4 2%p31,9 $4@12,.8 10,14 1L1807,.7 39,60
21 FeSHEAP 173%6,0 16705,58 3174%,0 9,87 bhB1, % 52,01
€2 ALPHA 7,0 27,0 10,7 b2,08 19,2 26,31
23 4 POWER 88,9 23,3 173,8 oo 2,8 56,33
-3 :_rr r_n'!"j L‘r;‘n" :A:na'u :!'E'A nﬂ‘\invl T_"\_ﬂ
25 HEAD RPM ib,b 1h,b 18,0 13,81 -, 2 40,02
26 BETA &, 9 E 24,1 26,31 =71 h2402
27 RATIN 11,3 1,3 24R9, ¢ 40,02 «557,0 401,02

82



TEST NO, 1 SuMP CYCLE
IN MINE TFSTING OF HB a8k, BLUE STAR £0,3
HI AN SPEEN: |n kPP BIT SPACTIG: » IRLMES
LeFATE0S g S=1pa CEPTH OB Lty 2,0 TaskEy
CHAY LAREL I8 A #AL Teax vl YW1
i TNRGLE LKMS bl,? By 8 RN Hoh? wll ¢ Y
& Topis By BT 1911, ) LY | 3%, 50 -t 1,53
J SHAFT o UK L8 WHA L 49y 7 34, PP Thb,d FhaB?
4 A= BAY LhE PRI LD =2hh4, 19nig 0 14, b¢ =43l .o ge B0
S X={ 0AN HilS }232a 4 =-l4%28R,9 300,13 I+ ,2n LELTL: I 15,31
b FelYLD Dot 3,9 359k, 8 3?452,5 33,15 “-17m,1 HINY
7 Fe=CYLD UP IELTRISY 18980,2 3IDB3L,2 1,57 =939, 3 39,03
B SUMP RaTE R ) 1,2 16,80 -2 15,00
9 SHEAR RATE .5 el J,u EEE N -, d Pled2
13 SuP 5Tr Phgk eb 3 33,5 33,RA 17.% KT
Il VERY STK EE IR, 8 e, ? U3 13.¢2 A0.83
12 ROt Ge¥ .l el ol I, 10 .1 Ip,11
13 BonM G2 L0 N o0 EAT ¥ o EL TR B
TS - < Vo YT <8 2 .-'» - _.3_'_5 - _“_... ol
I8 X« DAL LVYG 2aoNg ] «205kY, L 14855, 3 4,30 w1677, 3 1.5b
Ib Falyin 17493,5% 16RLI, 3 29184 bk 1,97 -1h172,1 37,88
17 TQRQUE AVG lgu, b Vik,? 37,8 3%, 6h 2a.b leb4
18 DELYA 1,5 1,2 4.8 1h BN -t 15.00
18 F=5114p I1b506,?  =181313,5 9351, & 34,90 m3bfAblh,¢ 1.56
20 YelNAD 1%04,5 R4y, 3 352t 34,37 -3439,3 145b
21 F=SHEAK %79 ,1 19515,3 gavity 1 32, 86A 1fe04 0 28,73
22 R PHh 24,5 24.b s, 2 «03 3.9 In,n3
23 M POUER 57,9 47,? 14,0 34,5k 1.1 1.6%
e — a e sgauca o IR ik PR
T - g T ¥ Lo R T
RS HEAD RpM 1%.3 15,4 15, I, 72 1.4 36,07
e BFTA Y.k 10,5 13,0 3,R3 8,7 .13
2? RATID L .3 1.2 Ih BN -, 2 15,00
TEST NO, 11 SHEAR CYCLE
IN MIME TESYING OF WH 48k, BLUT 3T2R KG,3
HEAD JPERN; §R RPU RIT SPACINGE 4 INCHES
LOCETIONY Swipn DEFTH OF CUTs 2,0 IN/REY
CHAN LANE "3 AVE MAX Twax KIN T¥IN
I TORGH LMS Br, 3 41,7 32,3 15,80 =15,0 24,h%
2 TNEMIT PHS 191,% L7, F 5470 ,5 16,51 w5, 0 41,b8
3 SHAFT 2P BEY L W5 LA Y85 ,% 33,79 Yhh 8 45465
Woxe[ OADN Ly ehuf N 188 0] Y #IuB3,1 cleinl *h?595,4d 28,2%
5 A={ 0D RS £51%7,1 -1HO9?, ) 35A54, ¢ 15,48 ~5%H%%,5 25,14
b FelYiD Pan [T ERY, T 15h7e,2 20,77 LT 17,24
¥ FefYld UF 18085, 58 170598,1 3gdeN,C 2H, P4 w2, 16,57
£ SUP RATE el -l ol $9,b0 -, & 10,%2
? SHEAFP RATE B y b €,7 20,70 -2 Al, 8
10 SU=F §1# E R 31,4 33,4 .25 10,2 [
1} VERT 5Tk 52,1 Shy o 4L, E 48,05 31,5 oin
I2 ROGYM (e | o o) Y9, (15 el $9,0h
13 ARonv Gef W0 " ol v3,08 o 41,060
It i e gt byt i P
15 Xepnldn AVG 2abTp " wl2?1p,? PR ALY 15,48 =49199, 2 Ita32
1o Fervyn T3In20,7 1 L7, ERRAL SN CF 0% =lgl¥?,¥ lE.B%
17 TORDOF &vG, 17,5 1118, 3 dbe, ¢ 187,74 .1,5 4248k
13 DELTA i, S LU,h A, 2 -7 2L 78
18 Fe3n ‘v PAGH b LR RE DI 145080k 4 15,08 s4hh?), 3 ERE
20 Ye| 114D 1AR%E N 17h33,% Fi4bh, 3 1H,RY P LY 24,.0%
F1 Fe=SmEldn XL I 135%h,1 RTINS VR, 2% IHRA b YR b
Pe ALPHS LRI S diry 3 43,08 ¢t .h 1
23 ! Pnatsa 4tk 48 1 17,1 15,09 1.5 ¢, 8h
o STHNS 2 4 depulocnice - ety smvlvinrss bt - Fy TT g Tt
29 WELD WP 15,3 15,7 19,5 I, 19,9 LI L
Fh RPT2 o, LIS 1t Bl “5,7 4,08
¢? ReYT . ) St Fiig 20 -, Tle?H
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TEST no, 1@ SUMP  CYCLE
IN MINE TESTING OF HH 4Y8hy BLUE STAR NO,3
HEAD SPEED: 1B RPH BIT SPALINGS % INCHES
LOCATION: S-129 DEPTH OF CUTH 2,0 IN/REV
CHAN LABEL RMS AVG MAX TMAX MIN TMIN
1 TORUUE LHS b4, 4 13,6 ELEM 5,69 w28, E,bh3
2 TORGUE RHS “L7,h ©3g5,% 837,1 5,58 i, p +?7
3 SHAFT RPH “97,6 500.3 510,11 5,60 “79,¢2 %,95
$ X=| (4D LKHS Bnin,d 1b75,1 1430k, 3 5,28 -15168,9 W11
5 X« 04D RMS R2S1EY 0 4323,8 1325U89,5% 13 =58417,5 L4
b F=CYLD OWN vggRy, 3 $B590,4 L 574881 io,01 32331,9 el3
? FeCYLD UP 38562,? isipa. o 48266 ,5 W15 EELYERS: ] 1],%80
8 SUMP RATE o? % st 1,68 LIy ! 8,80
9 SHEAR PATE ol .ol +5 q,.82 ., “ob7
10 SuUMP 8STK B,b 7,9 12,9 le,10 9 . DB
ll VERT STK 3B,3. 38,5 39,3 L0k 37,2 12,12
12 BODM GaY .3 w1 1,b 1,25 w],q 10,00
13 HOOM GeZ .0 -0 L.U 10,25 ., 0 10,00
Ptiacte g el -ty s gl iyt gt
15 Xxel0AD AVG 2812Y%,0 $323,8 132509,8 W13 “5B%17,5 L)
lb FelYLD 195432 »13487,5 15727,8 .15 =30%058,7 10,00
1?7 TORRUE AVG 220,1 184%,8 583,7 5,58 =9,7 1,9%
18 DELTA 2,8 2.b . 549 1,07 w4 B, 78__
13 F=3lUMP 16?8, =13368,9 . 290%29,% el2 “qliv], 2 IS5 .
&0 YeLOAD 347292,8 Al3gh,2 BS020,.b o1l LI TY S9N 21
21 FeSHEAR e58Ng,1 25730,0 Je742,b 8,75 o4 143y, 7 S Y
22 ALPHA 24,5 24,7 . 2%,k 0k 24,2 . 12,12
23 M POWER 9,5 . 8149 _e%8,8 . 5,58 L& 'S SSURN 7S | S
Bl I S b3Sy s Sty yord
25 HEAD RPM 15,8 15,9 lb,2 5,60 1%,3 ¥,85
2b BETA in,8 10,9 11,2 12,12, . . 10,2 o allb__
27 RATIO s ok ba¥. 1,67 ) o By?ALL
TEST we, 12 SHEAR CYCLE
IN MINE TESTING OF HMH 4§5b, BLUE STAR NOD,3
HEAD SPEED: 18 RPM BIT SPACING: 4 INCHES
LOCATIONS Sael2n DEPTH OF CUT! 2,0 IN/REV
CHAM LABEL RMS AVG MAX TMAX MIN TMIN
1 TORQUE LHS 75,3 2, 538,0 bo,2? 28,7 51,04
2 TOROUE RHS 12?8 314,2 719,19 b0, 44 7.8 B8, 3%
3 SHAFT RPM w94 B g, ? 12,4 bR, kS 45,6 12,96
% XelDAD LHS ?403,0 $543,7 FE LR bl,07? »15533,4 75,49
5 X=LOAD RHS gelbi,? 14821,3 21803,3 bl,bid =40425,9. 75.12
b FeCYLD DWN 144692 13258,0 £3979,% ,00 2834, 0 Flebl
7 FeCYLD UP 4532,2 1912,9 30755,9 .15 «327],% 67,306
8 SUMP RATE Y- -, 0 1,7 bB,09 "3 13,58
9 SHEAR RATE .b oY 3,3 B8, 40 -, 2 $1,09
10 Su4P STK 12,4 12,9 14,2 13,59 11,8 13,58
11 VERT §TK Sb,b 55,9 80,y Sk,50 18,3 Sh,49
12 BOOM GeY WY U 3,1 B8, 40 3,0 34,59
13 BOOM =7 0 -, 0 . .9 bE NN -, 0 34,49
e o o) v v v y
15 Xe=| 04D AyG 22163,? 14821,3 71803,3 £l,b3 =4P4Es,q 75,12
ib FeCYLD 1%93)1,8 el 1345,1 12791,8 78,05 »3bhb2(,0 b0, b
17 TORGUE AVG 182, 6 173,2 505,1 be, B3 3,9 bH,35
18 DELTA 2,2 145 12,7 12,986 b 41,09
19 Fe5UYP 2an33,7? 4936449 9559] ,4 bl,b3 =33454,8 73,87
20 YeLDAD I, 0 3030147 45b2E,0 W02 158051 2,21
2L Fe3HEAR e2d3lb,b 2199%,9 LY <33 Bb(S,4 PhaY
22 ALPHA 27,3 27,3 i1,l Sb 45U 20,9 5b,49
23 M FOVER 76, R 72,8 FREM b2,83 1,7 bB,35
P-1'8 £lf _':1{_-\..1- ‘L—’_":" 5:,:‘\( "1 Llu.l\ n“-;.: -‘.-v.";’:
25 HE 4D RPM 15,7 1547 b3 6,65 1,9 le, b
2b RETH 4, 2.7 gl Sk, 49 8,3 Shy&0
27 RATID Y o4 3,7 12,89k e, 2 41,09
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TEST nO, 13 SUMP  CYC(LE

IN MINE TESTING OF HR¥Sh, BLUE $TaR NO,3

HEAD SPEEDS IR RPM HIT SPACING; & INCHES
LOCATIONE Se129 DEPYH OF CUTE 2,0 INJREV

CHAY L AREL RMS AVG Max TMAX MIN TMIN
1 TORAUE LHS 54,8 17,1 o7 14,80 =31,3 1%,18
2 TORGUF RHS LT, 0 46,3 727,49 %, 28 -5 ,9 Y
3 SHAFT1 RPM 496,? vag, ¢ 504 4 1%,11 480,8 18,08
% XelLUAD LHS $5l5,7 1hwD,? 109¢8,5% 4,19 -14171,1 Y
& Xe_UBAD RHS$ lb3U9, g 3bp5,3 31005, L =47p48],] .33
b FeCYiD DwN 44451 ,5 $45b . §79%y,9 94131 IEESL, | 73
? Fa(YLD UP 369410 355N, 0 - S2PU7,9 105 27476,3 le,78
8 SUvP RATYE W7 +5 2,5 6,53 .k 17,9
9 SHEAR RATE Wk - 0 .5 b,l2 - 1bg22
10 SU¥P sTK a4 8,3 14,3 17,37 ok 00
1l VERPT 5Tk 4n,o 40,1 V1,2 .08 38,8 1be21
12 RDOM GeY .3 vl 1.4 3,b5 1,9 G487
13 BOOM GeZ ,0 “,0 0 3,68 -, 0 5,87
* t Laal -n o oy Xy LAK el Cav T 17 e v
15 XeL0AD Ayg 18309, I645,3 3lu0%,1 9,b%  #47p49,1 033
lo FeCYLD 18251,b =12%p6,3 12731,8 »%3  ~22%29,% 9,85
17 TORQUE AVG 200,2 188,7 454, 9 1%,20 8,0 Db
18 DELTA EN 2,0 9,7 6,53 =5 17,9
19 F=3UMP 23a75,5 «138849,0 29768 ,9 13,03 «?b%517,9 b9
20 Yel_OAD 31815,8 3068h,2 43232,% 9, b4 1899) .7 33
21 FeSHEAR es3ke,2 25373,4 307%2,9 4,49 19616,8 13,03
22 ALPHA 24,8 24,8 24 ¢ L0b 24,5 1k, 21
€3 POWER B4 2 79,4 1BB,9 14,20 -3, 4 0k
i i g - r anara g w1 R TR bk RN e Y A r31:)
2% HEAD BPM 18,8 15,9 ib,2 14,11 15,3 18,08
26 BETA 10,0 10,0 U, 4 16,21 AN .06
27 RATID o? 'S .4 he53 ! 17,96
TEST NO, 13 SHEAR CYCLE

IN MINE TESTING NF HW¥ghL, BLUE STAF NO,3

HEAD SPEED: 1g RPM 817 SPACING; & INCHES
LOCATIONE Selpq DEPTH OF CUT: 2,0 IN/REY

CHAN LABEL PMS AVG MAY TMAX MIN TMIN
L TORQUE (Hg 53,7 33,3 39%,3 h,4S 19,9 2,30
2 TORQUE RH§ 3%1,0 377,77 RbY,9 . 48,119 48,9 1,73
©3 SHAFT RPM 495 2 495,14 810,k 10,6l 381,b 54,74
¥ X DAD LHS b3, R 3999,3 25511,0 3b,l2 w9888, 0 62,90
S XeLDAD RHS 2NRUE, B 12542, B?554% b %b6,8b “3i%%3,b 65, 0%
b FelYLD Diwd 18313,3 16227,8 53312,% 2,35 31N, 9 5,29
? FelYLD tIP 7751,5 3897,4 bli?0,3 14,34 =b3IE 0 14,32
B SUMP RATE ol -, 0 g,0 45,28 ", 9,07
8 SHEAR RATE b N 3,0 LY: P . e 37,80
1D SUmMF §TK 13,1 13,1 14,4 8,31 11,5 49,15
1] VERT STk b0,S 9,3 83,9 b4%,38 2.1 B9, 3b
12 BUQ™ Gey N3 w,l 4,7 51,2k 4,3 Sl.27
13 80D GeZ Nl -, 0 o0 51,2h ., 0 St,27?
b e e BE a2 anst T e Erary IOl 0 Ll AT LE-FX 3
15 XelLNlAD Avg SOR0NALY 125%2,¢ bI554 & 4 Bb  =3IFHI B aS, 0%
lb FaCyLDn 1868k, 2 =123RN, 4 52154 ,6 16,34 k3274 ,9 35,b5
§? TOROUF AVA 1R? b RN, 6 Ybb, 4 #9,19 24,0 1,73
IR DELTA 2,3 1,K 11,5 50,13 -7 37,80
19 Fagiitpe 214328 380,98 9890 ,3 14,39 =50N8b,5 2434
2n YelDaAD ERELT-I¢ 30814, b YbBAG, 2 39,k5 wll72,4 14,31
€1 FeSHE AR 22%n,1 20533,9 35516 ,8 39,65 »13547,3 1%, 3%
22 ALPHL 23,4 £7,R 31 ,b 8,38 17,7 b9, 3%
23 M PRUER MR, 9 35,7 149,97 49,19 10, 1,73
(5T - oo - L aoers LY g A a2 4 AT A 2P aily 13
25 HEAD RPM 15,3 18,8 lo,? 1,60 16,2 54,04
2b RETA 5,3 Ja? ez,9 €9, 3k LR ] b9, 38
27 RATID Wb ) €, 50,33 .2 37,80



