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CHAPTER 1

EXECUTIVE SUMMAFRY

The Continuous Miner Training System {(CMKTS) was developed by the
McDonnell Douglas Etectronics Company (MDEC) in fulfillment of
Contract MNoes HO37702% with the United Stetes Uepartment of the
Interiors Bureau of Mines., This contract provided for the design and
developanent of a prototype continuous miner training devices student
training materials, an instructor's manual and a maintenance
handbooks The contract specifiec the develorment to be accompl ished

in three phases.

Phase [ was initfated in September 1977, It consisted of a review of
existing continuous miner designsy a task analysis of operator and

he lper positionss and tre selection of tne Juy 12ulM as the model for
par t—task trainer configuration. In additions Wend Lake College at
Ina, Iilincis was selected to be the site of training system

evaljuation and validation auring Phases 11 and III.



Phase [l was initiatea in Septemter 1978, The design and development
of oboth the part-tasx trainer ang tne Plan of Instruction were
started concurrently, The continuous rminer trainer is a part-task
procejures trzjining cevice. 1in ity the trainee can gain familiarity
with the crerating procedures ancd tne mining application of a typical
continuous miner. The installaticn site‘requires 8 normal size
classroom with controllaole lignhtings, a 115 volt 30 ampere power
service cutiety and provisions for maintaining the ambient room
temperature below 75 cegrees F {24 degrees C)s The advantages that
the (MTS offers over traditional on=-the-job training ares
TEACHING OPERATING PROCEDURES

Startup

Shutaown

Traaming & Turning

Entry Cutting

(rosscuts

Sunp-~Shear-Cusp

Siabitizer Jack

sater Spray

Snuttle Car Interaction

Check Conveyor Before Moving

CUNCENTRATED TRAINING

Tasks tailored to Equipment and Mine Dimensions

Task Selectior anc Control

Not Affected Ly Mininyg Sequence Delays

Nnot Affected by Mzaintenance Problems



SAFER TRAINING ENVIRONMENT

LESS TENSION AND PRESSUPRE
Production crew is not waiting for performance
Errors can be made without loss of production,

esuipment damsge, Or injurye.

Technical advice for course content was solicited from the training
staftfs of Southern Illinois Coal Companies and the faculty of the
Mining Techrology Lepartment of Rend Lake College. The coal
companies made their facilities available for the collection of task
analysis data relative to continuous miner operations, and Rend L ake
college provided the students and facilities required for formative
evaluation of the preliminary course materials as they were being
cdevelopecs Tne training package consists of & comprehensive
instructor guioes student guides lesson workbooks, several sound

siidge grcgramsy and films,

Phase III wag initiated in November 1979, It was devoted to the
validatioun of the trainer and the instructional materjals that
together constitute the continuous miner training systems It was
determined that the trasiner can be usea tc teach basic fundamentals
of continucus miner operating proceduress impart safety awareness,
ano to deveiop operator skillse. Tnere are several things that can be
done to improve anc enhance the trainer. The trainer imgrovements as
described in the recommendations chapter will cofrect probliems

icentifiec cduring validation. These improvements include revising



errar slice presentstinans to 1rorcve understandings removing shuttle
car ana conveyor position cues from tne graphics disptltay to force the
student to develoc the nacit of looking over his shoulcer to
getermrine the conveyor positions and improvinyg the methods anc

procedures required to create s training task for the trainer.

The recommenged trainer enhancements will increasa the flexibility
and expand the capabilities of the trainer. The enhancerents include
mounting the trainer in 2 mobile trailer to improve its availability,
develofing a'aemonstration capebility that will display correct
operating proceduress develoging conversion moduies to simulate other
types of continuous miners; and the addition of scrubters fire
suppressions controller side breakersy, anc retreat mining

simulations.

Thne instructional materials as gevelopec are setisfactory for a
vocational education environment, but they are too longs reguire too
much WOrKLOOR aﬁtivity. and are too machine specific for use as 2

" short operator traininj course tor tre gerera! mining industry, The
instructicnal materials shoulag ve revised iInto a group of generic,
standalones non trainer depencent moculies tnat can be use4 bty cozl
companies to supgcrt on=-tne=job traininge. This wculd fill an

immeagiate industry need,

Trie ninimum recommenaesd plan tor continuec development of the (CMTS

includes incorporating the trainer irprovements, re—-evaluating the



systems and revising the instructional materials., The trainer should
be upgraded to include the error slide revisions and to remove the
shuttle car and conveyor position cues from the graphics display
pefore any additional evaluation of tne system occurs. The ideal
site for further evaluaticn woulc be a3t a mine site where the
students would go through the CMTS course and then go operate a
continuous miner. Two possible sites have been identifieds The
direct involvement of the mininyg company should proouce valuable
sugyestions for revising and restructuring the instructional
materials into a generic standalone continuous miner course that will

support on-the=job training for the yenerel mining industry.



CHAFTER 2

CMTS DEVELOPMENT

An Instructional System Develoesment (ISD) aspproacn was used by MDEC
throughout this three phase development project. The ISb approach to
_training systam development involves the isoletion of behaviors
,ecritical to the safe and efficient performance of continuous mining

: operations and the subsequent development of specific training
objectives that direct toth instructor and trainee behavior toward
the accomplishment of training goais, The essence of ISD is that
each learning expefience is incliuded in the training program because
it is cewonstrabiy and diréctly rélatec to an occupational goal.
Course content and training eauipment specifications were determined
by an exhaustive analysis of tre sxills ano knowledge required by s
continuous miner operators ie.eer» 3 task znalysis determined what each
member of the continuous mining team :nust know and do to operate a
continuous miner safely and proouctively in its real world

anvironment.

10



2¢1 TASK ANALYSLS OEVELOPMENT

To ensure tnat ell requisite cats were collecteo during the task

analysis efforty the following objectives were established:

L Identify knowiledges skills and intracrew coordination required
for safe anc effjcient continuous mining.

5. Letermine tne correct tasws and task sequenhces required to
aperate the continuous miner.

Cs lagentify auditorys visuals, ano propricceptive cuess together with
their appropriate feedbachy to enable an operator to perform each
task anag task sequence safely and efficiently.

D. Identify cperating characteristics of each controls, displiays and
safety adevice and determine typical machine response time to
operator inputs.,

Ese ldentify miscellaneous operator tasks performed in support of
other personnel and equipnrent not directly related to continuous
miner operation,

Foe ldentity tasks reaguiring high skill level implyinyg repetitives

hanas=on training,

Tne cgetailec task analysis is documentec in Reference 1.

11



2elol TASK CRITICALITY

Those tasks determined to dbe critical in the sense of incorrect
performance contrijbuting to personnel injury or damage to equipment
dere ccdeg as follows:

Cooge 1t Result in injury to operator or nhelper,

Coge 2: Result in injury to other personnel.

- 0de 3: Result in camage to equipment.

The requirement that several tasks must be p?rformed simultaneously
increases the difficulty for a treinee tu acquire the requisite
skillsse An operator must bevconstantly alert to visual, auditory anc
motion cues from many sources, anc some tasks are more critical than
ot hers pecause of the hazards inveclved, Therefore, task critlcétity
ano the conseguences cf improper gperformance were determined tor each
tasxs Performance cdata and error analysis were used to establish

tentatively acceptable proficiency levels,

202 TRAINING CG3JZCTIVFES

These ob jectives «ere Fformulated from the task analysis data and
served to establish tne subject matter of the training program,.
Training op jectives identify the skillss knowledge and concepts an
gperator must possess to be safey, efficient and effective, Such

ob jectives &are tne basis of the Plaun of Instruction for the training

12



program because they integrate the various elements of the ISD
approach into a logical and comprehensive product. The objectives
direct the fearning behavior of the trainee snd the teaching behavior

of the instructor.

