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This report was ~repareo by McDof'lnel :iouglas 1:lectro:iics Com.:iany 

uni.Jar LiSB'1 Contrlact Nu•nt,t:r HC277C25, Tr,e contract was initiatec 

u r, c. e r t h e C o a I M i n e I"'! e a I t n a n c S a f e t. y i.l r " g r ~ m • l t ~ 3 s a d m i n 1 s t e r e d 

under the technica I direction of the Pittsburgh Min in; anj Saf&ty 

~esearcii Center witn /';r. Willian, J, i-iienagen actinJ as the 

Technical Project Cfficer. Mr, P~trick J. Neary was the contract 

admi~lstrator for the Bur~au cf Mines, 

This repcrt lz a sunmary of ttie 1-1orK recently cornpletec. as part of 

this contract durin~ the perioc September 1977 to June 19d0, This 

r e p or t w as s u t., m i t t e c o .:, t n e cs u tn o r s i n i: e c r ·J ar y l q in • 

The au tho r s w i sh to ex;:, r es,; the i r a core c i at i on t c t he n,a n y s:,e r sen s 

and crganizatioris .. itr.in the coal mining 1r,oustry who aidad them in 

t n e c: e v ~ I op m en t d n d e v a I u a t i on o f t he c o r, t i nu o u s m i n e r t r a i n i n g 

:.ysterr. we are es~ecially ir-debted to the coa1 co!Tlpan) participar,ls, 

1 n c I u :J i n g I n I a no S t e = I , C I c E: e r., F r e e m an Un I t e a , a n d 11 c r r i !: C o a I , 111 e 

ue .-.lso grateful to tne staff arid facult:) of the Re,,j Lake .:olleye 
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CHAPTH' l 

EX~CUTIVE SUMMAPY 

The Continuous l"iiner Training System CCMTSl was developed· by the 

McDonnell Douglas Electronics Corripany <MDtCl In fulfilll'l'erit of 

Contract ~o. H0377025 with thP United Stetes Departll"ent of the 

Inter i or, 8 urea u of M i n es • Th i s cont r act prov i de d for the de s I g n and 

develop,nent of a prototype continuous miner training device, student 

training rrateria•ls, an instructor's manual ano a IT'aintenance 

h an db O O k • The C On t r a C t S p e C i f i e d the d e Ve I O t' m en t t O be a C C orn p I i Sh e d 

in three phases. 

P h a s e I w as i n i t i a t ~ d i n S e P t em b e r 1 9 7 7 • I t c o n s i s t e ,:, o f a r e v i e w o f 

existinJ continuous miner designs, a tasK analysis of operator and 

helper positions, c1nd tria selection of trie Joy 12i..~ as the model for 

part-task trainer configuration. In addition, loi.end Lake Co 11 ege at 

Ina, Illincis was selected to be the site of training system 

evaluation and "c:1lidc1tion durin~ Phases lI and III. 
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;,hase II ftas initiatea in Stpumter 197~. The design and development 

of ooth the part-tasn trainer ana tne Plan of Instruction were 

started concurrently. The continuous rriner trainer is a part-task 

pr1Jcejures training aevice. ln it, the trainei, can gain familiarity 

with the c~eratinJ procedures and the r,,ining application of a typical 

c on t In uo us ,r, i n e r , Th e in s ta I I at i c n s i t e- r e q u i r es a nor ma I s i z e 

classroom with controllaole llgritin~, all!: volt 30 a'Tlr:>ere power 

service eiutlet, and provisions for rna intainlng the ambient room 

temperature below 7~ Cewrees != (24 de~rees C) • The advantages that 

the ,MTS offers over tr~ditional on-the-job training are: 

TEACHING OPERATING PROCEDURES 

Startup 

Shutaown 

Tra~ming & Turning 

Entry Cutting 

Crosscuts 

S u11 p - Sh e a r -C us p 

Sta bi I izer JacK 

~ater Spray 

Snuttle Car Interaction 

ChecK Conveyor Before Moving 

C,~:~•::,,.T:.:ATED T~A Ct-.H.G 

TasL<s tailored to Equipment and Mine Dimensions 

Task Selectior, anc Control 

~ot Affecte1 Uy Mining Sequence Delays 

Not Affected by Maintenance Problems 

6 



SAF~~ TRAINING fNVIPONMENT 

LESS TlNSlON AND P~ESSUPE 

Production crew is not waiting tor performance 

Errors can be made without loss of production, 

E:c.uipment oarr:c:\;,e, or injury. 

Technic.~I advice for course coritent was solicited from the training 

s t a t f s o f Sol.it her n I I I i no i s Co a I Comp an i es a n d th e tac u I t y of t h e 

Mining Techr,ology uepartrnent of Rend lake College. The coal 

companies made their facilities available for the collection of task 

analysis data reldtive to continuous miner operations, and Rend Lake 

Co I I e g e prov i de d the students and fa c i I i t i es re q u i r e d for format i v e 

evaluation of the preliminary course materials as they were being 

dE:ve lo pee. Tne training oackage cons lsts of a comprehensive 

instructor 9ui oe, student guide, I esson workbooks, severa I sound 

s Ii de i:,r c. gr arr,s, and f I I ms. 