TESY NO, 1% SUMP  CYCLE
IN MINE TESYING OF HH w86, BLUE STAR NO, 3
HEAD SPEED$ 18 RPM BIT SPACINGI Y INCHES
LOCATION:T Seli2q DEPTH OF LuTt 2,0 IN/REV
CHAN LABEL RMS AVG MAX TMAX MIN THIN
4 TORGUE LMHS 435,0 412,43 793,82 13,48 -13,2 29
2 TORGIE RH§ LR LI v12,0 94, 13,48 =12,9 29
3 SHAFT RPM slp,2 S1i,1 545,4 19,48 $69,1 en, 38
¥ X«L0OAD LHS 27199,0 +2b?53,7 ~=11920,2 14,41 *Y4081,6 18,82
§ Xe{LOAD RHS 19200,5 10eAy,8 41991 .7 15,13 «37733,.9% «0B
b FelYLD DwWN SO0eNY 9 S0MBY,3 58b34 .1 14,11 2b317,B 23,11
7 FelYLD UP 332874 32745 ,4 £0133,8 L 10462, 23,13
8 SUMP RATE «b b 1.8 g3 =i 7475
9 SHEAR RATE < .0 1,1 5,48 2. . S.2h
10 SUMP §TK 11,2 10,2 17,9 22,70 I S o0k .
11 VERT S§7TK az .8 32,9 34,3 .38 31,7 21,41
lg BOOM GeY 3 o0 2.0 18,46 -1,7. lb,82
13 BOOM Ge? .0 .0 .0 19,40 N ] 16,82
TR TTPURLR Sed LAy i TTaa? wldien kel
15 X=LOAD AVG 19200,5 106B3,8 419931 ,7 15,13 =37733,56 08
1t FeCYLD 202t0,5 =127217,9 17317.4 LA =32082,3 f4,11 .
17 TORQUE AVG 434 B 12,2 93,7 13,48 -13,1. 429
18 DELTA 2.4 2.1 b,b W45 LY 7475 .
18 Fagump 19685 ,9 «?037,2 Y3829,5 15,13  =p65%9.,p Se%l
20 Ye_O0AD 3779 b I6NLES,R . 5%037,0 15,13 $13,3 W08
€} FeSHEAR 2b402 .0 2b2BU,9 379%),5 5,41 18908,3 2,52
22 ALPHA 23,5 2346 23,7 + 38 .83, 21,41
23 M POWER 188,2 19R,4 337,4 14,48 . =5,b w29
L = g 4 o T T g bl B e R4 Y ) s gaT bl Sl = B - $CgLiT
25 HEAD RPM 16,2 1b,3 17,4 19,49 .. 20,38
24 BETA . 13,2 13,2 13,7 21,41 N
27 RATID ) 1.2 1.0 3,3 45 . 7475
TEST NO, 1% SHEAR CYCLE
IN MINE TESTING OF HH 4%k, BLUE STAR NO, 3
HEAD SPEEDs: 18 RPM BIT SPACINGY 4 INCHES
LOCATIONS Sel29 DEPTH OF Cult 2,0 IN/REV
CHAN LABEL RMS AVG MAX TMAX MIN. . TMIN
1 TODRGUE LHS 358,85 43,7 7?79,b ¥B 47 =%, P She74%
2 TORQUE RHS 3%8,3 ELE M 09,7 YE 47 wi,q Shy?%
3 SHAFT RPM 509,? 509,k k03,8 2h,2n 5,3 81,73
¥ XeLOAD LHS 32R98,7 «32411,7? ®1276b,9 %b,00 =53933,.% 16,80
S Xm[ 0AD RHS 3I0655,.7 23v10,8B 12%077,5 3z, 23 =231%8,0 b5 ,57
b FelYLD DWN 2Pvl3.e 234b5,8 +9290,% 23,83 56)2,3 59,44
7 FeCYLD UP b0%2,1 [TTL IS 19845,1 63,83 *520,% 83,40
8 SUMP RATE W1 i . ? 15,67 -1 Be4b
9 SHEAR RATE b o5 1,9 51,56 el 10414
10 SUMP 57K 18,1 18,1 19,5 3%,38 lbgd 8b,15
11 VERT §TK 57,9 55,9 82,3 86,43 1.2 8,09
12 BOOM Gy ] W0 2,3 24,51 *2,b 2v,51
13 ROOM Gw? .0 0 W0 24,51 -0 24,81
F7 LT TUGLH g ¥ L2 U LA 15 g7 el 1% F gty
15 XelLOAD Ayg 306%5,7? 23%10,8 127077,% 32,23 »23158,0 65,57
le FeCYLD 25579,% *19021,? 12917,2 b3,83  =49§33,7 23,83
1% TORGUE ayg &R, ¢ 343,5 7729,.7 VE,4? 4.0 S5be74
18 DELTA 3,2 1,8 lle,2 81,73 LR LIS ] 81,73
1% Fegsymp 2288g,5 14755 ,3 182262,0 32,23 =36599.8 88,57
20 YeLD4D 39922,8 I?HE5,8 74B4b, 2 32,23 17680,b b4 ,28
21 FegHEAR 24524 u 23722,8 janes,? 17,18 3869,0 $b,93
22 ALPHA 27,4 27,3 31,4 b, 43 17,5 8,08
23 M PONER 158,11 1%8,7 3,0 LY i, B 5h,74
ey BoLE, & FloBb, oYL Y e Ay rITUY
25 HEAD RP™M Ik,2 1b,? 19,2 2b,P0 .o ? B1,73
2b BETA 7. 247 28,4 8,09 9,1 Ab, 43
é7? RATID l.b o S5b,1 Bl,?73 =337, 81,73

86
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TEST NO, 15 SUMP CYCLE
IN MINE TESTING OF HR 48b,; ALUE STAR NO,3

HEAD SPEED: 18 RPM BIT SPACING: Y INCHES

LOCATIONS S5«l124 DEFTH OF CuT: 2,0 IN/JRELV
CHAN LABEL rME MG MAX TMAX MIN TMIN

1 TORRUE L(HS 3094 243,7 15%0,1 S04 -h8,0 Nl

2 TURGUE RHS 39,2 2%3,5 153%,0 ML) «b8,3 - S04

3 SHAFT RPM 5O b S02,5 s49,2 23,72 =bl,? o 1?

$ X=LOAD LHS 2350p .8 -2l523,% 108504 4 o 0% =34 183,7 23,15

S X=[AD RHS 2BpEL,S =1G]u5, % 12B758 .4 .03  «51870,.% belIS

b FelYLD DuN 33300 .4 3297b,2 77597,% 03 «lUb%8,? «03

? F=CYLD UP 14318,9 133b5,1 LY837,0 .03 wllibl,% 203

B SUMP RATE .8 o5 2,2 W73 »5,1 oD%

9 SHEAR RATE o 2,0 .9 17,11 5,27 W03
10 SuUmMP STK 13,2 11,0 22,5 e§,0% -56,8 203
11 VERY S§TK 34,0 1%,0 b2 0 «1? b 03
12 BOOM GeY 1,0 =,0 1.4 11,45 =)3,? W03 .
13 BOOM fe? .0 =, 0 W0 11,48 -, 0 03
™ T rONER T,y TS LRy U rrey? °rs
15 X«LOAD AVG 28081,5 =19145,4 126758 % «03  =S1E70,5 beDS
1t F=CYLD 225586,0 =19211,1 95869 203 euneBY 7 52
17 TORGUE AVG 3049.3 243,b 153%,5 0% wh, 2 204
19 DELTA bb,0 1,9 3%B%,3 03 n43b9,5 003
19 Fagymp 9p322,4 -69225,] £37863,7 .03 =1588%50,5 bs05 .
20 Y«LDAD 230h1,0 22784,9 4783,0 .03 1223, W03
€1 FeSHEAR Y442?,5 $1175,9 bb95,4 4,05 “4bPbl,0 L03
22 ALPHA 23,7 23,7 28,3 W17 17.% +03 .
23 M POWER 125,1 1014 3bl,8 26,70 =53,0 Py 3

- AL T TN e aNT Vg Y oG I g LRl ' - 122 LA LRI 1] Chyto
£5 HEAD RPM le,i 16,0 17,5 23, ¢ =2,0 217
¢b GETA 12,8 12,F% 28,7 .03 00, .. . Y &
27 RATID 33,0 1.0 17%4,6 .03 w24¥BY4 B .03 .
TEST NO, 15 SHEAR CYCLE
IN MINE TESTING DF HH 46b, BLUE STAR NO,3
HEAD SPEEDS 1R RPH BIT SPACINGY ¥ INCHES
LOCATION; Gel2w DEPTH OF CUTI 2,0 IN/REV
CHAN LABEL RMS AVG MAX TMAX MIN TMIN

1 TORGUE LHS 273,2 251 ,4% bbl,l 9,45 L] 54,2%

& TORGUE RHS 2ve.9 251,2 bbl,S 9,45 LR 54,249

3 SHAFT RPM sib,2 S0b,! 547,4 32,37 be7 38,54

4 XelOCAD LHS PbbkS,9 «25b54%,3 348,77 5,79 =4fl%h,1 3,22

& XA=0AD RHS 15213,9 wihl, L 483BL,3 25,70 =35088,7 47,51

B F=CYLD Dul 15381,0 11749,7 34398, 4 45,30 eb4] .9 ?1,0%

7 F=CYLD UP 8,03,8 7911,b 25500 ,4 M ,b4 B80S, % . 71,10

8 SumP RATE. ol -0 9 «0b i 23,41

9 SHEAR RATE .7 .6 2,8 9,499 5, ? 7,18
1D SUMP S§TK 21,4 21,9 23,b 7,83 18,2 87,70
11 VERT STK 53,8 57,9 Bl,b 30,84 16,8 24,26
12 BOOM fe¥ 3 o0 43 g7,.0b “2eh 13,09
13 BOOY G=2Z .0 o0 il 27,0k =0 13,08
T e L4 g 33 g BF P 3 9] ) SO
15 X=LOAD &vVg 18213,9 e§p0,1) ¥B3IRL,3 25,70 ~35088,7 47,51
lb FeCYLD 12826,0 ~3IRER, 1 23b1%,3 e =30729,3 45,29
1?7 TORGUE AVE 273,1 251,3 bbU, A 9,48 «9,2 54,29
18 DELTA 3,2 2,3 291,8 38,59 21,3 7.18
13 Fegiump LG ET-S «7670,8 119386,4 25,70 w=122213,8 506b
20 YeLO0AD PIR?I N 2HIAB b 4% 373,1 50,8k qa?,.5 70,24
2] FaSHEAR 185733 17941,3 3103),8 IF LN ~5322,4 9,48
28 ALPHA 23.7? 27,6 31,3 0,84 f0,b 24,20
73 M POWER 1194 108,1 2R] 1 q,45 .4, 0 54,29
P A B o 0 1) T T WY eSS, U el
25 HEAD RPHM 16,1 byt 19,0 32,37 o2 18,59
?b BETAL 7.0 1e% 2uU, 7 24,ch 8,8 70,84
27 RATID 1.k 1.1 1458 3R, 59 10,7 7,18



TEST NO, 1% SUMP  CYCLE
IN MINE TESTING OF MH 48k, BLUE 3TAR N0, 3
HEAD SPEEDS §1 RPM BIT SPACINGE % INCRES
LOCATION: wel3Dn BEPTH OF CUT1 2,u IN/REV
CHAN LABEL RpUS AVG Max TMAY MIN TMIN
I TORGQUE LHS 28,5 270,89 1047,8 7,43 wii,B 14%7
? TURQUE RH3 322,0 2h9,B A%e,2 .19 «l0,? 8,53
3 SHAFT RPH 159 ,3 js49,5 lb0e, 4 4,275 1677,3 ‘8,40
¥ A= 0AD LHS 10333,9 42k, 9 27174 ,¢ 3,70 »3965,1 10,78
5 XeLOAD RHS$ J0p89,8 «3009% b «5157,b 3,68 «458949,6 Yoeb?
b F=CYLD DWN 34731 ,4 34763,0 40832,8 10,45 30131 ,0 v,22
7 FeCYLD UP $13%5,0 $1%0n,1 LA L P Py 34 3bOin,s 10,45
8 SUMP RATE .? oh 2,0 .70 -0 2,93
9 SHEAR RATE .l 00 »3 1¢,00 -0 bybD
10 SuMP STK Se2 Yeb 8,8 11,0% el 0,U0
1] VERT 8TK 42,5 42,.b LT3 1,51 1,9 1,49
12 BOOM GwY¥ .9 .yl 3,7 3,32 N obl
13 BOOM Gel .0 -, 0 o0 3,32 -, 0 bl
YO TITNER Cv,3 CANE EARE Tp ¥J FEYY ] eC A
15 Xe{0AD AVG 30689,8  «30094,b =5157,b 3,b8 *45899,5 $,b2
lb FelYLD 728R,7 bb3?7.,2 13b7d,4 $.,22 »4535,9 L0448
17 TORGUE AVG a0g,e 270,33 AL 3,52 .3 24kl
18 DELTA N «? 2,4 .70 =0 2,93
19 FeSUMP 50N%5,2  #%8]174,.3 10473,9 3,88 »?b480,% 3,72
20 v=LOAD 111985 10778,.6 2ise2,.b 10,45 3157,1 Y22
¢l F=3HEAR 2298%e,u 22976 ,4 e9i5b,0 3,73 11121,.8 3,08
22 ALPHA 25,2 25,2 25,2 1,%1 25,0 EMLY)
23 M PNWER 1%0,1 126.,3 3714 3,52 2,0 goll.
- "
25 HEAD RPM 50,8 50,9 Slyl 4,75 50,2 §,40 .
2L BETA 8,8 8,8 3,0 3,49 8,.b . ba5l1.
27 RATIO .2 o2 b o 70 N L 2e93...
TEST NO, 1b SHEAR CYCLE
IN MINE TESTING OF HH 8b, BLUE STAR NOD,2
. HEAD SPEED: 51 RPM BIT SPACING: % INCHES
LOCATION; 4el3n DEPTH OF CUTS: 2,0 INJREV
CHAN LABEL RMS AYG MAX TMAX MIN TMIN
| TDRGUE LHS 45b,9 T ) 15%3,1 31,78 mlb, 4 28415
2 TORGUE RH3 12,6 3bl,? 1157,b 12,88 wl3,7? 3,92
3 SHAFT RPM 15880,8 1588,5% 1610,9 B, 35 1522,4 28,71
4 X=L0AD LRSS 12%6U,B 74al,e ELLFr i 19,77 ~444DY%, 2 32,77
5 X=LOAD RKS 211ii,8 *i148,8 R9699,2 25,98 »5%389,9 32,77
b FeCYLD DuN 15104, 1%108,9 38330, Jut =201,1 he??
? FelYLD UP 14108, 4 12760,2 #1914 1 L8 »403,58 2B, hE
8 SUMP RATE .1 ] o4 13,81 "1 38,72
9 SHEAR RATE 1.1 o8 3,2 24,17 =, 0 13,29
10 SUMP 3TK el 9,1 9,7 18,10 8.4 34,98
11 VER! 8TK bl,% 0,2 81,4 39,09 Y242 Y
12 BOOM GeY .4 “,l 3,7 35,13 3,8 140
13 BOOM Ge1Z .0 -, 0 N 33,13 LY 1,40
TV L PR Figl E Kk DLl gty LTyl AU gL WO T
15 X=_DAD AVG 21111.8 *4]1p8,% Bep99, 2 25,98 «5438%,9 12,77
ib FeCYLD 8a%y, 0 *134R,7 18%98b,2 b,?7? .29892,7 28,70
1? TORQUE &vG wi17,0 Je2.b 11Bb,1 27,77 49,2 3,63
18 DELTA 1,3 1,4 2,9 Rv,1? - 5,21
13 FeglMp 13191,1 ®INBL1,3 136567,9 25,98 «=1l1bREY K 28,92
20 YelOAD 24565, 0 2373%,7 37253,7 18,5k 915,28 5,495
21 FaSHEAR 19¢k0,3 184p%,2 33290,0 26,94 2982,5 34,80
22 ALPHA 2R .1 28,1 31,¢ 39,09 24,1 oy
23 M PUMER 187,% 1b7,7 5%1,9 27,77 4,3 3,83
“t.' + » L * 0 RS el . -8
25 HEAD RPM 50,3 S, 3 51.13 8,38 V8,b 2Ba71
2b RETA 6,4 J A §,% L u4 =847 39,09
27 RATIOD .3 | 1,0 24,17 = 0 8,21

88




TEST NO, 17 SUMP  CYCLE

IN MINE TESTING OF HH u4Sb, BLUE STAR NO,3

HEAD SPEEDT S1 RPH BIT SPACINGS W INCHES
LOCATIONG %w]iD DEPTH OF CuTs 2,0 INJREY
CHAN LABEL RMS AVG MAX THAX MIN TMIN
1 TORQUE LHS 3%53,0 2RY,3 1162,7 15,28 w17,2 bedb
2 TORBIE &H§ VA, ] ege,.n }15¢e,2 lb,28 =12,1 4,33
3 SHAFT RPM 1545,4 15949,3 109,22 W01 1662,2 19,03
¢ X=lL0AD LH§ 8be],% B335, 274b7?,% 17,93 .21272,7 18,04
5 Xe[0AD HH§ 32387,b =30659,8 15648 ,9 19,04 =5381h,5% 2480
b FeCYLD OWN 37948, 7 ERA LT P YHaSl7 .8 18,75 23ulie 8 18,94
7 FeLYLD UP [FIS LN ] +2840,2 50301,7 1,44 14354 .4 19,04
B SUMP RATE oh ob 1,0 17,63 ] 19,01
S SHEAR RATE Y o e,3 19,00 =l 14,3%
10 SUMP STK 9,3 R, 2 15,7 18,9% .3 .20
1l VERT S§TK 4a,) y2,2 44,0 19,02 41,3 15,13
12 RDOM GuY .9 oyl 3,6 12,40 3,6 12,40
13 BROOM Gal .0 -y B .0 12,40 =0 12440
 TH L W TS o] 2l PPUET] FTRE I Y P & . S .
L TR ¥ Ld * L] a1 L bl
15 XelOAD AVG 3236 7,b »30659,8 15648 ,9 19,0% »53816,5 2480
16 F=CYLD Tu4b,9 5334, 4 16570, % 19, b4 «}0765,9 . 19,0%
17 TORGUE AVE 32,3 283,2 52,4 13,47 b 1470 .
18 DELYA . ? . l.g 17,83 #0 19,01
19 FeStp 540b1,b »524%53,5 15b19,8 19,04 «85628,} 2,78
20 YelLOAD IETT-LINS li028,7 32341,7 19,04 =~125b,% 14,63
21 FuSHEAR a%ibl,b 24165, 1 29658,1 16,92 18%60,3 15,68
22 ALPHA 25,1 25,2 -1 19,08 24,9 15,13
23 M POWER 150,2 132,11 $41,9 13,47 "3 1.70
-1 - 52 4 L LW - S an= 5 RS X . 2
L] el L LJ i B R
25 HEAD RPM 50,8 50,9 51,2 P ¥a,7 19,03
2b BETA ) 9,0 9,0 09,3 15,13 8,1 18,02
27 RATID o? 2 W3 17,63 S 19,01
TEST NO, 17 SHEAR CYCLE

