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-rhis report presents the results of work performed in

the development and testing of a Coal Face Measurement

System. It begins with a review of the measurement

method; and the techniques, hardware, and system

operation procedures. 	 The next portion of the report

is devoted to a description of the tests performed at

the Department of Energy facility at Bruceton, PA.

Conclusions are given in the final section.
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1.0 SYSTEM MEASUREMENT METHOD

1.1	 Introduction

A measurement system was developed for  t ht- L i ckho t t

longwal l shearer to determine the cent uur it the ► • t to 1

face as it mines coal. Contour data is obtained by an

indirect measurement technique based tnn evaluat ititt tho

motion of the shearer durir ►, t mi ni ntt. St art i nit t i orn a

known location, points alontl the coal f acv ai t , o q t ab l i shod

throuqh a knowlodtiv of tho machines' pos i t ions- and yaw

movements as it moves least the coal faces.

The equipment used in this system can be yrrtul ed i nt tt t hr ot,

Darts. Theses are:

1-) An angle transducer assvreihl y

2) ,A distar,-o transduc-c a r ds.,wmidy

3) Data stew t-aqe and rvducti.on o f l'e't rttn i t s

The angle transOucers measures they anAtl t , l,t't woon t 1`tipoot i rt'

track sections as tho shearor provoods alt)ntt the ookil taco.

The distance transducer functions in conjunvt. ion with thoi)i

to obtain relative angle's at known positions. At t or oori-

pletely cutting the coal face the accumulated data is

stored on cassette tape and the present= track profi to is

computed and displayed.
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The transducer assemblies are shown in Figure 1.1. The

data storage and reduction electronics is housed i.n an

explosion proof enclosure.	 see Fiqure 1.1.1.

The coal face measuring equipment was constructed at the

Benton Corporatior> and then transferred to the Department

of Ener(ty test facility at Bruceton, PA. Tests were per-

formed there for three different coal fake profiles by

physically shaping the track. The system results were

compared to manually measured values and after analysis

shown to be within 00.1 foot of the correct contour.

1.2  Me Asurvrnout Surface

The topocfiraphy for a longwall mine complex is illustrated

in F'itdure 1.2.	 The survey marks are points for which

coordinates have been established. All other points between

are unknown.

The t_vchtiitluc.- used to measure the coal profile consists

of invasurinzt the angle between "Eicotrack" rack sections

over which the shearer moves, and then performing trigono-

metric ca1vulations to determine its relative shape. The

rack sections are approximately two and one half feet in

length and are Assembled with conveyor "pan" sections to

form a path of travel for the machine. The combined length
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of the unit can total several hundred feet. The actual

measurement surface is the "Eicotrack" rack face. It is

located on the "yob" side of the conveyor which is the

side away from the coal face. See Figure 1.2.1.

2.0 SYSTEM CONFIGURATION

2. 1 Genera 1

A block diagram of the system is illustrated in Figure 2.1.

It is divided into intrinsically safe and unsafe equipment.

The safe equipment consists of two high accuracy resolvers,

one incremental optical encoder and initiation switches.

These pieces are housed in the transducer assemblies. The

remainin q equipment is housed within an explosion-proof

enclosure.

'	 An^ile Measurement

The an(ale transducers are mounted in a mechanical support

structure called the "angle cart". This unit contains the

mechanics that allow the transducers to accurately produce

repeatable angular positions. The angle transducers are

intrinsically safe brushless resolvers and are directly

connected to the angle measuring shoes. Figure 2.2 provides

in exposed view of the "angle cart".

The angle between rack sections is measured differentially by

the two resolvers. They are attached to a common reference
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(a) Side View - Partially Uncovered

(b) Top View - Completely Uncovered

Figure 2.2	 Angle Transducer Assembly
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surface and are displaced from one another by a distance

that is adequate to bridge two rack sections simultaneously.

This relationship is illustrated in Figure 2.2.1.

-_.. ►.	 tit -solver

FI%julC 2. 2.1	 Track Angle Measurement Technique

The measuring device is designed so that 6, the angle

between sections, is the sum of 81 and 9 2 . This design

permits the measured angle value to remain independent

of the angle measuring device location.

Wear and vibration may generate errors if the initial

relationship between the two resolvers is disturbed.

Vibration may produce a change which is static in nature
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t	 and rosultra in an orrot which occurs at a discrete interval

of time. when it does occur, all angle measurements there-

atter deviate from the correct value by the same fixed

amount. wear produces a change in the measurements which is
ni

gradual but cummulative. These two problems are handled

by making a calibration measurement, across a surface that

does not chanov, just. prior to measurinq a rack angle. This

measurement is known a. the "bias angle measurement" and is

made alon g each rack section. Uncertainties that arise

because of surface irreqularities are handled by making a

large number of Llas measurements over a short distance of

track rather I hail tine measurenu , nt at a fixed point.	 In the

computation phase, the bias readings are averaged and the

rrsult is subtracted from each anqle reading to prevent any

accumulative error.

2 . 3 Dintonce Measurement

C	 Distance mt , a:;urement is comprised of defining 1) where the

coal shearer is relative to a known starting location and

2) whvn bias and an(ile measurements should be made. The

equipment needed to perform these functions consists of

electronic detection and measurement circuitry operating in

con j unction wit h in ^ncod i nil transducer which is inter-

connected through Llearinq to the shearing machfne drive rack.

0
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Distance is measured by counting pulses that ori g inate from

a 500 line optical incremental encoder. The encoder is

located inside a support structure called they distance cart

which is mounted overtop the shearer drive rack. A five

point starwheel-type year contained in tht- distance cart

makes contact with the rack and rotates one fifth revolution

for each 126 millimeters of forward movement. They starwhoel

rotation is transferred to the encoder through a system of

gears that permit distance measurement to be resolved to

every 1260 micrometers of travel. Figure 2.3	 illustrates

the side and bottom views of the distanco transducer assrmbly.

Before distance can be measured, a known reference point

must exist.	 This paint , known .i:; i li p• . , i ►► 11 ►► int , is

de f i ned by the simultaneous  . p ct i va t i un c ► I I i m i t :car i t chart

and the encoder zero pulse. To guarantee that only one

reference point occurs along a coal face the limit

switches are geared to the starwheel so that one actuates

for every 7.14285 rotations and the other for every

357.14285 rotations. This coarse/fine configuration

guarantees that only one reference indication occurs for

each 885 feet of shearer motion. Once the zero reference

point has been defined, absolute distance is measured by

an electronic up/down counter which accumulates pulses

from the encoder as the shearer moves alonq the face.



Wo

a) Side View Showinq Limit Swi tc r 	 and Gearing
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The position at which bias and angle measurements are made

I	 is determined by a second set of electronics that operates

in con juwiction with the encoder and the absolute up/down

counter. The initial point at which tho first bias

measurement occurs is defined by a cimipar.rtor netwoi k out-

put that goes high when the absolute position value is

greater than a thumbwhool not value. As tho comparator

goes high, another counter network turns on and it is this

counter's output which is compared with a distance measure-

ment value, an angle start value and a distance measurement

recycle value. The operation of the second counter is

cyclic since the shearer rack geometry is cyclic.

2.4 Roll Measurement

The roll transducer is mounted within the explosion-proof

enclosure. The transducer produces an electrical signal

proportional to angular displacement relative to a vertical

reference. The unit consists of a pendulum submerged in

damping fuild. The pendulum's position is sensed to

provide an analog voltage output of one half volts per

degree of inclination. The analog output signal is con-

verted into digital format by a twelve bit D/A (digital-to-

analog) converter. The most significant bit weight is 16

degrees and the least significant bit weight is .0078 degrees.
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3.0 SYSTEM OPERATION

3.1 General

The measurement system is designed to operate as the longwall

shearer makes its numerous passes across the coal face.

During this time the hardware electronics is sending

transducer readings to the system microprocessor (Rockwell

A T M 6500) for temporary storage. Each time the machine moves

to the end of the conveyor track the accumulated data is

stored on a cassette tape. After this transfer the same

temporary data is reduced mathematically by computer firmware

(non-volatile software) into a useable format for display.

Durin 1 the calculation process the y prosont data is reduced

with data acquired when the shearer was first installed

in the mine. Normally before the first run the conveyor

track is aligned as straight as possible. Then manual

measurements are made of the conveyor track to obtain the

exact alignment. The re_sultinq "manual data" is put on a

non-volatile integrated circuit memory chip which is added

to the system to become a part of the firmware. Afterwards

the shearer traverses the total coal face to obtain angle

information defined as the "initial run data". Subsequently

this and the "manual data" becomes the basis of all the

system calculations.
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G	 The system firmware performs the following:

1) Initialize :system

2) Input and store transducer data

I 	 3) Transfer accumulated data to tape

4) Reduce accumulated data to a display format

5) Display contour of longwall conveyor

6) Provide information on multiple shearer

parameters.

A general system flow chart is given as Figure 3.1.

3.2	 Power-up and Initialization

At power-up the computer zeroes all of the data anti control

registers. It then configures each input/output port for

correct data flow. The computer also sets numerous control

registers and retrieves the conveyor "manual" data from

non-volatile memory for later use. After set-up the computer

begins to convey visual information to the machine operator.

The first display reads "At headgate position push start

hulton". When the operator acts upon this instructive

command the distance and angle counters ait • zeroed and the

acquisition of data is enabled.

The operator may alternately set the system for An "initial

run" by setting the initial run (key-type) switch to "on"

before power-up. When this is clone the initialization

routine is the same except that the cassette tape is also
C

positioned to its starting point.

f.
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START
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Figure 3.1	 System Flow Chart
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1. +	 Data Acquisition

On the physical system thc , resolvers are di3placed by fifteen

inches from one another. Each bias measurement is then made

across a five inch span of the thirty inch trackage starting

at a point that in three and one half inches from the end

for the trailin g l transducer and eighteen and one half inches

for th. • lvadintt t rans(itivi-r. 	 MoaFturt-mvnt is complete when

the trailin q transducer has moved eiqht and one half inches

from the track section end - and the leadinq transducer has

MOVed to the twenty-three and one nalf inch location. An

angle measurement is initiated when the trailing transducer

has moved to t 11" oi(thteen and onv h.il t inch lccation and the

leadinq transducer has moved onto the next track section

three and one half inches. It is completed when the trailinq

transducer has moved an additional five inches to twenty-

three and one half inches and the leading transducer to the

ei ght anu one half inch point. Fiqure 3.3	 illustrates

the technique used to mike these measurements.

