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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 (DAS). 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
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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 notbe 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 (Le., 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 displacement and vibration
while cutting the rock. After two sump/shear cycles, it was clear 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 8-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. (l.~)*

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.
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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. (J) Though it was patterned 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) 2 at 225 ea. 2 at 150 ea.
(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. ThrQughout 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, Le., 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 contacted, 2 to 3-1/2 in.lrev constitutes a deep cut. The problem in
designing machines to operate at 2 to 3-1/2 in.lrev 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

13



Figure 5. Design Data Network
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levels-I, 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

18RPM 51 RPM

DEPTH OF CUT DEPTH OF CUT

1 in.lrev 2 in.lrev 3-1/2 in.lrev 1 in.lrev 2 in.lrev 3-1/2 in.lrev

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.

TAB LE 3. Face Bit Spacing for Each Depth of Cut

d 1, in. S2, in. Sid

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 (1)

• 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.

• 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 layout 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-voltage, battery-operated circuitry; (2) current-limiting resistors; and (3)
judicious design to eliminate inductors and large storage capacitances.

17



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 Piezoresistive Entran ±25g 2
of the Boom Accelerometer EGC-5000S-25

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

Boom Pivot Pin Load 3 Strain Gaged Pin Strain Sert l00,OOOlbf

Motor Rotary Speed 4 Magnetic Pickup Action Sensor 5000 RPM
ASM710

Hydraulic Oil 5 Thermocouple Action Sensor 250°F 1
Temperature Type T AST-l00

Bit Loading 6 Strain Gage SwRI 5000lbf 3

Electrical Power 7 Watt Transducer Camille-Bauer 500kW
56-2PI-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-51767

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; Le., functions
are variant until control oil temperature stabilizes.

• Electrical Power-useful as an indication of motor efficiency and load sharing,
as well as a backup means of calculating rotary horsepower and torque

18
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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).

Figure 8. Transducer Types Used to Instrument the HH456

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

• Fidelity 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 electrical 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 12. Signal Conditioning System Mounted on the HH456

Figure 13. Central Control Cart Used to Monitor Machine Instrumentation
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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 location 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 three 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 16. Bit Recorder Unit

Figure 17. Bit Recorder Unit with Covers Removed
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Seven, 4 x 5-in. circuit boards, Figure 18, were rigidly held in place by connectors
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 one 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 seam, 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
each 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 throttle
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 cons,ist­
ing of five speed changes and twelve lacing changes, as indicated in Table 5A. After the machine
was first installed 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

TABLE SA. Test Sequence - Planned

HEAD ROTARY SPEED

18RPM 51 RPM

DEPTH OF CUT DEPTH OF CUT

1 in./rev 2 in./rev 3.5 in./rev 1 in./rev 2 in./rev 3.5 in./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

31



TA8LE 58. Test Sequence - Actual

HEAD ROTARY SPEED

18RPM 51 RPM

DEPTHOFCUT DEPTH OF CUT

1 in./rev 2 in./rev 3.5 in./rev 1 in./rev 2 in./rev 3.5 in./rev

6 11 26 I 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 I5-second time delay, IOOO-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 permit 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:

SUMP
/

U •

RELATIONSHIP:

d=1L sin0
fN

KNOWN QUANTITIES:

POSITION AFTER

"""~ONEREVOLUTION

\
~dmax

POSITION AFTER
ONE REVOLUTION

U = Velocity of Cutterhead G..
N Cutterhead Rotary Speed

f Number of Tracking Cutters
(f = 1 for face bits)

SHEAR

f

For Sump, d
U
N

dmax @ =900

Measured Directly (use Avg. Value)
Measured Directly (use Avg. Value)

_ U
.• dmax' sump - N

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)

•• dmax' shear = JL sin 0 where 0 = 21l N .t (radians)
N

Figure 28. Calculation Scheme-Depth of Cut
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NOTATION:

RELATIONSHIP:

KNOWN QUANTITIES:

TxN
Hp= 5252

T,N

MOTORS

T = Indicated Torque
N = 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:

Fpx --....~ + ------+-

t

\. -,,
\

o Fsump \

t .. .4 I

t TTl
\ Fshear /

"- ...... - .,,-'

RELATIONSHIPS:

1. LM =0 =F L sin {3 - F L cos (3 - F L - C _.-.JL sin a + W(L - X) cos {3 + T
o px PY C tan a

3. LFY=0 =Fpy + Fe sin (a + (3) - W + Fshear

Solve Eqn. 1) for Fpy and Subst into Eqn. 3)
Solve Eqn. 2) for Fsump
Solve Eqn. 3) for Fshear

KNOWN QUANTITIES:

T

W

X

G,C,L

{3,O'

Cutterhead Torque - Calculated from Motor Torques and Reduction Ratios

Boom Weight- Measured (Constant, Neglecting Block Changes)

Boom C.G. - Measured (Constant, Neglecting Block Changes)

Measured Directly from Boom Pins (Average of Both Sides)

Measured Directly from Boom Lift Pressure Transducers (Average of Both Sides)

Boom Geometry (Constants)

Measured Directly from Boom Angular Position Transducer

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

F, (TANGENTIAL)

RELATIONSHIPS:

Ft = F, sin e + F2 cos e

Fn = F2 sin e - F, cos e

KNOWN QUANTITIES:

F" F2, F3 - Measured Directly

e- Bit attack angle (Constant @ 45°)

Figure 31. Calculation Scheme - Resultant Bit Forces
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TABLE 8. Channel Notation

Channel
No. Label Parameter* Units Sign Convention*

TORQUELHS Motor Torque-Left Hand Ibf-ft Scaler
Side

2 TORQUERHS 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 Ibf Scaler

Side
7 FCYLD-UP Boom Jack Force-EXTEND Ibf Scaler

Side
8 SMPRATE Sump Rate in./sec Scaler
9 SHRRATE Shear Rate in./sec Scaler

lO SMP STK Sump Stroke in. Scaler
11 VERSTK Head Position, WRT "Full-Up" in. Scaler
12 BOOMGY Boom Accel-Vertical g's Positive up
13 BOOMGZ Boom Accel-Lateral g's Positive to right
14 EPOWER Electrical Power kw Scaler
15 XLOAD Avg. Horizontal Boom Pin lbf 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) lbf Positive toward tail piece
20 YLOAD Avg. Vertical Boom Pin Load- lbf Positive-up

Calculated Total Load
21 F-SHEAR Shear Force (Total) Ibf Positive-up
22 ALPHA Angle Between Boom & degrees Scaler

Lift Jack
23 MPOWER 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.
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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 very difficult cutting conditions that took 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.lrev).

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-I, 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
various 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

Test No.

9

8
7
o

6

Test No.

6
7
8

10
9

*8 = bit spacing
Hf = depth of cut

S=2in.*

S=2in.

Average fmax**

1.2

1.9
2.1
2.1

2.03 (mean)

2.7

Average lmax

1.9
1.9
2.0

1.93 (mean)

2.5
2.9

2.7 (mean)

SHEAR

49

Test No.

11

26

15
13
29
14
27
28

12
30

Test No.

12
13
14

15
11

30

29
27

26

S=4in.

S=4in.

Average fmax

1.0

1.6

1.9
2.0
2.0
2.1
2.1
2.3

2.07 (mean)

2.8
2.6

2.7 (mean)

Average fmax

1.5
1.8
1.8

1.7 (mean)

2.3
2.5

2.4 (mean)

3.1

3.5
3.8

3.65 (mean)
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Table 12. Test Distribution by Depth of Cut, Bit Spacing, and Cutting Cycle - 51 RPM

SUMP

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

Test No. Average i max** Test No. Average i max

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
1.9 19 0.8

0.8 (mean)

25 1.2

24 2.5

SHEAR

S=2in. S=4in.

Test No. Average i max Test No. Average i max

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 1.3

1.22 (mean)

2 1.4 24 1.5
3 1.6 25 1.5

1.5 (mean) 23 1.8
1.63 (mean)

*S = bit spacing
**t = depth 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

Test No.

5
1
6

Test No.

5
1
6
7
10

*8 = bit spacing.
**i = depth of cut.

S = 2in.*

S=2in.

Average lmax**

0.9
1.9
2.7

Average i max

0.9
1.2
1.9
1.9
2.5

SHEAR

51

Test No.

17
18
19
26
27

Test No.

16
19
17
18
23
27
26

S=4in.

S=4in.

Average lmax

0.7
0.8
0.8
2.1
2.1

Average lmax

1.1
1.2
1.3
1.3
1.8
3.8
4.3
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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; Le., 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"; Le., 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 load 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 slightnessin 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 4-5 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.
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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-cycle 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.lrev.-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 so 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.e., 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.lrev., 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 coalin 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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1.0 SPECIFIC ENERGY, 51 RPM
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The self-engaging effect on shear is also indicated in Figure 44. In the case 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; Le., 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.lrev. 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.lrev. 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-lbeincrease 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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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; I through 14 refer to parameters actually measured and recorded; 15
through 27 refer to computed parameters.

LABEL Parameter name (ref. Table 8)

RMS The root mean squared value as calculated over the duration of the cycle

Ava 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 '1O, SUMP CYCLE

IN MINE TESTING OF HH 'lib, BLUE STAR NO,3

HEAD SPEEDI ~1 pp" BiT SPACP.GI l It.lCHES

LOCATIMiI 1- SII DEPTH OF CUT. 1,0 IIl/RE V

CHAIII LABf:L IlMS AVIi "AX T"'AX MIN T"lN

1 TO~QUE LHS '*b," 3~2,7 108S.7 !I.85 -]7.2 '1.70
i TOIlC;U[ RHS **0.5 38B,1 10'1*,0 b.3& -2O,? *,bl
] SHAFT RPM ISS'I.' 1SbC.b HS * , 7 15.08 1·"'1,' 3.S5
II hLOAD LHS 17Hc .2 -10B.J.8 33 b15,'1 5,17 -380bl,3 .35
5 X-LOAD RHS IbS10,8 -1*211,1 '185'1,1 5,15 -3'1 0c,8 ,U-
b F.CVLD DI'.l,i ""b1.1 1710,2 1'11:10&,3 l>, '" 5),1 c.8?
? f-CYl.O LIP ccS!>'I.b cZOOO," 33717." .*i lU85,'I b,1I1
8 SL!"P II ATE 2.1 1.b 5.'1 .310 -,1 b.SS
'I SHEAR qATE ,! ,2 1.5 '1.08 -.1 3.0'1

10 SU"P STK c*,8 23.2 311 ,7 l',Sll -.1 .00
11 VERT STK H.'I 38.0 3'1,c 1."1 37.0 5.18
H BOOM G-Y 1,2 -.0 3.5 5.8b -3.'1 2.'15
13 FlOOM G-l ,0 -.0 .0 S.8b -,0 Z.'S"1 r Pf'; EFt !Ji l .'1 i1q. 't J,II Rils 9.11'1& .
15 X-LOAD AVG llt1H,'l -1013'1.0 P7'170,_ S.17 '-]b082,1 ,35
Ib F-CYLD 173%,3 1'12'10.i! 33 11 08.0 .1Ii! -10113.5 b.1I0
17 TORQUE AVG , 3'1,0 3'1n.'1 1038.8 b.3b -8.5 11,70
U OEL TA c.5 1, II b•• • ]b -.1 b.55
1'1 F_SUI4P 18008,5 110'11.5 S3Ub7,1o $.17 -18'155.1 ,]$
cO Y-LOAD 171>11.? 1'11133.3 35801>.1 b,'IO _55n.~ ,IIi!
21 F·SHEU 103'11.3 10n8.'1 151137,'1 111 .b'l 1111 ?C. ] 3,51
ec AL.PHA e'l,'1 211.'1 i'lI,b 1.'11 2l1,i! 5.18
c3 '1 POIOjER 1'111,1 17b,8 *?lI,3 ... 3l> -11.0 11.10
Ii 'I E'F HIH.1 cA9,S ilqUiU.i II,!! P1!'!I!P,1I bill
c5 HEAD Rpo.A .q.b II"',? 5~.7 15.08 lIb.8 3,115
ell aETA 10,'1 10. q 11.3 S.18 lO.i! 1.Ql
c7 RATIO 1,3 1.0 3,~ .3l> -.0 b.S5

TEST 110, SHEAR CYCLE

IN MINE TESTIl,iG OF liH 115b, Bl.UE STAR "10,3

HEAD SPEEDI 51 RPM BIT SPACINGI ciNCHES

LOCATIO'JI 1- B'I D~PTH Of CUTI 1,0 IN/REV

CHAN l.ABEI. RI"S AVG MAX TMAX MIN TMIN

1 TORQUE l.HS 3'11.'1 3'1'1,0 105'1.? ~3. Q7 -c'l,1I 10, ?1
Z TOP'£l'JE RHS Hq,r, 311 1>,3 BtH,R ~0,85 -e8." 7.5b
3 SHAF'T RPM lS"',1 15b7,O IbH.S 11,&1 1511." 21,Q5
* X-LOAO L.HS 15l1RlI.i! S803,~ 37c'l3,'1 cb.1>1> -)lIbB5.3 11,'"
5 X-L.OAD RHS c'1011,l i!11l'i,8 55Bllb.5 2b.50 -l"1i!1l.1 lU,85
b F-CVL.D OW~j "'I'I'Iq.n i!'!buR,a 5bUcO.S C7 .'10 3&e.* 11,811, F-CYLD UP 11>b37,11 1'1118,? "3bi!0.? ,80 IUi.Z i!'!.H
II SUMP RATE .1 ,0 ,i! 33, H -,1 l'1.IIS

'" SHEAq RATE 1,i! I,D 3.lI 3'1,05 -,I 10,'+8
10 SU'~P STK 3'1,0 J* ,Il 35,0 11.Bb U.S H,Sb
11 VERT STI< 5b.7 5",8 7~,7 35.03 n.o ,01
lZ B004 G-Y 1.1 -,0 3.5 12,1? - 3.l 11.511
13 ROO'" G-Z .0 _,0 .0 !l,P -.0 1l.~11
II ( pp !~ !Ih 1,1 1i.2 Zl;i2 ""Is Jiad'
15 X-l.OAD AVG 210101.0 1375'1.? *lb5t>,'l i!8,1'! -i!031b,1I 11.811
lb F_CYLD 1'5l1*.8 -10'''10,1> 18il38.7 11, B. -31133'1.7 cll.l'1
l? TQP.ClUE Ave; 371,0 H?,b 7b3.U ill ,'I? -.l 10,21
18 OEL.TA 1.S 1," *,1 H.05 -,I 10. 11 8
1'1 F_SlJ"P lRb12.11 IIQ5S,1l 1181>'17.11 i!'I.i!O -11]11'1,1> H,18
i!O Y-LOAD "'IlIqs.? 2BHO,5 H58e.3 n.bo 'Ii!1'1.0 11.811
i!1 F-SHf.AR 231'11,,'1 i!i! 18 1, '3 3*S85.2 28,1'1 10S23.i! U,i'!
U ALPHA i!?,3 i?,) JO,II 35,03 i!*,lI ,01
i'l '4 PO',fq 170.1 IS'I,b 3S3.b 23,'1? -.1 In,el
i'l Err 11s J 7fJ.S 'I SS, 1 illijQi2,ij b,lP Btl q'l b. 't lSi~.

i/S liEAD RP'4 'IQ,q '1'1,'1 53.3 11, bl *S,l 21.Q5
ib BETA ':i,3 c,P 10.R ,01 -b.i! 3S,U3
c? RATIO .' ,I> ~.l 311 .05 -.1 10,*8
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TEST NO, 2 su'"'P CYCLE

IN "'TNE TESTING OF HH '1510, BLUE STAR NO,3

HEAt' SPEE", 51 pp,", BIT SPACING, i INCHES

L.OCA nO'1I 3- '11 DEPTH OF CUT' 1,0 IN/REV

CHAN L.ABEL RMS AVe; ,..AX T"'AX MIN T"'IN

1 TORQUE LHS '1510,S '12'1,' HU,O ,DO -17'1,2 ,01
~ TORQUf IIHS '15",1 '130,10 7H,8 13,03 -1 7,'1 ,80
3 SHU T RP'" ISH," 155'1," 1100),'1 ,08 ISIS,' a,7i!

" X-LOAD LHS Iltijcb,5 -1'18Si,O 'Ii''''', 5 lU,'I'I -)'Ii''I3,S ,iO
5 hLOAD "loiS l~b5'1,O -732'1,' 17175,10 U,57 -38'11'1,1 ,Oi!
b ~-CVLD OWN '1'''73,5 '17"13,' Si!035,3 li!,3'1 'IOlO7,J ,i!'I,

~-eYL.D VP 'lJh87,1 '1351'1,' S3'157,3 .11 n'l30,' U,3'1
8 Sul.4P RATE 1,0 I,D 1,10 '1,77 ,S !ii,'Ib
'I SHEAR RAn: ,I ,0 ,3 12,101 -,I 11,'l3

10 SU'o1p STK 13,7 12 ,10 i'l,l 13,08 ",'I ,DO.
11 VERT STK 'IS.J 'IS,) '15,'1 ,'10 "'I,~ ",SO
12 ROO,", G-Y .8 -,0 l,8 '1,7'1 -2,10 'I,b8
13 800101 G-l .0 -,0 ,0 q ,1'l -,0 ",U
II E 'e"ER 1.11 ,. '.. illi .a,1t Q,IiQ
IS X-LOAD AVG HOb'l,3 -110'11," bl'11,7 12,'10 -3S'Il'l, ) ,01
lb F-OLD ?'li!'I,8 -3 8'1'1," 131"'1.'1 ,21 -lSS73,'I 12,)'1
17 TORQUE lYG ""7. , HO,i 17'1,0 ,DO -Sb,8 .01
18 DELTA 1,2 1.2 1.'1 'I, ?7 ,10 5.'110
1'1 '-SUMP i!'Ipn,3 -i'SHO," -10530,0 11,55 -Sl'1?i!. 'I ,01
i'0 YeLOAD 2i'b'lO,1o <'20 RB,S 311i''l,'l 12,8'1 7753,5 ,10
II F-SHEAR i!3ebl,i' <'31S'I," e8i'bb,b '1,'10 18i!OS, S l.'I'!
li' ALPHA i'S,b 25,10 i!5,7 ,"0 i'S,S '1,50
23 "l POWER 203,5 l'1S.B 3bi!,'1 ,DO -i!b.b ,01
l'l Err JB1lb.S b~t' S. B 1§eH), ) H.'IB =l58Z5J;'1 12 i '18 ..as HEAD RPIoI '!'I,S "'l,S 51.0 ,DB ,!B,b 1l!,?i!
<'10 BETA ',5 7,S 7,8 '1,50 7,i! ,'!O
i'? RATIO ,10 .10 I,D '1,'17 ,:f S,lIb

TEST NO, 2 SHEAR CYCLE

IN "lINE TESTING OF HH 'lSI>, AI-V£: SUR NO,3

HEAD SP(ft'> , 51 RPM SlT SPACING, ~ INCHES

LOCATION: 3- ql PEPTH OF CUTI 1,0 IN/REV

CHA', LABEL RMS AYG ~IAX TMAX MIN TMIN

1 TORCWE LHS 'Ilq,,, )?q,o q,!O,? 11,B'! .. i'O," 1'1,0'1
i! TORQUE RHS '119,'1 380,8 'I'IO,1 5,3i! "i!7," 18,'1'1
3 SHAFT IlP" lSbO.3 l!>bO,i! 11>03,'1 18.£15 1!>01l," 32,51
" XeLOAD LHS 133H,8 -'Qb".l 3'13b?,i! 33,'15 -330'13,'1 21,'I'!
5 X-La_a RHS 13'1'1'1,11 l'1QS." 3?1187.'l biBS -3'lSQO.1 ii?,'ll
b F-OLD OWN 3/<'1>8,11 i!81b8,11 50B8e.3 ,53 'Il1t5,3 lQ,8'1
7 F-CY\.o UP i'OIlI~,o 11'118." 'II0ij5,3 l,BI> "15'1,,, 35,0'1
8 SliMp RATE ,2 ,0 e,l S,20 -.1 H,3t>
'I SHEAR RATE l,a 1,1 2,5 10,80 -,I 35,00

10 SU'o1P STK 7.1 3,'1 i!i',2 e,lb ." II,Sq
11 VERT STI( b?,; 1010,1 87,Q 311 ,1B 11'1,7 ,O'!
li? BOOM C-y ,8 -.0 3,3 23,i!3 -3,e 5,qi!
1) flOOM G_~ ,0 -,a ,0 H,i!3 -,0 S,'Ii!
i* r PAllEN t;R i

J Iii? ii,gq '1,1 l,lilli
IS hL,OAD AVG llQ02," -"'182,'1 <'e'l'l!>,) n,A? -2'1110'1.1 i'2,)?
110 F-CYLD l'1'1i!b,q .101 qO.O 8'151>.'1 28,'I? -33'133,h 31.87
17 TORQUE AYG '111.3 )?'I,q 1'71.1 )i!, II? -8,) lit,S?
18 DfL TA 1.10 1." 3,0 10,PO -,I ,5'1
lq F-SU"P i!b21'l,2 -el'10Io," 13111,2 33,lb -S7555,~ 10,Oq
i''' V-LOAD 2QSnO.b e'lli",' 'IOqi!b.3 ",bb 1'118",0 1,87
e1 F-SHf.AR Uli'5,O cll107,) 3]'120,1 ",Oq 10015,2 <,B,5b
ec ALPHA c'l,O i!8,q 32,c 3't,7f! i!S,~ ,Il'!
i'3 ,~ POWER 187,0 113, c 38b,'I :f2,"? -3,Q Ib,S?
i'M prc ]'B*R,; in;>,10 Hill/D'.'" " ,,, ) ?i" QW, A li,&l1
is HEAD RPM 'Iq,? 'Iq,,, 51,0 18,85 'I7,Q :fi',Sl
i!1t eftA h.l -J ,8 7,B .0'1 -II.' 3'1,78
i!7 RAT 10 ,B ,7 1,5 10,80 -,0 ,5q
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TEST NO, 3 SU..,P CYC~E

I~ MINE TESTI~G OF HH Hb. BLUE STAR r-jO,]

HEAD SPEED. 51 RP~l BIT SPACiNG. l INCHES

LOCATIO"! 5- 'I) DEPTH OF CUll 1,0 IN/RfV

tHAN LABEl. RMS Ave; MAX TMAX MIN T"'IN

1 TOIHllIF. LHS ~2R,1 3q,,~ 881.0 13.5S -10.! l,'h
2 TORQUe: RHS "IS.!! lSq., 8i'q.7 18.88 -10,10 1.03
3 SHAFT RPM l';qi> .10 lS q?" lbH,q .18 15*3.5 ~i!, )?
~ X.LOAD LHS 8835.8 -l,~q,l 1H 11.. * 10,U -i'78*q.0 ,5'1
5 X-LOAD PHS 1~2bb.l -b*'IO,h 2HbJ,3 !i!,3b -~018q,i! ,11
10 F-CVLD DW"I H.lnO,l .1>'1*',1. 53253.8 b.H ~lU?b,'I 1'1,00, F-OLD UP ~3R*1.b '+;JHi,* 558*?0 ,20 35q8D.7 110,11
8 SUMP RATE .8 ,8 I,? i!,bl ,D 10,8i!
'I SHEAR RATE ,I ,I .1 15,05 -,1 11,03

10 SU"lP STI( 1~,8 p,q n,3 18,810 5,B 0110
11 VERT STI( '+5,1 'I!i,i! *5.10 1,'110 'I'I.i! 11,11
li! BOOM e-y I,D -,0 3.' ,?l -3," ,1b
1] BOOM G-Z .0 -.0 .0 ,'2 -.0 .'10
ttl [ peii!" j .1 u,l '. I tI.!tt ·'.1 11,a.
15 hl,.OAD AVG '11>'15.3 -*0"'1,'1 1l?18.1 13,i!1 -:U 7&1. 7 U,OO
110 F-CVLD bns,'+ -3?l1li,i! 12'l5b.b ,23 -lbb7b,3 12,110
11 TORQUE AVG '+11..'+ 3'13,b 80".? 13.55 -2.0 1,01
18 DELTA 1• 0 ,'I 2,1 2,bl .0 10,82
1'1 F-SUMP lb2bl.i! -135101,3 *5bb,' 15.S1 -'+'+i3S,B 0,00
20 Y-i.OAD 2*1*b,2 2H13,* 338*8,1 11,10 8?05,5 ,2*
iH F-SHEAR 210~i!.1 i!l0?1l, J i!b eS l.1 12,310 173b'l,1 ,8b
II AL.PHA <'S,b 25,? 25.1. 1,"10 25.'1 U,U
U M POWER 1'1].2 182.'1 312.b 13,5S -," 1,03
i'l Err J'OS?,,, g'l '12, It li1iS btt ;l li,EO i.a'J',_ 1J,['
as HEAD RPM 50,? 50,8 52,0 ,18 *'1,1 1i!,J?
i!b FlETA 1,' ?,? e,o 11,11 ?,'I I, '110 _
i!? RATIO ,5 ,5 1,0 i,b3 ,0 10.82

TEST NO, 3 SHEAR CYCLE

IN MINE TESTING OF' HH '1510, BLUE STAR NO,3

HEAD SPEED! 51 RPM BIT SPACING. ~ INCHES

LOCATION! t;- '11 DEPTH OF' CVT. I,D IN/REY

eHUI LABEl. R"'S Ave ..,AX TMAX MIN TMIN

1 TORQUE L."4S ~73,O *'17," 10'18," Ib.bq -5.8 15,'l3
l TORQUE RHS *bl.0 ~'1t1,8 8?Io,2 l3.03 ..5.0 1!i,87
1 SHAFT RP"1 lS'R,b 1578,S Ib2i.b 15.87 1532.1 B,ll
'I X-LOAD LHS 1?HO,~ li1'+5'1,3 '+1'103,5 ?u ·2*5~2,5 15,l'+
5 hL.OAD RHS 21551,<' 15351.,· 501 18.2 5.2li -35737.i 15,'10
10 '-cno D,oj'~ ~173q.b 3'lSlb,5 5H3q,'l '+.05 1083.0 lS,?O
? F-CYLrI VP 21175,'1 1Bl8i!,5 'I1i!lO,2 .01 -SUB ... i1'1,2l
8 SUMP RATE ,1 ,a 1,1> 1i?,15 -.1 iq.02

" SHEAR RATE I,S 1,3 l,q 13,'13 ",1 2'1,'1'+
10 SUMP STK 15,2 10," i1,1 ?,lS 2,8 1l,'+8
11 VERT STI( 7" ,1 108,7 88,0 28,'15 *'+,3 ,?O
1<' ROO\4 G.. y 1,0 ,0 *,1 3.80 -3,r. 30,01
13 BOO>4 e-z ,0 -,0 ,0 3.eo ... 0 30,0?
i'+ E PA:J[ R lil ,9 _,9 i1~,'l Q ,i .laao
15 X-LOAD Aye I IlH l,* 13'107,'1 30'115.(1 5,lS -i!3'l38,0 15.'111
110 F·CVL.D <,'I 3'11l ,'+ -<'1<'31.'1 l qlibO.3 15,11 -~2b1l1,il 25.'11
17 TORQUE AVG *b<',* **'1,* 83b,O 11,101> -1,i! 15,50
18 DEL, TA 1,8 1,10 3,'+ 13,~3 -.1 .*'1
III '-SLIMP 157310,* -1023'+,? 313*3.0 10.18 -3'lb8?11 19 ,01
lO Y"i.OAQ 3*1~1,5 33571,10 '+7810,0 *.0* 1~'110.1 15,11
l1 F-SHEAR 2b~1:l2,1 25'1'1*,'1 3'13105,2 .,38 810'1'1,2 15,11
2? ALPHA 2'1,* <,'1,_ 32,e i!B.qS 25,~ ,?O
l3 M POWER "0,5 21'5,5 38'1,'1 l1,bl> -,10 15.5U
1'1 Err ]ql~~.a SQQ',? H7iBiI,f II ill, 17H?JiR li.tsl
i5 HEAD Ill'''' 'iO,<' 5U,2 51,10 IS,8? 'IB.8 23.11
i!b flETA b,q ...1, 0 ?,ll .10 -ll, ? 18. 'IS
I? RA no ,'I ,8 1,1 13,.3 -,0 ,'1'1
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TEST NO,

IN ~INE TESTING OF HH ~Sb, BLUE STAR NO,3

HEAD SPEED I 51 RP~

SUMP CYCLE

BIT SPACINGI i! INCHES

DEPTH Of CUTI .1,0 IN/REV

CHA'l LABEL R~S AVG MAX TMAX MIN TMIN

1 TOR CUE LHS
2 TORQUE RHS
3 SHAfT RPM
~ X-LOAD LHS
5 X-LOAD RHS
b f·CYLD OWN
, F·CYLD UP
8 SU~'P RATE
'I SHEAR RATE

10 SUMP STK
11 YERT STK
12 BOO~ G.Y
13 BOOM G.Z
1II E pellE"
15 X·LOAD AYG
lb f.CYLD
l' TORQUE AVG
18 DELTA
1'1 f.SUMP
cO Y-LOAD
21 F-SHEAR
22 ALPHA
23 M POWER
2'1 EFr
25 HEAD RpM
2b 8ETA
i!7 RATIO

1~2,i!

1~1,~

!b OS,7
~'lS8,l

~nb3,l

39 01,5
3ill]?,&!

1,1
,1

11, q
~?,,,

,~

,0'I'. J
~i!?b3,1

i?Sb'le,b
l il 3,8

.1,3
3?3b~,~

H?~,e

.10'151.2
lb,l
58.0

3Q?Z.2

108,5
10~,5

1bl~,3
H01,5

-~2a'll,q

31010,10
J2~01,3

1,0
,0

la,s
'+?,"
_,0_.0

!b;e
·~28'l2,'1

287'10,7
.1010,5

1.2
.]1i!i!'I.'+

.,+,a,3
.10%S,3

i!b,i!
'+'1,'1

31'1 i ~

Sl,~

10,10
.10

S~1.7

S'b.l
110 15,2

lil?i~ .0
-30Hi!,J

'I22b,'I
33'1'1'l,l

1.7
.2

1'1.'1
H.'I
1,5

.0
Jib

10,''1
12,1'1

S,BS
8,&0
'1,18
8,53
7,'0
B,81
1>,5"

13.11
U.31
U.OO
11. DO

B.88
'l,lB

,5"
B,S2
8,8l
'1,18
8,51
8,53

ll,31
S,52
" i P'
5,BS_

ll.81
8.81

_10,i!
-1'+."

1577.'
..nos.1i

.502","
'+Jq, S

Hal0.b
,1

·,1
,3

"7,0
.1.5
•• 0

lB8,5
·50i!77,"

18Sb'l,"
.5,i

.1
·5""3.8
_~U"O.]

7'120.i!
25,'1
.2.5 _.

la",,~9,9

a,8I
q,bll
'l.11o
8,50

,15
,510

8,53
q,&~

U,71
,DO

ll,81
3,105
3,105

18;"
.15

S,53
3.13
'1,&"
S,72.

,53
_~ B. 'IS

U,8.1.
3,H
?vIIi.

. ~ .. _.'1,110
U,31_

._ ___ C!. &'L__

TEST NO,

I'l ~INE TESTING OF HH '+510, BLUE STAR NO,3

HEAD SPEEDI 51 RPM

LOCATIONI 2. '10

SHEAR CYCL.E

BIT SPACING I i! INCHES

DEPTH OF CUTI 1,0 IN/REV

CHAN LABEL RMS AVG MAX TMAX MIN TMIN

1 TORQUE LHS
2 TORQUE RHS
3 SHAfT RPM
'+ X-LOAD LHS
S X-LOAD RHS
10 F-CYLD OWN
? F·CYLD UP
S SU"IP RATE
'I SHEAR RATE

10 SUMP STK
11 VERT STK
li! BOOM e.y
13 BOOM G.Z
jq E pertER

15 X-LOAD Ave
110 f-CYLD
17 TORQUE Ave
18 DEL TA
1'1 f-SUMP
20 Y-LOAO
21 F-SHEAR
2c ALPHA
i! 3 ~: POI~ER

't I Err
i!; HEAD RPM
i!b BETA
2? RATln

1~5.'+

1'+2.]
lS'l?,2

11 7BS,"
3S,+b'l.i!

