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ABSTRACT

This report provides design specifics and guidance software for a
guidance system intended for use in guiding an auger type highwall mining
head through thin coal seams to depths of Up to 600 ft. A small desk top
computer is used at the operator's station to send and receive signals in
serialized bit streams to a downhole microprocessor. The guidance system
accepts signals from a variety of sensors, and uses these signals to plot
and control the course of the auger head automatically using computer
algorithms designed to keep the auger head in the coal seam and maintain
a specified stump thickness

Key Words: Highwall Mining, Auger Machine, Radar Sensors, Steerable
Cutterhead, Coal Thickness Measurement, Coal/Rock Interface
Detector, Extended Depth Auger, Thin Seam Coal, Auger Tools,
Guidance and Controls, Natural Gamma Coal Thickness Sensor






EXECUTIVE SUMMARY

The work reported in this document was undertaken with the purpose of
making the mining of coal from thin seams economically feasible. Efficient
mining of this coal using an auger type machine depends upon accurate
guidance of the auger head to maintain its course within the coal seam.
Sensors for detecting the roof and the floor of the coal seam are
essential to achieve remote guidance. Two types of sensors had been
identified prior to the work reported here. One was based upon radar
techniques. The other was based upon measuring the natural gamma activity
of the host rock. It was not the purpose of our work to specify the type
of roof or floor sensor to be used. The purpose of our effort was to
design an automatic electronic guidance control system. The scope of
the work included the identification of specific devices to sense pitch,
roll, torque, thrust and horizontal heading. It included the design of
an electronic system to gather the sensor data and to transmit the data
in a single serialized digital bit stream to a surface electronic controller.
It included specifying a computer which would use the data to calculate
guidance instructions and create displays to keep an operator informed.
Algorithms and software for accomplishing the guidance task have also
been developed.

The starting point for the work reported here was the report
(June 13, 1977) of work carried out by R.A. Hansen Co., Spokane, WA 99206
for the Bureau of Mines under contract HO 262033.

The system breaks naturally into two subsystems, the surface
electronic controller (SEC) and the remote electronic package (REP).
An HP9825T desk top computer is recommended as the main element of the
SEC. Peripheral equipment including a multiprogrammer, a video monitor,
an extra tape memory and meters are identified which fulfill all the
requirements of the SEC.

A microprocessor (Intel 8748) is used together with a DAS-952R
(Datel) data aquisition system as the basis for the REP. Design drawings
of the system circuitry are included in this report.



The next step in implementing the program to achieve an extended
depth auger mining system is to purchase the equipment and components
herein identified, assemble them into an integrated system, test and
fully validate the system operation. The guidance system would then
be ready for installation on a suitably designed auger head and for
testing and refinement under operating conditions. The computer
equipment for the SEC including meters and console would currently cost
about $45K. The cost of the REP lies primarily in the sensors which
including radar for rib thickness measurement, two natural gamma sensors
and a gyro system would cost approximately $165K.
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DESIGN OF HIGHWALL MINING EQUIPMENT
ELECTRONIC GUIDANCE PACKAGE

1.0 INTRODUCTION

A substantial portion of the U.S. coal reserve lies in seams less than
36 inches thick. In order to mine this coal it will be necessary to develop
machines and systems which expand coal recovery beyond the highwall limits
of contour and open pit mines. One current technique, with potential to
recover coal beyond the highwall, uses the auger machine. Historically,
auger mining has accounted for a very small percentage of coal mined. The
reasons for its limited use vary, but the two primary Timitations of the
mining method are the inability to keep the cutter in the coal seam, and
the difficulty of maintaining a heading so holes can be kept close together
with a minimum rib support. A1l of the auger mining techniques advantages
are offset by these limitations.

The design of an auger machine which overcomes these Timitations was
addressed by R.A. Hanson, Inc. under Contract H0262033 from the Bureau of
Mines. A summary of their work was given in a two volume report dated
June 1977. Some idea of the contents of this report can be gained from
the abstract taken from the report documentation page and repeated below.

"[The] report describes the work done to develop a coal
mining machine to increase productivity and recovery from thin
seams beyond the highwall, in addition to decreasing the miner's
susceptibility to highwall hazards. First, radar transducers
were adapted to measure coal thickness and detect rock and coal
interfaces; then, the radar was incorporated into a cutterhead
with steering controls. Next, visual displays were designed to
show cutter position in the coal seam, and anticipated change
in coal seam inclination. Finally, development of a telemetry
system made remote control of the cutterhead possible.

Simultaneously, a high-performance extended depth (HPxD)
auger machine was designed with an automatic system to handle
600 ft of 36-in. diameter dual spiral flight conveyor sections.
A two man crew controls all operations from a weather condi-
tioned cap outside the VDZ, either at night or day time.
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As a primary mining tool, working 400 hr/yr (2 shifts/day)
recovering 60% of the coal 600 ft beyond the highwall, pro-
duction to 500,000 ton/yr can be achieved."

It is apparent from the above quoted abstract that radar was chosen
as the sensor method all three sensor tasks, namely sensing the roof
and the floor of the coal seam and sensing the distance to the previously
augered hole. Figure 1 illustrates the stump thickness (distance to the
previous hole) measurement operation and partially illustrates the inter-
pretation task which the operator must perform. Correlation techniques
were proposed to automate the interpretation task. To automatically
Tocate the interface, the reflected radar signal is compared to a |
stored reflection signal in a microprocessor. The time of maximum corre-
lation is a measure of the distance to the interface. Actually two
correlation times would be expected as illustrated in Figure 1. The
first correlation time t1 indicates the location of the first coal-air
interface and the second correlation time indicates the location of the
second coal-air interface. The difference represents the stump thickness.

Coal-air interfaces provide well defined discontinuities from which
clean reflection signals may be expected. Roof and floor interfaces can
be expected to be less well defined. In addition, the change in
dielectric constant from coal to host rock is much less than from coal
to air so the reflection amplitude is less.

In the intervening period from 1977 until the present several other
methods for sensing roof and floor positions have been investigated. At
least four different techniques may be identified. These may be briefly
described as follows. A somewhat expanded description is given in
Appendix A.

1. Penetrometer Method - A rod with a hardened tip is driven against a
surface. An accelerometer attached to the rod gives an output which
differs for coal and host rock so that the nature of the surface can
be identified.

2. Reflectometer - Relies upon the difference in reflectivity of coal
and host rock for identification.

Note: The above two methods do not provide any information beyond
the surface in view. 2






3. Chirped Radar - A 2- to 4-GHz oscillator is frequency modulated at a
100 Hz rate causing reflections from near surfaces to be higher in
frequency than those from surfaces beyond. The difference in frequency
detected by a mixer diode is a direct measure of the distance of
the coal-host rock interface from the nearer coal-air interface.

4. Natural Gamma Sensor - In many areas the natural gamma activity of
the host rock is as much as 10x higher than the natural gamma activity
of the 1ntervening coal. An instrument designed to measure gamma
activity and shielded to count only those gamma photons incident
from one direction can be calibrated to provide a dc voltage
proportional to the distance to the coal-host rock interface.

In the remainder of this report it is assumed that the pulsed radar
sensor will be used to measure stump thickness and that the natural gamma
probe will be used for roof and floor sensing. The choice of sensor does
not critically affect the design aspects of this report if it is assumed
that whatever sensor is used provides a dc voltage level proportional to
the roof, floor or stump interface distance. The tradeoffs between the
pulsed radar system shown in Figure 1 and the natural gamma probe may be
judged from Table 1 which also includes comments about the known alter-
native methods which have been suggested.

TABLE 1. Sensor Advantages and Disadvantages

Sensor Advantages Disadvantages
Pulsed Radar Small sensor package Complex signal processing.
{nonchirped) 9x12x3 inches. Requires active source.
Chirped Simple signal Requires somewhat more
Radar processing. complex active source.
Natural Gamma Passive detection. Some sites do not have

Simple, direct signal sufficiently high host
processing. rock gamma activity.

Sensor package large
7x9x25.5 inches.

Penetrometer Cannot 'see' beyond first
coal-air interface. Must
contact the surface.

Reflectrometer Cannot 'see' beyond first
coal-air interface. May
4 go blind because of

accumulated dust.



