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1. INTRODVUCTION

This Final Technical Report summarizes fabrication and testing performei
under Modification 2 to NASA Contract No. NAS8-34815 pursuant to the findings
ind recomendations of work reported to NASA in Adjunct Syrtems Technical Re-
port AS03040R1, January 1981 That report, titled "Design of a Laser System
for Instantaneous Location of a Lcngwall Shearer," summarized calculations and
measurements for the design of a laser-based system for monitoring and con-
trolling the trajectory of the shearing machine as 1t progresses along the
langwall face It was determined during the course of that analysi:s that an
e2arly versicn could be fabricated by |mployiﬁg simple mechanical contrivances
anp a4 standard miner's lamp. This system could evolve into the laser/elect-
ronic version with only‘modcst changes required. The advantage of the early
version 15 the ability to test at ;hc longwall face without procuring certain
igprovais frcm the Mine Safety and ée:l!h Am:nistration which typically take

a long period of time

The Tasks to te performed under the contract modification were as

follows

1 Ces:gn, fabricate, 2ssembl!e, and perform laboratory and in-mine
tests of an experimental! optical alignment system having the

fcllowing characteristics

(a? The !ight sources used shall be existing, mine permissible
units

(b Mo electronic components shal! bDe used in the experimental



(e)

(a)

(e

2 Adjunct

optical alignm:nt design.

The device shal! be capable of satisfactorv operations in
recording received, reflected light from a shearer at dist-
ancies of up to 600 feet along an operating longwall face.
The ssystem shall provide a2 photographic (hard copy) record
of received pulsed light beams showing the path of the
longwall shearer as it proceeds along the face cutting
ccal 1n the horizontal plane (xz) and the vertical plane
(ys). This includes a clear plastic overlay to be used in
interpreting the film strip in terms of clock locations.
The design shall be structured in such a2 manner as to
permit a simple conversion from the experimental demon-
straticen model to an electronic version capable of aﬁto-

matic real-time trajectory control.

Eyetems Inc was to be fully responsible for making all

arrangements pursuant to conducting an in-mine test of this

instrument. Al!l MSHA rules, regulations and requirements were

tc be met :n performing the in-mine test.

- 1 Adjunct

Eystems Inc was tc conduct suitable i1nvestigations as to

the feasibilitv of integrating the above wmenticoned sensor i1nto

& face alignment system :ncluding

ta)

(b)

The use of such components as a display/processor having

overez!! d:mensions za2pproximately 6" x &€" x 6", accepting

signals from four external sources in either digital or

analog (0-5 v de.) format, at i1nput rrtes of up to onct

sample per second

A visual display consisting of at least three differently

2, . ORIGINAL PAGE IS
OF POOR QUALITY
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colored lights individually distinguishable at up to titfty
feet

f¢) A means of recording the data on a small! stngle channe!
tape recorder having a itnternal clock wil! also be invest-
tgated, and tts ability to record four inputs on a single

channe! by multiplexing the signa! shall also be verified.

q. Adjunct Systams Inc was to supply to the Covernment all! hardware

developed or porocured under the terms of this Scope of Work toget-

her with

(a) drawings (complying with good angineering practice) cof
the hardware

‘E) operating instructions and a final report in twc parts;
ths f:rst cons:isting of details of davelopment of the
cptical alignment device, design and test resul!ts augment-
ed by such :1llustrati:ons as necessary to clarify the text,
and the seccnd, dealing with the results of the feas:bil-

1ty :nvest:gations

Azcsrding to the fcocurth regqu:i:rement, this report is divided into the tw>

del:nea:23 parts Appended to the report are "stand-2lone" data sheet's

ae summary remark 19 this :ntrodustory section :s5 that all reguirements

were either met or exceeded



PART 1

DETAILE OF THE DEVELOPMENT OF THE

OF THE OPTICAL ALICNMENT DEVICE

(including design and test results)




2 CONCEPT OF THE FACE ALICNMENT

RECORDING SYSTEM

The lcngwall face alignment recorder is = develo,ment oriented toward
nmediate use in coal mine environments, with expansion to real time control
tf{ desired. The concept involves the use of a retroreflector on the shearing
iachine body, a standird miner's lamp as a source, mechanical (as compared
with an electrical motor) drive, along with photographic recording using
'olaroid cclor photographic film. The retroreflector shown in the picture of

.