'l2 5'l.3
<'?'lOb,7

,<'
,'I

7,'+
b'l,O

,'+
,0

wg ld
38,+10'1.2
l'1S8i!,3

127.10
.1.1

HOllb,3
18237,3
'I~11>.3

i!'l,2
5'1.7

tb91.B
50,8
b,e

,5

107.7
105,8

15'17.2
-'S'I2,S
.n~10,7

'IO?l,'l
2?0~B.8

,0
.'1

3,~

107,'1
,0
,a

3i,'
.3H10,7
17'l''',8

lOb,S
1,0

·'+2'13'1,'+
lbl?;??
8H~,3

i'l,i!
50,0

.3ft,1
50,8
-2,?

,'i

5B3,b
1>17.1

11>'IS.S
85Sq,'f

·10bl>?,3
15705,5
H'l'lq.3

1.'+
1,7

21,3
87,1
1,7

,0
5,1

·10bb7,3
i!'I~30,2

510.?
1,'1

.'11'+2,'1
3'i727,5
15531>,0

32,1
238,3

eZisJJ.S
S~,o

b,?
1.0

76

28,108
H,30
38,'1&

,i!a
~O,5b

~O,B'I

5.50
,32

7,'1'+
2.11

~O,'I'l

30,1'+
30 .1'+
3' 37
'f0.5b

,51
i!O.'IB
?,'I~

'1,75
~0.'l1

8,21
~O,ql'l

20,~8

S.3 Q

"lb,l
"lb,O

15??,i!
."58810,10
-55.1'1B,b

125'1.0
3'+31.b

-,1-.1·.1
~7,O

-1,~

·,0
=)9,+ a

·551'18.1.
-USSO,'I

.B,8
-.1

.'b3'1'+,3
-23S2,'l
.1301,"

25.'1
·~,1

uZlbS8!."
50,2

-11,3
",1

31.3?
1.bO

11."2
~1.00

1'+, 'IS
2,32

'10,'11
3b,Si!
l,5b
7,82
i!,:n
10,58
1>.58

as bi
H.'I8
'+0.'11

.31>
1.5b

1'+ ,'I"
1.b8

35,&7
i!,3'+

.3b
Bib!



TEST NO. S SUMP CYCLE

IN MINE TESTINQ OF HH "SIo, BLUE STAR NO.3

HEAD SPEED I 51 RPM 'IT SPACINQI I INCHiS

LOCATION I S.U" DEPTH OF CUTI 1.0 IN/REV

CHAN LAltEL RMS AVG MAX TMAX MIN TMIN

1 TORQUE LHS l'll.' HJ.l b11.7 li. b'l 1.11 .lS
2 TORQUE RHS "i3.11 nO.3 HOO.l' 3.S11 -S.7 1.2i
J SHAFT RPM 15810.'1 lsq2.S 17i2.b .58 lnl.l 'I."a.. X·LOAD LHS 1Ilbb.S 31011o. B ~"bl11.11 11.711 -H"bl.1i .01
5 X·LOAD RHS 13851.3 ·,?1I0.S 1?'+U.'+ 1i!. bO -'+US'+ •• 0.00
b F-CVLD OWN .. ,,,SO.7 '+eUlJ ... ''?In,'' ".U 111"10." 15.07
? F-CVLD UP '+n'll." "31111.1 S57Bi!.S .00 181000.1 U.07
B SUMP RATE .R .? 2.3 .1'1 .1 il.l0
'I SHEAR RATE .1 .0 .7 15.0J ·.1 l.50

lD SUMP STK 311.3 3'!.l! "S.7 1'+.80 30.0 .01
11 VERT an: 35.S lS.b 3b.'I ,bI '''.11 13 ... 5
U BOOM G.Y .3 .1 1.5 .'13 .1.i! .75
13 ROOM Q.Z .0 .0 ,0 .'13 ·.0 ".u
1M Ii POM'iR iMJ, Q itt i 1 tip,i U,Li 1t,1 ,ss
15 X-LOAD AVG UOBo ... ":H.O 1'116S ... 15.0il • .. 01..... 0 .00
lb F-CYLD ?18b.b bOI. S ~SOIlS.D .00 .7'lss. J U.OIl
11 TORQUE AVG ]"5.1 JIIII.B BOB." 1'1.'17 1.0 .3b
1Il DELTA 1.0 ." 1.7 .il" .1 e.l0
111 F-SUMP uqSZ.O 1850. 'I Z5 .. 'I2.'1 15.0i! ...o.. u.s .05
10 V·LOAD ZIIS'Il.,+ i3ZU.'1 31iSl.11 1".81 _"'10'1 •• .00
i!1 "-SHEAR 1131".3 lUSS.q i01B7.1 13.0" U8n.J 15.07
Ii ALPHA 1".0 211.1 1".1 .ltS Z3.1 U,IIS
i!3 M POWEQ 18i.'+ lb"." ]70.1 1'1. '+ 7 .11I .3b
il'l iff 'IBilli nlt,L HU1'l," ,It .. 1'1 B'I 'I ,I .Itt •
as HEAD RPM 50.5 50.7 SII.8 .58 "".0 '1 ... 2
2b BETA li.1 U.l li.'+ U.'+5 11.5 .bS
27 RATIO .5 ." 1.3 .illl .0 il.l0

TEST NO. I SHEAR CYCLE

IN MINE TESTING OF HH "Sb, BLUE STAR NO.3

HEAD SPEED I 51 RPM BIT SPACINGI 1 INCHES

LOCATIONI S.UII DEPTH OF CUTI 1.0 IN/REV

CHAN LABEL RMS AVG MAX TMAX MIN TMIN

1 TORQUE LHS 111'+.$ J~O,. "U.i '111.0" U.I ,.BOe TORQUE RHS '+ 3'1. 't 177.' U~i!.'+ "Z.1II1o -11.0 S.5'1, SHAFT RPM lS?8.! au.o 1?11.11 n.iI? 1'+111.11 l'1.ltO
't X-LOAD LHS 37150.7 iUO'.3 788blo.'I H.Il? :UOO.l 1.JIt
S X-LOAD RHS il88S".3 111'181." itO'!?".!! 311.. 011 .HIIII.S .111
b F·CVLD DWN 28lt5b.7 Z71b?D UQ1I7.~ ",+.,!II 'til.1 1-7't
7 F.CVLD UP 111'2.1 '113'1.1 181t?1I.'1 .01 1511I.0 33.15
8 SUMP RATE .1 .0 .8 10.'+? ·.0 '+S.II?
II SHEAR RATE .11 .8 J..S 38.31 ·.1 n."510 SUMP STIC ..... 5 ,+,+.5 '+b." 11.n 111.11 't1l.l0

11 VERT aTK b2.'+ bl.1 Sb.7 51.i" Il." 21.25
Ii! BOOM G.V .J ,1 1.b n.H ·1." !t'l.1I111
n BOOM G-Z .0 • 0 .0 U.S! ·,0 211 .....
t'l i FIll!" II, as ,t tI,. e YO. IE IC,a S,'E
Hi X·LOAD AVG UsJ5.0 1011,+'.11 57058.6 :n.02 ltibO.II .?It
lit F·CVLO 208 0il.l ·111?32.i 1232.3 .'" ·'8111111.b 1t1l.'1i!
17 TORQUE AVG .. 11.5 UII.3 SItS. '+ '+'1.11 lb.' 1.80
18 DELTA 1.0 ,II 1.'1 38.:U ·.1 3'1.11&
111 "-SUMP 3U bl.l 28111'1." 571130.0 "2.8'1 ."10".' 5b.81
20 hLOAD uqll.5 3353'." HUb.8 ill.!!b l'1l1bO.'1 IIb.lI?
!!1 F-SHEAR i5'13b.7 ZII8113,b Hb5i.'1 ..... '1~ '2"0.1 u.es
li! ALPHA 18.i! i!8 .1 ~illO 51.i!" ill." U.2S
l!J M POltjER 1811.il n,,' jjll,.S H.IIS 17.1 J.80
in I!!f'f' ebb.Ii 1'1,1 "'.11 '.11 +i,' 1.8S
ilS HEAD RPM 50.2 SD.i! SII.S U.I? '+7.0 l'1.bO
110 BETA S.S ,'I lS.S 21.25 ·11.1 51.111
17 RAnD .5 .5 .11 38.U ·.0 J'+.'t5
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TEST NO, b SUMP CVCLE

1" "'I NE TESTING or HH IISb, BLUE STAR NO,3

HOD SPEEDI 18 RP~' 8IT SPACING' 2 INCHES

LOCATlO~:1 1- 8'1 DE-PTH OF CUTI I,D II';/REV

tHAN LABEL RMS Ave; MAX TI>'AX MIN TMIN

1 TO;lfltJ[ LHS 3i'S,b 3111, 'I blc,l> 11,50 lib,? 'I,SO
2 TORQUE R>;S 313,b 2'1~,S 811, a 1,~1 -b.q e?,SB
3 SHH T RPfI 5Ub,l SOb,e? SUb,O Ib,05 SUb.O Ib.05
~ X-LOAD Lt'S 2'1 c .b 137 .b 1115.2 '1.81 -8bO.'I 11,a
5 X-L.OAD RHS 1?5S2.'I IS'l2'1,2 Hb~O,'I ',21 -10~BS.J b,05
b f -cYL.D Om, 20b 2O ,2 2U5~1.0 2?11'l,5 Ib,OS 11 q?B.3 ,0]
? F-OLD UP '1b3'1,5 '111b3,5 18553.3 ,03 3'151.1 lIJ, as
8 SU"1P RATE .'1 ,7 2.b ,37 -.1 11,'11
q SHEAR RATE .1 ,0 .S 2.?S -,I h,S3

10 SU'1P STK '1.'1 8,'1 IS,? Ib,OO ,] ,02
11 VERT STK 511.3 511,3 SS.3 ,03 53.? 15,53
12 flOO M G-V 3.3 _3.3 -I," ,03 -'+,3 110,05
13 BOO'" G-Z ,0 -,0 -.0 Ib,Oll -.0 ,03
1'I E PO JER '8.2 bJ,' u.,1 big, li1iii,Q 7. ill.
15 X-L.OAD AVG 1?552,'I 15'12'1,2 3'+b~U." ?,21 -lUII88,] h.05
Ib f -CVL.D 11bH,2 -11011,5 b2bl.? .03 -22'180,'+ H,05
I? TORQUE Ave; .3l~.3 30ll,? S83.b 10.5'1 ]'1.S ,2b
18 DEL. TA 3.11 2,? '1,5 ,3? -.i! 11,'11
1'1 f-SUMP 1'1305.0 12nb.3 'l?80ll.'I 7,38 -II2h'+2.7 bolO
cO V-LOAD 30772,1 30b'lS,2 3bS S'I,5 H,n l'1i!bl.b 0,00
21 f"SHEAR 21b SS,2 21Stli!.3 "S12'1.8 Ib,OS l11'1'+b,l .'03
22 AL.PHA i!? ,I 27,1 i!?2 .03 2?,0 15.53
23 M POWER 13b,O 131.0 251.0 10.5'1 1?,1 . ,2b __ .
i'l err J .,02. 7 1~1s,i? lsiiiiH ;) 'Ii Rt? 729q~.fj 'I i bbl.
25 H[AD RPM lb,l lb,l Ib.l Ib,OS Ib.l Ib ,as.
2b BETA 3,5 3,5 3,7 HI,53 3.0 ,03
21 RATIO I,? 1,~ '+,8 .31 -.1_ '+,'11

TEST NO, b SHEAR CVCLE

IPol MINE TESTHJG OF HH IISb, BLUE STAR NO.3

HEAD SPEED: 18 RPr\ BIT SPACINGI 2 INCHES

LOCATION; 1- 8'1 DE.PTH OF CUT: 1,0 IN/REV

CHAN L.A8EL R'1S Ave; "'AX TMAX MIN TMIN

1 TORQUE LHS 183 .'1 1'2,'1 531,5 1'1,1~ ?o 11,2b
2 TORQUE RHS 1'17,8 Ib~,l q~l.S la,10 -le.) 33,b3
3 SHAFT RPr~ 5Ub,O 50b,O 50b.O ~1,U3 SOb,O ~l,03

~ )(-LOAD LHS 2'10,'1 I2?, R 1355.1 1,'11 -'IBO,'I 30,'111
5 X-L.OAD RHS llO~II,1 -2U~~,3 2'1b'l3,2 1'1,30 -318'+8.0 3~.12

b f "OLD OWN Ib~37,5 nbR3,O 5~bO!i,U Ib,3' b123,2 32,33
? F-OLD UP 110c?q,~ '1q,~,'1 )23~Il,B 15,'12 -30S,b 22. ??
8 Sl.I"IP RATE ,0 _,0 • 1 28.8'1 -,I '1,011
'I SHEAR RATE ,? ,5 2,1 Ib,OO -,I ~.32

10 SU"P STK ~" 2,0 15,8 ,D. -,II Ib.21
11 VERT STK bl.'1 bl,5 n.2 ~1,00 53,' ,53
12 BOO" G-Y 2.b _2,3 -I,D 32,33 -8.' Ib.3?
13 800" G-Z ,0 .. ,f) .0 22,17 -,1I H•• '12
1 'I Eo PlI .. El H 'I.? 8 ' Ai',. jUil? 11i,9 }9 39,
15 X-LOAD AVG 11f)~~,1 "co~~,3 c"lb'l3.2 lq,3U -311l~B,0 3~,12

Ib r-CVL[) q~'S,2 -~7f)R,l 1087'.3 3b,3? -.312111.1 Ib,31
11 TORllUE AVG 182,8 lbR,5 b21,8 18,10 10,5 '1.?8
18 DELTA 2,5 I, 'I 1,'1 Ib.O(1 .. ,~ ~.32

lq r-SlJ'IP lqi?lI~,R -12211,~ 3Si?c?O,7 2S. q f, -58'+8'1," .110
20 V-LOAI') 2b3 u<;,q 25'155,b ~10Jl,1 ,b' 170ll?11 11.bl>
21 F-SHEAR 2oc3~ .'1 1'181],U 33380,1 .~O q'lO'l,b 37.?b
22 AL PHA c?R.2 28,2 30.b ~ 1. Oil 2? .U ,!>3
23 ., PO-lfP 'R,b 72,S 2bR.i? 18,l ll ~,S '1.78
:t'l Lrr ill), '1 :n • j' b] 1 f s; • i 'l,z'l ~sJ2b'l.7 ],QR

25 H[AP RPr' 1b ,I J b, 1 ) b, 1 ~1.U3 Ib,l ~l,03

2b ALTA .1, J • ? :J, ' .53 -b.R ~l,OU

i'? RAT Ir' l.~ 1. n ",fl Ib,OO -,2 ~. 32
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TEST 'w, 7 SUMP CYCLE

IN MINE TESTING OF HH ~'ib, BLUE STAR NO,3

HEAD SPE:EDI H RPM HIT SPACINGI ~ HJCHE.S

LOCATlD'lI 1.. 8'l DE.PTH OF CUTI 1,0 IN/REV

CHAN LABEL P'~S AVG t-'All TMAX MItJ TMIfIl

1 TORQUE LHS i'%,q i'?? ,~ b02,3 13,80 -3.5 1,~i'

2 TORrJ'JE. ~HS <,8b,i' i'5q,~ bq~,8 lS, 15 -10,8 ;>,?8
3 SHAFT RPM sRe,i' 5'l8,5 Sqq,o 2~,'lO S'l?,'1 i'],1I~

~ X-LOAD LHS <,7~,~ 5',? 1(1~1,~ 1'1,53 -1230.8 <'1,b2
5 X-LOAD PHS 18R7 1,O nbq,b 3i'qi'~,~ 13, ~ 8 -SO'l5~, .. 1,10
b F-cYLO Or;"1 2R~'1,'1 i'b 1R8,5 ~q;?3,1 2,'15 .. 3'l l.5 ,b'1
1 F-CYLD UP 258 31,3 253b~,1 Slnb.8 ~,8'l 11815.2 21,81
8 SI.J'~P RATE ,'l ,1 J,b ,51. -.1 1,51
'l SHEAR RATE ,~ II 3,~ i','1~ -.1 1,bO

10 SLI"P STI( le,3 11 ,2 1'1,'1 22,53 ".0 ,02
11 VERT STI( ~b,1 ~b,1 ~1,b 5,q8 ~'!,8 i',35
12 BOO" c-y ~.5 -~, 3 ,1 ,bq ..1.Q 2,'15
13 flOO ...· c-Z .0 _.0 -.0 21,81 ... n 2.88
1 'I E f2Fldr-. 7S. 'I ". '1 ZOJ.h 1 • 1 B 1311.3 13. II
IS X-LOAD AVG 188 11.0 ~]bq,b 32q2~,~ 13, ~8 -SOqs'! ... 1,10
Ib F-C YLD Ii?]q?,i' -1~i'3,8 3~~28,~ ,?~ -I'IO]S.~ !'I.'1S
17 TORgUE AVG 288 .1 i'b8,~ b2~,2 15.0'l -S.l 1,i'3
18 OE.L TA <','1 2 , 1 11,3 ,51 -,3 1,51
1'l F-su"P 20112,1 231 1,1 5<'5~1,8 1q.~'1 -'I82b8.i' 1,0'1
i'0 Y-LOAD 2b~?b.' 2~]i'l,3 3bI0~,3 18,21 .. b'l'1','1 ,71
i'1 F-SHE AR 185'·8,3 18ZZ3,'! 2b030,8 15,01 ~222.5 t?3'1
22 ALPHA 25,8 25,'1 2b,U 5.'18 25.5 2.3S
23 " PO;~ER l~b.'I 13b,'I 317,2 15,0'1 -i!,b _ 1,23.. [EF MPbil.? 16] • '1 'il' It,? llak!S 2 b &'I'll; R fiji 'II
i!5 HEAD RPM lq,O 1'l,0 l q ,1 22.'10 1'1,0 23.0~

i!b SUA h,'1 b,'l ?,1 2,35 b,5 5, 'l8 __
21 RATIO 1 ,~ 1,0 5,b ,51 ·.1_ 1,51

TEST '10, 1 SHEAR CYCL.E

IN ~'INE TESTI~IG or HH ~5b. BLUE STAR NO,3

HEAD SPEEDI 1~ PPM BIT SPACINGI 2 INCHES

LOCATlO~i1 1· Rq DEPTH OF CUTI 1,0 IN/REV

CHAN LAAEL, RMS AVG MAX T~!AX MIN TMIN

1 TOR~UE LHS 2~? , 232,9 510,3 ,Db 13,'1 11,88, TORrJLJE RHS 2 3q .3 21 Q.0 770,8 n,l? -b.? 32,15
3 SHAF T PP'~ 5 Q7 ,q 5q7.'l Sq'l,O 3~,23 S'l',"l 5?,O"l
~ X-LOAD LHS 2b1 .3 ~ 8,1 11bl,2 5~.21 -991.3 s2,l~

S X-LOAD RHS 1~771,1 12532,5 3b852,b ~1.30 -110b8,O 2'1,3~

b r-CYLD D,m 2b500.h 2S322,l ~151'l.3 5'!,H b20b.3 1.53
? F-CYLD llP SSb'l.h '!55S,~ 22388,? .18 .b15,'1 55,3?
6 SUI'P RATE ,0 -.0 ,b ,01 ·,1 7.20
9 SHEAR PATE ,? ,b 1.'1 32.78 ".1 i'~. t>l

10 SU"-'P STK 3,0 -,1 20,0 ,25 .. I,D 5b,01
11 V[RT STK b~,5 b~, 3 8b.9 5 1.03 'Ib.i? .711
12 B(10" r,.v 4,< .. ,,-.n -1.0 1.53 -b,b 5~,~J

13 flOO" r,-Z • (I .,0 ,0 5S,)1 -,0 ,18
u i rAw f1 Lp ,I SO,1 Uij , i 2", .)It 1'I ?, r; " l, JIi'
15 X-LOAD AVG 1~177.1 12532,5 3bB5"b ~1.3n -11nb8,0 2~,3~

1b F-CVLn 21 Qi'b.3 -20?b~.7 -2S2b.b ,1
'

·388b5.5 5i'.32
11 TORouE Allr; 23b,3 2i'5,q Sb2,q 1~ .17 12,2 11 ,88
18 DE LTA 2,i' l,q 5.'1 32.7B -,3 2~.bl

19 F-SIJ'1P 18?'l8,2 -11%3,2 350q,,5 ,us -b1309.q ~9,?'I

20 V-LOAD BbSl, [J n51~,b ~3[J~1.2 ~ 'l, ?~ 25l?~,[J i'~,38

?1 F-SHEAR <'b<,~R,n ,bnq3,? 32qU8,l J2,~5 1581b,8 I, ~ 3
22 ALPHA 20,7 2S,h 32,0 5?,03 25,8 ,?b
i!3 " PO~E." 1<'0,1 II ~ , R 28b,O 1~,l? b.2 l1,R8
i U , F r 2C 2 " • 'I I SO',! "jJOU ,Ii. 1 P i (' i :?2J5'jia J ,? 12,"'
2~ Hf An prj, I q ,II l Q ,n 19,1 'i~, 2] 19 .0 "?,OR
i'b fH TA 5,' .J • II 7,1 .?b -ll,t? 57,£13
i'7 fHTIO 1,1 1, [I C',G 32.78 -,I i'~,bJ
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TEST rlQ , 8 SUMP CYCLE

IN ~lINE TESTING or HH ~~II, BLUt STAR NO,3

HEAD SPEED I 18 RP'" BIT SPACINGI 2 INCHES

LDC ATI ON I 1- 8'1 DEPTH OF CUll 1,0 IN/REV

CHAlI LABEL RMS Ave; f1AX TMAX MIrJ TMI,..

1 TOR(WE LHS 285,8 2n,1I 553,3 b,~1 5,1 ,os
2 TORQUE RHS 0' 75,8 25 7,0 U~,5 18,80 -10.b ,81
3 SHAn RP,", 51,0,11 5bO,'I 5bl,3 27,10 5bO,2 27,13
~ ~·LOAD LHS lbO, II -311,8 lU~~,5 Ib,5~ -'1810," "3,U~
5 X-LOAD RHS 171 78 ," 131'1'1,3 . 38~b'l,1 15,57 -35358,'1 ,01
I> F-CYLD DO'IN ~~~'ll>,l ~~H",O 57078,3 ,~5 31'1'13.0 l5.bb
7 F-CYLD UP 2bb38.1 l58'12.5 51b1'+,3 ,aD 1853".2 lO,bb
8 SUMP RATE .1 .11 2," ,1b -,a B,'!2
'! SHEAR RATE ,'I .1 2,1 ~.81 -,I 18, "'I

10 SUf1P STK 10,' 8,' 18.8 27,08 -3.5 0.00
11 VERT STK 52,8 52.'l 53.8 15.1i! 50.10 3,'11
12 BOOM e;-y 1.1 _7.1 -b,1 25,bl> -".1 .~5
13 800M e;-z ,0 -,0 -,0 20,bl> -,a .00
t'l f. PA"E~ bR,b !i!,7 Ilf 1, 'I is? 1' •• , 1&, Ii'il
15 X-LOAD Ave; 1?1 78,'l 131"".3 38~b'l.1 15,57 -35358,'1 .07
1b F-OLD l'1u 7b," -18501,5 "'131.8 .00 -""058.2 ~.8'1
17 TORQUE Ave; 2 77,'1 2b5,5 580.'l 18,80 7,1 ,02
18 DELTA 2,3 1.'1 8.0 .11, -.2 8.'12
1'1 F-SU"1P 171,13.'1 -SH2, , 37b12.'1 22,b7 -bb2b'l.,' 1,5b
lO Y-LOAD 3"~8",S 3~2'12,b "<'288.'1 5.31 I28~~ .Ii 0,00
21 F-SHEAR l58 03,'1 25710 7 ,8 30352,2 7,~5 I Blb5,5 .Oll
i!C ALPi1A 2b," lb,'I 2?,O 15.?2 2b.5 3."?
23 M POWER 132,3 12b.5 2?b.b 18.80 3,1 .02
2'1 fFf S!siH ,P 1 1 ,,, 'I (' Q' 1 iii i 2 3,'11 'Iills.,? Juts/s
25 HEAD RPM 17,8 11,B 17, 'I 27,10 17,8 27,13
21> BETA ~,I ".1 5.1 3.'17 3.1 15,72
21 RATIO 1.1 .'1 ",0 .Ib -,I 8,'12

TEST NO, 8 SHEAR CYCLE

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

HEAD SPEE.DI 18 RPM BIT SPACINGI 2 INCHES

LOCATIONI 1- 8" DEPTH Of CUTI 1,0 IN/REV

CHAN LABEL RMS AVG MAX TMAX MIll THIN

1 TORQlIE LHS 215,8 cOl.'I 503,3 10.88 -3.0 ~3,05

c TORI~UE RHS 2J~.8 1'12,0 b'l0.2 5,'13 -lIt,7 3?,8~

3 SHU T IlPM 510 0.5 5bO,5 Sbl.3 ~3.0? 5bO.i ~3,O1

~ X-LOAD LHS 2bl.S -;l1,2 lU ..... 5 ~l.BS -llbb,~ 18,7'1
5 X-LOAD PHS 1'1135.7 1'+7bO.0 "bb2S,b 'I2,2b -15?i2.~ i!~,!'1

b F-CYLD OWN 2712b,~ 23778,0 55~3a,2 1.2? 5078." 25.~3
1 F-OLD UP 5732. b '1"08,8 23311.'1 ,'II -~?3.8 23,31
8 SUMP RATE ,0 ,0 ,5 2~.5b -,I 27,13
'I SHEAR PATE ,7 .h 2,2 1,02 -,I ,5b

10 SLIMP sn lb,S 13,7 1'1.3 15.1b -5,b ~3,O"

11 VERT STI< 70,8 70,2 83.3 ~2,hB 52,? ,31
12 ROOM G-Y *,3 _3.8 -.8 25,~3 -B.'1 !,c7
n BOOM G-z .0 -,0 .0 23,31 -.0 ,'II
1'1 [ PRnEIl: 11, ) ;s'1, ) 1$ J ,1 Z'I ,1 q lijb.J Itie,
15 X-LOAD AVG 1'11 35.7 1'+7hO.O ~bb25,b "c,cb -I5?22.~ 2" ,1'1
Ib F-CYLD 2]n~'I,b -1'1]h'l,2 ~~7,/l 2'l.5b -*'lb22.3 *2,28
17 TORQUE AVG 2 U'l.b l'lb.'1 S"R,S 5.'13 -3.'1 *2,52
18 DELTA 2,J 0'.0 7,~ 1.U2 -.3 .Sb
1'1 r-sU'1p 137b*,O -SIS5.] ~Ohl*.'l )5.'13 -'?/ll'l,'I 3,35
20 Y-LOAD 3i''I18,.J 323'10,'1 ~731'l.S 1.71 2155b.2 c'l,5~

21 F-SHEAIl 2bH·2.2 25'51:-.* *OlJ~1,7 ~2,2b IbHO,l 2",1'1
22 ALPH~ i''1.b 2'1.5 31.S "2,b8 2b,8 ,31
cl ~, POWER '1'1.8 '13.8 0'1,1.2 5.'13 -l.b ~2,S2
itl IF F q .1 II 11, '1 lb2;1 1/1 W,)",j i i!, 1 (, iHUe,.q iP f ." ij •
e5 HEAD RP'"' 17. R 1',8 17.'1 "],[17 17,8 ~],07

2b HTA fl,:' _j,7 *.2 ,31 -'1,b ~2,b8

?7 RATIO 1. " 1. n 3,1 I,Oe -.e ,5b
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TEST NO, q SUMP CYCLE

I'" t-IINE TESTING or HI-' ~!ib, BLUE STAR ~IU. 3

HEAO SPEEr) I 111 RPr·, BIT SPACINGI 2 INCHES

LOCATIO'II 5- Cll DEPTH Of CUTI 1,0 H./REV

CHAN LABEL R"S AVG ~'A X T/o',AX ~'IN TMI~

1 TORQUE LHS 21~,8 lq~,l b38,5 ~.OO -'f.' 1,3'1
2 TORQU! RHS 2n~.5 177.0 ~12.~ 1,87 -11.10 ~.Cl8

3 SHAF T RPM 557.1 SSR.7 5SS,S 22,07 SC;S.S i!i?07
~ X-LOAf) LIolS 210 10.1 .5 1272,6 3,810 -I3S2.J 3,50
5 X-LOAD RHS Ib2 ll 0.1 -~128.2 ~71bl.7 3.Cl1 -Sb8?3.~ .70
10 f-cYLD Dw", ~07~b.CI ~O353,3 1005108,7 ~.(12 i!7C1S0.1 ,12
7 F-CYLO UP 32?17.7 nb12.b ~73115.3 .11 ibl08.i ~.02
B SUHP laTE .10 .~ 3.q 15,qCl -.1 13.~q

CI SHEAR RATE .3 ,i! I.? ~.3q -.1 2.03
10 SUMP STK 10.5 10,1 Cl.B 20.QQ .5 .0"
11 VERT STK 31.10 31,7 32,S .Bl 30,S 3,51
12 BOO" G-Y b.S .b,* .'+.5 .12 _Cl.? ~.02
13 BOO" G-l .0 _.0 -.0 ~.02 -.0 .13
1 • , '8;J[ft .8 16" ili', 'I 70 lAQ,q 3, q 7.,
15 X-LOAD AVG 110<,00.1 -~1<'8,i! ~"bl.7 3.Q? -Sb8?3.~ ,?O
110 F-OLD lI~~b.b -77~O, 7 l C1 215,5 ,12 -3~I~3.~ ~.O<'
1? TORQUE AVG 20S,O 185,10 1081,10 ~,oo 1,3 .i!?
18 DELTA 2.1 1,2 13,1 15,QCl -,3 13,~Cl
Iq r-su .. p 2 C1 OS1.? -20bO'l,? SB3BCI,7 3.Cl7 -ClCl312,Cl .?O
20 Y-LOAD i'b 'l O?2 2~b38.Cl 58333.2 ~.02 -ClIH.I .0Cl
21 r-SHEAR 210 1 15.10 2SCl32,8 ~lblb.Cl .5? HlSb.7 3.Cl?
22 AI.PHA 23.3 23.~ 23.~ .81 23.1 3.51
23 M POi/ER Clb.S B?'b 32~.b ~.OO ,10 .i?
0'" f&F 'I t .. B J {oI 1" J i q 'I ilI!" j Q 3.'1 is 1 gIl SSq. q ",9 l' __
is HEAD RPM 1?7 1

'
• 8 1?7 22.01 1?7 2i!.07

210 AETA 13. II 13. q 1~.3 3.51 13,3 ,81
27 RATIO 1.1 ,10 10.10 15,qq -.2 13.~Cl

TEST NO, Cl SI-'EAR CYCLE

IN "INE TESTING Of HH ~5b, BLUE STAR NO.3

HEAD SPEED I 111 Rpr·' 811 SPACINGI 2 INCHES

LOCATIO~II 5- Cl3 DEPTH Of CUT; 1.0 IN/REV

CHAN LABEL R~1S Ave; MAX TI'AX MIN TMIN

1 TO:lrWE LHS 20".1 1'12.1 5~q.5 11,310 1.S ~8,bb

i TORQUE RHS lq~,2 l?~.R 1~O3.1 lb.OIl -210,10 1h .01
3 SHAFT RPM 555.5 555.5 S5h ... 1~.R'1 SS5.S 53.H
~ X-LOAO LHS i'b 1, ~ 2.~ 1212.8 2.bCl -12~2.8 ~U,b2