The procedure that is used to obtain transducer readings

is primarily determined by the distance and angle

electronics.	 In this electrical section the following are

switch selectable:

1)

,. 2)

3)

4)

See Piq

•.y

Number of angular samples

Start location of first bias measurement

Start location of angle measurements

Mea:;urrmc • nf cycle repetition distance

ure 3.3.1.
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NUMBER

of SAMPLES

BIAS	 AN GL E
START
POINT

i	 I I I	 1 I 1—^

ANGLE

DISTANCE

F IRST	 REPETITION
MEASUREMENT	 DISTANCE

Figure 3.3.1	 Uata Acquisition Sequence

The electrica l h,irdwar y pvi loi ms two m.i lut I unot ionic.	 F'i I st

it keeps track of the linear distance traveled by the mining

machine from the start point. The sreond use is to obtain

and add up the 100 r-asurement samples for each angle. After

addition the data is temporarily held and the computer is

sent an interrupt signal.

Upon recoipt of this signal the data is immediately trans-

ferred to temporary memory for future application. The

computer Vwn takes a roll moasurrment, saves the result

and then waits for thv ne).!- interrupt .

J
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3.4	 Data Storage

After making readings on the last conveyor track section

the system transfers to tape the accumulated bias, angle,

and roll me p surements. This data is stored on a digital

cassette recorder in serial phase encoded (Ri-phase-level)

format. The recorder used to store this information is a

Ray and Model 6406 "Raycorder". This serves as the lonq

term, non-volatile, bulk data storatte device for this

project.

The information is retained on tape in the form of files.

t.ach file corresponds to oiw "iuii" )t the minin,l machine;

where a "run" is the action of cutting the complete coal

face once. A 300 foot cassette tape was selected and can

retain the runs tener.it i-d ()v , -e	 i t ► ne muint h porind.

If the mining machine has just completed an initial run,

then this original data is also transferred to non-volatile

memory for future use.

3. S	 Data Reduct,on

The data reduction consumes the most time of the many

system activities. As an example; a mining machine with a

conveyor track 600 feet long would require approximately

two minutes of system data processing. The numerous

calculations that are made by the system computer are out-

lined as a general flaw chart in Fiqure 3.5.

F
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Fiqure 3.5	 Data Reduction Flow Chart
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After thy• data has hoon converted to decimal values the

1 1 1, 00ram caloul.rt t .• , t ito hian dh-viat icon for each reading.

This is donr by comparing the present biaF measurements

with th o "initial run" bias measurements. Under normal

condition-, this difference would be very close to zero.

As soon as this calculation has been performed for each

v.ilue then thr .rvor.rttt . hias deviation is determined.

The combined computation performed is:

N
R	 =	 (	 F.	 (R i - B 	 init) )/N

i=1

where:

B	 -	 ,average bias deviation

B 
	 -	 present bias value

R. init - initial run bias value
I

N	 -	 number of angles measured

The next prooram segment calculates the angle change

across vach rick ;sect icon by summmi n(t t Ito manually measured

data to the difference value; the difference value being

the deviation of thc• present angle measurement from the

initial run angle value. The computation performed is:

A (i.)	 -	 (Ai pros -A i init)	 +	 A i man
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where:

A

t
Ai

Ai

Ai

(i)	 - corrected angle value

Ares - present angle value

init - initial run anclle value

1111111	 -	 manu.illy measured angle value

^^ i t h the rvsu l t s t i om the t wi ) prat m— d i ii(t c-yuations we can

r i lru 1 ,rtcr the actual an(1 les between each rack section.

1'he ecluat ion use.l is:

I	 I

A (1	 (A (i) - 14)

=1 i^l

whe re:
A (I) - referenced angle value

A (i) - corrected angle value

It	 -	 ave ractc , bias  va1ue

Future	 3.").1 cIv.ii I  !.ho^wr; tht . !;ummation process.

Ficrure 3.5.1	 Graphic Summation of Measurement Anqles
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At this time the firmware determines the 'Y' coorc

for each rack section referred to the position of

t	 first rack.	 The tlenera l equ,ition is:

Y (j)	 Y (j-1) + L * SIN	 ( T A (I)	 )
T@]

(	 where:
1

Y (j) - uncorrected Y value

L	 - length of rack section

A (I) - referenced angle value

Pioure 3.5.2 presents a simple example. Y (0) eyi

1' (l) equal:; zero bet" ItI.-w 11w i n i t I .1 1 .111 1 1 14 , is as

I/

i

Y5
Y4

IY3	 i	 I^	 1
Y2	 t	 1

1'g	 Y1

Fi•iure 3.5.2	 Uncorrected Y Coordinate Graph
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Once the last uncorrected Y coordinate value is .ietermined

the conveyor track can be referenced to the position of

the zero rack section. This is dent , by calculatino the

initial angle.	 In the following explanation Piyure 3.5.3

may be used as an aid.

' Z' last

i

i

X1	 >I

Piyure 3.5. 3 Graphic Initial Angle Determination

The initial .itvilt- wi ll1-1 k- dt-'Avt'd lilt)-A .11100M itt'l\' l)%' usin,1:

8.
1 

(act ual)	 -	 at ctan (Y List/X1)

where:

8. (actual) - accurate initial angle value
1

Y last	 - last uncorrected Y coordinate value

X1	 - accurate X distance
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A very close approximation to this would be:

9 i (practical) - aresin	 (Y last/(L•N))

where:
l

1
	 e i (practical) - practical initial angle value

Y last	 - last uncorrected coordinate value

L	 - length of rack section

N	 - number of rack sections

The aresine equation was used becautie it dove; not require

the system to calculate all of the X coordii7aies and thus

saves on computer processing time. Also the angles derived

from each equation were very similar. The equation used by

the computer is:

R = aresin ( Y ( )- N(N) )

where:

R	 - initial value

Y (m) - Y value for rack zero

Y (N) - Y value for last rack

L	 - length of rack section

N	 - number of rack sections

The last major calculation that the microprocesoor performs

is to determine the Y coordinates for each rack section

relative to the initial rack section.



be 262-400
	

27

The equation is:

J
Y (J)	 Y (3 - 1) ♦ L " SIN ( L (A(I)+R) )I.1

whe re:

Y(J) - corrected Y value

L	 - length of track section

A (I) - referenced an<t le value

it	 -	 i n i t ial ang le

Ise resulting coordinate relationship is represented by

T	 ;;^ — — -
^'O	 'J^ 	 YS

^^- '	 Y 3	
Y 4

Y1	 Y2

Fi.iure 3.5.4	 Corrected Y Coordinate Graph

3.6	 System Display

The coal face measurement system provides the lonqwall

machine operator with two useful display routines. The first

displays the qeneral curvature of the conveyor track while

the second pinpoints particular physical parameters of the

mining machine.

As the system operates, the curvature of the conveyor track

is automatically displayed each time the mining machine cuts
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f . 1

the complete coal face. This curvature is specified as

the physical displacement of the track from an imaginary

center-line stretching from one end of the conveyor track

.t

	

	
to the other. The length of the track is divided into

15 equal segments which allows for a track contour dis-

placement to be presented for 15 locations. The displace-

ment is in feet and the direction of the curve is either

toward the coal face (FACE) or away from the coal face (GOB).

The operator sees an alternating display showin(t tho dis-

placement to either side of the center line. The display

alternates every four seconds. See Figure 3.6.

0	 1 1	 2	 2	 i	 1.	 1	 0	 -	 -	 - -	 A FACE:

1	 2	 1 1	 0 GOB

Figure 3.6 Conveyor Displacement Display

During a mining operation the operator can also obtain the

following system parameters:

1) Previous displacement of any rack

2) Present roll of the mining machine

3) Roll of any rack previously traversed

4) Actual distance of the mining machine

from the starting point
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These functions may be c.11ed by first momentarily pushing

the "function" pushbutton on the XP enclosure. Secs Figure

3.6.1.	 This permits the computer to enter the display

routine and present instructions to the operator. By

following the displayed directions, tilt , uperaLor is lead

step by step through the display format. Figure 3.6.2

through 3.6.4 deEcribes the computer activites, the infor-

mation displayed and the actions requires of the machine

operator.

The system also signals the shearer operator for any of

the following possible conditions:

1) Power failure

2) Resolver an,pil.ir	 (,rror

3) Cassette loading error

4) Cassette tape error

5) Cassette tale	 full

A resolver error is flagged when the computer senses that

an angle reading is ten degrees or more. If this occurs

the system displays question marks to insure that the

operator does not act on erroneous data. A cassette

loading error is signalled when a cassette has not been

inserted and/or the recorder door has not been closed.

A cassette tape error occurs whenever the recorder determines

that there was an error in the transfer of data to the tape.
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Figure 3.6.1	 XP Enclosure
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G	 3. 7 Data Retrieval

Each time the coal face is completely cut the accumulated

readings are saved on the cassette tape for future

C'	 evaluation. Thus after approximately one month a new

cassette must be installed in the system. For protection

from any contaminants, the cassette recorder mechanics is

It	
contained within a separate sealed box. So instead of

switching tapes, boxes will swapped. In order to retrieve

the data from the tape an identical Raymond cassette recorder

should be used. And with the appropriate Raymond formatter

option, direct input to a computer is accomplished.

01
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4.0 TEST RESULTS

.	 4.1 General

The accuracy specificat9on for the yaw measurement equipment

required that the overall system be capable of calculating

the true curve for a 600 foot coal face to within t 12 inches

of its true position.

System accuracy was confirmed through the performance of

nine tests at the Bruceton facility. These tests included

me,isurc• ment acros4 a straight track, a track bowed approxi-

mately two feet towards the coal face and a track bowed

approximately one toot away from tht • coal face. All testing

was performed utilizing fifteen Eickhoff pan sections to

obtain a representative longwall configuration. Figure 4.1

illustrates the straight face track geometry at the Bruceton

facility.

a.2 Test Procedure

t	 The initial test to confirm system performance was under-

taken on a straight track. The test results were positive.

The straight track tests were rerun two additional times

t to confirm repeatability. Attain the results were very good.

For the series of measurements the maximum deviation between

the manually me-sured values and the system measured values

* was .03 inches. See Figure 4.2.

f

a.



i^

C

be 262-400
	

36

t

Figure 4.1	 Test Facility

W,
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The track was next bowed approximately two feet towards

the coal face. The bow was placed about midway between

the end points in an attempt to generate large positive

`	 and negative angle readings. Three tests were m,-' and

r
compared with the actual track curvature. The actual

' 111d c oniputed rvnul t:; were the same to within .29 inches.

Figure 4.2.1 illustrates the track geometry and the

computed results.

The third configuration was a bow approximately one

foot away from the coal face. The results between

computed and actual qeometries were the same to within

.11 inches.	 Fiqure 4.2.2 illustrates the track geometry

and the computed results for this configuration.
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5.0	 CONCLUSION

A microprocessor based contour measurement system adaptable

to the Eickhoff shearer was developed for underground use.

The equipment was tested successfully at the Bruceton

facility for a number of simulated coal face contours.

Results indicate that the equipment can -.-epeatedly measure

shearer conveyor angles to within ± 0.05 degrees and con-

tours to within 0.1 foot of the correct value.