"ifgure . is mounted on a vertical carriage that moves up and down according

to the forces as a follower moves along the drive cogs. In the down position,
he reflector is not visible. In the up pesition, it is visible. (Actually,
the unit need not move up and down with each cog cycle. A mechanical mech-

nism can divide the motion so the positions change only once per roof support

>dr.octher selected interval!l The only electrical component i1s 'a standard
m:ner's lamp No mod:ficat ‘cn 1s made to the lamp Thus, the entire system
s i1mmediately mine usable. The hardware gan be modified to an electronic
version with mcdest changes. Outputs such as shown in Figure 2 are available,
:nd are 1nmmediately useful to coal] mine personnel. Thev are made using an
~pparatus which sits stationary at the fresh air end of the longwall. This

z2pparatus, with cover removed, i1s shown in Figure 2.

The reccrding film is moved :n a steady manner in a plane perpendicular
10 the optical axtis Light returning from the retroreflector passes through
1 long foca! length lens 2nd through a dove prism tc bte (maged with an ot{sot
indicative of the angle ‘o the shearer Herizontal and vertical displacements

irc decoupied by use of a cylindrical lens near the film plane The dove prism

rotates stch that i1t elim:nates the need for rotating cylindrical lenses

3.
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Actually, the unit
does not move up and
down with each cog
cycle., A cam divides
the motion so that

positions change onlg\

once per roof suppor

A rrtroreflector is mounted
on a vertical carriage that
moves up and down according
to the forces as a follower
moves along the drive cogs.
I.. the up position, the re-
flector is not visible.

In the down position, it is.

Figure 1, The Retroreflector Portion of the '"Quick Response"

Concept.

~



2 |
cl|tl|l|oto. a
ouooono:.oo-ooc‘o- .\b& "1 *
v..o. ”
L t..
- o.oo....qil . OM m
o’ 2
uoaioo:clcvo. 1 w
§ B!
o
28
i
s “ o
0-,-\1 3““ ”o\n\
Jaee®™ " AN aert ¢
pr——— IR O » & ¢ ......._........
evcen th. ST
Pae,, e, -o.. mw
l‘L:’l...t.x....:...-k Ou Mm
g T.&
T l..‘......"'.'.... d hm
.-...:4 N:..
% &
-
by

J1NG

0
.

THAT CONSIDERABLL CORRECTION HAS BEEN OBTAIMNED.

Figurelb. OVERLAY OF NEW XZ & YZ TRAJICTORIZS SHO
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Figure 3, Closeup of Optical Arrangement for
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(See Fig, 4 for call out diagram)
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This rotating prism system has two advantages. The tirst is that slaved rota-
tion at the prism plane ic easier to implement than rotation in the fiim plane
Further, rotation of the prism assembly can bs used t> interject colored
tx!togn into the path ot light returned from the retroref'!eactor. The colored
tilters assvre separation of the horiztontal and vertical exposures of the
colored film such that they can be i1ndependently interpreted when the develop-

ed film is read through apprepriately colored analvsis filters.

Analysis of the film i1s dccuovamplished Ly cbserving the image through over-
lays which are ruled in such a way as to tnclude the triangulation consider-
ationrs relating displacement on the {ilm to otfset of the sheare: as a
function of distance down the face. That distance is obtained simply by
counting the number 2f point-like exposures along the distance axis and mult-

iplying by the distance of one "pop up cycle" of the retroreflector assembly
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2. PHOTOCRAFHICALLY CONFICURED

FACE ALICNMENT SYSTEM

A protctype Face Alignment System was fabricated fo- use in both coal

mine and laboratory tests. The system was configured such that i1t can avolve
nto a laser-btased electronic unit, btut was set up for near-term photographice
recording. Figu-e 4 shows callouts for the recording portion oi the system.

winer's lamp (1) produces light which is collimated and reflected from a
‘tont surface mirror (2) affized to the escapement of a pendulum {(3) which
drives a clock motor (4). The !ight travels through a Dove prism (5) that
ts rotated pertodically by 45 degrees in accordance with a releaze mechanisn
driven by the clock motor This causes the light to intermittently scan

rorizontalily and vertically, depend:ng upon the prism orientation.