Figure 2 provides a graphic illustration of the overall system
concept. The largest component of the system is the auger flight handling
and storage rack which is mounted on a track so that it can advance to
come into position for each new hole to be augered. Each time the auger
drive system has advanced the cutterhead by one flight length the drive
system is retracted to its start position and a new pair of auger flights
are inserted into the string. Near the cutterhead at the far end of the
auger string, two enclosures are provided for mounting sensors and steering
components.

Three of these sensors have already been discussed, namely, the natural
gamma probes for sensing the roof and floor and the radar unit for sensing
stump thickness. The other sensors are two inclinometers, two torque
sensors, two thrust sensors and three LVDT's to measure the extension of
the thrust pads. In addition it is recommended that a north seeking
gyroscope be included for determination of horizontal heading (yaw).

Course correction is accomplished by means of a set of three double
acting solenoid values which control the flow of hydraulic fluid to three
double acting cylinders which act upon thrust pads to push the cutting
head up, down, left or right as required to stay within the coal seam
and at the desired distance from the previous hole. Two hydraulic
cylinders are used for up and down movement. Selective activation of
the two up-down cylinders permits correction of any tendency for the
double auger system to twist (roll).

These sensors and relays to operate the solenoid activated valvyes
together with a multiplexor and microprocessor based controller are the
major elements of the Remote Electronic Package (REP) which is housed
in the cutterhead unit of the auger system. The microprocessor based
controller responds to the instructions of the Surface Electronic Control
(SEC) by sending bit serialized data from the sensors or receiving bit
serialized instructions for the valve relays. A schematic diagram of the
electronic guidance system is given in Figure 3.
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The operator is primarily involved in monitoring sensor levels and
cutterhead location. The electronic controller acts automatically to keep the
cutterhead on an optimum course. The operator judges whether sufficient
thrust and torque forces are being applied and acts to end the run when he
observes that the cutter can no longer remain within the coal seam or
other undesirable conditions develop such as intersection of a previous
hole, low auger advance rate, loss of sensor data, etc.

2.0 GUIDANCE SYSTEM DESIGN

To advance the state-of-the-art for mining coal from exposed seam
edges without removing overburden or putting men in the coal seam, it
will be necessary to develop a system for remotely guiding a coal cutter
in the coal seam. Without a guidance system, the development of a high-
performance, extended-depth mining machine would be a fruitless effort.

To be effective and practical, the guidance system must be:
Environmentally rugged

Compact

Able to maintain the cutterhead in the coal seam

Controllable to allow changing course

Able to respond to changes in the deposit

Able to function without impeding efficient excavation of coal.

The guidance system as presently designed consists of noncontact,
continuously monitoring sensors to identify the interface between the
coal seam and the rock. It has the ability to measure the thickness of
the coal and remotely display to the controller the position of the
cutting tool in the coal seam. The system provides the controller with
information on roof and floor distances, rib thickness and cutterhead
heading necessary to make steering decisions. Control is accomplished
remotely as the cutter is digging coal 600 to 800 ft inside the coal seam.

The in-seam guidance equipment incorporates a self-contained,
steering system for moving the cutting tools. The controller is pro-
grammed to automatically direct the movement of the steering devices.



2.1 Telemetry

Information from sensors and position indicators downhole will be
telemetered to the control panel and displays, and the return control
signals from the controller telemetered to downhole steering devices, on
a cable that is reeled out or in as spiral flights are added or
retracted. To provide support and mechanical prbtection, the cable will
be laid in a semi-closed trough between the twin spiral flights of each
section.

Alternative transmission methods were considered but the technical
hazards and few successfully documented applications precluded the use of
less mechanical systems.

The telemetry system will transmit the following information signals
from "downhole" to the surface (REP to SEC):

Roof position

Floor position

Stump thickness

Cutterhead thrust

Cutterhead torque

Pitch angle

Roll angle

Yaw angle

Right Vertical thrust cylinder displacement

Left vertical thrust cylinder displacement

Horizontal thrust cylinder displacement

It is assumed here that the natural gamma sensor will be used for
sensing roof and floor position. The natural gamma sensor is of no use
in sensing rib thickness. The rib surfaces are relatively strong radar
reflectors as compared to the coal host-rock interfaces of the roof and
floor so a radar sensor should be successful and effective for this task.

The telemetry system is designed to transmit six control signals
from the controller-operator at the surface to "downhole" deyices. The
vsix signals are to hydraulic valve solenoids and are:



Right vertical thrust cylinder - up RVU
Right vertical thrust cylinder - down RVD

Left vertical thrust cylinder - up LVU
Left vertical thrust cylinder - down LVD
Horizontal thrust cylinder - right HR
Horizontal thrust cylinder - left HL

The data and signals are time muitiplexed and digitized to a
single serialized bit stream for transmission via hard wire to the
receivers. At the receiving end the data is demultiplexed and synchro-
nized with the correct output, as illustrated on the telemetry block
diagram in Figure 3.

2.2 Guidance Displays

As a first approximation it may be assumed that the coal seam profile
for two adjacent holes is the same. Guidance in cutting the first hole
is solely dependent upon a prior knowledge of the orientation of the coal
seam and the sensor data coming in as the hole is being cut. The computer
in the Surface Electronic Controller uses the sensor data to generate
vertical coordinates of the center of the coal seam as a function of depth.
Horizontal coordinates of the augered hole are also calculated. Ideally
the horizontal coordinates will not deviate from a linear path, the
direction of which is determined by the heading as the hole is initiated.
Random wanderings about this ideal Tinear path can be expected. More
severe deviations from linearity may develop because of accumuiated
navigational errors. Allowance is made in the guidance program for
recognizing the maximum excursion from a straight horizontal path and
compensating for this excursion by starting the next hole far enough
away from the previous hole to permit navigation along a straight
horizontal course without going below the minimum desired stump (rib)
thickness or intercepting the previous hole.

The vertical coordinates of the center of the coal seam are stored
in the previous hole memory so that in progressing through any hole
after the first, the electronic controller can look ahead ten feet to see
where the coal seam is expected to be. This expected Tocation is called
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the anticipation target (Figure 4). The controller also projects the
current heading of the auger to determine if the cutting head will intercept
the anticipation target. If not, the electronic controller sends instruc-
tions to the Remote Electronic Package to apply hydraulic pressure to
correct the heading.

A1l of this is disp]ayed on a video monitor (CRT) in the guidance
console (Figure 5) where the operator has a pictorial presentation of the
location of the anticipation target relative to the auger hole. In
addition, the roof and floor interfaces are imaged and the distance to
the previous hole (rib thickness) is indicated. Rib thickness is dis-
played on only one side, left or right depending upon the relative
location of the previous hole.

2.3 Steering

The cutter is steered by changing the position of the thrust pads
relative to the cutter centerline; the steering cylinders hold the position
set by the controller. Extending the vertical thrust pads a fractional
distance starts the cutter on a very large radius turn, up or down, which
continues until the thrust pads are returned to neutral. The longer the
time the thrust pads are extended, the larger the arc, and the greater
the thrust pad extension, the tighter the turn. The smallest turning
radius is 330 ft. Smaller turning radii will cause the following spiral
flights to bind, or seriously reduce the mechanical efficiency of the
auger.

The guidance mechanism (Figure 6) incorporates six thrust shoes,
with one horizontal pair causing the cutter to move left or right (yaw)
and two vertical pairs contolling the up or down movement (pitch). In
addition, the two vertical thrust pads can be moved in opposite directions
to correct the orientation (roll) of the cutterhead level. Each pair of
thruster pads are moved by double-acting, double-rod hydraulic cylinders
controlled by operator signals to the hydraulic control valves. Each
hydraulic cylinder incorporates linear voltage differential transducer
(LVDT) devices to electronically indicate the location of the hydraulic
cylinder piston (Figure 7). The cylinder position is remotely displayed
on the operator's console to aid in guiding the cutterhead.

11
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Hydraulic power is provided by a six-piston, ball-check type pump,
which can operate at 10 rpm. The rotating cutterhead shaft drives the
pump, so no external power is required. The pump's pistons are isolated
into pairs to supply 0il independently to the three cylinder circuits
so the three pairs may operate simultaneously. Each hydraulic circuit
consists of a relief valve, directional control valve, dual pilot operated-
check valve, and hydraulic cylinder (Figure 8).

At the end of a run, when the auger is to be withdrawn, an operator-
controlled solenoid-operated bypass valve is opened to allow the thrust
pads to move freely. This prevents the thrust pads from creating
additional drag while the auger is being withdrawn.