The Plan of Instruction represents a meaningful description of esch
instructional moaule or lesson and is structured to facilitate
training adninistration and operations. It was developed during
Phase I activities so that the training objectives could be retined
to indicate specific ‘types of learning ance¢ to organize the training
sequence., Cetailed descriptions of the training objectives and Plan

ot Instruction are containec ir Feferences 1 and 2.

2+3 PHASE II% SYSTEM DEVELOPMENT ANL FAbFICATICN

2e3s1 PART=TASK/PROCELDURES TRAINER

———— - ——— o - —— T — . -~ - o— T

The reguirements analysis incicated that the continuous niner trainer
must provide training in each of the following aspects of coal mining
operations: tramnming and turnings positioning for coal removal,
sumping and face cuttingys turning a crosscuts and positioning the

conveyor for loading a shuttle car.

13



Mcre than a dozen makes and amcdels of continuous mining machlnes are
a?ailaole tc tne american marret. Among tne most popular in the ﬁoal
region adjacent tgo St.Louis are those foered by the Jeffrey Mining
Machinery Uivisicn of Jresser Industriess lnc.s Joy Manufacturing
Coes ana tne L22=ngrse Co. Tre Jey 12Ch was selected as the exempiar
for all such macnines because design and per formance data cohcerning
this maxe anc mode! were most convenientiy availables The mines that
dmere most convenient for on-site observatijon of continuous mining use

the Joy 1z2 M.

Functional Descriotion

"The continucus miner trajiner is a combination prgcedures and
.part-task treining device. In ity the t;ainee can gain familiarity
‘uicn the operating proceduress controlsy, and the mining application

of a typical continuous miner, A photograph of the trainer is shown
in Figure 2~1. It is a stanc=zlone procecures training device and
can De usea in either an individuals self-paceds or an
instructor=-guideu mede., The installation site requires a normal size
classroonm wita controllanie lightings, a 115 volt 30 ampere power
service outlet and provisions for maintaining the ambient temperature'

pelow 75 degrees F,

Manipulation of the contrels in the operatcr's station results in the
movenent ¢f 2 gyraphic recresentation of the continuous miner
grojected on tne 3grapnics CRT cisplay (CRT) in approximately the same

Manner, rate ot rescponses anc with the sounds 2s would be experijenced

14
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on a Joy 1l2CHM during actual underground operation., Functional
controls on the trainer are the tram levers, cutternead controls,
gathering head controls, conveyor and conveyor boom controls,
stabilizer Jjacks and water spraye Also included are the control and
gutterhead clrcuit breakers and the electric switches to energlze the
pump and traction motors conveyors heaclightss panic bars tram safety
pedals and the methane monitor., The position of the water spray and
fire suppression valves in the operatort's station are monltored by

the compdter to ensure proper trainee operation.

Subsystem Descriptions

The major components of the trainer are jdentifled In Figure 2=-2.
The control panel contains the master clrcuit breaker for the entire
systemy power UN/OFF sWwitches for the sound and projection systems,

and remote focus switches for the projectors.

Computer System - The tralner is controtied by a POP 11/34 aigital

computer. All of the electrical circuit breakers and hydraulic
control lever positions are input to thé computer which processes the
input signals, simulates the continuous miner interlock and control
logicsy outputs signals to the graphics displays and cues the

appropriate sounds and slideso

Juring the training sessionssy the computer informs the trainee of

various performance errors. These are displayed both on the CRT and

16
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|
one or oatn slide projectors.s Un the CFT, a signal is flashed at the
point ¢f contact if the trainee accidentally strikes the rcefy rib or
bottom wWwitn some part of the machine. 4 performance record is also

availlable in nard copy at the instructorts reouest.

6r aphics System = The trainer utilizes an interactive computer

O - M - T — - ——

graphics systems Thne Lasic irformation relating to aimensions cf the
mine sector plan view inclucing pillarsy entriesy crosscutsy ana coal
faces is stored in memory along with the essential configuration
getails and tram speeas of the continuous miner anc a shuttle car.,
These datz are processed in the computer and aprlied to a strcke
'nrit}ng cathoce ray"tuoe (CRT) ¢graohic terminals ODynamic or motion .
inputs resulting from manjpulation of tne coerator's controls are
simitarly processed in the comgputer to upcdate the graochics file., The
graphics system then presents 2 continuous, nonflicxering disolay

snogding 2 reltatively smooth novement of the continuous miner anc its

related moving garts.,

Projection Systems = The orinary function of the forward souna/slide

prajection system is to disglay erocedural errcr conditions to tne
student cdurinyg his performance of a training exercise. The errecr

éliaes are displayed until trhe procedure is corrected. Alscy the

system can show introductory sound/siide instructicnal segments

sescrining tna task to he perforrneds

18



The rear slide projection system cepicts octual working mine scenes
coordinatecd with the particular activity of the continuous miner
trainer. A randon access projector provides a lcgical sequence of
scenesS regardless of the training scenarioc selected, The scenes can
depict conveycr boon positionsy a helper standing near the conveyor

boomy, and shuttle cars either loaded or being loaced.

Sound System ~ The sound system provides six basic sound effects,

They are: hydraulic pumpy trammings cutterheac rotaticn, cutting

coals cutting rocks and the conveyor loacing coal.

Instructor's Terminal - All inputs required.for the instructor's

participation in the training exercises are either delivered verbally
to the trainee or entered into the computer via a DECwriter, The
DECAriter is located ecjacent to t&e trainee's position in the
trainer and permits the instructor a clear view of ail the traineet's

actions.

Trainer Capatilities

The continuous miner part=-tasn/procedures trainer can bte programmed
to meet the specific needs of any user. Its inherent flexibility
permits the user to generate beth the exact dimensions of the
cutterneac ani of tne entries and crosscuts. Programming is

accomplished using the CECwriter and the interactive graphic display.

19



Creating Trainer cxercises ~ Jo create 3 new trainer exercises the

user types "IREATEM on the DclCwriters The system replies with a
query'for inputs specifying the parameters of the continuous miner,
shuttle car ang mine dimensicnse Following the insertion of the
neca2ssary inputss, the {5T ¢cisplays tre mine end machine parameters.
The CRT alsc displays an interactive menu to be useds in conjunction
Aitn a lightpen, to generate the cynamics of the training exercise.
These cyramijcs censist of ceveloring the tramming path of the
continuous miner anc its reset positions during the exerclise,
?ositions of the trajling cable and the shuttle ca; are establisned

in the szame manner,

Training Scenarios ~ Several training exercises have been developeds

stored on a floppy discy and used in the initial evaluation of the
CMT3S. These exercises were generated after more than 50 hours of
observing continuous mining in dctn advance and retreat sections.
Criteria for the‘exercises were based upon djscussions with coal
company training personnrel and experimental evaluations of the
tragjner using experienced Joy 12CF operators as subjects. These
axercises cover the following areas of continuous miner operations:
Lhe (Control operation and start—-upo procedures.
3, Tremming anc turninge.
s wutting and loading cozal.
D¢ Turning 2 crosscuts

. Shutdown anc fparking procecura2s,

20



These exercises are available to any user simply by inserting the

appropriate fluppy disc into the computer.