The light scan pattern i1s boresi:ghted to the retroreflector shown earlier
in Figure 1 Interceptod light is returned to the collecting objective (6)
and i{s passed through a filter wheel (7)) which i1s mechanically linked to a
second Dove prism (€ Both Dove prisms are directly linked as suggested
“y the dashed !:ine This brings about a relationship in which synchronisn

is mainta:ned between the ‘wo filrer colors i1n the whee! and the positions

'f the risns This second Dove prism sevves to rotate the image being formed
by the collecting obrective in 80 degres steps This image, whtle still being
vrmed, 1s passed through the two cylindical lenses (% and 10) These lenses

zause what weould have been a focussed po:nt, due to the retroreflected light,
i

to instead appear as a vertically oriented focussed !ine passing through a
narrow horizontal sliat (11) This arrangement affords complete deccoupling

of horizenial and vertical movements f the retroreflector as a series of small

10,
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Alignment Reco

Figure 4, Schematic of Tace
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spots recorded on color film housed in a transport assembly (12 allowed to
irop siowly, and in a constant manner, by a rack and pinion pair (13) regulated
by the clock motor. On color spot represents vertical data, another indicates

1crizontal data. -

As will be discussed in subsequent sections, c'mplete success was obtained
in recording and decoupling the two movement axes, such that sideways displace-
ment n the film represents the angle of boresight differences while the per-

pendicular displacement :s associated with elapsed time

It is important to note that much of the optical mechanism is not needed
if the systen is purely dedicated to photographic records. The front sur-
tace mirror attached to the pendulum mechanism, as well as the first Dove

prism, were not needed for the photographic tests made in the laboratory and

in the coal mines. They are needed, hcwever, i1f the unit is converted to an
electronic version Should the unit be so converted, the pendulum mechanismn
zan be rep’aced with a motor drive. This has advantages for reduction in

complexity and i1n size

The system used for the mine tests has the following physical character-

1stics

RETROREFLECTOR ASSEMBLY W X 7D X 18“H
Approx. 20 pounds
(without *rackets)
10 cogs up / 10 cogs down
reflector diameter 2"

(Z arc minutes)

RECORDING ASSEMBLY 14"W X 14"D X 17"H
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Approx. 45 pounds
(without clock weight)

30 second intervals between
prism rotations

Film travel 16 5 mm per hour

Format on 4X3 Polaroid film
Type S8, ASA 75

Horizontal data uses no filter

Vertical data uses amber filter

Uses MSA "Mine Spot" lamp

An electronic system would use the same retroreflector assembly, but the

record:ng assembly could be reduced by aprro.imately 80% in volume and 50% in

weight

13,
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4 TEST RESULTS

Several laboratory tests were made using the system Jescibed in the pra-
vious section These tests established the viability of the face alignment
iyvstem in both the phctographic and the elec.ronic configurations. Follow-
ing the laboratory work, tests were made at a longwall operation in a coal
aine. The results cbtained in both testing regimes are summarized in the

subsections below

4 1 LABORATORY TESTS

Two categories of laboratory tasting were undertaken The first catagory
~as oriented toward establishing credibility to extend the basic concept to
v laser Sased electronic versi:ion The second category of tests was directed
toward ascerta:ning the readiness of the prototype system for coal mine testing

’n an operat:ing longwall shearer
9.1 )1 Electronic Viability Tests

The prototype system was fabricated such that the l:ght scurce could be
reflected from a front surface planar mirror attached to the pendulum escape-
ment In th:is manner, the beam can be swept in the YI plane, where I is
along the svslem po:ntingc axis and Y 15 the vertical ax1is This beam sweep
1s needed :n the electronic version to facilitate meeting Bureau of Radxo:
logical Health requirements for laser safely Furthermcre, the sweeping ;n
the laser based e'ectrconic vers:on 1s monitored by directly attachi:ng an

ancular shaft encoder to the mirror rotational! axis The use of the encoder

14,
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.0 determine shearer off-axis position in real time i1s detailed tn the earlier

referenced Technical Report (submitted to NASA in January 1981).

Al}houqh'not needed for the photographic coal mine tests, the inclusion

of the mirror scanner i1in this prototype allowed determination that:

(3) The field of coverage of a scanned beam would be appropriate

to anticipated shearer trajectories

(b) The “"transmit Dove prism" would provide needed orthoginal

scan rotations.

A miner's lamp was used to confirm the sweep angles and their rotations Tests
showed a sweep extent of 15-degrees half angle, as well! as the clearly defined
Soldogroc rotations needed to decouple vertical and horizontal shearer dis-
placements Accordingly, the conclusion was reached that conversion to the

laser based electronic system was a reasonable future step

One observation was made, however, that care must be taken in the select-
ton of the cvlindrical beamsnreading liens to allow for dispacements resulting

frem offiset of the transmit Dove prism.