2.4 Electrical

Electric power supplied from the auxiliary ac generator will be
provided for the guidance and control systems. Downhole power to the
hydraulic-valve solenoids, radar transducers, and telemetry will be
transmitted at 120 VAC by a wire parallel to the telemetry cable.

2.5 O0ther Sensors

The cutterhead pitch and roll are measured by inclinometers, which
are gravity-referenced, servo-accelerometers. The inclinometers produce
output voltages proportional to angular displacement from true vertical
in a single plane. The voltage signal is generated when a pendulum
attached to a torque motor shaft moves from the zero reference point.

The voltage signal generated by the "pitch" inclinometer is trans-
mitted by the telemetry system to the control console. The controller
may monitor the pitch, but the information is also stored in the micro-
processor memory to develop the "anticipation" target display for the
next hole.

The inclinometer oriented perpendicular to the auger's center-
line provides a reference signal which maintains the horizontal position
of the cutterhead. If the cutterhead begins to roll, the voltage out-
put signal from the inclinometer activates relays to operate hydraulic
valves to move the vertical thrust cylinders in opposite directions
to correct the roll. When the seam slope perpendicular to the auger

16
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centerline is extreme, the zero reference point may be matched to the
seam slope to optimize cutter performance. The roll inclinometer output
is also displayed on the control console for monitoring by the controller.

3.0 REMOTE ELECTRONICS PACKAGE

3.1 1Introduction

The Remote Electronics Package (REP) is that portion of the guidance
system that is mounted on the cutterhead of the auger highwall miner.
The REP consists of: 1) a communication link with the operator control
station, 2) roof, floor, and rib coal interface sensors, 3) instruments
for measuring pitch, roll, displacement, thrust, and torque, and 4) data
acquisition and control to guide the auger.

Figure 9 is a block diagram of the REP. The main power feed is 120 VAC
at 60 Hz. This power is conditioned by an isolation transformer that will
"clean up" and remove line voltage transients that are typically present in
mining environments. The isolated 120 VAC powers a Power Mate (18V/8A) dc
power supply that is the main power unit for the instruments and electronics.
A second Power Mate (24V/10A) dc power supply is used to provide power to
the solenoid valves that control the hydraulic guidance elements. Also
powered from the isolated 120 VAC is the Acurex 1201A torque/thrust
measurment system.

The +18 VDC supply powers three +5V/3A power modules that are
designed to be intrinsically safe for coal mining (methane) applications.
The design is basically the same as that used on a previous MSHA-approved
project for use on a shaft sinking demonstration machine. The sensor
power and signal conditioning circuits provide power for the instruments,
usually +15 VDC at approximately 15 mA, and condition the output from
the instrument so that it is compatible with the data acquisition and
control electronics. It should be noted that the gamma probe type coal
interface sensors have been submitted by the manufacturer to MSHA for
approval.

18
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3.2 Data Acquisition/Control Circuitry

Figure 10 is a detailed schematic of the data acquisition and control
circuitry. The data acquisition and control function is based on an Intel
8748 programmable single chip microprocessor. The microprocessor com-
municates with the control computer in the operator's station over
optically isolated twisted pair serial data lines at a 9600 baud rate.
Guidance commands are sent from the control computer to the microprocessor,
which in turn outputs the appropriate control bits through an I/0 expander
to the solenoid valves. The solenoid valves are interfaced to the I/0 expander
through optically isolated dc solid state relays. Data from the sensing
instruments is input to the microprocessor through a Datel DAS-952R
data acquisition chip. This DAS chib has a 16-channel 0- to 5-VDC
analog multiplexer, and an 8-bit analog to digital converter. The
microprocessor selects one of the 16 analog channels. The DAS chip
converts the analog value to 8 bits of digital data which are latched
so that the microprocessor can input the data and store it until it is
time for the data to be transmitted to the control computer.

3.3 Instruments and Signal Conditioning

3.3.1 Torque/Thrust Measurement

The instrument recommended to make the torque and thrust measurements
is the Acurex Model 1201A dual channel system. This unit has the capability
of simultaneously making two distinct measurements (such as torque and
thrust) on a rotating shaft. Strain gauges, typically 350 @ type,
placed on the shaft in a full bridge configuration are required in addition
to the Model 1201A instrument. The unit is powered from 120 YAC/60 Hz
at approximately 1A. The standard output is -10 to +10 YDC, but can be
supplied with a non-standard output, such as 0 to 5 YDC, which is compatible
with the input of the analog input of the DAS-952R data acquisition
chip. It also comes with a digital readout that can be deleted to
reduce the size and cost of the unit.

3.3.2 Pitch/Rol11 Measurement

The instrument selected to make the pitch and roll measurements is
a gravity-referenced inclinometer, such as the Schaevitz Engineering
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Model LSOC inclinometer. This unit is dc operated, nominally requiring
+15 VDC (a +9 to +18 VDC range is acceptable) at approximately 15 mA.

There are various tilt ranges available, and it is presently specified

as +30°. The output voltage range is 0 to 5 VDC(0° tilt will be +2.5 VDC).
This tilt range versus the output voltage range results in 83mV per

degree of tilt. The 0 to 5 VDC output voltage range is compatible with
the data acquisition chip.

3.3.3 Cylinder Displacement Measurement

Calculations for the cylinder displacement measurement indicates
that to achieve the minimum turning radius (specified as 33Q feet), a
cylinder displacement from nominal of approximately 0.020 inches (20 mils)
is required. In order to steer a prescribed course, accuracies of a
few mils are needed for the cylinder displacement measurement. Therefore,
the instrument selected is a Schaevitz Engineering Model GCD-121-050
LVDT gauge head that has a measurement range of 50 mils. This is a dc-
operated LVDT requiring +15 VDC at 25 mZ. It has a standard full range
output of -10 to +10 VDC. This is not compatible with the data acquisition
chip and will require signal conditioning to obtain a 0 to 5 VDC signal
range. This range corresponds to an output to LVDT displacement relation-
ship of 50 mV per 0.001 inch. The original design document indicated
that the LVDT would be in contact with a cone-shaped cylinder rod as
illustrated in Figure 7.

The displacement of the LVDT is related to the displacement of the
cylinder by the angle of the cone, 0.

Displacement Cylinder
Tan P

Displacement LVDT =

3.3.4 Roof, Floor, and Rib Measurement

For the present, it is anticipated that the roof and floor coal
interface measurements will be made using a natural gamma probe such as
the Type 801 built by Salford Electrical Instruments (SEI). This probe
requires +15 VDC at 150 mA to operate, and outputs an analog signal of
0.4 to 2 VDC which represents a coal thickness of O to 20 inches. This
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output range is compatible with the data acquisition chip, but signal
conditioning is provided so that all signals input to the data acquisition
chip are 0 to 5 VDC for full scale ranges. Data sheets on all instruments
are provided in Appendix A.

3.3.5 Signal Conditioning

Figure 11 shows details of the signal conditioning circuits. The
basic design concept is for the circuits to be similar enough so that a
single pc board layout could be used. By changing a resistor and/or a
couple of jumpers, or by adding a DC-DC converter, the standard pc board
can be tailored to the individual instruments. This would reduce spare
parts and allow quick replacement if necessary. Power for the instruments
is obtained by converting the +5 intrinsically safe output to +15 volts
with an Analog Deyices 949 DC-DC converter. The 949 also supplies the
power for the signal conditioning amplifiers. An additional power
module, Power General 816 DC-DC converter, is required only for the SEI
Type 801 gamma probe circuits. The signal conditioning electronics is
based on using the 725A instrumentation amplifier. The 725A provides
accurate closed loop gain, low noise, Tow voltage drift, low voltage
offset, and provides buffering between the instrument output and input
the data acquisition chip. For the 0 to 5 VDC sensor signals (torque,
thrust, pitch, and roll), the instrumentation amplifiers are merely
buffers and connected as voltage followers. For the non-0 to 5 VDC
sensor signals (displacements and coal interface), the instrumentation
amplifiers adjust the gain and level shift the signals to obtain a
0 to 5 VDC range.