Several measurement techniques were developed that bear

promise for use with other mine related equipment. The

resultant equipment includes intrinsically safe angle and

distance measuring transducers.

The anyle measurement system required that a non-contacting

low ener qy transducer be acquired. A search resulted in

the procurement of a low voltage 1 minute accurate size 11

resolver. Circuiting was developed for use with it and

the simultaneous goal of accuracy and intrinsic safeness

was achieved.

An incremental optical encoder was acquired, combined with

energy limiting circuitry and limit :witches to achieve

an intrinsically safe absolute distance measuring system

with a resolution of 0.05 inches.

41

1
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The complete measurement system is presently under review

by MSIIA for compliance with intrinsic safety standards.

When approval is received the equipment will be taken

underground and tested for operability in a mine environment.
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A.0 COMPUTER OPERATION

A.1 General

The computer developed for the coal face measurement

system consists of four inteclrat ed circuit boards.

The AIM 6500 microcomputer makes-up the "heart" of

the system. A memory board serves as the "'.,rains"

and two I/O hoards allow tho "hone t and brains" to

communicate externally. Piqure A.1-1 presents the

important features of each board.

The: computer takes on the character of	 a measuremont

system with inclusion of o1wrot ant plolrams. Thoso

proyrams are 1 istcd as Figure A.1-2 and are looAtod

on EPROM	 (Electrically 1'roelramahle Read Only Memory)

chips.	 They thus become a )'art	 o' tht•

system.

In they following literature the proorams .are hrioi ly

discussed, shown as flowcharts,  and completely listed.

A system memory male is also pr"vidod.

t
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1) AIM 6500 Microcomputer

4K	 RAM

8K	 BAB TC

8K	 MONITOR

20	 Column LED Display

2) Memory Board

32K	 Dynamic RAM

16K	 PROM

EPROM Programmer

3) Input/Output Board

10	 8 bit Ports per Board

Figure	 A.1-1 System Computer Hardware
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REGISTER sr,rot,

BAS IC
	

4K	 EPROM
plus

2K	 EPROM

INPUT/,;'rORE
	

2K	 EPROM

DATA TRANtiITH
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A.2 Program Execution Sequence

Immediately after turn -on all of the computer

input/output portm -it-it c(irif iqured for syntem

ILt

	

	
operation. After thin+ tho vontputer juml K to tho

BASIC routine which temporari1y jumps to a normal-

ization routine. When complete, the eompute3r

returns to the BASIC routine which si(inals the

operator when ready.

While the coal is beinq cut the system is continually

moving between the BASIC; and Data 11and l ing routines.

The Data Handl intl routine inputs and storos the-

generated bias, an(Ile, and roll data. At the end

of each run, after all data has been input; they

accumulated data is transferred to tape.

A. ter reli 1 icat ion the data is reftood ,i i job ra ica 1 I%,

to a useable form by the BASIC routine. 1110 coml)uter

jumps to thu Cut it otii 1) 1 , ;111 iy i mit i tit - . tn.l pi q , tit , n t

the calculated results to t he systom operatur.

Figures	 A.2-1 ,inkl A.2-2 Iii uv ido ,t vci y tivnvt .i I pt u•t ► .1tn

execution sequence.
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TURN-ON

SETUP

INPUT/OUTPUT
PORTS

BASIC
ROUTINE

INTERRUPT%

u1IA

I

AN^JI I hG
UTINE

Fiqure	 A.2-1 General System FIowch.irt
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INTERRUPT

INPUT AND
STORE DATA

No	
ALL
DATA
INPUT

Yes

TRANSFFR
DATA TO

TAPE

NQ	 INITIAL
RUN

Yr5

PROGRAM
FPROM WITH

INITIAL DATA

RETURN

Fi(jure	 A.2-2	 I)ata Hand] inq Plowcli.0 t
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A.3 Input /Output Setup Program

The very first step that the computer makes is to

i t	 send the tape recorder a stabilization command.

i

	

	 This is done to insure that the tape does not

move until required. After this all of the

system input/output ports are c-onfi.jured for their

particular application. The computer now executes

the BASIC driver routine.

Figure A.3-1 shows the flowchart while Fi gure A.3-2

presents the actual program 1 istincq.

'	 s 	,

x^

k°

h

^t

j$

.r
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TURN-ON

SEND TAPE
RECORDER

STABILIZATION
COMMAND

SETUP
INPUT/OUTPUT

PORTS

BASIC

Figure	 A.3-1 Input/Output Setup Program Flowchart

t4̂ ' :-.:
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TAFE,FOPT -	 I MF' FORT ZET FOP	 INPUT .

BeFEAC' STA DDAC
.r, ,r^, ==ftQ00 DDAM =Vz,A0Ct lEa4D0 STA GGAF
-` POPT PEG:--TEP 01)AC'11, STA DDAM

+ ==C'000+ DDE'r1=1?AC _ A42°.	 E STA DDSM
___ :^?^+ F'6:=F:^rE+z ADIDA4 STA DDML

F =[:000 D[AF =$9E0-- ==14.+46
85: F4r_• STA DDEL

1:!?NTF:OL	 FE 151ETEPS ==1,000 DDEP=l'3E02 5^[OA5 STA D D A P
:FR6:E STA DDER

(	 = =_•000 ==D0:10 .2N'4-- EA STA DDtiT
I A:^E»S5 : TA DGE'T

F'OF' T	 SET FOP'	 OUTPUT
Cl _F'AC	 :.1 ==G COAT=f: F

►_ L D A MIFF
_-	 ?:i^ IF:EC'=^'^:,^:t: ==C'i:+^t ►:t E T	 I [>G =i^— x=(,etc?

E:;, C % F20 .TA DDAC,
000 C:PRL = 1	 01 s, ESA2 :TA DDE=

WDPMMLI E TAFE UNIT
__: =k, ►̂ CP'SL =	D FORT SET FOR OU%-IN

20E C L D A #$00
Cl,Cl ►: P A!'t =	:; Rt31 C•FA^- 2, =TA	 C : P6C C+4ED LDA # S v F

2CE1 LDA #SFF 22 A	 5 .TA DC'E['
___	 : ^; ►:+ GF:Ett=?_^A ►:+: DF:+- EC .-TA	 [ GE,

DFr? LE'A	 #104 F'iiFT ET FOP CATA
: Ec' E, ►1 _,c,-- =STA	 C P8C.

850E LDA #t`T R' ^: A LGA #$C' 4
^C,0 CP.EI	 E; C,_ __::^_► 11 1. Cl	 _ =TA CPR

i

PC!PT .E" ,	DIFECTION ::F: Cl E IL 'TA CPe.D
__.	 .	 _ ^:	 _	 =f a h ►:+_ CF2 ►:+T= '.TH CFAL

LDA	 #:f C, 41 E'? C :?4E =TA C REL
61CIFEAD .TA CRAC DOCIEF45 .TA CF:AP1

-" = .' I F.E _ T I :! tj 1EAaG,C "TA C PAD - ^c_, yl r,i _ TA C F:Bh1

C^^ 4;:=	 : `«Zi A4.'S:A .TA	 ^:F:AL t,5_	 ^O ST A C'FA.
EC F 2 .TA C. P8

r+ ►:+ ^DE'C=V:l5C-t- A[,1[:'h4 =TA	 CL F'S 4H-+E1 '.TA CPAT
85=E'4C .TA CPAM DF '0-`1 =TA CF:ET

__. ►:+ ►:+? C[ ^,C =_,t.,it ►̂ A= ;TA	 GFEP1
:.E;R	 A .T!1	 C P PS JL01P	 TCl 8A_ IC

__.	 _ _tit [7^C;[ = j.•r".j^ 204::EA :.TA	 ':PE:
-'0FADF .TA CPAT E,8 R D I iMP 1_ .,	 Cl^t:4_11.

- ,.	 .
`Cl A"E^' =TR	 C:PET

-_ll0 ►_t ►., [,[:R E F	 02

OWGIINAL ^',A ;"r^ Li
OF

P(XJk QUAL';^'

Figure A.3-2 Input/Output Setup Program Listing
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A.4 BASIC Program

The main program utilised by the measurement

system is the BASIC routine. All operations,

if not performed as a parts originate from it.

The program completes two major processes. One

section calculates the general coal face contour

from the accumulated data while another section

displays more detail on the mining machine and

its operation. The most recent addition to this

program requests the operator to enter the mining

machine's track end-point locations. This inform-

ation references the measurement system results to

a knoAn coordinate geometry and thus closes the

man-machine feedback loop.

Figure A.4-1 shows the flowchart while Figure A.4-2

through A.4-4 presents the actual program listing.
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START	 1	

All

SETUP
BASIC

VARIABLES

No

KPECIA
FUNCTION
REQUEST

Yes

INFORMATION
ON POSITION,

TRACK CONTOU

REGISTER
SETUP

SUBROUTINE

=HANDLINGSTARTING
POINT 

SUBROUTINE

ALL
DATA
INPUT

?	 Yes

ENTER TRACK
END-POINT
LOCATIONS

PERFORM
DATA

CALCULATIONS

DATA
INITIAL	 NO	 HANDLING

RUN	 ROUTINE

^Q

Yes

CONTOUR
DISPLAY

SUBROUTINE

Figure A.4-1	 BASIC Proqram Flowchart

^zN



C.
	 be 262-400	 Al2
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'c

C

C

L:: T
10 POKE4. SO: FO1 E5, 2

19 N=USP(0)
MI-PEEK 1 '952> : G

Iri': , M1+1 M1+1i E^
M1+1. S . 2 `'
_L-.FP.pr,, " PRINT "A

T H Er+GGMTE POSITION"
15 SU611r_0

FRINT" ":FP..I1JT"P

= T ART PUTTON" GO

-= E, IFFEE^::

_ C	 E4k ^tt 46.: Fil
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4. F'i^r E4l+4c	 125
5 ►_, F' IJK:c4Cl4E1 1:0 PQ

.: F,_ . f E	 C,, 206 PO

^F INT„

E P.4 : -,

	

C PEEr	  0T
HEr4= F INT "Ir4ITI y L P!IN

GnT0.40
PRI NT' PROCEED

.^ ►.^ FCIEE^.11' F'i,k:ES
054 N=! I P t. k!
';10 IFPEEV,' 1 c "T

55-HEN114

	

0 1FFEE	 7---
:-'HENI::,
:1 ► IFFE"c f•,'.1^: 4 45'=1

THEN70
11=: 30TO.';43

1:.5 ; FPEE^ . <.1C;4 4 =0
7•g EiiIFPEE ► :::184= 7 =1T
H^IN11
sic, IFFEEf _.4:6'= ►l