The tests on this critical scanning process were conducted during the
nenths of June and July., 1981, at Adjunct Systems Inc and were confirmed

by MASA Mineral! Extraction Cffice personnel

q4 1.2 Mine Readiness and Calibration Tests

The mine tead:ness and calibration tests were made at Adjunct Systems dur-

ing the month of July and the first two weeks of August to "shake down" the

15,



_phatoqraphae configuration in preparation for coal mine testing The key areas

of itnvestigation were

(a) The ability to maintain constant movement of all optical and film

.
devices for the pertod of several hours

(b) Sensitivity of the tilm recording unit at ranges up to 600 ft.

(¢) The ability of the rotating Dove prism to achieve completeness

of decoupling between horizontal and vertical displacements.

Laboratory tests were positive on all counts. The pendulum arrangement
was operated several times for periods in excess of five hours under the load
of both the prism assembly and the film transport Nighttime tests were made
a{ ranges of just over 600 feet along Howe Avenue, alongside the Adjunct Sys-
tems building, in the presence of intermittent automobile traffic with lights
turned on Acceptable exposures were achieved with the amber colored filter
in place, but the green filter exposure proved to be only marginal. Therefore
the color combinat:ons were changed from amber/green tc¢ amber/white for the

vertical/horizonta! records This assures dependable exposure levels at dist-

ances of 600 feet or more

Complete decoupling of horizcn'al and vertical displacements was clearly

demonstrated with the Dove prism rctation Figure 5 shows a phctograph of
a decouple test made at short range The notations on the figure itndicate the
amount of movement off boresight The speed of the color film used 1s ASA 75
Data was taken with all room overhead flucrescent lights on Nevertheless,

data dots were cl{arly discerned on the color film (to a degree greated than

that reproduced in this black and white report copy)

lo,




A

Approximately
Centered
5 Approximately =
Rig%%n Centered
5 MRAD Right
and 10 MRAD
down

10 MRAD Right
and- 10 MRAD Up

.
2
’

12 MRAD Left =<

10 MRAD Right

10 MRAD Right <

Key - Horizontal

e Vertical
10 MRAD Upward <

(b) Results in fully lighted
room with short baffle
in front of receiving lens,
Approximately <
Centered

(a) Results in fully lighted room with
no baffle

Figure 5 Laboratory Results showing complete decoupling
of Horizontal and Vertical displacements,

Figures (a) and (b) are Four Times the origional
Color Film size,

¢
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A 2 0 neutral density filter ts used at ranges less than 100 feet to keep
the film from totally saturating, which causes the image to spread. This is
done as an aid to estimating resclution at long range. In practice, due to
the t?tqononctry. this is not necessary because high resolution is not needed
at close ranges Furthermore, at very close ranges, much of the retroreflect-
ed light does not enter the receiving aperture because the beam divergence

is low, thereby avoiding extreme film exposure.

Both the inside and outside laboratory tests show that resolution in both
vertical and horizontal displacement is very close to 1.0 milliradian. This
suggests a positional resolution of approximately seven inches at the tail gate

of a §00-foot longwa!l track

A calibration overlay was calculated for the face alignment system based
)h s:mple trigonometry This overlay was made as oversize art, then photo-
reduced to fit as a reticle in a magnifi:er routinely used in optics work

A copy of the oversized art 1s shown as Figure 6
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Blowup of Overlay Used for Tests at Jim
Walter Resources line #3,
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S. COAL MINE TESTS

-

|

> ! Arrangements were made with Jim Walter Resources to make tests at thetir @3
: : mine :n Bessemer, Alabama This mine had been visited before and }ho mine man-
i : ager was familiar with Adjunct Systems. Two trips were undertaken. The first

: % to make preparations by examining the sight and making measurements for mount-

ing the retroreflector to the shearer. The second trip involved operation of

the Face Alignment Svstem on the longwall.

5 1 PREPARATION TRIP

The Jim Walter Resources #2 mine was visited on 14 August to make prep-
aratory contacts and observations. The recording unit was not taken along,
as it has no machine interface complexities The retroreflector unit was

taken into the mine, however, for attachment measurements.