3.3.6 Intrinsically Safe Power

Figure 12 is a detailed schematic of the ¥5V/3A intrinsically safe
power unit. Main power is derived from the +18 VDC supply, and then dual
voltage and current reqgulated by the 123K modules which are connected in
series. A crowbar type overvoltage protection circuit set at 5.5 volts
(10% overvoltage) will cause an SCR to trigger shorting the +18 VDC to
ground through a 4 amp fuse in the event of an overvoltage condition.
This causes the fuse to blow, removing all power to the supply.
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4.0 SURFACE ELECTRONIC CONTROLLER (SEC)

Another representation of the block diagram of the telemetry system
is given in Figure 13. This block diagram is to be compared with Figure 3
which is less specific. Note that the SEC is fully implemented using
standard commercial components. An HP9825T desk top computer and peri-
pheral equipment provides all the features needed to instruct the REP
to send data, to use the data to drive display meters and to use the
data to calculate guidance instructions. ‘

The HP9825T will use an internal protected tape cartridge to store
programming instructions. The HP9875 cartridge tape unit is an additional
tape unit external to the HP9825T and is used for the previous hole memory.

The HP9825T, equipped with an extended I/0 ROM, automatically loads
the guidance program from the internal protected tape cartridge when the
power to the computer is turned on. The computer is then automatically
in run condition. The autostart routine is also performed after a power
failure, enabling the computer to automatically reload and restart a
program.

That the equipment designated for the SEC in Figure 13 readily fits
into a small sized console is illustrated in Figure 14. Meters to directly
display thrust, torque, depth, pitch, roll and thrust pad extension would
be mounted in the sloping face of the console (see also Figures 2 and 15).
The keyboard of the HP9825T would not be directly accessible. The operator
interaction with the computer requires only the functions of Power On-Off,
Stop and Continue. These controls located on the operator's control panel
provide the only access to the computer needed on a routine basis. The
console will be fully enclosed and sealed to provide protection for the
SEC from the rugged environments in which it must operate.

Other features of the HP9825T and the associated equipment are given
in the data sheets included in Appendix B.
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5.0 COMMUNICATION PROTOCOL

5.1 Introduction

The interface between the remote electronics package (REP) which is
downhole and the surface electronics controller (SEC) will be serial with
a formalized protocol. The SEC will always be the master and will command
the slave REP.

The SEC will require the REP to peform two functions:
1. Downhole guidance control
2. Downhole analog parametric acquisition

5.2 General Information

1. All information will be sent in ASCII strings
2. B8-bit fields are sent in hex as two alphanumeric characters

3. A1l characters will be ignored except those following a record
mark until the end of record mark (a T1ine feed after a carriage
return is ignored)

4. Transmission speed is 9600 Baud

5.3 Messages from SEC to REP

:FDlDZCCl
where
colon signifying a record mark

F function code signifying'action REP is to perform
A~ data acquisition, F~ guidance control

DD guidance steering parameter - command word selected
from Table 3 '

cC modulo 100 sum of all digits in F and D - 2 digits

} carriage return signifying an end of record mark

30



5.4 Messages from REP to SEC

:F0101020203D3----cc1

where

D104

D2

colon signifying a record mark
F function code
-- Digitized parametrics, low channels sent first with the

most significant nibble of the 8-bit byte followed by the
lower significant nibble

cc modulo 100 sum of all digits in F DlDlDZDZ----

} carriage return signifying an end of record mark

5.5 Control Messages

1.

2.

SEC Poll: When the SEC is ready to start a test, it will send a
message with FDCC set to ASCII 0; i.e., :00003. The message
repeats at regular intervals until the REP responds with a "ready"
message.

REP Ready: When the REP is ready to perform guidance/acquisition
cycles, it responds to the SEC poll by returning a message with the

FDlDlDzDZ-—- and CC fields set to ASCII 0; i.e., :00000----00Y.

REP Negative Acknowledgement: If the REP receives a message from
the SEC in error (e.g., bad checksum) it responds with a message

with the DlDlDZDZ--- field set to ASCII N's; i.e., :FNNNN---CCY.

SEC Negative Acknowledgement: If the SEC receives a message in
error, it will repeat the last transmission.

REP Self-Diagnostic Error: Upon power-up the REP will undergo
initialization and then perform a self-diagnostic routine. If
the diagnostics fail, it will respond to the SEC poll with a
designated function code F and all data, DlDl---CC, set to

ASCII Q's, i.e., :FQQ----QQ¥.

5.6 Microprocessor Flow Chart

Figure 16 is a flow chart showing the manner in which the microprocessor
will control the Datel DAS-952R A/D data acquisition chip.
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6.0 GUIDANCE PHILOSOPHY

6.1 Introduction

Guiding the cutterhead vertically and guiding it horizontally involve
different sensors and different algorithms. The inclinometers used as
sensors for vertical guidance cannot be used for horizontal guidance since
they are gravity referenced. It appears that in many instances the natural
gamma probe will be the preferred roof and floor sensor. On the other hand,
this sensor is not appropriate for horizontal mode guidance as a stump
thickness sensor. There are choices of sensors and guidance mode algorithms
for the horizontal guidance operation which differ from those for vertical
operation. Since vertical and horizontal guidance modes are significantly
different they are discussed separately below.

6.2 ‘Vertical Guidance

The objective of the vertical guidance operation is to keep the auger
within the coal seam on a path having a minimum of curvature. Guidance
by means of sensing roof and floor locations only is not optimum. Improved
coal recovery can be realized if the roof and floor contours observed in
the previous hole are used in developing guidance instructions for the
hole being augered. The roof and floor contours of a hole can be deter-
mined from the succession of inclinometer readings measuring the pitch of
the cutterhead. A direct and simple past hole memory would be achieved
by storing pitch inclinometer readings for equally spaced depth position.
The corresponding roof and floor positions relative to the augerhead
position could also be stored. This would involve the storage of four
measured values (depth, pitch, roof and floor) for each data entry and
it would not provide any easily interpretable absolute contour information
about the roof or the floor. What we have chosen to do is integrate the
pitch inclinometer readings to develop an absolute contour map of the
centerline of the coal seam. Past hole memory is loaded with only one vertical
coordinate for each depth position. Guidance instructions are generated
on the basis of this previous hole centerline contour unless overridden by
out-of-bounds signals from the roof or the floor sensor. Specifically,
the guidance instruction is concerned with aiming the cutterhead to
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intercept the previous hole vertical position 10 feet ahead of its current
depth unless overridden by out-of-bounds signals from the roof or the floor
sensor. Interception of either the roof or the floor will cause an abort
light to flash at the control station allowing the operator to terminate
the run.

Consider the greatly exaggerated cutterhead course illustrated in
Figure 17, Each straight line segment of the course is of length L equal
to the length of the cutterhead. The pitch inclinometer measures the
angle 6 from which the slope

m = tan & (1)

can be determined. The vertical and depth coordinates (V,D) for each
point on the course are determined as follows. For D=0, V is given an
arbitrary value, Vb’ convenient for the operation. It may be that Vo=0.
V1 is determined from

Vi =V, +Lsing (2)
and V2 from
V, =V, + Lsing, (3)
=V, +L (sin 91 + 92). (4)
It follows that Vm is given by
Vg = Vg t L sin € 4 (5)
or, alternatively,
n
Vn = Vo * Lizlsin 8, (6)
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The depth is given by

D, = Dp.p * L cos & , (7)

L.Zlcos 93 (8)
'|=

since D0 is taken to be zero.

6.3 Horizontal Guidance

Horizontal guidance is based upon the idea that the horizontal course
should be straight, i.e., that it should have a constant horizontal heading.
Guidance instructions will be generated to attain this end unless the
stump thickness sensor indicates that the course must be changed to
preserve adequate stump thickness. The only feasible stump thickness
sensor appears to be a radar type sensor. Sensing the absolute heading is
possible only through the use of a north seeking gyroscope. It is possible
however to obtain a measure of the horizontal radius of curvature from a
measurement of the horizontal thrust pad extension. This extension is
measured by means of an LVDT as illustrated in Figure 7.