5 X-LOAD RHS lClIJ~1,l 12383,2 3?1Cl!>,2 ~?bl -I Cl 31b,Cl 30,1'1
10 f-CYLD D'H~ 3~H3b,b 32b'10. CI S358~.3 .31 b253,Cl ib,18
7 F-OL.D UP ClqClb.CI 73Sb,3 ~2018.CI ,bCl .5H,~ 110,32
8 SU..,P RATE .1 -,0 .8 ~O,I? -,1 ~2ol2
CI SHEAR RATE 1.0 .8 3,2 ,13 -,I Ib,3b

10 SUMP STK 3.8 .3 '1.8 1.3b -~8.b 10.33
11 VERT STK b1.2 b5,3 85.3 52,71 32.0 ,OC
Ii! ROO" G-Y S.b _5,2 -1.U 2b.18 -8.10 ,37
13 ROO'" G-l .0 -.0 ,0 1".32 -,0 .hq''I f I'[) FC '15. 11 ',q, b 7',. in, JU 1" 8 i U '17,' J:
15 X-LOA('> AVG l qOCl ?1 Il383.<' 371'15,2 ~1.b1 -lCl31b.CI 30.1Cl
110 F-CYL.D 2 Cl O1l 3.1 -25.H~,b -1l21,CI [,b.12 -~q8S'.5 53,05
11 TORQUE "'VG l 'lS ," 18·~. " 8bb.b Ib.08 10,3 SO.RO
IB DEL TA 1,~ 2,'1 lU.'1 .13 -,~ 110.310
lC1 r -Sl)'~P i!~bS?,~ -20718.1 3011b,~ 8.~1 -155'110.1, 23.~2

20 Y-LOAD 3~'112.'1 H5113." 'S~1Cl.[J 15.~8 201 71.5 .bCl
<'1 f-SHfAR 2811,'1,1 i'82S2.1 38723.3 2,,0 Ibq8~,l 3001 '1
2i ALPHA 2R ,Cl ['8.' 31.S 52.'1 23,3 ,02
23 " PO'JER 'le.2 H..... ~n'1.2 1h.O R ~,'l 5!!.~O
..w r r r '1 1 fJ Jill ";l'l,J " iil 'I 2 ) • P ~ J •• II 1" • [J P?, ' 9, il9
25 HFArl RfJ" l'.1 11,' 1 '.1 1~,Rq 17.' 53.1'
210 Rt TA 7.i' .J. ~ LI.b • Or' -10.5 5[',1 J
n 'lA Tl Q 1, , 1 ,4 5.5 .n -.i' 1b.3b
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TEST NO, 10 SU,..p CyCLE

IN MINE TESTING OF" HH Hib, BLUE STAR NO,3

HEAD SPEED, lR PPM BIT SPACHHil e INCHES

LOOTIONI 5.Uq DEPTH or CUTI 1,0 If-o/REV

tHAN LABEL RMS AVG MAli TMU MIN TMIN

1 TORIlLlE LHS 2 P ?5 i'l~,l 8~l,O i'7.li! .'1.' lq,i?7.. TORQUE RHS b<,.S 33," 3~b,5 1,71 -lb,1 l~,I~

l SHU T RP~' 5<".5 5i?~,O 5b~.5 i?~.Ob a,i i?3,i?5
~ X-LOAo LHS 22~~b.7 -22100.8 -8b2q,3 2b,~3 -HUll.S 2,,~7

5 X-LOAD RHS 2?03P,q -20~82," 2bBQ,3 27,8~ -S202b.l s.qi?
I> r-CYLD OWN 180~l,3 Ib555,l .31153,8 27,'13 207].1 ,el>
.7 F"CYLD UP i'be~7.1 25870,1 H~~2,3 ,2~ 1302 Q.lt 27,q~

8 SUMP RATE .7 ,b 2,2 ,~b -.1 18,03
Q SHOll IlA TE .1 ,0 ,Q 17.27 -.1 1~,bb

10 SU~'P ST~ 12,S 11,2 22,0 28.01 -.1 .. 0.00
11 VERT ST~ 33.7 H,8 H,~ l q ,lq lil.1 n.H
12 BOOM G.. Y .' ,0 ,8 2~,22 ·.7 n,l>l
13 BOOM G-Z ,(I .(1 .0 i!~.2i! ·.0 23,b3
H i PRIIER ii' 'I, is ";i' l'.ClA lZiZ 1f i 1'1
15 hLOAO AVG 27038.'1 .'O~82,Q ebHq,] e7.8~ ·!i202b.l 5.'12
Ib F.CYLO 1~qq3,1 11315,1 31158. ? .2S ·17qb~.b 27.q~

11 TORGUE AVG 15q.~ 133,1> ~ 77.7 27.li! -'.~ ,bI
18 DELTA 2.' ',I 5q.b i?3.2S -.It 18,03
1'1 F·SlI"p Uol '.3 ·i!!i"!il.2 32820.8 2~.qS .""bS7.b 8,~q

cO V.LOAO Ib3Ji!.2 1I8bl,l Hi?l'.b i?7,S~ ·110S8.S 5,Qi?
21 r·SHEAR 20~i?5,O 2022],5 3HaO,' 1?00 all".1 .2~

22 ALPHA e3.' 23,7 23,S 1'1.3'1 in.l. i!7,7?
i!3 N POwEIi! 70." sq,c 213,1 i!'.Ii! .3.i ,lt1
itl Err b]9b. 'I lfUsi,A ~i90f ,u iu,t't 9"'99,1 aMu~i

is HEAO RPIoI lb. b Ib,b IB,O i!~,Ob .5 i'l,i?5
<'b BETA 12,8 lc,8 D.5 2',7? 1i?, .. 111,lll
~, RATIO 1.3 1,1 2'1,8 23.25 ·.l. 18.0l

TEST NO, 10 SHEAFI CYCLE

IN MINE TESTING OF HH IISb, BLUE STAR NO.3

t4EAO SPUOI lS FlP" aIT SPACINGI l tNCHES.

LOCATION' 5.. 12Q OEPTH Of CUTI l,U IN/REV

CHA/,j LABEL PMS AVG MAX TMAX MIN TMIN

1 TOf;QUE LHS 277 .1 250'," 7S0,~ .20 ~10. '. 5~.H

l TORewE PHS 5b.~ 32,8 Jel,3 12.S11 .lb.l 1i?58
3 SHAFT RPM 5i!2.0 Si!l,S 5b'l.l 13,81 ~b.~ '10.02
~ X.LOAD L.HS 25'12'1.3 .. 2~~i'?,q 3Sh.q b,3b ."b81)8.~ 31.IIb
S X-LOAD RHS IS1 qO.3 -2i'1I~.'! 1180b3,b 2b.711 ·3liS'O.!l ~q.17

b F"CVLt' DWN q7i'q.b Qel?,b 311'1'1,1 ,ll nlb.b 3Q,bO
7 f"CYLD UP Il03?,i! 10378,3 27U Q2.b ~b,ql .]~~,q i!b,80
8 SUMP PATE ,I ,0 .11 ,DO -.1 i?~,H

" SHEAR RATE .8 .? 2.2 10.b7 .... ? 7.7S
10 SUMP STK 21.' 21,' 23,S 5.20 lq,b bl.'IS
11 VEI'T srK 55.~ 53,Q n,s be ,02 q.s 25.31
li? AOOM G.. Y .2 .0 1.11 3B.80 -l,S 38,81
U ADO'" G_Z .0 .0 .0 38.80 ·.0 38,81
1'1 f peelEr SiS '1, ' ; • 1 , g. Ii? ' a;? I J! ?b,
15 X~L.OAD AIIG lS1 QO.3 ·22Q~.II ~80b3,b 2b.?" -3S5l0.5 '!Q.l?
Ib F·OLD q853,~ 11b5. 7 2i?bUb,i' *b. liD -2533U.l 10.110
17 rORQUf AIIG 15C;.~ nz,? 3Q3.1 ,20 ·b .... 510,33
lS DELTA <'2.b 2,5 ~q?8,S "0,02 -1l1~,l "O.Oe
lq f ~SIH~P l,qQS.(1 ·c055.3 bBUb1.S 2b,?1l ~5i!H".8 b.37
20 Y~LOAD i!~b?b.~ i!~031.1I .... ('72.b 10.1~ 11507. ? 3Q,bO
21 F·SHEAP 1n~b.O Ib?0<;.5 31 nQ.o ".87 I>b81.~ 52.h!
ii! ALPHA 2?0 27,0 30. , b2.0i' 1Q.i! 25.31
i?3 ,~

PO'·~Eq bR.q 1>3.3 173,8 .i'f) "2.8 5b.33
iN i.FF 'R]'.' 117 12 ,1 'i3Q9,w i 1 " If U8il?P,i ,lW
i'5 ~jEAD RP'~ Ib,b 11-,_ 18,0 13.81 -.' ~O,Oe

i!b BETA b. Q 1, ? 2'1,1 25.31 ~? .t 1>2.02
n RATIn I 1 , 3 1,3 2~8q.i' ~n.Oe .!i5?0 ~O,Oi'
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TEST /\to. 1 \ Su"P CYCLE

IN MI'<t TF:;TIr;G OF Hli .. ~ .. , BLUE SUR f,u.3

~H_ Ar, srff. r) ; In 5;r," f'1T S?AC Y',(;; " r>,CHtS

L"rATll1''; S-I;:''l U.PTH p~ [.liT: ro.{i I;, I~" Eli

CHA'J L A~[L I)"S All G ",A~ T ',AX "I' 1M II<

HJ'lIJii[ l.HS bl.2 ~~.'" 3 I '. b ~. h" -I (I .... 1.b*

.' TOP1J' !F P'lS " ~ ;;+ • i 1 pq. 1 ;'2".J 1'" • 5h .. '. J .53
J S"UT .H'·' ~;..!I.q ~p"." ""~., ]'•• ,? 'It,;'. d ~b.(;?
" Il-L f)l\') Lh:; .' ~ '4) I • f\ -2f,h+~,~ 1" .. 12.0 .1'+. br -''''"15.0 2,HI1
5 X-LoAr, kitS 1'32'." -HII?~.q 131'1".1 3'.3r, -)"~8b.J 1~. 31
b F-CYlr> D:.'iJ 7,' " •• r 3~%.~ 31'+5;>.5 lJ.l~ -17b.1 H'. SI>, F -C YL [) lJP I qfl'.. r'. 1 l q",,0.2 30B31.2 1.5 7 ·Q1c..'.3 3".b3
B SU',P IHT( ." •• 1,2 Ib.RfI -.e! 15.00
q SHE. AR 'l t, TE- .5 .1 J.ll ] J .l,q -.e! ;>l.32

Iv Slj"P ;,TI'- 2;,." r'b.) B,5 3J.BR 1','1 ,"2
I I Vf RT 5TK Jx. q 38.8 " r', 7 .Id )),2 30.B3
12 ROOM r,.V .1 .1 ,I 3".1' ,I 1b.ll
13 80Q'l G-Z .n .0 ,f! '~.I? .0 3b,11,'. £ OM ["-

j ,1 I Pi. 9 .
j

.. ,. if' , .. 1•15 X-LOAf) AVG 2?D"S.1 -20Sb4.1 1"8b5,3 1",30 -"IS",3 l,Sb
lb [-OLD I'Sq,.S 15Pb3.' 2q lr''l, .. 1 • S ') -l h l72.1 3<'.8B
17 TOROJ[ AVG I r'·I. b HI,. , 33',8 3'.5b 2,b 1,""
18 DE L TA ) .5 1.i) ",8 1" •.e 11 -,b ls.no
\q F-Slj',lp 1I>S{lP.' -IS I 13. S q.!'o.l," l~. qn "~hAb('.i 1.5b
<'1 Y-Llltn 1 () ... r.~ 4 • c; R'HB. ~ 1!'o~ql,2 1'1 .3~ -H3".3 1.!'ob
21 [-SHEAi; 1" 7q I .1 111515 •.1 cq '''!>,1 32.6R 10"q~.!l cR.73
2c AI,. Na, C'I.S ~~,foJ 2".2 .O,l 23,5 )n.83
n ',~ pn:Jr., r; 'I. q ~'.'

l lf ,...n 3~.5b 1,1 l,b~
3" r SF e? F .? i! Jrj ,I \? i2'1 a", 9 1" i" !

l' &t 'I , i 31,1'2
?S Hun RP~~ 1:1.3 15,~ l~.? 3 'j • '" l".q 3b.07
? .. 8fT A 1 ~ I • h- lU.S 13, rJ 3 D.A] a,7 .03
n RATl'l ." • 3 \,2 lb.BIi -.2 15,00

nST NO. 11 SrtEAIl CYCLE

;'~f. 1. 0 5PEt r, ; I R PPt' flIT SPAC l'.'G I II P'CHl;S

L:JC~T1()"1 5-1 ?'1 aU TH nr CUT: 2,fl 1'1/Rn

CHA'; L ~~'(L 1-<"'0 A\iG r",A x T.... AX ~., I N TMIN

1 Tcr:;o(Flr LH~ ~'" ] ~ 1·, :P2, ~ ]5.R(1 -15.0 2~.bS

2 TrWr,il io P"S lQ'1. r; I'" .1' ~"r.5 IS.';' -S,II ~l.bq

J SHAF T ~P'l '. Fl. 'l • <' 1 • ~ "1;',1 33.'1' 'JI,"'.B ~r;,b5

" t-LIl"~ L l~:, 2~bH3,4 -I q""1 ." "'''5;,1 c1 ,Ii I -h'5 4 S.ri 2".r'S
S x-lOt-V IltiS 251 q'~. 1 -lHnQ1',l 35JS',b lS."R -!'o5~"g,5 cS,lb
b F -C Vl 0 r' ~., ·1 h 'V1 k. "? b loi 4 lj • ., lSb'2,2 2[,. " C)" .... 1'.11"
7 F·CYLD lIF 161>~r,.b 1'058 • .1 32"1'~.r 2~.?" -J?;).c 15.!>?
R SlJ'IP PAlf .1 -.1 • I "S,bfl ... ~ 1 n." 7
q S><[AP :HTE .1'

• b c.' 2 '], 7n ".2 ? 1 • 76
III SLI'-''- ~T' '11." ] J ••~ n.', .20 j~}. J "".35
II VERT SF t:,?l S~t2 7". ~ "G.05 31.5 .1 11

J 2 R(}()'·l r._ Y • I .1 .1 ~".[lS • 1 IfQ .. Ob
13 ROn~·· (;·7 G

• n
.11 ~~. OS .i) "'1,01>

)'1 f 1" . , I l l. ) J \. , t • •• I'. 8"
15 X-LC1;:,) A VC. ?:1 b 1 i~. " ·l i; "l ~. 7 l"~";'.S I ~. ~ ~ -'t 1 1Q''l.2 'lI,32
1b F-rYL;', 1 ~i-- ".). , 1 !'~ l 7 • '~ 31 fl Yl.l r F .,-"' ~ -lc:'H".e 18.S·
17 TOI~O; IF r. vr, J?' • 'J 1 tjA. ,1 Jbc.~ 1~.7~ ·j.S ~2.1l"

P !''-l.T!, '. J r.'l lll,l; 2(: I 71) -.' i.' 1.?R
1q F-SIJ l~ <' 1~;: ". " -191" 1 • ~ J \t ~G r. •.~ J ~.18 -·'b~n.3 31.31
<'0 Y"l rl.~ r, 1 i-\ 2 r;, ~l. 'l I ''''.1.~ ] 1"1, h." J B.;:l'l ?S,H .~ 2 .... 0S
? 1 F-Shtlq 1 'I?S 7." J3S'lb.1 '2'~28." 1 Fo.• 81.+ 38~ :.1. b "~,b"

?2 ALPI, ,~ ?'. '. t
1

',"
]11, :J If q. ~1~ c~ •h • .11.1

n " ro "~; u "". h ij l.j • ~ J 'i 7 • ~~ 15.f7'Q -1.~ '2.eb
J'! Frr (, ,

i. I ,'- , I I l' I I' I ;,. j '. ;'J
"c, Hf~ f n hTO I'" 1 J < • 1 1S. ~ J ~. l,) t'.,'1 "tS.B~

2;, r;j T ~ r.."r ,',I-- 1 1",1 .1 1 -;,7 .. '1, (,S

'" ". t, T 1 ,,", <' .t' i"; • ., n .. ~ Ll.'~
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TEST (,0. Ii! SUMP CyCLE

I"l MINE TESTING OF Ioiloi ~~b. BLUE STAR NO.)

HEAD SPEEC'l 18 RPI·· IlIT SPACINGl ~ INCHES

LOCATI(l'~: 5.12q DEPTH Of CUTI 2.0 ItUREV

CHAN LABEL R~S AVG '-AX PIAX MIN T"1IN

1 TOR'llJE LHS b~.~ H.b )Y3.~ 5,bq ..28.0 5.b3
2 TORrWE RHS ~ O? b 355. q 837 .1 ~,<'8 ·q.U .77
3 SHAfT RP'~ ~ q?, b !-no,3 510.1 5.bO ~?q.2 ~.q5

~ _-LOAD LHS 8rJlO.3 110,".1 1~30b.3 5,28 -1!>lb8.q .11
5 X·LOAD RHS 251c~.0 ~323.8 1325U q.5 .13 -5R~17.S el~

b f-CYLD OWN ~89g8.3 ~n5qo.~ .!>'~5q.l 10,01 32331.~ .1)
7 F-CYLD UP 355 b2.? 35102.q ~82b8.5 ,15 2b~b3.3 11 .qO
8 SU'~P RATE ,7 .' 1.~ l,bb -.1 8.80
q SHEAR PATE .1 -.0 .5 q.q2 ".i! ~.b'

10 SU'1P STK 8.10 ?q 12.q 12,lU .q .08
11 vun STK 38,3 38.!> 3Q.3 .010 H.i! 12.1i!
12 BOOM G.. Y .3 -.1 1.10 10.2S -l.q 10.00
13 HOO~ G..l .0 -.0 .0 10.25 -.0 10.00
a'l l POllEtt l?S .jl~ l~iij b,q) lb;1 Tit!s
15 X-LOAD AVG 2512~.0 ~323.8 13250q .5 .13 -5B~1?5 .H
110 f-CYLD lq5~3.i! -131187,5 15727.8 .15 "30~05.7 10.00
17 TORQUE AVG 2<'0.1 1q~,8 583.? 5.58 .q.? 1.q~

18 DELTA 2,B 2.b 5.5 l.b? -.'1 8, ?B_.
lq f-SU"'P 31b 7B,1 -133b8,q 2QO!>i!q.q .13 "Qll"l.2 .n.. --
20 Y-LOAD ~'1 ?qi!, 8 3132b.2 b!>U20.b .u -5'1~I.b .1'1-_.
21 '-SHEAR 25g 11 5.1 25130.0 3i!H2.b Q.?5 -H~H.? .1L_
22 ALPHA 24.5 24.' 211.10 .01. 2'1.2_ __12

4
12__

23 'I POwER q2.5 Bl.Q 248.5 . 5.58 -~.1 1.'l'l __.._
au' FE F tJrt ES • Q Qr.l;? <''LQ4.&I.l 'I. RQ Sb181.~ , ,8 "
25 HEAD RP~1 l5,8 15. q Ib.i! 5.100 15.3 ~. q5 __ .
210 AETA In.S 10,q 11.2 12.12 10.2 .• Db...
i!7 RATIO .1 .b 1.~ 1.101 . _______·.1._____ .~ __ _... 8 •.7B_._.

-~-_._ ...__ .".-._-

TEST NO, 12 SHEAR CYCLE

IN MINE TESTING OF HH ~5b, BLUE STAR /JO.3

HEAD SPEEDI 18 RP" BIT SPACING: ~ INCHES

LOCATION: S_12q DEPTH OF CUll 2.0 I/o/REV

CHAN LABEL RMS AVG MAX Tt-'AX MIN TMIN

1 TORQIJE LHS ·/S.3 .~? 2 S3ij.u bb.2' "228.7 51.0~

2 TORQUE RHS ]2'.8 3111.2 ?l q, q bO.~~ 1.8 bB.3S
3 SHAFT RP" ijq~.8 ~q4.' S12.~ bq.bS ~5.b 12,qb
~ X-LoAn lHS HOl,D 115ij3,? 2b3~q.3 bl.D? -15S33.~ ?s.~q

5 X-LOAD RHS i!?l b3 • , l~a21.3 ?l803.3 bl.b3 -~Oll25.q ?5.12
b f-CYLD OWN lij~bq.2 13258.0 53 q7Q.Q 0.00 28H.O ?l.bl
1 r·CYLD UP ~S32.2 lQli','l 30?5S.Q .15 .. 3<'?l.Q I,?3b
B SU'~P RATE .2 _,0 1.' bB.OQ -.3 13.59
Q SHEAR RATE .1, .11 3.3 b8,~U -,2 ~1.0q

10 su"p STK li!.q 12.'1 lij.2 13.Sq U.S I::l.!>8
11 VERT STK 5b.b 5s,q 80.~ 510.50 lB.) 5",~Q

12 BOD'" G-Y .~ -.u 3.1 b8.~0 -3.0 3'I.5Q
13 BOO'" G-l .0 -.0 ,0 b8,HI ".0 H.5'1
1-11

'"
PO J[ .... '5 " J, ! if) •7

1i.' 8 ?Q,i li,59•15 X-LOAD AVG 221 10 3. , 111821. :; ?1803.3 bl.b3 "~0~i?5.q '5,12
110 F-CYLD 1~Q31.8 -1l3~S. 1 12'101.5 'B.OS -:;t-b2ll.D bO.~b

17 TORClUl AVG 11l ?,!> 1 73.2 50!>,1 b2.B3 3.'1 108.35
18 DELTA 2.2 1.5 12.' 12.'1" ".10 ~l.Oq

1'1 f-SU'·IP 28 r)33.7 'lQ 7 b.'l qSSQl.~ bl.b3 -BH5~.S 13.8'
20 V-LOAD 3 r; /1 r). (l 30301,' 115b28.0 .U2 15805.1 2.21
21 F-SHEAR <'2.Hb,b 21Qq5,'l 3"025.(1 •.B 8b05.~ ?b.'l~

n ALPHA 27,3 2?3 H.l 5b.<'0 20.'l Sb.ijQ
i?3 ,.,

Fn{IU~ 7b.8 '2. 8 213 ,1 b2.83 I.? b8.35
il U HF Q 752. r tsf:i OJ ,

,
i.'f il '] 5 I " '1'1 ;!; 2 1(1 'lil; 1. !j'i~ , , ,lP

25 Hun RP"1 15. 7 1S, 7 Ib,3 b'1.bS 1.5 12,'lb
2b REP 4.' 2.? <'1I.1I 5l.ijq -A.3 SI,.sn
i?' PATTD .r, .~ 3.< 12.Qb -.2 ~1.0Q
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TES T "lO, 1) SUMP CYCLE

IN ,.. I Nl TrSTING Of' HH~C;b, BLUr suP ~JO, i

HEAD SPElf'l1 I R RP" flIT SPACI·,GI ~ INCHlS

LOCATI()~;' 5-12'1 DU'TH OF CUTI i',O IN/REY

CHM; LAflEL RI'S Ave; "'AX T"AX "IN TMIN

1 TORO!!E LHS S'I.B ii',l ~(lq.7 1~,20 -31,3 1~,15

2 Tnl«,Uf I'IHS '~', (, 1"<;,3 7e7.q ~.i?8 -':I.q ,10
3 l';HH-' llP", ~q~.7 ~qij,e? 511q,~ 1~.ll ~80.1I -18 .08
~ X-LOAD LHS ~5IS.7 lbO.? 10 qcH.S ~.lq -1~171.1 ,Ob
5 x-LOAn RHS 11>3U q.l 3;,b5,3 311)05.1 q.b~ -~,o~q.l ,33
& F-CVLD D... "l ~q~Sl,s ~'l~5b.] 5,q5u,q ~.]1 38851>.1 .13, F-(YLD UP 3b'1~1.0 3b550.(1 521U7,q ,os e?H7b.] lb,78
B SIJMP RATr .' .5 c.5 b.53 -,I l?,qb
'I SHEAR RATE .1 -,a .5 b,12- -.i Ib.2i!

10 SU'lP STK '1,~ 8.3 1~ • 3 17.3? ,I .00
11 VEpT STI< ~O.O ~O,l ~1.i! .Ob 38,8 lb.21
le? BOO" G_Y ,3 -,I 1.~ 3.bS -I. 'I 5.8?
13 ADO'" G-Z .0 -,0 ,0 J.bS -,0 5.A?
1 I , [ j ep, d.'- • s. ; 1 b. , l.b 4 -is.> S. q;
15 x-LOAD AYG 1;'3 0'1.1 3bbs,3 31U05,l q,b~ -~70~q.l ,33
Ib F-CYLD lSi' 51.b -1;,qob,3 12131,8 .73 -22qi!q.§ '1,85
17 TORQUE Aye; ('(l0.2 lR6,? ~5'l, i! l't.20 -8,0 ,Db
18 DlL TA 2.h 2,0 'I,? b.53 -.5 17,qb
1'1 F-SUMP ('3'115,5 -1388'1,0 <,'17bR.'1 13.03 -7bS17,'1 ,bq
20 Y-LOAD HRIS,8 3059".<' ~323i!.8 q.b~ 1'1'11. 7 ,33
21 F-SHEAR <'S3 b?2 i!53?3.~ 30?!ii'.Q ~.~q 1%1b.8 13,03
i!C ALPHA i!~.9 e?~.1l 2~. ( .Ob e?~.5 lb.i!l
i!3 II POWER 8~.i! ,q.~ lli8.'1 1'1.20 -3.~ ,Db• I F .; 0$6.3 JE'E.i 1 e. 16 -46224.0 4,gg
25 HEAD RPM l!i. B 15.'1 lb.i! 1'1.11 15. ~ 18.08
i!b BETA 10.0 10. n lU.~ Ib.i!1 q.~ .Ob
i!? RATIO ,7 .5 c.~ b.S3 -.1 l1.qb

TEST NO, 13 SHEAR CVCI.E

IN ~'1 NE TESTIIJG 1)1' HH-Sb, BLUE STAp NO,3

f'E4D SPEED: 18 RP" BIT SPACINGI • INCHES

LOCATlO'!1 5-1"'1 DEPTH Of CUTI e,o IN/REV

CHA~, LABEL RMS AVG ~'AX TMAX MIN TMIN

1 TORQUf LHS 5 J. , 3<,,3 3%.3 b.~S -Iq.q 2,30
e? TO~(JUf RHS 3~I.n 32',7 ijb~.q ~q.lq ~8.q 1,'3
3 SHAFT RP~1 ~q'i." ~qS.l s10.b 10.bO 3"I.b S~.7~
~ X-LOAl1 LHS bql~.8 3qQq,~ 2!iSH.V 3b.1 2 -qS88.0 b2.'10
5 X-LOAO RHS <'I)SHtB .Il li!582.2 b?SS~.b ~b.9;' -31?~3,b bS.O~

b F-CVLD O~"l 183'n.3 Ihn7,8 53312.5 e.35 H~O.!i 5.2'1
7 F_OL!:) UP 775 1.5 3B~7,~ hUill.3 I". 3~ -bB38.0 1... 3t?
B SlIl.p RATE .1 -,0 <'.0 ~5.i?8 -.1 ~q.l1?q SHEA~ RATE .b ,s 3.n 50.13 -.i! 37.80

10 SU"F" STK D.l 13.1 I~.~ 8.31 U.5 ~q.15

11 VEpT STK bl1.S sq • .! B:i. 'I bq.38 2.1 bq.3b
12 5UO" G-V .5 -,I ... ? 51.21., -~.3 51.e7
13 BUO-·' G-Z ,n _,0 ,l' 51,"" -,0 51,<'1.1 , 'fJ.ir F, l.i • J ,I 1 !J. $ Ib.it> =1' .5 dS ,I q
15 X-LPAD AYG 2fJROS.B 125r.i?i? b755 •• & ~b.8b -31 '.3.b .. s.o~
Ib F-r YLn 15b Rh.i' -lnRO,~ 5i!lS~.5 l·.H -~3i'H.q 3q.b5
17 TOROlJr AVr. IR'.b IRfl,O ~bb.~ ~q.lq e~,O I, ?3
I R I:'f.LTA i!.3 l • B 11.5 50.13 -.? 37.80
1'1 F-SlI"P 2J~32,8 3"~(l.5 qij'1 lJ l.3 1 ~ • 3~ -SOBOb.S i!,H
i!1) V-L(lAD 11;>B? .1 3(l8·~~,h ~bn(j,2 3q.bS ·IP<'.~ 1~,'1

i'l F-SHfAR i??~'n.l i'2Sn. Q 35511>.8 3q,b5 -13'i~'.3 1 ~ , 3~

i!2 ALI'H~ ?'. q ,'?, P- 31. h bq .38 11.7 bq,3b
i!J '1 P(1<"'(,r;- ,~.q 7<;,' 1'1'1.7 ~q.lq lU.i? 1.13
3 rrr ,. ? I • I:s 5 .. t ' E (It JiJ 6. J ',P3 =Q4EUG.4 5i1. ,1]
25 Hun RI"" P;,;; 1 t;. R lb.<' 10,bO 10.2 5_. ,~
<'b Rt T A S,3 J ,r' 21." ~q.3h ."t.e bq,3R
n PATIn .h , S c.:.'1 ~Q.n -.i H.80

85



TEST NO. 1'1 SUMP CYC~E.