2+3¢2 CLASSRCUM MATERIALS

The ISO eapproach requires two types of information on which to base a
training prcgrame rirst is a definitive subject matter organization
derjvea from a task analysis and expressed in the form of training
obgjectives and their associated tests., Second is information

concerning the population for whom the training is designed.

Two conditions had to be met by the classroom materialss Firsty, they
nad to stane aslone and te incegencent of the part-task/procedures
trainer, In this ways they could be equally useful as supplementary
materials for an on—the-job training progream supgported by |imlited
access to an operational continuous miner. Seconds they had to be
maximally suéportive for teaching operational procedures, safety and

preventive maintenance concepts using the treiner.,

The application of the ISD approach began with the identification of
sub ject areas to be covered., Selection of sub ject matter was
getermined ty the task analysis of operator and helper positions
conducted during Phase I. This analysis produced a comprehensive
list of trainin; system requirements, Wwith the assistance of the

coal inoustry experts and miring technologistss these requirements

21



were orgeanized into ten cateqories of training objectives. These
objectives specified what was to be learneds, how well it was to be

learne¢ and tne conditions uncer whican jt was to ve tested,

To ensure that tne most significant material reached those trainees
with a reading difficulty, 850% to 33% of the material was presented
in scund/slidge format., The remaining 15% to 20% of tne material was
selected for its ease of presentation in lecture format and to
stimulate 2 gialogue between the instructor and the trainees. Lively
discussion amongy the instructor and the trainees in the classroom
further .encourages activg participation by the trainee with a resding

handicape.

Four different formats of seif-test items were used in composing tne
wt jtten materials These were:
4. Completion questions concerning figures
and schematics .,
Be ndltiple chaoice questions.,
Ce Matehing questions.

O True/faise questions.

Correct a2nswer feedback was made availaole immediately., AN
end~of~-lesson test was preparea for each lesson for which such an
evaluation was considered appropriate, This grovided the Instructor
with en accurate 1ndication ¢t now well the trainee was responding to

the instructional materials.,
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Lesson Descrigtion

The training requirements were categorized under the following
topics:?

Introduction to Continuous Mining ~ a8 general overview of mining

methods and the role of the continuous miner in coal mining.

General Safety - personal equipment and the particular hazards to

— - ————— — - -

which an cperator and helper are exposed.

Introduction to the Continuous>Miner - major components of the Joy
12C¥; electrical, hydraulic and water piping subsystems; safety

devicese.

Controls and Displays = functional descriptions of each electric and

hydraulic control and disglay.

Wwork Place Inspection = federal laws perteining to the workplace and

procedures for rejuired inspections within the working section,

Power=Uff Inspection = procecures for power centers trailing csble

and macnine inspection; Joy 12CM servicing reauirements and

preventive maintenance.
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Power=0On Inscection = start—-ur procecurey safety checxs of power

centers electric and hydrauljc subsystems, inspection and replacement

of cutting tits.

Tramning - pretrannming checkss; descriptior of specific hazards;

perceptual cu2s and proper resconses while tramming ana turning both

forwarg snc in reverse; shut-down and parking procedures.

Jperations - procedures for cutting and loading coal, cutting

crosscutss shuttle car management,

Special Operations = procedures for cutting overcasts and undercasts,

towinygs moving tne power centers advancing the belt,

une lesson was srepared for each category with the exception of
"General Safety." Three lessons (three classroom hours) were required
to present this subject acequately., ln their final forms the

classroom materials reauired lz lessons.

Socuncd/Slide *rogrars

For the first six lessons, a script was prepared that included from
3G% to 857 of the self=-t2ast items oregared for the 25 training
objectives ccncerned., This was t¢ ensure that the gfost critical

material seiny; cresentec to the trairees would be adequately
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understoou oy anyone handiczprred by a reading deficiencye. The visusl
media to support these scripts were 35MM color slides illustratiﬁg a
particular instructional point., The format is equally applicable to
individuslized, self-paced instruction anc¢ to a conventional
classroom environment, Instructions for the presentation of these
programs and their preferred place in the training schedule are
containeg in the "Instructor's Guioe." Each script is included in its
proper sequence in the "Stugent!s Guide" available For review by the

trainee in conjunction with tte worktook for that lesson.

1644 Films

Four 1¢MM tilms procuced by the National Phofographic Laborator@es,
Incss from their Trend Program entitied "Continuous Miners" were
purchaseo and incorporated into the CHMTS. They were selected for
trhieir overall hign quality to telp the tresinee visualize the
operation of & continuous miner underground and for their emphasis on
the interactiocns between the operator and helpers These four filims
were originaily producea for the Monterey Coal Company of
Cartlinvitles, Tilinoiss in cooreration with the National Coal
Association and the Rituminous Ccal Uperators?! Association. Althougb'
ttiese films feature a Jeffrey Feliminers, the operating principles
presented apply equally to the Joy 12{M or any other make and model

of continuous miner.
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dWorxbook Development

Following the definition of tne 77 training objectives and their
categorization into 12 homogenous lessonrssy as many declarativé,
factua! statements as possible were composed bearing on each
objectives Tnese were orcerec in terms of the criticality of the
task to which they related and were then refcrmatted as sel f-~test
itemss During tne initial development of the student workbooks, each
factual statement was written as a self-test jtem at least twice,
once positively and once negatively if in True/False format, or once
as the main topic and once as cne of a series of alterngiives if in
muitiple cheoice format. As many as four cr flve different aquestions
Wwere composed Tor those statements oearing on tasks with the highest
criticality scores. Regardless ot the nunber of training objectives
peing covered, more than 100 selt-test items were written for each

lesson and numuereg in order by task anc critizcality scores

An introductory text was prepared for each lesson. Figures, charts
ang schamatics were selectacd tc illustrate the selt-taest jtems,

Chnecx Jlists to ce used both as an instructional device for trainees
and as a3 standard tool for the trained cferator were introduced in.
Lessons 7, £ anc 3, tne three lessons pertaining to inspection
procedures, The checxlists are in a format suitasble for enclosure in
plastic covers to be carried by trainees during their underground
tour prescribed tc culminate these lessons, In an aobreviated forms
it is recommendged that similarly protected checklists bLe permanently

stored in a steel! box welded to the main frame reacily available 2s a



job aid at the start of each shjft.

Expert Review and Comment

————— —————— Y~ — —— - — -~ — - -~

Prior to their formative evaluations copies of the first drafts of
each student ~orkoook were submitted to the training coordinators of
the several participating coal companies and to the faculty of the
Rend lake College Mining Tectnolcgy Lapartment. J(ourtesy copies were
also proviced to the training department of the Joy Manufacturing
Company. The responses to requests for review and criticism were

complimentary but unconstructive,

Formative Evaluation

—— o — - - - > -

A total of 38 students in three different Machine dperations classes
at Rend Lake College participatec in small-group tryouts of the
student workbooks that had beer pregared for each lesson, A 190 item
test based oﬁ wor kpook content was administered to each student 20
days before he began utilizing the workbookss. The students were then
given three cays to complete the workbooks and workpook exercises in
a self-paceds self-instructional modes Instructors provided
assistance on an as-reyuired basiss The 160 item test was then

reaaministered.