The horizontal position is denoted by the coordinate X[2,K]. X[2,K]
must be derived from the measurement S[9] of a thrust pad position sensed
by an LVDT. Most standard books on elementary calculus demonstrate that
radius of curvature R, of any curve described by the equation y = f(z) is
given by

TR )
where

y" = dzy/dz2 (10)
and

y' = dy/dz (11)
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The slope y' at any position P (Figure 18) along the trajectory is given by

y'=LIZy" +M =M (12)
where L is the distance moved between measurements. This distance should
ideally be the distance between the support shoe at the trailing part of the
cutterhead section and the leading edge of the cutterhead as illustrated in
Figure 19. M0 is the initial entry slope. It follows from these equations
that

y' = (1M9)3 2 g (13)
We will calculate new value of M using Eq. 12 by substituting Eq. 13 (using
the previous value of M) into Eq. 12. On this basis

K
M=z (14M2)3/2
p=1 P

/R + Mo. (14)

It is apparent from Figure 18 that

C[5] = R - /R2-r? (15)

and since r = 2 ft while the minimum value of R is 330 ft, we can approximate
this equation by

2

c5] = 55 (). (16)

2 =

Equation 6 becomes
CI5IL (1+M2)3/2/02 4 M 5 (17)

in which the previous value of M is used on the left hand side of the arrow
to generate the new value of M on the right hand side. Since r = L[7]

C[5] L(1+M2)3/2/L[71% + M > M. (18)
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The value of X[2,K] is calculated from the previous value of X[2,K-1]
using the recursion formula

X[2,K-1] + L sin(atn M) - X[2,K] (19)

as illustrated in Figure 20.

A north seeking gyro would provide a better solution to the task of
defining the horizontal coordinate. It would provide a measure of the
horizontal heading € at any point along the course. Readings would be taken
at increments, L, equal to the length of the cutterhead (see Figure 19).
Calculation of the horizontal coordinate X[2,K] follows precisely the
pattern in which the vertical coordinate Vk = X[1,K] was calculated, namely

X[2,K] = X[2,K-1] + L sin 81 (20)
or, alternatively,
K
X[2,K] = X[2,0] + L £ sin &, 1 (21)
i=1 7

where the Gk are gyroscope readings at positions K at depths DK given by

Eq. 7. A more precise formulation of Eq. 7 would include the effects of the
horizontal component of € but this component will be negligable due to the
horizontal guidance method which seeks to maintain a constant horizontal
heading.

6.4 Roll Correction

It is assumed that a dual auger should always maintain the same roll
position throughout a run. Normally it is expected that the roll orienta-
tion should be zero degrees, i.e., the two auger axes should be in the
same horizontal plane. If the coal seam dips out of the horizontal plane
in a direction other than the direction of drilling it is possible to set
the equipment to be operated at a constant non-zero roll position. Roll
correction is accomplished by means of two pairs of vertical thrust pads,
either of which may be activated to push down while the other is pushing

up.
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6.5 Guidance Commands

A11 the possible auger course corrections are performed through the
use of six thrust pads. Nomenclature for identifying these six thrust
pads is given in Figure 21. Only three double acting hydraulic cylinders
are used to move the thrust pads. Thrust pads VLT and VLB are coupled to
one hydraulic cylinder, pads VRT and VRB to another and pads HL and HR to
the third. The three hydraulic cylinders are designated as VL, VR and LR.
There are two solenoids on each of these cylinders and associated with
each cylinder there is also a solenoid operated relief valve as illustrated
in Figure 8. Thus there are a total of nine solenoids used to perform the
guidance instructons. Table 2 assigns a number to each of the nine solenoids.
This number will be used in the protocol for specifying commands. Guidance
commands will be transmitted from the SEC to the REP in two letter ASCII
code. Table 3 gives the letters chosen to identify each command. Table 4
identifies the combination of solenoids that are activated to execute each
guidance command.

6.6 MUX Channel Assignments

For programming purposes specific channels of the DAS-952R multiplexer
must be assigned to each sensor. Information regarding these assignments
is given in Figqure 22.
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TABLE 2. Assignment of Solenoid Numbers

. Solenoid Solenoid Bypass

Identification Number Valve
VLT/B 1/2 7
VRT/B 3/4 8
L/R 5/6 9

TABLE 3. List of Guidance Commands

Vertical and Roll Command
Drift Up A
Drift Down B
Twist CW & Drift Up C
Twist CCW & Drift Up D
Twist CW & Drift Down E
Twist CCW & Drift Down F
Twist CW G
Twist CCW H
Neutral I

The horizontal commands are L, R
and N for Left, Right and Neutral.
The series of commands are there-
fore

AL, AR, AN

BL, BR, BN

etc. ...

IL, IR, IN
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TABLE 4. Solenoids Activated for Each
Command Word

Solenoids Activated
2 3 4 5 6 7 8 9

3 5

Command 1
AL 1
AR 1
AN 1

BL 2 4 5

BR 2 4 6

BN 2 4 9

CL 1 5 8

CR 1 6 8

CN 1 8 9

DL 3 5

DR 3 6

DN

EL 4 5

ER 4 6

EN 4

FL

FR

FN

GL

GR

GN

HL

HR

HN

IL : 5

IR 6

IN

3
3

~NN N NN

P T I
NN
w oW w
S
2]
o

~N g
0 o0 o
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7.0 SUMMARY AND CONCLUSIONS

Stating with the general system description given in the previously
referenced R.A. Hanson, Inc. report we have identified a specific computer
for use in the surface electronic controller. Peripheral equipment
suitable for use with this computer has also been identified. Similarly
a suitable microprocessor and data aquisition system have been identified
for use downhole in the remote electronics package. Algorithms for
guidance control based upon sensor data have been worked out and trans-
lated into a program for the computer. Detailed programming of the
microprocessor has not been carried out since that step would be more
appropriately done with the electronic hardware in hand and assembled
into a system. Programs for simulating auger runs in thin coal seams
have been included in this report to assist in the understanding of the
results which can be achieved in using an automatic guidance system.

Providing that sensors for roof, floor and rib thickness have been
adequately qualified, progress toward an effective extended depth auger
miner for thin coal seams can best be served by purchasing the hardware
identified in this study and assembling it into an integrated system.
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APPENDIX A

DATA SHEETS FOR THE
REMOTE ELECTRONICS PROCESSOR (REP)

The data sheets included here are representative of products and devices
which could be used in the REP portion of the guidance system. No endorsement
of the specific manufacturers product is intended. In most cases several
alternate manufacturers products could be used.

No flyer is included covering the radar system which was recom-
mended for stump thickness measurement. A data sheet is included on a gyro
which was discussed as an alternate system for sensing heading in the
horizontal plane. The electronic package associated with this north seeking

gyro would occupy only a small amount of the otherwise unused space in the
REP enclosure.

See the text and Figure 13 for other comments relating to the sensors
and effectors described by these data sheets.

Data sheets reprinted by permission of the respective companies.
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m 8-Bit CPU, ROM, RAM, I/O in Single m 1K x 8 ROM/EPROM
Package 64 x 8 RAM
= Interchangeable ROM and EPROM 27 1O LINES
Versions a Interval Timer/Event Counter
n Single 5V Supply m Easily Expandable Memory and 1/O
a 2.5 usec and 5.0 usec Cycle Versions: m Compatible with 8080/8085 Series
All instructions 1 or 2 Cycles Peripherals
m Over 90 Instructions: 70% Single Byte - m Single Level Interrupt

The Intel® 8048/8648/8748/8035 is a totalty seif-sufficient 8-bit parallel computer fabricated on a single siiicon chip
using intel’s N-channel silicon gate MOS process.

The 8048 contains a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 /0O lines, and an 8-bit timer/counter in addi-
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded
using standard memories and MCS-80™/MCS-85™ peripherals. The 8035 is the equivalent of an 8048 without program
memory. The 8035L has the RAM power-down mode of the 8048 while the 8035 does not. The 8648 is a one-time pro-
grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 ROM order. The substitution
of 8648's for 8048’s allows for very fast turnaround for initial code verification and evaluation units.