THEN1CF. Cl

F =1; 152 GO_ UE'11 ' . 13
I_' 0 161 c+

11S. FOR;:=IT0M1+1 PO

E

r^
.. 6

11:^ R=R- I NE':T RETU
RN

1420 Y=O ; =^.,
1: ►? PRINT"" : PRINT"

D T PLr Y Ri :ITIriE° . G13
II E 11 C,

140 PRINT" " PRINT"
PUSH FUNCTION BUTTON
It

150 FRINT" " PPINT"
3 THEN E NT ER BUTTON"
Gu:UE11?N
1G^^ IFPEEI' , -763?

54THEIJ- n Gi TO 1 a0
1"fit IFT=1G ►:t^^THEN.:

f1
T=T+1: ^OT01: ►̂

1.,l a FOPY=1%i^ FF INT

ZOO IF'r =1TMENPzINT"
DIS F _MCEMENT OF PACE'

3i: Tlli5Elf
? F Y s 2TH ENPR INT"

PP'E=ENT POLL ,, GO T0215

ct
IF r = THEN G P INT"

ROLL OF RACK _'ECTION

IFY=4THENPP'I1JT"
P P E;-ENT LI =THNC E" : GCS
T 	 ` C-i

24:t P• FIPJT" EX, IT FF^:M
PO TINE"

5 C 150SUE: 11 O IFPEE
K:	 7 6` :' _ "'`1THENNE:,:.
Y V, T 0117,10

2,60 IFFEEI:
`ITH EN.6"9
2'0 IFT=`00THEN1`0
cr'^! T =T ^1 . GOT0260
'':act IF';=:THEN?90

C,	 I FY=4THEN1 ►:160
=V1 :FY= 5THEN1:2 ►_+
_122 IFZ= ITHE14_20
1` F'FIriT" " P;'INT"

THI': I FIRS"I" RUN"

Ott
2.0 T =9 . N= ►1

►_^ PRINT" ".F'F:It^T"
F 2_ H S TE P FOR RACK. #
of

40 I FF EEi 
5_ THEN'16 5

-:50 IFT=500THENI .2 :+
=.60 T=T +1 : GOTO_40
= 65 GU I I8__' 0 . G  S 164

55 :3G' T 650

;'b PRINT" "• PP. INT"
:I SE LEFT/RIGHT SW."
GO USi190
;::80 PRINT"	 PRINT
TO SELECT DIGIT".G05-
USI190

ao ►; PRINT"	 PRINT"
PU'_ H ENTER WHEN OK"
GOSLIF1190.

400 Y1=O . Y2 = 'r 1 : Y3=Y
2 FF'INT" "
04 IFN z CllHENPPINTY

1 - Y'2; Y3: GOT041E+
406 I FP z 0THENPR: I NTY

S Yr v	 LEFT ENV:
GGTii410
40! PR'INTY1; Y2; Y 
P: BHT END"
4111 F'=1
420 IFF='THE NP0KE.51

6S L, 2 G0Tli4F0
4	 FF= THENF0KE "s9

rK,
44 01 P0KE96':	 _
45Cl I OSUB119C P'ETUP

N
455 lFFEEK(:; 7i:D a " 

HEN R =P+1 . GOTH 150k+
460 I FP EEK (( _ --5::

"A'7 THEN5 ND
4	 R=P--1
4:::Ci i F Pz0THENP
440 150T0420

-I Cl IFF'=4THEN41 ►:l
510 0T042'0
` 2,0 ' F P E E K (.' , 6:: :>

2 
5_THENR ET LIP N
5; g F0P.Y=0TQ:z. PF:I14T

` » ►l I FF' THENYi = Y : G
C TC5'k,
55 0 IFP=_THENY =Y G

C, T Cl 5
1.1 E0 Y1=Y

" 70 I FN = OTHENF'F' I NTY
Y':'; Y= : GOTO600

0 IFF OTHENPP I NTY
11 'r); Y"' LEFT ENG"

5 cl PR I 1.irYi; Yt; Y_ "
P 11HT ENG"

r1 ►j IFPEEK( _:,r.":'=t
5=THENNE.Xl T : G0TI	 :,

620 RF.T'JRN
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C	 be 262-400
J113

C

C

f

C

:+50 IFF'EF k , :"o:: , =2
SITHEN660

ii+l IFT=1000007HENF
QY E: 9^: r 2 C, GOT0:`0

i7;! T:T+1 : GOSUB45S
150TCU650

7oC+ h0 ► E:?a^1 k1 IFY
1=0"BEN I FYI'w0'l HEN I FY
3=OTHEN20

690 :ri=Y1+100+'T'2 » 10+
Y3 iF`--;4:=M1.1TmEN710

,00 PRINT
II " PRI NT"

E14TFY TOC' LARGE" GOS
U81130 GOT0:,L`0
'10 T1=0 PRINT" 

to

720 PRINT"! i SE UF,'DO
wN '_WITCH" t;0 l'B11490
PRINT" "

0 PRINT"TO CHANGE
RACk NO " : G0 !iB11a0
7401 GO' UE14,,E0
7^4^ V1=3 Iii==THENB

s !T
^ ' ►a IFE<,: ;OTHENYI=

30 M=TtolT( E ,;)+: 28
+K: 'x,'100

I FY1 ,: , Ì TmENPP I NT1.	 FRINT to PAC K" ^"FII
M"FEET" Gi-jT0870

300 PRINT II " PRINTII
RACK"'X II G ",M t o ^ E` T " : E ( X

= - E(X . GOTO_S70

PEEK(M : Y3 -F'EE1," , t1 +1 i
.:0 IFY3:%,x 8THENY =2

5 	 11'	 C 11^	 IIh - TL Y.=1J-T_T1cc
840 Y4 = T NT t . Y 256+

Y'.2	 Eli Ls 125 + f l' 	 10
}50 1FY1=`THENPRINT

II I'1 PRINT"RACK	 I, 11y

DEG" : G0TO'=70

:

,i6c' PRINT" I ' PRINT"
R r 1 C `: 1, ,x, (1 F" Y 2 II [, E G"

R }' ^^ f0 x; 05 1611 ` C,
^0 IFPEE1.. 	7 6 -;^3 )=

471THEN920
?'-zO I FPEEk: k _ 76= ) r:

::THEN440
IF:,;=ATHEN

+1 G•?T0:?4E,
10 GOTC't%

THEN'6k^

930 X=X -1
940 IFPEEK(376.`^:,=1

51THEN1s20
950 IFFEEK,,376-,,3

S4THEN120
960 T FT ," S500THENT =T

+1 : GGTO870
9'0 IF-i=4THEN1"0
4$u T1=T1+1.3OT0'20
990 GOSUB1160
Q9FORN=1TO2:Y1=:4
9:+4 Y2=PEEk(401:^s)A

FJ D«4

998 Y; =PEEK(40194 A
ND15
1000 1 F x8THENY,:=

NE:-,:T
1014 IFS(1)<;;St:2•TH

EN.;,y2
1016	 0

7312,5+K"I 10
I FY1 = 5THENPF I N

T 1 ' ":PRINT"ROLL G"Y'
"DEGREE'S" GOT01100
1040 PRIN T " `PRINT

"ROLL F"Y2"C)EGREE`: "
GOT01100
1060 GO=U81160
1061 FOPN=1TCl2 : Y'=F'

EEK(40704)
1062 Y:=PEEK(40706)
16e4 S (N)=Y'* 256+Y2
NE:;T
1066 IFSi1)	 TH

EN1061
1370 Y2=INT^:S(1)*1.

322C^'S +r:: )1'10
1040 PFINT"	 PRINT

"Li`-CATI0N"Yc "FEET"
1100 GO S UB1140 : I FPE

EF. :'6?^ Z51THEN1422
Cl

111x:, I F P E E V .:763:'x=
f— HENIZNJ
11=0 IFT=2000THEN12

0
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N?_j2
11`0 G!iTC X1061
11:+0 PRINT'' " : PRINT

"P LPF H E;:IT TO EXIT"
^jrr-UE, 111'4 0 PENT" 1

1170 PRINT"$ FUNCTI
ON TO RETURN":GO=UB1
19 3 T=0 RETURN
11c0 FORD=iTO1N00 N•

EX'TD RETUF'N
1;:40 FORD=iT03000 N

EXTE RETURN
12`0 IFZ=1THENib10
120 GOT070
1240 PRINT" " PRINT
"PROCESSING"
12 ?0 N1=M1-1:N2=2'«N

1 k= f; 6 : K1=. 0000yS8
S5,
1:00 SP=122$8:EI=1&-
000 AP=13?1^AI=1 $2
4 PMz142'76

1:'20 N=1 : FOPU=0TC!N2
STEF`s
1:21 0 SL=PEEK(8F+1.0

BH=PEEK.(BP+U+1)
1315 I FSH.>127THEN-c!

- „6:SH = BH-d2`5_ L c•_
1 _ -̀ 0 IL=FEEK 'BI+!i:-
IH=FEEK(BI+U+1)
1 :5 IFIH)127THENIL

=IL-256:IH=IH-255
1:40 AL=PEEKkAP+U):

AH=PEEK(AP+U+1)
1345 IFAH)127THENAL

=AL-256:AHzAH-21!5
1350 SL=PEEKiAI+U):

SH=PEEK(AI+!1+1)
1-'55 IFSH:,127THENSL
SL e-

`60 ML=PEE:K ( AM+U ?
MH=PEEK,' (AM+U+i
1.65 IFMH>1"7THENML

aML-256: MH=MH -ier

1"0 D(N)=BL-IL+ASH
-IH)*256

c:RiH-SH+MH)*25a
190 N=N+1 : NE:,;T
1400 FORN=1TON1' : o,.N

+1;=D-;N 1 +D(N+1;' NE T
141 ►=^ B=(D(M1);'ht1. *K

1 Ci1^=0•:1)*K1-E'
1426 FORN=2T MI : r. N

EXT
14'	 Y=O: FOR14=ITCIM1
Y =Y +SIN(C N) : N E; T

Figure A.4-3 BASIC Program Listing continued



c 262-400
	

A14

1440 POKE188.61:FO K
E189, i14 Ys (Y1-Y p'.'1 2

k.-Y
1450 V=Y/ (M1+1 > RsR

TNt V,'SQR(-V*V+i:
14.+0 D(1'- = ^ *SIN^:R;
1470 FORNs1TOM1:C1t.N

14SO NE:J
139C' FOPNwIT011+1
1`42'0 EtN;ul, N , IFD

N OTHEN1560
15:0 iFD(.N..-x0THEN15
Cl
1540 C':N) s INT	 [1, N,-

+K&`+1'. +48 IFC	 4$
THEM . ul
15.", D N	 G0T015

9!^
1505!3 DAN ^=iNT( p ^ N*

F'z+	 IFD N ;=4 ; T
HEN1580

1`70 C(14 r.45:GC,T015

15 ;:0 G(N`a4:'.-:C(N:,s4

15;0 POf.EI '?:+ 5+N. D(
N: F'UE1 7 151+N, C0N

lik)0 NE;,'T
1610 POf ::E4, ! POI':ESr

16.20 G0T I'D ?0
PRINT " FRi NT

ENt.4 -POINT ROUTINE"
`0__1 811$_^

10540 PRINT" "-PRINT
"PUSH FUNCTION BUTTO
N" . GOSMISO
1E50 PRINT" ":FRINT
"TO BEGIN" GOSUB1180

105 60 R z O IFFEEK(.X76
:	 12854THENliN
1670 T =0 14=1
1680 PRINT" ":PRINT
"PUSH STEP TO ENTEP"
. GOS!1BIISO
100 PRINT" " . PRINT

"EN:*.--PC:I NT LOC RT I ON"
.G0SUB1160

1 7 00 I FFEEK C 't• = > s
25_THEN17=0

1710 IFT=500THEN1610

1'20 T=T+1 GC lTC 110580
17_:0 ,5Ci_ I tF:705,
1740 Gi _:_U6 t"
1-50 IFPEEK(._ 7 E::

251THEN17'? ►?
176, 0 I FT=5020THENPOK

E." 82, Cl G0 0167 0
1 :. +	 T=T+1 GCl Ta1; 46
17,^ta POF;E=9E:_.' 0 .IF

R= THENIZ-W

+^'^ R=1 : GOTO105 7 0
1S ►̂ C^ Y2='r1 *1tiC_1+'r'^A:1

0 +Y:. Y1=>;r'1""2 . G0TC1124
0
1810 END
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Figure A . 4-4 BASIC Program Listing continued
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be 262-400	 A1S

A.5 Normalisation Program

Whenever the Register getup program is executed

the coal face measurement system is placed on a

ready status. In this routine the system power

is checked, all of the temporary control registers

.ire setup, and if necessary the tape is rewound.