The mean score or the pretest was approxinmately 59%Z (range 98=128),

while the mean score on the posttest was 66% (range 115-138)s The
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mooest gain in mean score anc the slight reduction in performance
variability from pretest to pecsttest provide evicence that some
learning dids in facty, occurs The 23=cay interval between
adrinistration cf the pretest anc tne posttest minimizes the
probavility tnat tne gain jin mean score s simply a function of
memorys zaltnough the pretest may have served to focus the attention
of students on M"critical" content. Anecdctal comments from students
anc instructors indicated that the workbook materials were reasonably
well received. WOrxhoOoKkS were revised on the basis of the
smali-group tryouts, and a new 227 item test was prepared for use as

a pretest and posttest during Phase III.

°

204 PRIVLETLIN CUSTS

Stancard commercial parts and corponents were used in the design of
the CMTS. In additions the ground rule was established that
commercial parts'could not be modified in any ways This design

prii losophy was establisned to reduce the number of special purpose

designs ars to mininize production costse.

The pretotyrce system has been raviewed anc several suggestions have
been mace to reduce production costs. Firsty the projector interface
requirements ~ill be reduced bty replacing the present projectors with
units tnat can be criven cirectly from tne computer, The special

purpose projector interface circuitry will be eliminated. Second, it
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will be nmore economical to fabricate the oead man switchy panic bar
and seat assembly rather than purchasing then from the continuous
miner manufacturer., Thirds, the cutouts for the cab subassemblies
#ill be installed by the cabinet shop producing the cab. Fourth, the
number of electrical concuit runs will te reducecd by combining tne
control ang electrical panels into a single unit and locating it on
the rear cf the trainer, A duplicate copy of the CMTSs with the
avove chanyess, would sell for approximately $150,000., A preakdown of

the production costs are shown in Table 2-1.

29



TRAINEE PARTS
Audioc System

Cab Assembly
Cables

Computer System
Contro!l Panel
Electrical Panel
Instructional Materials
JLY Parts

Methane Meter
Projection Systems

SUB-TCTAL

Fabrication
Assembly
Checkout and Jther

Installation and Warranty

SUB-TOT AL

TCTAL PRICE

CMTS PRODUCSTION QST

30

TABLE 2-1

CCST

2 4,400
2+400
300
41,000
100
5C9
300
25,8090
200
55100

5 57,100

$ 1¢,400
5C» 300
16,700
75400

- o - - -

$ 92,800

$149,9GC3

ESTIMATES



CHAPTER 3

FHASE ILI: TRAINING SYSTeM IMPLcMENTATION AND EVALUATICA

———— - —— . > - —— . T > T o U S P S T . P WS P W G G FU D G T e - W e o O

Arrangements were made during Phase Il to evaluate the entire CMTS at
Rend Laxe College during the perios from Jenuary through May 1960.
The evaluation pian entailed &z summative evaluation of the classroom
mater jais and a procedure to validate the part-task/procedures

trainer.

3,1 TKAINER EXERCISES

Four training exercises (£10s t2Cs £30sy anrd £40) were developed for

validating the trainer,

3¢1,1 TRAMMING STRALGHT (c10)

This problems shown §in Figure 3«1y requires that the trainee energize

the trainer and tram forward fron the starting point through two
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entries and execute parking and shutdown.,. Then he restarts the
trainer and trams in reverse back to the c¢criginal starting position

where again he parks and shuts down,

3.142 TURNING (c20)

The trainee wifil energize the trainer at the starting positions shown

in Figure 3-2y end tram forwarc to the facesr executing a right and

left turn., After shutting down 2t the facey the trainee will restart

and tram in reverse back to the starting fosition and shut down,

36143 CLTTING AT LOAZING CUAL (E30)

As shown in Figure 3-3y the trairee will enaryize the trainer, tram
to the face and Inad four shuttie cars. This will advance the

continuous miner's cancpy to the last roof bolt,.

30104 TURNING & CROSSCUT (£40)

- — - ——_—— T ————— T . e ———g—

I{lustrated in Fijgure 3-=4, the trainee wWil! turn a crosscut to the
rignt, loading the coal intc shuttie cars., No provisions have been

made to simulate roof bolting in the new crosscut,
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3.2 REND LAKE COLLEGE PARTICIFATION

3.2.1 FACILITIES

Two adjoining classrooms in the Lepartment of Mining Technology were
cedicated t¢ the Machine (Uperation course. One classroom was used
for lectures and class cdiscussions, and tne other was moodified for the
trainers This classroom was airconditioned, painted blacx and

equipped with controtltable lighting.

3.2.2 MACHINC OPERATION COURSE

With the approval of the Boarc of Trusteess the curriculum of a two
credit hour course entitled Machine Operation was modified to consist
of the twelve lessons of the CiaTS. C(ne mrember of the mining
department faculty, certified as a Mining Instructor by the State of
Illinoiss was assigned to teach the course in concert with an MDEC
training specialiste As normally oresenteds the machine operation
classes meet once a week for three nhourss one nhour of classroom ang
tmo hours of lacoratory work. ODuring this evalfustions that scheaule
was mogified to permit the maximum exposﬁre on tre trainer for eacn

trainee,
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34203 STUDENT PUPULATION

- The 41 trainees wnhno completed the course were divided into three
classes. OUne class of 17 stucents met Tuesdays from 0860 to 1100,
The other two classes wWere designatec as "parallel" classesy
permitting a8 student to attend whichever was convenient that day.
These classes met on Thursdays from 13G0 to 1600 2and from 1730 to
2030, Twenty~four students were enrolled in the Thursday gQroups
Attendance on Thursday varied between trhe two sessions. Ususily 17

or 1% came at 1300 and A or 7 care to the 1730 session.

All ¢f the students in the Tuesdey class were full-time students,
Four of thé Thursday students were employed tull-time 2as miners,,and
two more heid mining associate& Jobse. Atl 41 were high school
graaquates. Onily one ha¢ a severe reading handicap. They ranged in
age from 19 to 45 with an estimated nedian age of 27. Exact

demographic data are nct availablee

3.2.4 TRAINING TECHNIQUE

The first class session consistec of the 227 i1tem pretest followed by
Lesson 1y "Introduction to Contiruous Minings™ and a brief,
introductory exposure to the trainers. In subsequent sessions, the
entire class would receive classroom material 4during the first hour

and then would be divided in half for the remaining two hours., One
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nalf of the class would tawne turns on the traziner for supervised
instruction ~hile the other receivea classroom training.s The two
sections w~ouid cnange places for the third nour. In this fashion,
the trainees 2veraged less than 10 minutes of hands-on traliner time

per weexy hardly more than famrjliarizatior training.



CHAPTER 4

RESULTS AND COGWNCLUSIGNS

- ——— — . Y T S " - ——— o -

A Continuous Miner Training System such as was evaluated under this
program can be used to teach basic fundamentals of CM operations
impart safety awarenesss and improve operator skills, Post-test
results of the lessons and trainer exercises shpwed a generally
positive trend in improving knowlecye anad skills related to
continuous miner operations. None of the students participating-in
the validation porcogranm went on to become (M operators during the
evaluation perioas, therefore, no data wss collecteo and no further
evaluation was possible to determine real penefits derived from
exposure to the (MTS. Hewevery cualitative judgements expressed by

the participating coal companies were positive.