IN MINE TESTING OF" H>i ~lil>. B~UE STAR NO. 3

HEAD SPEED I 1A RPM BIT SPACINGI fINCHES

LOCATIO'II S.li!" DEPTH Of CUTI 2.0 IN/REV

CHAN LABEL R"tS AVG MAX T"AX MIN TMIN

1 TORQUE LHS ~]S.O ~12.3 1'\).2 13. ~8 -13.i! .i!'1
2 TORO'.!E RHS ~H.1 ~1i!.0 '''~.1 13.~8 -1i!.'1 .i!"
3 SHAFT RP,.., 5111.2 511.1 5~S.~ lq.~" ~"'I.l "0.38
~ X-LOAD LHS 271~'1.0 -2b753.7 -l1'120.i! 1~."1 -~~O'll.b IB.83
5 X-LOAD RHS 1"i!00.5 10l>R3,8 "1'1"1.' 15.13 -]7733.5 .08
I> F"-CY~D OWN SOb!J~. " 50~b .. ,3 .58bH.l 1'1.11 lb"U.5 2).11
7 F.CYLD UP 33287.~ HHb.~ 50133.8 .'1" 10~I>2.a 23.13
8 SUMP RATE .b ,b 1.8 ... 5 ·.1 7.75
"I SHEAR RATE .1 .0 1.1 5.~5 -.2 ~. 5.211

10 SUMP STK 11.2 10,i! 17. 'I 2i!.70 .1 ,01>
11 VERT STK 32.8 3i!.1II 3~.:J .38 31.1 i!1.'11
Ii! BOm~ G-V .3 ,0 i!.a l'1.~b -1.7. Ib.lli!
13 BOOM e.l .0 .0 .0 1"."b -.0 Ib.8i!
14 E POREA 3.1 &4.3 $. d 14.11 si1.3 ,64
IS X-LOAD AVG 1'1200.5 10b83. 8 "1""1.7 15.13 -31733.5 .08
Ib f-CYLD 202 bl1.5 -11711," 113l7.~ ."" -3i!U82.3 .1'1.11
11 TORQUE AVG .. H.e ~li!.2 '''3,7 13.H -13.1 .2'1
18 DELTA i!." i!.1 b.1> .~S -.a. 1.15
1'1 F-sU"P 1"1>85." ·'037,i! .. 38<"'. 5 IS,U -bb55".b 5."1
20 V-LOAD 311q".b 31>055." 5.. 031.\1 15.13 113.3 .08
II F-SHEAR 2b .. 02.0 2bi!Bll." 37"~I.S S.'H 15"0'1.3 21."2
i!2 ALPH~ i!l.S 23.b i!3.7 .38 .i!3.i. i! 1.111 ...
i3 ,.,

PO,~ER l RB.i! 17~." 337 ... 1..... 5 -5.1> .i!'I....[ , Ei r 11 " ,.6 =25; '. ; ';''''Hi.! H.! I W1415'E.t_ 1!.H
25 HEAD RPM Ib.2 Ib.3 11." 1"."" 1" .'1 .... 20,38
2b BETA 13.2 13.2 13. 7 21."1 . Ii!. !i .... .38
i!1 RATIO 1.i! 1.0 3.3 ... 5 ·.1 ......... . 1.75

TEST NO. H SHEAR CVCLE

IN MINE TESTING or HH ~Ojb. BLUE STAR NO. 3

HEAD SPEED I 18 RPM BIT SPACING; If INCHES

LOCATIONI 5_12" DEPTH Of CUTI ;a. 0 IN/REV

tHAN LABEL RMS AVG MAX TMAX MIN TMIN

1 TORQUE LHS l58.S 30.7 n'l.b '18.'17 -~.l 5b.711
? TORQUE RHS 35a.3 3'13." 77".7 "8.'" .3.q Sb.?'I
3 SHAF T RPM <;0".7 50q.b b03.8 2b.i!O -5.3 81.13
'I X-LOAD LHS li!R'IR.1 .32"11.7 -127bb." Sb.OO -53'133.i Ib.80
5 X-LOAD RHS lOb55.1 i!3"lO.8 1270 77.5 32.23 -i!3158.0 bS.51
b F-CYLO OWN i!H13.i! i!Hb5,8 "'I7"0.~ i!3.83 5bU.9 SIlt ~ 'I
1 F·CYLD UP 110'12.1 ...... ~.1 1"a"l5.1 b3.83 -S2D.III 83.~O
8 SUMP RATE .1 .0 .' 15.b7 -,I 8.H

" SHEAR RATE .1> .5 1." 51.Sb -.1 10.1 ..
10 SUMP STK 18.1 lB. 1 1".5 35.38 lb. 1 8b.15
11 VERT STK 57.'1 55.'1 82.3 8b.'I3 1.2 8.0'1
Ii! BOOM G·Y .'1 .0 i!.3 2".51 -2.1> 2".51
13 AOOM C-Z .0 .0 .0 i!'I.51 -.0 2".51
I, [ P(i'.EH g. ' W'.i) '.' lb.q; u12.4 ;;.bO
15 X-LOAD AVG 30b'55.1 i!3"10. 8 127077.5 32 .23 -"!l158.0 b5.S'1
Ib f -OLD 2SS 7"." -1'1021.7 li!'ll?i! 1>3.83 -'I"833.? i!3.83
11 TORQUE AVG 358.~ 3.. 3.5 77'1.7 .. a ... 7 -'1.0 Sb.711
18 DELTA 3.i! 1. 8 112.2 Ill.13 -b7'1." 81.13
1" f·SU~p 228 80.5 1..,Sl.3 182"1>2.0 32.23 -3b5 Q".8 bS.S?
"0 Y-LMD 3'1Qi!2.8 HI>55." 7118"1>.2 3i!.i!3 17b'lO.b b'l."8
H F-SHlAR 2~5"".'I i!3722,8 3'10'1'1." 17.18 98b".0 "b.'13
i!2 ALPHA i".~ 27• 3 H." Rb.~3 11.5 8.0"
i!3 M PO/IE.R 15~.1 1.. 8.7 3'1U.0 '18.'" -1.8 5b.1"
24 iF F esC€." *ISBA. 4 4!§!JeJ.' 44. i.l , =1£!31'.4 "'ibh
i!5 HUD RP" lb. i! Ib,<' 1'1.2 2b.i'0 -.2 81.13
i!I> BETA 7.3 2,' 28." R.Oq -".1 Rb.1I3
i!1 RATIO 1.1> ,'I ~b.l Rl.13 -331.'1 Rl.13
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TEST NO, 15 SUMP CYCLE

lfoj MINE TESTING Of HH ~Sb, RLUE STAR NO,3

HEAD SPEED: 18 RPM BIT SPACING: If II,CHlS

LOCATION: 5.12'1 DEPTH OF CUT: Z,O IN/kEV

CHAN LABEL PMS AVG MA~ TMAX P-lItI Tf'o'IN

1 TO~QUE lliS 30'1,'1 2~3,' 15110,1 ,O~ .b8,O ,0'1
2 TO~QUE RHS ]1''1,2 2113,S 153'1,0 ,UII .b8,l ,Oil
3 SHAFT Ill'''' 50',b Sail,S 5~q,2 23, ?i! .b1,' ,17
II X·LOAD LHS 23S(lb,B .215il3,11 1085U~,II .o~ .3 11 183,7 il3.1S
5 X·LOAD IlHS 2B081.5 ·lql~5,'1 12b758.'1 ,0] ·518'0.5 b,lIS
b F.OLD OwN 3330~,'I 3257b,2 715'17.5 .0] ·lUbllB,7 ,03
7 F.OLO UP H'11B,q 133b5,l b'l837.0 ,03 ·lUbl,'I ,0]
8 Su"p RATE .B ,b ~,2 .73 .5,1 ,0'1

" SHEAR RATE ,'I .,0 ,'I l' ,11 ·5.7 ,03
10 SUMP STK 13,2 U,O 22.5 28.05 ..Sb.8 ,03
11 VERT STK H,O 3'1,0 b2,0 .17 ,10 .03
12 BOOM G.Y 1,0 .,0 1.'1 11.'15 "13.7 .03
13 BOO'" G.. Z .0 .,[1 .0 11. 'IS ",0 .03
14 E FOhER eG.4 .. 6,5 S>.6 ,us =458.; .f7~
15 X·LOAD AYG 2B081.5 "lq1'l~,11 J2b7S8.'I .03 ·5111 70,S 10,05
1b F·CYLO nc;Sb.O ·1'1211,1 '15810," .03 .'IO~B'I.7 ,52
17 TORQUE AVG 30'1,] 2113,b 153",5 ,0" .. b8.i! .0'1
18 DELTA bb.O 1,'1 ]~8q.] .03 .'I'Ib'l.S .03
1" f·SUMp '10322." .b'l22b,1 2378b3,7 ,03 .. 158'150,5 b,05
20 Y"LOAO 230 10 1.0 2i!7BII,q 7~7B3.0 .03 122H.Z .03
21 f-SHEAR '1'11127 ,5 'Ill , .. ,'I bbq'lS.II 11.05 ·'Ib7b1,0 .03
2i! ALPHA 23,7 23,7 2B,3 ,17 17 ... ,03
23 M PO~'/ER 125,1 101,'1 3b1,8 2b,70 ·53,0 .01

:. 1 i 4 '.5 }d64.3 1#6 163,' Ea,23 -130006.0 ER.Sa
i!5 IitAD PI'" lb,l lb,O 17 ,5 i!3, ?i! ·2,0 ,17
O'b BETA 12,B lil,P 28.' ,03 UfO ,17 __
27 RATIO n,o 1,0 1711.II,b ,03 ..2'18'1.8 .03

TEST NO, 15 SHEAR CYCLE

IN "'H~E TESTING OF liH ~ !ob, BLUE STAR NO.3

HEAD SPEED: 18 RPM BIT SPACING: ~ INCHES

LOCATION: 5.1i!'1 DEPTH Df CUTI leO IN/REV

CHAN LABEL 1'1"'5 AVG MH TMAX MIN TMIN

1 TORQUE LHS 2?3,2 ilSl,II bbl,1 '1,115 ·'1.0 SII,il'1
2 TORQUE RHS ?'2,q <'51,2 bbO.5 '1,'15 .q.~ 5'1.2'1
3 SHAfT RPM SOb,2 50b,l 5~7.b 3il ,37 b,1 38.5'1
II X-LOAO LHS i!bb~S,'1 -ilSb,,'I,3 3~B.7 5,7'1 -'Illl'1b,l b3.i!2
5 X"LOAo RHS 15213,'1 .IIbO,l 1183Bl.3 25,'0 "35088,7 '17.51
b F-CYLO OVIN 15381,0 11''1'1, ? 3U QB. 'I '15.30 "b'll.q ?l,0'l
? F-CHO UF' Bb03,O ?ql1, b 2b500." 70,b'l 805.'1 '1,10
B SU','P RATE ,1 .,0 ,'I ,Db -,1 23,'11
'1 SHEAR RATE ,7 ,b 2.2 '1,'1'1 ..5,7 ',18

10 SUMP STK c'l,~ 21,~ il3.b 7,83 1q.i1 b7,70
11 VERT SlK <''1,8 5','1 ~l.b 'O.B~ Ib,B 2'1,ilb
1i! BOOM G.. Y ,3 ,0 2.3 27,Ub "2,b 13,oq
13 BOO'~ G-Z ,[1 ,[1 .0 i?7,Ob ·,0 13,0'1
i t PlJt.EF ;.4 :4, ' J,9 35.83 -11.8 58.6 4
15 X-LOAD AVG 15213,'1 -~bO,l ~83Rl.3 25,'0 ·3511BR,7 '1',51
Ib F-OLD 12b2b,U -)888,1 23bl~.3 70,73 "3U'2q,3 115,2'1
I? TOR ClUE AYG 2'3,1 251,3 bbU.R Q,~5 ·Q.2 5'1,il q
18 D[LTA 3,2 2,3 2Ql.b lB,5'1 -i!1.3 7,18
lq F-5U'1F' 51JQc'l,3 -7 Q 70,B 11'13810,11 ~~.?O -122213.£1 SIJ,Bb
20 V·LOAr:> i!7b'7,~ 21d8S,b 'III37:i,l sO,8b '1?S ?O,2~

21 F-SHEAR 185?3,3 17'1'11,3 31030. B 38,l q -5322.'1 '1,'18
2i! ALPHA 2',? 2 7,b 31.3 ?(J,B~ i'O,b 2~,2b

i'l M POWfR 11',~ 10B,l 2Rl,' '1,~5 -'+.0 5~,2q

r 4 E' P ; ., ,:;. ' --lUbl. ; 14 46 J 4 .? 43,63 aM 4 8SS.t hlilI
i!S Hf All RPM 1b, 1 1b, 1 1'1,[ 32.37 Ii! 38.5'1
2b RETA ?,{I 1, '1 2U,? cl.f. ch .8,B ?U.811
2? RATTO 1.b 1.1 1 '+:;.8 3R,5 Q "10,' 7,18
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TEST NO, 111 SUMP CyCLE

IN /oIIN[ TESTING OF HH ~5b, BLUE STAll ~W, 3

HEAD SPEEOI 51 RPM BIT SPACINGI ~ INCHES

LOCATIONI ~.130 DEPTH Of CUTI 2,U Illo/REV

CflAN LABEL P!~S AVG PH T"1AX /olIN T~IN

1 TORI;111E LHS l2b,S ino," 10~',8 ',~ 3 ..11.8 1,51
~ TORQUE RHS 322,0 2hq.8 q~b.2 '1,1'1 ·10.1 8,53
3 SHAFT RP~~ 15%,3 15'1'1.5 !bUb, ~ ~, 75 1517,3 . q, ~o
~ X"LOAD LHS 1033],'1 q~2b,q i!?l7~,'1 3,70 .3'1b5,l 10,75
5 X"LOAO RHS 30b 8q ,8 .3011q~,b "5157.b 3,b8 .~r.8q'l,5 ~,bi!

b f"CYLO OWN 3n31,'1 H7b3,O ~OB32.8 10,~5 30131.0 ~,i!i!

7 F"CYLOUP ~13~5,O ~l~oo,l ~~b~B,~ .25 3b010.5 10,~5

8 SUMP IIATE ,1 ,b 2.0 ,70 -,0 2,'13
'I SHEAR RATE .1 ,0 .3 10,00 ".0 b,bO

10 SLIMP STI< 5,2 ~,b B.8 11.0~ .1 o,UO
11 VERT STI< ~2,5 ~2.b ~2.8 1.51 ~1.'1 3.~'1

12 BOOM G-Y ,'I ",I 3.' 3.3i! .3.'1 ,101
1] ROOM G-l ,0 ",0 .0 3.32 ... 0 .101
14 E ? [j)iER E4.] 24,1 34.3 3.,3 11.1 .ES
15 X"LOAO AVG 30b 8 '1,8 -300q~,b -5157.b 3.b8 -~S8'1'1,S ~,b2

1b F"CYLO 72 8R ,7 bb37,2 13b7B,~ ~,22 ·~b3S.q 10,~5

11 TORQtlE AVG 300,2 270,3 7'1~ ,b 3,52 ~.3 2,11
18 DELTA ,8 ,7 2,~ .70 -.0 2, 'I 3 ~

1'1 F·SUMP 500~5,2 -~q1 H,3 10H3.'1 3.b8 .7b~80.q 3, 7i! ~

20 Y·LOAO 111 'la,S 10178," 21522.b 10.~5 3157.1 ~, i!i!
21 F·SHEAR n'l82,U i!2q7b.~ 2'115b.O 3,73 11121 ... .3,b8.
i!2 ALPHA 25.2 25,2 25.2 1.51 25.0 3,~q

23 M POwER l~O,l 12b,3 3?l.~ 3,52 2.0 2,ll
E' til 2 I.] ZLliZ , : :c • 1
25 HEAD RPM 50.8 50,'1 51.1 ~.75 50,2 '1,'10
21> flE:T A 8.8 8,8 '1.0 3.~'1 8.b 1. 5L~
27 RATIO .2 ,2 .1> .70 ".0 2.qL...

TEST NO, II> SHEAR CyCLE

IN "'INE TESTJI<G OF Hli ~5b, BLUE STAR 1'10,3

HEAD SPEED I 51 PP~' BIT SPACINGI ~ INf;HES

LOCATIO'll ~_13n DEPTH OF CUTI 2,0 IN/REV

CHAfI LABEL RMS AVG MAX TMAX MIN TMIN

1 TORQUE LHS ~5b.'1 3b3.b 150.1 31,78 _.\b,~ 28,15
2 TORQUE RHS ~li',B ~bl,7 1157.b 12.88 -13.7 3,'12
3 SHAFT RPM 158n.b 1580,S Ibl0.q 8,35 152'.'1 i!8,71
~ X·LOAD LHS li'~bU,R H21,2 3~C;i'7.!> 1'1.77 ·~~~0~.2 32,'7
5 X·LOAD RHS 21111.a "~188,R Rqb'l'l.2 25,'18 -5 11 38'1,'1 32,7?
b f ..CYLD D~IN 151IH.~ IHoa,'1 38BO.b .00 -201.1 b,7?
7 F-CYLD UP l~IOB,~ 127bO,2 Hql~.l ,DB .~03.5 28,b8
8 SUf1P RATE ,I .0 .~ 13.81 ·.1 38, ?2
'I SHEAR R~TE 1,1 ,'I 3.2 2~ ,17 ·,0 13,2'1

10 SUMP STK 9,1 '1,1 '1.7 18.10 8.~ H,qb
11 VERT STK bl,~ bO,3 81.~ 3'1,0'1 112.2 ,II~

12 ROOM G"Y .'1 -,1 3.7 35,13 ·3,'1 1,~O

13 ROO" G.. Z ,0 -,0 ,0 3!>,J3 ·,0 J,~O

! 4 E Pilaf A 51.[1 );,3 bC.O £ _ • P3 10,0 .tt1
15 X-LoAD Ave 21111.8 "~JB8,B 8'lb'l'l.2 25,'18 -5~38'1.'1 32,'7
Ib F.OLD aq ql,O -13~B, 7 l q'l8b.2 b.77 -2'18'12.2 28,'0
17 TORQUE Ave ~1)7.0 3b2,b 118b.l 2'." q,l 3.53
18 DELTA 1.3 1,1 3.'1 2~.1' -ol 5.21
1'1 F-SIJ"P 331'11,1 ..10811,~ 13b5b7.5 2s,qa .. llbR8~ .5 28.'12
20 Y-LOAD 2~5b5.0 2373',,' 37i53,' 18,5b 11'115.2 5.'15
21 F·Sf<EAR l qOblJ,3 lR~bq,i' 3~?'10.n 25,'1'1 2'182,5 H,80
22 ALPHA ?'R.l ?B,1l 31,e 3q,Oq 25.1 .~~

i'3 " PlJv,ER 18,.R 1b?,' S~I,q ?",7' ~.3 3,53
p, [r, it I., E ; J. ' J ".t • 'If 'IC 3. _ .. i
25 HEAD RPf' 50,3 511,1 51,3 8,3<; ~8,b ?B.71
2b HET A 5, .~ ,R H,'l ,~~ .8.7 ]'1,0'1
n RATIO ,3 " 1.0 2~,l' ·.0 5,21

88



TEST "a, 11 SUMP CYCl.E

I" "'INE TESTING OF HH ~5b, BLUE STAR NO,3

HEAD SPEEDI 51 Rp l l BIT SPAtINGI ~ INCHES

LOC4TIO'~1 ~.130 DEf'TH OF CUTI ~,O IN/RE.V

CHA/l LAI3El. Rr.-S AVG "AX T"'AX MIN T"'IN

1 TORQUE LHS 151,0 i"R~,3 11b1,1 15,28 .. l?l 10,'110
~ TCIRQIJ( RHS 3~ 8 ,I i?8i?,n 11 5i!,i? Ib,2b ·12.1 ~, 33
3 SHAF T RPM l<;~S,'1 lS'1~,3 1100'1,2 ,01 15b2,2 1'1,03
~ X-LOAD LHS 8bi.'1.~ bHS,~ 2Hb1,~ 17, '13 -i!li.'?i?,? 18,O~

5 X.LOAD RHS 3i'3~',1> -30105'1,8 15b~8,'1 1'1.0~ -SJ81b,S 2.80
b F·CYLD ow .. H5~~, 1 3?~qS,'1 ~~'111,8 lS.?S .. 301i.',' 18 ,q~

? F.OLO ·UP ~ 31 ~'1.~ ~i!8~O,i! 503 01,1 1.~~ 1~3S~,q 1'1.0'+
8 SU'~P RATE .10 ,b I,D 11.b3. .0 1'1.01
'I SHEAR RATE .~ ,? i.'.3 1'1.00 ·,1 1'+.3'+

10 SU"P STK '1.3 P,2 15.' lB. 'II> ,3 .20
11 VERT STK ~i.'.1 '+2.2 ~~.O l'l.Oi! '+l.i lS,U
Ii? AOOM G·Y .'1 -, J 3,10 1".~0 .3,b 12.~0

13 AOOM C-z .0 .,0 ,0 12,~O ·,0 1i!,~O
ill 5 OJ ED 37;i lL; " HJ,O 1J, O? b.l:i ;88
15 X-LOAD Ave; 3231>1.1> .30105'1,8 15b~Il,'1 l'1,O~ .53 8110,5 2,80
110 F·C VLD 1b~b,'1 5H~,~ Ib510,~ H,b~ -1 0?b5,'1 1'1,0'+
17 TORQlIE AVG 3"2,3 lS],2 '152,~ 13. ~? -.b 1,10
18 !lEI. TA ,1 ,1 1,2 1',b3 .0 1'1,01
1'1 F-SIJ'IP S~obl,1> -Si!~b3,S ISb1'1,8 1'1,O~ .85b<'8,1 <,,18
i'Q V-LOAD 1i'~2~,b 110~R, ? 3i'3~I,? 1'1,O~ -li5b.~ H,b3
21 F-SHEAR i?~lbl,b 2~lbS,l i!'1bS8,1 1b,'1i.' 111'lbO,3 15,b5
2<' ALPHA c5,1 i!5,? i!5.~ 1'1.02 i!~.'1 15.13
23 ~1 PO>lER 150,2 132,1 Hl.'1 13. ~1 ·,3 1.10au EFF j)?i •• 2S Q, I PO/ 1° i;&? l.e l;'tj
25 HEAD RPM 50,8 50,'1 51.c ,01 ~q,1 1'1.03
210 AETA 'l,O '1,1) '1.3 15,13 8.1 1'I.Oe _.
2? RATIO ,i! ,2 .3 11,103 .0 1'1,01

TEST ~JO , 11 SHEAR CYCLE

IN MINE TESTING OF HH ~Sb, Bl.UE STAR NO,3

HEAD SPEED: 51 Rr'r~ BIT SPACING, '+ INCHES

LOCATIC"H ~-1)0 DEPTH OF CUTI e,O IN/REV

CI1MJ LAREL 1IMS AVG "lAX TMAX MIN TMIN

J T01l(1)[ LHS ~Sq,() 3"?~ 1S~ 3, 5 1'1,'18 -IS." 15.02
i' TORQUe RHS HS,3 35'1,'1 13cS,b 30.51 .1!>.1 i"~,?q

3 Sf1AF T RPM 15
'

'1,'' 15?'1,3 IbU'l,c ~J.15 8.2 15,b'l
~ X·LOAD LHS qqql+. , H?b,l ~2'1b2,3 21,15 .c8521.2 11,310
5 X-LOAP RHS 223'<3,5 5810. A 1b571,1 15.~8 ·58'1~~.2 i?~."~
b F-CYLD I'H·nJ 2<'51J~,1 22'1'10,b 5Hb~,~ ~l.ci? 183.2 ~1,'1?

? F·CV~D UP 1252'1,1 Ill~~,J 31331,5 i!5.b3 -~10,~ ~l,?O

8 SUMP RATE ,3 ,I 1,6 33,S" ·,1 n,2'+q SHE.AK QUE 1,1 I,D c.'1 IB.'1~ ·,0 H.";>
10 SU'1p sn 15,~ J5,~ 1b,5 '1.2' 13.1 3l.5~

11 VERT STK J,'1,b bB.2 85,3 ~2.05 ~3,,, .O~

12 ROOM r.-y ,'I ·,1 ~.~ 11. q1 .1f.3 ?0.2'+
13 800M C-z ,n _,n ,0 11, q, -,0 21).2~

1" r PO [C 1),( 'S;, [ l i. Q 10 ,1 0 kiQ Ii, ~u

IS X-LOAD AVG i'23~~,S 5810,P 110511.' 15,~R -S8q~~.c 2~.q~

1b '-CnD l'Ii"~," .qB~h,4 2i'~U~.U i'<;,bi' ·~2?'1q,2 ~1.2n

1 ? TORllliE AVG ~lll,' 3b1,1 1231." I'I.O~ ~.? 2b,35
UI Del. TA 5.' 1,3 572,5 1"',1.'1 ·,1 ~1.q2

I q F-Sl)','P 2b3 1'1,' -"Sl n ,' 102551.8 15. ~ 1 -8'1081.3 2~.'1~

.w Y-LOAf; i''1C;?i>,i' 2qObe,i' ~Oi'?~,f) J.5,~~ 8'~5.1 1.3<;
21 F-S"if.AR i'311;> ,0 21 881,,3 3451?,~ 3Q.?r 1382,1 i'~,q5

i'i' ALPHA i'~,3 2Q ,c 31,e ~i'.05 i!5,3 ,l1~

23 '·1 PO,:.1l 18q, 1 1;'10,' 5be,~ 2,i'b ,1 15,1,'1
i tf r. Fe l.' 9. i t. I?; ·1 1 J j b. 1 'I t,f;j1

"
1 J. tP!

('5 H~ AD QPM SO.3 5n,~ 51,2 ~l,?S .3 J5.b'l
21, fi~ TA b,? _c. R P,3 ,0 4 -10,5 ~i',05

2? ~PIO 1 ... , J '4 3, I 15,1,'1 -,ll ~l,qi'
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TEST ""0, 18 SUMP CYCLE

1'< "'IN[ TESTING OF HH ~Sll, BL.UE STAR NO,3

HE.AD SPEEDI 51 ppp.o BIT SPACINGI ~ tr,C HE S

LOCATIOU: ~_130 DEPTH OF CUTI 2,0 IN/I<I:.V

CHAtI LAI3EL RMS AVG MAX TMAJ( MIN TMIN

1 TORIJU[ LHS ]3~.1 l7~.7 11 5'1.8 11l.B!> -1~.l! 1l,~3

2 TO'WUI:. RHS 3~I.b ~71, 7 lUB,S 13,~c -17." 13,0
3 SHU T Il"~' 157'1.5 159~,c? 15'17,9 .1>0 350,0 "10."
~ A-LOAD LHS 7'1~ 7.7 5'181,~ ~35BIl,O 15,2~ -11l303.b 15,32
5 ~-LDAD PHS 301J 1J 5.5 -lql~2,5 -2~OS,7 IS,23 -52b05.1l .2'1
Il F-OLD OWN lllb l l.2 3b5'10,'1 " ~3"'1'1,O 11,05 2Qlbl.7 15,H
7 F-OLD UP ~1?l 7,~ ~lbb~,~ ~B~H,3 2.10 32831l,5 Ib,Il5
8 su"p RATE .7 .7 1.5 B.O~ -,0 7.25
'I SHUR RATE .2 ,I .'1 15,3'1 -.0 H.'11

10 SU'lP STK q.~ 8,Il 15,2 Ib.qQ .3 .• 00
11 liE. RT STK ~5.0 ~5.1 ~5.S 3,Oi! n," 3.01
Ii! BOOM G_Y I,D -,I 3,8 b.3b -".1 .'IB
13 ROOM G-Z .0 -,0 .0 b,3b -.0 .~S
• I t Ft!ll.!!h Zb.b E3.J It. 8 13. I !s 3 •• ,bB
IS X-LOAD AVG 30885.5 -2'11'1i?,5 -i!'IU5,7 15,23 -52b05.b ,i?q
Ib F-OLD 7'133.3 5073,5 IS0H,i! 2,07 -10315.0 !b.bS
17 TORQUE AVG 31~,O i!?3,e 1008.8 Ib.52 3.h i? .1'1
18 DELTA .'1 ,8 3.1 10, " -.0 7,25
1'1 F-SUMP 51~5~,8 -~q7q2,S -10520,3 11.11 -80Bb".3 • 30 ..
20 Y-LOAD 13'11>O,~ 12'no. " i?1l5fJ8," 11.U5 7B7.3 i?Oq
i!1 F-SHEAP. i?i!b~"b 2i!1l32,3 c8Hl,8 1".i!3 171>OIl,'I 11.11
i!2 ALPHA c;. b 25,Il c5,b 3,Oc 25.'+ 3.0L.
23 M PD~ER 1~'1.7 121l,1 ""c,8 Ib.5i! 1.1 i? ,1'1_.
iI" Err lSilB.l ltJ'.J li?b,J ,Jt4 J.!5 II.U.
25 HEAD RP'l 50,3 50,3 50,8 .bO 11.1 10,7L
i!b BfTA 7.7 ',7 7," 3.01 7." 3,Oi!
27 RATIO ,i! .2 .8 10.77 -.0 7.25

TEST NO, 18 SHEAR CYCLE

IN MINE TESTING OF HH '15b/ BLUE STAR NO,3

HEAD SPEED; 51 RPr·' !lIT SPACING. '+ INCHES

LOCl.TIO"J1 ~ _130 DEPTH OF CUTI 2,0 ItUREV

CHAfj LAIlEL RMS AVG MAX TMAX MIN TMIN

1 TORQUE LHS 551,7 '1~n.5 15'11.1 21l,'10 -20.3 12.i!1
2 TORQUE RHS ~'7.1 "" 7, f) 10b2.b .3U -7,3 .bl
3 SHAFT RP~i 1~52.8 1552,7 15"".5 i?~,11 1507.11 17."11
'I X-LOA!) LHS '1bn.b bB,7 BSOb.ll 2'1.8'1 -35 .. 20.2 Ib.~1

5 X-LOAD RHS 21215.b 10187,'1 bBq30." 1'1,83 -1l0U38.1 2s.aq
b F-CYLD DI~N i'b837,'1 2'lq88,b 3qb07.B ,02 -180,2 2'1.35
7 F-CYLD UP 118 7.1,0 10851,7 381bS.5 ,10 -5'11.3 2".0'1
B SUtlP RATE .2 ,1 2.0 15.21 ~.u 21.03
'I SHEAR RATE 1.1 1,1 2." ~,32 -.0 i?'+,23

10 SU~'P STK 1•• "1 15." 17.lJ Ib.bb 1'1, "I .25
11 VERT STK bO,b bl1,O 7",5 i''',05 "'+.7 .07
12 ROO" G-Y .'1 .,1 ".b 13.5b "'+.'+ 13.57
13 BOO'" G-1 .(1 _,11 ,0 13,5b -,u 13.57
l I l PO; lP '1~.q 45. ' eb.(1 1M,";1 l!i. ~; t!3.1e
15 ~~LOAD AVG 21215.b lOIS7,'1 bS 9 31'." 1".83 ~bn038,1 25.0"1
Ib F-CYLD 18)73.5 -I" 137,C 2b8b2.1) i?S.O~ -3~q8B.5 15.50
17 TORQUE. AVG ~ql.' ~~8.7 12B.(, 17.5£1 -1.7 .bl
18 DELT~ 1.'1 1.3 c.q IS.8;' ~.l i?~.23

1'1 F-SII"P 2511 8Q.b -"b51." 8"'112,5 1".83 -817"2.0 1 7. 71
20 Y-LOAD 30??~.3 2q9'IJ .3 ~1371,1l 1~."~ bI7<;.7 1.lb
~1 F-SHfAR i'~~llq.b 2~J311,8 337~~." 20.52 3'+73.8 2".S3
2i? ALPHA 2 R.n i:R,fl 30.2 2'1.05 25.5 .07
23 .~ rO"Etl 2i?2.R ;>ro,." 5':>1,5 17,5U _,8 .bl
iI'I F.F F l 'I '.~ :. l f .•., 7l f'. F 1. ,r 1. 1 .bi
i'S HI:.AD RP" '.. q. \i \,Jq.'i 50.7 25.11 ~8,O 17.'11
2b Rf TA .... 1 ."1 7." • I)' -S.b 2~.05

27 Rt. TT II .3 .~ .7 It,.Sb -,0 2'1.23
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TEST NO, 1'1 SUMP CYCLE

IN MINE TESTING OF HH ~5b, BLUE STAR NU,3

HEAD SPEEDI 51 PPM BIT SPAr I IJG I ~ INCHES

LOCATIONI ~_13n DEPTH OF CUTI il,O IN/REV

CHAN LABEL RI'S AVG ~IAX TI~AX PolIN TMIN

1 TORQUE LHS ~33.1 1~1,8 Dbi', ~ i'l,7b -10,8 8,H
2 TDRlWt RYS ~O5,5 33b,5 li'~8,5 i'l,i''1 -17,1 8.'11
~ SHAFT RP'"' \,:,8'l.2 15'12," ILI2.U ,O~ 155'1,3 2i',5B
~ ~-LOAD LHS 117<'5. J 10231,'1 3J H'l,3 23,Ib -12~7~.1 23,88
5 X-LOAD RHS i'UBl'l,2 -15<'35.'1 i'b(lBb.J i'2.81 -~?b!l~.b <"Db
10 F-CYLI'l I'l~JN 3~3I1q.0 3333~,3 .~B?50,o , ?~ 17~2b,i! il3,70
7 F-OLD LIP 35 3~ 2,2 B31 I1 • 11 ~'1?'1il.O ,01 130'15.'1 211,01
8 SU',,, RATE .8 • 7 2.7 ,b5 .1 22,q"q SHEAR RATE ,~ ... 2.3 1 11 ,18 -.0 is.&?