Figure A.5-1 shows the flowchart while figure

A.5-2 through A.5-6 presents the actual program

listing.
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be 262-400
	 J%17

.6 4 0f AOFF L D y ofrF
L

L 1 = c_	 ;^^	 ,E -^,...	 ., CS INY
8'400'-.10 L r} A SLIM', V

k

4^ FHA

. . na00 LOL=t00F collL, CPY 0$1:
r	 c DOF"" SNE L

Y=^aO^ Lr^rA sS.j!.C^'^

i.LEl4R E,ISPLA'^'

s:^^;,4k^^^ N^''^tAr. si^^oi0
20F ;'E? JSF	 SE'?F! CPL

... G -.NL	 W 14621 F

_.^ 4Oil NH I = 14	 =; , NORMAL. : 1 N5

s= ^41 LOAC,N0

=xr;aOE, i hin=S4	 •:1i 8:ZllEc'4 LDA MLGNOR, Y
r y C6 C MP	 M' ; '

:: ►;..^c<<, COt.E F01: EX EC	 ALT
21105EF JSR'	 SE;; 05	 O U T

r.»00 F''M .HIE = S4 516 D
C£q INY

. -	 4C, Q4 t- - - .'NT = j » ! ;, C 4C 1(164 jMP LOADNO

4E4; E''Y' T	 NORMAL I

r== a^,C., PPF^,t,=SL^OE, ^IF^;

;TURN-ON DELAY

20AA66 JSR DELAYi

;CASSETTE LOKED ?

AD0095 LDA PAC
AA	 ASL A
104"5	 BPL CCC

=s644A BBB
?4FOEP 15R SE?FO CRL
F
AOON	 LDY MSOO
ss,:44F LOADCL
6?5:-64 LDA MS GCLE, Y
0 1 8 CMP M
FOF4	 BEG SEES
2005EF JSR SEF05 OUT
D
CB	 INY
4 4F64 JMP L OM" DCL

s=645D MSGCLE
441	 B'S'T 'CASSETT
E LOADING EPP;

ash. »its;+ PP, M,=1[-150

==^» ►iii FLIER= I-^`1'

?15

; A_TER NhtI VECTOF

= 64iA ALT
	A?00	 LDA #$00

vD0^A4 =TA SA4E1t

	

A?iS	 1.1" A kSoS
8DO A4 TA SA4O3

; SY-TEM Pi 1 WER STATUS

AD0t96 LDA PBD
Nt,. 

EMI AAA
4CD,;66 JMP EATEPR

=aE,4;C
TUPN PEC )RDEP ON

s=64=:C AAA

8908 LDA W

8D0996 _: TA  FED

==44 72

TAPE POWER STATUS

xw64 7 f. C CC
ADOO?5 LDA PAC
100	 BPL DD 3
4:4'$66 JMP EcATERR

;TURN RECORDER: OFF

s =647A C-DD
A9 00 LDA #SH
8DOd";'?6 STA PBD

,TURN-OFF DELAY

109`66 JSR DELAY

Figure A.5-2 Register Setup Program Listing



be 262-400
	

All

: : r. :^-PAGE CC'.: TANTS

AW LDA 0SOO	 I:
e5ri STA IF&

A946 LDA #S4i
8!5F: STA IF:

==646,
A:00 LDA 0100	 E I
S5 : 4 5T4 !F4
AK9 LDA $ I: Z

8TF` STA rF0.^

A: C+ l LDA $ I0C+	 Al
g!.c.; STA IF6
A9_ c LDA 01:t

85F' STN !F'

ss^4.+h1

85F'. S ; A IF-.
LI-A «1: C*
STA IF:;,

A900 LC -A ROLL
85F14 :TA IFA

A940 LDA 014 0
85FE ETA IFF

=-:,aHA

8 F ,:	 STA tc
A9:4	 LC , A it S:
c:C- .	 STA IFS.

TEMP PAM 1: C, NS TANTS

A::I d4	 LDA 0104 AIFP
8D13745 STA 1450'

A?@4	 LDA #10C,
8NIA45 STA 14'50R RTY
F

= =e 4B C

SHE.45 ETA 14`06 PNT
P

SDOC45 STA I4`NC CNT
F

8['^:+C4` STA .r4^0C^ DRF

$-1445 STA 14514 3FR

8D040 STA $4Sa4 PAE

8DQ748 STA 14507 CTE

==64CE
8D6A48 STA S00A TFP

A: Sl	 LDA N151 YP
8D0:46 STA SAEO:

GET PUN 0 FACE CODE

A91 s 	LDA 011`
8500	 STA SOO
A945	 LDA 0$45
8501	 STA $01

ssn 4D E
A91:	 LDA V117
95OZ	 STA 102
A?02'	 LDA 0102
850:	 STA iC+

A91c	 LDA #116
M+4	 STA $04
A945	 LDA 0145
$^^1 s	_', A $05

==74EE
i1^ 0DR J.R RFPOM

;GET NO. OF ANGLES

A?20 LDA 01120
8500 STA 100
A946 LDA 0146
8501 =TA 101

A?1C LDA 011C
8502 STA 102
A902 LDA 0102
==i4FF
85K STA 10

A9Q`1 LDA 0121
85504 STA $04
R94. LDA #$4t
2505 =TM $05

2 ►.+^+t+C A .JSR RPROM

;MANUAL DATA START

1A900	 LDA 0100
8100	 STA 104
==6510
8D0845 STA LOCA
A9:8	 LDA 0S .T'S

85e!	 STA 101
SDO?45 STA LO+: A+1

.MANUAL DATA END

206F66 JSR LIMIT

MANUAL DATA EPROM

A91E	 LDA 011E
8502	 STA 102
ss6521
AM LDA 01012
850:	 STA 10-

20 .)ODA JSR RPROM

INITIAL KEY TURNED?

AD0193 LDA FUNC
C97F	 CMF 017F
F00	 BEG YES
4CO166 JMP RUN

,TUPN RECORDER N

==6`'2 YES
AM LDA 010:
8D@'^6' STA PSI

TLiPN-ON DELAY

2CIAR66 JSR DELAYI

; TAFE TO LOADPOINT
;LOAD COMMAND READY

A977	 LDA 017'
6:>029a; STA P 8 C

'INTERMEDIATE DELAY

20_^`6E JSP DELAY

Figure A.5-3	 Register Setup Program Listing continued



be 262-400 A19

EDROM RML ADD; TO 4
• n E542 EPROM FMH ADGR TO 0

LOAD COMMAND SENT • n 45CS LSTORE
•TAPILI:ES FECORGER ••657C HSTORE EE6148 INC RML

EE0248 INC RMH 2050D1 JSR PPM
A?57 LDA 61!7 20MI JSF PROMH 2000D5 JSR FPFOM
8D029T :TA	 F_ : 20001-6 J5F PPROM EEOF45 INC LCOUNT

EEOE4S INC HCOUNT DOC ENE NORMFE
.0AVFOINT 6:,OF EE1645 INC RMLHIB

PEAC-	 RML
• n 4 547 LFLOOP n •6SD6
AG60_• 5 LDA ;PC n =6588 SLOW , NOFMRLI-E kEY
2 :10 AND 0910 A'$00 LDA *SOO

DEF? ENE LFLOOP SDOF45 STA LCOUNT s=65D6 NORMVE
861645 :TA RMLHIB 2OFdE9 JSP =E=F^ CRL

TL';N-OFF DELAY F
• =65?O SLFEAD AOOO LDY *SOO

rt• T jF	 DELA Y JSF P9':ML
N,20fi0GFr JSF RPFOM == •.!DB LOADNI

T'.,FN RECOPGE ; 	:FF B?E?65 LDA MSG1, Y
EPROM ADDR EMPTY C9:E CMP N

A?0A LDA 0900 FW1 EEO KEv
.0-O296 .STA	 FE•: , ACS€1,	 '^' LDA FM L 2OOiEF JSR SEF05 OUT

C?FF CMP N1FF D

PUN NVME , E 2 	TC , 	0 F011 EEO :_ET CS INY
:_MC• RMH 4C[,86`^ JMF LOAI-16..