IN MINE TESTING OF HH %5b, BLUE STAR NO,3

HEAD SPEEDS S1 RPM BIT SPACINGE & INCHES
LOCATION; Nal30 DEPTH OF CUTE 2,0 IN/JREV
CHAN LAREL RM3 AVG MAEX TMAX MIN TMIN
] TORDUIE LHS L L] 6P, 15435 19,98 15,5 15,02
2 TORQUE RHS 415,3 359,9 Ll32% .6 34,81 15,1 24,29
3 SHAFT RPM 15?9,9 15879,3 leus,2 41,75 8,2 16,62
¥ Xel DAD LHS eqy, ? Y8 7b6,1 42962,3 21,15 »28521,2 11,30
5 X=L0AD RHS 223%3,5 SB1N,A 571,77 15,48 =hHIGY 2 2%, 94
b FeCYLD DuN 255104, 7 22%880,b 53464, 4 1,22 183,2 41,97
7 FuCYLD UP 12529,7 11)44,3 31331,5 25,63 70,4 1,70
8 SUMP RATE e il 1,6 33,59 =, 1 27,84
4 SHEAR RATE lel 1,0 2,9 18,9% -0 41,92
10 SUMP sTH 15,% 1544 loyb 9,27 13,1 31,54
11 VERT §TK LY b8, 2 85,3 4g,08 43,6 S04
12 ROOM GaY » 8 -l ] 11,97 4,3 P0,24%
13 BOOM Ge? N =N N 11,97 -, 0 2N, 2%
[T e PO i g g gt
15 Xe{OLD AVEG 221343, 5810,° 76571,7 15 4R =589y 2 24,a4
16 FeCYLD 19273,9 wll84b,% Ae%U% 0 ?5,bP “4279%,2 4},.20
1?7 TORAUE AVG $10,7 b1, l1¢3]1,8 19,04 4,7 26,35
18 DELTS 5,7 1¢3 572,85 1%,b9 .l V1,92
19 FasyMp Ab319,7 =q31n,7 1Ne55]1 8 15,47 =89081,3 FARRA
20 YelLDLD RA5%h ¢ 290hE, 2 Yo% 0 16,449 H745,1 1,35
21 F=SHFAR 23112,0 2188b,3 ISP 37,720 1382,7 24,95
22 ALPHL 27,3 29,8 31,8 4,05 25,3 L0
23 M PORER 182, lhb,? ELLI 2.7b o? 1569
L «.‘A. -.—-:,"_ :‘;-r" "T'_fl" kg L =+
€5 HELD RPM S6,3 50,3 S1,¢ 1,75 ) 15,69
2b KETA [ -2 R R,3 , 04 wil,8 42,05
27 RETIG Lo+ '3 43,1 15,k9 -u 41,99
89



TESY

NO, 18

IN MINE TESTING OF HH 4§k, BLUE STAR NOU,3

HEAD SPEEDt 51 RPM

SUMP  CYCLE

817 SPACINGy % INCHES

LOCATION: “wll3D OEPTH OF CUT1 2,0 IN/REVY
CHAN LABEL RS AVG Max THAX MIN TMIN
1 TOROUE LHS 33%,1 294,77 1159,8 16,86 “l%,B bet3
2 TORAUE RH$ EAR I - 27147 1138,% 13,42 17,4 13,43
3 SHAFT RPM 1874,% 1582,2 1587,8 o b0 350,0 “iNe??
4 a={0AD LHS 79%7,? 5AR1,9 2358b,0 15,24 =16303,b © 15,32
5 X«t0AD RHS IORES 5 «23)142,5% =2485,7 15,23 =52b05,8 .29
b F=LYLD DWN Jebli, 2 3Ib530,9 . 43489, 11,05 293b] 7 15,32
? F=CYLD UP $E717,% $1bbY, ¢ ¥8947,3 2,10 3283b,5 1b,6S
B SUMP RATE .? .? 1.5 8,04 =0 7425
9 SHEAR RATE .2 ol .9 15,39 0 14,91
10 sune sT1K 9.4 By6 15,2 1b,9% a3 . 400
11 VERT STK 45,0 45,1 45,5 3,02 L8] 3,01
12 BOOM GeY 1,0 . =l 3,8 b.3b =4l W48
13 BOOM Gel 0 -0 ] b3k w0 48
AT Ve T 2 L2 TR ST TDO
15 xXeLOAD AVG INBEE,E  =29142,5 -2405,7 15,23  *52605,b 29
16 FeCYLD 433,13 §073,5 180%3,¢2 2,07 =10315,0 1b,b%
17 TORQUE AVG 34,0 273,¢ 1008,8 16,52 LIS EASL)
18 DELTA 9 ] 3,1 10,77 =0 3425 .
19 FeSUMP SI452,8 «%87492,5 =h520,3 11,11 w808h%,3 30
20 YeLOAD 1349b0,% 12970,9 26508 % 11,08 787,3 2409
21 FeSHEAR 22642,6 2ebiz, 3 283:4,8 14,23 17006,4 11,11
22 ALPHA 2i,b 25,6 25,b 3,082 25,4 3401
23 M PONER 1447 12b,1 ¥h2,8 16,52 1,7 2alY. .
o rnv,a Ca-§ 2‘1‘11.; A Ty Tg 11l
25 HEAD RPM 5g,3 50,3 20,8 B0 11,1 10,772
26 BETA 7.7 3,7 7.9 3,01 7.4 3. 02.. .
27 RATIO »2 o2 o8 16,77 -0 725
TEST NO, 1R SHEAR CYCLE
IN MINE TESTING OF MY 45b, BLUE STAR NO,3
HEAD SPEED; 51 RPM BIT SPACING: % INCHES
LDCATIONG %el3n DEPTH OF CUTS 2,0 IN/REV
CHAY LABEL RMS AVG MAX THMAX MIN TMIN
1 TORQUE LHS§ 551,77 $50,5 15%1,1 20,90 «20,3 12,21
2 TORGUE RHS $?7,1 47,0 1062, b « 30 =73 W51
3 SHAFT RPM 1552 ,8 15%2,7 159%,5 25,11 15076 17,41
4 X=LDAD LHS 9613,6 B33,7 33506 8 24,89 =~35hE0,2 1h, %1
5 Xe_OAD RHS 21216,.b 10187,% 8BY30, 4 14,83 =6013B,1 25,09
b F=CYLD DwN 26837, 4 24988, 3gen?,8 W 0E wlBn,2 24,535
? FeCLYLD UP 11873,0 10881,7 3Ble5,5 W10 =591,3 24,409
B SUMP RATE o2 sl 2,0 15,21 ) 21,03
] SHEAR RATE 1.1 14 2,4 4,32 .0 24,23
10 SUMP BTK 15,8 15.9 1?,u lb,bb 14,9 o25
11 VERT STK bQ,b bl 0 74,5 P4,05 4.7 W07
12 RDOM GeY W9 e, Y,b 13,56 4,4 13,57
13 BOOM Ga? W0 -y o0 13,56 ..U 13,57
& :. .h 1) A;;A— Toe :‘Unv L B gd P =R e d W
15 X=LODAD AVG 21215.6 10187,9 bBA3N 4 14,83 wbN038, L 25,09
1b F=CYLD 18373,8  «l4137,C 26R62,0 25,04 =3498H,% 18,50
17 TORNMUE AVG 4491,7 Wyg,? 1233,% 17,50 =1,7 sbl
18 DELTS 1,9 143 2.9 15,8k .l 24,23
13 F=giivp 2snHY 6 “4hh1,Y B4412,5 14,83 =§l?92,0 17,71
20 YelDAD 307e9,3 2994),3 $1375 .8 JU b1?5,7 1,1b
21 FeSHEAR 245HA b 29130, 8 3374E L% 20,52 34738 24,83
22 ALPHA 2R, 0 PN 30,2 24,05 25,5 W07
€3 M pPOWER Pez, R PN,k 551,5 17,54 -, 8 Wbl
= —'J ["n.. VR 1‘-‘”! LI A L & P&
?5 HEAD RPM 49,4 9G,4 50,7 25,11} 48,0 17,5}
b BFTA St .9 7.5 W07 =5k 24,085
27 RATIN . .3 o4 .? 15,8k -0 24,23
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TEST NO, 19 SUMP  CYCLE
IN MINE TESTING OF HH 486, BLUF STAR NU,3
HEAD SFPEED} S} PPM B1T SPACINGS % INLCHES
LOCATIONG “wi3n DEPTH OF CUTY 2,0 IN/RLY
CHAN LABEL RME AvVG MAX THAX MIK TMIN
I TORQUE LHS §33,} Iul,B 13624 2l,7b 10,8 B, 41
2 TORGUE R4S 405,56 33b,% 1e%8,5 21,29 17,1 8,91
3 SHAFT RP™ 1589,2 1532,0 Ible 0 204 169%,3 22,58
$ X=~L0AD LHS 11728%8,1 10231,% 33749,3 23,1b  =j2874,] 23,88
S Xe|0AD RH§ 2uaia g «15235,9 eblBb 1 22,81 4 7h8Y%,b 2,08
b FalYLD DpN I 3Ne, 0 33334,3 48750,0 A 1724¢2b,2 23,70
? FeCYLD UP 3s3va,? 13319,4 49792,0 201 13045,9 24,01
8 SUMP RATE N ,? .7 Y o1 22,%%
9 SHEAR RATE o4 3 2,3 14,18 -, 0 15,87
10 SU4P §TK iv,0 12,9 21,4 23,98 o) £ 02
1} VERT §TK 48,8 49,8 50,8 23,97 $b,% + 75
12 BOOM GaeY .9 -l 3,8 5,73 3,0 Yelb
13 800% GeZ W0 -, 0 .0 5,73 “,D 4,1k
it [olaWiTugal 33.1 -174: uu"; :n". ': ax ]
15 x-LDAD AVG 20839,7  =15235,9 2b0Bh ] 22,81 “$7bBY b 2,06
lb FeCYLD 5329,5 -19,9 1352%,2 .00 =] 3620 ,9 13,80
17 TORQUE AVG 384, 339,28 119%,2 21,15 5,0 7.06
18 DELTA .9 28 3, b5 2? 22,9
18 FesuMp 37963,1 =3)5p9,8 36517,7 22,81 *B24A7,5 lenY
20 YelOAD 205bb,b 198n7,1 32554 ,0 22,81 b273,9 2.0b
2] FeSHEAR 21338,h 213172,0 a?s0l,4 298 18%b1,7 21,50
22 ALPHA €b,2 2b,3 26,5 23,97 25,49 . 7S
23 M POsER 178,6 157,06 5%7,5 21,15 243 7.0k .
I L L LEmaLS X (3 Sy e
25 HEAD RPM 0,6 50,7 51,3 L 49,6 22458
2b BETA bl 6,0 6,6 7?5 5,0 23,97
2?7 RATID o Y e B N -1 20 .. B2g98
TEST KO, 19 SHEAR CYCLE
IN MINE YESTING OF HWH 466, BLUE $TAR NO,3
HEAD SPEED: 51 RPM BIT SPACING: & INCHES
I.OCATION: 8130 DEPTH UF CUTS 2,0 IN/JREV
CHAN LABEL RMS AVG MAX TMAX MIN THMIN
1 TORQUE LH§ §77,7 $bhB, L 15%0,9 30,33 =1l,b 30,89
2 TORQUE RHS £02,3 YuN,? 1#%0,9 4,15 ~l2,5 35,85
3 SHAFT RPM 1566, 4 1566,3 1epa,? 38,72 1522,2 23,58
4 XelOAD LHMHS UL IS 4531,¢ 44535 2 2,00 w4%] 76,9 21.21
5 Xel0&0D RHS R415%,8 18417,8 LEATCIN ] 14,67 »3b414,4 19,98
b FerYLD DN 328813,0 314pR,5 50439,0 38,99 12128,7? Jobb
T FeCYLD UP ggtia, i ¥bb,0 198%R, 9 2%, 585 «565.3 le,20
R SUMP RATE ! 20 +B 14,90 -0 Sq.32
9 SHEAR RATE 1,0 1.0 2,7 24,549 LAY 17456
10 SUMP §TK 2n,s 2n,5s 21,5 29 19,6 38,22
Il VERT 5TK ?2.3 714 BS .2 39,13 s0,2 02
12 BOOM GeY .8 -yl Vel B,59 3,5 38,78
13 BOOY (el 0 .0 .0 8,59 «,0 ARG 78
P TR J = F S ks 'A{:'(.' “1‘L L-}'jL '\L'u.l :ﬁ'n u?'nr
19 A={UEN AYG EANELIN ] 18917,8 829824%,8 1%,67 ~3b% 1% 4 18,498
ib FelY(LD 257204, 0 =235N2, 6 =3050,1 W47 a4 Fh4], 9 IR, 9%
1?7 TORWUE AVG Sl ,R 4bt Y 1294,2 ?,93 5.7 3by 33
18 DELTA 1,3 1.2 3,2 24%,b1 -0 17,586
13 Fegiiip 2b2ba, 0 =5767,5 a7b26,1 1b,13 w132n0b,2 21421
20 Y=L 0AD 33r3n, ¢ 3356h,0 Y9671,0 21,2 1831b,5 29,2k
2L FeSHEAR 77602, 27165,13 3980, ¢ 18,67 R790U,5 29,44
22 ALPHA 23,8 PaL,? 11,8 39,13 Pb 4 W2
23 M POWER 233, 217.7 Ga, 5 7,93 es? 3b,33
b BN —— T PO — 3303
© S O LI A £ L ML e
25 HEAT RP™ §q9.8 44, 51,.¢ In, 22 $8 .4 23,58
&b META b,h -4, 5,3 Ln2 el 39,13
27 RATID .3 o3 K 2Y,b1 -, 0 17,56
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TEST NO, 20 SUMP  CYCLE

IN MINE TESTING DOF HH 48b, BLUE STAR NO,3

HEAD SPEEDp 5] RPM BIT SPACINGY % INCHES
LOCATIO'N: “alip DEPTH OF CUT! 2,0 IN/JKEV
CHAN LABEL RMS VG MAX TMAX MIN TMIN
1 TORQUE LHS 934,y 338,2 1511412 21,59 =13,9 Beb?
2 TOHGUE RH§ 408,5% 335,86 1189,7 14,53 -9,b 5,60
31 SHAFT RPH 1589, 159 49 1bUB 1 W15 152,14 22,07
Y Xe[DAD LHs 143382 liewe,3 EE P EM] 11,03 «5169,9 15,10
5 X={ UAD RHS 2e142,? ~20%23,5 =353,8 21,80 -%13%2,2 3,02
b FelYLD DWN 3BH0E 0 38638,5 427bl,b 12,87 33858,.3 lb,B8%
? FeCYLD UP 39416, 7 393414 $7633,0 W57 32159,% 21,94
8 SUMP RATE .5 'S Lok 2e, i w0 2,77
9 SHEAR RATE ol ol - 19,70 .,) 8,08
10 SUMP STK 8,9 Byl 14,8 22,10 o2 .08
11 VERT §TK 49,b 49,7 50,1 4,48 49,1 21,78
12 BOOM GeY 2 -yl 3,7 8,87 .3,% «57
13 800M Ge2 .0 .,0 W0 8,87 e, 0 5?7
e B laiion 34—+ r ) iyt it r— o —re
15 X=LOAD AVG ea1te,? =20423,5 «353,8 21,90 =413%2,2 3,02
1e F=gyYLD ¥0b9,7? 02,9 11%35,9 057 =982b,1 18,9%
17 TORGUE AVG 384,3 33b,9 ilb2,3 21,55 .? 14,b2
16 DELTA ok b 240 22,12 -, 0 7,87
19 Fagymp Y1538,% ~39b52,5 =1478,8 16,84 -72062,0 3,18
20 Y=LOAD 191%0,7? 188he,3 g?2le,n 18,95 JULAT I} 218
2) F=SHEAR 215%5,0 21528,1 fSB8lE,5 2l,bb 15628,8 lb,8Y
72 ALPHA 26,3 2b,4 2b 4 4,48 2k, 21,7E
23 M POWER 178,5 156,65 g§3k,2 21,585 .3 14,62 _.
| o APt e Qedetrpt= LE A 'R Tt
25 HEAD RPM 50,k 50,7 o Bl LAS . N8, 22,07 .
2b BETA Seb S.b 5.8 21,748 .3 Y
27 RATID o2 ) 5 ee,le R DY R Y Y
TEST NO, 20 SHEAR CYCLE
IN MINE TESTING DF WM 45k, BLUE STAK NO,3
HEAD SPEEDS 51 RPM BIT SPACINGY 4 INCHES
LOCATIONS 4«13 DEPTH OF CUTS 2,0 IN/REV
CHAN LABEL RMS AVG MAX TMAX MIN TMIN
1 TORRUE LHS 57?n,3 Yhi,Y 1542,1 31,63 10,1 1b, %%
2 TDROUE RKS§ s01,0 45k, 7 1183,7 4,270 «3,5 Ih, 3%
3 SHAFT RPM 1568,8 1568,8 lb01,2 37,96 1517,¢2 27.08
4 XeLDAD LHS 12091 ,4 H4B0,.3 $8747,0 25,02 40582, 8 18,1%
S XelLDAD RHS 2ezlr,? 14%00k,9 L7905,5 22,18 =40000,2 18,05
b FeCYLD DWN 3v118,3 32945,7 $9219,9 37,87 087,11 2,04
7 FeCYiD UP 11903,8 10%35,% 3hbll,.b «35 «3?3,b 24,49
B SUMP RATE Wb ol AL 3,32 -0 34,00
9 SHEAR RATF 1,1 1,0 £,9 d7,49¢2 =4, b 28,74
10 SUMP §TK 1k,4 16,3 23,3 3,33 %,k 200
1] VERT STK 71,5 70,4 85,3 37,11 b4 20,89
12 BoOM GeY W8 -l 3,6 15,16 w3, b 12,23
13 BOoM Ge7Z ,0 -, il . Rl 15,1b -, U 12,23
Ao PP ety o i Sy Pttt i ot
15 XeLOAD AVG 22217,% 14006,9 b?05,5 22,10 =$au0n,2 18,05
lb FeCYLD c4gls,e w2256R,R 3765,% 1,499 *48lb7,1 37.87
17 TORGUE AvVo 511,3 $5H b 1290,5 e%8,7b Be? b, K¢
18 DELTA 1,3 142 3,5 27,93 =5,b 28,74
19 FaguMp 30873, ) «l2885,2 AbY 14,4 25,02 =133297,.8 18,05
20 Y=L 0AD 3317%0,3 32712,9 GER3b Y 23,8b 1723%,1 29,85
21 FeSHEAR 2?7669,8 27173,1 59544 b en,8q 873,86 25,475
22 ALPHEA 29,pb 29,k 31,8 3g, 11 18,6 2,89
23 M POWER 233,39 - 21047 R4 .3 25,7 4,1 36,84
e L ey Pt b8 a1 —tre 4324
25 HEAD RPM LR 43,1 51,2 37,96 ¥e,3 27,08
gt BETA b7 ], F Phy? £, 8% 10,5 18,11
27 RATIN .3 .3 .9 27,83 w1, 26, 7%
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TEST NGO, 21