10 SU"P STK I ~,O 12.'1 il 1 .11 23.'18 .1 .02
11 VERT STK ~8,8 118.8 50.'1 i'3.'l7 ~b.q ,75
12 1l00'" G-Y .'1 -.1 3.8 5,73 -3.'1 ~olb
13 BOO'" G-Z .0 _,0 ,0 5.73 -,0 ~olb116 f 99 'EO ail,' ?? " II 9 i

7 1 " • 2' ;9 .81
15 ~-LOAO AVG 208)'1,2 -15235.'1 2b08b.1 2i',Sl -Obn,b 2,Ob
lb F-OLD 5~"'1,5 -1'1.'1 U52!o.<' ,DO -ljS2b.q 13.bO
17 TORQUE AVG 3811 .7 33'1," 11 '111,2 21,15 !:I.O 7,Ob
18 DELTA .'1 .8 3.2 .b5 .2 22.'lb
1'1 F-SWlp 370b3.1 -305;>'1,8 3b517.7 22.81 -821187.5 1,011.
i!O Y-LOAD 205 bb,b 1'11107,1 32!o!o~,{l ec,BI b2?3,'1 ",Db
21 F-SHEAR 2133B,b 21H7,O 275UI,b ,'18 lSIIbl,7 21,50
2il ALPHA 210,2 j!b.3 2b.S 23,'17 25.'1 ,75.
23 M POMER 1 7B .b lS7,b 5~7,5 21.15 2,3 7,Ob
21 rrr ,oJ.l ! I" .Is IsO'I is, S ,fl3 liS thAt
25 HUD RPM 50,b 50. 7 51,3 .0'1 II'l.b 2 ... 58 .._
i'b BOA 10,0 b,O b,6 ,75 5.0 23,'17
27 RATIO ,2 ," ,8 .bS .0 2".'1b

nST NO. 1'1 SHEAR CYCLE.

IN PolJljE TESTlNr. OF HH ~5b, BLUE STAR 1'10,3

HEAD 5PEED: 51 RPr'l BIT SPACINGI II INCHES

1.00 TIt)!,: ~-130 DEPTH OF CUTI ... 0 IN/REV

CHMJ LAREL RMS AVG >lAX T~1AX MIN T/AIN

1 TOR(l~JE LHS <;??, , ~bB.l 15'10,'1 30,33 -11,b 3(1.11'1
2 TO~Q'!E R'"lS 502,3 IIbl1.7 12'10,'1 '1,15 -1i?5 35.b5
3 5HAFT RPf\ lSbb.~ 15bb,3 IbOq,7 38,7i? 15i!i? ." 23,58
~ hLOAf) LHS 10 Bbr,.1 11531.2 ~11535,i? i?",oo -11111 ?b.q i?1.21
5 ~-LUAO RHS 21115~,8 181117.8 82q2~.8 1'I,b7 -3blll11,11 lq,qB
10 F-CYLD D~;N 3i?BI'3,O H~b~,s 50~3q.U 38,'111 12128.7 3,bI>
7 F-CYLD UP B8[1B,l 1qbb,O lQS qa,q 2'1,55 -5b5,3 lb,2Q
~ Su"p RATE .1 .11 ,8 1~, 70 -,0 '1.32
'I SHEAR RATE 1.0 1,0 <,7 "~.S'l -.0 17.5b

10 SUMP STK 20.5 211,5 21,S ,'12 l q ,b 38,2i?
11 VERT STK 72.3 7 I ,~ 85,2 3'1,13 !:ID." ,Oi?
12 BOO" G-Y ,8 -,I ~ • I 8,5'1 -3,5 38,78
13 Bl1fl''', r,-l .0 _!o .0 8,5'1 -,0 38.78
lit [ RO'FO ""1 i" q ?, ) b H ., 2.,' .1 13, l J'!I;RIi, ;
15 x-~.{J AI'l AVG "~lS~.B 11l~17.1; 8<''I211,B l'1.h? -3blll'l,II lq,'1a
Ib F-OLO 25 7\l't • fl -235nl',1> -3050,1 ,~7 -~qb~I,'l 3R,'l~
17 TORtl'IE AVG 5 J I. R IIb'l,~ li?'1q.2 7,'13 5,7 3b,33
18 DlLTA 1.3 1.2 3,2 i?II,bl -,0 17,5b
1'1 F-SII"" cb2b'1.O -S15?,!=l q?b26.1 Ib,13 -132110b,2 21,21
;>n Y-LflAD 3B3fl." 33SSh,O ~qb71.LJ cl,n ISHb,5 2'1.i?b
21 '-SHEA» ??b02.~ "'IS5. ~ 3'l'lIJb. ~ J~.b7 R?'1U.5 "'1,11'1
c?- ALPHA 21,8 c"q. ? .ll.o 3'1,13 2b,~ .Oi.'
23 '1 P[)"JUI 2 3 3. Q "Ii'.' c;qp.~ 7.q~ c,? 3b.33, f r f f " 7. q f i '. } ? r ?, " 1" .70 l i [ J?,s?
25 HlH RP··\ I.f '1. R ~q.R 51.< 311.?" 118, 'I "l.SB
i.'b ~ETA b." -~," S,1 .02 -111." 3'1.13

'" fU·l In .] •.J .f; <'~.bl -.1I 17,Sh

91



TEST NO, 20 SUMP CVCL.E

IN "'INE: TESTING OF HH Hb, £1L.UE STAll NO,3

HEAD SPEED I 51 RPr-< BIT SPACINGI ~ III/CHf.S

LOCATIO"I ~_130 OlPTH OF' CUTI 2,0 IN/kEV

CHAN L.ABEL. RMS AVG "AX TMAX "'IN TMIN

1 TOROUE L.HS ~ J~ , ~ ]]8,2 HU.l 21,55 -I].'! 8,b7
2 TOf<OUE RHS ~(JR,S 33S,b U qq,7 1~,53 -q,b 5,bO
3 SHAFT RP" 158q,~ 150'11,'1 Ib1l8,l ,IS ISb2,1 iii.07
~ X-LOAD LHS 1~3jF,2 132bO,3 32UU.~ U.03 -5Ubq.'! 15,10
50 X-LUAD RHS 2i!1~i!,7 -i!0~i!J.5 -353.8 21.'10 -~IHi!.2 J,Oi!
b I' -OLD DI'IN 38bOI.8 38b38.5 ~i!7bl.b li!.97 33958.3 Ib,85
7 F-CYLD UP 39~!b, 7 3q3~I,~ HbH,O ,57 HI5'l.5 21,9~

B SU~;P RATE ,5 .5 l.b i!i!.12 -.0 7,77
q SHEAR RATE ,1 ,I ,5 H.70 -.1 8.b8

10 SUMP STK 8.'1 B,I 1~,a 22.10 ,i! ,OS
11 VERT STK ~9,b ~9,7 50,1 ~.~8 ~'l.1 &>1.78
Ii! ROOM G-Y ,'I -,I 3,7 8,8? -3.'l .S?
13 BOOM G-Z .0 -,0 ,0 8,87 -.0 .51
t I E PAi1f.~ 3',1 Sl,! '1 b. b 1!1.l!b ~.EJ .1 !'
15 X-LOAD AVG 221'+ 2,1 -20~23.S -353,8 21,'10 -~13~2,2 3.02
Ib F-CYLD ~Ob9,7 702. 9 llB 5,q .5 7 -9b2b.l 18.95
17 TORQUE AVG 38~,3 33b,9 11b2.3 21.55 ,? l~,bi!

18 DELTA ,b .f, 2.0 22.12 -,a ?,b?
19 F-SU~'P ~lb38.9 -39b52,5 -1~78,8 Ib.8~ -720b2,O 3,18
20 V-LOAD lql~O.7 188b2,3 2721C.O la,95 InO~i!,a .18
21 F-SHEAR 215~S.0 2152R,1 25818.5 21.bb 15b<'8.5 !b.8~

i'2 AL.PHA 2b.3 2b,~ 2b,~ ~.~8 2b,2 21,78
23 M POWER 1 78,5 15b,b 53b.,2 21,S5 .3 H,bi! _.
'If [rr f 7 '.t !. J, I 'lib.! 8.5 1 ,! li,fS!
i!5 HEAD RPM 50,b 50,7 51," ,IS ~9,? 2i!,OL
2b BETA 5.b 5,b 5.8 21.?8 5,3 ......~. ~8
27 RATIO .2 ,I .S 22.12 -.0 ?,b?.

TEST NO, 20 SHEAR CYCL.E

IN MINE TESTING OF HH ~5b, BLUE STA~ NO,3

HEAD SPEEDI 51 RP~' BIT SPACHIG; ~ INCHES

LOCATION I q_13fl DE.PTH OF CUTI 2.0 IN/REV

CHAl4 LABEL. R"S AVG "AX T"AX ~:IN TMIN

1 TORQUE LHS 5 7n,3 ~ bfJ, ~ 15~2,1 31, b3 -10.1 Ib,~~

i! TOPrllJE RHS 5PI.0 ~5b,7 1183,7 ~,?O -3.5 3h,3~

3 SHAFT RI'll 151.8,'1 15b8.8 IbU9.2 37 .9b 15H.2 27,08
~ X-LOAD LHS l?n ql,9 ~~8U,3 ~8H7,O 25.02 -~OS82.8 18 01 ~

5 X-LOAD RHS 22217, ? UOOb. q b7905.5 22,10 -~0000,2 18.05
b F-OLD DVIN 3Q 118.3 329qS,7 ~9219.9 .n,B? 70B7.1 2,Oq
7 ~-CYLD UP 119b3.8 10~3S,9 31>1.11,1. .35 -3?3.b 2~,~q

8 SU~'P RATE. .b ,2 ~,b 3,32 -,0 3~.OO
q SHEAR RATE 1,1 I,D 2.9 2?92 -~.b 28.H

10 SUMP STI< Ib.~ lb.] 23,3 3.33 l~.b ,aD
11 VERT STI< 11,5 70,~ 85,3 38,l! b,~ 20.89
12 BOO"1 G-Y ,8 -,I 3,1. 15.1b .3. b 12 .23
13 RO(1f~ G-Z ,0 _.n ,0 15,1b -.U 12.23
J!4 r. POJlr~. 'I ~. r. 4~." 78, I ZSII.tLJ lB.e H,!li!
15 X-L.OAD AVG 22217,7 HIHlh,9 b?90S,5 22,10 -~(lllOO,2 IB,05
Ib F-eYLD i'~R1S,2 ·2255 q• R 37bS,9 1. 99 -~Blb7,1 37,S?
17 TOROUE AVG 511.3 ~5R,b 12 90.5 2S.7b B,7 3b,~~

18 DELTA J .:3 I.i' 3.5 27.93 -S.b 28. H
19 F-SlI"1P 3n~73,1 -12885,2 Rb~H.~ 25,02 _Ul2 9? .8 18 .05
20 V-LoAn BI ?O,3 3~712,q !d83b,~ 23.8b !723~,1 2Q,85
21 F-SHEAR i'1589.S 2?1 73, I 595S~.f, cO.8 9 '1513, b 2b.75
22 ALPHA 2Q,b i'Q,h 31.8 38. !l 18.1. 2U,R9
23 'I POWER 233, q i'lO,l 58~,3 25,7b ~ , I 3b.8~

oil I (rr r fd •• t! l ",
5 r'l1,5 j' .1 I b.' !O.! ..

2S HEAD ppl,' U,. q \+Q,f1 51,2 37.Qb ~R.3 27,I.IB
2b BETA b,7 .3.j;: ?'>,7 i'fl. sq -ltl.5 38.l!
27 RATI" , 3 ,'J ,'I ??,q3 -1,'+ 2B.H
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TEST NO, il SU"'P CYCLE

IN "lINE TESTING OF HH ~5b. BLUE STAR NO,3

HEAD SPEEDI 51 pP'" BIT SPACInGI 8 INtHf.S

LOCATION I ~_130 OlPTH OF CUTI 3,5 IN/REV

CHAN LABEL R"'S AVG r~AX T"-1A X MIt. T/'IIN

1 TORQllf LHS l~q., H',b 580,5 l,Oi! -5,8 b,UO
2 T(\RlJUE RHS 15 b,2 12b,~ S22,b I, ~ 3 "11,3 3,71
3 SHAFT RP~! 1]71.1 131','1 Ib17.~ 5.H HJ3~ .'1 ·3,58
~ X-LOAD LHS 23';3'1,' 23552,1 38733.'1 5.'18 l~'1l1b.S 5.28
5 X-L.OAD RHS 53'1~~.' -5Hflb,i -18'15b. , 5,'18 -7C035.1 5.8'1
b F-CYLD O.. N '1e5'1,'1 b078,'1 Hbb5,b 5,1' -228.6 ,2'1
1 I' -OLD UP 31525,1 315bO.3 117123,8 5,31 2b'lSO.1 1.2b
8 SUMP RATE .~ ,3 1,5 .3b. -,I 3.00
'I SHEAR RATE ,8 ,'I 2.a 5.3b -.i 3,3'

10 SUMP STt<
" .b 1,'1 5,51 -,2 3,b5

11 VE.RT STI< 32.S )3,0 3~,'1 b.OD 31,8 3,'1b
12 BOOM G.. Y ,8 -.0 3,1 3.8'1 -2,7 'I,2b
13 BOOM G-Z ,a -,0 ,0 3,8'1 -,0 ~,lb.y

it RQ f~ 1baP lB." 'I §. 8 1. e I !5. 4 S.d~

15 X-L.OAO AVG 53'1~~.' -5HOb,2 -lS'I5b,7 5.'1a -n03S,1 5.S'I
Ib F-CYLD 25701,7 251181,5' 31'181,7 .20 ?c!b7.1 5.H.
17 TORQUE AVG l~l.B 127,0 'Ib8.q 1.02 b,b .b'l
18 DlL.TA .b ,3 2.2 ,31t ·.2 3.00.
1'1 F-SUMP bnoS,b -b13 ql.5 -10371,'1 5.'18 -10?!3'1," 5,8'1
20 Y-L.OAD 13823,~ -132~7,1 7215.3 5.'18 -203S'l.i1 .01
21 F-SHEAR 2'111b8,3 2'1'1611. b 3b351.7 5.21 13b21,O 5.qa
22 AL.PHA 23.b 23,8 23.8 b.OO 23,3 3. 'lb ..
n M POWER 5b.S 50.'1 1'111,1 1.02 2,'1 • b'l....
"I FFF l!t7.7.e !lfJ.1 lS'lfs8.L ,3' t'''b'. , .''PI25 HEAD RPM '13. b '13.8 51,S 5.31 32,'1 3,58
2b RETA 13,5 13.b 13,b 3. 'lb 12,2 .. b.OO
21 RATIO .1 .0 ,3 .3b -.0. 3.00

TEST NO, 21 SHf.AR CYCL.E

IN MINE TESTING OF Hf! ~5b, BLUE STAR NO.3

HEAD SPEED; 51 RP,., BIT SPACINGI 8 INCHES

LOCATION: '1 .. 130 DEPTH Of CUTI 3.5 IN/REV

CHAN LABEL R"',S AVG MAX T~AX MIN Tt.l I 1>1

1 TORQUE L.HS ~58,7 353,5 li?75,'1 23,bl -12.b 10.3'1
i? TORQUE RHS '137, b 3S3,3 12~~,b U,5'1 -1'1,'1 '1,'10
3 SHAfT RP'1 It'IIS,S l"'b,O Ib2B,7 B,'I3 ?'1?B Ib.a
'I X-L.OAD LHS c1bb'1,'1 22851,2 108181,b 17,1'1 -52?b'l,2 13.bO
5 X-LOAD RHS H.'l80,2 -2'1HS,1 80508,3 18.28 -781?5,8 1,b'l
b F-CVLD OWN 3b'l78.7 29712,2 b8'105.3 12.31 -bl~,l b,'11
7 f-cYL.D UP 2'13b3.0 &'b'l'l'l,O 51258.1 2.03 1523.1 20,1b
8 SU""P RATE , 3 ,I c,O l',b5 -,I IB,53
'I SHEAR RATE 1,'1 1.5 b.l 15.'1b -,3 12.83

10 SUI~P STK .b ,5 1.2 1,b~ -,I 2b.bO
11 VERT ST~ 5b.'1 55,2 n,b 25,'1b 3'1.7 .02
12 1'(\0" G-Y ,8 -,n b,2 11.18 -b,O 18.I?
13 ROO"" G-Z .0 -,0 ,0 11,lB -.ll 18.11
• I [ P(i1;;E:?t r: 2 ,1 )O,t tiT,e 1 I • 'lls !." I,!!
15 X-LOAD AVr. 3'13 80.2 -2~3~5,7 B0508,3 18,28 -7 81 75.1l 1.b'1
Ib F-cYLD l R375.'I -271B,i' )1'153.7 8,11 -51717.3 1~,"i?

17 TORQUE AVG 'I2b,7 353,'+ 12~ 2, 'I l~,~b .'1 21,17
18 DEL.TA 2.8 2,2 '1.'1 12.'1'1 -.b 12,83
1'1 F-Sl"~P bBbO.b -5'1l]b5,5 li?823'1.b 18.28 -1'13178.3 13.58
20 V-LOAD 2S~'1b,'1 19'1£2,2 57bi'C',b 1'1, '12 -175'1b,7 7,b'1
21 f-SHEAR 2~10B.3 2HU,S '1'1732.3 11.21 11>'19.3 22.b'l
22 AL.PHA ?7.3 27, C 3li. I 25,'11> <'3.8 .112
23 .., PO"ER 153 ,b 128,;1 ~Bl.b 21.1'1 ,3 21. n
PI tpr 14 11. I P. .]. P !Ji!?flJ.!5 r; • 1 t ;('fI,S ",11
25 H~AD RPr.< '10. 'I qa," 51.p S.~3 t",. 'I lk.lb
2b 'IE TA b.B J.n 12,3 .02 -S.C! 25,%
27 RATIO ,~ .3 1.<' 12.'19 -.1 12.83

93



TEST NO, i!i! SUMP CYCI,.E

IN MI"lE TESn"lC OF 101101 115b, BLUE STAR NO,3

HEAD SPEEDI 51 RP" BIT SPACINGI 8 I"'CHES

LOCATIO;H '1_130 DEPT.., OF CUTI 3,5 IN/REV

CHAN LA6EL R'-S AVG MAX TMAX MIl'; TMIN

TORQUE LHS Se'2,b 1111,'1 1152,2 12,b2 I,i! ,n3
C TORIWf IHIS <;'".2 1181, b lS Il ".? 1n.b Q -B.§ 5,1111
3 SHAFT RP~I 111 '1",11 1 11 ?3,3 lb08,1 .2n -30.8 lh.08
II X-LOAD LHS 1'I'I2h,5 I31bS,S bb'l811,5 1I.3b -351132.8 8,'1?
5 X-LOAf) RHS 18812.7 In.?,11 bUbb,8 8.55 -5!db1.b ,31
& f-CYLD l)O'/N 302 0 1.5 2'11bb.5, .1I<;b53.b '1,00 5b02.8 .10
1 F-CYLD UP 202 80." 1'1'118,2 351101.'1 .11 112'11.8 8,'11
8 SU'~P RATE .'1 ,1 2,'1 12.b1 -.1 q.BO
'I SHEAR RATE .11 .1 1,8 12 .i!1I -.3 1501'1

10 SUMP STK '1,& B.& 18.3 15.11 .'1 .01
11 VERT STK 30.11 30,S 32.1 15.17 28.'1 15.18
12 ROOM G-Y ,1 -,0 2.7 .08 -2.8 .08
13 flOO~' G-Z ,0 -.0 .0 ,08 -,0 .08
1'1 l P8uEPf &e • ., r".' btl l " •• b C11.' lS."
15 X-LOAD AVG 1881i!.7 11'12,11 &1 8 bb.8 8.55 -553&1.& ,37
lb F-OLD 13all,B -'18I1B.3 2'1b5'1.& .11 -]'I0511.2 8,'11
11 TOFlilUE AVG S2a,q '190. 8 llH.l 11.73 111. i! 1.83
18 DEL TA "1,1 I,ll 1'13'1,b 1&.0& -128&.'1 1h.05
1'1 F-SlIl.'p 31a8'1,1 -133'1'1,3 '121h2.1? 8.55 -'18'1'19.0 2. '10,
20 Y-L.OAD 308 711 .5 281'13,8 h]'lqO,1I R.5S -llIq8B.S .ll
21 F-SHEAR 25'17b,2 25118.1 IIBII!>3.q 2.'10 125b.1 B.55
22 ALPHA 23,1 23,~ 23,S 15.17 i!i! .1 15.18
23 M pnwER 231,3 208.b 51'1,'1 '1,13 -.b lb.08
lH tr r l!i!4's'.' Ui!!54.1 56)HS. I 1 I. 'B lib!: .rB.l 11,'1'
25 HEAD RPM II 7 ,b IIb,q 51,2 .20 -1.0 1&.08
2b BETA l'l.1I 111 • 5 15,2 15.1 8 13.2 15.17
i!? RA TID S.l .2 2'12,5 Ib,Ob . -lbO.q 1b.05

TEST NO, 22 SHEAR CYCLE

IN ~'INE TESTING OF HH '1510, BLUE STAR NO,3

HEAD SPEED I '>1 RP~\ Btl SPACINGI a INCHES

LOCATIO'II "-130 DEPTH OF CUTI 3.5 IN/REV

CHAN LABEL RI.IS AVG ~'AX TMAX MIN TMIN

1 TORQUE LHS 30.~ 1 11 .? 'lb.1 .1'1 -<'b.1 1.'12
2 TORQUE RHS 31,3 13. 5 10'l,8 .be -13,0 2,0'1
] SHAFT "p" 70.'1 -10,11 ..20.b ,20 -73.'1 '1.0'1
II X-LOAD L.riS 20'lijh,1 20%b,1 Zl1l82.1? .5'1 17358.0 .28
S X-LOAD R;IS 113<'R.q -QS35,5 11'l03,O .12 -131'17.0 2.110
I> F-CYLO OWN 2'13 S7 ,2 2'12'18,5 30i?1'1,a .02 2<'811.5 1,8'1
? F-CVLD UP l'1SbO,8 l'1S3 R,R 2n ll ll'l.q 2,OB 110'100.11 ,Oil
8 SUMP RAn. ,b ,II ,'I ,17 -.1 2.'lq
'I SHEAR RATE ,2 .1 .' l,bO -.2 3.11'1

10 SUMP ST~ 1b,2 lb ... 17.0 ,23 15.7 'I,o'l
11 VERT STK 3n.1? 30,2 30.1> 2,110 <''l.s ,3D
12 ROOM G-Y .1 -,(I .2 ,no -,2 <','12
13 BOOM G.. Z ,0 .,0 ,0 .OU •• 0 2.'12
"1 E PR.ER 17. f Intel 2,2 J.BS El6.] O.~8

15 X"L.OAD AVG 113<'8,Q -'1S35,5 l1 Q0 3.0 ,12 -1 31'11.0 2.'10
II> F-cvLD 511?e,1 -1I75'1,? _30111.'1 l,3b "131>7'1.'1 ,03
17 TORlllJE AVG 27,7 1'1,1 SG,1 ,[1'1 -11>,2 1,'11
18 DELTA b.S -I.? 'l.'I .1'1 .. 18,0 1.bO
1'l F-SUMP e?asn.s ..2bb30. 7 'I2U3,q .J? -32025.'1 2.'10
20 Y-LOAn i?~7"5,S 20;;83.' 311 'H2,O ,0 I 17157,3 1.3b
21 F-SHE All 2h5?S,S 2b501.5 2?bOb.7 1,1 5 21'1'17.1i .12
22 ALPHA 21.0 23,0 23,1 c,'IO i'2.q ,3D
23 M pn"ER , G _,3 .3 l,'ll "l,B ,'1'1
1'1 Err 1.5 t,'1 .l Q i! .'1:- s.t 3.85
25 HEAn Rp·~ 2.3 .,.~.2 -,? .20 ·2.~ 'I,oq
ilb RETA 1"." 1" , " 111 • 1 .30 J'I,<, 2.'10
il7 PATIn ,I' -,2 1,2 ,I q -c!,3 l,b ll
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TEST NO, 23 SUMP CYCLE

IN "'INE TESTING or >'<1 .Sb, BLUE 5TAI-I NO.3

~'EAD SPfft' I SI lOP,., BIT SPACINGI • INCHES

LoCATIO'il • -1.1(1 DU'lI. Of- CliTI 3,5 IN/REV

CHAN LAREL R"'S AVG "'AX T'~AX "'IN T"'IN

1 TOQQU( LHS 3"~.'I <"',2 IllS. , '.'10 1 •• IB,Ol
2 TORQllE fHiS 3\> •• 8 2'1,' Ill1.i? • •• b -.8 18.01
3 SHAFT RI>" ISQ2.5 lS~.,2 Ib3i?i! <'!J,o, HIS. , -1 !I •• ,

• X-LOAf) LHS 1Qi?~ 1, , 1.30i',11 3bU'13.1 2",08 -3!1b32,1 2,12
S X-LOAf) ~HS I Qi?B'l, 3 1.2qq •• 3bU'Ii?2 2U,U8 -351031,2 2,12
10 F-CVLD n,'JN 33S\oo,1 3U QS.l _S33'b.3 3,.b 3i?b,' 3,B8, F-CVLO LIP 18b'I.5 Hb 1q,. .'1558.8 21,0'1 8'5b.' 3,101
8 SU"P RATE ,'I .' 3.5 2.22 -.1 1'1,Qb
'I SHEAR RATE

" ,3 .I,. 3, ••- -.1 2.103
10 su"p STI< ll,i! 10.' li?'l i?2.0b .10 ,loU
11 VERT srI< 33.3 B,3 3'1,10 3, •• i?'1,ii! 5,H
Ii! ~oo'" G-Y 5.· -5,2 -.1 3.88 -8,5 3,.b
13 BOOM r,-Z .0 -,0 -.0 3.88 -,0 3•• 10
l'l r Pil En 1,'. If

7 I i It PO,q 1,J1 ,SI iiill
15 hLOA(1 AVG l Qi' Rl.0 111 300,' 3bO'l2,7 2 11 .08 -351031.' 2,7i!
110 F-OLD 12 Rb h.· S32 •• 3 HBS.,S • ,I. -318010.' 3.52
17 TORQUE AVe; ~b<;.'1 273,0 1333,5 .,.10 ,3 18.01
18 DELTA 1. 0 ,S .,3 2.22 -.1 1'1.'lb
1'l F-SU'lP Sbl3?b 3?1~Q.· 10'l2'12,. 22.10 -10S3.U,3 i?, ?i?
20 V-LOAD 2'blR.'I i?7,Q',b 11110.'1,8 5.'10 'IS.S •• 3.75
21 F-SHEAR 15'8'," '37',0 508H,1 i? ?i? -1810103,1 .,.10
22 ALPHA i'3.b 23,h 23,8 3••• 22.8 5,3.
23 '" PO"ER !bh.3 125 •• 1005,S 11,.10 ,I 18,01
v" rrr J 0 to; I • &1 J 1'1 i' Wki:i'I' lQ,&1R 2181'13;1 2 J i J 1
25 HEAr'I RP'" SO.' sn,' 51,'1 20.0. .!'t,0 10,.?
2b BETA 13.0 13,0 I.,!! S,3~ 12,3 3, ••
i?7 RATIO .3 ,I 1,1 i?,22 -,0 l'l,'lb

TEST NO, i?3 SHEAR CYCLE

IN '1INE TE.STII'G DF HH .510, BLUE STAR NO,3

HEAl' SPEED; SJ FlP:,! BIT SPACINGI • INCHES

LOC ATID'JI ~-13f1 DEPTH OF CUTI 3.5 IN/REV

CHAN LABEL R",S AVG MAX TtJAX MIN TMIN

1 TORQUE LHS bn.,. ~'2,~ 11 85. 'l 15,21 '1.lI 1.3'1
2 TORQUE RHS b11 1.S r;b1.~ 11 82 •• 15,21 1,.8 1.3'1
3 SHAFT RP'~ 1~~2.0 154) ,10 Ibi?I:l.1! 1,3R 103'1,1 i?i?,bO• X-LOAD LHS 14 1,,,,3 -eO]I,' 3b711.3 15, O' -bbl.'l,' 23.''1
5 X-LOAD RHS 1413'.5 -21)3~,~ 3b710.3 IS.0~ -bbl·',b 23,''1
10 F-CVLO O~!~J 51r,n?1 512?~.11 1>3105.'1 21,23 21i?53.1 .1'
7 r-CYLD UP i'18S~,~ 2!'1 0), 'l 52223,i! 1.4 1 12'10,3 21,i!3
B SlJ'1P RATE .i? ,f) 1.10 lb.'13 -,I 21,'110
'I S>'(AR RATE l. b 1,5 ~ • 'l 12.QQ -,I ,'.10 SU'lP ST~ 12.0 li'.O 13.1 Ib,'13 10.3 2'1,'1'

11 VEI<T ST~ "n,~ 5~.7 82.3 30.0' B,b ,.8
12 ROO'" c.-V p.i' .~,,~ _).'l .1 7 -IU,l 21,23
13 ~no" G·Z ,U -.f') -.0 .17 -.0 21.23

.1 'I [ po"t', S .... J ;1:,\ ;Z f~ • J et.,!st .~ i '8
IS X-LOAD AVG 1~11h.Q -2031. J 3b?70.8 15.0' -bbl.8.5 23,''1
Ib F-CVLD 331

Q
." -311?C,J 2~150,' .1? -blb30,i? 21.2.