It 4as determined that 2 generic training course may be practical.
The training mater ials should be revised tu be general enough to take
into account the level of the student (new miner, experienced minery
or exper ienced CM operator)y the type of continuous miners, and the

mining procedures used bty the cofpanye. Less empltasis should be
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placea on memorizing machine specific dimensions ang capacities and

more emphasis placed on correct operating procedures.

A generic trainers, however, jis not practicasls Thre physical operation
cf electrical switen controls and associated safety interlock logic
can not be duglicated by a2 single group of switches and 2 single
computer grograme. Similarly, the tram anc nydratulic controls giffer
in types location, functions and response. Detailed CF control
comparisons fer JOY Manufacturings National Mine Service, Lee Norse,
and Jeffery continuous miners are documented in Reference 1. The
recommendeg way to address the differences befween different
manufacturer'ts machines is to oevelcp‘Separate interchangeable
electrical, tram and hyoaoraulic mocculess ang computer logic programs
for each manufacturer. Generic switcnes can be used for the fire and
dust suppression valves and the deadman fcotswitchs The conversion
from one manutfacturer to another woulc¢ require exchanging paneis and

conputer logic programs.
4ol CLASSRODMY MATERIAL

Three of the 12 lessors are not representeg by items on the 227 item
posttest to evaluate the cognitive materials, These lessons were:
Lesson 1t M"lntrocducticn to Continuous Mining"”
Lesson 4: "General Safetyy, Pert IIM

Lesson > "Controls and visplays"
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The CMTS was designed to teach an experienced miner to operate a

continuous mining machine and to improve the skills of a continuous
mi ner operator. Lesson 1y "Intrcduction to Continuous Minings" was
prepared for students with a cemonstrated interest In becoming cosl

minersy, but with no practical mining experience. Lesson 1 serves as

an orientation for these and similar trainees.

Lesson 4, "General Safety Part IIs" concerns machine related
accidents, It was incluced ir the CNTSs, bLecause of the jinterest
shown by the mining companiess as an instructional segment., Lesson
55 "Controts and ulsplayss" like Lesson 1, is an orlentation.
Comprenension and retention of its Joy 12CM content are more validly
tested by performance on the trainer or an actual Joy 12CM than by

paper and pencil test,
The 227 items of the posttest are unevenly distributed across the

remaining nine lessons. Uescriptive data frorm the two

agministrations of the test instrument are shown in Table 4-1.
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TASLE 4-1
COMPLRATIVF £2Ruf SCORES FROIM

PRETEST, PUSTTEST AND FINAL EXAMINATION

PRETEST PGSTTEST FINAL EXAM
ME AN 70.0 28,0 ' 9.0
50 11.0 1240 5.0

A prerequisite at Kend Lake Ccllege for enroflment In Machine
Gperations Is successful completion of Introduction to Mining. 1In
addition to this courses & numoer of thos; who took Machine
Operationrs nhad also completea a course in first aid and one entitled
4dine Atmospheres ang Strata Control. All three contain factual data
within tne comains sampled by the test instrument. Hencey, the mean
error scere on the pretest of 70 was not unexpected. The final
exaimination was cumposea of 100 items taken from the several
ang~of~lesson tests administereo during the course. Thése tests were
used to guide tutorijal sessions and for the review periods preceding
the final examinations The meah errcr score of 9 is considered

reasonable.

Prior to odministration of the pcsttest, an overall score of 75% was
éstablished as the minimum to be considereg indicative of an
avequately functicning lesson. The results of the lesson level
analysis are presented in Tavle 4=2., The total possible score for

any lesson is calculated by rmultiplying the number of posttest items
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pertaining to that lesson by the npumber of trainees who took the
posttest, e.g.s» Lesson 2 was 1epresented vy 23 items whichy
multiplieag by 35 studentss, eauals a maximum possible of 805, Correct
responses to Lesson 2 items were tabulated and this total divided by
the maximum number of correct-responses pecssibles ioees 5837805
equals 727%. |

Lesson Fossible Actusal Percent

(Items x 35) (Correct T
Responses)
2 8C5 583 72%
3 168¢ 673 407%
6 12630 1163 q2%
7 319 305 967
& 1260 i007 ' 807%
9 595 : 442 767%
1¢ 840 701 83%
13 910 729 BO%
12 zZ10 159 767%

POST TEST ITEM ANALYSIS

Tagtl

in

4=2

The scores for Lessons 2 and 3 failed to satisfy the pre-established
7% ciriteriony, 2and tne scores for Lessons € and 12 were barely
satisfactory. Lesson 2, "General Safetys Part I", deals with
personal safety equipment and the hazarads peculiar to roof, rib and
pottom conditions. Lesson 3, “Introduction to the Continuous Miner,"

treats the cimensionssy major components and component specifications
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of the Joy 1l2CHM.

4.2 TRAINER PERFSRMANCE

- - —— - e =

vaseline perfarmance data was established by using experienced voy
1204 operators to perform Tasks El0s F2Cy E30sy and £40. The averages
of their performances were considered the criterion per formances

against which trainee performance would te compared,

gvery effort was made to find miners scheduled to be trained to
become continuous miner oreratorse. These men would have been given
CnTS training before being assigned to the traditional unaergroung
on-the-jcb training. Thelr foremer and the training directors would
then be asked to evaluate tre tenefit derived from the exposure to
the CMT3. This effort failea because auring the five month perioc ne¢
openings for new continuous miner ocoerators occurred within the
participating companies. Therefore, no one had an opportunity to bic

on tne job of continuous miner operator,

Because there are no standard training procedures for mining machine
ogperator, continuous miner operators have not received any formal
training on tne machine., They have learned by trial and error with
very little, if anys guidance. Typica]ly, each man develops his own
modes of o;eration‘oased on "“whatever feels comfortable™ to hims His

usual! operating procegures are often widely at variance from the
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carefully structured procedures prescribed for the CMTS training,

The three hours once a week class periods permitted approximately 10
minutes per week for the 17 trainees in the Tuesday class and cerhaps
twice that figure for thcecse in the Thursday evening cliass.
Avajlability of the trainer during class periods afforded enough time
to familar ize the trainees with the controls and displays. There was
insufficient class time for any trainee's learning on & training
exercise to approach asymptote, The laboratory was availabnlie,
howevers 12 hours a day during the weeky except when classes were in
sessions Anyone who wishedy, was free to practice or the trainers and

many students diag so. Nc records were kegt of such practice.