LOCH ► 	 AT	 NE'^;T AC^C}F

?C, LC- A	 K^C^ •=6JE4 MSGi
_ = :659C 5'NCR ^E4F BYT FIOPMAL I

m :TA HCCUNT AC'l'14$ LDA RML :.E	 ► EY,
,

8D21 4 6 ST ► RUNL,:W
== i STE :HPEM: EE4F41 IN S: LCOUNT INITIAL KEY TUFNED"
^:, ►", !, C1 )_R PROMH DOE 6 ENE %RFiD
ZONIDA J:P PPPOM EE!i4` INC FMLHIa ==6`F7 KEY

4C90E.5 JMP SLREAD AD01?3 LGA FUNC
E = POM ADC- F'	 EMPTY	 ? C97F CMP Ml7F

==r -̀' RE FOF? EEO KEY
4' LDri FMH NEAP'	 EN[-	 OF PAGE 4;:F?66 JMP RETLIFN

F4+0::, BE:	 H:EPC =s" ' : GET PUN NUMEER
AD2146 LDR PUNLOW ;F'EAD	 RMH

_ i^j ►: . AT	 iiE .J	 AC,C,R• C9FE CMP MIFE
D0 ►'a`, BNE LfiZEPC , ==e•601 RUN

2, 4 ► :T ►t	 P.UIoHI A?0S LDA 0$08
z ,: 5.: B : PAGE	 COD E -C 81-OE45 STh HCO INT

E	 ` INCC	 CO
4^
V
`E:'S JMP HHFEAD ACT-'4` LC I A ;:ODE zzi606 RHREAG

DOE: ENE SINCR 2000D1 JSR FROMH
ARE' IOU. AGDF	 =C, 20MA JSR RPFOM

Pr{E'+ IOL^_ ADDR :y

==-: 0, 71 H.EPO , EPRO M ADDR.. :MPTY

^:	 4n LC Fi	 k!INHI ==6`EA L:ERO
C0;'c SNE	 H:TOF'E AG^l^to LDM F'UNLOW AD0248 LDA PMH

8:,048 :Th PMH GE	 i E14E LSTOFE C9CF CMP #$FF
4 ': S4?i95 'MP SLOW 8D0i4o STA RML F009 EEO PLOW

4C C •	 P. 5 ' MP NOM.E

Figure A.5-4	 Register Setup Program Listing continued
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ec 262-400
	

A20

- ..	 -	 '- c	;:"R,"R,

=1D RML

= ' °
L	 S C1 CI

 ID UNT

LL

C'. ` . E'

=	 r.i T

_',ILOW

► IE - _'-:ENC'

== ^'^:	 - r^l;E

_ _ yr	 :1JNL'.W

": = is i I[^E =tt

;a ?J F c =	 _	 ;. M

1 1 1	 R M H

1 4 _Th	 F^1L

EIF+_-INITIF+L :ThFT

	

?`i^li	 L;TR	 :,Ci
_=:,PSE
2D1 45 .'R O C R

	R:^s	 LDS+ #--

	

1	 77R Ik j

C'C+j 4` :T; .rj.R*1

t,:,Er.:

E	 11

R ? :+	 L ['

6F
Fi C14	 LDS # 1 03 4

- T h1= -

H?Oa	 L D;t 010C,

-	 -F	

L	 F4

, !"J 0, Lt-I'i1T:	 ENE'

: ► JTIRL EfiPOM

E► :^ ,̂1: ^C'N #It_1tt
350 = T  S0
A90i LL'H #$0r,
ne`_;_ _TR rte:

== t r,c

4CF::-6 6. J MP 'E'I_PF i

^°LAV	 UEF'.i' L i' i N^
ECONC'

==:^ DELFY

LDS: #S;T

n/:1Fr	 :
==^ ,:^ NY 

PlIE NYT

CEI'4^, CSC F^"E_
DC' Z	 ENE [ __
h 41	 M -

-^1- 0NC

==c = NR 1,ELRY:
h31F	 LC I R #i1F
- n 7 1 -	 - TU
== :•tRF DE^^:
RIFF	 L[:1 ' 4 : c
== t, ,̂ t^1 N;;CT
N ^:^F LDY W=

NYYT
DE 

p0 D	 E:NE NYC.'
CN	 DE",
CiC1F:.	 ENE tj,.,'T
CEI-45 DEC F'LIE-
DUFF	 $tit C-ELr1
6 10 	 RT

Figure A.5-5 Register Setup Program Listing continued
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be 262-400	 A21

END F"11 NT

'^ l 46 L D A NIL'MAW:

E?	 i N'
s..	 6. w

1'.	 CL:

E^ fl 	 T.;ri

1	 L
61)C'^4`.^ F4 D C: LC'l:F4*1
Lrk+c	 `T^" I ,c

k'01	 F;-

==:,r DB

S J"ERY ERVDP

c=
ClFi E

F
RCl,,t0
scrr(^(:
E, '^E 66

F ,:+ 4

_l 05E =

C?
4C*C,L,^

FiTEPF

LDY >X^^•i

I- E,
[' M I E, E F . ','

.:''1P
E'E' FM'E^F'

?''^ ^:%r: Ec

==i E6 "I 'S EER

N:^:Rc

THNT-

DE Y

I
^.	 {	 611	 RT_

Figure A.5-6	 Register Setup Program Listing continued
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4

A.6 Input/Store Program

The program that is executes 	 -%t often by the

system is the one that inputs and stores all of

the data. This routine occurs cacti time the

angle and distance electronics hardware sends

an interrupt signal to the computer. When ac-

tivated, the input resolver angle sum is divided

by the number of samples and the result is

temporarily stored for later calculations. The

program is also designed to detect resolver

failures which would not be averailed out by

data reduction.

Figure A.6-1 shows the flowchart while Figure

A.6-2 through A.6-5 presents the actual program

listing.

l

If

4



be 262-600	 A23

{^{	 INTERRUPT

i
INPUT

RESOLVER

ANGLE SUM

r
GLE	 yes	 SET

X10°	 ANGLE ERROR
FLAG

DIVIDE
?C	 ANGLE SUM

BY 100	 R

BIAS0

818S

OR ANG
?

STORE	 STORE
BIAS	 ANGLE
VALUE	 VALUE

FETCH/STORE
ROLL
VALUE

ALL	
Yes

DATA	 TRANSFER
INPUT

No
t

RETURN

h

 
j

i
Figure A.6-1	 Input/Store Program Flowchart
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124

l'

C

3

=ritlF4

-T ^ E F:FjL-1	 iE

csC,CtF4 E'er :C

— C;f:"F4 ALCi[:I
*s^.+s

==0, 4F8 
ELOC:
vs*+

= =C,0;FC: ALC,C

T EMP	 PAM RE1--,11TERS,

FE
*st4c,t1

= = y _̀00 PE UL7
:+=y'1

==4<QI LOWRYT
.+=.+:+1

==4`OC2 PESLOW
+=t+1

==450-1 FE':HI
*=**1

==4504 HI S YTE
.+=*+1

= =4505 PE'llAIN

==4`,ih
*=3i`t?h

==4500; RTYPE
'=:++1

==4=Cl B PC!INTF
,+.=*+1

== 450C 1:OLINTF
*=:++1

==4^OD

==a.:.t_,I PML
Y:= :* +1

==ti: k,;: PM 
*=*+1

==4S0
+= 4 O4

__ » 04 PRE
*=«+1

L Cl PEA S'4 E,

= =ho ►l0 PEL=I_^['0

= = 6800 IEFC'S.T=t9EOE

_=,,,;t?^t NIII9ANG =t»tCE^

; FUS H A.	 Y TO STRCK.

4.:	 PHA
ohi	 T ?,R
4 ::	 ° F H P

T Y A
a._	 PHR

P',.'E :EPO CC-N'= TMfiT

AOFF	 LDY	 #IFF
==6E:0' L
C,:'	 I NY

4.	 PHR
c01	 1:F'Y	 #s12
[:'O F D	 ENE	 L

; L0AC':'5A'tiE PE OLV'C'P

ADO1_4 E LDA PAR
81 -0145 STA LOWBYT
AC'i, ►?_?E LDA PSP

&'._,445 _ TA H I BYTE
4E	 P'HA

	

C:HRNH TO	 _ C C AMP

1 ►_l1`	 E;PL	 LE_
Cp F;	 EOF	 #OFF
AA	 TAX'
AD014` LDA LC,WBYT
4?FF	 EOP	 #tFF

EE0145 1W. L'DW^YT
DC'C'I	 ENE	 NO ARY
E^	 _	 IN,

8A	 T:;A
EC:Ct44 _TA HIEYTE

ET REGISTEP.	 TO N

_ _,;S 4 LESS
Arl,A. 	 LDS; #100

; RESOLVER ANGLE ERR

C92C	 i:tip #t C
'?OOC	 ECG HUNC'F:D
ADO14` LDA LOWBYT
c97cl	 isMF #t.0
9005	 BCC HUNDRD

LDA WI
8DO448 STA RAE

==c.846
HIGH BYTE ':1O0

==6846 HUNDRD
RE-0445 LDA HIPTE
C964	 Clip #t64
9011	 BCC DIVIDE

;SET FLAG GREATEF

A^FF LDX WF

: U 6 T R A G T 25. C, C,0

D	 C' L D
1 _	 CLC
ADC'145- LDA LOWEYT

AC C #t5.

C ,C,145 STA L0WBYT
AC,0445 LDA H I EY T E
69-':, E ADC WE

^C

Figure A.6-2 Input/Store Program Listing



be 262-400 A25

s = -; 5E GI'lI -E E?^^ E'': as:

i 0E`-'•4
PHF FT

`' ^F4` ROL  .ALT 4R ?G'
=	 !'k' +- c i_

0EC?	 45 R :' ► JBYT 4!; L: ^' ti _'B'' ltF:^
^A FGL M 4H =C' 1

E':- si r

#^
E.-^L' CBI: MJFc^ [':t ►-+ Et^E EI^;Fr- _' :- ^ . t ' T

6:1
..^c,a y C 3^4 C^i:45 = T R PE"HI

8 a C, E': OR R': L H
D0 EB E:NE _ L . _ 0R RED

E:?t.: EIS- -`t=T Q h!.-FL Ctt:^^3=- :Il i --- • _
t aK4 M['I_ *ic 4 0 M_ M

R. r	 --_.^

T- C' 4 5,^c..4. F Î_L F'	 -,il	 TE_ _^ -t,- ^TNIN .,	 ^^^^F.,.,1R	 INDEF
-

R I G H T E N 01.1 RCCC!	 4`_ 6. ^E"FiIt^
==-_'
	 S5 -

:^ k4 545 STr; F'ENr';:N C	 w45 :T I&Y"E
N:-:j0.4F LDP kE-!A L T 0R r_ L -

1' K. Cl : T LCI:JE'T 7 its R_^

- R.LMC'.	 .:5l^ ►:1M rt	
_ fir ai_'5 - - - __	 _-

c.,c F;, 01 R D 0 45 sir 1 :T B	 TE

Chr+^JOEt 4R l =F R
-	 -

4R Lak R
4: F= E1:1

Ll

6'^FR hC'i: a3' c :. - _

- - T nom:.,_, L C,; _-_

EEl_ - 45

Figure A.6-3 Input/Store Program Listing continued



1:j lb`4c
11Fr. 5

a4.

LC'A F E': LC?W
T A	 A L CI' I	 Y

Illy

T>i	 HL C??: I

S

S

I	 ,

i

be 262-400

>0F
= E T CH DF+TP - ..'+TER

zzE?C,F FUEI'

EIAE^ra)	 ?,F A^iC;^c 	 1:.

1;	 45 LC'M
:t1F 0 F
E'Ei Ate.-_

;' . T I ML	 FI_iN

LL' ►; RMh

BNE
.'.48 LDFi ^'t

SEC E.