IN MINE TESTING OF HH 4Shy BLUE STAR NO,3

HEAD SPEEDY 51 PPM™

SUMP  CYCLE

BIY SPACINGY B JNCHES

LOCATION: wmlidD DEPTH OF CUTZI 3,% IN/JREV
CHAN LABEL RMS AVG MAX THAX Min TMIN
1 TOROQUE LHKS$ 1487 127,b $80,5 1,02 N koD
2 TORQUE RHS 156,2 12b44 522,60 1,43 rll,3 3,71
3 SHAFT RPM 1371,1 1377,9 1bi7,% 8,37 1034 ,4 " 3,58
¥ X=LOAD LHS 23539,7 23552,1 38733,9 5,98 14986, 5 5,28
S X«LOAD RHS 53447 =5%1n6,2 =18956,7 S,98  «72035,1 5,89
b F=CYLD DN 9859, % 5078,9 Avbb5,b Se17 r228,5 2%
? F=CYLD UP 31525,1 31560,3 4¥?123,8 5,31 269%0,1 le2b
8 SUMP RATE oM ] R T 1 «3b. ol 3,00
9 SHEAR RATE N 4 2.8 5,3b -, 2 3,37
10 suUmp $TK o ? Y 1,4 5,51 -, 2 3,b5
11 VERT STK 32,8 33,0 34,9 b,00 31,8 3,%
12 BOOM GaY B -, 0 3,1 3,89 2,7 4,28
13 AOOM G2 ] -0 o0 31,89 =,0 ¢, 2b
D s ad 2 a ma 32 m:a rem i e ey =-rac
18 X=|0AD AVY( 539%4,7 =5410bk,2 ®1895b,7 5.98 *?2035,1 §,.89
lb FeCYLD 26701,7 25481,5 31881,? . #20 ?eb?,1 54,17
1?7 TORQUE AVG 1%1,8 127,0 YeB, R 1,02 beb b4
1B DELTYA N o3 24P 238 2 . 3,00
13 FeSUMP b?2205,6 =572391,5 . =1037],4 5,98 1?7139, . . 5,89
20 Y=LDAD 13823,4 =13247,1 ?275,3 5.98 «20389,3 _ 201 .
2l F«SHEAR 2YybR,3 EY458,5 IL3SL,? 5,27 1362},0 5,98
22 ALPHA 23,8 23,8 23,8 6,00 23,3 . 3496
23 M POWER 56,5 €0, 4 19% .1 1.02 % by
M‘;—El‘ :3,:.; AL e s:l"vv. Ly '.z‘ ;:‘vu Lar DEAs
25 HEAD RPM 43,8 43,8 51,5 5,37 32,9 3.58...
¢b BETA 13,8 13,6 13,k 3.98 12,2. be00
27 RATIOD ol .0 «3 2 3b - 0. 3,00
TEST NO, 21 SHEAR CYCLE
IN MINE TESTING OF HH 45k, BLUE STAR NO,3
HEAD SPEED: 51 RPH BIT SPACINGS B INCHES
LOCATION: %=13p DEPTH OF CUTH 3,5 IN/REV
CHAN L&BEL RMS AVG MAX TMAX MIN T™IN
L TORGQUE LHS 58,7 353,5 1275,49 23,b1 vl2,.b 10,3%
2 TORGUE RHS $37,8 353,313 1244, b 11,5% -l4,.4 9,80
3 SHAFT RPM 1285.,5 12?76,0 1b28,7 B,43 797.8 lo, 18
4 X*LOAD LHS§ 27669,9 22851,2 10B1R],b 17,14 «82769,2 13,00
5 XeLOAD RHS$ 3%380,2 w24y ING,? 80508 ,3 18,28 «J8125,8 7,649
b F=CYLD DWN 35978,7 29712,2 6840%,3 12,37 ~bl4,1 be9l
? F=CYLD UP 29363,0 26394 ,0 S12%8,1 2,03 1523,1 20,%
8 SUMP RATE .3 ol £.0 17,65 -l 18,53
9 SHEAR RATE 1,9 1.5 b, 15,9 .3 12,83
10 SUMP STK B 5 1,2 ?.bY% w l 2beh0
11 VERT STK 56,3 65,8 P31,k 25,98 34,7 02
12 BOOM Gay . B N b,2 11,48 »bel LBe17?
ia AQOM Ge2 .0 -0 L.t 11,18 -0 18,17
| e = et e e sty Cr e
15 X=LUAD AVG 393B0,7 w24345,7 BNS08,3 18,28 =?8]75, .8 7.b9
lb FeCYLD 18375 W 2218, 37453,7 Bell w57777,3 14,92
L? TORGUE AVG 42k, ? 153, 1242,y 1%,%6 .9 21,77
1B DELTA 2,8 2,2 9,9 12,99 " b 12,83
19 Fes5uMp b33b0,b *54%065,5 128239,b 18,28 =193178,3 13,58
20 Y=LDAD 258%6,9 19%ge,2 57682,0 1y .92 -] 789,7 7.b9
21 FeSHEAR £4108,3 233122,8 ¥9732,3 11,21 h49,3 22,b%
22 ALPH4 77,3 27,2 3,1 25,%b 23,8 SN2
23 M POWER 153,k 128,82 $B1,6 et.79 .3 21477
Detpunprefoy LSy ra: — T el e g L T Y LTS
25 HEAD RPM “n,9 4ileh S1,¢# B,%3 25,4 1h, 18
2b RFTA LR 3,0 12,3 J08 5,2 25,96
27 RATIG WY .3 1,0 le,en -yl 12,83
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TEST 8O, 22 BUMP  CYCLE
IN MINE TESTING DF HWH %§b,; BLUE STAR NO,3
HEAD SPEED: 51 RPM BIT SPACINGT B ]nCHES
LOCATIONT 4=l3D DEPTH OF CUTt 3,5 INJREV
CHAN LABEL RMS AVG MAX TMAX MIN TMIN
1 TORQUE LHS§ 522,b $77,9 1152,2 12,68 1.2 W03
¢ TQRAUE AHS §2v,2 Ng3,b 1544 .7 10,69 “B,5 Se%
3 SHAFT RPM 1994 % 1%73,3 108,73 .20 -30,8 16,08
Y X~LDAD LHS 1992h,5 13%,5,5 bb98Y4 .5 %, 3b -35432,8 8,97
€ Xw_DAP RHS 18812,7? 11424 bl6bb,8 B,55  «553bl,.b «3?
b FaCYLD DWN 3nell,s 297hb 5 45653 ,b 9,00 %b02,8 +10
7 FeCYLD UP 2pa8o,2 }19918,2 IsHu) 9 Y] 11e91,8 8.97
B SUMP RATE .2 o7 2,9 12,67 "1 .80
9 SHEAR RATE o o1 1,8 e, 24 -3 15,19
10 SUMP §TK 9,5 8.6 18,3 15,17 o4 07
1] VERT 8TK 30,% 30,5 32,7 15,17 28,4 15,18
1?2 ROOM GeY . -,0 242 08 2,8 .08
13 BOOKH (el W0 =0 o0 .08 =,0 .0B
Ihfronfiefppte ans Pl o iy P Ty
15 X=L 04D AVG 18812,7 1142,% blibb 8 B,55  ~5%3b},.b W37
Ib FeCYLD 13811,8 =848, 3 29b59,b W11 *34N50,2 B,97
1?7 TORQUE AVG S2R,8 ¥g0,8 11944 4,73 14,2 1,83
18 DELTA “t,} J ) 193%,6 1b40b =1286,% 16,08
19 FeSUHP 3)1889,7 w13349,3 927b2,% 8,55 93998, 2,90
20 YelL0OAD 0874, 5 281493,8 53490, % 8,55 «l43088,% P!
21 F=SHEAR 259%b,2 25118,7 4B4bH3,3 2,90 125b,1 8,58
22 ALPHA 23,1 23,:¢ 23,5 15,17 22,7 15,18
23 M POWER 231,3 2118, b 519,9 ¥,73 b lb,08
By ::"J',V bl -5~ ) au.zu—:.w T ‘.ufvcu" T
25 HEAD RPM Y73,.b ¥b,% 51,2 220 w}. 0 lb,08
26 BETA 4,4 14,5 15,2 15,18 13,2 16,17
27 RATIO L3N] 2 2%2,5 1b,08 _®1k0,9 16,05
TEST KD, 22 SHEAR CYCLE
IN MINE TESTING OF HH 4§b, BLUE STAR NO,3
HEAD SPEED: %1 RPM BIT SPACING: 8 INCHES
LOCATIONE “«l3p DEPTH OF CUTs 3,5 IN/REV
CHAN LABEL RMS AVG MAX TMAX MIN CTMIN
1} TORRUE LHS 30,2 14,7 96,1 Pl -2b,1 1,92
2 TORAUE RHS 31,3 13,5 109,8 Y wl3,0 2,09
3 SHAFT RPM 70,9 7. "20,b .20 «73,9 4,49
¥ X=LDAD LHS g0qBe 7 209%tb,1 RELE T ot 173%8,0 28
S Xe|DAD RMS 1132R8,9 =9535,5 11903,0 ele -13197,0 2,%0
b Fe(Y.D DWN 24367,7 24298,5 30219,8 L02 2281},5 Le89
? FelYLD UP ta56n,8 18538,8 20%4¥9,9 2.08 16400 % o4
8 SumP RATE Wb o .9 W17 “,l 2,39
9 SHEAR RATE , o1 o? 1,00 .2 3,49
10 SUMP S§TK 18,2 1bg@ 17,0 .23 18,7 4,09
1] VERT §TK 3o,2 in,2 I0,b 2,40 29,8 .30
12 BOOM GeY 21 0 of 00 -2 Eete
13 BOOM G2 My -0 o0 L0 =0 2,42
AL Sl ot it 330 e S et
15 Xe{DAD AV jlies, s »9535,5 11903,0 Wi "13197,0 PRl
1b Fal¥LD Swlk,l =47549.7 =3GL4,4 1,36 =13579,9 03
17 TORWUE AYG 27,7 19,1 ga, 7 0% “1lb,2 1,51
18 DELTA 6,5 -ie? 9,4 L19 =lB 0 labD
19 Fagump 27RS0,8 =2bb30,? 4203,9 W18 e32p25 % 2.0
20N Y=L 0AD 2n72%,5 eNega,? 4872 ,0 .01 17757,3 143b
21 FeSHEAR 2h525,8 Zh501,5 2760k, ? 1,19 21497,56 212
22 ALPHA 29,0 23,0 23,1 2,4t 2a,a L 20
23 M POAER 9 -,3 3 1,91 »1,8 o %
e Al oy deFepds e carsa F88
25 HEAD RPY 2,3 w2, -y? ,2n .24 4,04
2b BETS I 14,4 14,7 ,an 14,0 240
2? PATIO W F -, 1,2 .14 gy d 1,80
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TEST ND, 23 SuMP  CYCLE
IN MINF TESTING OF MW 4wSb, BLUE STAR ND,3
HEAD SPTEDY §) kP& BIY SPACINGE 4 INCHES
LNCATIO D v=13n DEFTH OF LUTE 3,5 IN/REV
CHAN LAREL /RS AVG MAX TeLAX MIN TMIN
1 TORQUE LHS§ Ihe, 9 2%, 2 133%,7 b, 4 1.4 18,01
2 TORRUE RHS Iby R 2%1,7 1334,2 4,48 -,B" 18,01
3 SHAFT RP™ 1592,6 18742 ik3z,2 24,04 14315,9 10,47
% XxelDAD LHS 19281,7? 1%3ne,n 3603, 1 21,08 »35p32,] 2.2
5 XelDAD WHS 1928n,3 lv2qq,4 Jpudg, 2 2U,u8 =35631,2 2,72
b FeCVLD Dyl 33560,1 32245,1 53376,3 3,9k 386,7 3,88
? FeCyYlD UPR 386 71,5 ITb PG 49558 ,8 21,09 875b,7 3okl
B SUMP RATE .9 o 3,5 2.22 1 13,98
9 SHLAR RATE W7 3 3,4 34 -1 2463
19 symp 51K 11,2 107 12,9 22,06 2 b Y
11 VERT STX 33,3 33,3 ELIN 3,44 29,2 5434
12 ROOM GeY g, 4 =G, 2 -1 3,88 -8,% 3,%b
13 BOOM Gal . -0 =0 3,88 -, I, 4b
it “: ?»!lu “ lhi nn'n ;l}l’ "_l’. :il:;
15 X[ DAD AVG 19281,0 [4300,7 36082, 7 2n, 08 «35631,7 2.7
1b Fe(YLD 128bp M 53243 18545 Y1 =3180b,7 3,52
17 TOKNUE AVG Ihg,9 273,0 1333,5 4,45 o3 18,01
18 DELTA 1.0 ] Y3 a,z2 "1 19,9
19 FeSuMp Sb3137,b 3?ina,% 109292, 4 22,10 «=1053%0,3 2,72
29 Y=L 0AD 27b18,% 27394 ,.b “1b4%,B 5,90 9549, 4 3,78
2] FeSHEAR 15787 ,0 ¥377,0 50B37,1 2,72 =1Bbb3,] Yo%b
22 A{LPMA C3,b £3.b 23,8 J e 2.8 G434
23 M POWER 1bh,3 125,4 b05,5 Yotk ol 18,01
An‘,‘t‘rr :r\ ‘.n :1::('5 T - T L ln'nr :‘nu‘.: :;':}
25 HEAD RPM 547 50,7 £1,9 20,04 45,0 11,47
eb BETA 13,0 13.0 14,8 5434 12,3 T,4%
27 RATIO .3 ol lel 2,22 -0 19,96
TEST nNO, 23 SHEAR LyCLE
IN MINE TESTING OF HH 48b, BLUE STAR NO,3
HEAD SPEED; 51 RPM BIT SPACINGEI % INCHES
LOCATIONE &=]13N DEPTH NF CUTS 3,5 IN/REY
CHAN LABEL k"M AVG MAX TVAX MIN TMIN
1 TORRUE LHS bty 4 62,4 1185,9 15,21 9,0 1,39
2 TORGUE RHs bil],5 Eh3, 11B2,4 15,21 bR 1,39
3 SHAFT RPM 1%%2,0 1541 .6 1628 ,8 1,38 1039,1 22,60
¥ Xel0AD LHS 191%n,3 ~2031,? 36771,13 15,04 ebbl%d, Y 23,7%
5 XetnNAD RHS 19137,5 2034 4 3b?70,3 15,04 -bb}%4?,b 23,7
& FelYLD DiYy S15np,1 51224, 1 b3105,9 21,23 21e53,1 W17
? FeCYLD UP 21358 ,R gnjnt,9 sgees,e 1,41 1290,3 21,23
B SuMP RATE g 1,6 1b,93 -1 21.9b
Q SHEAR RATE 146 1¢5 4,9 12,99 =1 2 7Y
1D SuMP STk 17,0 12,0 13,1 16,93 10,3 2a,a7
1l VERT STK hn,5 54,7 82,3 in,n? I3,.b W48
12 ROOM feY R, ., ? ~3,4 17 LIS 21,23
13 AONM G=Z LU .0 LI .17 -0 21,23
i e e caara- Sty b Poploplyty N rma ]
1S Xe_nAG AVE 1413R,9 -2033,) 3L?70,8 15,04 #bbl48,5 23,74
1t FelYLD 33374 7 11102, 28150,7 17 wblhil,e gl,2%
1?7 TORQUE AVG B0p, 9 570,49 1184 .1 15,21 7.9 1,39
18 DELTA 2.0 1,8 9.8 1¢,99 LI9! 2 7%
19 Fesuvp 7k, =50758,7 109344 & J18 e2R3RLE,0 23,79
20 Yel_UAD “117g,% YOROR,3 b3I%53 a 23,R0 U3l 1 1,2¢
21 FeSKEAR 3in0y, 8 29b45,? “?07e,7 7,92 =1bh82,0 W 1B
22 ALPHA 23 ,R 27,7 FN] 30,07 23,6 JUE
23 M pavER FIN,.6 Pe70 529,19 16,21 3,7 1,34
- T 1‘|r.n b 'n ‘\3ﬂfl_L.{‘ r e ;;x '1(‘.‘ ;u,.
25 WEAD RPM 44,1 Ba,1 SL8 1,30 13,1 22,0
26 RETA R ? Iys 12,8 (4R LA | 3N, 07
27 RATIO s s 1.8 12,99 -0 . 7%
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TEST Np, 24 SUMP  CYCLE