Phase III was initiated in November 1979. It was devoted to the 

validation of the trainer and the instructional materials that 

together constitute the continuous miner training system. It ~es 

determined that tne trainer can ~e useo tc teach basic fundamentals 

Jf continuous miner operating procedures, impart safety awareness, 

ano to develop operator ski Ifs. T11ere are several things that can be 

done to improve and enhance the trainer. The trainer imi::rovements as 

des c r i bed i n the r e com rn end a t i on s ch apt er w i I I corr e c t pr ob I ems 

icentifiec during validation. These improvements include revising 
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e r r o r s I i o e ~ r e s e n t a t i •l n s t o I r.- .:: r c v e u n d e r s t a n i:' i n g , r e m o v i n s; s t, u t t I e 

car ano conveyor Positio,.. cues from tne graphics display to force the 

student to develoc the haoit of loo,<ing over his shoulcer to 

oeterrrine the conveyor PO.f.ition, and im;::,rovin..i tre methods and 

procedures requireq to create a training task for the trainer. 

T t, e r e c o m ,r. e n o Ei d t r a i n e r t: n h a n c e If; e n t s w i I I i n c r e a s , t h e f I e x i b i I i t y 

and expand the ca~at:>ilit1es of the trainer. The enhancerrents Include 

,nounting the trainer in a mobile trailer to Improve its availability, 

oeveloi:in~ a oemonstration eapat:>ility that will d.isplay correct 

operatln~ Procedures, developing conversion modules to ilmul~te other 

types of continuous miners; ar.d the 1doition of scrubt,er, fire 

suppression, controller side breakers, and retreat mining 

s i mu I at i o ns • 

Tne instructional materials as aevelopea are setlstactory fer a 

vocational education environment, but tney are too long, require too 

mucn worKcoot-. activity, and are too machine specific for use as a 

short operator trainin~ course ror t~e ger.eral ~ining industry, The 

instruct i c n a I mat~ r i a I s s ho u Io o e re v Is e d i"' to a gr ou P of gene r i c, 

standalone, non trainer dePenoent moc::ules tnat can be us!"l t-y coal 

companies to supi:,crt on-tne-jot, training. This 1-<Culd fill an 

immeoiate industry need. 

T~e ~ini~um rtco~~enoej plan tor continu~c jevelopment of the C~TS 

includes incorpor<¼ting the trainer ir.provements, r'e-evalu~ting the 
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system, and revising the instructional n,aterials. The trainer should 

be upgraded to include the error slide revisions and to rernove the 

shuttle car and conveyor position cues frorr. tt\':! graphics display 

before any additional evaluation of tne system occurs. The ideal 

site for further evaluaticn woulc be at a irine site where the 

students would go through the CMTS course and then go operate a 

continuous fTliner. Two possible sites have been identified. The 

direct involvement of the mining comi,any should proouce valuable 

sugJestions for revising ano restructuring the instructional 

materials into a generic standalone continuous miner course that will 

support on-the-joo training for the generel mining Industry. 
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CHAFTER 2 

CMTS uEVELOPMENT 

An Instructional System Oevelop:nent CISD> approach was used by MDEC 

thr.::>ughout this three phase development project. The ISO approach to 

training system develoP'Tlent involves the isoletlon of behaviors 

c r i t i c a I to t he s a f e a n d e f f i c i en t 0 e r f o r rr a n c e o f cont i nu o us m In Ing 

operations and the subsequent development of specific training 

oc,jectives tn .. t 1irect coth instructor and trainee behavior toward 

t h e o c c o rr, p I i s h :n e n t o f t r a i n I n g g o a I s • Th e e s s en c e o f I S D i s th a t 

each learning experience is included in the training program because 

it is aerronstrablt an1 direct!:, relatea to an occupational goal. 

Course content and training eauiprr,ent specifications were determined 

by an exhaustive analysis cf tre sKil Is ano knowl11dge required by a 

continuous rriner operator, i.e., a task analysis determined what each 

,nerr.ber of the continuous min1r:; tea111 ,nust know and do to operate a 

continuous rr•in~r safely anc proouctiv'!ly in its real world 

environm~nt. 
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2.1 TASK ANALYS!S DEVELOPMENT 

To ensure tr.at all requisite cata were collecteo during the task 

an a I y s i s e t f o r t , t h e f o I I ow i n g o t,. j e c t i v e s we r e es ta b I I s he d : 

A. Identify knowledge, SKills and intracrew coordination required 

for safe anc efficient continuous mining. 

o. teterrr.ine tne correct tast\s and task sequences required to 

operate the continuous miner. 

c. loentify audito_ry, visual, ano proprioceptive cues, together with 

their a~propriate feedbach, to enable an operator to perform each 

task ano task sequence safely and efficiently. 

o. Identify operating cr,aracteristics of each control, display, and 

s a f e t y a e v i c e a n d d et e r rt, i n e t y p i c a I m a c h i n e r e s p o n s e t i me t o 

opera tor inputs. 

f. • l de n t i t y rn i s c e I I an e o u s o p er at or ta s ks p e r for med i n supp or t of 

other personnel and equiprr.ent not directly related to continuous 

miner operation. 