^45 LD1; F'E. : ^J

-.	 TA	 L:_

45 LDN R Z =- .

STr , EL:
L'E`

TYn
4 . p H f^
ANN: LD'' MBA:

C L 
LC' Y 0V: =
LYL

AGCi 7,9 05, LD S! - -
_ _,^•: EMI ,	 _	 .^

TMF' Eh 7 EFf
==^?46 f'Dt

ENE
DE;
ENE L:,L

r'. FLH
M. TR'*'

:,:_L ►iATA

AGC+^9C' LC'^ -
91FA	 :T A ^..: ? C	 Y
C	 I N';

s:c.+5^

4:Ciit	 TM = F ';T

i	 •	 [, TM

RD 1.2, 4	 L DA F'E:L't;

Y
E k	 C'E Y
4?::. _.	 ?MR

FF'CIM FIN,_-_E

4-,F .c FI N
 #T--F

8D ►:ir4r. :T - T- PE

Ir4 1T IHL PJN

[.!CiCi7	 El. NE MtJ'-_
A:+:+1 •^: ^CH

F ►_,:1E	 E E-:

rrt;uL :'M ? H

"E PNG

AD ►+:45 LD^t rE=L: ►J

C:8	 I NY
AD3= 45 LDH PE= H I

TA , RLOC :' Y

^	 -N;JL DMTM

A26

ALL MNGLE'S

F"`.	 =-

_TC,P.E .DU NTE;

SE ;:+. 4! F. - -'^

I tc: REMEN'	 . .

CS 1. N Y

_ '

"'ONE

D AIL:	 ENE

?. J	 7, a' ► 	 •• 1.1,04

ENE

ENE

E'

E r. ^ 	 I N 	 i =-

E#.,F -	INS: _-"
41 C.t'6.:. JM F _ ; T

1ELECT NE"

E6F Ili	 yr
r_ -r^-	 C-_ ,tiC	 t;: -Z* -

IOjC	 fc:

F^-=

Figure A.6-4
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NMI

hi V' LC n Its..
C t^E?E : T1; : E^	 '	 T

, E ,_^T .

Fit t:'!' :'M It^Rat:1
C0E4^, cTh NTF'

EC t:>C 4 T1; _ r	 toLj--

1 11	 TO DR T H T h r^r^^rE,:

9
be 262-400	 A27

6

uET ERID C:NETHNTS

•

t

S

0

I

o; _1 _	 L^
= =e	 LF
c _ FL;

..	 C, E
'	 SPL

r,	 P L H

M	 'F-'
F-11-i-11 	FLA
R	 Ta;.

PLy

F'c' URN c F' 11 : 'JER L iF'T

4 t:+	 F' T :

T E t I F, Ci E,; = T H i U-

L
___ ^P ►̂ 	 Cyr:`E^

.? E 1: MP #
FCl..—	 E.EC 	 ATE::

C
^:.	 Ire
4 ': C'

E

'figure A.6-5 Input/Store Program Listing continued
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ti

A.7 Data Transfer Program

Fach time the coal face is completely cut the

Data Transfer Program is executed. If after

cutting the coal the system power is still clood

then the accumulated data is cc.pied to tape. If

the system happens to be making an 'initial run' then

the generated information is also retained on an

EPROM.

Figure A.7-1 shows the flowchart while Figure

A.7-2 thrvugh A.7-6 presents the actual program

listing.

^Y;



Figure A.7-1 Data Transfer Program Flowchart

c

r ^.

i
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ss^.k1Q

be 262-400

^st_•_,F^

= i IGLCl':

e =_._
ss^Cii

FS E^:I:
+s»+i

z 	 FM F'L II:

Ass.

I TE^1F RMM	 - Iu :ITEF'-

 

az

-
OE

_J^c^-

= = +:k^l Ft9.
AsA+l
FP'H

t
va++1

^-

rr.. C TE

_ - 4 •: Cl

A TFR
=*4.1

:st.ct r ;a{sJ_ • it .l

ss ^C: i: ^E•:'=f':ji

=zz

== =.J ►:t t:_ -'r^^=tom --st

i^:t:	 :'1F at._

I P i- AY 'FnN I R EF II;G

-- .'C ►JN I ^^tyT

F

ss :.pl.'	 -- - 
E.r -	 -- " WARD

F,

ES
4 	 C' ^ R1 C' —I.f hL1W

= r i E, D WI).l.
c e -	 S -	 T F, Mtol_ E
FF:NG

AC'.)"64

''• r	 wF^V	
..	 t

M:
ss;F,_^

EP

..JE7.	 ..

iJ- Tc
TE

oil 1.

9. Figure A.7-2 Data Transfer Program Listing

^r
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^t

e

t

t

i

t

f

Ike-

: T HEN C :► MMA O o: ---ET
WR I'E -ETAFT :' ► 4
w F : T E-F::E • MF'F - C,N

=-	 .7==-;Hl,"

M ;, . +: 	 LGA ^t

. TE-EN: :N LO OF

= =:ECG wE^^:=
A . . 4N 45 LC-A
i^+C,1	 ANC 11I ►̂ :
^'OF ^	 ENE trc_ . .

ni p :'•?9` -^!h+ F^:
:^ ►.' ^	 AN D 01 ti11

.^ I"E-: T RF..T .F=

; E TA ENAELE

Aw^^	 ^C''n Mt:.

.F.'.TNFT	 =LM:

SNE
w• E'I

Cr
NE

. nT -s ENMt•^c _tG1

R;	 LDFH a!' -
{,:.t_y It NT H 	.

Aj EF:,

rC;3a 	 '? = s i 4
8^l:1c	 r,'.	 '	 ,C
EE'cy`.

:P1G

.LEAF' _"F::.

_ = . :•jam :^. ^^

, Wh'	 :'-C-

a
?

^ t.E,rt 
L

PE"

PI i 'k' :`:tee

F:+F=

==EEc^
B., E

:T ;+	 I:

:' ►;'	 ^ EnVr - 

	1 	 EMENT	 ::A-': ► •

	

CS	 IN Y

, AL. i ONE

at

:_--

MCr—	 ^^ ~ C -- -

P:F'L::

T

E; =E

Figure A.7-3	 Data Transfer Program Listing 	 continued
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0

C A? 3C	 Lt F	 01 ADE^V9 =. •:	 = ^^ __ :	 ^^ 'RAC r

1 l ?_ STA PEC ^:+Ot' ;NC'	 • ta p AC'C+.? ^` ^C' a F;,'
Nl

.'E • t N`	 .'1	 •: ^ F' ' T R^^.1 y ^rM^.^1r _t
M
! ^rrw

L r.M; J ; •

t ==^cFF	 .^ CFwE AVIC.;.: _::.	 '- Eai
AGv3N y S	 LC'A	 F'AC 2^a: M!^t	 t : -cEC''^` : NC EF
A.:-01	 AND	 «t01 G6C+,? SNE	 :E_^.T =_:.';6l
C.t3r:	 ENE	 LV +:twE ^.`=-c ''M^

TAC'E _7 E'

ENC'	 Cl ;: 	 BLOC ,	C,F-

.;^ I TE-E'1C'	 =	 L4:^F ..... .	 ' :	 -
:ELECT --.

? ►:,:	 AND
ClF c:	 EEC'	 L4i:;F WF $t ^-'- - -'	 C

:F, STAr-.

E.Ev. _
1-0FC	 ENE	 ^:.::- h-~^ »:'^	 0Fr4 PUT	 ;MM E:
1.

ENE
0	 Cl

_	 =	 CC^M MMN :	 c T I VEFIE'..;'E : ELnY 4.: F i
:-E-STPR'	 rF;

T M	 *E': ' ETASILI:E =:	 E _y=.: ^1 .•^

Kill

L', K P0I'41 '	 _:: ENE,	 CIC F-i^E .. E

►., .ir;	 IN:	 wC,r.^!;*,- Ate': _?5, LGA	 Fl c^ _^s^ :T^
- --

^:=1 ĉ FtNC'	 ^FI::^

Figure	 A.7-4 Data Transfer Program Listing continued



gap;*

'Lri
A :	 T A'.'
E'	 FLA
M •f	 Th;,

7a	 rLM

F 'VPFo -.',•	 _ 	 P.

4 Ci	 -

be 262-400

h y.! LGM «t^^
8500 STA $C C,

G	 •s.'. AI

A+I LC'A Mt_-
8'0: STA tZ,

C.	 A LGh N!	 .

-°5E1 : STP ICS :

 LEA +s t_.
B^,yJ	 3TP lc.+.►

E
Mr 1`	 Li'M Mtys
_IC.e	 CTA t =

^^^E,^+C'8 i SF Fc ..r1

F +J T P M L ,N c=

: CES LOWE R

Dr -

szi 6E CIFF

F1 r

^4B1LI:E	 =::FtEF

T..' N -OFD

C' JSF. DELI.

4C'C, L i TA :.

t	 E

A:

GV47	 ENE	 -
Hi";0 248 Lt's -
C9C4 1	 C.11p
Ci ,,4C,	 ENE 1 , R Fl

6: • I-IN:T:AL T A F T

ssp{C,E
8^0R^	 :Tr t:•^.

NSF	 •" ---••'-

-.

A9Clr, LG P4 •
ss_.C E;:
c`b ^Ti,

8I j: : TP !!^:

':	 P	 0GR.A,^ FRO''

j1p : FRO-if

A ' s ___-: NIT :h_ 	 _T	 FT

L':: Ma i
=	 T%A	 EFJC

EEC!',= i' ,: r+IFR^:^
==E-G1:

ADO. , 4^ :.: 6; AI PROM

200".- DS JSR ; F; :ir'

A33

A^ii	 ^t'Y N F--

LF
r'C	 C;,",

08	 GEv

C t'	 ENE
G+	 C'E.

CEI;
UC+^:	 EtJE : E_;w
ECr	 F.T:.

r

i
Figure A.7-5
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be 262-400	
A34

^s

C

i

t
E

if

r

t

' C'ELA'T' ^VEk +.'. i^IC
1 %j _ECONU_

= =eC4S C'ELRY1
A?1 F LC'M MIF
" ' [^4 5 TM F	 ' E5	 L.P
s =t•C'4A :ELPI
Rscr LC'^, :	 #^:c

N 
rt	 FF LVe Ky^c

_ = ►, [>4E NYYT
?= C'EY
[^ ►,^[ ENE NY •T
CA CE
DCl F c ENE	 !1: : - :.	 7
CE.1	 4 GE ,:	 F. L I EF:
1 , ►.,F1 BNE CE!R1
E. Cl RAT'S

G^tTR	 RERC'Y	 OFF	 LOO P

DFLOCIF
LDA PR:
RN:	 #Scli

nTA	 F  :'il	 LO0F'

R	 ,a5 L CIR	 P;4 _

F 0 :.: l	 L Co C, 9 , C' F.
Cl F	 -

y TPRN ; EF' _; UE;

v =-1)6L, I TLi;C,F
81FE	 R , LC C	 '>
E,( 1:11:1 '_46 = T 	 F' H C;

GiR T y FEK . Y RO UTI NE

[?FL+C'P

i NCRE!' BT L 1 : ►+T I i pj

I N':

ElFE	 LC'R LC, C': Y
_;[?4,119r	 T R PRCI-

RERC''•' POIJTINE

TS; '-CLOOF

=_ -E
I NC PE I'll P.' :.. NT

E	 I ^.