IN MINE TESTING OF HW 4S8%t, BLUE STAR NO,3
HEAD SPEELSY 5 RPFE BIT SPACINGE % INCHES
LOCATIONS “wi3n DEPTH OF Cut: 3,5 IN/REY
CHAN LABEL RME AVG MAX TMAX MIN THIN
1 TOROUE LHS £33, 4 5601,3 1031,% 2,47 »5,9 .23
2 TDRAJE PHg H8p,1 559,87 1031 ,4 .47 b, 23
3 SHAFT nPn 1554,5 1572,2 lbob,S W17 1491, 2,78
% Xel0AD LNHS 13935,3 -1073,4 34k, 2 Rl -$2131,1 Ie¥b
5 xeLNAD RHS 13337,9 vlp73,2 T4 B4, 9 KT -42128,5 Letb
b FeCYLD DwN a2t b 29p27,9 39272,b 1,47 bb?,.8 3,97
? FelYLD UP 2074y, 1 2058h1,7? 29714,2 L IR 4,02
8 SUMP RATE P.5 P! 9,1 +B1 =,0 4,00
9 SHEAR RATE o3 ol 1,2 lab? ..l 1.2¢2
10 Sump §TK r,0 2,3 11,9 3,94 1,0 «03
11 VERY §7K IR, 1 IR 38,7 + 05 35,86 4,01
12 BOOM GeY 4B LAY =l 3.%7 LLPE] 1a¥4?
13 ROOM Gel ) w0 -0 3,97 *,0 Le4?
e et Cata s B gl e TE8
15 xe|NAD AVE 13832,b v1073,h 39483,b W44 w42129,8 1a%b
1t FaCYLD li221,.8 “q)2b,.2 15038,b 3,85 =23394,3 La4?
17 TORGUE AVG SRy, 1 ShU.1 1031,4% 2447 =h,2 .23
18 DELTA 3.0 249 byl 79 =, 0 3,80
19 FesiMp INbs,3 =17051,F BBI?7 .6 «20 =l20752,1 lath
20 yYeL0AD ereds, ! er1neg,3 3B852,1 38 16b97,1 Ta¥?
2l F=SHFAR 2kie1,9 2502h,5 49995 2 I.%b wZ3In?,2 .19
22 ALPHA 24,5 4,7 29,5 LU5 23,9 4,01
23 M PONER 2hy,? 253,101 ¥57,b 2,47 2.9 223
it T [ Pt raee) ot Ip ¢ e
25 HELD RP™ $a,b 50,0 Sled W17 47,5 2,78
2b BETA 11.0 1141 11,9 4,01 1049 + 05,
2? RATIO N b 1.5 .78 - 0 3,80
TEST ND, 2% SHEAR CYCLE
IN MINE TESTING OF hH 45k, BLUE STAR ND,3
HEAD SPEfD; 5) RPRH BIT SPACING: 4 INCHES .-
LOCATION: %=130 DEPTH DF CUTE 3,8 IN/REV
CHAN LABEL RMS AVE MAX THAX MIN TMIN
I 1ORAQUE LHS 53q,4 §11,9 lelh, 2 25,02 s 1e38
2 TORQUE RHMS Sig, U 511,% 1216,0 25,08 "3 1.38
J SHAFT RPnM 15%7,9 1697,7 160b,5 W71 522,¢ 17,72
4 Xa=l (AN LHS§ 151,82 =51 74 b 5%716,5 21,92 =5959% .3 23,83
5 XeL0AD RHS§ 18102,5 -t} 74,8 59719,]) 21,582 «58b43,9 23,83
b FegylD Dun YPnan B 44553,5% 71387,9 39,61 en3,b 1)
? FeCylD UP 18i19,4 15391,8 b3979,9 Bebb a$3F,? lb,3%
8§ SUMP RATE NE| ol ¢ 21,80 -, 1 28,0k
® SHEAR RATE 1.5 1.3 3,b Yeld " i +35
10 SUMP 57K 9.1 K] 12,8 be32 ko7 ED YA d
11 VERT 57T% B3, hllb B2,5 29,13 3,1 12.07
1g BOOM GeY 7,5 .7yl -0 L) =11l.4 38,01
13 ROON Gu7 L0 -,N -0 LHY -, 0 30,01
1y o~ rre ':"~ rjr‘r t;\'b hr ¥ o4 F o :_xw.:’-x ﬁ., T;!_-#
15 x=LDAD AVG 1510, 8 5139 ,b 5A717,8 g1.92 «59% 19,1 23,82
It Fervlp 3ihen,e =291h],7 16556, 0 b «53[87,3 3R, 37
1? TORGUE &vs %39,¢ Sile? ielb,] e%,02 "1 Le38
18 DELTA 1R 1,5 ?.8 17,72 -1 L]
19 Fegiynp ?90M R =e20R] b h8517,3 L33 =199144 7 2l.b?
20 Yol DAD LI 374077 810914 37,30 w4273,3 12,07
21 FaSHEAR FELT 28073,4 BG4 37,8 10,07 w2397,2 13
22 ALPHA 4,3 24,2 31,4 34,11 17,9 1é.07?
23 M plag» PYG ¥ 333,% LEAN PI,BY =, 0 1,3E
e ergeach gl B . T 2 e d
25 Hpap Rp® 4q.b LN 51,1 W7 1,6 17,72
ek RETL be? .7 27,4 12,07 -, P 39,12
£7 RATIN K a 1.9 17,79 -, 0 035
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TEST NO, 2% SUMP  CYCLE
IN MINE TESYING OF HH ugk, BLUE STAR NO,3
HEAR SFEEDE &) RPY BIT SPACINGE % INCHES
LOCATION: Yaign DEPTH OF CUTY 3,% IHN/ZKEV
CHAN LAaBEL M8 AVEG Max TMAX MIN TMIN
1 Yoeauk LHS 43q,¢2 k1,2 1215,3 S, 1% -12,8 2.02
2 TORNIE RHSF Sha 1 Iha, Y 151b,9 10,79 w3349, 3 1,91
3 SKAFT RP™ 150 ,1 15n3,6b 1607,7 1,68 939,] ©143%
¥ e 3D LHS 35774 ,9 -352N07,% =1319%,8 13,04 =5590b,3 ML}
5 Xe_ DAL Fug 35789, =35219,9 =13202,b 13,04 #55%0%,0 0%
b FelYLD DaN ERARTIR I7475,) IO, L 13,01 30520 .8 20
? FelYLD UP 4Rpl7, 48659,6 b2,y S.58" 29078,1 5457
8 SuMp RATE 1el 9 2,8 L w0 30
9 SHEAR RATE 3 Wl 2,2 13,09 -l S
10 Suvp STK 1,9 9,4 17,1 12,75 o5 W31
11 VERY 57K 3,5 v3,b b2, 0 793 8,8 7,93
12 BOOM GeY .? w2 2,5 4,87 »3,2 ¥,8b
13 BOOM 6=l 0 -, 0 W0 ¥ .87 o0 %,8b
 —— _— ‘Fr 17.“ j‘.l IIE'I_V |-' el [ I
18 Xe| 04D aVG 3§783,0 -353)3,7 =13198,7 13,04 *55905,b . 04
1t Fel¥lD 12}5%,9 11184 ,5 26395,1 5,57 =%30],3 6,57
17 TURGUE AVG $31,3 Is,3 1227%,6 10,13 -180,8 1,81
18 DELTA 1% 1.8 L) 1,3 =0 430
19 FesUMP 58b25,0 »51803,8 -2297),8 7.%3 =§7h79,0 8,57
20 Ye=L0aD 8567, 761R,? 21274,5 13,03 «12789,9 7.93
21 FeSHELR elasp,0 £1184,% 3?6349, ?.93 1155b,9 5,58
€2 ALPHA 26,3 25,4 28,3 7,93 19,0 7.93
23 M PQWER 1RR, B 159,9 510.0 10,13 =?3,2 1.81
- VTR 'S o % Lk SR S P e o
3 - gy Pt e Bl ‘mad
25 WEAD RPM™ 7,8 47,8 s1,2 1,68 24,8 1434
2b HETA 9,4 8,4 CARY 7,93 Ba0 7.93
27 RATIO .3 3 1,1 1,34 =0 + 30
TESY ND, 25 SHEAR CYCLE
IN MINE TESTING OF Hil usb, BLUE 3TAR NO,3
HEAD SFEED) 51 RPM BJT SPACINGS % INCHES
LOCLTINNG Yml3n DEPTH OF CUTH 3,5 IN/REV
CHAN LAREL RMS AVG MAX TMAK MIN TMIN
1 ToefilE LHg 545,89 520,19 11758,3 .28 wq,1 «20
2 TOPLUE Ris bUg,n 5k, 14980 3.h9 -q,5% 29,bb
3 SkAFT RPN 14b5,7 465,73 160%,3 22 584,85 .25
Y K=l 04D LH§ 1211h,4 “241R Y YB75% , b 13,93 -4343],2 +B5
5 XeLDAP RNS 12117,5 =c433,°7 48?233,7 13,93 =43%32,5 1
b Faf YLD Dok IR .S I?h75,N 50307,9 5,256 =£933,7 31,04
? FeCyLD upP 18587,5 1h392,0 42019,8 21 243,13 30,84
€ SiIt'P RATE | W0 .5 23,11 =1 23,04
% SMEAR ®ATE LY 1,3 3,2 18,18 -1 30,94
10 SUmP sTR It,b 1646 17,4 3,72 15,8 28,34
11 VERT STK 71,2 b9,.9 87,2 3,93 1,9 2,02
12 RPN GeY .? -, A,b 13,492 3,4 13,92
13 Bonv 6=7 0 =, N + 0 13,82 -0 13,492
M g LIS ¥ ™ v
1S X« NAD AVE 121tz n wPuph R LE:EAL S| 13,83 =$3431,8 «B%
1k FefvyLDP 29550,5 =2L6RI N 16240 ,4 1,04 =41137%,b 79,89
12 TORNUE AVG Sb2,8 LY 113S,b 15,28 [-4%4 02
18 DELTA 1.8 1,b 7.7 5,25 -7 EI LT
19 Fagn'p 476PR,6  =4217F,9 427295, b 13,93 =89379 7 30,08
20 velnan Ib3 12,9 36744,5 5278h,0 e, o 8571,3 +B5
21 FegHl AR ednlg,9 QPR 4 4843%,0 3,9 9,3 n,qe
22 ALpwt 249,85 EL I EF-P 3,93 17,k 7,02
23 * pnake ey, 3 Pebgl YEEB,D 5,37 1,0 02
—bead L er' EITI T L4 \_l. '~'|.L— nn'; ’v"“
25 HWELD RPY "k ? Yhb 51,1 .27 18,h £.e%
26 RF1: 7.1 31,5 2E, 0 7,02 wl],4 31,93
27 AL .5 ot 1,4 5,28 . 0 30,9K
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TEST NR, 2 SuUMP CYCLE
IN MINF TESTING OF MW u&h, BLUF 3TAR NO,3
HEAN SPCEDNE LR RPY BIT SPACING) & INCHES
LOCATIOE S=)pu DEPTH OF CUTE 3,5 IMJREV
CHAN LABEY RS AVG MAX TMax CMIN TMIN
1 TORAQUF LHS leq, ¢ 141,b 2%, 21,13 i,y Feud
2 TORGUE RHS 16%,3 141,45 523,7 21,13 14,7 7,48
3 SHAFT RPN 05,3 505, R 90,0 11,53 WEY B «18
Y Xe{OAN LHS S4a2q,4 =51495 .5 =3363,7 2N .46 =50004%,5 7457
§ XeLNAD FHS§ eneug, 4 78N, 6339%,2 20,18 s3b48},9 el
& FelCYLD Dwh 1483p7,5% 12309,b 28554 ¢ PE,.88 =f4B8,b 7,53
? F=CYLD WP 293b5,? ereNl b 37069, 7,52 15534 ,§ 224806
8 SliMP RATE 25 o 1,8 22?7 el L4414
% SHEAR RATE .2 sl 1,0 11,9% L% 1.78
10 SumpP §rx 5,5 B,9 lb,b 23,00 2ub o1b
11 VERY 8TK 17.1 37,1 62,n 20,70 bob 16,05
i2 ROOM GeY i =0 2,0 13,9 2, ? 13,98
13 BOOM Ge7 .0 0 oD 13,91 L] 13,496
140 el n Y4 'rr— ; AL L‘D :Q'; 11'1 4L \1'n !.ﬂn
15 Xe{0AD AYG EILT TN «25%07,b 15626,7 2U,4b 54247, 3448
ib FelYLD SDARg,D 15492,0 3B4SY b 7.53 *12590,3 2248%
17 TORQUE &ve ibg, 4 141,5 523,49 21,13 e1%,58 7448
18 DE{TA F 1.6 b,b 22,77 -4 L4, 1%
J9 FeSpyvup 27173,8 *25549,3 12b27,% U6 w8492 7 Jdo
20 Yel O0AD 14961, % blh4,1 IY30,2 P04 =]1%171,2 7454
21 FeSHEAR 1?1882 16987,3 25454 ,1 16,08 LIO)E ¢ 7.53
22 ALPHA 24,2 2%,3 28,3 20,70 18,6 16,05
23 M POAER 7E,.4 bl b 222,% 21,13 _=b,3 7,48
e rere—s aam i e i L33 ea T i Bk
25 HEAD RPM Thl 1b,1 la,8 11,83 15,4 . elB
26 BETA 11,3 11,3 25,5 16,06 0,0 20,70
2% RATIOD . o 1,7 22,77 .l Tu,1%
TEST MO, 2b SHEAR CYCLE
IN MINE TESTING NF HH 4Sb, BLUE 3TAR NO,.3
HEAD SPEEDN: 1g FP™ BIT SPACING: % INCHES
LOCATINNG S=1p9 DEPTH OF CUTE 3,5 IN/REV
CHAN LABEL RMS AVG MAX THAY MIN THIN
I TORGUE LHs guq, @t P2,y #lo,0 13,07 of % 13,05
2 TORQUE RHg é4a,n ?32,3 8NY .k 13,n? n?,2 13.0%
3 SHAFT &P 507,5 500,% Slv,2 13,04 485,9 21,88
Y YelLOAD LHS 1eneRr,Y =5363,4 39174 ,4 17,68 ®33401,1 22,98
S Xx=L0AD RHS 2aug,? 23754%,0 F04k3,9 Jl4b} =11b53,2 31eb!
b F=({YLD Dan 35098,1 34429,9 $8208,3 13,72 11320,8 .22
? FefYLD UP 14083,7 13330,0 254%4 .5 16,29 2257,7 7,54
8 SuMe Ratg s «0 1e? 0B -1 26,49
9 SHEAR PATF [ 4 141 3,1 17,91 .l 5S4
10 sup 5T 18,2 18,2 19,2 14,76 1byO 0B
1] VEPY §1¥ bI,l 59,5 B4 .9 32,54 1,1 1,88
12 BDOY GeY oY W0 3,1 10, bY 3,5 1,68
13 RDOM Ge? LU Sl ,0 1U,b9 =0 1n,68
B A o J0. W <EA) H Yx- . 1‘1—-_ .‘. -’; '311
15 X« NAD AVG 1088, 0 1}9%,13 I2%240,3 3l.b1 =q9990,% 3lebl
o FaCYLD C1RARK I 21049 ,9 «P175,3 bo¥1 -%R770,3 13,72
1?7 TORQUE AVG f¥a,e 232,3 gu9,8 13, n? -7, 13.0%
I8 DELTA 4e? 4,1 11,5 17,82 - N Y
19 Fas5liMip 21355 ,87 ~JRYRL B 12487, R 1430 =768725,0 ERRYY
20 Ye10aN IER |y, 0 3sh63,? YRY5, 5 13,72 2Y2bbg% hetl
21 F=SHEAR ELYTIA PhO%3,h 3hiegi,s 13,77 17975, 20
22 ALPHA 27,4 P7,9 31,9 kY] 17.% 1.RR
23 M Poafr 1o, ? Ak, ? 341,4 13,n? -3,3 13,0%
: '- o “. ‘:r -\.rl A.JLH"W 1-, - ;;Tnf‘
25 HfLn Rov PL L4 15,7 Lh,s 13,04 15,8 21.85
fb RETA by Vel PE ¥ YRR =10, R 3.0
27 BRATYA Lot 1.1 ] 17,12 =ol eS¢
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TEST