F. ldentity tasKs reouiring high sKill level implying repetitive, 

hanos-on training. 

Tne detailed task analysis is documentec in Reference l, 

11 



2,l,l TASK CKITIC~LITY 

r h o s e t a s K s de t er m i ne d t o o e c r i t i c a I i n t he s e n s e o f i n co r r e c t 

p e r t or m cs n c e cont r i but i n g to p er son n e l i n ju r y or dam a g e to e q u i pm en t 

-'ere ccdeo as follows: 

Cooe 1: Result in inj1.ay to operator or helper. 

Cooe 2: ~esult in injury to other personnel, 

:ode 3: Result in aamage to equipment. 

The requirement that several tasks rnust be performed slm~ltaneously 

increases the difficulty for a trainee to acquire. the requisite 

skills. An operator must be constantly alert to visual, auditory enc 

motion cues from many sources, and some tasks are more critical than 

others cecause of the hazards Involved. Therefore, task er itlcal ity 

ano the consequences cf improper i:;erformance were determined tor eact-

tas~. ?erformance data and error analysis were used to establish 

t en t at i v e I y a cc e p tab I e prof I c i e nc y I e ve I s • 

These objectives ~ere formul ate\J from the t13sk analysis data and 

served to establish tne su~ject matter of the trainin3 program. 

Trainin'J oojectives identify the S><ills, knowledge and concepts an 

operator must possess to be safe, efficient and effective. Such 

oojectives ar-e tne basis of tr,e Pli:ln of Instruction for the training 
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program because they integrate the various elem":!nts of the ISO 

approach into a logical and corrpret,ensive product. The objectives 

direct the learning behavior of the trainee and the teaching behavior 

of the instructor. 

lhe Plan of Instruction represents a meaningful description of each 

instructional rr,oaule or lesson and is structure(j to facilitate 

training adninistration and operations. It was developed during 

Phase I activities so that the training objectives could b~ retined 

to indicate specific •types of learning and to organize the training 

sequence. Detailed descriptions of the training objectives and Plan 

ot Instruction are contained ir ~eferences land 2. 

2.3 PHASE II: SYSTEM DEVELOPMENl AND Fhb~ICATION 

2.3.1 Pt.RT-HSK/?~JCEDURES TRA!t-.E~ 

The req1..1 irements analysis inaicated that the continuous niner trainer 

must provide training in each of the following aspects of coal mining 

operations: trarrrring and turning, positioning for coal removal, 

sumpin; and face cuttinJ, turning ~ crosscut, and positioning the 

con'leyor for loading a shuttle car. 

13 



,'1 o r e t h a n a d o z e n rr. a k. e s a n d ,;, c d e I s o f c o n t i n u o u s m I n i n g rr: a c h _I n e s a r e 

availaole tc tne American rrari-.et. Amon; tne most pop•Jlar in tr,e coal 

region adjocenc to St.Louis are tl"oose offered by the Jeffrey Mining 

Machinery Givisicn of )resser Industries, lnc., Joy 1'1anufacturlng 

:o., ano trHi La~-.,c;rse Co. Pe Jc;; l2C1'1 i,,as selected as the exemplar 

f o r a I I s u c r. 111 a c n i n e s b e c a u s e d e s i g n a n d p e r f o r m an c e d a t a c c n c e r n I n g 

this ma.-:e and •TIOdel were most conveniently available. The mines that 

,1ere rr,ost convenient tor on-site observation of continuous mining use 

the Joy 12:M. 

Functional Descriotion 

The continuous miner trainer is a combination procedures and 

part-task trc1ininJ device. rn it, the trainee can gain familiarity 

witn th'! operating procedures, centre Is, and the mining application 

of a tyP i cal continuous miner. A photograph of tne trainer is shown 

lt is a stanc-alooe procecures training device and 

can be useo in ei·ther an individual,· self-paced, or an 

instr1.1ctor-guioeo rr.ode. The installation site requir·es a normal size 

classroorr wit:i controllable lightin~, a 115 volt 3C al!lpere power 

se:rdce outlet an1 Provisions for maintaining the ambient temperature 

oelo" ?S degrees ~. 