Jraining on Task &30y Cutting enc Loasing Coealy was conducted for
approximately ten weeks, After six weekss each of the 41 students
was required to load two shuttie cars using the format of Task E3C.
Results ¢f these trisls for record are shown in Table 4-3, No
significant B}fference in performance of the Tuesaay and Thursday
classes appear in these data. The performance data nave been
arranged jn orcer of the time required by the trainee to execute the
task of starting the continuous miners tramming 10 feet to the face
configuring ﬁhe machine and to cut and load two shuttie cars with
coals WO cGaching was permitted by the instructor during the
exercise, Time did not permit six of Fhe trainees who exceeded thelr
instructions to have a second triale Their data are included in

Table 4-3.
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TABLE 4-3
TRAIMER PERFUKMANCE OATA F(2 TASK £30
{Cutting ano Lcading Coal)

CLASS STUDENT TiMe DISTANCE PRODUCTION SHUT AVER ERRORS
(TGNS) CARS LOAD
(TONS)

TH 1 43105 2548 1z.9 2 9.7 7
TH Z 4:11 £eG 20.4 2 9.6 11
T 3 4126 2449 2042 2 11.5 8
T & 5:03 2G .9 2044 2 10.2 13
TH 5 5123 2604 2Cel 2 10.1 3
T b 5:33 30:3 20.1 2 10.1 9
T 7 51356 23,1 20«6 2 10.4 G
T € 5343 2649 2042 2 10.7 12
TH 9 £3:0H 33.5 2042 2 9.6 8
T 16 6309 31.0 2062 2 10.2 18
ThH 11 6117 29.9 20.1 2 10.4 10
T 12 6:13 22 o4 2Ue & 2 9.6 9
TH 13 5347 4o b 20.1 2 9.9 4 .
TH 14 7:00 23 .3 20.1 2 10,1 4
TH 15 7:G1 31.9 1946 2 9.7 7
T 1% 7:21 260 19.6 2 9.9 3
T 17 7.22 32458 20.1 2 9,7 6
T 18 7:32 36.9 1849 2 S.4 6
TH- 19 7:58 3.1 18.7 2 9.2 4
Th 20 7457 40 .5 2107 2 10.6 9
TA 21 §:28 29.° 20 .1 2 10.1 8
TH 22 8:34 32.9 20.1 2 9.9 7
T 23 8:37 2243 2142 2 10.1 13
T 24 3137 3540 17.7 2 8.7 4
[ 5 5:39 44,5 1zl 2 8.7 4
TH 25 3:54 3646 2049 2 10.7 9
T 27 9:00 37.€ 19.7 2 9.9 10
TH 28 9:11¢ 37 .6 2143 2 10.6 10
TH 29 9:35 46, ¢ 3744 3 9.8 17
Th 39 10:20 39,6 13,1 1 8.9 15
T 31 10:26 3649 20.5 2 10.2 11
TH 32 li:18 44 4> 19.9 2 10.4 13
Tm 332 11:25% 3648 17 .8 2 8.9 13-
7 34 12:14 PPAR 15,3 2 9.2 7
Th 35 13:2¢C 45,8 40 .5 4 9.1 12
A 36 14:0¢2 387 Guel ) 16.1 22
T 27 15:01 35,9 1.9 2 9.6 8
TH 38 16:03 35.9 2E.0 4 9.3 15
TH 39 17:¢25 49,8 38 44 3 10.1 10
Th 4C 18:39 5C o7 2328 2 10,1 22
n 41 201435 49,4 37.1 3 10,1 27
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Distance vs. Errors = o provision was made in recording distance

- —— g - —— - Vo

data to differentiate between tramming forward and in reverse., The
exercise starts with the continuous miner approximately 10 feet from
the tace. To cut ZO tons of coals the amount required to {oad two
shuttle cars to capacitys the miner would advance another 10 feet.
Any distance greater than 20 feet represents the operator reversing
his machine a few feet to cut tne cusp reraining in the bottom when =
shear was completed or reversing a greater distance to trim the roof
smootne Because of thiss, a significant, positive relationship was
expected between distance trammea and the number of errors.

Spearmant!s Kha did not bear this out (p = .17},

Time vs. Production - Nearly perfect performance of the assignea

exercise on the trainer would pe:
TIME: 4.0 Finutes

DQISTANCE: 20 Feet

PRGOGUCTION: 20 Tons

AVERAGE LTAD: 10 Tonrs

£*RJRS: O

There was a3 low positive correlation bpetween time ana prodguction

(P = 020)0

45



Average Load vse. Errors— A negative correlation was expectec between

average load and number of errorse. txcept for locacs exceeding 10
tonss which indicate coal dbeing dumperd cn the floor or falling off
the edge of an overloaced buggys the nigner the average load, the

yreater the skill ot the operator. The data confirmeg this

expectation (p = =-.,37),
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CHAFTEP &

PECCMMENCATIONS

- —— ——— - - —— -

The changes that a}e suggested in the foilowing paragraphs are ained
at improving the oreration of the present system as well as expanding
its training capastilities to nake it more attractive and acceptanple
to potential users., The reccmmencations have come from coal company
personne! and faculty memoers from the nining department of Rend lLake
Colleges Tne recommencetions are categorizec in three grougs:
trainer improvenents, trainer enhancementsy, or trainer related

activitiese.

5¢1 TRAINER IMPROVEMENTS

—————— o ——— - - ———

The following recommencations relate directiy to tne improvement of
the training system as it now exists. They do not address prew
trainer functions or system capabilitigs. The recommendations are
the result of comments received from continuous miner operators,

instructorss and students as well as from cbservation of student
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classes and trainer denonstrations. Tne recommended trainer
jimprovements incluage?

1) kevision to error slides,

¢) nemoval of the conveyor from the CPT,

3) Improving methods for creating training exercisesa

4) xevision of course materials.,

5¢141 ERKIF SLIUE REVISIUNS

There are curfently 22 error conditions thkat have been defined, see
Table 5-1. Each time an error is detected, the appropriate error is
gisplayed on the forwared projection units The number of occurrences
of esch type of errar is includec in the performance report printed
at the end of the exefcises The displayeag slide is removed when the
error concition is corrected., Presentlyy, the error slides display
infaormation in three basic formatss incuding:

1) Errbr Statement and Corrective Action

2) Srror Statement and Checklist

3) Cim Contact ®hotogragh
Joservations ot agemonstrations anc evaluation sessions indicate that
the "Zrror statement ang corrective actionr" presentations are easily
understood and facilitate error cecrrection, The "Error statement and
checklist" presantations usec for tne forwarc tramy reverse tram, and
improper shutdown conditions were the least efficient method of

provigsing error feedbacks., Students were cverwnelmed with information
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1
NUMBER

1C
11
12
13

14

16

17

19
20
21

22

DESCRIPTION

—— - —— - — g~ -

FORWARD TRAM
REVERSE TRAM

CUTTER HEAD CONTACT - LEFT

CUTTER HEAD CONTACT - RIGHT

CUTTER CONTACT - ROCF

CUTTER CONTACT - FLOOR

GATHERING POINT CUNTACT - LEFT REAP
GATHERING POINT CGNTACT - RIGHT REAR
ERAME CONTACT = LEFT QEAR

FRAME CONTACT - KIGHT REAR

CONVEYCP CONTACT

INFRCFER SHUTDOMWN

BEYOND LAST ROCF 60LT

WATER VALVE WOT CRACKED

WATER VALVE NOT FULL OPEN

SHEAKING UP

STLE JACK NCT DOWN

STAR JACK NOT UP

GATFEKING FAN CUNTACT

CCAL DUMFED ON THE FLOQR

CONVEYOF TOO LCW FIR BUGGY

OVERLUACDED SAHUTTLE CAR

ExRROK CUNDITIGNS

Tagie 5-1
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!
and proceedecd methodically to start downm through the checklist, item

by items This provea to te time consuming and Jisrupted the learning
brocess., Several stuogents mage the same erraors repeatedly and made
corrections on the basis of a cneckiist reviews They hrad not

associated tneir repetitious error with a macnine function,

Each "trrcr statement and cnecx!ist" presentation should be replaced
cy a grouf of "Zrror statement anc corrective action" presentations.
The new presentations will dfvide the tramming and shutdown
configurations into functional wachine grouoings, Tne recommended

siioge replacements are shown in Table 5-2., Trke per formance printout

shoulo also be modifieo to reflect these imorovements.