11 TORr.lUf AVG bn c • ~ 5?O,4 1184.1 15.21 7.'1 1,3'1
18 DEL TA 2,n 1, B 5.'1 1i'. '1'1 -,I .?
1'1 F-SU"P 71H·. ,~ -SP,'SB,? 10'l3~~,q .1~ -223 Rli?,O 23,7'1
20 Y-LOAD "ll'2,~ .(180~.3 b3.53,'1 23,80 2UO'll,lI 1,20
21 F_SHf_AR 310".,'1 2'1 .. "5," .7b7c?7 ,.12 -1101082,0 ,IR
22 ALPfi A c',P c?,? 31 •• 30,0' 2,. h ,.B
i!3 ~ PO-if R 2?n,o ,,~?,lI 52'1.'1 15.21 3.7 1.3'1
-itt r SF , 7; ," l f, 9 339 E" ,r ,11 Zit 75, l , I"'

i!S HEAP FlP··· '. q, J l~ q. 1 51.8 1.3~ 33.1 22.1>0
i'b RtU h,' 1 • ~ 12. S • L+ h .q.J 30,l17
2' IHTl(j r, .~ 1.5 li',qq -.0 • ?
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TEST NO. i!~ SUMP CYCLE

IN '~INl TE STI ['IG OF HH ~Sb, BLUE STlll> NO.3

HE~I') Sf'EEDI 51 RPI' BIT SPllCINGI ~ I~CHES

LOCHIO':I "·13l) DEPTH Of CUTI 3.5 Po/RfV

CHll'" LABEL RM& AV[; ""A) T"'AX MIN T'~l'"

1 TClRrlUE LHS C;~7.~ sblJ.3 lU31.S i!.~7 ,,5.'1 .23
i! TORrl~!t DHS ~Rh.' ~'iq.R 1031." 2.~7 -b ... .23
3 S.. A'T RP" l'i~'l.S lS72.2 1bllb.s .17 h'11.b 2.'8
~ X·L(lA~ LHS 13 Q 3;>.3 -1073. Q 3q~~2.2 ..... • ...'131.1 1."b
S X-LOAD RHS 1333;>.'1 -10'3.2 3'1"8".'1 ..... ·"2128.5 1."b
b ~ ·OLD D'-IN 3021111. b 2'1b~,.q 3q277.b 1 • ~ 7 bb'.8 3. Q1, '·eno UP 2l

'
H ... 1 i!Oshl.' 2Q?1".i! .1'1 "'31.'1 '1,02

8 SU"P RATE ,.,.5 ?.1 5.1 .81 .,0 ... 00
'1 SHEAR R~TE .3 .1 1.i! 1.b' -.1 1.2i!

10 SUMP STK R." 8.3 11. Q 3.'1 .. 1.0 ,03
11 VERT STK ]8.1 3R." 38.' .05 35.S '1.01
1i! 1100'" G.Y ... 8 .... ' ·,1 3.'1' ·b.3 1, .. 7
13 RON': G_Z .0 •• 1) ".0 3.'1' -,a 1."7
.'1 f p~ FR S7.) S~iq "I i 8 1,5B Zi.' ,BB
15 X·LoAD AVG DR32.b ·1073." 3'1 .. 83.b ..... -'Ii!1i!'1.8 1,"b
1b f .OLD 11221. 8 ·'l12b.2 1Sll38.b 3.8S -23]'1".3 1, ..,
17 TORQUE Ave; 5R'.1 SbU.l lU31." 2. ~, ·b.i! .i!3
18 DELTA 3.0 2.5 b.l .''1 -.0 3.80
1'1 F·SII"IP 3'101>5.3 ·l?OSl.B 88'1".10 .20 -1207Si!.1 1.~b

cO Y·LllAD 2'2'15.1 2'11'12.3 38852.1 .'18 Ibb'1?l 2.'I?
21 '·SHEAR 2b3bl.'1 <'5021,,5 "'1'1'1S.i! 1.~b -23b'.2 .1'1
22 llLPHA C?~.S 2'+,1 2".5 .llS 23.'1 ~.01

H M Po\;Ef< 2b ... 7 2S3.1 "S'.b 2." , .2.9 .23
$1 Err t .6." l .J ~ • ~ rS!s.1J eO! =3.1 Ie!
2S HE AD RP'~ "'1.b 50.[1 51.1 .1? .. 7.5 2.78
21, aETA 11,a 11.1 11. '1 ".01 10.5 .05
27 RATIO .1 .b 1.5 .1'1 • .• 0 3,80

TEST NO, 2" SHEAR CYCLE

IN ~'I NE TESTING Of t-tH .. t;~, BLUE SThR '.0,3

HE~D SPEED: 51 RPn BIT SPACINGI 'I INCHES

LOCI,TIC'I: ".1 ~u DEPTH OF eUTI 3.5 IN/REV

CHAN LABEL R"1S AVG MAX T""AX I-.IN TMIN

1 TOR"UE U·S 5~'1." S11. '1 121".2 25.02 .i! 1.38
2 TOPQI!!:. IlHS S3Q.{' 511. ' 12H.O 25.02 ·.3 1.38
3 SHAfT RPPl ISS7.'1 1557,' HOb.S .71 SCi! .e 1?, ?2.. X-L(;AD LHS 151 1,11.2 -SI 7.. ,b S'171b.5 21.'12 ·5'15'1".3 23.83
S ... ·LOAD RHS l~F!;>.S ·SI7 ... b 5'171'1.1 21.'12 ·S'1b'l3.'1 23.83
b F -OLD Dwr~ q ?O'1n.F .... 553.5 7138'.'1 3'1.fJl i!03.b ."~, F·eYLD UP 1811'1." 153'11.8 1,3'1'''.'1 8.6b ·"37.' 1b.35
8 SUMP FIAT!:. .J .1 i!." 21.RO ·.1 28.0b
'1 StiEAR RATE 1,5 1.3 3.b ".1" ·.1 .35

10 Sl/"P STX '1.1 R.'1 12.8 b.32 b.1 31.8 ..
11 VERT STx bi. ~ bI. b 82.5 3'1.13 3.1 12.0'
12 BOO'" c.-v ?5 -?,l •• 0 ..... ·u ... 39.01
13 ROOM r,.7 .n _.n -.0 ..... -,0 3'1.01
lit r PO '[. .. r.l' [ 52, p 7',G Zb. SO, 7.Z,3 .,',
IS X-LOAD AVG IS1"1." -5 I 7... b 5"171?8 21.'1i' -S'1b1"1.1 23.83
1b F·(VLr, 31b2 '1 .b -;>'llhl.7 1b55b.0 .~b ·S318?3 n.3?
11 TOIIQUf AVr, 53'1.2 S11. 7 121b.l 25.0i? ·.1 1,38
18 DEL TA .1 • ~ 1.5 ?8 n.72 -.1 .35
1'1 F·SL"U" 7<'On 1. R -~i'nRl.b h85P.3 .33 .1"1'11 ..... ' 21.b?
i'U V-LOAD ... n\4 l f q. ~ 3'1"'17. 7 blO'lI." 37. 3rJ • ... c?A.3 li'.O'
<'1 F-SHEAR 2 i1 '1hq.? <'81173. R 8'1"3'.8 1,'. [1' -23U.2 .33
22 ALPHA 2 ~. ~ ?H.2 31.Q '3'1.1. 17.'1 lc?O?
23 " PlJ.,r ~ ?"S,F 2.13.' S~~.R ?3.6" -.0 1.36
'I r' . t' i. 3 21.1. .1 Q '18. P .., "} , r l;~

<'5 HtAO FlP" "',. b ijq.~ 51.1 .71 Ib.b p.n
<'~ flEl/. ~. , .' 2'.~ 12.('1' _'1.? 3'1.13
?? RH;O " ." 1. '1 1".7" -.0 .35
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TEST NO, i5 SUMP CYCLE

IN "II"'t TESTING or H... • ljb, 6LUE STAR 1.10,3

HE At' srEE') I 51 !;P" tlIT SPAC!',GI • F,CHES

L('IC ~ Tl 0"1 • -Ill' (lEPn, or CUTI 3,r, IrJlkEV

CHAo, LABEL ~"S AVG "AX T'-'AX MIll TM!1oI

I T(lQ;'JtJ[ Lt-lS .1'1, I' 3bl,2 1215,3 5,1. -12,B i,f)2
i' TOwll,lt QHS sr?,1 1~'1,. 151b,'I 10,7. -3'1'1.3 ' I,U
l S .. HT pP··· l~ill,1 lS'13.b Ib07.7 l.bS '13'1,1 1,3.
• ":-L(1~D LHS 357'h,'I -351''17,. -131'1·.B 13.0. -55'10b.3 ,0'1
5 X-LOAf> 1'4$ 3SH'I,2 -J5;>I'1,Ol -13i:'O<'.b 13. o. -5S'I0.,.u ,OOl
b r-Cn.n D~~ ,7.'•. '1 ".'<;,1 ."~0.1 13,01 30520.8 .c?0
7 r-CY(.D UP .Rbl". .8b5'1,b b.'Ii'l,. 5.58 2'la1B.l 5,57
8 SL'''P r-UE 1,1 ,'I 2.8 ,P'I -.0 ,30
Ol SMt4:l «ATE ,3 ,1 2.2 13.02' -.1 ,.5

10 SU"P STK 10.'1 '1,'1 17,1 12. '5 .S ,31
11 VERT STI( • J. 5 .3, b b2.0 '.'13 8.8 7.'13
12 BOO" G-Y .7 _.2 2.S •• 81 .3.2 •• 8b
13 flOO" r.-l .U _,0 .0 •• 87 -.0 •• 8b
I ¥ 5 PO'TF "." 11, l HR,?

" 1
8.!s • 3.

15 X-LOAn AVG 35'8,3,0 -.l5213. 7 -131'18.1 13.0. -.,5'105.b .0'1
lb F-CYLn le15R,'I III R•• 5 2b3'15.1 5.57 .'1'101.3 5.57
17 TORQlIE AVG ')1. 3 3b5,3 lC27.b 10.13 -180.8 1.81
lP DELTA I,' 1,e? .. ' 1.3. -.0 ,3D
1'1 F-SII"P 52b2~.0 -5111O.l,8 -21''171.8 7.'3 -8'107'1.0 5,57
20 Y-LOAf) 85b'.1 'bl R,7 21275.5 13.03 -1278'1.'1 7,'13
21 F-SHEAp 212 52.0 <'118-,'1 Hh3'l.2 7.'13 U55b.'I 5,58
2i! ALPHA 25.3 25,' 28.3 7.'13 1'1,0 " Ol3
23 M POWER lRR.b 1';'1, 'I "'0.0 10.13 -73,2 1.81
i' Err qp '. P zt.-,}, Ll i:5i82e,2 ILS l1A3t.S ,18
is "'[AO FH'''' • '. B .,.8 51.2 1.b5 2'1.'1 1.3~

cb HETA B.' Q.~ 2~,b "q.l 0.0 1,'13
27 PA TlO .3 .3 1.1 1.3. -.0 .30

TEST NO, 25 SHEAR CYCLE

BJT SPACI~GI • INC~ES

DEPTH Of CUTI 3,5 IN/REV

1 TQf<r.'JE L"'S
2 T(,P;lil[ loIHS
3 Sf.HT r,P"
• X-LOAf) L"'S
5 X-LOAf' :lHS
I, r_t YLD 0"';
, F-tYLI' LIP
8 Slll'P F>ATE
'I S"'UR "ATE

10 ~LJ"P 1H­
11 VERT ST~

12 1'(''1'', G-Y
13 nOIj'A r.-Z
l.. F. r ~ F
15 X-Lf1Ail AVr.
II, F-e VU'
l' TORrl'.l[ AVG
13 nrLT~

1 q F "Stj'~f"l

io Y-If1A~

21 F_SHf:AP
2i ALP .. t
?3 ~I, Pr)-ri~:Q

2 t "F
Z5 ~F /.11 p~.,

i'b IH T~

2' IHTl"

S"I;::;:.q

bll"l.ll
l'''b,'

1211h.~

12117.5
3R'Ib?~

18551,5
, 1

I. •1~,b
, 1. 2

,7
.0

ft.r
Ie'll'."
nSSR,S

Sb;>,8
J • ~

~'bPH.5

~b'il?,'

i' ,11, 1 p ••

;>'l.5
C'~ Ii. l
" ", b

'J ~. 7

'.1
,5

AVG

52lJ,.
5.lb,i'

IH5.3
-iq~,~

-C:~3l.i'

n.,75. '1
lh'l'2. '1

,0
1.3

Ih.b
h'l.'1
-,I'
_,0

'17,5

-""25. 8
-cGb83,l1

r,c R• b
l.h.

-~2J7~,P

3514 4,S
i2"0I,"

;>P,'>
?(').., .1
,,, ., , ?

MAX

11 75.3
l''l8.0
IbO•• 3

'875.,b
'8733,7
50307.'1
.2Ul"1,8

.5
3.2

1 ','
87,2

3,10
.0

, It , I

.8'" .1
Ib"O.~

1135. b
7,7

.2''l5,b
5278h.0
.a'3•• 0

3e.1
.~8.0

1;". '. [,
51, I
i'!i,O

l .. q
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TMAi:

.2'1
.l,h'l
.22

13 •• 3
13. 'l.l

5.25
.21

23.11
l~.lb

3.72
3n.'I3
13,.i
13.'12

, 11 P

13. 'l )
1,0'

la.28
5.25

1.l.'I3
le.02

3,'11
31l.'1l
5,31
"t, II£"

MIN

·q.l
.~.r;

58',5
-'H31,2
•• H 3i. 5
-2'lB, ,
U·3.3

-,I
-.1

15.8
1••

-3,'+
-,0

i1)h,3
-O~31,R

-.1137,h
2,i
-,2

-.'137'1.'
b5 71,.l
,. Q2. 3

1 1 .b
I,ll

I HJ , ';
I H. h

-11,~_.0

.iO
i"l,bb
5.25

.85
,85

31,0'1
30,"1.
23,0'
30.'18
28.3'

7,02
13.P2
13."l2
'. (20:&

.85
?'I.llQ

.02
30.'18
30.02

,BS
30,"12

7,Oi'
,02

',pp
5.2S

3U.'13
30. PH



TEST ''In, 2b SUMP CYCLE.

IN MI'~f TESTI"G or HH .. 0;[" HLUE STA~ NO,3

'1EP' Sr'EE": lR p.p~.' flIT SPACp,GI ~ I'~CHlS

LOCtT I~'II 5-li'Q DEP1H N CUT I 3.S P~/RfV

CHAN L.ABEI RHS Ave; MAX lMAX MIN TMIN

I 10RClUE LH~ I.,q.~ I ~ 1• b 5i'~.1 i'I.l3 .1'4." 7,"8
e lOf\Cl,JE RHS IbQ.3 I q l.5 5e3.7 21.13 -1".7 7,"8
3 SHAFl I;P" <;0r;.3 r,PS.R Squ.O 11.53 "8".8 ,18

" X-LOAF) LHS S.. q,:>q." -<>1 <'''1<' ,C; -33S3,7 2']." I: -qUOO".5 7,57
5 X-L.nAD I'HS 1'0""8." 7sn,2 5B"I",2 <'0,18 -31:,,81,"1 .12
I: F-cvLD fI ''I " 1"8];>.5 l1'3n Q .b 285 5",e i'?85 -1,,88.1: 7.53
7 F-CVL.I) UP c 1l 3b5.2 e7~"I.b 370"q.b 7.5e 1553".5 22.h
S SU"P RATE .5 ." 1.S 22.77 -.1 l".H
q SHEAR RUE .2 .1 1.0 11. "I" -.1 1.7lt

10 SUMP ST~ "1.5 8."1 Ib .1> 23.00 2.1: .11,
11 VERT STK ]7.1 37.1 be.n 20.70 b.b 11:.05
12 flOOM G-Y .] -.0 2.0 13."11 -c.7 13."11:
13 BOOM (;-z .[1 .0 .0 13,"11 -.u 13,"11,
]1/ .- PI' Fr 11','1 w; 9 ito , YV,' II !l,U .i?'),
15 X-LOAD AVG 31 .... '1 ... -25"07,1: 15021,.7 cU."b -5"1' .. 7.b 3,"8
1 I, F-CYL.D c0 1l 811.0 15""12,0 38""1".1: 7,53 -125"10.3 2c.SS
17 TORQUE aVG IbQ." 1"1,5 523.Q <'1,13 -1".5 7... 8
IS Df;l. TA ".0 I, b b.b Ci'.77 -." I" • 1..
1Q F-SU"'P 2qj7 3. 8 -2SS~q.3 lel:'7.q <'U."b -,,8 .. "1<'.7 .10
<'I) V-LOAD 1""11:1."1 bll, ... 1 H3U'2.2 i'O,"" -1 5}71.2 7.5"
<'1 F-SHE.AR 17188.2 1b q87.3 25 .. 5".1 Ib.05 U018." 7.53
i!< AL.PHA ?Q.2 2",3 <,B.3 20.70 18 .t> 11:.05
<'3 .., PO"ER 72." b(l,b i!22," i'1.13 , _b. 3 7... S
II Lrr I:9R,.1; J I ,.1] l'12 C1 Q,. , b.Zr: )'311.' 1U. I b
i'S 'iEAD RPM I b.1 1b,l 18,8 11.53 15 ... ,18
2b BETA 11. 3 11,3 25.1: Ib,05 0.0 20.70
i!7 RA TID .5 ,~ 1.7 22.77 !.l n.n

TEST '10, 1'b SHEAR CYCL.E

pJ MHJE TES1WG OF HH "Sb, BL.UE STAR NO.3

HEAD SPEED: 18 FP" BIT SPACING: .. INCHES

L.OC A1 F"'J: S-li'Q DEPTH OF Cl'T: 3,5 IN/~EV

CHAN LA~E.L Rt.'S AVG HAX TMAX ~'IN TMIN

1 10RQIIE LHS i lf Q.[1 23?," 810.0 13,117 .R. '. 13.05
2 TORQUE ill'S i' .. ~,q i'J2,3 Snq.b n.n7 -7,c 13.05
3 SHU T ~p., stlo,S son,s 51~.2 13.U" QS5.q 21.85.. X-LOAF) LHS I<ObR,~ -531,3," 3'11 H.'1 17.b5 -33"01.1 22.'18
S X-L.oAD R'iS i'~' 1r;. 2 i'.HS •• O 70 .. 1>3.'1 31.bl -11b53.2 31. b1
b F-CYlD !):J ~J 3S,)qR.1 3Q."Q,q ~820b,3 13.72 11320.B 3,2i'
7 F-PL.D UP (.0801,7 13BU.0 25 ...... ,5 1b.2q US?7 7.5"
8 SU""P RaTE ,2 .0 1 • 7 .08 -.1 <'S, .. q
'I SHEAR I'ATF 1,2 1.1 3.1 17, '11 ·.1 .5 ..

10 Su"p STK 1B," 1R," 1"1, .. 1~,7b 1b,O ,nB
11 VErT ST~ b J ,1 <;"1,5 85.'1 3~.5lf 1.1 I.S8
12 flOO" G·v ,. ,II 3,1 I f1 ,bq -3,«; 10.bS
1] flon"" G-1 ,ll ,(I .0 1U,bq -.0 10.h8
J'i [ r' in j Q, f" 19 I 7J,- ;"1 7,t' .eb,
15 ".L.nAD ~vr; lflSq .. ,U '11 qS,.l 3;>"1;>0,3 31, b I ·qUq[I.5 31,b1
1b F-CVLr:> 21R~h,3 -21 n'! q. 'I -?o17S.3 b." I -.277i'.3 13,72
17 T(lIWIIE ,\Vl; ;l,f;.;:.q 23<',] SO'l,8 1 ,'l. 07 .7,R 13.05
JB rll LTA ~ , ., I~ , :1 11.5 17,"1" .... ,5"
1"1 F-SII'IP 21"1,. R -IR .. nO.b l?o~S7.B 1,31, ·7hq7S.(1 3J • hI
20 V-I.nt,r:> JS;:t I '" • ~ 35 ')1,3, ' ~8"SI ,5 13,72 <'"<bb." '" "li'1 F-SH[AR t? J, 11:1 rl • '" i'bIl43.h 3b123,S D.7? 17"175,0 ,i:'{1
22 ALPI1A ~"q ?,.q 31,'1 J?,~'+ 17.5 1,88
23 r.~ pn"f~ llll" , q So;, , ~ 3~l,5 13. In -3,3 l'=t.(I~

t F" r i. '.? '. J j ( P , ? 7, ;'11 '. t3.R~

25 Hf Ion RP" 1 I, , '~ 1~. Q lb." 1~.(j't 15.!' 21,85
i'b ~f n I"

"

1.1 ;?F.~ 1. Pll -IU,R 32.!>"
27 Rl. T T(, l,r" 1.1 c.'. q li,f.l,) - ,1 ."~
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TEST NO, n su··P CYCL.E

IN MINE TrsTI"IG 'IF HfUr,b, ElL. L'E SUI' NO,3

HEAr> SPEED: 1~ PI'" BIT SPACI"G: ~ INCHES

L.eC f, TIO',': S-li?'l DEPTH O~ CUT: J,~ IN/REII

CHAIJ LAHL. R'~S AVe; MAX T"'AX ~'I N TMIN

1 TORQUE L.HS ?Oh.S I1b.i? bl{).~ 3.51 -lJ.2 .5'1
2 TOR(;'JE PHS 2t.1h.2 1?':l.~ bO'l.' 3.57 -13.1 .5~

3 SHAFT RP'-\ S'_'~. ? sos." 515.'1 1~.1'l ~B':l.O 'I.l'l
~ :'-LO~D L.HS ~O@~?3 -3q~q7.7 -ab'lO.l 3.0r> -b5J3H.2 5.5?
5 X-L.OAD RHS l~'·bJ.~ &bSb.l 7Ilb'lb,'I 2.S~ -37&11.'1 ,0'1
b f-CVLD D"r/ ~lhqq.S ~Cb"S,O .5!>'!'lb,2 2,S~ 513i ,I l~,lq, F-cvlO UP .. J.... ,. 0 "21>3b,'I SbbU2.'l .1'l lUllb3.1 1'1.13
a SUMP RUE .8 ,b i!.B 1.05 -.1 1'I.b8
'l SHEA R RaTE .b ,2 2.5 13.~~ -,I 8. '11

10 SlHP STK R.~ 7.'l 11.b JS.OO .'1 .11
11 VERT STK 37.8 n.'l 'Il.b 15.08 3b.3 2.8'1
12 BOOl< (i-I" .~ -,t' 1.1 1~.12 -1.7 15.0'l
J 3 eOO"l G-Z .0 -.0 ,a 1~.12 -.0 IS.0'l
J I t , t'i .[,( 1.,. I 11.l! ze.'q '. 3. 1 ) .1 .34
15 X-LOAD Ave; lRlbo.5 -15"'0.8 'l'lb1.b 2.S'I -'I8'ln.l .0'1
h F-OLD 71'1,>.(1 l q'll," i'22~1,2 .1R -lS2'l1.S 2.5'1
11 T(1RQUE Ave; <,Ob.3 I1b,O blU.O 3.51 -13.~ .5'1
18 DE.L T.A 3.0 <'.J 10.5 1.03 -.3 1'I.b8
1'l F-SII1~1' <,'I~Rb.8 -27b83,O -533.0 ".7b -b3'lb".b .0'1
2J V-LOAD 11 812. 7 Ib3bh. 7 33b~2,O 2.5~ -5321.2 ,1'1
21 F-SHEAR 22 512,3 22SbR.~ i!72'11.8 13.3? 15358.'1 H,i!l
22 ALPHA 2~.~ .... , .. 25,0 15,08 2",1 2.8~

23 " POWER e,.1 1~. 'l 25b.7 3.51 -S,'l .5'1
i!'1 . pp 13 1.: .1. , JP .• @ Z8Z Cl 8.J 1. 11: II!H ,re l.lb
25 HEAD RpM Ib.O 1b,I lb." lII.l'! 15.'1 ~ .pi
"b BETA 11.0 11 ,0 11.b 2.e~ 'I.e 15.08
C? QA TIO .1 .5 i!,b 1.03 -.1 1'I,b8

TEST ~~O • C? SHEAR CYCL.E

IN MINE ~ESTIW; J~ HH~SI" BLUE STAR ~IO, 3

fiE. ~[) SPEE~: lR Rpr·l BIT SPACl~'GI 'I INCHES

LCr.AT 10',': S-l?~ DEPTH UF CUTI 1,5 IrIlREV

CHA ~~ lAt3EL R"'S AVG ~'AX T'-1AX MIl. TMIN

1 ~OROUE LHS 2bA,l 2'1 R ,2 1'lq.S 5.b2 -8,1 b.25
2 TORQUE PHS 2b,.A ~·"7. q 800.3 5.bi' ·Q.2 b.2S
3 SHHT 1'" •. , ~q'l.2 "'1'1.2 51".3 • ~ I H2.8 l~.b 3.. X-lOAD LHS 13h'?.11 -Ii' ~". [) "li'q~.~ 1'l,2 '1 -~lbi!7.0 l,lb
5 X-LOAD PHS 3'~"7.0 351'1,>.7 815S'l.~ I ll ,ell -88~l,B 1.'la
b F-OLD [) l~J rJ 38'1hh.~ 3821,5.5 513 78.b 1b.lP HU1S.l ,b7
7 F-CVLv IIr lIRJq.~ In'1Rb,fl 23318,b 2b.12 i'3BO,? Ib.l'l
8 SU .... p RATE .1 ,0 1,0 l3.'la -.1 30,31q SHEAR RhTE I, I 1.11 2.8 .13 -5.1 30.B3

10 SU,·p Sl~ 11. 8 .II, B 12,'1 31,.80 II!, 'I 2,13
11 VERT Sl~ b~.c? 1,11-.0 83.B 37.07 25.1 Ib.~'1

12 flOO" G-Y .5 _.0 3.b '+.4Q ·~.l ",'l'l
13 flOO"l (;-1 .i) ... rl .0 ",'1'1 -.U 1I.'l'l.,

L re·.t ri.l (._.15 )z.fJ j .el 1.11 • , I!
15 X-LOAD AVI; 1 '18'11." 11,'17'1." lI~bIl2.R Iq.2q -131811.b .b7
lb F-c YL 0 28 '1R I." -niP1.S 5512.2 ,"7 -~!lRO?{1 Ib olB
1 I TOIWlJE AVG i'1,~.[1 2"~. I 7q'1.,! S.bc -J3.q b.25
18 I'El TA II." 1.R ) fl, b .13 -21.R 30.lll
1'1 F-su"r l'SR~, h -1'1"1 7•.1 IbOb'l.'1 22.7J -3 7753,'1 32, ~ 3
20 V-LOAD 311 RG.P. 3bR)'l.7 5102",Q Ib."Q l""S'.1. ,h~

"1 F-SHEA~ 2Q[JI~.8 2S~f13.5 3801l3,Q 11'.1 a l'2bb.3 .11
2, ALPH~ c:p..h ,>R,b 31, b 17.U' 22.1 H,"'l
23 'I po ..:U' 111 •• IIJS,J 3B.b 5.h? .3.8 b,on
i" FfF P 14.

G

p, I; .I, f 1 's 77. P . 1.,. , 1.1 •
t?s HEAl") Io?p,t ) r~ • q 1S. q lh •• •• I 13.1 l".bJ
cb [lUA ~. ,. -. Q 11,.7 lh.~Q .q,H 31,(11
i" H~.T1n J .1 1 • ,~ 2,0 .1 • -S,S 30.81
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nST NO, 28 SUMP CyCLE

1"1 MIN£: TESTI'JG or HH ~ '>til BLL'E SUR NO.3

HE A(, SPEfr'l: I H 1'1"'\ BIT SPArINGI ~ INCHlS

LOUTIn:,: '>-12" OlPHl 0, CliTI l,C; Pil~E \I

CHA~I LAAEL p"S AVG MAX T"'A X MIN TMIN

1 Tf1R"df L"S 133,b 2"'," 'bq,3 ~,r,q -h.lI '.01
2 TOl<'lliE P"S 'H I,' ""7,8 7bR," 4,<''' -1,,3 7.01
3 SHt.FT ~p'. 511,10 Sen," 5'>1I.0 S.52 418.q . i' ,R8
~ X-LnAfj Lf'S ... '-1~? q. J -414[''', C -13*~b.'> *.43 -8110118.8 b,nq
5 X-LOAD RHS n lln, 1 -12108,1 *b*q~.* 5,3;> -31731,1 ,27
b ,-e'LD a_II, 14:1(12,2 12015,2 ,28UOq,* 4,bIJ _21b7.' 7,00
1 , -C ¥LO U" 30 Q "1. b 30812,3 n\fQR, Q ,23 2<'113.0 *.10"
8 SU'H> R~TE .R ,I, 2.1 3.R~ -,I 1.3R
q SHEaR RATE .* .2 1.8 5,10" -.1 .08

10 Slll~P STK 1,3 ',1 ".? 10.102 3.10 1.38
11 VERT STK 2q,b 2Q,8 30.3 b.?O 28.'+ ".b?
) 2 ROO" G-Y .4 -,0 3.2 *,*1 -2.8 *.'+2
13 RO(1M G-Z ,a -.n .0 *."1 -.0 ..... 2
14 E f d'l£P j.~ ·s •..' b.l •• li' 111.(1 !."
15 X-LoAD AVt; e?"(H,i' -2"33",'> 130103. ? *.58 -"""35.2 .23
110 '-OLD 215 110.3 1!l8~',1 3ells.2 .22 -S3Q3.1 ... bn
17 TOR~UE AVG 333.5 2"7,8 ?b".1 ",5" -10.5 ?G?
18 DELTA 1.1 2,3 ?b 3.B5 -.3 1.38
lq , -SU'~P 21 "3,), 5 -18111.0 l Q081.? ",58 -"'W08.b 10,107
20 Y-LOAD 11"'1",10 2h12," 3211 10 .' \f,S~ -18b3b.q ,23
21 r-SHEAR 15'l15." ISB7lI," i!H17.1 5.38 1l20",1 ,12
22 ALPHA ;>],0 23,2 23,0 10,711 22,? *,101
23 M POWER 1~5,? 13 11 ,2 338,8 ~,Sq -2,8 ?,01
r I err 111£ >.1 l , '1 t I! '1 Sis 'I t .: l; 11 If:t'qtUR,3 l!, 1\
2s HEAD RPM lb.'> lh,b 11,5 5,52 15,i! 2,88
210 BETA H.R l~,q 15,2 ~,b1 H,3 b,1U
27 RATIO .8 ,h l,q 3,8S -,.1. 1.38

TEST NO. 26 SHEAR CYCLE

1" MI'J[ TEST ltJG 0, HH .. 50, BLUE STAR NO,3

HEAD SPf.E'J: 18 pp'.t BIT SPACING: ~ II~CHES

~ oC,\ TI (};,I; S-IZ<; DlPTH OF CUT: 3,5 IN/RE.V

CHAN LA!:\EL I'll'S AVr. MAX TI'IAX "IN TMIII,

1 TOkIJU[ U4S 2t 1,5 JRO.R 10 <;1, S U,Il8 -12,0 1,~2

2 TORrWE ~HS ?I ,.4 lRil.? bQl,l 11,08 -12,3 ?~i'

3 SHAFT nP'~ S l"', 3 C;l~,l 5Sh.? 12.11l 3'>.~ 10,8?
~ '-LrJAD LHS SI1?8J.l -"b2C;l,~ 8833,Q "".52 .JOb381.3 10.~G

5 X-LOA!' ~HS 22""R,1 -1t7?Q.? 12S1R~,J IS.b? -q Hell.8 11, 5~
b f-CYLD I':'JI"J 2<;:;3<;,' ,,?sn?," .b1l3<;,b <,1,.12 -3b73.0 .55
7 r-CYLO UP ~"'IR.S BOb8.S b~BO.q l G,q? 3S53,Q 2b .11
8 SU"P RATE ,2 ,0 2,5 ,IS -,I 1,00
'l SHEAR 1:'1. TF I, q 1,1 '>.10 IU.83 -:'.7 18.18

10 sur"p STK 7.' 1,b q,<; .20 b,P 12,0
11 Vl"T STK 57.3 55.0 1<;,2 2S,q<; "Q,3 ,loS
12 ~on" r._v , <; _,n 2,2 15,SO .13,h 23.2*
13 RCD--' G-l ,I' -," .0 IS.Sn -,£I 23,2.
II L , tJ. F1 4,1 J._ t ., to' • .1 1 ;1' -,Jh
15 X-LMo ~vr, :ll\4b?,Lt ·2~SL'(l."" 3<;113,1 15,b1 -b14<;1.3 10,11
110 ·r -c 'LI) 18b5R." SSbS,q ~J"12,2 111 ,7' ·""!Jlll." cb,l3
I? TORQlrr ~Vc.. i't '.; \80,H 10"1." 11, OR -1",1 1,"2
18 DEL r A ',' b,i' 2310," 10. p, -21,1 18,11
lq '-SII'lP 'I J n3." .~?hn~,' 102~1<;,R ~,b' -n:'b".l 1~ 010
i't1 V-LOAll (' 1 ;I t; ~. r 1~"'l1,b """Jb,2 ?h,) ~ -11;121. 4 1,83
i'1 r-SHEAp 1 q f1 l",. ~ 18 418 .1 322100.0 ?b,li' -11<'<;'1." !.,b1
22 ~IPH~ c,. f' "',I 311.<; <'S.qq 22,<; ,b5
?3 " pn~rR qt\ I (1 7 Q ,n 3U<,.1:- ) I ,OR _:'.4 ,"7
au Frf .. r

Ii 1. 5 q \ , 1 ]' t "z-,. & I .. , 3 F as. ! l q it: 2 I S )(

i'5 fir A!' pp', J h. \,0 J ~," 11. ? 12,7R 1, J lO,H1
i'h PfTA '. i' 4,1 I ~ ,e .bS -1,1 C's,qq
?? RAT! n I " ! • ~ S'l,2 ) p. r<7 -S.3 18,11. ,

100



TEST '~O , ~'l SUMP CY(\.E

IN ~'IN[ TEsTHle OF HH ~I;b, I3LUE STAR NO,3

HEAr. SPEEe I !R I<P',' HIT SPAt I'~e: ~ P,CHE.S

LOCl,TIn": 5-1;>'1 Df.PT" OF CUT: 3,5 II,/RE.V

CH4N LAI'EL ~"S 4Ve "4X P~AX MIN TMIN

1 TCHH;lI( \.fJS 3'+2,8 3U,3 ?3q.8 Ib,'I8 .2.? n,H
i' TO~flcJ[ R"'5 ~~2,5' 3U,,-1 73'1,1 11>.'18 -l,b 1~,3*
3 5" t.f T RP" 51*.1 Sl~,3 551,3 18,81 'i81,3 '18,8~