Mine #3 has recently opened a new longwall! operation This operation
ditfers considerably from that #3 mine visited in the past i1n that 1t is
completely lighted and is l.nqer than average The lights used are standard
nine perm:ssible fluorescent f{ixtures. These have the potential to interfere
with the photographic version of the Face Alignment Recorder, but were not
likely to be negating In fact, most o{ the laboratory testing had been
conducted :n rooms fully lighted with lamps of similar spectral output The
clectrenic version of the system would be completely unaffected by the lights

beczuse they have very little emission at laser cdiode wavelengths

The longwall operation was found to use cogging that was slightly differ-

20




ent than what had beer planned cn This was not ccnsidered a najor cencern
Jecouse the di:ferencer were simply ¢ matter ot scalaing It wae found that
':hc rcof supports spanned 2 cistance of e:ght cogs rather than ten This 1s of
70 ferious consequence. I! s:mply means that the distance multiplier increases
by 235%. The cog shipes at this face offer the advantage that the free space
tetwen them :& about e:¢ght inches This leaves plenty of swing room for the

rachet z2rm on the retroreflector

The shearer prcgression rate on this wall was found te e unusually high
On the average, the shearer moved approrximately 20 feet per minute This
i many times faster than anticipated, but was of no lasting concern because
2 sinpie shortening of the pendulum arm would speed up the Fice Alignment
Rzcorder enough to ftcllow the movement . Of greatest concern was the exist-
erce of significant urdulations in the shearer path This mendates mount:ng

the recorder system 2t a high point near the head gate

The Jirn Walter Fesources mining machirery nmechanic escorting Adiunct
Evstems on the preparatory visit helped design a mecunting arrangement that
would be sgsuitatbtle for placing the retroref.ector assently on the shezrer
He requested that the unit be left with him fcr making the :nstallation

brackets 1n his own shop This weeg done

ORIGINAL PAGE IS
f 2 LONGWALL OPERATICN RESULTS OF POOR QUA!ITY

Jim Volter Rescurces Mine #2 was revisited AugQust 25 for test:ng cf the
Frce Al:cnment Fecorder dur:ng the night shift The reccrding unit pendulum,
w33 shortened to :ncrease the fi1lm and optical movement speecs by lbetter than
SC% Thiz wag Zcone on the bas:f of the rate :nformaztlion a2quired dur:ng the

ti1t3¢ visst However, this acdjustment proved unnecessary hecause the shezrer

21



during the recond visit operated at approximately 12 feet per minute and be-

tause manual simulations were made for roasons discussed below.

The process of making the retroreflector mounting braek;t involved opening
the housing to bolt a steel plate to its bottom. This, as mentioned above, was
generously undertaken by personnel at Jim Walter Resources Unfortunately, the
retroreflector assembly was already welded onto the shearer body before it was
evident the corner cube element had been knocked loose inside the housing.

The decision was made by Adjunct Systems Inc to avoid holding up the longwall
operation for the length of time that would have been required to tear the
assembly back out to replace the corner cube. A second corner cube had been
taken along for such a contingency. This second cube was used for manual

tesis to be discussed shortly.

The retroreflector unit, shown being mounted to the shearer in Figure 7,

was left on the shearer body to monitor:

(a) The durability of the unit in a working environnment

(b) The reliability of the ratchet movement in raising and
lowering the corner cube holder

(c) Vulnerability to damage 1f the two ratchet direction
controls were not switched when the shearer dire:tion was
reversed

(d) Buildup of coa! dust and water spray on the unit window

The f{indings were very favorable on all accounts. The unit was at no time :n
danger c¢f being hit by any moving part of the shearer or wiped against the
mine ronf Vibrations were of no observable consequence The up/down move-
ments were reliable and it 1s likely that the unit would stay in working order

for cxtended periods of time, short of some catastrophe such as a roof fall

22



Wwith the addition of a smal! plate above the unit, which would be easily welded
onto the shearer at the locatiun used for this test However, at this location
the shearer operator has a tendency to walk in front of the light bean This
can be aided by moving the unit's position toward the houd-q;to side on the
cthearer There 18 room for this to take place and preserve the aforementioned

featurecs

The ratchet movement was watched carefully and found to be as necded With
the lever suspended into the cog spaces, the requisite one step at a time was
observed. Furthermore, it was found that an extension to the lever was needed
A rubber high pressure hose was cut and press fitted to the lever to achieve
the extention This need turred out to be fortuitous. This gives a low cost,
easily replaced, easily adjusied lever which is stitf{ enough to accomplish the
novement ot the corer cube, while being flexible enough to protect the unit