ND, 27

IN MINE YESTING NF Hu¥ge, BLUE STAR NO,3

SUMP CYCLE

HEAD SPEED: 1g RPM BIT SPACINGS % INCHES
LCCATIONS Setd DEPTH DF CUTE 3,5 IN/REV
CHAN LABEL R™MS AVG MaX Theax MiN TMIN
1 TORBUE LH§ 206,5 176,2 b1l 4 3,5% 13,2 5%
2 TORGIE PHg gllh, 2 175,8 b0", 7 3,57 =13,7 Y
3 SHAFT pPw™ §01,7 05,0 SIS,% 14,19 85,0 ©4,1a
4 kel NAD LHS ¥NgAp .3 e3u5a7,? -8b30,1 3,00 euh)138,2 5467
5 XeLDAD RHS 1B%b3,Y Bb5b.1 78b%4,9 2,5%  w37u19,% 0%
b F=CYLD Dl $1h%a,5 SCEY9,U .5999%,2 2,54 573e,1 14419
7 FuCYLD (P 43942,0 $263b,% §bbUZ,9 .19 10463,1 14413
8 SuUMP RATE ] ) £.8 L,Us .l 1% .b8
9 SHEAR RATE .k .2 28 13,42 LIS Bek]
10 SUMP STK Ry % 7.9 lleb 15,00 Y ell .
1l VERT STK 32,8 37,9 1,8 15,08 3b,3 2+8Y%
1¢ BOOM GaY o =0 147 14,12 wl,? 15,09
13 BOooM G6-2 .0 -, 0 «0 14,12 -, 15,09
;'_; - TLUTEY 1 X7 T “EV": A LT d (Al
15 X=i 04D AVE 187405 =1%%20,8 46 7,6 2454 =48937,1 08
le F=C¥LD 2i4p.0 1991,4 22av],¢e +iB «15291,5 2454
1? TORGUE AvVe 20h,3 176,0 blo,0 3,57 13,4 54
18 DELTA 3,0 ! 10,5 1,03 "3 1%,b8
19 FeShMp 29588 ,8 ~27683,0 »533,0 2.%% T E LI IR « 0%
20 Y-Ln4D 17812,7 163bw,? 33b%2,0 2,5¢ =532L,2 .19
2l F=SHEAR ees72,3 2ESb8,R 2?e8?,8 13,37 153%8,9 14,21
22 ALFHA 24,4 A 25,0 15,08 4.1 .. 2eBY
23 M POWER £7,7 24,9 28b,7 357 5,9 54
etiamgeapiop yarra— Ferd BB ety iy e
25 HEAD RPM Ihe0 1b,l b4 1%,1%9 15,.% 4419
2b BETA 11.0 11,0 1l.8 2.8% .2 . 15,08
27 RATIN N 5 24b 1,03 ol 14,68
TESY np, 27 SHEAR CYCLE
IN MINE TESTING 2F WHugh, BLUE STAR MO, 3
HEAD SPEEDSY 1m RPHM BIT SPACINGY % INCHES
LORATION: Selp9 DEPTH OF CUTt 3,5 IN/REV
CHAN LABEL R4S AVG MAY TMAX MIN THIN
1 TORGUE LHS eb, g4R, 2 799,85 Sab2 8,7 ba?5
2 TURAUE RHg eh7.8 247,19 800,.3 S.b# -],2 be25
3 SHAFT EP: “aq,p LRI 51%,3 81 ¥12,8 14,83
% AeLDAD LWS 13b3g,0 =123%,0 129% % 19,28 41827, laib
5 X»LOAD FH3 IF4Y,0 is|ng,? B35%9%, 4% 1R, 2P =BRY] .8 1498
b FeCYLD DwN ECETTART IBZHS .S S13%8,b 1b, 1R 1e015,1 ob?
? Fagypd up 1iR19,4 1M3Re, N 23318,86 2b,1? 2486,7 16419
8 Syup RATL .1 ] 1.0 33,9 .1 30,37
9 3HEAR RATE el 1.0 2,8 W13 -5,7 .83
10 SumP s1 11,8 11,8 12,9 36,80 10,9 2,13
11 VERY 81K b, 2 B4t 83,8 37,07 28,1 1he48
12 HOOM GeY .5 I 3,6 ¥,49 w1 4,99
13 Boow G2 i -0 N 499 -0 4,98
Papeiiefs eyt oyt ettty g el —tt (2~
15 XelLOAD AVEH 18883, % 1haza,w $4b%e, 8 19,24 “13IPR4,b b?
lb FeCYLD 2ATHL Y =27271,5 551g,2 oh? «48807,0 18,18
1?7 ToRUUE ave PhR, i 2R, 1 795,19 Gebe 5,9 be2S
18 i‘ELTa "of’ *tﬂ l”rb l!3 ’al.a 5U;Ul
1% Fegump 1758, b ~145617,3 16065, % 32,71 *37753,8% 32,43
20 Yo 04D 17184, R LRI, Y 5102y .9 1b,48 1BYGH ) sbh
2L FegHELT 29010,R 29RNI,S 380038 1b,18 172hb,3 o7l
22 ALPHA CRL b PR, b 31,k 37,07 22,1 lh 49
23 1 POVER 113, 1018, } 333,60 5, h? =3,k by O
e ) '.r ’ ”'n i ~"l a‘ LT T 24T
é5 HEAD e Jr 0 15,9 Th 4 AR 13,1 14,83
eb RETS 6, b -,q 16,7 1h,49 -1,8 37,07
#? RATIN 1ol Ly 2ot W13 »5,.5 ELPYM
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TEST NG, 29 ‘ SumP  CYCLE

IN MINE TESYING OF Wi yG&, BLUE 5TAR NO,3

HEAG SPEED: 1 RRYM BIT SFACING; v INCHES
LOCATI0N; Salpa DEPTH OF CUTE 3,5 IN/ZREV
CHAMN LAREL R*S AVG MAX TMAX MIN THMIN
1 YORQUF LHS I33,h 2a7,9 Thh9,3 4,59 =h 8 1,07
2 TORQUE RHS§ 314,% pn7,8 7ok, 4,59 b3 7,07
J SHAFT gRP= 517,b S0, b Ss0 0 §,.5¢ “?R .9 - ¢.R8
V¥ Xe{NAD | HS “apPa,d =400, 7 =]134%%b .Y LIS =87e8d,8 £,09
5 XeL(QAD RHS eriln.? w}2bA,? YBYR 4 5,32 =37731,1 2?7
b FeCYLD DvN 1enrga,e 12015,7 CLLLLIN “,b0 md?h?,? 7,00
- FaCyLD ye 3INRQ) b’ ingre,?d EEA L L] 23 2ei73,0 $,bY
8 SUNP RATE .B ab 2,1 3,R% -, 1 1438
9 SHEAR RATE W4 o€ 1,8 S.bY -1 «08
10 Suvme 57K 7.3 7,1 9,7 b,be 3,k 1438
1l VERT STXK 29,6 29,3 an,s &£,70 DE L4 $eb?
12 BOOM GeY N -0 342 b4l -2,8 §,4p
13 ROOM Gel Ny -, N o0 LI 31 v, 0 [Py
E I haie 2 EY) A o E T et Ued ¥ gl ¥ hall 3200 B sl
15 X=| NAD Ay3 2790% .7 -24%339,5 130b3,7? % .58 =44 35 2 W23
1b FelYLD 21576,13 188571 38i1%,2 22 =5393,1 4,60
17 TORQUE AVG 333,58 287,8 7h9,1 4,59 b, 5 7,07
18 DELTA 3,1 2,2 Peb 3,85 “, 3 1,38
13 FeSU4P 21939,5 -18777,0 190B1,7? 4,58 «42008,k byb?
20 Y=LNAD 11319,b 2hla, ¢ 32Llb,? 4,54 =18h3b,9 23
21 FaSHEAR 1593g,4 15878 4 23%17,1 5,38 R2h%,1 e 72
22 ALPHA 3,0 23,2 23,0 6,70 22,7 Yeb?
23 M POWER 1%g,7 136,82 338,8 4,58 2,8 ) 7,07
PP TTIC Ptk LA R 251"‘1: =y ;u'puﬁ.; L% I
25 HEAD RPM 16,58 lb,b 17,5 Se52 15,2 2488
2b BETA 14 ,A 14,9 168,82 Yyeb? 14,43 by ?0
2? RATIO o8 Wb 1.9 3,88 LIY R 1438
TEST NO, 28 SHEAR CYCLE

IN MINE TESTING OF HH 48w, BLUE STAR NO,3

MEAD SPEEDE lg RP™ BIT SPACINGE 4 INCHES
LUCATIONG Sel29 DEPTH OF CUTY 3,5 IN/REV

CHAN LAREL RMS AVG MAX TMAX MIN TMIN
1 TORQUF LHS 217,5 180,8 691,58 11,08 12,0 Tand
2 TORQUE Fidg P10 18,7 691,11 11,08 =12,3 02
3 SHAFT pP's 514,33 54,1 55b,7 12,78 354 10,87
4 WeLnAD LH3 5085 ,1 w4 H26] b BB33,% 24,52 =1Nb38L,3 10,80
S Xe{ DAD KHS gaver, 7 -4 79,7 12578y ) 15.,b7 % 920, R 11e5%
b FeCYLL D 2951349, #7509 ,0 Vb3, b 2hglé w3ib?73,0 255
7 FegyLD UP M4218,5 330b8,5 B4730,9 19,97 3553,49 2bhell
8 SUMP RATE o2 W0 2.5 015 “,l 7.00
% SHEAR PATE 1.0 1,7 5.0 10,83 -5,7? 18,18
10 sUMP 37K 7.7 7.6 9,9 20 beR 12,47
11 VERT STk 57,3 58,0 77,8 25,499 29,3 obs
le BONY Gey 05 -, 0N £4¢ 15,50 *l3,b 23424
13 BNy Gel ol -, .0 15,50 LI 23,2%
s —~r e e e 0 B “eylen
15 x=_ 02D Ayg EIR TP ®25601,% 39113, 15,k? »L7497,3 10,77
Jb FecvLD 196558, 556%,9 41872,¢ in,1? w4 2018,¢° db,l13
17 YORQUF 2Vi. S17,.5 180, R b91,3 11,0R -12,1 Te4e
18 DEL TR 7,F be2 23k,9 10,87 21,1 18,17
19 Fmgirip 3273, I ) 102479 ,8 S5,.hb7 =735k9,1 14,10
20 Y=0AD p1a%3,F 14973,k “243b,2 Pb,113 LA ] 1483
el F=SHEAP 1078, 1Y IR, J2ewi,C fb,l12 »112949,6 Yeh?
22 ALPHI 22,7 27,1 30,9 ?5,.%9 28, b5
33 M PUAFR ag ., 4,0 lig, b 11,08 bl P47
w13 Lo '1-~r1.~ ALJ’v:'l -u_r'iu-r ;"':r r?rl i‘h L‘_v-”
25 HEADN RP Yhyt 1hg% 17,7 12,7R 141 10,87
2L BETA 3. F 1,1 14,8 N3 =7,7 25,949
f? RATID Ja 1.5 ha,2 1N, s? =5,3 18,17
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TEST N0, 24 SuMP  CYCLE
IN MIng TESTING OF KH ySey BLUE S5TAR NO,3
HEAR SPEERG 1R RPH B1T SPACING: 4 IMCHES
LOCATIN'' Se}lph DEPTH OF CUYT? 3,5 [N/REV
CHAN LAREL R4S ave MAX THAX MIN THIN
1 TORGUE LHS vz ,8 3ge,? ?34,8 ib,98 -2,7 19 .34
2 TORNUE RAS 142,57 3p2,n 734,12 1b,98 vl.b 14,34
3 SHAFT RPM Siv,l 514%,3 51,3 16,81 iBl,3 ‘18 4B%
Y XepDAD LK'S 382,59 «33837,b 11n8H ¢ beSB -p¥429,0 1,07
S Xe_0AD KHS 13b4%7,5% =£5135,1 12eU%0, 3 3,14 “43ib04 8 0
b FeCYLD DN 1Bh4z,1 172¢45,2 Y2b47,3 19,06 34,8 +97?
? FarcYLD up 30318,8 Ip19ee,0 ‘bYBlE,b 1b,05% 22000,3. 18,77
E SUMP RATE . e 3,1 16,32 LY 12,57
9 SHEAR RATE o 2 2 240 13,10 "l 13.53
10 SuUiP STK lo,B 10,3 16,7 18,96 ) 203
11l VERT 81K 2?,b 27,0 29,9 19,08 2h,? 1D.18
12 BOOM Gs=Y ot -0 1,? 1B,b? wvl,5 + 78
13 A0OM Ge2 .0 -, 0 0 18,67 -0 W78
TrTLTTTYE Y Te ' Bl KR J—J;J WeCl wlled i
1§ X=L0AD AVG 21%%1,3 =1821b,3 42397,8 3,12 -4 7862,9 »R7
lb FeCYLD 156865,7 12783,8 S21bl,9 1b,0% =1357p,7 18,495
17 Torwile Avg 3a,? ize,e ?38,5 lb,98 e, 2 14%.34
18 DELTA 2,9 2,0 1,6 1b, 30 =3 12.57
19 Faglivwp 1B1G%,b =1b320,5 10920%,7 2,08 =4bhf5,3 3,12
20 Yl NAD 11728z,0 7h2%,1 4p3%2,. 3412 =133bH,3 97
¢l F=SHEAR 1739y ,8 1703L,8 30335,b 18,98 »22199,0 2408
é2 ALpHa f2eb 22,40 23,0 19,08 22,9 10,18
23 M POWER 144,5 140,k 38,1 1b,98 wi, 0 14,34
h-achlh o 2 AV I T bl I3 POV N AT g7V POV I ek [ B
25 HEAD RPM Tht b4 17,5 18,81 15,3 18,84
2k RETA 15,8 1B gh lb,U 10,18 14,5 19,08
27 RAT]D o7 o5 2,9 16,30 w,l . 12,57
TEST NO, 29 SHEAR CYCLE
IN MINE TESTING OF MH w5b, BLUE STAR ND,3
HEAD SPEEDg 1 RFM BIT SPACING: 4 INCHES
LOCATIOMNt Balgd DEFTH OF CUT: 3,5 INJREYV
CHAN LAREL RMS AvG MAX THAX MIN IMIN
1 TORGUE LHS Y7h,1 4h0,8 919,77 10,11 1,9 158
2 TURRUE RHs§ vig, B Yh4h 918,60 10,11 2.2 leS8
3 SHAFT RPw 513,9 513,% 5b0,3 1041k Y87,8 19,88
¥ Xel0AD LHS 17297,3 =b311,2 3762k,7 15,08 -578859,% 2eBb
S X«L08D RHS “2332,b 39724,3 12604%0,3 7.2B wB397,.2 89
b F=CYLD DwiN 4¥pn3y,a 39149 ,19 5413g,1 Fl.1b 5737,1 +59
? FeCYLB UP 1125>,8 9978,1 b48le,b 31,9 «1NEY,? 1,18
B SUMP RATE N W0 W ? 2l.21 5,1 9,59
9 SHEAR RATE 1,1 .9 3.6 1,79 2 Y24
10 sUMP STK 17,7 17,7 18,9 32,49 15,9 211
11 VERT STK 57,2 £5, % 74,6 YbeBD 28,9 #0858
12 BOQOM GeY 5 -, 0 2,9 B,L,00 3,7 4,54
13 BOOM GeZ L0 -, it N R, 00 -0 1
+ P G L Te U el F L T Talbl 31l SLoe 100
18 XelOAD AyG £2nkan, A 1k706,5 59182,3 7.27 ~23ibbk,l 2.85
It FeCYLD 1543,k =217 ,9 521€1,9 1,18 *G 1484} 11,18
1?7 TORAQUE AVG “r5,9 YE0, 8 q)19,4 10,11 2,0 1458
18 DELTA (] a,5 13,3 1,80 -5 ¥,2v
18 FeguMp 2n10a,9 =17260,7 1036461 31,95 =5738b,U Y
20 YelNAD 4027 ,0 333173,8 56181,7 1141k w7044, 5 1,18
2} Fe3HEAR 3Nk, 0 Inece, 41464 6 .18 «15b52,1 1415
2¢ LLPHA 27,3 27,2 1,0 Yb,80 22,R 0%
23 M POWER 2M7 b 211,1 “G3,0 11,13 9 1.58
ey R RN whE Tw - ;VAT.“LL';.: I AN ,,'m_-,;_ e
é5 HEAD RE™ Lo % 1,4 17,8 1, lk Je,1 19,84
2b RETA 7.0 3.0 15,8 .75 «7,9 4,80
27 RATIN 1.0 o 3,3 VLA -l Y84
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TESY N, 30 SUMP  LYCLE
IN MINE TESTING OF MM wgp, BLUE STAR NOD,3
HEAD SFEEN: )1g FPH B]Y SPALINGY % JNLHES
LOCATION: SelpQ DEPTH CF CUTE 3,9 IN/REV
CHAN LAREL (3] AVG MAX THaAx MEN THMIN
1 TOROUE LM “Ra,b 454,19 395, 4 R, 0R 2,0 2?0
2 TRRMUE RHS§ wHp,9 YRy A 165 1 8,08 7,3 70
3 SHAFY QP 51, d S1R,% 559,86 Tylb $70,4 1]1,0%
Y XxelNAD LHS 2%16q,5 205371 ,7? EELTE PO b,A8 =6P240,5 Sia)
S X=LDAD RHS§ 196R8,? 821,3 59315,7 11,02 »4100b,5 1
b FeCYLD DN $Bl3p " ¥5772,8 bBlbS,b 7,29 29941, 4 7?7
? FeC¥YLD UFP YHBEQ,® $0725,u S¥8l2,9 Rl 33854%,0 7,28
B SUMP RATE . B 3,4 10,149 .1 14,52
& SHEAR RATE 03 ol 1,4 .78 -1 L)
10 suwp STK 1,2 10,t 1b,4 17,08 2,2 .18
1] VERT STK In, 5 30,6 31,8 38 29,3 7.38
12 BooM G=Y WY =0 3,b 9,36 1,8 12.21
13 ROOM GeZ W0 -0 +0 9,3n -0 l2,el
:n'_:- "~ = oy :'1 c'L L‘lﬂ ll‘.-l H'E_M._
15 Xe{NAD AVG 14842 ,8 5305,2 21688 ,% 0,25 w4 S88P,7 s 4b
16 FagvLd 1i®1a,5 «50%7,8 24574 ,0 445 “2bDBY , b 1529
17 TDRAUE AVE YAk, b 464 ,9 95,3 8,08 7,1 70
1R DELTA 1.4 2,8 1e,? 10,14 w3 14,52
19 Fagitdp 22nn3, b «186%8,5 15636, 6,19 =54492,1 40
0 Y= NAD 25%52,3 2e?r73,? 43852 ,49 b R? =94QR 7 4
21 FuSHEAR d4tin,b e4621,? 30758,8 7,33 18796,3 1413
22 ALPHA 23,1 23,2 23,3 , 3% 22,9 7,38
23 M PDWER 13,8 199,1 434,49 R, 08 -3,2 70
b g} e ity e B il gl beimpirid
25 HEAD RepH 1h,4 16,5 17,8 2,1k 18,0 11,0%
2bh BETA tu,B l1d,4 i%,8 7,38 13.,h .3"
27 RATID 9 ! 3,2 19,19 .t 14,82
TEST NO, 30 SHEAR CYCLE
IN MINF TFSTING OF W uwgp, RLUE S§TAR MDD
HEAD SPEED: 1g RP™ B1T SPACING: % INLHES
LOCATION: S«=1p9 DEPTH DF CUTE 3,5 IN/JREV
CHAY L&BEL pes AVG MAX THAX MIN ININ
1 TORBUF LH§ Yb 0 Yvy 3 BA2,t 31,43 =3,3 1,97
2 TORADUF RNS ko 0 Yuyg @ 92,3 31,43 3,5 1,97
3 SHATTY RPM Slg,% 515,3 5b1,% 31,bb Yhq,2 31,30
4 XL DAD LM3 1RA537, 8 .2739,7 36507,0 31,35 LEL S LY 1,07
5 X=_0AD WHS 240y 7 39238,0 7846 3,8 U AN »)18)140,3 14bS
& Fel YLD D 39814, 8 EETER IS #0DB%G b 27,78 321, 6 39,18
7 Faryllh ur 11293,7? apgY,q $2133,2 L7 211iv.8 37,80
B SUMP PATE .3 .1 3,3 19,8% -l 44,35
9 SHELAR RATE 1,0 N £e9 £ 7b P91 38,43
10 Sump STX Ja,n 12,1 18,5 10,56 ¢.B 48,53
11 VERT STX 55,9 G4%.b 6,9 Y8, 8% 30,1 $53
12 RONM GeY N w, 3.4 9,79 ~2,R 23,59
13 BonM 67 L0 v, 0 L0 Q,7" -, 0 23,58
P T e = o ca 3o Ean r
15 x=L0AD &vG 20819,1 15769, ¥b1%5,3 3,35 =27507,2 leb
1b F=gvylLDn 320%0,3 =g RBh6h, 4 16094,3 1,55 w582]],b 27,78
17 TGRUUE AVG dYhe, D Wiy, B2, 31,43 =3¢ 1,97
18 DELTA 1,8 1,1 10,7 s L) 3R, 43
19 Fegitp 2nlap,a S RELEP 23894 b 38,36 =4bhib,0 11,80
20 Y= NAL vonka,? INgRE LA 5?81n,1 10, 3y nje,e 1,07
Pl FeSHEan 311589 ,8 INBEHA, P 448b5 1 12,8k 11428,7 39,50
22 ALPHA 27,7 RIS ETUNY y¥7, RS 23,0 53
23 M pPOdER 2lin,t LRI 03,4 Ii.H3 1,5 .97
wrerrr LA A A e A AN - LAAA N ';,. AN FRTOROTy L3kks anshand
RS MEAD RP* I, Th 4 17,9 Il ,bb 19,5 3),3u
b BETA [ 1,3 ] W52 oh,? 48,85
27 RPATIO i o F &a7 £47h -yl EI'LUE
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BIT LOAD DATA SUMMARIES
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TEST KD,