i•i a n i r:, u I a t i o n ., f t r, e c o r. t r c I s i n t h e o p e r a t c r ' s s t a t i o n r e s u I t s i n t h e 

mo v en. e n t o f a gr a 1.1 h I c r e ~ r e s en t a t i o n o f t he c on t i n u o u s m i n e r 

projecte,:, on tne qrc1;:.nics :RT cisi::lay (C~T) in approxirr,ately the same 

mdnner, rate ot res~onse, anc i,,itr. the sounds as would be experienced 

14 
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on a Joy 12CM during actual underground operation, Functional 

controls on the trainer are the tram levers, cutterhead controls, 

gathering head controls, conveyor and conveyor booll' controls, 

stabilizer jacK, and water spray. Also Included are the control and 

cutterhead circuit breakers and the electric switches to energize the 

pump and traction motor, conveyor, heaalights, panic bar, tram safety 

pedal, and the methane monitor. The position of the water spray and 

fire suppression valves in the operator•s station are monitored by 

the computer to ensure proper trainee operation. 

Subsystem Descriptions 

The major components of the trainer are identified In Figure 2-2. 

The control panel contains the master circuit breaker for the entire 

system, power uN/OFF s~ltches for the sound and projection systems, 

and remote focus switches for the projectors. 

Computer System - Tr,e trainer is contro•led by a PDP ll/34 oigital 

computer. All of the electrical circuit breakers and hydraul le 

control lever positions are input to the computer which processes the 

input signals, si;nulates the continuous miner interlock and control 

logic, outputs signals to the graphics display, and cues the 

appropriate sounds and slides. 

Juring the training sessions, the computer informs the trainee of 

lfarious performance errors, ihese are displayed both on the CRT and 

16 
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,me or octn slide projectors. un the en, a signal is ft ashed at the 

Point of contact if the tr.iinee accioent.ally strikes the re.cf, rib or 

bottom 1o1itn some part of the 11.acr.ine ... i:,erfor'Tlance record is also 

available in nard copy at the instructor's reouest. 

~r a Ph i cs System - T n e tr a in e r 1.1 t i I i z es an i n t er a c t i v e comp u t er 

~raphics sy~tem. Tne Lasic il"forli'ation rel:;it'ins; to aimensions cf thE­

,111ne sector plan view including pillars, entries, crosscuts, ano coal 

faces is s tor e d i n m e,n o r y a I c n g w i t h the es sent i a I con f i g u r at i on 

OE:tails and tr.am speec:1s of tne cont1n1.1ous miner and a shµttle car. 

lnese data are processe~ in the cornputer and applied to a stroke 

~riting cathooe ray tuoe (Ci<.1) graohic terminal. Oyna,r,ic or motion 

inp1.1ts resulting f~om manipulation cf tne ooerator•s controls are 

s·imilarly processed in the com~uter to update the grachics file. The 

graphics system then presents a continuous, not'lfl icKering diso lay 

sno~ing a relatively smoo~h nove~ent of t~e continuous miner ane its 

re lated rr.cv in,;; parts. 

? r o j e c t i o n S y s t e m s - T n e o r i n, Ar :, f 1.1 n c t i o n o f t h e f o r " u d s o u no / s I i d e 

projection syste.,, is to display c:rocedurat error conditions to tne 

student dur iny "'lis pr:rtormance or d training exercise. The err er 

sl jjes are d1sPlay1:d until the Procedure is corrected. Also, the 

system can sho~ ir,troductory sound/slide instructional segments 

.:.escrioin•; tn~ tdSk to t:e perforrred. 

18 



The rear slide projection system cepicts ~ctual working min~ scenes 

coordinated witn the particul~r activity of the continuous miner 

trainer. A randon, access projector provides a logical sequence of 

scents regardless of the trainin~ scenario selected. The scenes can 

de p i ct c on v e y c r b o o rr; po s i t I o n s , a he I p e r s t an d i n g n e :i r t he cc n v e yo r 

boom, and shuttle cars either loaded or being loaoed. 

Sound System - The sound system provides s.ix basic sound effects. 

They are: t-.ydraul le pump, trarr111inJ, cutterheao rotation, cutting 

coal, cutting rock, and the conveyor loaain!J coal. 

lnstructor 1 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 CECwr iter, The 

JECuiter is located ecjacent to t:-ie trainee's Position in the 

trainer and perrr.its the instructor a clear view of all the trainee's 

actions, 

Trainer Capati lit ies 

The continuous miner part-tas~/proceaures trslner can te progra111mea 

to rneet the specific nee1s of any user. Its inherent flexibility 

permits the user to generate beth the exact dimensions of the 

cutternead ard of tne entries and crosscuts. Programming is 

accomplished using the CECwriter and the interactive graphic display. 

19 



Creatin,;; Trainer exercises - To create a new trainer exercise, the 

u s e r t f P e s ": ~ E: A T : 11 on t h e C, ~ Cw r i t er • The sys t E'rn r ep I i es w Ith a 

query for inputs specifyin~ the parameters of the continuous miner, 

s hu ct I e car and mine di mens i ens. F o I I ow i ng th e i n s e r t i on o f t he 

nec'!ssary inputs, Che CkT oisi;.lays tre mine and machine parameters. 