AL I" 	 ^':INc

EC:204i.	 C P: NLlMRN+:,
F0.2 0	 El' E1;^ r,,0NE

114,_ REMEN 7 Lia,; R 	 I iN

CS	 I IN i

; F F-f	 : P' E

I '^ F

	 P-

E ME N T F R15E

E
4+_.h[ [^	 JMF. T-1-IIIr-

BhTTE.P 'T'	 EF'P)R

a=r,[i^:^i TER;
: F 16.F

RDEE
$:^Hlic C' LC'M	 MS ' ^BtR. 	 T

F OF 4 8E+:!	 BRTEPF

==t.0 ACl MS
504 = 	SYT ' POWER F
RIL'AE;

Tp,:;,

;^Iti2 NTH ^^^:

R y lt L^'N 3R^^ '
r^^1

-,TN 3 ^,- -

50: .QTR

-=	 EE

M^:1.: —CR
#.:—

4c^;c :• T R Vii"

C,

INITIML

'• ^ T e• T '

411 R ^ ^ :i

C^ I!J;.

LLD W

L-

R

TL

+ C. L +.

r Cl R T_

Figure A.7-6 Data Transfer Program Listing continued
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A.8 Contour Display Program

After the BASIC routine reduces the coordinate

data to a useable form the results are presented

*o the operator by the Contour Display program.

This proqram is designed to provide the dis-

placement of the track to the nearest one-half

foot in either the FACE or GOB direction.

Additionally it displays any of the possible

system errors which could theoretically occur.

Figure A.8-1 shows the flowchart while Figure

A.8 -2 through A.8-4 presents the actual program

listing.



be 262-400	 A36

Figure	 A.8-1 Contour Display Program Flowchart
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A37

aER4i 1'r I NE--

=-4!ln
TVIF , RAM	 PEl_ISTERS

==410 AN WEP
v=..+1

==4511 L0wr1Er1
va*+1

:512 MPLIEF

== ^`1 LICRNC>
^a * +1

==y514
fI +=i'
	

c' C,

PGGPAM C0NTANT_

==_:00 OUTG=$EFtiI`

f	 -"

r	 ==_&00 PLIEP=$4517

00 PRE =14:04

320&3 C.TE=$ a;_ 07

==^H ►̂  TFP=$tC1A

== _ t^i^^ FUNC =S.K 01

'0 C-1 : ThPT=IC' 170

ZZ T-LIP FACE D;TR

FACE
L['R #TC'0

.`7E
	

STR TFE
R?4^
	

LDR #T4-
85FE	 STR IFF

.:: r-" AY 5LlE.F.C11.1TINE

,D4'-;PLAY  FACE

8000 LDY #SOO
==3t0D LOOPF
69168" LDR MSG1, Y
Ca:8	 CMP N' ;
FOOD	 EEC, SU81
,2 3OSEF J_ P OUTD
C8	 INY
4CO[-S2 JMF LGCIPF

==8-&`1E MSG1
41_,46	 . BYT	 FACE;

J MP TO "UBR 1 U T I NE

==88"21 UEl
t0E8E2 J:P C,E:-EPR

E T -UP GCS E DATA

A'aC/ ►_i LC,h #$ ►:,CI

85FE :TA $FE
A94: LDA #$4
85FE =TA $FF

D I :FLAY = UERC BUT I NE

c0 4 RS" :1 5R DI:PLY

DISPLAY 300

R0Ci0	 LDY M$00
_- t 1 L00PG
89 F8c LG11 MSG2, Y
C 9 6	 : r'1 F'
F0 0c'.	 SZQ S U Est

tIC,!^EF JSP C UTD

C8	 I NY
4L:1E'2' J N P L 0 0 P

x:+47	 B T ` GOB!

JUMP TO EUBROUTINE

.444 _U8c2'
►:' E,,._:_ J_P DELEPP.

GO BACK TO FACIE

; DISPLAY  : UEPOL i T I NE

=_4R DISPLY
&'OFOE9 JSR $E?F@ UL
F
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Figure A.8-2 Contour Display Program Listing►
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Figure A.8-3 Contour Display Program Listing continued
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Figure A.8-4 Contour Display Program Listing continued
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11.9 Starting Point Program

The Starting Point Program enables the coal

face measurement system to produce automatic

repeatable operations. This program is

accessed from the BASIC routine and the Contour

Display routine. Whenever the mining machine

returns to its' original position this program

directs the system to normalize itself for the

acquisition of new data.

Figure A.9-1 shows the flowchart while Figure

A.9-2 presents the actual p-agram listing.

f



Fi g ure	 A.9-1 Starting Point Pragram Flowchart
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^^	 Figure A.9-2 Starting Point Program Listing
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A.10 Utility Programs

The following are small programs which are used by

the measurement system during normal operation:

1) Run Number Program

The Run Number Program enables the EPROM Programmer

Program to fetch and save the run number register.

2) Arc-Tangent Program

The Arc-Tangent Program allows the BASIC routine to

calculate the ARCSIN (x) function used in its' data

redaction section.

3) L•'1 1 KOM 1 1 rugrammer Program

The EPROM Programmer Program enables the system to

permanently retain the initial run data and record

the latost run number. Thus a battery is not re-

quired to back-up the system to retain this information.

4) EPROM Reader Program

The EPROM Reader Program is a dedicated routine to

fetch information from the system EPROM.

Listinq s for those four programs are presented as

Fi gure A.10-1 through A.10-4.
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.Figure A.10-2 Arc-Tangent Program Code
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Figure A.10-3 EPROM Programmer Program Code



be 262-600 1167

i

L

< Dh90 [-A N, x:1 0 00
<M' s DA00 ko 20 A2 02 < DA94 00 00 00 00

<
D4104 A9 CC D0 06 t ; GA98 CO 00 00 00

<	 ;> DAO? 00 00 00 00 t ;> C A9C 00 00 ^: 0 00
> DAOC 00 00 64 11 < > DAAO 00 00 00 00
> GA10 86 10 85 12 < ; CI AR4 00 00 L'0 00

< > DR14 AO 03 E9 16 < DAA8 430 00 00 00
' DAIS D 94 C,E 0( < > DAAC 00 00 00 00

DA1C 68 10 F7 A: < > DR60 0 0 0C, 00 00
E)KO f O 4a 2E A2 < > DA64 R 0 00 00 00
DA24 :: AC- D FF < > DA68 00 0! 00 00
GA28 8E FC, 0A < DABC 00 00 00 00

'. DA2C A2 OF ' ? EC, < "> DRCO 00 ►, 0 00
DA30 F0 07 A2 1" < DAC4 O+ 00 00 00
DA:4 DU 0: 20 86 < ^: DACB 00 00 00 00
DA: B : E 86 ► , E R9 < DACC 00 r+9 L, 0 AO
DA:. D6 8`. C, F A0 < C AG0 C, : 3 1 08 A0

< DA40 0: E1 CE 99 "> DAD 4 tl E1 08 81
DR44 0A 00 ^ 10 ;> GM[-8 NC, EA E A ER
DR48 F8 EM E EA ` ;> DADC E^i Er E6 00
DA4C EA EA EA ER < DiiEO D0 07 Er 01
DA!O EA Er+ EA EN < > DA E4 D0 02 4C 06
DA54 ►: C. A? 7F < ;> DAE8 G6 A` 05 C5
DA58 .1 06 :;1 1 08 { GAEL 0 1 D0 0^.4 R5
D A `C R O OD A9 FF < ;> GAFO 04 C` !, 0 G0
DR60 :^1 C, 6 :^1 C+8 < ; DAF4 0 4C 06 DB
DA64 EA EM EA EA t :> GAF8 E6 02 C , 0 07
DA63 EA EA M2 00 > D9FC EE 0? C 0 03
DASC A0 0C t;! 12 < ;> DBOE 4C 06 GB 4C

< > P A 7 0 ''?1 Oi EA EA < D804 6A DA AO OC
< DAN EA EA P^ FF < DE08 A: EE ?l 08
< DA78 M0 02 91 06. < > D6@C a0 00 C,0 6D
' DA7C A0 0: 91 0 < > DB10 E1 00 A4 00
< DASO EA EA A0 01 < D814 00 00 00 00i DR84 A5 02 91 06 < G618 00 00 00 E0

DA88 AC, 00 A1^ 0: < :> DBiC 1- 0 00 '8 00
DA8C ? 1 06 4C CD <^; GBLO 00

C

r

f
Figure A.10-4	 EPROM Reader Program Code
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A.11 System Memory Map

ki

The memory usage for the coal face measurement

system is presented as F'iqure A.11-1. It shows

the allocation for the 64,000 possible memory

.addresses. The syt • tem programs are found in

io)

	

	 ts ►o groups. The following routines begin at

hexidecimal aadrer- ^20110:

ft	 1) BASIC Program

2) Input /Store Pro(I r::m

3) Data Transfer Program

The remain-.ng routines begin at hexadecimal address

DO00:

1) Input/Output Setup Program

2) Run Nuniter Program

3) Starting Point Program

4) Display Program

5) Arc-Tangent Program

6) EPROM Programmer Program

7) EPROM Reader Program

8) Register Setup Proqram

8000 unused address locations provi3e room for

future program expansion.

a
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SIZE (BYTES)
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7424

4K

4K

4K
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1K
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4K

4K

4K

8K
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512
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ADDRESS 4HEX

0000-02FF

0300-1FFF

2000-2FFF

3000-3FFF

4000-4FFE'

5000-67FF

6800-6BFF

6C00-6FFF

7000 -7F'FF

8000-8I'I'l

9000-9FFF

A000-AFFF

B000-CFFF

D000-DOFF

D100-D16F

D170-DlFF

D200-D5FF

D600-D7FF

D800-D9FF

DA00-DB4F

DB50-DFFF

E000-FFFF

DESCRIPTION

AIM 6500 RAM

BASIC Routine Variables

Available for use

Temporary Data Strorage

System Registers

BASIC PROGRAM

1NPUT/STORE: PROGRAM

DATA TRANSFER PROGRAM

EPROM Programmer

Availabl y for use

Input/Output Ports

AIM 6500 Peripherals

AIM 6500 BASIC

INPUT/OUTPUT SETUP PROGRAM

RUN NUMBER PROGRAMS

STARTING POINT PROGRAM

DISPLAY PROGRAM

ARC-TANGENT PROGRAM

EPROM PROGRAMMER PROGRAM

EPROM READER PROGRAM

REGISTER SETUP PROGRAM

AIM 6500 Monitor

64K

Figure A.11-1 System Memory Map
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