IN MINE TESTING OF MY 45k, BLUF S5TAM MO 3

TES

CHA

Lt o ]

U DT E Wb

T

N
¥l

1

HEAD SPEEG: Sy RP™

LOCATIO ! =81

LasfL EK)
FeaRIT ) M2, e
FeBTT p 1ieh, Y
FallI71 3 FYn 4
FaREG T 14390
THETA=] t3,0
THETA=2 1,8
THET2-3 52,0
THETA=],p Ib
THETA~1,3 ‘ 42,3
THETA=2,2 14,2 .
F=TANGENT Ui LR
FeiinRegL _ REL 2 - T
MO, 1

LoCATION: -89

LABEL Rmg
FaRTT 3 973,32
FasIT 2 REF-I TN
F=BIT1 3 2793,7 ..
FaBESULT bige 3
THETAe} X
THEThwp Hl.2 .
THE Thwy “7,9
THEThe, e 42,3
THETA=], 3 “lel
THETA=2,3 cuat
FaTANGEHT A7), E
F=inkMaL BhY R

IN MINE TESTING DF Hri 48b, BLUF 3TAR

. HEAD SPEEN; Sy RPTY .

AVG

211,11

{STRUT KIMT

MAX

13778
3895 4
2Ib8, g
LKLY
L ToIN |

B3,9

9,0

R7 .4

89,5
76,4
3178,9
3652, 4

BIT SPACIMGY

EIT PUSITIONS

THAY

9,b4
Y.38
3,81
4,98
7,49
7,31
7,39
3,03
S.Le
B, 48
£.55
4,94

N0,3  (STRUT BITY

b35.5..

1% 0

08,k
g, 5
12,7
33.9
3l.6
14,23
498,50
ann,)

ST

104

MAX

ehb3,3
3338,5
eLen .8
4163, )
a0, ¢
L ]
0,0
AY 6
84,0
B4y
EAR -
Ibbhk B

BIT SPACING:

BIT PISITIONG

TMmaX

13,28
14,41
.31
4,98
relll
1,37
AR b
19,52
1,54
1233
1+,%4
LEFL P

SUMP  CYCLE

e INCHES

3

MIN TMIN
«2375,1 3,77
=58% % b,2?
=23h0,1  Re52
33“.1 J. b8
=au,n B,57
~89,19 n,42
=900 Se,12
WU 7,39
ol 9,42
+0 B.67
=h8b,0 .00
~B%3,0 9,55
SHEAR CYCLE

2 INCHES

3

MINn TMIN
w3057, 1 22,79
#ib?73.2 b, 08
. »g850.1 42,12
EIVEDRN 24,07
-30,u b,el0
-a0,2 28,77
-89,7 Uy, 1y
el 3B, 4b
ol 28,27
ol bell
=}152b,2 14,48
1536, bR



TESTY wn, 1

IN MINE TESTING OF MM ygh, BLUE 5TER NG, 3

HEAD SPEEDD sy RPn

VACATING G Je=An

CHat La&REL ekl . AVG
1 FeRIT 24,38 Jjan,e
e F=R]T 2 . 131y, 1 98 4
3 F=01T 3 335,14 w100, 0
Y FeRESULT 1377,.R 873.b
S THEThe) _ bl,2 . 30,4
b THETAwZ . 19,5 12,¢
7?7 THETE=3 h2,5 “ib,l
B THETA=~]1,2. .. 12,8 7.2
9 THETA=],3 Shed $3,5

17 THETA=2,3 SRR N 45 - S de3
Ll FeaTANGENT 1053,k 23%,3
12 Fe={DR™LL ... B8 $50,2

TEST o, )

IN MIME TESTIRNG OF HH 466, BLUE S5TAR

HEAD GPEED: n) PP

LOCATION; 1w=vg

CGHAA LAEEL RAS ] AVG
1 Feglt 1} $30,8 . 274,85
e FeBIT 2 ... 1243, . E71,5%
I F=BEIT 3 . . 333,7 $1.b
Y FeRESILT 1379,k 1019,0
S THETAw) byl In,b
b THETR«p 3, i 21,5
7 THETA=j Byl T4
§ THETA=1,2 2a,U . 12,2
9 THETA«),3 Sn.E P b

I THEYLap, 3 £2,3 ) 15.5
Il FaTANGENT o lily.b . 3lG,P
12 FeljiQR¥AL PULL L . 22,1

(FACE BIT)

MAY

31,4
YIHT LU
£554 .9
Sy, ?
oAty

B7,58
.0
b, b
25,9

b?,7

2HbY .S
39,1}

BIT SP&aLflnG:

gI7 PASITIONG

THAX

e
2obe
2459
2462

«1%

MO,3 {FALE BIT)

105

MAX

lbke,?
S?w .8
2774,b
5218,3
A,
QLB
“4Q,n
Bi.,7
A ]
£H,7
VEIU, b
IRYH,]

BLY. SPACING: 2 IWCHES .

& IHCHE

4

MIN

-l%9] .8

sSUMP

8

=5h,3.

~1952 .3
31a,2
~q3,0
~89, b
69,9

BIT POSITIONE 2

TMAX

22,83
a,74
27.60
9,74
%5,72
32,37
3,72
1B,13
40,93
24,14
9,74
27,51

CYCLE

THIN

24b2
2,478

, Cebe

5,U%
'SR
Pa?8
sl
23
?.7B
ol¥
27l

SHEAR CYLLE




TEST NO,, 2 SUMP  CYCLE

IN MINE TESTING OF #H+ 454, BLUE STAR NO,3 (STRLT RIT)

HEAD SPLEM &y PPY EIT SPACI™G: ¢ LHNLHES
LECPTIO s Jany gIT POSITIONE 3
CHAH LakEy . INEK) AVG mAX THAX MIN T™MIN
1 F=BY1T ) Y2i,3 3%, ? 14495 10,64 574 3 2430
-e—f—&-r—a—r——w-&%r;*f——w-mﬁ——w~%esﬁ*—mm&. +t S8 — 23—
3 Fe317 3 20,3 655, 3186,5 B,21 =2257,1 13,59
b —poarRep G- - 3tab idebti g3 SRR 35 by Bl
Al ma A . B Frb3 D9t 5
T —p gt St E-00 Frd B i aia
B R = e I T L B . LA ] — Y R G
B E Ay SR 3655 #4593 3B Fommm s g e 4y § -
- THE =173 e E e oo i e +T ESyE o
4-3 L BT Y = 14 Fal 13 id 1 Pat 1L O 2 L
el LA B SR B - -] L G APl P -] L = mag MRl ras Ty
L Fw TG EN T P aimares Fedo3 s b Az el £538
@ iR e el = a o T rirey ey I3t
JEBT HO, a SHEAR CLYCLE
IN MINE TESTING DF t4 uge, BLUE STAR-NO,3 (STRUT BIT)
""" . MEAD GPEEDG 61 FPh _ RIT SPACINGE & INCHES
SJCATIONE 3=7) - BI1T POSITION: 3
CHAM . LABEL RMS AVG . MAX THAX “IN THIN
1 F=RIT i TSI 21,4 ?93k,2 1b.72 1 14E,S B, 48
B s - o B e - o e - - s eet o ?Fm-weﬂ-ﬂi"ﬁ—’*——ﬁ—*&*-
.3 F=317 3 .o 23,1 6%l,b airo,e JU B3 -;578 8 lbybB
A PeRESUH e R 3 .‘u‘wi,i - ?q-’w’z 4 IR - TR AR 1 4 - S & S & ad
B FHE T o s ey e G gl B B e — R Y e R B 3y R
-~—war«-;>~A~——4ﬂf—3~~-m——~e&~1--~w3&.9 = 2t L I - o S
B -FHEF A S 18 B*MMBHWM-—&“-.%JM———'B%‘—W ORI~
B THEF Ay B e Ay gy S B bt B3y F +¥ ,‘,.34.
- QT g e 3?.3 Sy L-Hol? By Sgebib .£ EITHE -
b T Fem o G o5 Sl +8 148 gl e B3 BB
A3 AR e bR by B B B i D@ R e A R g R A g e B p
i_.? [ un ..1Al Li‘;. f':ﬁ i 'J'I_IL‘.J.‘.‘ ,‘.“.?E 551?.5 . .u_ucL




TEST ND, L

SUMP. CYCLE

IN MINE TESTIN G OF HMhuBh, BLUE STAR NO,3 (FACE BIT)

HEAD SPEEDI 51 RPM

LOCATIONG Selp9

CHAN LABEL RMS AVG MAX
1 F=BIT 1 31,2 “y3,4 1578,7
e 2
3 FmBIT 3 535,1 »239,7 134%3,0

4—FeRE

BIT SPACINGt & INCHES
BIT POSLITION: 2

TMAX MIN TMIN
4,97 204,1 4,99
12417 w2724,3 ¥,.81

th ol 4
P I ]
i PO e ]
'
-
"

TEST NQ,  §

SHEAR CYCLE.

IN MINE TESTIN G OF MHeSh, BLUE STAR NO.3 (FACE BITY . .

HEAD SPEED) 53 RPM

LOCATIONG Sela%

CHAN LABEL RMS

15%0,3

1 F.BIT 1

3 FeBIT 3

MAX,

d2b3,8

_ BIT SPACING: 2 INCHES .

BIT POSITIONI 2

TMAYX _MIN

B.55. ... 353,3

B,.5b

p-
bt

o
o o » w

ur
»
N
k-
[ 7]
a
b
*e
»
f
"
.-

P
9
4
+
bz Y
r
hn

o y
b
L o
L
»f & »]
I .
‘E!;,:ii:i!‘\‘.
‘R EEE
BN R P
: B IR Y BT
7 o
- )
b h
,‘
S B -
INER RN ‘
. .
4
g * ! ;
ISR EE N R T
. R [N B s
"
h

{
o
A
g
L o3
'S
E 3

PR PR - 3 Py L a0 Dot
oeTTTTR D T e ! Tip < T LY i T IeY AL A A
2 i -y ral lo Wa il 2 [+ XL 2.0 -1 f N
LAl -3 Mt Fitg T hafl LN B4 AR g TeO T AN Ty
o Tl Tk dd Y ol P P o
i I 3 ot L A P - F AU h I ] X KA '}y - R
- JUTE N L - | Lo 5 LY -1 n [ Dhnndun
et T e CAF 3 3a 1 v T ™ T A8 2
WL, XWY A o . LW o] el 0 s 8 1 L L1 M 3 1
TR T K SRR T N ] L X (R LR eacd
] []
¥ L]
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1287 Ao, b

IN MINE TESTINE OF HY wSah, BLUE STAR

HEAD SPEEDS

LOCATION

CHAYN LAKEL

Falil T 1
Ferlr 2
Fept1 23
FaRf GULY
THET A=}
THETE=2
THETA=3
THET A1 ,2
THETA=],3
10 THETL=p, 3.
11 FeTAGENT
1¢ Feriimmng

OEm -~ Y < ow

TEST Ho, 5

letg

a8

2en,7?
138p,R
325.2
IM3T,h

bk, 0

1u.B.

h4,5

2¢3

b2 2

boH

1136,3

1.5

1q Fp

I4 BINE TESTING OF HH uSk, BLUE STAF

LoCAaTIng

CHAY LABEL
CFenlt )
FeRIT 2
FeBRIT 3
FeRESLT
THET A=)
THE T2 wp
THETA=3
CTHETAmis2
THETAw], 3
10 THETA=2,)
1) FeTRHGERT
L2 FeriRngL

T R U

HLAD SPELD: La KFN

j=iq

RS

RS -

1271,5
g,
1agn, "
B4 e5
12.1
Q47
2,3
S1,4
7.6
1% .k
1425,1

AVG

«]132.3
WS, U
~1h,8

1637,0
“15,h

LAY
12,7
Seld
35,0
4,1
piic,9
PEELTR]

0,3 (FACE RIT)

NOL 3

108

MAK

13,1
5460, 5
Alel,3
5330.5
0,0
he g2

Qa0 .

byl
LN

LRI

4933,7

Whily 3

[FACE

MAX

lObR &
5774, 7
e413,¢2
b115,4
a0
S ,.%
QU_U
Si,b
BG,7
34,5
4258 ,1
MEA7,3

BlY

BIT

SPACTItIGS

PLUEITIONS

TMAX

17,85
4,07
3,239
.07
737
3,39

18,03
3.9

3l.el
5425
4,07
EPRL]

SPACING;

POSITION:

THMAX

222
17,30
l3.bY
17,23

23
13,62
17,30
13,62
2u,499%
13,82

+ 45
172,30

SUmMP

2 Ihirt3

2

SHEAR

2 INCHES .

2.

MIN

-2178,0
304, 3
»2h8,2
Wik U
30,0

CYCLE

THIN

FPNY )
3.37

. ?,40

3,37
10,87
31.¢1
L US
18,03
3,39
10,97
3,37
5,85

CYCLE

CTMIN

10,81
13,62
10,64
13,62
13,75
20499

b
17,30
13,02
13,75
13,62
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TEST 4O, & , ) S5UME - CYCLE _

IN MINE TFSTIMG OF H'4 45hy RLUE STAR WUO,3 (GAUGE BIT)

. MEAD SPEEDS 1§ AP RIT SPA4CING: 2 IWCHES
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TEST N0, L o . SHEAR CYCLE

Th MINE TRSTING OF HIt wuh, BLUE STER H0,3 (FACE BIT)

HEAD JPEEN; la RPN, BIT 8FACINGE 2 1hInES

LOCATINN G 1= 93 BIT POSITIONS @

CHAY  anEL L 5 AVG . Ak TMAX MIt TMIN

L F=B1T 4 207,8 1o, b 1320,7 Jehv o elB3,E 17.1%
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TEST NC, @

THOMTINE TESTING OF WY b BLUD STAR 10,3 (LAUGE

HEAD 3ZPFEEoL IR KBS

AIT SPALINGY

BIT FOSITIONS

g INCHES

CYCLE

[N L ABEL rafy AVE AKX THax s Ih TMIN
1 Falll ) $2n L Pbr 4 a5, ? 1,21 -2Un,5 Y87
S A X N LI Y | P A ] ol di & Ll f ol W0 S 4 (TS0 . |
. y 14 * a4 r L i ¥ oy
3 FallT 3 2.3 EED I $345,9 Y,5h ui.??'? 4 ¢ B0
bbbt 44— 1313 I 0 bodiile 12 P WY TR . X

LaRSETAT] Ty Hr oy T T ey s .
- UL ) 3 AN+ Dl £3. 5 T ] L~ I AT e |
- = + — ¥ ¥ ¥ " v "
RS SUTER 2 MY LT - =1 S [N~ -] O | *EF - ] TR o |
Aottt Lo e -y ¥ v B v
- S ST W b O o X i | 9 _2 i _Ra pog -3~ S 1 kS |
- Aaa L anan ¥ v - i LR an anaul
WL JEEA 3 . 2 o PP ao PR - 3 2 SR
Y e Ty Tyt T Y T L
iy Sl S B R 3 5 g -
WL 0TI S A SR 1 -, | I - S I 2. .