The CRT also dis::ilays an interactive menu to be used, in conjunction 

~itn a llghtpen, to generate the cynamics of the training exercise. 

Thest cyrarrics consi~t or develor:in~ t'1e tramming path of the 

continuous miner anc Its reset Positions during the exercise. 

Positions of the trailing cable and the shuttle car are establisned 

1 n the s arne manner. 

Training Scenarios - Several training exercises have been developed, 

stored on a tloppy disc, and used in the initial evaluation of the 

CM T 3. These exercises were generated after more than ,o hours of 

observing continuous minin; ir, :ictn a1vanee and retreat sections. 

Criteria for the exercises were based upol' discussions with coal 

company trair,ing ;,ersonnel and experirnental evaluations of the 

trainer using ex~erienced Joy l2CI' operators as sut;Jects. These 

~xercises cover the followin~ areas of coritinuous miner operations: 

1-.. C:introl operation and start-uo procedures. 

3, Tr .. oT1rning anc turnin1,. 

... . :utting and loading coal. 

O. Turning a crosscut. 

20 



Tt,ese exerci:.P.s cire availdble to any user simply by inserting the 

appropriate fluPDY disc into tbe co.-nputer. 

z.3.z CLASSROG~ ~ATERIALS 

The IS;) approach requires t1,o types of inforr,,ation on which to base a 

training prcgrarr. First is a definitive subject matter organization 

derlvea fro~ a task analysis and expressed in the form of training 

ob J e c t i v es an d t h 1:: i r as s o c i a t e d t e s ts • S e con d I s i n r or ma t I on 

concerning the population for whom the traininw is designed. 

Two conditions had to be met by the classroom materials. First, they 

naa to stanc alone and te independent of the part-task/procedures 

trainer. In this way, they could be equally useful as supplementary 

materials for an on-the-job training progr&m supportea by I lmlted 

access to an operational continuous miner. Second, they had to be 

maxirrally supportive for teaching operatic,nal procedures, safety and 

preventive maintenance concepts using the tr?.iner. 

The appl !cation of the ISD approach began with the Identification of 

subject areas to be covered. Selection of subject matter was 

a~termined ty the task analysis of operator and helper positions 

conducted during Phase I. This analysis ~roduced a comprehensive 

list of trainin; system requiremE:nts. with the assistance ot the 

coal in~ustry experts and miring technolo~ists, these requirements 
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,o1ere organize".! into ten cate~ories of trainir.~ ot-jectives. These 

obJectives specified what was to be learned, hvw well it was to be 

learnec: and tne con::iitions unc:er whicn it WllS to c,e teste1. 

To ensure that tne most significant n;ater1al reached those trainees 

with a reading difficulty, 80?. to d,1. of the material "as presented 

in iound/slide format. The remaining 15'9 to 207. of tne material o1as 

selected for its ease of presentation in lecture format and to 

stimulate a oialoiue between the instructor and the trainees. Lively 

discussion among the instructor and the tra·inees ir'I the classroom 

further -encourages active participation b_y the trainee with a reading 

handicap. 

Four different formats of self-test items were used in comi:>osing tne 

,..ritten material. These .,.ere: 

A. Completion questions concernln~ figures 

and s chem at i cs. 

8 • /"IU I t i p I e c h O i c e q u e S t i o n S , 

C, ~atehinq Questions. 

i:J, True/false questions. 

Correct answer feedback was rr•ade availaole immediately, An 

end-of-lesson test 1-ias Preparea tor each lesson for which such an 

evaluation was considered appropriate. Ttiis provided the Instructor 

"' i th ci n a cc u r ~ t e Ind i eat i on ct no" we I I tr: e tr a i nee w as r esp on di ng t o 

the instructional rr,aterials. 
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Lesson Description 

The trainin1,1 requirements were categorized under the foilowing 

topics: 

Introduction to Continuous Minin1; - a general overview of rr,lning 

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

General Safety - personal equipment and the particular hazards to 

which an operator and helper are exposed. 

Introjuc~ion to the Continuous Miner - wajor components of the Joy 

12 C:1; electrical, hydraulic and water ~iFing subsysterr•s; sate t y 

devices. 

C on tr o I s an d D i s p I a y s - fun c t ion a I des c r i r: t i on s o f e a ch e I e ct r i c and 

hydraulic control and display. 

v/orK Place Inspection - federal laws perteining to th~ workplace and 

procedures for re::iuired inspections within the working section. 

Power-Llff Inspection - proct:it:ures for power center, trailing cable 

and macnine inspection; Joy 12CM servicing recwi re!T'ents and 

preventive maintenance. 
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Power-On lnscect1on - start-u~ proceoure, safety chec~s of power 

---------~---------
center, electric an,j hydraulic subsystems, lnscection and replacement 

of cutting t.its. 

fra,nr.,inq - prP.tranrring checks, descriptiur. of soecific hazards; 

perceptual cu~s and proper res~onses wnile tramming and turning both 

forw-,rd &nc in rev'!rse; shut-:lown and parking procedures. 