The ghotograghs ot the miner contacting tre roof, rib and floor are
self explanatory. nrowevers, the stugdents usually paused to ask what
was being disolayeds This 18 an initial crientation problem which
can be minimizec by overlaying the slide chotograph mith a brief
explanatory statement. Three statements will summarize all of the
continuous miner contact slidesy they are:

1) kit Contact

2) wroof Contact

3) Floor Contact

Adding the explanatory overlays and eliminating the checklist
presentaticns should make the error sljdes easier to understand,

thereby reducin; initial orientation timre 20c¢ improving student



WRONG TRAM CONFIGURATION

VISION OBSTRUCTED —
LOWER CUTTERHEAD AND CONVEYOR

DANGEROUS TRAM CONFIGURATION

VERIFY THE FOLLOWING SWITCH POSITIONS:

CUTTERHEAD BREAKER OFF
CONVEYOR SWITCH OFF
MAIN MOTORS SWITCH OFF

WRONG PARKING CONFIGURATION

VERIFY THE DUST SUPPRESSION AND
FIRE SUPPRESSION VALVES ARE CLOSED

"WRONG PARKING CONFIGURATION

VERIFY THE FOLLOWING:

CUTTERHEAD DOWN
GATHERING HEAD DOWN
CONVEYOR DOWN

WRONG PARKING CONFIGURATION

VERIFY THE FOLLOWING SWITCH POSITIONS:

CONTROL SWITCH OFF
PUMP & TRACTION SWITCH OFF
CONVEYOR SWITCH OFF
MAIN MOTORS SWITCH OFF

WRONG PARKING CONFIGURATION
VERIFY THE FOLLOWING BREAKER POSITIONS:

CONTROL BREAKER OFF
CUTTERHEAD BREAKER OFF

Table 5-2. New Error Slides



comprehansicn.

5¢l.2 CONVEYJR REMOVAL FROM CRT

It nas been suggested that removal of the conveyor from the CRT top
viesa of the continuous minper woulcg improve the trainer. The
rationale for this change is that tihe trainee will te forced to look
to the rear of tne cab to see the convéyor positijon rather than
knowing its Iocation by looking at the CRT displays This makes
senses however there are certain times when the system fequires
conveyor frosition to be displayeds, e«g+y when tramming in reverse,
The trainer displays conveyor boom position on the rear screen
projectors but not in significantly increrenta! steps to tram in
reverse. &4dding a CRT at the rear of the cab wouid be too expensive,
It is recommendeg tnat conveyor removal be an instructor option

accomplishes py typing a command at the DECwriter,

Jebed IMPRCEYVRD McTHODS UF CrRcATIN TRAINER EXERCISES

Tre trainer is nignly flexitle ard can be programmed dy individual
ccal company users to meet tnreir specific training neecss The mine
ang macnhine paramreters are programmed into the computer via the
system DECwciter 2na CRT lightpen, &S tne system currently ocerates,

the srogremning tasxs are fairly complex and may te beyond the



capabilities ot the intencgea user, In order to minimize user
training time ana allow the coal companies to fully utilize the CMTS,
it is recommenced that the programming methods ve modified to
simplify tneir operation., A4lsos a User's Manual describing the
procedures for creatiny training exercises and program operating

instructions should be developed.,

5eles COURSE MATERIAL KEVISIULN

It is recormended that the course materials be revised. In their
present formats the materials contain machine specific dimensionss
capacitiess and facts that were included for maintenance informstion;
and redundant orientation and health and safety information., The
maintenance informnation shoulc be eliminated from the CMTS
instructional mater jals and the orientaticn and hesalth and safety
modules eliminated from the course requirements. Many companies
already condﬁct orientation courses for new miners and annual
retraining courses to emphasize the health and safety aspects of
underground mininy. Tne latter courses emphasize personal equipment
ang workplace hazards such as the conditicn of the roof, ribsy and

bottomy gasesy dust anc noise.
Less emphasis should be placeo on memorizing machine speciflic facts

and figures anc more emphasis place on correct operating procedures.

The process of cutting and removing the coal is essentially the same
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regardless of tne specific tyre of continuous miner that is used.

The objective of the course material revision shouid be ts develog a
genaric set of course materisls that will supoort on-the-Jjob treining
requirements for the general coal mining inagustry., A generic
training course will fill an immeciate incustry neeg = training

materials for continuous miner operators and helpers.

A generic set of naterials can be developed for the basic machline
operating proceaguresy such asi: preshift. inspections, tramrmirg,
turnings entry cutting, cutting crosscutss shuttle car interaction,
stablizer Jjacxk usage, and shutdown configuration., Machine specific
information sucn as the location cf electrical switcnes and hydraulle
controlsy startuo interlockss, control responses, and different tyges
of methane monitors should be provided for each continuous miner
manufacturer. The machine specific information shoula be In thke fornm
ot slides or vueyraphs, The intention is to provicde lecture displays
tor all types of continuous miners and alicw the instructor to seiect
the lnfcrmatfon'a;plicanle tc ris mining nachines. The lnstructar's
Guide shoulcd include a checkiist of the machine specific information

that the instructer sheculd cover curjng his ftecture presentations.

5.2 TRAINEK ENHANCEMENTS

Trhe following recommendations emghasize new trainer functions that

will increase the flexibility amna improve the fidelity of tne
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continuous miner trainer, These additional capatilities will not
only enhance the usefulness of the CMTSy, but also maxke the system
more attractive to coal compeny users., The recommended trainer
enhancements include:?

1) Adgditional models of continuous miners

"2) #obile trainer

3) Demonstration and playback

4) Scrupber system

$) Fire suppresion

6) Controlier side panel

7) Retreet mining

The following paragraphs describe enhancements to the current system
that will provide more generic training on the CM and improve the

overall training effectiveness of the system.,

5¢2¢1 AUUITICNAL MODELS OF CONTINUOGUS MINERS

e - a Mn A GE L T S G IR M S s S S M A G (S e A GE VM G A A W

In addition to training Joy 12(M operators, there is a need to train
operators for other continuous miner modelss, such as Jeffery,
Lee-Norsey or lMarietta. It is recommencea that conversion kits be
developed to convert the CMTS to other types of continuous miner.,
Being able to convert the trainer to Jifferent types of continuous
miners «ill expand the trainer capability and increase its usefulness

to the coal Industry.,
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& conversion xit should include reolacement of the tram levers,
electrical control swjtchesy capn circuit treakers, and programs.
Intercnangeable panels and cover plates Would be used to minimize the
conversion tines, The hydraulic control lever assembly would remain
essentially the sanes The nazme plate and cetented lever modulesy
jeee loader or gathering pan, may need to be exchanged. The
programs that simulate trhe electrical interlocek logicy continuousA
miner responce ratessy and procedural error would require some

changes.,

' 5.2.2 MOBILE TRAINEKR

Shifts in personnel training requirements and student availability
suggest that a mobile trainer may better suit the needs of the
inddstry than does a fixed training facilitye For example, a mobile
trainer woulcd save the tine lost in transit between the mine and
training site. Tnerefores, it is recommenoced that the CMTS be mounted

in a2 mobiile unit.