* X-\.OAO U'S 35'17",'1 -J38q7,b 11'")88.2 b,Se -b~qi'q,O I,D?
5 X-LOAO !I 'IS LJb~7.S -"S3S,l 1<'bU~O,3 3.H -~lbO*,8 ,0'
I, r-CV\.D D/.N 18h~2,l IHlS,2 ~i!b~7,3 lq,Ob 3~,8 .'17
1 F-CYLO Uf' 30318,e 301'1'1,0 . b*a12.b Ib.OS UDDU.3 lB. "e SlW~ !lATE .8 ,b 3,1 Ib,32 -,I 12,57
'l SHEA~ RATE .~ ,2 2,1, 1'1,10 -,I U.S3

10 SlI'1P STK 1",8 10,3 11,,1 18. 'II, <',I, ,03
11 VERT STII <'7.b 21,1, <,'l,'I 1'1.08 i?b,7 10.18
12 HOD'" e-y .~ -,0 I,? 18,b? -1,5 ,18
13 !'lOO" e-z .0 -,0 ,0 18,1,7 -,0 ,78
t' r: , iI.4 Eh '1.1 .s,e !s.! 6,1'1 *11.5 .45
IS X-\.OAO 4ve 2<)1;'1,.3 -18211,,3 ~i?3'17.5 3,12 -*'8h2,'1 .'11
II, F-CVLD IS"bS,? lL'H3,8 5211,1,'1 11,,0* -13S7b,1 IB.'IS
17 TOP"I.lE Avr; 3'~ c• ., Hi?,2 13'1,5 Ib,'Ia -<!,2 H,n
18 N.L TA c,'I 2,0 11,1, Ib,3!! -.3 li?,5?
l'l F_SU'-'P 181Sr..b -11,3<'0,5 10'1205,7 2,08 -~bbQ5,3 3,12
20 Y-LOAo 117P2,O 71>2'1,1 *i?3 q2,l 3,12 -1'131,8,3 ,'17
<'1 '-SHEAR 17~q~,8 l?b31,a 30llS,b IB,q5 -221'1'1,0 2,oa
22 ALPHA cL.b 22,1, 23,0 1'1,08 22,~ 10,18
23 ., PO"'ER IHI,5 l~O,b 318,1 Ib,'Ia -1,0 1*,3*
f. cFr 10338.0 .)!~. ,~ 13Jlt14 ,' ie,.' Sbe,s,! 10,£6
25 HEAD RpM 1!>,~ Ib,* 17,S 18.~1 15,3 18.a*
i?b RETA IS,b IS,h Ib.u 10,18 1*,5 1'1,08
27 RATIO ,7 ,5 2,'1 11,.30 -.1 12.57

TEST NO, 2'1 SHE4R CYCLE

IN MINE TESTING OF HH *So, BLUE STAR NO,3

HEAD SPEED: 18 R"~"' Bll SP 4C It~G: * ll,CHES

LaO TICHil 5-12'1 aE.PTH or CUTI 3,5 IN/REV

CHAr~ LAflE\. R"S AVG ~'AX TMA)( MIN TMIN

1 TORQUE LH5 ~ 7h.l ~bO,'l '11'1,7 lU,11 1,'1 1.51>
2 TORflllE fi-j5 ~ 7t;, 6 ~bO,b '11'1,0 10,11 2,2 1,58
3 SHAFT RP" 513,'1 513,R 5bO,3 iO,lb ~"?8 i'l.88
~ X-\.OAO \.f<S 172'7,3 -b3.l1,2 371,2=,7 15,08 -b?8811.S 2,81,
5 X-LOAD RHS *233?,= )'I72~,3 12bO~U,3 1,28 -B3'17,i? ,ell
I, F-CVLD O';N ~DOJ7,'I 3'11*'1,'1 5*132,1 11.1b 5137,1 ,S'I, r-CYLO '.IP 1125;>,8 'I'I7B,l b*8J2.b 31.% -10B~,1 1,11>
8 SUMP RATE .1 ,0 ,7 21,21 -5.1 'I,SIl
'I SHEAR RATE J ,I ,'I 3.1, 1,1'1 -,2 ~,2~

10 Sllr·'P STK 17,7 17,7 18,q 32,*q lS. Q ,II
11 VERT STK 57.2 SS,* ?q,b ~b,80 28,'1 ,os
Ii! BOOM G-V ,5 _,n 2,'1 ~.OO -~,? *,s~

13 BOOM G-Z ,0 •• 0 ,0 8,OU -,n *,5*
t I L ;( .J'.' J.' .3. p_ i h. J t.lO 1e • £ JE. • Ilj,..
15 )(_\.OAO A'~G ~ns~n.q H7%,5 5Q18i',) 7,2? -23bbb,1 2.85
II: r-CV\.D 315!'" h -?ql?I,Q 521bl. Q 1,15 -51~8~,1 11,1<;
11 TORQUE: AVG ~"r;.'1 ~bu.B "Ii 'I," 1'),11 2.0 1,58
IB OlLTA " J :l.S 13,3 1.BO -.5 ~,2*

1'1 F_511"'1" 2011'''l,'l -172HJ,i' 103b*b,1 31, '15 -5?H'b,U .16
2C Y~LnAO "+o2"~.p 3'13'13,8 "S1 81,7 l1,lb -70~*,S 1,15
21 F-SHEAR 30b;111,U 30i'82,3 ~1'lb",8 ,18 -lSbSi',l 1,15
2C ALPHA ?7,3 27,2 31,0 *b,8U i?2,B ,os
i!3 M P(1'~ER 2[>7," ? '11,1 '03,0 1 I , I 3 ,'I 1.~8, ; EP ¥ i ! , • '. I' U66.1.'- lUJIil!'d. J I • I , !s "1 Of. I 11.1,1 t
c'S HEAD R~" .l ~, '. Ib," 17,6 l".lb 1~,q tq'BH
~b f\(TA , n .~ .ll 15,n .rt; .,.q *t-.8Jl,.
?? RA TTl) I, n ,'I J, •• I .8 (l -.1 ~."*
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TEST '10, 30 SUMP CYCL.E

IN ~ll"l TESTl"G or 'iH ~Sb, GL.UE STAR 1,0.3

Hnr sPEr": 1 R "PM BIT SPAC!'JGI ~ INCHES

lOCATIO\q S-17q D!"PTH Qr CUTI 3.5 IfdREV

CHAN L.M'EL. ~"S AVG 0"A X T"AX MIN TMIN

1 TDOIour LHS ~RR.b ~5~.q qq5.~ R.OB .'. rJ .1n
2 T('Rl'll', '''"S ~ 'I P. 5 I+~ .... q "qS.l 8,llR -1.3 .70
3 SHHT RP'" ~l~.q SIB.S 5Sq.b c.l b ~ 70. ~ '11. O~
~ ~-LnAr) lHS cS16q.5 -2U,Jl.7 ?58i'3.1 b.88 -5H~0.5 .ll~

5 "-LOAD RHS lQb RR.' Q7n. J 5Q31S.7 11.02 -HOllb.S .~b

b r-CYl.D D\'I~I ~b I 'l.~ ~S?1i'.8 .bOlb5.b 7.c?Q 2qq~1.~ .71
1 '-CIfLO UP ~08R(1. q ~01c?S .11 5H12.Q ,~b 338S~.0 7.28
8 SUMP RHE .Q • A 3.~ lO,lQ -.1 H.S2
q SHEAR RATE .3 .1 1.'1 1.711 -.1 .q'l

10 Suvp STI( 11.• 2 10.b Ib.~ 17.(18 2.2 ,18
11 VERT STK 3n.5 30.b 31.8 .3Q 2Q.3 7.38
12 BOOM G-If .~ _.n 3.b q.Jb -1.8 12.21
13 BOOM G-l .0 -.0 .0 Q.31> -.0 12.21., ,- , F ,.1 3, I 5 .' Is, 1 9 \Pu il i2 EM,
15 x-LnAn AVG 1~q'2.8 -53<'5.<' 21bJJ8.~ b.2S -'15882.1 .~b

Ib '-(IfLD 11 R I '1.5 -5047.8 2'1"'~.0 ,~5 -2bOeq.b 7.2q
l? TORtlUE AVG 4 BR. b 'Is~.q qQ5.3 8.GB -1.1 .70
18 DELTA J.~ ?R 12., 10,lq -.3 1'1.52
lq '-SII'IP 22 nn 3,b -18b<;8.5 15b3b.l b.lq -SHq2.1 .~O

<'0 if-LOAn <'S~82.3 22771.7 'I3852.q b.B1 _qqllll.1 .~b

<'I '-SHEAR c'H 3n.b 24b21.2 30158.8 7.33 181qb.3 1.13
22 ALPHl. 23,1 23.? 23.3 , Jq 22. q 1.38
23 "1 pnwER ~J'3.8 IQq.l ~3q.q ~.OR -1.2 .'0
i'l Err )'1 p . e. J

'- I @p .'
lllJfE,r P,[7 J?tU7ij,sa it, wi!

25 HEAD RP'~ lb. 4 Ib.5 11.8 2.1b 15.0 1l.0~

2b BE TA \ _.3 1~.4 1~.8 '.38 13.b ,3q
n RATlO .~ .' 3.2 10.1Q -,I H.S2

TEST NO. 30 SHEAR CYCLE

IN MINF Tf!iTH'r. or HH 'I ~b, !'LUf STAR NO.3

HEAn !iPEf;) I 1~ RP" BIT SPACItJGI ~ INCHES

LnOll(1·':1 ,,-li'q DEPTH OF CUTI 3.5 l N/Rf.V

CHA') L~8EL 1)"5 AVG MAX T"'AX OlIN T"'IN

1 TORQUE LHS 'b2.0
4__ , J

SQ2.b 31.B -3.3 1. Q1
2 To;,nu, ~1I5 If.h~.O _-'I.i? Rqi!.3 31.43 -3,5 1.q1
3 SH~n Rpf,,! S1~. 4 515.3 5bl. Q 31.bb ~bq.2 31.30

• ~-lnAr, L.~iS Pb3',R -"3 q
"

3b!>1l7.0 31.35 -!>5Q~2.i! 1,07
5 X·L.OAD QHS \l-?~!}lt.? 3Q218.(1 78.b3.8 <,~.R- -l!IHO.3 1.b5
b , -OLf' o:.; ~"I 3Q9l_.R 38- '11.2 b08~'i.b 27.78 32I.b 3Q,IQ
? F_C: IfL[J UP 11''11.' q98~.q ~21q3.2 .~, 211~.~ n.Bb
8 SUMP PA T[ .3 ,I 3.3 1~,8~ -.1 H.3S
q SHUR RA TE 1. 0 .R i".CI e,7b -.1 38.~3

10 SlJ"'P ST~ I ~. ° 1?1 111.5 lC,,,b c. 8 ~8.53

11 V,RT ST~ "5,Q 5- ," 1b.q ~8.8c; 30.1 .53
Ii? Pon" G.Y ,5 -,f! 3.~ Q.7C( "C.S 23.55
13 rlOD" r,-Z .n -,ll .0 q.?q -.0 23.55
i " r J 10: t r +.] 1, C bal. I: .2'51 Jf.l •. J' J'
15 ~·LnAI) t.VG cG8J 1.1 J <; 71, Q, J .bl.5.3 31.35 -21507.2 1.b7
Ib f -e IfU" 32~5i'.3 .C'P.~Sh.4 IbeQU.3 J, b5 -SR211." <?7.78
17 TO~WUE AVG 'I hi'. (l "l~ 14"~ 8qi!.~ ) 1 ,~ 3 -3,* 1 • q 1
18 ['If LTA 1," J. I JO.7 <'.'1> -.~ 3R.~3

1q f- .SiJ~·P 2~ IIIi'. Q -l'R~l.~ 23Pq •• b 3~.3b -~bb.b.O 11.8t-
2[1 Y-LnAr, 'Hln.,'1.? 3RaRe," 578111.1 11l.H 3nlB.2 l,b7
i'1 '-SHEAR 31rl~q,p 3nSf·~.e .~8b5,l 1 Co, 8~ IHi'S.7 3q.50
n ALf'HA <'J.t' ?~. 1 3f1.b ~R,A5 23.n .!-3
23 M t'()~'H_ ~' c{ir'.l ) q~ • ~ .01._ 31.43 -I. " ,1. q?
, ¢ t F; :4,_, ii, . ~ ,; '. t l r (17St t I II • J ; Jli is'H ,: E ) i ,
?S 'if M) p r'~' 1 h ,It 1 ~.• '.. 11, q J I. hb 1~ ,q 31 .3u
2b BUt h.

.,
~~.,~ I ~ , ~ ,S] _b,7 't8.R~

2? p~TJI1 " • > <'.J 2,7h -,J 3R. ~ 1
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r~ST ~;o,

IN '·'PJf. Tf~TT~G OF HH ~Sh, BLUf SPI< ~·:O,3 (STRUT 8ITl

SU'IP CYCLE

";EA~ SF'E.Eli: 51 F\P"· BIT SPflCP:Gt 2 PiCtiES

L-OC~TIO'!: I-S'l E:IT POSITIU';: J

C'iA~l LAti[L R""S AVG ~ AX H"AI( /1,111 TMIN

1 ~ -1', IT 1 1'1;>.2 -b'I.2 1377.6 '~ , b '+ -2375.1 3. ??
2 r -[~ TT ~ 11"1:>.'+ !! 'I D,1 )B'~S.'+ ~.'1e -58'1." , b.22
3 f-CIT 3 1 4 11,'+ i'85.S ?oJb'!,5 :l,'1l -2'l!>Cl.l fi,52
'I r-'?FS'ILT J ~ 3", '1 113b.3 '+ Jr,!<. J 4.'18 ,~?O .1 :l.bi!
5 THUt,··1 1.1.0 4.t) 'W,O '.4' -qU.O 8,57
b THUt.-? 11.2 ?R.3 R'1,q 7,31 -,B 'I. '1 "1."27 THtP-3 "2.D 22.8 qiJ, Ii 7.3'1 -'10.0 Sol2
B THETA-1,2 :3 b. 'f 27,1 8'.", 3.b3 .U ?3'1q THETA-1,3 '17.3 37.8 H'l.S S,li' .1 '1.'+21(1 THETA-2,? J 'j .2,., 'l.S 7b." 8,'+8 ,0 8.S7

11 FooT I\:Jr,PlT '1~;J.R 5 48.5 3178.'1 2.55 -b8b.0 .UO12 f-'J'lRI'AL 'n~, b b3'l.3. 3bSt'.'I '+.'1>l -R'+3.0 '1.55

TEST NO. SHEAR CYCLE

II>J "JNf. TESTli~r, OF HH ~r;b, BLUE STAR NO.3 (STRUT !!IT)

HEAD SPEED: 5 I Rf>rl oIT Si'ACrr~G; c 11'1CHf:S

l.Ou. TlO~;: 1-8"1 BIT P:1Sl T10~H .3

CHAn LABEL pMS AVG "lAX fr<,AX MloJ n~y;~

1 F-BJT 1 ·,H3.3 ell. J. 2f>b3.3 13.211 .,.3052.1 22.1"1
,j! f -51 T 2 - '3?.~ b3S.S 38d8.5 l'+.'l~ "ib?3.2 b.OB
3 f-SIT 3 2"1 '1.1 ,1'1'>.0 2l>cb.Q ~. 31 -2'150.1 '+2.12
If F-PESllLT 1 'i ?:' • q 1111).'~ 'Ilb3.1 '•• '1b )03." i!'+.iH
5 T>iEH-l ~b.q i''l,b Ill! .ll b.lO -'1C.iJ b.l0
b THE:H-2 <, 1 • i' Je,!:> pq.Cl 1.:37 ,.qO.J 28,1?
? TMp A-, ~'."l 1'l.? ';HI.O .-IS. 'I b -e'1.7 '1'1.1'+n rHt: Tt" • .l, 2 '~i'. 3 33,'1 <lq,b 1'~ .5i' .J 38.'Ibq THETf.·l, J Ij ,~ • 1 31 • ;- 'l"l.u 'I • s'~ .1 28.7?

Fl TYE. T ~-c',J c'l! • 'I 1'1,,3 ll'l • '. 1.33 .J b.l(l
U F-rAiJGClJl n'11, i:' ')'1.,5 3'+'+H.J 1-1.'1'1 .. 152b.i? 1'1.'+5
H' f .. rJ (J IlI':H. "b '}.;" 3n, fJ • J 3',b".8 '.!J.'n ··153b.2 b.UB
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TEST i~('l. 5U~'P CYCL.E

IN MTNE:: TEsTItJG OF t'H
~ .. "' BLur STU! NO.3 (F ACE HIT)

.. [Ar SPEEL>: ~l ~H"1 EIT Sf'ACrr,G: ~ FiCHES

lJ(/'TICF,: I·il'l cIT POSITIUiH i?

CHAI. UtH:.L ",.. s 4VG "IA~ TrIA)( ""HJ Ti'lIN

1 F_F1JT 1 ~q4.Q J3D.c ~31.~ .n~ -l'l~l.a 2.b2c F .r, J T ~ 1Jl~.1 '1'18 •.~ ~ '1I7.U c.bi? -5b.3. 2.78
3 F-5IT 3 :B5.' ·1DP.0 255'+.'1 2.!:>'I -1'152.3 . 2.bi:!.. F-PESIJL T 13':7.'l q73.b !dB:J.7 c.b2 3U.2 S.U'I
5 TH[T ... -1 \)1.e JO.;+ 'H'.u .1~ -'10.0 .Hb THET/·-2 1q. 5 12. " f17.5 2.78 .Bq.b ?7B
7 THEP·3 "~.5 -lb.l 'II,. u .23 .8'1." .1'1
B THET 1\-1 ,," 0 12.E 7.2 b8.b S.O'+ .1 .23q THETA·1d Sb.3 It 3.5 Bq.q .1'1 .'1 <'.78

10 THETA·2,3 1.l.B. 8.3 bil.? t'.ill:l .ll .1'1
11 f -T A~-JGE'H 1C5J.b 7H .3 2 Hb't.5 .OB Sq.3 .23
H' f-UOR"f,L 6:lP..S 550.2 .... 31.1 2.b2 ·::I33.1l 2.711

T[5T ,'JO. SHEAR CYCLE

IN I"PIE. TEST 11,(; (IF' HH '1!:>b, ALUE STAioI NO.3 (f~Ct: aIT)

f;PC' Sf' E.E.~, : ')1 pp,~ Bll SPACIrH.: 2 11~r;HES

LOCf,TlfY: 1-13'1 BIT POSITION: ..
. C;HA·oJ lH'E.L R··IS AVG HA)( P~AX MltoJ TMIN

1 F-61T 1 '13<,.'" 27~.5 1bb2.7 22.83 .. 12!;S.lJ '1'l.l3.
Z '-['IT 2 12~1.'1 871. !i 0.57(1'1.8 Q.7'1 .Ibr,'l.U.._. 1b.aq
3 f-61T 3 3'l1.7. 'H.b 277'+.b 27.bU -20J7.1 '1q.1S
'I F.RE-SI'L T .1.3'~ .b ID1'1.0 5':!.t!>.3 Q.7'1 301.b 23.U1
5 THlT ... , 10[":.1 3l>.b 'lU.U '15.72 -'10.0 2S.33
I:! T~EJA·2 'l2.U 21.~ qt,. e 32.3? .8B.? q.Sb .., THETA-) II 'j.l '.'+ 'lO.1J "'.72 .'~O. 0 Z8.78
S THETA-I,2 i';'. u 12.2 133.7 18.13 .0 ea.?Sq THUll_I,] 5;:,.e 'j <'. b il'l.ii '1(" 'l3 .0 32.37

Iii TH!:Tt.-i!,3 i:i".) '5.!::. EH.7 clt.l"! .0 25.33
lL f-TnlGE':T lll'l.b ;HU.l' 'i1:l::liJ. b Q.7'1 -Bl'1.e Ib.a"!
I ~ F ~rj(lR'·'.hL 7'J.t.1. "~2.j 3b~".J 27.SQ -lS.~.l.~ Ib.Sq
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TEST "<0. 2 SUMP CYCLr.

eIT 1'('511101'1 .3

Tt.lIN

lO.b'! -i'h,.a.'. 2.36'-
lO.b.. -bftg.~ 2,36-

.is -~tl.fl ........~~.
~---....;..,..s.~-~-~.c_ .. ,.,l}",",,~-, It ,-85-

F.Sl .1 ~,~j'-

J').b~ -S7~.1 2.3U
19.b~ -1,+j'+.8. e.3&-

H.2l -c"<;~.l .u.!>q
--~~~r3------tltl....,.e2Hll---~"';--""'------"''' 82--

J • 51 qe• fl -.-g--,-s-T-'
3.53 -Sq.3 S.~fr

CHAt.! LAbEL. R"5 AVG I" AX

1 f .rq T J 'j 2". J 3U~.7 J't~q.5

2 f" ell ~ --j;"l-':ri" • ~, 'be.l -3~~~.!1

3 F-lll T 3 ~i'l.3 bSS.b 318[,.5
•. ~ • -'H: ;,!)L:f 11 r 1 • Il IBl+rir ~ l,t;,~. 3

S- Ti'EU 1 ?) .!) ~ ~. j! lj'l.B
b filFT ,; 2 I '.7 3b.8 Ii 'I • 'l

",·_·f "l T ~ :3 11.7 ~~.B 8 '1. q
-!1 Tt IE 1 A ire Il • 2 J8.~ Ii q ,.q
....q H,EH-t,3 "~. 2 37.~ bU.2
+-U lj-lEH-~J3 l't. q 13, ~. <'l.q
t1 F·f""jGF'~T j 'l'l!. 2 7S '!. 3 :J~8".6

"*r-'f-~tIR",(I:- . ·Ils.q ]23,'1 H>4d.~

TEST 'JO.

BIT SPACIN~& <' INCHES

bIT posnlOr,: 3

CHAt·, LAfiEL AVG MAX H~AX TMlt-l

1 r-BIr 1 4~}.2 271. 4 2~3b.2 lb.72 -1148.S B.'+8
'1! F-Ol f ~ ·--:-i-cl-",-r:--l:JTe·.'?·_--~"'c. 6 ·l-+:TTi'--.-~J. 5 B.... iP-
3 r·dIT 3 Q13,1 b~J.b 3J70.2 lu.8) -2678.8 Jb.bB

... f~RE S'-'L l-"--~~"'" 1 h:13 , ,+-- .. ·_··_"t-.t'Tc-~ 1 l' q !:d • '+15• ?1'- 32 H• l' - C1. If q--
.'-:t+IE-l ...-i··----~--- b?-.g--·---- '!-u.-'+-c---"'-· ~q.q --~ .q~---c-3-.•-qfi-
-t,-,-l'l-'E·T"'-;>-·- ~+-:--------------n.l qo.& jlJ.'H? -8'1.7 2b.~~-

?-t-++E+;.-~-----·-·4-r'• .,·~..·--~-- ..~3{;-·.g....,-· _._.-ll-'1~~·~··+~".-·IH -8q...8 -H}-.R3-
~'T1_'E-l-,..-t,.r----.. ·.. ·4-~~-· -'-"-.---- :~t:'-~'--~~'~J.t! 2). 'If! • L :18.81'
·Cj-Tt-!:ff: 1103 ]Y,8 JCj.S I.U.i? 1 11.Bl • I'! 23.'18-,
),ff-.-~~-rl-- Jl , 'I .---~--}_lh_4 t! 1. i,l 1 hi. 1 n ,4·~~_··_·,i'-3-.--Il-b'--

H f fAllGLq l2il'>.' 1.71,' ;li!"'ol 11.,,,,, _jHi~h'l 1l.~Q

;.? f flEJ'''lOb ~l!s" .. ~~,'.l HLIo • .! 1\1,42 1<!1'Jo!i . ii.Hi-
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TEST NO. S SUt-lP CYCL.E

IN MINE TESTIN G OF HHII5b, BL.UE STAR NO.3 (fACE BIT)

HEAD SPEEDI 51 PPM BIT SPACINGI i! INCHES

LOCATIO~II S-12 Q BIT POSITIONI C

CHAll LABEL RMS AVG MAX TMAX MIN TMIN

1 f.f3JT 1 531.2 11113. 11 15?8.? II. ''l? 20 11 ,1 'I.qq
~Io,"~ 1328.2 HIlB.7 iPI+:i.l II.A7 iB8.q 'I. qq-
3 F-BIT 3 53'>.l .23 Q.1 13'+3.0 12.11 -212'+,] . '+. B1
II F-RESULT !SH.a 127hi! llI+Uli,i i,H i1ii,l 1b ,b"
5 T~ETA·! .'1. q 119 , i SO,i i,IH bll,1 1" ,25.- nlEu=a 2?,i! 211," ..... 2,'11 ill. B l5,H, HIETt; 3 7E1.Q 2il , A 'H"l,Q ~.?q ..- eq.q lb,7q
s TIIET n 1.2 If1.1:1 13.2 "11.5 Z • '11 .8 ".,,,
A !JI[ 1 ~ 113 5803 5".9 '-iii 1i,1&1 ii,ls. ih'l1-

18 TIIEf" e,J J~.2 1hll iliA 111.2& _,I 2"'4
U r-",tJ6E'lT 131'1,1" 18 'HI.'1 iAQII,!l '1. q, 59",1 _ '" CU~·
1i! r -'48R".L Sb:oJ.S 11'9,'1 lB71,8 '1. A' _ 215.5 "Ilila

TE:ST NO. 5 SHEAR CYCLE

IN MINE TEST IN G Of HH,+Sb, BL.UE STAR NO,3 tFACE BIT)

HEAD SPEED I 51 RPM

LOCATIon, S-12 Q

.

BIT SPACINGI ;: INCHES

BIT eOSITIONI 2

CHAN LABEL R~1S Avr; ~1AX TMAX MIti - TMIN

1 f.BIT 1 snS.f) 1I10.!! 15'+0,] .. 8.55. ._... 153,3. 3.Sb
'i F ;,J,}T 2 12l"e,b 11327,2 illlihl 1j.55 Jllil,a :30511 ~

:3 f=B!T 3 ,+Stl.8 -151,q 12 b3, 8_._._ .. 8, S 1> ...___ .._.=2 300 .1 ___ 8.SS
~ F RE5UL:T 1 ~ 3!'i. 'I 11 loS. S 'I aqa, 'I hSI> 51b.' J,Sbl
i TIIETA 1 b2 1 i! Ii 10 I 1;1 llj,lfe ..._.- _ii,lilo _lIli,l lwgij
~ HIETA=~ i'1I.1 21.S ?B,b 2,5b 21. B . 2,38., 'I'!!T h 3 'il. 'I =lll.B '10.ll 3. B'I S'l,'I b,e,
i 111E1I\ 112 15. II 18.2 b'l.l e,Sb .t'! 3; 8..-
,'I T1iE'TA 113 57.S Sh" lol'.a ._. 2.38 .... 1 q, ~I Z.511,

U TIIETA i!d Hl.8 lb,'1 210'1 1.8'1 _ 7.b i!.5b--
U F TAl/GENT 12" ~ • '1 ll:llb.? aSn.l B.SS HB,S !iS~r'-

tZ r·'4!'1RI1AL 535.1> '135.7 Hili.! i.i' *" ... , if "II
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SUMP CYCLE

li[ t ~ SDElll: I R ~r'·' 61T s"r,c IrIG: 2 IhCI"i;.S

LJC.',TII":: 1-89 eIT PDSITIDld i!

CHA'; UHE.L R'''·S AVG I"AX l"A;< '" I I~ TMIfII

1 F _ Iq T t 2t! ~1 • ? Sl.2 Ib ll ] • .\. 17.85 .J~9'l.O 3 .....
C f .P. IT l' 1 l ~ 2. R G1U. fJ ~~bf).& '+.07 ,'?J.;? . 3.31
.i F-8 TT .3 ~?'i.2 -11'+ .2 21bO.3 .1.3'l -c?b?S.] ?'+O.. r-RE~I.JL T J 'J ". h '1 u 2.2 513!I.S '•• (I 1 '+cb.'l 3,31
5 THET ~-J bb.;) 11.li ~(,.U 1.31 .'10.0 10.Q,
b Tf<E.TI·-2 .l u. B. b. r~ b".2 3.3'1 .U 31.c.'1., THETII-J bC!.S ·30.3 qil.O 18.(1] -qU.D .U5
t; THE.H-l,2 8.3 S.D b2.1 3.3'1 .0 18.03q THrT~-ld f..i'.2 ,~ B• S 9[,.U 31.21 ,n •8 3.3Q

10 THE.Tt-2'] b. B 3. B . 3?U 5.25 ,a 10.'11
II r -T .1·JGE"jf IfJ3b.3 b7q,b '+'03.7 ".G? 227.0 3d7
l2 • -~I(1"'~\~L '1'·1.5 br.?2 '+hlJ~,3 3 ..... i'l:-.b 'i,25

rUT !'lO. b SHEAR CYCLE

FJ r: I i,t rES TI :~ G OF HH ,~ r; b , BLUE. spp rJO.3 (fACE bIT)

filAr: SPED: 18 pp~.: fHT SPACPIG; 2 INCHES

LN:~TII)": J -89 BIT POSITION: 2

t,:H.'l'J LMIEL R:"'5 AVG ~':A>' Tf"IAX ~I~ Tt-IIN

1 F'_f; IT 1 'I '.~. b -1::12.3 lObR.", .~2 -i:!.l72.0 10.bi
i' '-BIT 2 1 nJ. 'i QBr:..U 5i'7~.? J7.30 3 1H.3 13.b2
:3 F-f3IT J '. '<". <J -lb.6 2~1~.2 B.bll -2bD!l.Z 10.bll
~ F-flfS~,1LT 1"c '.1. q 1f])?(1 hUS."! 17.23 lI'n,.o D,b2
5 THE-TA-) 55.5 -1'>." qo.\) .23 -qo.u 13.75
b THEr'\-2 12.1 7.2 se.,+- 13.b2 .3 2V,'lQ, THETI.-3 <; '•• I' -12.7 qll,f..! 1·'.3rJ -qo.o .lIb
8 THE.TA-l,2 q.J S.!J Sl.b 13. h2 .0 17,30
'1 THE.TA-l,) S1." JS.Q 1:l9.7 21).'1"1 37.b 13.b2

10 THLP-2,3 7.b "., 34 .5 13.82 ,n 13,7!)
11 F-TA~!G[:q 1'41.1, DO","! '+25.:.J .'+5 157.1 13, be'!
12 • -t;uP'·' t.l 14~C;.1 j1::lq,'1 '+ f' q i' .:3 17.30 J.bb.'1 • !':Ii!
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nSf flO. b SIJMP CYCL.E:

l" !.~ S flVG HAX i 'II t. X

F.n IT \
~ F I: T' ~

3 F-"li 3
. 'I F RLf: ..lLT

S T1:F.'" 1
bT Illl' C ,
l' .! Ilf 1 \ )

--i _TI.. Fr' .1 f 2
Q Til [ T': I I 1 ,

Pi fll[H i',J

IJ'~ ~. i~

tJ I' '. J
R I( "" • [~

i'l Ii OJ • 7

GJ • t
hi. ,~

.110 il
;'7.$

J I, • !
I ... tj

II l '1,?

i'S '1, S
1.. 'H~ • .,
~lt',?

~ ]'1, II

," • 1

2'1, I;l

17,2
i:' 'I ,'I ,

Il,S
.. II i1 , I ,',

,'!?S,l,

j'1I)S.b

'I 7bt ,tl
~<;3S.b

b27J.J
''If • 11

:,jW,Q

Q{l.8

'""ii!
2l,q

iHIH' ,1
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1'. 5 'I
7, '; I.l
3, ?I
1'. Sil

11) • II 7
In,SF!,

.,1U'>.1·HIl.'.
-3~3.b

~'15.~

q ~ ,IJ
.tt

lO.Q3
;t!l.H

3.12
.'~ ..

'in ...,. 'j .
ll.l, 'I?-:.
In.4'

'1, SIQ-__

'."8
18 i "_3 ...



, SHEloR CVCL.E.
,.