Jperations - procedures for cutting and loading coal, cutting 

cros~cuts, shuttle car ~anagement. 

Special Ocerations - procedures for cutting overcasts and undercasts, 

towin.,_, rr.ovin, tne po1,,er center, advancing the belt. 

u n e I es s on .,. as ; r e pared f or e a ch cat ego r y w i th the ex c e p t I on o f 

' 1 ui::n~ral Safety." Three lessol"ls (three classroom hours) were required 

to present this subject aoequately. l n the i r f i n a I · for m, the 

c I a s s r o om m at er i a I s re o u i r e d l ~ I es so ns , 

Sound/SI iJe i,:.ro~rarrs 

For the tirst six lessons, a scri~t was pre~ared that included from 

dQt to 857. of the self-test ite,,s ;:,repared for the 2:i training 

oojectives concerned. This was tc. ensure t:-iat the rr,ost critical 

m&terial :,ein,; pre!:entec to the trair,ees 1oould be adequately 

24 



understooo oy dnyone hdndica~~ed oy a reaoing dP.ficiency. The vlsuel 

media to support these scripts were 35~iM color slides illustrating a 

particular instructional point. The forrr,at is equally applicable to 

individualized, self-paced ir.struction and to a conventional 

classroom envlron~ent. Instructions for the presentation of these 

programs and their preferred place in the training schedule are 

contciineo in thE: "Instructor's Guioe. 11 Each script is included in its 

p r o per s e q u e n c e i n th e II St u a e n t I s Gu i de II av a i I ab I e f or re v I e w b y th e 

trainee in conjunction with tt,e workbook for tt·.at lesson. 

16111 F i Im s 

Four 1 tM t-: t i I 11 s p r o au c e e1 by t he Na t i on a I Ph o to gr a p h i c La b or at or i e s, 

Inc., from the.ir Trend ?ro;ram entitled "Continuous Miner," were 

purchaseo and incoroorated into the CMTS. They were selected for 

tr,eir over~II r1gn quality to ~-elp the trainee visualize the 

operation of a continuous miner underground and for their emphasis on 

the interactions between the operator and helper. These four films 

were orilolinally producea for the Monterey Coal Company of 

C a r I i n v i I I e, I i I in o i s, i n coo~ er at i or, w l th the Nat i on a I Co a I 

A S SOC i a t i On an d t he f:. i t Um i n OU S CO a I LJ Pe r a t Or S I ASS O C i at j On • A I th OU gr 

tl;eSE: films feature a Jeffre:, 1--eliminer, tne op':!rating principles 

presented apply equal Iv to the Joy 12C:1 or any other make and model 

of continuous miner. 
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~orKbooK Development 

Following the- definition of tr,e 77 training objectives and their 

categorization into 12 hornogenous lessor.s, as rr-any declarative, 

factual statements as possil:.le were comi::osed bearing on each 

objective. Tnese were orcerec in ter-ns of the criticality of the 

tasi< to which thev related and were then reformatted as self-test 

items. Ourin; tr,e initial develor:,11ent cf the student workbooks, each 

factual staterr.ent was ,Hitteri as a self-test item at least twice, 

once positively and once negatively if in True/False format, or once 

as the main topic and once as cr,e of a series of alternatives if in 

'lluitiple chcice for'llat. As many as four er five different questions 

w Ei r e composed r or tho s e stat err c n ts o e a r i n g on t asks w i t h the h i g h est 

er itical ity scores. i< e g a r d I e s s o t t h e nu II b er o f tr a i n i ng ob j e c t i v e s 

oeing covereo, more than 100 self-test items were written for each 

lesson and num"ereo in or.jer by task ano criticality score. 

An introductory text was prepared for each lesson. Figures, charts 

ano schemat lcs were sel ect-!d to i I lustratc: the self-test items. 

CnecK I ists to ce used botn as an instructional device for trainees 

and as a standard tool for the traini:d o~erator i,.ere introduceo in 

Les.ions 7, e ano g, trie tt-.re£ l~ssons pertaining to inspection 

procedures. The chec~lists are in a format suitable for enclosure in 

plastic covers to be carried by trainees curing their underground 

tour prescribed tc culminate the!.e lessons. In an aobreviated form, 

it is recomillenoeo that similarly protecteo checklists t.e permanently 

stored in a steel box welded to the main fral!'e reac:ily available as a 
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Job aid at the start of each shift. 

Expert ~eview and Comment 

Prior to their forrr,ative evaluation, copies ot tre first drafts of 

eacn student ~ork~ook ~ere submitted to the training coordinators of 

the several participating coal com;:,anies and to the faculty of the 

Rend ldke (;ollege Mining Tectr,olc,gy Lapartment. i:.ourtesy copies were 

also provioed to the training deFartment of the Joy Manufactur Ing 

Company. The responses to requests for review and criticism were 

complimentary but unconstructive. 