during shearer backup

Observation while the shearer progresses down the face suggests that the

wincow 18 likely to make a complete pass without nesding wiping At most,
the window might need wiping every 200 to 300 feet The buildup is water
spray, not coal dust. Therefore, as water drops get large they may coalesce
and drip free of the window From a dust standpoint, using the system while

the shearer is receding from the headgate has the aovantage that the cutting
drum is in its low position between the reflector and the recorder WVhich

helpe a little 1n suppressing the floating of particles near the window

The recording unit was positioned near the head gate It i1s shown in
Figure € with 2 miner s:tting next to 1t The 1deal locatiorn appears to

be directly 1n line with the outtflow of the lcngwall conveyor

Eince the retroreflection tests were made with manual placement of the

23
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scrner cube, the top ¢f the recording uni* was removed to allow direct look

at the focal plane as the cube was moved to various X, Y and Z positions along

the face. Light shining into the recording optics was found to properly focus
and to move correctly in response to source mcvements upldowﬁ and left/right.
This was a source of enthusiasm not only because it was proof-positive of
functioning in the dusty mine conditions, but also becuuse it suggests that a

beam splitter could be used to allow real-time observation of the movements

The longwall face was completely lighted with fluorescent lamps The

question arises, therefore, whether this lighting will unduly compete with

the retroreflected light. Figure ® shows the results of some tests on the
possibility A retroreflector was carried to various distances down the face
Photograpghs were then made along the supports and along the conveyor Even

with reduced quality of the printing in this report (t can be seen that at
near 4d:stances the retroreflected light is significant in comparison with

the roof support lights At lonq.t'dnltahccn, the roof lights do not give
enough li:ght to make a photorecord In contrast to the loss of imagery

irom the roof lights, the reflected light was stil) recordad at better than
350 feet The only reason longer records were not made was the curvature

of the fice made for geometrical blocking However, the laboratory tests
have already shown that line-ot-sight signal! :1s high enough that the observed

levels of dust Iin the mine wi!l not nacaio ranges of €00 feet cor better
5.3 MINE TEST SUMMARY REMARKS

As a summary one can state that the viability of the Faceg Alignment Re-
corder was firmly established Of course, components and housings need to

be cptimized and integrated into ihe shearer for long term survival and

maintenance
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Mine cooperation and interest was high Before the system intent was
even explained to the crew chief, he had already volunteered the fact that
he would like some kind of alignment device His needs are, however, real
time. The observations described above indicate that this w;uld be possible

even while photorecording is ongoing.

Adjunct Systems Ino recommends that further work or the unit is merited
This would include establishment of a long term test arrangement with a mine
operation, as well as modification of the recording unit for size reduction

and nutation (as opposed to rotation) of the Dove prisms and filters.
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Figure 7, .o : Figure 8,

Retroreflector Assembly being The Recording System Adjacent to
Mounted on Shearer Body Support at Headgate Conveyer End
PRIGINAL pagy
F POOR QUALITY ¢
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/ (a) (b)

Retroreflector at 120 feet viewed Retroreflector at 200

feet viewed .

from headgate roof support from under headgate roof support

(c)
Retroreflector viewed at 350 feet from
portion at head gate conveyer end

Figure 9
Examples of Retroreflector Contrast in
Region of roof support Lights at various distances,

Op
OPJGLVAL »
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PART I!1

DISPLAY/PROCESSOR FEASIBILITY

INVESTICATIONSE
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€ CESIGN CRITERIA

Adjunct Systems Inc made a survey of available electronics to ascertain
he viability of incorpecrating off-the-shelf items into a display/processor
meeting the specifications outlined below. A breadboard demonstration was
wade of the recommended system, which led to an implementation of the speci-
1ec system under 2 subcontrzct relationship with Foster-Miller Associates.
‘The results of tests made by Adjunct Systems using the FMA unit is discussed
n the following section. The last section shows a descriptor sheet pro-

vided to the Mine Safety and Health Administration.