If- r-INf. IF.~T1H; GF Hil '. ':>" , fll.l'E. $HR "ill • .> (fACt ell)

CHAd l t '\E L. AVG. lV'l t" 1MIN

.Ib
1 U p ii

i" .1- .
1 ., • 1 'I -
1°' i i'l

1'1 ,1 b

... ~ .ilil,

1',1'+
, '.1 •"

. 1-'.H
1 ' • .l:l

Ii

n'1,7

!HI. !,"I. ,._

•
'I fl'l • b

-lbJ.i:
i ..I s;. t ', ..

J. b'l

" i ~q.

"•"4
, ,I; 'I

. J .l '1 _

I w. iA

l?1 '+
~ ... _'*

\ J • @;!

\ d .!!

11\.1.n,.a

!j'l.§

Ij.,. i!

~f.1'+.f.1

ji' flP. i

3i? ;1'4,'1

1'1. 0 'I .l'

1 3i' c' , 7
])fjl;.b

I l1 , 1

"'.10

!.i t IL.
lli."

lq.b.

("1'3 i q

l" n ,1,

25l,b
-I, I • r",.
1'1 .1.~

'I .iIj. 1
jl •• "ol

";1. Cl

5 " I. (l

l' " 1 • 'I..,

r' ".,. S
Si 1. '1

"'l". 1
is ~ 1 i 1

1 r -';] T
iF' TT p.

R Til [ T J .1 r 2
u

9 ..~IILT:l if]

3 ~-;:"IT :1
F1FAI!t T

I; T,- Ttl
. ~ .fl.e T;\ .. t! _

11 F H lI;;r.'JT

TFS r I'J(1~ 7_. ----_.. ----- SHEAR CYCLE

18 ppr~ SIT SPACING: 2 INC~ES

6ITPOSITION:f
.... --_. - "------ --.---

- .Ut .. ;;r"-- L t, '\ EL

-"-I-r;',':T r" , ....-- - J 1 ~'.'

oiI- F- ~ IT' i-' ---- .. ~ qq. Q'

-'--'T-F':r~Tf 3--------. 'Sh ,j. S

"1 FmcF:"It:T' 1'<'1.," .
-'--"'05·;1[; TA ...mlm_......... " l. I

'-----li"F n,-;>-"'" , ,2.l'
--------. -i--fl- E11-- .,. -- --~-- ...- ) ~ • 1

'~' tI [; T., ;'?-'" In. I'

._--,,_.... _.- ._ .. _.._.

fVG "; A'x-- 11/..1 X
..
~rN Tr'lN

Ib<;.2
"

185b.2--- b.bS '~2 ~ 1----· lb.l,,+
'I l2 ,Il !I;ii~Q-'t' m bibS i ,j'1 ,5----- . H • h \1
21" eli 4''+1 (i ~A-- babe; - It 8 [) , i,'-'''-''

.. .1J3
S('J, fl e!; b 'l I l L.bS j h?;'l

----

1 b. b 'I
;>1L, 1 8b ,'1 ] ,1 ? 1.11.1 li" il
lil,il iii/.il •• i? iii. 1 , Q ,pg
n,1 .' q, '1'

.I:oi~·· . q(l_,IJ i 8'-~-
'l,B .l.~ j. p ,t;.) ,,,~ La

20, i' bl.i? .88 ""H J .1'-~·
b,q ,,1.'1 ). 'I ? 7:l. i J i 1 ~-_

'IPel, ? "lOll;?, 1 h' .-i, ~ lil fO • 1 1 t!1 ,is't·
1'5. i 1 9 '17." .... "S F ~_. ~I

.".
1 b. is 'I
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8 SUMp CYCLE

LI)CATi{l~,~: 1- ;1r.J

;qT SPAC tr,G: 2 ! !liCf1E5

GIT ~'0SlTIOIH 1

Ave, '~A )( T''''~ )( ~, ItJ T"'I111

.. b r' •• t' I,! e, 1 • '~ 1 • ? 1 -i:'u,'.S 4.5?
fsSS. t' 'It'. Ii hiH &QI). if 'I ., j! ,

'. '. 1
.~ 4"S.G 4.5h - f,;> l, ? '., ao

OLL.q '" ~1' if; of (i.1 I ,in hli,q U • Ii ,.
)9," US , a Il,." 97,11 u.,)
i'i , ij tiS,. ;,1 • i' .... i! '1.~'
;>9 ) Gji ,il ',L.9. .WA,? loi?,

"

f i'l , 1 8'"." 'I. S? ,J i,3"
.=? I? ~ri2 1,37 is 'I • sz.. ~._

q. } i1loQ • 'I 'j , t' _.5'
bY. 'd.;1 6.1 71; () l,iH _,U ,~,. ~_9 __ H • E'•
2 78.1 21 ". I ~.- luil ~, 1~_.} '1 Ii , ..:...

'1. 9
11; II<

I ~. )
1,1.1

I ;' • q • 1
'1 11",. 2

~ ,> :', ••
lH1Q.'
, )?). )

+-#;>..-i----4j".!,.~'---~Io-4~~----~.jH---.....~~---~....i¥
f- -'i IT 3
r f<L;iul T

i' TilE T" 1
lPTILTti
iTIETie]

~ -" I T I
J?fi~TTj>

.ii; 11 (1 A I' i?

... ,l:irTt''CF''T'
.. w --t--,-iARtlAL'

C lA"

SHEAR OCLE

BIT SPACING: 2 I~CH~S

HIT PQSITIO~: i-

Ave; HAX "'il N

,'f . -2 1,-"8-'
~l:f 2';','UJ

.fHi,; 1'7;Q9-
, , -'t~ • ij-' " ; ls'f·--~

-;;. 205'~..1-'--- -- i , 0*-
51-2-.~2'-'--- """"',,'8"1

.fJiOih.i- 2.1,35-'
. !;'-I'lS-. i' 2" • eli

n" "'1'0. (f 2'. qij.-
nO. u. '1, (:t'w.
*9.Q J,b]

hH,ii1 "I",lJ'-"-
-'2 1.9

2. ~ t • [ .,

"1tl'l? .2----2 i. JI.J
'h 10 9, ~" in • 3 (1

543~;rX 10.%
1,~I§j~"J.--·--· ·1U.[;'I"

l/9,g-- 1',gIL'

J. Q. " .

.1. ] .5

I ~. Q

? 1 ,1-'

20';.8
s'jJ&f. If

vI'Ls
'f,']. ]

;> I. ."

1 I , ,l

II I. J
;>1 • ~

)/, f,

'It 1.l!

Ii'rl-'-E'f' i',)"'-

H --I -, A') 'AI,

--1;--1", L"T • ' j'-­

... ! '(1 ( --=:l-

"--T-r~Tr 1 T"- ..----- - " 1" '1 • <1'

----iil-' r--: n--,., q "I. (
-----r;;-TITl - 1M 1.';
-----'{" r---!~-fSrJl"T- -- l 2'11. P

5 T .-I[ lit -- i --- ----. ---

--·-----·-ra---j"·-/[, t'- ',J ,")'-----
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SU'~p CYCL.E

~IT 5rACI~G: 2 INC~£S

~"S Ave, '1AX T ••' A ~ T'~I II;

1 r - 'l I T 1
!! I :)1 T ~

3 r-'-iJT 3
'I r 'It Jilt;: T

"hS.; 2~'.~ ?hG •• ~ 3.0~ -lnh4.4 .18
1 l ' '.1. 5 ;, j fl 0 II ! 1I.ol7. 1 <l 0 iJ'i i! I. "}. 0 Q • ! Ii
Qi'h.q. ~~r"q S'Hl.!i .20 -?lin.? .1~.3q

1"'il.'1 413 0 h 'ro'"1,10 Jig'l rJiilil I.D
'; .l ~ ~ e 'iii • e q 'J t 8 • e'I • rq~J • 'I 2 (l , tJ 7
1" • fl... l 'I • 'I ~ '~ • q.__.... i 1 ?, 0 q • 11 2q , Is , ..

·~..,.,....~I-------f:l.ljr;i-;.;fA~.---......Il...fi>;.;I'81---...;>?oI:'C-:.-llb,..:;?......-----:.-f:t---..,1t-'&+o1Yo..l3JiIO-'
n.!!. e'!i.21 __ bM.2 1 '4 .35 .tl 2~.15?'.'" Hll' TAu I I:t u

UF.U'f;FIT
__t?_ F.n_!HlV'."PJ:

SHEAR CYC.L.E.

!'lIT 1':.lSI Ul):1J! 1

CHA'-'__.

.__IF-E i T t._
il .~ G T1 <'
J F~R~-r 3.

.. __ I!" FPIS It T
" TlolFJ'l

~ bh __ !~

l~"i).j

~:3" • ,
.I Q 1 Cl ."

_5;.s .?_~. __

.- ...-
* J :J , .L. __ <' ,-8!~ •8 ._

.••Hlo5.l:-- ,,9,:1.1/.:
3;S '.I .n_ _ S~ ~ 1. ;;_

1?"h2. :l9 Il ij.",l_

'1.3.I) .... QJ)iJ~_.
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Tf.Slf,O.' 111 Sl)"1P CYCLE

BTl SPACF![,: i? II.CHES

F! r PUSIT In~Jl ('

AVr. 'A X l' 0 ~'1 'J TIl, 1N

4 w('. b iEIl;' , • 2 ;,!C', J F". e. J'db,
GSI ot' 7fJllJ. i! 7 0 <?U ;l'1C.3. 3,3b

-i:' ~ I' 0 f> ~U!b.c I ;.• 1S ...E;~i" ,1 7.15
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TEST NO. 11

I~ MINE TESTING 0F HH ~5b, BLUE STAR NO.3 (GAUGE BIT)

SHE.AR CYCLE

HEAD SPEEC': 1R pp~' BIT SPACING: II INCHES

L.OC:,AT10~il S.. 12Q BIT POSITIONI J.

CHAN ueEL RMS AVG t~U T/-IAX MIN TMIN

1 F ..BIT 1 S5b. ' 21J?,~ 2 g 30.Q b,9" -231,3 b,RI
~ ~ BIT 2 ))'110'1 Hi!i.i I ill 11.11 b,81 2." 11.1111
3 F.AIT 3 l3Ss.3 b53.S S51Q.O b.Bl ],i! , b. bb
'I r R[tiUt:l 3bQ ... ~ 1?q'I," j'"lI1,l iI,71i i07.1;1 h,,,,,
i TtiETA 1 'I'I,j 311,~ 90,0 .,og -IlA,'I li,8?o
II litErA Z 110.'1 ll:l,h ii'l,h Is • lsi> H.? ,1&,

!:IX~T' 3 ~'4 ,P elloO 8 9 ,Ii .,.11 lIi,i .ill
Ii TIoiE:l A

. lie 131'1 ~,fj ?101i ,IlQ .i hit"
Q TIoi~n-l,~ ~.__._,_."",~...Q- .. .. ha,.J.= ,10 hll hi""

}y Tl-IETA 2,3 g,A 'ii,i 8 8 ,& .,10. ,1 ,IlQ
H F H 'aiE'1T ??1s,11 IH9,i 11 1199

,"
., ?& _"R.a b.~~

l~ F N8RlIAL ~F:"'h i qSJ,Q IHIQil.1 b.81 "i!i'l.B .....
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TEST NO, lb

IN ~INE TESTING OF HH ~Sb, 8~UE STAR NO,3 (FACE BIT)

SHEAR CVC~E

HEAD S"'EEDI S1 RPM BIT SPACINGI .. INCHES

LOCATlO\J: ~- L~O filT POSITION: ~

CHAr~ LABEL R:~S AVC. MAli; Tt-1AX MIN TMIN

1 F-6 IT 1 b?R.~ -lb!i.8 cbH. , 2~. 3? -~l'" .11 j?1I.~?

i , BIT l 23'111 i I:l R33, ? 1'll Ii i!, II 2l;i,?S ?"aq,s. lea 3ii
:3 F-BIT 3 'H'i. q 3]].11 11073.0 20.'5 -3051.8 .18.32
H ,

RES~LT asp"" lbltR,l HO'H,il ilJ.'~ ill',' ifj,Q'
Iii TIIET 6 -1 5s.i 'lie i'a,q ag.s" lIe,a 1"4,35
b TilE TA 2 3A,l ?,Iii 89 , II Il."'" -!iR,1i 8. !i?
'i' TII(TA ] r;~.~ 2lti! QO.II i,S' iq.q i:L Ii.·
Ii TII(Uoi; 2 lb,2 Ihi il.a '.oil? ,g i.' 1, ___
CI HIET~ 1. a IlA.' all.' hB,:i ",U .i 9.'jI

111 TIi[U·2,J. 211,? lS.1I ilR,ll 8,'1 ,1 1'1,31$
H F TUI&E~T 11111 ". , Il?ii.l 1I0P.S ill." ililllA,? II.ig
iii F-'IEJR'lAl: l'1l1.hl Hlb,' ?1Ii1Il,1i P,?Q ."i",b 1Ii,H
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TE Sf NO. 11 SHEAR CYCLE

IN "'INE TE3TING OF HH .. 51., BLUE STAR NO.3 (fACE BIT)

HEAD SPEEr: 51 flPf·1 BIT SPACING, .. INCHES

LOCATItHq *-130 ~IT POSITIONI 2

tHAt-.j LAflEL flf1S AVG MAX TMAX MIN TMIN

1 f-BIT l 82t..l -233.'l 2883.,+ 20.b,+ .25B'l.b 17.00
2 F_SIT 2 211 J • J ·S~B." 73hQ.Cl 20.b'+ -bb1'l.D . 17.00
3 F.BIT 3 10" q. 0 lSS.b 332'l.b 1'l.35 -(l''lb3.0 lll.b?
'+ F-PESULT 2,+'lEl.l 1770,B B3D2.S. 20.1,* 381.Q 3.5'+
5 THETA-l 5'l.2 .... 3 'lO.O 12.08 .RQ.'l 12010
b THETA-2 33.'1 -1.0 qO.O 12.08 -a'l.8 li!o1D
? THETA-] <;:1.'l 'l.1l S'1.q 25.1,3 .. aq.Cl 1Cl.,+Q
8 TH[TA-l,Z. 2Q.3 18.5 S'1.'l 12.08 .1 l'l.""q THETA-I,3 'IS.S 35.2 bll.b l'l."'l .0 12.08

10 THETA-2,3 ttl.S 11. b 21." i!2.0'l .0 12.08
11 F·TA!~GENT 2071..8 -588," 72'1'1.0 20.0" "'''510.S 17.1)0
12 F-NORMAI. 'lOll," -257.7 ::l.l 72,0 20."" -28'18.11 17.00
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TEST NO, 18 SUMP CYCLE

IN MINE TESTING OF HH ~ib, BLUE STAR NI).3 (FACEBIT)

HEAD SPEf. DI 51 RP~ BlT SPACING: It INCHl;S

LOCA nO'J: '1-1]8 III T POSIT IONI 2

CHAN LABEL RMS AVe> MAX TMAX MI~ TMIN

1 ~-!\IT 1 ?3'l.b -s ?'•• 'I <;110.'+ .21 -~i?qb.3 .OS
f r-f.\H i! 2'li'hl l'13'I,1i WlrllfJ,1+ 18, r.llo iLl" Ii ... . lilst
3 F-BIT 3 811.3 S?3.~ 37 Q'l.b 18.010 -lS?Q.7 .210
~ I IlE6ULT 2:)10*.2 1 ?'I 7, 'I H1AIJ'f,'1 lil,llb ?Qi. 'I ,1"
• T!lET~ 1 bt',b ·53.2 S",Q HI, g? .'lIl,1l lElle7
10 TIIETA i! 31h" 2b,A \>S,i ,g, -.H.l ,U, HiEU-! 10*.10 S?,i 80.1+ ,OS ·'10.1 .19

8 TIIEU'liZ iR,l 1b,5 il,S lll,R? q,., • Qi -'_
q HtEU-t,3 Sl.b '18 • ., ili,i ,QIi in,? ,lUi

HI TIIE'A iiJ 2~.5 i Q .2 .A,i ,9S ,9. 18,IH
11 F-TUHiENT }£J8Q.i! be8,1 loi77,a ill, Elh i!S?b.q 1211
.2 F '~8FH1AL iSll.S 1 '12 11,3 ""ll,i lIl, Ell> ']SSIo,&I iii.
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TEST NO. 1'1

IN ~INE TE5TING DF HH ~Sb, BLUE STAR NO.3 (FACE BIT)

SUMP CYCLE

HEAD SPEE.DI 51 RPM BIT SPACINGI .. INCI-IES

LoCATIO/-I: ".130 BIT POSITIONI l

CHAN LABEL RHS AVG MAX TI1A)( MIN Tr~IN

1 F·BrT 1 b2Q.l • .. 2Q,l 21Q ... .1 J -251'1.8 .Ob
e r BIT ! 15qb,~ 18bb,~ 5;Hdl'l,iI IQb ..... &.? . ,11
3 F·BIT 3 b3R.l ~2b,l 38'+3.'+ .0. -2SB.CI .11
W ~ flE:SULT UnA,? 12" q, 7 lQ!lBi,b .gb ?'HI,? aU.
i UIETA-! 5b,1 - 'I) ,2 iI'l,S 13.B3 Bq.1t lizt.. TIler ~ Z ~.r;.q j?Q," Sb.i 9 .lIi _jD., all.. HIETh! 55.11 .. 5.9 ",2 q i" 8 b"l.B ,11 --
8' 111(TA*1I i! h.l 13,9 il,iI itil 12,8 q ,'f 8 -
~ T1iETA h] uh q 38,1i hB ,i H,QiI jii7 q.I\~-

U' Tt lET n - Z , J lq,S 114 ,1 S3.i 'l,1I8 ..... l.i!
U .- THIGE'H 'Qq,? "'0,. SBhJ,3 ,g. ei'li," .Oil
l'i! F '/H:1flMAL iSZ!!.1t 1135703 lIiH,? ,alt IsS'1 • B ,1-"

IN MINE TESTING OF HH .. Sb, BLUE STAR NO,3 (fACE BIT)

SHEAR CYCLE

HEAD SPEE.D: !i1 RP~' BIT SPACING I '+ INCHES

LOOTIO~I: "')30 BIT POSITION; i?

CHAN LABEL RMS Avr; ~lAX TMAX MIN T!'1IN

1 f·B1T 1 8~R.l ·lb3.!, 1525.,+ ".88 .ZblB.b , 023
i! FoBll e J2?ltb 1322,& 10I/il7.' ",91 "'Hoi., II 3,.'1
] F.BIT 3 IJOR o" S21l.? "3S~.S b.OI ·lqljq.S 3.bQ
IIo=F RESULT Jl2~02 i?2b2,2 llii?:il.'l '. ,82 ~??,II lS,?"
Ii H'EH·! !iR," .a,'I pq,'I ~.103 eli'l,8 a,'t 8:

• !~E:P·2 '8.7 ea,lI sp,g 19,85 -88,& 12, Jt

" TH[14-3 blli 1 11,9 i'l,1 lU,18 ·Q9,e IAa AS
II TIIETA ir2 lb. b 1"," iH.li "qq ,g n,Il'
~ TIlElA 1»3 'I q. 5 112,Ii loil,i ii''''8 ,I] 19,8i
~9 THEU-z,3 1 '•• " 2'1. b 1l'l.Ci 19.85 .1 JobJ
U r·TAfJ6pJT lIH e," lHi.i ',\6" .7 5,IUI ·1i!IoIl.i i. '" A~_.
12 h'JOYl""L 2?bS.2 iEl~8.1 IHlllI,'l 'I. SZ .a""5.b 3.b~
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TEST NO, ~~ SHEAR CYCLE

IN MINE TESTING Of HHMS *Sl>, BLUE STAR NO.3 (FACE BIT)

HEAD SPEEDI 51 RPM elr SPACINGI 8 lNCH~S

LoCATIO~1 '+-130 flIT POSITIONI 2

CHAN LABEL RMS AVG MAX TMAX MIN TMIN

F-RIT 1 '+'0, q -21Q.b b8'.,+ 2R.Bl -2,+bO.Q 1i!.b?
l F-8IT 2 20'lQ.3 lSl:lq, 3 lo'+"c.q l2.bq -205?3. 12,lo?
.. ~-l<llT i i-1~". ""t...JL~_. i!S2B.Q U ... q -UG.CI 12,1'1 ..
'It r RE&tlLT 2Z1~.S 178"," IaQaj,GI lil,,,,, Hil,e i'l • .,e,,
T~nbl H,7 -i!'l,' 90,0 U,511 -Qg,U q,,~

II THETA-a i1h~ eSt? aa,o lil,loli 8?," U,H' __.
'} HIEU J he.il ,,?,a as.i H.St! -aq,l 12,H··
8 TIIET"-!/i? ~o.q 29," 101o? lil,101l ,1. lil,H
~-:n!ETA-lrJ bhS "a," "Ii,i ilStlla il,e H,bio

1il TIiEU-a/ J 1,.i1 lih" 111,9 Itl.l'l' .9 13.59-
11 f-TANGENT 12 bs.1 q?5.S '+582,S 5.'+2 -31"1+.* 12.1t?
Ii! F-NORMAL 1b23.7 128b,0 5110.1 12,b" -ItSS.3 Jq,bq·
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TEST NO. 23

IN MINE TESTING OF HH ~Sb, BLUE STAR NO.3 (fACE ~IT)

SHEAR CYCLE

HUD SPEED I 51 RPM 8IT SPACINGI ~ INCHES

LOCATIQ\l1 h13Q AIT POSITION: ~

CHAN L"AEL RMS Ave; MAX TMAX MIN TMIN

1 F.8IT 1 Sb~.S -3~q.S II'lll.l 7.2l -i!b80.S b.OC!
C '·BIT 2 ~i?05.3 cbSb.'l 11132.0 ~.6b ..20b7.B. 7.22
iil f CIT ] lb8h 1 19"~.1 luvQ.q lI,8b -Ililb.a ?,22
II r R[SUL;T '!5b~.8 2RClb.? ljHHoi~ 'I, Bll 86" ,Ii • '12
Ii T11[l A"1 bli' 113," 9U l g ,32 ·qa,a .3&
II' THEH a lR.'+ 13,q 'l~,1i 8,111' 2'1,2 '.2)

" TIIETA· ) 5~.i 3'1.' 2~.B 8. '"
... ll,. ?,i1i

B fllEH h2 lb,3 it? ," C'1.~ i! 17It U1i! a...... T"[H-li J 5n.2 3R,2 .il,i 2, ?'I '+7,li Ii ... ,.
)Q TIIEl" I!,) R.i! 5,3 Hill 8,'1 ? ,9 ,32
11 F-TANGE",iT 2bb'l.3 Ib31.] 7'l3B.Cl 132 -12'+3.0 7.22
12 f.'·JORMAL 32'11.5 2125,5 '11>05.0 b.OC! -lb80.'l 7.22
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TEST "iD. 21>

IN ~INE TESTI~G OG H44Sb, ALUE STAR NO.3 (fACE BIT)

SUMP CYCL.E

HEAl) SPEEDI Ie RP~' BIT SPACING; 'I INCHES

LOO TI('\" I S-l.?" BIT POSITIONI 2

CHA~J LAflE:L. Rf.\S AVG ~'AX H'AX MIN TMIN

1 FuS]T 1 ?"h.t' 481,.2 2?04.5 .8'1 -.1 b.q'l
e F BIT e l""ll.l 12H,il .7.11,. ,ilQ 10 i' . ".SlW:
3 F-SIT 3 310.b <,.8 1'1?8.5 .2b -2'1?1.2 .'18
Ij, r -Rr 6llLT tiP S,1l Bilhlj: BOS.7 ,ill •• 7.W. (,,'U
S T~ETA_l 1I11.U 30.7 H9 .1> ... q~ -QU.Q h qlj: "... T~ET h2 1b,~ HJ,. 89 .7 .,1l1I _loil l' H

'" TilEU-! S~.8 b,i 90.Q .Il'+ '19,9 l' ~1

~ TlIU A-h2 1.3 3.2 ii'~ , 7 b. '1'1 .9 B'I

" TIIETA-h 3 ,+ ... 1, 2'1,9 .i,i 7,37 ,3 Ii qlji

HI THETA-z,J 1... '+ q.b i11,'l Ij: ,11, ,g b 'H
H F 'fArlHIIlT l Q7 0.fl lZBZ.q (,.q~,. .8'1 1,2 .. q'•
Ci! F-HeR/'AL 8'1 ... 1 515, 'I 28(,'1.1 .B'1 ii:! " 'H

TEST NO. 2b

IN MINE TESTING OG H4'1§b, BLUE STAR NO.3 (FACE BIT)

SHEAR CYCLE

f-:EAD srEEf'1 18 RP~1 BIT SPACING; .. INCHES

LOCI\TIO'"l 5-12"1 BIT POSITION; 2

CHAN LABEL RMS AVe. MAX Tt-'AX MIN TMIN

1 F-BIT 1 853. 4 'Ibl.~ 3'123.2 11 .01 ..~O.l i:'b.?q
2 f BIT 2 O'U3i[.) lllilj:. " at·s". iil 17.Cl ail,3. ii!b,7q
3 F-BIT 3 "02.b 5£1.'1 173'1.'1 10.0? -25311.5. Hib"
'I F RESIILT 233i:1. 4 127'1,r? '101illi,1l P,gl 21>'1.'1 1JoH.
S HIElA-l '15. 10 213.1, i'l.i iH,."S9 ..qa.a J8.1'l
b TIIETA, e 2101, '1 • f~ 'i'~ ill iH. ,iQ Iiq.3 2b,78..,. T~EH J 5107 U.i 'lO.O Ib.lli -'111.9 Ih,Q't.
'ii THETA-i ... 1".1.< s.q 89,i iQ,l" . ,e ib.b8
,q H!EH.-lo 3 'I , .\; 2btl 108.2 .BB .i eb,8B
"l T~E"T~-2,J 1 ~. 'I A,; il." SI.'la .8 JB.1Q
H F-T .UiE'o[1'T i1110 3 HIli'.9 8li 71, io p,g! .517.9 ~l • 7~.
12 F -fjORh.A,L ql1~.~ 'I fl q.? 5.... 1.1 17 ,91 ,,'11,2 2b,?S1
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TEST NO. 27

IN MINE TESTING OF ~H~Sb, BLUE STAR NO.3 (fACE BIT)

SUMP CYCLE

HEA['I SPEEr': lf! RPI1 flIT SPACINGI '+ INCHES

LOUrIC", S·12 Q BIT FOSJTION: Z

CHAt-j UflEL ~~'IS AVG MAX H'AX MIN TMIN

1 F.RIT 1 ll?~.'+ ?33,z 312?'1 .'1S 3ElO.l B. Jl
~ F i<tH e 2rn~.3 1832.'1 71121 i'l illS <:1'12 i I, BaH
3 F.p IT 3 ~C;2.1 -U,1.J. ??O.b 3.1,1, -i17bb.'1 ,'1b

r FlE5UtT ] J q Jo" l<:1C,1I+.9 W,s!l,i ,~" HHir,ll e,Jl
& TH(T4 1 '1'1. b 35. 11 '1,1; 3,e9 bAie Ai J1
eo TIIEH 2 l' ,1 12.3 :n.i "l,e9 'H.B '1.7b., TilE TA :3 bll. S sib,l sag.e I,ll; c9,ll ,71.
i TJoolETA 1»2 h.S ),11 H,b 3.1,9 .8 laBS
II THETA 1,) 'I ~. 2 3'1, q iti1,i ~,?b 52.2 3.b9

ill THETA-2,3 1s,b 11. ~ i_,9 1l,31 18.5, Jobe
11 F TAIiGENT 2110r;." lFHJ,q ?Hid .IlS q 35.1 BaH
H! F·N9~'~AL 1211~.. g ??? ,1 ~;.llP,ll ,IlS 3Q?,e a.ii

TEST NO.2?

IN MINE TE5TI~G OF HH'~b, BLUE STAR NO.3 (fACE BIT)

SHEAR CYCLE

HEAD SPEED: 18 Rpr~ BIT SPACIf'lGI '+ INCHES.

LoCATIn~: 5-12 q 9IT POSITION: ,2

CHAN LA~EL pMS AVG lviAX rr.""x ~lIN H 11N

1 F.S!T 1 ll<l'~.1 b23.11 3l'lO,b 1.~b 1 Q'1 ,S 10.~i?

i ~ BIT 2 ?'l11.2 lssq,n 1'17",1 7.H, ,+'lS.b llj,lIl!
3 F-BIT 3 5 78,' ·13,b H 10,'1 ,10,'+11 .c!108.0_ 10. 1b _
~ ~·R[S(lL't 12'11,'1 prs,5 ",,\liI.S 11] .'1 q 1111.8 te.n
i T\oIETArl '+ '\. 9 28,i1 211.~ ltl,lIi "Rill Jill. ~ '+
lit HIEU-e 15. 'I 'l,B 'HI. S 11:l, 'I i! c?1. a H.l!(lo
;1 TitETA- :3 5.,,0 .'1." 'H'.O 1'1,5'1 .lll;l.ll 2~.3F1

a niEP hi:! b.1, :l,e '+11,11 HI,,",, ,9 i:1,+,H
~ THETA 113 " i!, 5 27,3 loil,e 1'1, i!8 " 1.S Jfl.H!

18 TIIETA'2,J l,.il 6,'" il2.0 1'+ ,b" 15.5 11:1,'12
H F·TMJGPIT 2 Q3 l.2 lS'''" 2 'S9b,il 7. lI b '+'H.E. 18. 'I i'
H F~'WRP'AL !i", k, 8 bbi.i j:ijIHI.@ 7,111, 211"1.3 18 ;'1 i!
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APPENDIX B. TEST PROTOCOLS
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BIT RECORDER, OPERATING PROCEDURE

1. Set-Up Procedure
A. Remove cover plate from battery compartment.

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

C. Install fully charged battery pack

+ Lead -Lead Reading

VI C < 5.2 volts

VI C < 6.5 volts

V3 C <13.0 volts

D. Connect battery terminals in this order:

c,Vi' Vz' V3

E. Check indicating light in battery compartment-if it is "ON", remove battery leads and
reconnect as in I-C, above.

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

2. Record Cycle
A. After cutting head makes eight complete revolutions within a 6-second period, recorder

automatically turns on.

B. 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.

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

3. Data Retrieve Cycle

A. Set the "Bit Recorder Dump Switch" on the control console to the "OFF" position.

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

C. Connect the data transfer cable to the output connector.

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

4. 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

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

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

3. Depress the STOP push-button on tape recorder to take up slack tape.
4. 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.
5. At the HH456 Miner, turn on power to the Model 4020 Signal Conditioning box and the main

on power to the HH456 Miner.
6. 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.

7. Turn on Communications and verify system is working.
8. Place the Digital Recorder Interface switch in the UP position with the red LED off and the

Dump toggle switch in the OFF position.
9. 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.

10. Place Tape and Chart recorder in the stop mode.
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TEST PROCEDURE-CART OPERATOR

This procedure should be used after the Power Up Procedure has been completed.

1. Write down tape footage.
2. Place HH456 Miner in the zero load position.
3. 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.
4. 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.

5. Move HH456 Miner into beginning test position.
6. 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.

7. 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.

8. Move HH456 Miner into position to dump Digital Recorders.
9. At the Control Console, switch Digital Recorder Switch so that red LED is on and Dump

Switch is in the OFF position.
10. Connect umbilical cable to Digital Recorder.
11. At the Control Console, select channels 1, 2, and 3 for the chart recorder.
12. Write down tape footage and Digital Recorder number.
13. Place tape recorder in the RECORD mode and turn Chart on recorder. With voice, record the

Digital Recorder number being dumped.
14. 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.
15. Repeat steps 9 thru 15 for each Digital Recorder to be dumped.
16. 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.
17. 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

1. 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.

2. 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 commence.

3. 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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4. 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.

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

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

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

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

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

TEST PROCEDURE-MACHINE OBSERVER

1. 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.
3. Record the number of cars loaded by vocal response.
4. Record vocally any unusual events or circumstances during the test.
5. 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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