Formative Evaluation 

A total of 38 students in three different Machine wperations classes 

at ~end Lake College participated in sri:all-group tryouts of the 

student workbooks that had beer prepared tor t-ach lesson. A 190 it em 

test based on workoook content was administered to each student 20 

days before he began utilizing the workbooKs. The students were then 

given three cays to comole:te the workbooks and workoook exercises in 

a self-paced, self-instructional ~ode. Instructors provided 

assistance on an as-required basis. 

reaaministered. 

The 190 item test was then 

Tne mean score or the pretest was approxirr.ately 59% (range 98-128), 

,..hi le the mean score on the posttest was 661. (range 115-138). The 
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mooest gain In rr-e~n score anc. the sl i.,1ht re1uction In Performance 

var iabi I ity frCJ'!l Pretest to pcsttest pro'w ide evioence that some 

learning did, in fact, occur. The 23-oay interval between 

adll'i nistr at ion cf the pretest ano the post test minim• zes the 

prubaoility tn .. t tne g,dn ir, rr.ean score 1s simply a function of 

memo r y , a I t no 1J g ri t h e pr et es t rr,a y h a v P. s er v e d t o f o cu s the a t t en t I on 

of st.udents on "er it ical 11 content. AnecdGtal co~ments from students 

ar,c instructors. indicated that the worKbook materials were reasonably 

wel I received. worKbooks were revised on tne basis of the 

small-group tryouts, and a ne1,; ?27 item test.was pre.oared for use as 

a pretest and posttest during Phase III. 

2. • 4 ? r1. J [.; 1,,;_: T i .} N C J S T S 

St a n c: a r d c o ill rr• e r c i a I P H ts a n d c o rr p one n ts w e r e u ·s e d i n t h e d es i g n of 

the CMTS, In addition, the ground rule was established that 

com:nercial parts could riot be modified in any way. This design 

Pt, i I o s o Ph y 1. as es ta o I i s r, e j t o r e d l. c e t he nu m be r of s p e c i a I p u r po s e 

des i !:i ns a r; a t c :n i :"I i 11 i z e ? r o du ct i Gr, c o s ts. 

rne prctcty~e systerr ~,as be!'n r:vie1oej anc several su~gestions have 

been mac:e to reouce production costs. First, the projector interface 

require1J1ents .;j II be reduced by replacing the present projectors with 

units tnat canoe :riven c:irE:ctly fro'll the computer. The special 

purpose i:,rojector interface circuitry will be eliminated. Second, it 
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w i I I be rr or e econ om i ca I to f ab r i cat e the o e ad man s w I t c h, pan i c b a r 

and seat assernbl)' rather than purchasing therr from the continuous 

miner manufacturer. Third, the cutouts for the cab subassemblies 

~i II be installed by the cabinet shop producing the cab. Fourth, the 

numb€r Jf electric;;I conouit runs will t:;e reduced by combining tne 

control and electrical panels into a single unit and locating it on 

the rear of the trainer. A duplicate copy of the CMTS, with the 

a Li o v ~ c h a n 9 e s , w o u I d s e I I f o r a p i:,; r ox i ma t ~ I y $ l 5 0 , 0 O O • A o r e a k d o wn o f 

the i:,roduction costs are shown in Table 2-1. 
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TRAINER PARTS 

Audio System 
Cab Assembly 
Cab I es 
Computer System 
Control Panel 
Electrical Panel 
Instructional Ma':er1als 
JC.Y Parts 
Methane Meter 
Projection Systems 

Su5-TCTAL 

LAS Or<. 

Fabrication 
Assembly 
Checkout and Ottier 
Installation and Warranty 

SUB-TOT AL 

TCTAL PQICE 

CCST 

1 4,400 
2,400 

300 
41,00J 

100 
50 :> 
jQO 

2,E.00 
2 00 

:i,lOJ 

$ 57,lOJ 

$ H', 400 
50,300 
16,700 
7,400 

C~TS PRODU;TION COST ESTIMATES 
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CHAFTfR 3 

PHASE III: TRAINING SYST~M IMPL~MENTATI □ N ANG EVAL~ATIG~ 

Arrangements were ~ade during Pnase II to evaluate the entire CMTS at 

Rend La~e College during tt,e r::erioJ from Janui:iry throu11h f'1ay 1960. 

The evaluation plc1n entaile1:l c surrmative evaluation of the classroorr 

materials and a procedure to validate the part-task/procedures 

trainer. 