Adjunct Systems Inc. cons:dered a controller and data logger that could
be configured in a mine permissible arrangement . The basic system was to be
rackaged i1n an approximately € 1n. x 6 in. x B in. interior dimensioned ex-
nios:ion proof box

The system was to have fcur analog :nput cﬂ;nnels and one €-bit digital
input perts The analog i(nput port channels were to accept 0 to 5 VDC signals
nd the digital :nput port was to accept an 8-bit message The analog i1nputs
were to bte of different:a! form to help noise suppression. An additional input
ort would accept and count pulses from the Natural EBEackground Sensor. Counts
ts high as 4096 would be accomodated Count periods were to be programmable up
tc 10 seconds duration The i1nternai hand!ing of counts wculd be in accord
sith the cblective of the Natural Background Sensor to determine coal sean
thickness in an effective manner with respect teo practical manual control}

The controller/data logger was to be supplemented with 2 mine-permissible

battery pack for its prime power This battery was to power all controller/

27,
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logger electronics, the digital data tape recorder and three output display
l:ghts The design goal was for 24 hours off a single battery charge The
display l:ghts were to be of different colors and observable at a distance up
te SC ft. They were tc be programmable te turn on in accord with modifiatle
software which could accept readings through the various i1nput ports and use
these readinags calculations to determine the status of the shearing drunm

vertical settings with respect to a controlling algorithm.

The indicator lights were to have programmable pulse rates allowing duty
cycles from 5 percent to 100 percent (continuous on). At least one software
contfiguration must allow light activation such that 1f the shearer drum 1s out
of tolerance low, then one color light appears. If the drum :1s within toler-
ance the opt:on must be allowed that ei1ther no light is activated, or a third
color light 1s activated Whiie not a mandated specification, consideration
was to be given to augmenting the up/down cclor indications with a spatial

cue such as upper ancd lower halves of a circle, up/down arrows, etc

The controller subsystem was to be capable of update at rates compatable
with man-in-the-locp control, but this rate should be var:able by easily
implenmented software change The data lcgger was to be capable of up to
130,000 bytes The data logger tape recorder was to be capable of playing the

recorded date back through the system w:th the following features

1 The calculator portion of the system can be programmed to

reduce and analyze the recordecd data

2 Qutput, either processed or raw, can be shown on the

calculator d:splay

3 Qutput, either preocessed or raw, can be output directly

28,
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All of the above mentioned requirements have been met. Tests of the
system in a man-in-the-loop operation were made at the mock longwall in

iruceton. An outline of the tests results are given in the next section.

™
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7. BRUCETCON TESET SUMMARY

The system was taken to Bruceton early in August to test its function

‘ith a Man-:n-the-Loocp arrangement using:

(2) The acoustic follower,

(b) The shearer arm pctent:ometer,

(¢) A pulse generater to simulate the Natural Background
Sensor and

(d) The downface distance measuring potentiometer.

\ photovgraph of the configuration i1s given as Figure 10.

Cutiing tests were not made because the rcof overhang had not been cut
back Therefore, tramming tests were made in which the arithmetic sign cf
.he Natura! Ezckoground Sensor reading was reversed Cperat:onally, the
shearer vertica! control was guided manually by observation of three lights
on the controller output window. Each light cued the operator as to the

frum height adjustment required to bring the cut within the preprogranmmed

ercor window The Adjunct Systems Inc technician changed the pulse gen-
srator frequency to simulate different coal! thicknesses These simulations
auved the operator to respond with a vertical drum height adjustment. The

acoustic follower, placed in a present cut location on the body of the shearer,

hen Zetermined the actual height from the body to the cut, which was recorded

oth with the Adjunct Systems and Foster-Miller units as a function of down-

.4ace distance

A plot of one run is shown in Figure 11 This figure shows a record

30,



Figure 10,

Confizuration Used in Bruceten Test, Battery
Box is on Left and Controller/Data Logger is
on Right, Lights and Calculator Display are
Visible through the Window,
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which indicates the cperator was able to respond to the instruction lights

and put the drum height inside the error band within approximately two to

four feet of travel The shearer progression for the test was about 12 feet

per minute. This is slightly less than many longwalls operate, but not so

nmuch less that it negates the velue as a first order conclusion.

The system recorded some voltage fluctuations corresponding to approx-

imately one inch. It was not possible to track down their socurce, which

mav well have been the result of the unusual arrangement in which both the

Adjunct Systems and the Foster Miller analog-to-digital convertors were 1in

use at the same time.