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compati-
ble versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM
program memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program
memory for low cost, high volume production, and the 8035 without program memory for use with external program
memories. :

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten-
sive bit handiing capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
[ Vee
»fir — o
; cLOCK 1024 WORDS 64 WORDS
[Jr27 xvaL PROGRAM DATA
[Je2e e MEMOR Y MEMORY
()r2s PORT
g RESET —r] -2
sidl SINGLE !
algn] STEP 8048 }—e READ
sl EXTEANAL ﬂ
sl MEM sBIT
P
gl y_. wRITE cry
n2 TEST

Ep“ PROGKAM

= STORE

o ENABLE
Voo INTERRUPT —=!
M proG ADDAESS
5’23 LATEH n':é; z
EN. !
. asLE EVENT COUNTER 1/0 LINES
UUS@ POAT

3'2‘ == EXPANOER
[Jr20 STRAOBE

Reprinted by permission of Intel Corporation, Cooyright 1980.
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intel

8243

MCS-48® INPUT/OUTPUT EXPANDER

B Low Cost : - ® 24-Pin DIP

N Simple Interface to MCS-482 W Singie 5V Supply

Microcomputers B High Output Drive
B Four 4-Bit I/0 Ports B Direct Extension of Resident 8048 1/0
B AND and OR Directly to Ports Ports

The Intel® 8243 is an input/output expander designed specifically to 'provide a low cost means of 1/0
expansion for the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243
combines low cost, single supply voitage and high drive current capability.

The 8243 consists of four 4-bit bidirectionai static 1/0 ports and one 4-bit port which serve_ as an interface to
the MCS-48 microcomputers. The 4-bit interface requires that only 4 1/0 lines of the 8048 be used for t/O
expansion, and also allows multiple 8243’s to be added to the same bus.

The 1/0 ports of the 8243 serve as a direct extension of the resident 1/0 fa~ilities of the MCS-48 microcomputers
and are accessed by their own MOV, ANL, and ORL instructions.

oecooen — i LATCH T D roRTa

. INPUT

BUFFER
INSTRUC. 5o ]+ ~ 2] Ve
oo LATCH 4 PORTS Pe0 C 2 » : pst
—-I M]3 z[0rs2
r2(]a 21{]rs3
'°"=<:I> wux NPT )]s 20 re0
— BUFFER ] E 6 19 :] P81
oG] 7 ua 19 ] pe2
ra(] s 170rea
L} L D LATCH 4 D POATS 2] 0 when
et rn1[] 0 152
oG~ controL :> asso/on I pol] 1 1w [dm
—{BUFFER eno(] 12 uee

.
aeser ] LT ‘ : FoRT? Figure 2. 8243
cRcuIT Pin Configuration
INPUT
BUFFER

Figure 1. 8243
Block Diagram

A.3














































































































































APPENDIX C

GUIDANCE PROGRAM FOR HP9825T




Statement

0
1
2
3,4
5
6-13

APPENDIX C

GUIDANCE PROGRAM FOR HP9825T

B: dsp

Highwaoll Miner
hu1dnnc:

1t dim CL12]»
EL2] FI[r] A%
J20%028]

2% 4@+Hi1a=0

20 dim ODL2].501

1sL[2] 2802 H+
DI sU[2aN+0] s
AL3 2] }
4: diwm TI2IsHILZ2
1 SF[26] W [13]

S8 fmt 1aCdsFZ2, 8
ifmt Z202sF2.0

§: BH0C11%1+002]
P 1+AS1+EF @+
O+003]520+L+0 5
1i2+L 71

T
I =

[

)

A:l:

=

—

1+Tye+ly 2L [2
1+L L3131 +L[1]=C
[1]1+CL21=+CL2]=+L0
[41=+C[3]1+C 0182
1+C[els@=+d0i
114001 2]5 U~
d2+C[115.6T+C011
]

t 3BASLIE]S 1Az

SUAREI IR FEAD
E;

B 4@+H

1: B+5+E[113

1+E[2]

21 1+H

31 B+ALZA114AL3

' 13

Comment

Identifies the program and its location.

See 3 and 4 below.

See 5-12 below.

Gives dimensions of array used in the program.

Format statements.

Establishes initial values.
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Statement

18

19
20
21-24

25
26

27-29

1 wrt 18.2:R%F
1 Fed 1@.0%

2 Of[3.223]1+5%
CPiT BrS

22t for I=1 to

w1 I N S T RN I e o B I ]

23t mum IDFLIT 1A
"SrS

24: next I

2 I"Hllldl + 2

e IR B o
+ - »
l'___]
it
—

2#: if r2=r3s
dmp 3
28t dsp "Bad
Checkzum™iwalt
1aad
_ 29t ato 2

Comment

:A23 This message to the REP instructs the REP to read all
the sensors and send back a message in the for :FS$CC where
S$ is a string of 26 ASCII characters.

Instructs the 9825T to read the REP message.

String S$ is extracted from D$.

This forms a decimal sum interpreting the D$[I] as ASCII
characters but does not include the checksum elements D$[29]
and D$[30] in the sum.

Finds the last two digits of the sum and stores them as rl.

Expresses the checksum CC as a two digit number and stores it
in r3.

If the transmitted checksum agrees with the received checksum
the data is assumed to be valid. If it does not agree, the
message "Bad Checksum" is displayed and the SEC (9825T)

asks for another data aquisition operation.
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Statement

39
40

41

42

43

44

45,46

47

48

F9: if Krliato 441 plt Es®[1:K]
114 4531 ash 47
dH: E[l1l+L#=sinla 45 ato 25
triB#S (7111401 471 dz=m "Estqbll
1 k] =k hezt tradect
41t Cl4]1+35[3]1=+C1L oFy foF wertilos
3] 1"iwait 288
42t ZCIS]=L*il+ 421 AL2:11+ALZ
MT2)t1.5/LI71tE 2155021 +A L2 1]
+ M+ AL311+A0Z 2]
43: E[21+L#*s=sinla STR]+A02:1]
tr Ml +n 2 k] =l
[2ak] )
Comment

If K is greater than 1 goto 114.

X[1,K] is the vertical coordinate at the depth LK. This
equation cooresponds to Eq. 6-2 with V; = X[1,11, V5 = E[1]
and 81 = atn(BS[7]) where S is the ini%ia] vertical slope
and 'atn' means 'arctan'.

"C[4] is the calibration constant which converts the LR-LVDT

sensor voltage to a curvature value C[5].

Correiponds to Eq. 6-18 for calculating the yaw (horizontal
slope). -

Corresponds to Eq. 6-19 with E[2] = X[2,0]. U[2,K] will be
stored in the previous hole memory at the end of the run.

In the final program this plot instruction will be replaced
with an appropriate instruction to the CRT display.

Go to subroutine beginning at Statement 47 and then to to
Statement 55 upon return.

A comment statement stating that Statements 47-52 calculate
the best vertical trajectory.

A[2,1] and A[2,2] designate memory spaces for previous
values of the roof thickness S[2].

A[3,1] and A[3,2] designate memory spaces for previous
values of the floor thickness S[3].
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S5: if HIZsKIGEL 61: i srzi¢srzy | 851 1f L2122l
213 L"aF# 4] 00115 "B +F$[3] +L[11!'?*-':- S
Shr if HIZPK1<EL Pif 5041¢-D0LZ] 56 1f sf4l-00z1
213 "R"+F$ 4] CUaFELE] PTFTsFELliate
S7r if SC11¥LC13 B2 if SL2]14503] I |
Pato B@ +0011iato 78 678 if Sl4le=
55: if CLED<B; 63 if S[21:5[3] DLays 'DUsFslaif
“Lt+F§l4Tiata +O01159to £43 A S
X if 304100213 AR SRUL R
531 "RU+FE[4] "H"+F$ (3113t R .
€61 if 50214503 7 -1 rai far 121 ta 4
~OC[1lisatn 61} G4t if SLE1r5L[3] 7if onuslFPELITEE
if 5041500214 +001]F "R +F$ 2] _lrl :
"E" *F*[3]13ato ARy E-[“']_D[.._.j L:-‘. T:IE':Z'::T !_ _
25 "GUAFE03] FE Bmodlagn
) Fdrowrt 18, 1xF%
' K
Statement Comment
55-68 Develops guidance instructions in a two letter ASCII
format designated by Table 2 and Tanle 3 and assigns
them to alphanumeric string FS.
55-56 If the horizontal coordinate X[2,K] deviates from the
fixed initial value E[2] the appropriate instruction
is put into F$[4].
57-59 If the stump thickness S[1] is greater than the limit
L[1] the command of Statements 54 and 55 is accepted,
otherwise the command may be changed to increase the stump
thickness. C[6] is used as a memory location indicating
whether the previous hole is to the left (+) or to the
right(-).
60-68 These statements choose the proper command for the
solenoid valves which affect vertical course correction and
roll.
69 Sets Q=0.
67-72 Adds the ASCII decimal values of all the characters in F$.
73 Redefines Q to be the last two digits of the sum.
74 Sends a message to the REP to activate the solenoids 1in

accordance with the instruction F$[3,4] and sends a
checksum Q to be used by the REP to verify the accuracy
of the message.
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Statement

91-93

94
95-96

97-100
101-105

106-113

91 K+l=+Kiresd
Fadarld

a2 rlsE-imtird
FElsrd

a3 if rdsLidme

94: wrt 18,2sA%F

A5 red 18.0%-

Qe DF[3+281+5F

Q7L Bra

ag: foy {=1 tc

Q9 numiDFE[II+
Fro+ra

188: pext I

141 r»nndIUU-rt
182 18numibDFlE
Ji+rnumiDELIET 1+
F3

183 1if r2=r3s
dmp o

d=p "Bad

reckaum"iwait

—
]
- I

— —
—
2!