542¢3 OFASWSTRATICN AnD PLAY3ACK

A demonstration and playback capabitity would permit demonstration of
correct coal cutting progcedures and techniques ang a permanent record

o2f stugenrt performance to support feedback and review,



The instructort's command to contrel the demonstration or playback
capability could be entered via the DECwriters. Three steps would be

required to record 4n operator's pertormance, Specifically,

(1) Type VYDLKRETURND>" on the ULCwriters This would enable the
recording of the operatort's performance. To eliminate the recording
of idle timesy recording could begin when the hydraulic pump is turned

One The maximum demonstration time would be timited to 10 minutese.

{2) Type "OECRETURN>M" on the ULECwriter to terminate the recordling
sessiony and & message requeéting a name for the file would be

printec on the terminal.

(3) Type "Filenane.DEMCRETURND" on the [DECwriter. - The filename could

contain a2 maximum of six characters.

The instructor could select any recorded operator performance session
by typing "Pé(RETURN>" on the DECwriter. A message requesting the
name of the file to be adisplayed would be printed on the terminal.
Type "Flilename ,JMCRETURND" on the DECwriter to initiate
demonstraticn or playbacks The trainer would be fully operational at
the completion of the playback sessions and the training exercise

could be resumed at the point of interruption or reinitialized.
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5.2.4 SCRUBPER SYSTEM

New continuous mining machines are being celivered with a scrubber
systemr option to suppress dust, The scrutber switch atfects the
start-yp procecure because It is interlocked with the cutterneag
motor and prevents cutterhead operation uniess the scrubber system is
activated, It is recommenoec that the scrubber switch, sounds, and

interlcck logic te incorporated into the trainer.

5¢2.5 FIRE SUPFRESSION

D W A > - -—— - —_——

The water spray valves of the Joy 12CHM are used for dust suppression,
ccolings and fire control. The CMTS p}ovides training in the use of
the dust suppression water spray as an integral part of continuous
miner operation., However, the JMKT5S does not have an active function
for the fire suppression water sgray. The system should be modified
to permit an instructor commanc, via the CECwriter, to generate a
flasning "FIREY signal on the CRT. The trainee would then be
required to turn the fire suppression water spray full on to rerove

the emergency message.

5426 CONTROLLER SIDE PANEL

Safety training on the continuous miner snould Include instruction in

the use of the controuller side panels, The side panel provides



.emergency shutoff for the machine as well as emergency fire
suppressijon,s The necessary switchessy circuit hreakerss and controls
should be incorporated into the CMTS along with the adalitional

computer logics

5¢2¢7 RETREAT MINING

Une of the most dangerous tasks required of the CM operetor is
removing pillars in a retreat mining section. 4 highly trained
operator is essential if success is to be achieved. Uperationsl
errors are liaple to cause personal injury anrd tsxke tne continuous
mining machine out of production. (Coal industry personne! have
expressed their desire to have training provided in this area and
would like to see the CMTS modified to include instruction on retreat

mining.

The presant'éomputer-grapnics system is incapshlie of hardling the
acditional program space and computationail time required to implement
retreat mininge The trainer graphics system is a 1973 vintage ang
WwasS Selected because it was significantly cheaper than other systems
avai}able during the design phase. kécent develcpmrents In the
graphics industry indicate that s low cost raster scan display
suitable for retreat mining will be a{ailable in late 1980. It is
recommended that a study be conducted to define and locate a graphics

system suitable For retreat mininge.
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95¢3 TRAINZF RglaTc) ACTIVITIES

The follewing recomrendations incluage suggestions for additional
traingr uses cother than CM operator trainings. The CHTS has the
potentijal tc bpe utilized for continuous miner machine researchs, and
the trainer concept is apgliceble to other types of mining equipment.
Tne recommended trainer-related activities incluge:

1) Nn=board training device develcpment,

2) Human factors cdesign evaluations. -

3) Application to other mining equipmente.

5e3¢1 ON=-3LARD TRAINING DEVICE CEVELCPMENT

U T - Y T Y T D W T G e W G S S T . W A D S s S — -

The procecurail errors and corrective actions displayed on the forward
projection system are essential to the tralner. The computer detects
the errors far more éfficiently than an ipstructor coulds, and the

error slices constantly remind the operator of Improper proceduresa.

Somdyining this fa2zture of the trainer with microprocessor
technological agvances, it is now gpossible to conceive of an on-board
training device for actua!l contiruous minerss This davice uqula
perform the same function on a continuous miner that the projection
system performs o0 the trainers, The difference would lie in the
method of cisplaying tne information to the operator. A two=ron

alpnnumeric gisslay zould oe used, Methare meters currently use
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similar devices to ogisplay the percentage of methane,

Ruggedized on~board computersy displayss and sensors are currently
peing developed for aragliness shovelsy front-end loaderss and
haulage trucks. In additions sone continuous miner sensors have been
devzloped to support the automation of a continuous miner. The
results of some of these activities should be directly applicable to
an on-board continuous miner training device. The continuous miner
tfainin; system should be usec to develop and evaluate additional
procedural errors by simulating additional continuous miner functions

such as the scrubber systems drum extensions and floor Jackse

A training device of this type may be more cost effective than the
trainer and has the potential to reduce actual machine maintenance

proocilems.

5¢3+2 HUMAN FAUTORS DCESIGN EVALULATIONS

- — e - . T . — A W - . - > -

Auman engineering studies sponsored by the Bureau of Mines have
generated recommendations to improve and standardize the design of
the operator workx station for unoaerground mining equipment. The
proposed changes recompnended in these stucies appear to have a great
deal of face validity; however, the proposed changes to the work

station design nave not teen validated in an operational environment.
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It is recomnmenced tnat the CKXTS bte reconfigured in accordance with
reco&mended designs of human-factor studies and then tested. The
CHTS is ldeally suited for this project. Many of the cesign chsnges
recommendea for continuous miners utilize tactile coded controls,
stancardized nomenclaturey, 2nc ingroved control Ibcaticns and
functionss Tne CMTS workstztion and controls coulc be reconfligured

to represent a recommended prototype and then evaluated.

The following list jdentifies research work that could be
accomplished utilizing the CMTS:
1) txamination of cifferent type tram controis such as
Joysticks (force and displacement); a comparison of
nand versus foot operated cevices; evaluation of
exponential versus linear or fixed types cf contrcl
actuation. .
2) ixamination of ccrtrol movement versus movement of
corresponding miper parts and functional grouping of
.contrcls.
3) Sveluation o% tactile coding schemes for hydraulic
controlss switches and circuit breakers.
4) Stancardization of controls and WorK statien lapeling

for controls.,
It is oelieved that evaluation of these recommended studies will be a

major step tomarcs stancaraization of controls and imoroved design

and will result in improved safetys, health and productivity fer
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continuous riner operators.

5+3¢3 APPLICATION TO OTTHER MINING ECUIPMENT

- ———— —— —— . - t—— T - —— — T q_— =G —_— -~ - q—

A feasibility study should be concucted to determrine the industry
needs for enalogous training for other tyfes of &uning eGguipment.
The study would determine the needs along with the necessary cost
trade-offs 2ssociated with utilization of an interactive graphics

system to teach machine reiated skills.
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