The program cycle time was about seven seconds. Increased efficeincy

of the coding might reduce this time to five seconds

Compiete doccumentation on the system, which uses both proprietary and

non-proprietary devices from Hew!ett-Packard, as well as Adjunct Systens

fabricaled microprocessor electronics and mechanical assembl!ies, has been

supplied to Foster-Miller Associates to pursue MSHA permits.
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ACE ALICNMENT

LONCWALL FAC
RECORDING EYSTEM

The longwall face alignment recorder 1s a
develcpment oriented toward :mmediate use
in coal mine environments, with expantsion
te real time control it desired. The ccn-
cept itnvolves the use of & retroreflector
en the shearing machine body, a stindard
miner's lamp as a source, mechanical (as
compared with an electrical moter) drive,
salong with photographic recording using
Pcolaroid color photographic film The
retroreflector shown in the picture to the
right is mounted on a vertical cltria%o
that moves up and down according to the
fcrces as a follower moves along the drive
coas In the down position, the reflector
is not visible. In the up position, it is
visible. (Actually, the unit need not move
up and down with each cog cycle. A mechan-
tcal mechanism can divide the motion so the
pcsitions change only once per roof suppost
cr othe: selected interval The only elec-
trical component is a standarZd miner's lamp
No modification is made to the lamp Thus,
the entire systenm is mmediately mine usable.
The hardware can be modified to an electronic
version with modest changes

Outputs such as shown in the f.gures on the
next page are available, and are immediately
useful to ccal mine personnel They are made
using an apparatus which sits stationary at
the fresh air end of the longwall. This ap-
paratus, with ccver removed, is shown in the
figure below

The recording film is moved in a steady
manner in a plane perpendicular to the
optical axis. Light returning from the
retroreflector passes (hrough 2 long focal
length lens and through a dove prism to Lte
imaged with an offset indicative of the
angle to the shearer. Horizontal and vert -
ical displacenments are decoupled by use of
a cylindrical leng near the film plane

The dove prism rotates such that it el:im-
inates the need for rotating cylindrical
lenses This rotating prism system has
two advantages. The first is that slaved
rotation at the prism plane is easier to
inplement than rotation in the film plane
Further, rotation of the prism assenmbly
can be used to interject colored filters
into the path of light returned from the
retrorellecter The colored filters as-
sure separation cof the horizontal and
vertical exposures of the colored f:!lm
such that they can be independently
interpreted when the developed fi!m 15
read through appropriately colored analy-
sis fi1lters

Analysis of the film is accomplished

by observing the i1mage through over-

lays which are ruled in such a way as’

to include the triangulation consider-
ations relating displacement on the fi1lmn
to offset of the shearer as a function

of distance down the face That distance
is obtained simply by counting the nunmber
of point-]like exposures along the dist-
ance axis multiplying by the distance of
one "pop up cycle"” of the retroreflector
assembly
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The electrs

pCcwer uvr co
¢I. vperator
tra:ning

rnic monitor and data logger has been specifically designed for use
in coal mines The system has the abi:lity to ocperate several! days on batter®
r*rinuously on primary sources Eystem design makes i1t possible (-

0o perform even the most sophist:cated operations with very little

Tiis results from the avai:labdil:ity

of

prepackaged computer scftware

which 1% cal.ed 1nto action at the push of a single button

CENERAL CHA

RECCRDINC C

ANALYS1SE OPTIONE

RACTERISTICE
FReccrds on magnetic tape

Analyses data in e:tther reai t:i:me cor

Controls machinery :n either recl

Reprogracmable with magnetic cards or

an optical reading head
Talks to other computers

cff line

time or off tape
Displays in lights., audio and/cor digital LCD output

remotely with

Housed in an explosion proof E"v€"x10" box

Powered trom a single six volt source

Fequires less than one ampere current
to 20 ports)

Accepts multiple analog inputs (up
Accepts pulsed inputs (up to 4§ por
Accepts digital :inputs (B-bit word

ts)
s,

Has up to € ports for command output
Weighs € !bs without XF box., 75 !bs with

HARACTERISTICS

up to 4 ports)

Can rtecord continuously without computer control

which executes turn on
based cn the sensor i(nputs cor preprogrammec t:mes

Holds 2000 words :n the computer snd 100,000 on the tape

Can play back through du:ilt-in computer (which can process

Can be activated by the computer,

and plot data 2t came ti:me) oFf

to

an outs:de computer

Has matching paper tape printer/plotter

Etandard Statistics, tncluding
Mean
Etandard deviation
Cross correlation

Non-paranmetric Statistics, including

Fank order

Trend tests

Quality control algorithms
Curve fitting and projections

(PUSHBUTTON CONTROL OF PREFACKACED SOFTWARE)

JRIGINAL PAGE IS
OF POOR QUALITY

Other mathematical and control programs can be prepackaged

on request

Programs can be pushbutton activated

Input from simple magnetic card

30,
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