—
Ll S | R S Sl S 0w T o PR 8 B I o B R R RO N S
fain}

Ry o SR SR, O
i

AR RN
11
—t
o

—
— =]
o e
-+
—
.Z

SE3num

) 4 I
11-484% (1

we T bt b we

b [SF LI
-55=+% [11
Fext 1

faor I=2 to

—
0 o0 00
- ouw e

if ImodZ=1s
113
1F

—-

—

|[T-1]+ |
S[I-2] ‘
'ﬁt I '

e ey um
. )

|T| (W]

—

I

Comment

Read the depth indicator until the depth rl increases

by the cutterhead length L.

depth r4 equals L.

i.e., until the increase in

SEC instructs REP to read and transmit sensor data.

SEC reads sensor data which is included in D$ as an

ASCIT string S$[1,26] = D$[3,28].
D$[29,30] is the checksum.

D$[1,2]+":F" and

Sums the ASCII decimal values in the message.

Uses the last two digits, r2, in the sum as a checksum to
compare with the transmitted checksum r3 to verify the accuracy

of the transmitted message.

If r2#r3 the message "Bad Checksum"

is displayed and a new reading of sensor data is attempted.

If r2=r3 this routine interprets the ASCII string S$ as
decimal sensor outputs S[1], S[2], ..., S[13].
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Statement

124

124-138

139-143

144

126: if L [r] o
"LY#FF[4]33t o

128
127: "RE"+F$[4]
128 U[15H+D]+G
129: HL1E]1+D=l=
slr:lﬂTrulE+- 71
1+ 01« K+0]

1368: if all.k+
DlxGsato 131
if S[41-002]13
"E'sFF[3]1r 9t o
144

121 if ®Llak+
DGy "B "2F&[21:
if S[4]1«-0L[2]%
“CraFE[32]

132: if HILlsE+
DlxGy=ato 144

if S[41:0021%
. "FUFELZIF At
144

1338 if HIlaK+ |
Dl<Giato 1345
if (41300213
"HsF$L31§at0
144

1341 if WIL1:K+
DI <Gi"R"+F$031;
if S[41¢-00213
G AFE 3]

1358 if HIL1eK+
D] <Gisto 144

1361 "I"+F35 31}

127 if 2047 -
Drali D +F$[33:

138 "I"+F%[2]

129: @=0

148 faor I=1 tco
4

141 num(FFLIT1+
N SN

142F next

14320 Bmod] @8+

144: wrt 1E 1
FEan |

l_d Doyl ]
3]

Comment

If this is not the first hole being augered (i.e., H>1)
to this depth there will be an anticipation target and
guidance instructions will be generated in accordance

with Statements 124-138.

Guidance instructions generated in the form of a two
letter ASCII code identified in Table 2 and Table 3.

Generates a checksum td be used by the REP to verify
the accuracy of the data received.

Sends the guidance instructions to the REP.
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APPENDIX D

PROGRAM FOR SIMULATED RUNS-VERTICAL PLOT

The program included in this appendix is designed to facilitate studies
of the expected trajectory of the auger machine for diffent coal seam profiles.
Calculations follow those of the Guidance Program discussed in Appendix C.
Statements 27 through 41 are identical to Statements 40 through 54 in the
Guidance Program. Similarly Statements 72 through 81 parallel Statements
114 through 123 in the Guidance Program.

As a result of Statement 3 the user specifies the maximum depth to be
augered in terms of N, the number of measurement intervals. The auger moves
a distance L between measurements so the total depth is NL. The user also
specifies anticipation target distance D.

The program calls for a description of the coal seam in terms of its
vertical centerline and its thickness. Statement 103 specifies the center-
line geometry in terms of a starting position E[1], a vertical displacement
amplitude C[7] and a wavelength L[4]. Statement 104 expresses the thickness
variation in terms of an amplitude C[9] and a wavelength L[5].

After these values have been entered as requested by the enter-print
(enp) statements in the program, the program procedes to plot the roof and
floor interfaces as instructed by Statements 119 and 126. The program
stops at Statement 129 to allow change of pen if desired. When the "continue"
keyboard instruction is given the centerline of the coal seam is plotted. The
program stops again at Statement 134 to allow a change in pen clolor for
plotting the course of the auger through the coal seam.

Sensor inputs are generated in Statements 93 through 102 and Statements
109, 110, 115 and 116. Course correction instructions are given in
Statements 42 through 91.

Previous hole data is stored in accordance with the instructions of
Statement 54.
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21 dim CLLIZY

I oene Ho O
=] BaMHe—Z26;
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APPENDIX E

PROGRAM FOR SIMULATED RUNS-HORIZONTAL PLOT

The program listed in this appendix is almost identical to that given in
Appendix D. The chief difference 1ies in the plot instructions which in this
case deal with the horizontal plane coordinate X[2,K]. There are other
changes in the program. Statement 11 has been added to identify the direction
of movement from one hole to the next. The initial horizontal slope M is
input in Statement 14. This input is useful in illustrating the manner in
which the guidance program selects the starting position to avoid inter-
cepting the previous hole. This feature is illustrated in Figure E.1 in
which the horizontal entry slope M as set to 0.2 for the first hole and to
zero for the second hole. The guidance program started the second hole
15,9 feet to the left of the starting point of the first hole to avoid
interception. It is assumed that in normal operation the horizontal entry slope
will always be zero. However, deviations from a straight horizontal path will
develop because of accumulated navigational error. In order that the
succeeding hole may be planned as a straight course, the guidance program
calculates the appropriate entry point to avoid intercepting the previous
ho1é. If the stump thickness sensor detects impending interception (stump
thickness below 1imit) this message will have priority and cause the
auger to change its course to avoid the undesired condition. When the
sensor indicates adequate stump thickness the program directs the course
back to a straight trajectory with M=0.

Provision is made for entering a "Warn Position" in Statement 15.
This statement together with Statement 107 simulates a 'stump thickness
below 1imit' signal at the depth posiition K = C[10]. Since it occurs
at only one position it has practically no effect on the trajectory. In
a real mining situation the 'stump thickness below limit' signal would
be seen over a range of K values and would appreciably affect the
trajectory. Figure D.1 uses the same input parameters for describing the
coal seam contour as were used for the vertical plots in Figures D.1
through D.3.

E.1



el

.
an wu nn 070 uu onw -t
AR U R [

LA R RS LR It | (L)

SR AN |

4 L
™

—
"]

(a3}
(2
D]

t.d L

[

L g

+ -
Ol e Tt
AR ]

~

[N A

e [ .
DA Iy
i1

- =
b 4.

= Qo
e
[ o e

—
——
[N

I 4 0

e} aw
T4

WX
e

ue

™
At T
Lad L

o~
Dot

w. TF A

e

—

e]

L]
et

E.2




] La]
[ [ [}

-4

N LN | et R st A}
+ w7 ST (] 4 e 10 + s

et Y

e L% B | [ TN
(A ] e = e iy

L (e el g [ | Ty

i
]
i
1:
1

1A

-

Oy D g bl s X R T e Dow A

3 4 T A ir | | e

TR S S e ner.