L L g L2 g ¥ -4 oy

FAt o AlT Licda .1 i3 2 BLIE O 51 hugulitad

T tefmadd R ] - v v

PN~ | i e d i bmndeens b 2. X N - 0 . o I3 .

_A3 e oo ~r . - oy et wpeine?

TEST Hn,  »

CETHPTESTING OF fv 4sh, SLJE

REANTEPECD 1 R

STAR HO,3 (LAUGE BIT) ~

BPACING: 2 INCHES
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TEST Mo, ) - N

IN MINE TESTING NF g, RLUE STAP #0,3 (GAUGE RIT)

Suwme

CYCLE

HE AT SPEENM: 13 RF! BIT sraClInG: 2 INCHES
LOCATIO N Ye 723 BIT »Uu31TIONS |}

CHAY LAREL RS aAvG "X TAX MIN THIN
1 Fent1T 1 UhYy, 5 ERE 3,04 B AL U L 18
ety oy el il e rindalyB A
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TEST WO, . n

CIN MINE TESTING OF HUtgh, BLUE STak KU, 3 (LAUGE RIT)
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TE S &QAiAlU

 SUMP CYCLE

b Htﬁr'ifsTer OF HH %5k, BLUE STAR NUG3 (FACE BIT)

hEAN SPEEN; 1R REM BIT SPACIMGE 2 INEHES
LOCKRTION: e 793 RIT POSITIONS @

Cwaiy 77 | ABEL . K8 AV FAX T4 Lx MIN TMIN
U S, 2 I — Lot =T NN AELLL s 2 il :;('f_' 3'3‘5‘
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TESY ND, 1L SHEAR CYCLE

IN MINE TESTING OF H4 4Eb, BLUE STAR NU,3 (GAUGE BIT)

HEAD SPEED? Lm RPM BIT SPACING: 4 INCHES
LOCATIONS Sei2q BIT POSITIONS §

CHAN LaBEL RMS AYD MAX TMAX MIN THMIN
1 FeBIT 1} 55k, ? 27,2 2930 ,9 b9y ®237,3 beB1
: 4 ‘?:', ; 1:1: .u ’1.7"“:.-? 512}_J.L L.'Q‘O' 1'0 L.L_L
3 FeBIT 3 1356,3 53,5 §519,0 heB1 3,2 .bebb
‘J_vL_'E‘ F%QUL? 3;}3:.% 1?nu‘L ICIH.I|'1 L.’E :na-g %'l:l_.
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TEST ND, 1k SHEAR CYCLE

IN MINE TESTING OF HH 46k, BLUE SYAR NQ,3 (FACE BIT)
HEAD SPEED: 51 RPM B1T SPACING: 4 INCHES

LOCATION: %+=130 BIT POSITIONS @

CHAEN LABEL PIZES AVG MAX THAX MIN TMIN

1 F=BIT 1} beR,Y “1b5.8 endv,? e%,37 wd ] 74 4 24,27

3 FeBIT 3 35,9 333,4 4073, 20,75  =3051,8 18,32
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TEST

NO, 1Y

IN MINE TESTING OF HH 4&b, BLUE STAR NO,3 (FACE BIT)

CHAN

— -
08NS U E W

le

HEAD SPEED:
LOCATIONS

LAREL

FeBIT
F=BIT 2
FeBB1Y 3
FePESULTY
THETA=}
THETA=2
THETAw3

THETAw1, 2. .

THETAw],3
THETA=2,3
FeTANGENT
F=NORMAL

Yel30

rRMS

Behyl
2111,3
104%49,0
24%49g,1

5q,2
33,4
53,9
28,3
Y5 .5
14,8
2074,8
ang,k

51 PPHM

AVG

=233,9
«538 .4
189,56
1?70,8
-4,3
w10
9,4

18,5 .

35,2

11eb

-589,0
-257,7

116

MAX

2883,
?th.q
3329,b
83!]8.5
9p,0
90,0
89,9
89,9
bB,b
24,4
249,89
3172,0

SHEAR CYCLE

BIT SPACINGY & INCHES

BIT POSITIONY 2

TMAX

20,64
20,64
19,35
20,64
12,08
12,08
25,63
12,08
13,49
22,09
2D, b4
20,b%

2948, 8

TMIN

17,00
17,00
Ju,.b?
3,54
12,410
18,10

o 19,49
19,49

. 12408
ie.08
1700
17,00



TEST NG, 18 SUMP  CYCLE
IN MINE TESTING OF HH wsb, BLUE STAR NO,3 (FACEBIT)
WEAD SPEED3 5) RPM BIT SPACINGT % INCHES
LOCATION: =130 BIT POSITION: 2
CHAN LABEL RMS 8V MAX TMaX MIN THIN
1 FeBIT } 230.6 -5, 576, 4 L21 =229b,3 .05
3 FeBIT 3 B11,) 5734 3799, b 18,06 =1579,7 ‘20
AP ESOLT 23542 e P B PR 2084 e
PR sevt E 49,0 802 Syt +ovi
—THEA—a B Sopd 553 e adiyi -
PFHEFrrd triggr Ly d— B0 4 as =220 e 18
AT HE Tt EH 2 o 3 o8 aiy Friy
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TEST NO, 19

SUMP  CYCLE

IN MINE TESTING OF HM 45k, BLUE STAR NO,3 (FACE BIT)

HEAD SPEED: 5] RPM

BIT BPACINGE ¢ INCHES

LOCATION: “el30 BIT POSITIONS 2

CHAN LABEL RMS AVG MAX THAX MIN THIN
1 FmBIT ) 29,1 -y29,1 279, db -2679,8 06

3 FeBIT 3 b38,1 +26,1 3843, 4 © o 0B ~258,9 il
T} 5?.: %;127 8546 7 ~+3483 .iﬁ't ;253
Py ey Py O 4§ At v

Ll B TAMNGENT. b 1+ 5-V | $.5.0.0 CREL.3 s ¥
e a2 e -y -y v oy v

TEST NO, 194 ' SHEAR CYCLE

IN MINE TESTING OF HW uSb, BLUE STAR NO,3 (FACE BIT)

HEAD SPEED; &) RPM B1T SPACINGE % INCHES . .

LOCATION: %=]30 BIT PGSITION: 2 . .

CHAN LABEL. RMS AVG MAX THAX MIN . TMIN
1 FeBIT g%R.1 =lh3,h 1525,4 4,88 w20 3B, b 7,23
P VT ST T M TR SIS Y.11-1 A S TS T'T T 1T S— R
3 FeBIT 3 . 1308 ,% 528,7 4354,5 bell »1989,9 . .. 3,89
O o T ISP . S FTE- B PR EE 1 - SEETRESSYRE-E R S (Tt S
5_3;152)\ - 45{-_::1; a'n nn_a 1.1‘._3 . un'u :.J.Ln'.
e THETAep PR Fa R T it E e e
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TEST NO, 22 SHEAR CYCLE
IN MINE TESTING OF HHMg %Sb, BLUE STAR NO,3 (FACE BIT)

HEAD SPEEDt 5) RPM BIT SPACING: 8 INCHES

LOCATIONG 4al3n BIT POSITIONY &

CHAN LABEL RMS AVG Max TMAX : MIN TMIN
1 F=BIT 3 447,9 «219,:b b87,4 28,81 =24b0,9 12407
2 FeRIT 2 2015,3 15239,3 b¥uz,q 12,69 ~2057,3, 12407
ka3 Rl g B g B 282 0 12.b2

J- WL AVT- K XN SN | b W . | 20 b bl 3 12 bl T 1.2k !1"
TR LN LS g el B alelhd T L BT RRatramh Ll B
G IHEFhety b3y bd By 38,83 3 e
L T T L T T S e E A, S
11 FeTANGENT 1265,1 -~ 475,58 $582,5 S,%2 #319% 8 1R,07
12 F=NORMAL 1k23,7 12Bb,0 5170,1 12,59 . =h55,)3 - 39,b8-
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TEST NO, 23

§HEAR CVYCLE

IN MINE TESTING OF HH 4Sby BLUE STAR NO,3 (FACE BIT)

BIT SPACINGE ¢ INCHES

HEAD SPEED) &) RPM
LOCATION: Ye)3n AIT POSITIONG @

CHAN LAREL RMS AvVG MAX TMAX . MIN THIN
1 FaBIT ) Sby,5 =349,5 Yay 1 7.23 w2b88,% beDY
2 F=BIT 2 $205,3 265649 11132,0 4,8k w20b7,8. 7,22 .
i 2 e L s e LR e e AP
O A e S o e L 1 o 2 &2
T HE T hop Lao% 3¢9 42 b— Byl By For
L o - — g3 . - I - N £k .2 Byl
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120



TEST NO, @b SuMP  CYCLE

IN MINE TESTING OG HH44gb, BRLUE STAK NO,3 (FATE BIT)

HEAD SPEEDY 1g RPM BIT SFACING: % INCHES
LOCATIONG Se]p9 AIT POSITIONS 2
CHAN LAREL RMS AVG MAX TMAX MIN TMIN

1 FegyT ) 7%k 2 YBb,? F70%,5 «89 -1 bed¥
_%jl.’_g}*,r e ‘a"”.: ;::E"E L‘JLB'L i l'? S - 17
3 F=BIT 3 Jloet P8 1478,5 o2h =2471,2 98
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TEST NO, 2b SHEAR CYCLE

IN MINE TESTING OG kHYgh, BLUE STAR NO,3 (FACE 81T)

HEAD SPEEDY lp RPM ‘ EIT SPACING: % INCHES
LOCATIONS Se]pq i BIT POSITION} 2
CHAN LABEL RMS AVG MAX | TMAX  MIN TMIN
1 FaBIT | 853, 4 $h1,9 423,82 17,01 w40, £he79
- 1,
3 FeBIT 3 iz, b 5n,9 t?39,9 19,07 «2536,5 33,64
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TEST NO, 29 SUMP  CYCLE

IN MINE VYESTING OF HHM¥gb, BLUE STAR NO,3 (FACE BIT)

HEAD SPEEDY 1g RPN BIT SPACING) % INCHES
LOCATIC"Y Sa=)p9 BIT FOSITIung ¢
CHAN LABEL RHS AVG - MAX THMAX MIN TMIN
i FeRIT 117y ,4 733.¢ 312?7,.9 « 35 380,1 8431
- v ” - .
3 F=RIY 3 452,79 “167.3 ?270,b d. bk wglbb,9 M)
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TEST NO, 27 SHEAR CYCLE

IN MINE TESTING OF Hiwge, BLUE STAR HD,3 (FALE BIT)

HEAD SPEED: 1g RPM . BIT SPACING; % INCHES.
{OCATION] Swlpq ‘ BIT eNSITION: 2 .

CHAN LABEL PMS . AVG MAX THAX COMIN. . TMIN
L FeBIT § 1184,7 b23,8  3190,b 7,496 189,55 10,42
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APPENDIX B. TEST PROTOCOLS
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BIT RECORDER, OPERATING PROCEDURE

Set-Up Procedure

A.

B.

Remove cover plate from battery compartment,

Insert programming plug to set desired sampling rate, recording mode (single or multiple
strain gages) and time delay *‘D’’".

Install fully charged battery pack

+ Lead — Lead Reading
\A C < 5.2volts
\2 C < 6.5 volts
v, C <13.0 volts

Connect battery terminals in this order:

&V, V,, V,

Check indicating light in battery compartment—if it is ““ON"’, remove battery leads and
reconnect as in 1-C, above.

Replace cover plate over battery compartment; check to ensure proper seal; and tighten
all bolts. ‘

Record Cycle

A.

After cutting head makes eight complete revolutions within a 6-second period, recorder
automatically turns on.

Following a delay of ““d’’ seconds after the cutting bit strikes coal, the data recording
cycle is automatically initiated and continues until the sold state memory is filled.

At the end of the record cycle (60 seconds for 1 msec rate) the circuit switches into a low
power mode and holds the stored data for a time interval of up to four hours.

Data Retrieve Cycle

A,

B.

Set the ““Bit Recorder Dump Switch®’ on the control console to the ““OFF”’ position.

Remove the round, threaded protective cover (pipe plug) on bit recorder to expose the
multi-pin output connector.

Connect the data transfer cable to the output connector.

Set console controls and make connections required for data transfer. See instruction
manual.
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10.

E. Put “Bit Recorder Dump Switch®’ in the ““DUMP’’ position to initiate transfer of data
from bit recorder to the tape recorder.

F. At end of data retrieval, return switch to ““OFF”’ position. (This will be a time period of
two-minutes or less). An additional transfer of data from the bit recorder can be initiated,
if desired, by again placing switch in the “DUMP?’ position.

Shut-Down Procedure

A. Remove output cable and replace and tighten protective plug over output connector.

B. Remove cover over battery compartment.

C. Remove battery.

D. Replace cover over battery compartment ensuring proper seal.
E. Recharge battery.

INSTRUMENTATION POWER UP PROCEDURE

Turn on power to Instrumentation Cart with main power ON-OFF switch. The cart blower
will operate when the power is on.

Apply power to the tape recorder and chart recorder; also switch Control Console ON-OFF
switch to ON.

Depress the STOP push-button on tape recorder to take up slack tape.

Switch on clock display to check time and battery, If display is dim or does not light up,
change out the 12-volt battery. This battery powers both clock and communication system.

At the HH456 Miner, turn on power to the Model 4020 Signal Conditioning box and the main
on power to the HH456 Miner.

At the Control Console, place the CAL toggle switch in the + position. Depress the Manual
CAL push-button and use Selector switch with Channel Monitor (DPM) to check data chan-
nels 1 thru 13 for CAL level.

Turn on Communications and verify system is working.

Place the Digital Recorder Interface switch in the UP position with the red LED off and the
Dump toggle switch in the OFF position.

On the tape recorder set tape speed to 15 IPS and place tape recorder in the record mode of
operation. Verify that voice is being recorded by recording the following information: time
and that this is a voice CAL check. Turn chart on recorder and select six data channels. De-
press auto CAL button on Control Console, and monitor chart recorder to verify that a CAL
pulse was recorded on tape. Repeat steps to check all 14 data channels for a CAL pulse.

Place Tape and Chart recorder in the stop mode.
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10.
11.
12,
13.

14.

15.
16,

17.

TEST PROCEDURE—CART OPERATOR
This procedure should be used after the Power Up Procedure has been completed.

Write down tape footage.

Place HH456 Miner in the zero load position.

At the Control Console, check the offset on data channels 1 thru 13 with Selector switch and
Channel Monitor (DPM). All data channels should read below 100 mV,

Place Tape Recorder in the record mode and turn on chart recorder. Record the following
voice information: date, time, test number, and any other needed information about the test.
Then depress Auto CAL push-button and verify CAL pulse was recorded with chart recorder.
Place tape recorder and chart recorder in the STOP mode.

Move HH456 Miner into beginning test position.

Place tape recorder in the RECORD mode and turn on chart recorder. Use voice communica-
tion to tell the Miner operator to start test. Monitor chart recorder to verify data is being re-
corded.

At the end of the test, place the tape and chart recorder in the STOP mode, Write down the
tape footage and write down test number on the chart paper.

Move HH456 Miner into position to dump Digital Recorders.

At the Control Console, switch Digital Recorder Switch so that red LED is on and Dump
Switch is in the OFF position.

Connect umbilical cable to Digital Recorder.

At the Control Console, select channels 1, 2, and 3 for the chart recorder.

Write down tape footage and Digital Recorder number.

Place tape recorder in the RECORD mode and turn Chart on recorder. With voice, record the
Digital Recorder number being dumped.

Switch on Dump switch and monitor chart recorder to know when the dump is finished. Place
both tape and chart recorder in the STOP mode.

Repeat steps 9 thru 15 for each Digital Recorder to be dumped.

Switch Digital Recorder switch to the UP position so that the red LED is off, and place the
Dump toggle switch in the OFF position.

After all testing is completed, the following is a turn-off check list.

a. At the Control Console

(1) Clock Display (OFF)
(2) Communication (OFF)
(3) Console Power (OFF)

b. Main Power to the chart (OFF)
PRETEST PROCEDURE—MACHINE OBSERVER

Prior to going underground, inspect the machine log book and record any usage since the pre-
ceeding test shift. Note the number of shifts, tonnage per shift, bits replaced, and mechanical
problems encountered. Verify that the machine is in the proper test configuration,

Discuss with the section crew the test objectives for the shift. Record the date, test number, test
conditions, the shift, the crew designation, and the location where testing will commaence.
Upon arriving at the section, inspect the machine. Record the hour meter reading. Check the
RPM designation and bit lacings. Make sure that the bits are new and all blocks are secure.
Record any changes that are necessary. '
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Inspect the test entry and record the general conditions—bottom, top, cutting direction, slope,
etc. Install roof spad for reference. Note its designation on the log sheet.

Instruct the instrumentation cart operator to prepare for testing, Advise him of the test entry
location and test number. _

Instruct the machine operator to set the required sump and shear rates. Check values after oil
temperatures have stabilized. '

Instruct the machine operator to put the machine in position for pretest calibration. Verify
that the bit recorders have been prepared and are ready.

After calibration is verified by the cart operator, instruct the machine operator to tram the ma-
chine to the test position.

Position the sump transducer anchor and advise the cart operator that the machine is ready for
testing.

TEST PROCEDURE—MACHINE OBSERVER

The cart operator will give the command for test initiation by stating ‘‘go for test number
at time 2 '

As machine advances, monitor machine travel; position the sump anchor as required.

Record the number of cars loaded by vocal response.

Record vocally any unusual events or circumstances during the test.

In the event machine downtime is encountered, note the cause and time. If failures are ob-

served, ascertain the source and the corrective action required.
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