— - e 1 -

by s - N R | L)
- it

ey wm A e
o e ED 00 10 e 01 050 o [ R I e B o T
[ [ f— 002 2 [En] [Eu} i

Tt mm un wa wn um. mw {74 AR mn an “a aw g bed

HL13-k=+0
f
i

o el Ly K8
fr] (L] [n )

=il

L SOCR W |

E.3

el

[}

L B I
[ - S, L Ld o, (ot

i L) I g ot 0 o e

ne -

we, T LT [ | T g~ 1 e [ T ohe el
S g bl T g e b= e Cul e e T PR N o t
el 1 10 e I N A ] R I L | (e ] o BT [ I -

L Y« TR I | Wi u
) e W] e D e ) ww T ] me omn 0ED wr an onm ey owe gl oee bdoao b owe ew peq omn
[ TR 1 N R e I 1 L v T W o S B ot DU U oS S L Vi b TV 1 0 N SOWRY o IR o 0

-+ -t =+ i [f i us [T [T TR u

]
[¥x]

- mn an
o ol VIR Do
DR E Y ] ] w0 ] [ [

wa ¥_71




i na
bt i Ll a2 (aan] . ", - i

- - RO £
D] U e Tl ) i) e w .

. ol Lil s . o +

"
— .. . v LR A i
- o N gt — .
. ~ el T e e

]
-+ pxa = +
g — g LA e e B
Fo— B e LS LA Bt B et T R

[ AR

et R T
s bt Sl

i [T JCHE S I N T R 0 0

€] va on an
AERL S o LR W 0
AR LY RN I A% s

DT O Ty Yy T

— —i

i i i

LE e,

pory ‘....
[ PR
it hee T

Y

wo- e - . [ s
e ey nue e LES w0 1 U ]
3 [O] — L — — L -t T

0007 + [nS

ot

u L.t o [ ] (M X L-d o [ 1 b poew g [ e -
[ [y bt 4z La 4 ] 4 [2x] — ey TR DU R B
B SO ¥ T SR R T CY e B Sl p bed e T et el T e
-t — -t — -+ 0 — [Ra] — - gy e o DLENR S K _
o S0 T T Ld fi(n] o] 0 -t R VI ] o
0 e et e 0 T At T . | Lt .} beed b g 1 -

2 pe el

o
5

bl ot | vt bt e B i o I

- { - i -

it (] b} D} 45 mE g wm gl Em

M |

-1

P e, Y et el e b
. _L

[

0 we —

na UTH e 2

S ey L g ST
-

L1 e ] M hanl
we L an 10

DA R S N
S B W non B O o B I iz DI o LU I

faal
ul
1

an £1 p—t vt wa (%]
—t

C
F:
i

[ LT S TR 1 I oS I S ) ) il
CRCRRLLCICT w I (R R (O S 3 L A [hot TR 1o TR % |
P [ i i (05 ~— 4 4

i ~ —

E.4



§°3

LEFT

RIGHT

r30 ft

20 ft

Second
Hole

r10 ft

r10 ft

- 20 ft

30 ft

*~
o

100 £t O

Figure E.1.

oTe 200 ft 300 ft

Simulation Run--1st and 2nd Hole--Horizontal

400 ft

1]
H 7
g‘l o

LI A

bt
SR B 0% BN
LN
=
Tt
¥y
b |

w T =
i

WoOise Hoap 073
1 -

HARH Positiaon
15
Thlk Yar Foe 1.
Fook
Hovelenath-y
= &
Bavelenath-Thiok

el =

oo

Root

MOVE LEF
L

MOMVE - F

T e
4

Lo

e
il

R

e B ML






APPENDIX F

'LIST OF SYMBOLS USED IN THE

‘GUIDANCE SOFTWARE




APPENDIX F

 LIST OF SYMBOLS USED IN THE
GUIDANCE SOFTWARE

A Yaw calib. factor
A$ :A23 SEC message to REP to read data
A[3,3] Values used to eliminate bad readings of S[2] and S[3]
A[2,2] Previous values of S[2]
A[3,2] Previous values of S[3]
B Tilt calib. factor
C Not used
criz]
W i -
cL2] Calib. Const. roof thickness
cL3] Calib. Const. floor thickness
cl4] Calib. Const. curvature LVDT
c[5] Curvature C[5] = 1/R
c[6] Prev. hole left (+) or right (-)
------------- Simulation Constants--------——----
cl7] Vert. Disp. Amplitude
crsl Ft/K
cL9] Thickness Variation Amplitude
c[10] Stump warning position
c[11] Stump thickness
cLi2] Not used
D Distance to the anticipation target
2]
D[1] Deadband allowance vertical
DL2] Deadband allowance roll
D[3]
E
EL2]

E[1] « X[1,0] Starting value X(vert)
E[2] < X[2,0] Starting value Y(horiz)

F.1



F$
F[5]

rr R & —~ I O

O v O =2 =X

rl
r3

rd
r5

R[5]

S$
s[9]

Used for floor distance (average)
:FD1D2CC SEC message to REP to activate solenoids

Five previous floor positions

Target X coordinate

Hole identification numer

Loop counter

Loop counter

Loop counter

Length of head section, length per K increment, C[8] > L

Stump thickness which produces override action
Limit used to keep roof location within a reasonable range
Limit used to keep floor location within a reasonable range

Simulation Parameters-------------
Wavelength of Vertical Modulation
Wavelength of Thickness Variation

" Radius of Curvature Limit
Effective Cutting Head to Thrust Pad Distance, r
0.1 (R - /R2-r?)

Vertical Slope (see also V)

Kmax, Depth of Hole

Not used

Averaging divisor

Checksum

Depth reading

Checksum calculated at receiver

Checksum received from sender

Distance advanced since last depth reading

Summing storage

Roof distance - local average

Previous roof distances

Initial Vertical Slope

Coded sensor data

13 sensor signals

F.2



s[1] Stump thickness

S{2] Roof thickness
S[3] Floor thickness
S[4] Ro11 inclinometer reading
S[5] Left LVDT - Up Down
s[e] Right LYDT - Up Down
S[7] Tilt inclinometer
s[8] Yaw measurement - Gyro output
S[9] LVDT - Left-Right - Relates to curvature and calculation
of position in the horizontal plane
s{10] Torque - Left
S[11] Thrust - Left
S[12] Torque - Right
S[13] Thrust - Right
T Desired Stump thickness
T[2]
T[1] Simulated value of X[1,K]
T{2] Simulated seam thickness
U Extreme value of U[2,K]
v Not used
W Auger width
X
X[2,600]
X{1,K] Vertical trajectory
X[2,K] Horizontal trajectory
Y
Y[26] Decimal value of hexidecimal symbol
Z Counter -Z=1 generates plot of simulated coal seam

F.3
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APPENDIX G

FLOW CHART FOR GUIDANCE PROGRAM

(APPENDIX C)
(  START )

‘
ARRAY VERIFY
DIMENSIONS MES SAGE
1-4 21-29
1
INITIAL DEMULTI PLEX
VALVE 20-38
5-12 g
1
GENERATE
X (1,11, X211
39-44
H+1-2H: 1=K 45
gsb 47
X
HOLD FOR
PROPER DEPTH
15-17
Y
READ SENSOR
DATA
18-20

G.1



ESTABLISH
BEST
TRAJECTORY

!

RATCHETR, F
48-52

|

CALCULATE
U1Kl
53

1

HORIZONTAL
COURSE
CORRECTIONS
55-56

VERTICAL
COURSE
CORRECTIONS
271-61

1

CALCULATE
CHECKSUM
68-73

4

G.2
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!

COURSE

CORRECTION
INSTRUCTION TO

REP 74

~ FROM

YES

RECORD U 1*]
76

!

77
H+1->H

]

FIND HORIZONTAL
’ HUMPS
78-88

!

89
STOP

gto 13

6.3

145

FROM
149



HOLD FOR
PROPER DEPTH
91-93

!

READ SENSOR
DATA
94-96

I

VERIFY
MESSAGE
97-105

1

DEMULTIPLEX
106-113

1

GENERATE
X [1,KI; X [2,K]
114-118

119
gsh 47

G.4




N1l -K—D

D[8}=——>D
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HORIZONTAL
COURSE

CORRECTIONS
124-121

!

VERTICAL
COURSE
CORRECTIONS

128-138

!

CALCULATE
CHECK SUM
139-143

Y

COURSE
CORRECTION
INSTRUCTION

7O REP 144
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146
FLOOR PENETRATION

147
PREVIOUS HOLE
PENETRATION

DISPLAY
MESSAGE

DISPLAY
MESSAGE

DISPLAY |

ME SSAGE

149

»{ gto 91

gto 149

K—=>N (1]
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