3.1 TkAINER EXER:ISES 

Four training exercises (ElO, c.2C., t30, al"'d E40) were cieveloped for 

v a I i d at i n g th e t r ,3 i ne r • 

This problem, shown in Figure 3-1, requires that t"e trainee energize 

the trainer and tram forward fro~ the starting point through t~o 
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ODO 
14-1444-13 14-1444-14 

Figure 3-1. Tramming Straight Exercise Figure 3-2. Turning Exercise 

'------ '-'----- -----✓ 

-------- ,,------

D 
l 
I CJ- ... 

0/010 
ODO r---, 

Cd 
14-1444-15 

Figure 3-3. Coal Cutting and Loading Exercise Figure 3-4. Crosscut Exercise 
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entries and execute parking and shutdown. Then he restarts the 

trainer and trams in reverse back to the criginal starting position 

wh er e · a g a i n he par ks a n d sh u ts down • 

3.1.2 TURNI1\IG Cc.2iJ) 

The trainee will energize the trainer at the starting position, shown 

in Figure 3-2, &r1.:: tram forward to the face, executing aright and 

left turn. After shutting do...-n at the face, tne trainee wi II restart 

and tram in reverse back to the starting i::os it Ion and shut down. 

3.1.3 CLTTINS t.i,D LC'AJit-G COAL (E30) 

As .ihown in Figure 3-3, tne trair,ee will eners;iize the trainer, tram 

to the face and load four shuttle cars. This will advance the 

continuous.miner's canopy to the last roof bolt. 

3.1.4 TL'kNING A CROSSCUT CE40) 

Illustrated in Fi;iure 3-4, the trainee will turn a crosscut to the 

rignt, loading the coal inte, shuttle cars. No provisions have been 

made to s i mu I at e r o of b o I t in g i n the new c r os s cu t. 
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3.2 RE~L LAKi COLLEGE PARTICIFATlON 

3. 2 .1 FACILITlt:S 

T'"o adjoining classrooms in the C,epartment of ,'lining Technology were 

ceaicated tc the Machine Oceration course. Gne classroom was used 

for lectures and class oiscusslon, and tnP. other was modified for the 

trainer. This classroorn was airconditioned, painted black and 

equipped with controllable lighting. 

3.2.2 MACnINc OP:RATION COURSE 

with the ap~roval of the Boarc ot Trustees, tre curriculum of a two 

creJit hour course entitled Machin~ Operation was modified to consist 

of the twelve lessons of the Ci'ITS. une rren,ber of ttie mining 

departmel"lt faculty, certified as a ~ining In'itructor by the State of 

Illinois, 1>1as assigned to teach the course in concert with an MDEC 

training specialist. As normally :,resented, the machine operation 

cla~ses meet once a week for three ~,ours, one nour. of classroom and 

t .. o hours of laooratory work. During this evaluation, that scheoule 

was moaifled to per~it the maximum exposure on t~e trainer for eacn 

trainee. 
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3,2,3 STUDENT PJPULA·TION 

The 41 trainees who completed tne course were divided into three 

c I asses • 0 ne c I ass o f 1 7 st u c e n ts me t T u es days f r om O 6 O O to 11 O O. 

The other t~o classes were designated as "parallel" classes, 

permitting a student to attend whichever was convenient that day. 

These classes met on Thursdays from 1300 to 1600 and from 1730 to 

2030, Twenty-four students were e,rol led in the T~ursday group, 

A t t e n d a n c e o n T h u r s a a y v a r i e d b e t w e e n t r, e t w o s e s s i o n s , Us u a I I y 1 7 

or 16 came at 1300 and 6 or 7 care to the 1730 session, 

All cf the students in tt,e Tuesday class were full-time stuoents, 

Four of the Thursday students were employed tul I-time as rriiners, and 

two more held mining associated jobs. All 41 were high school 

graauates, Only one had a SE:vere readin3 handicap, Tt>ey ranged in 

age from 19 to 45 with an estinated n,edian age of 27, rxact 

demographic.data are not available, 

3,2,4 TRAINING TECrlNIOUE 

The f i r s t c I ass s es s i on cons i s t e o of the 2 2 7 1 t err, p re t est f o I I o" e d by 

Lesson 1, "Introduction to Contiruous Mining," and a brief, 

introductory exposure to the trainer,· In subsequent sessions, the 

entire class would receive classroom material 1uring the first hour 

and then would be divided in half for the remaining two hours. One 
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half of the class would tal{e turns on the trainer for supervised 

instruction ,1hi le the other receiveo classroom trainins-,;, The two 

sections "'ould cnange places for the third nour. In this fashion, 

the trainees averaged less than 10 minutes of hands-on trainer time 

"'er wee~ , ha r; I y mer e tr• an f arr i I i a r i z a t i or t r a I n i n 1,,. 
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CHAPTER 4 

R~SULTS A~D CGNCLUSlwNS 

A Continuous· Miner Training Syste'm such as was evaluated under this 

proJram can be used to teach basic fundamentals of CM operation, 

1 mp a r t s a f et y aw a re ne s s, and imp r o v e ope r at or s k i I I s. Post-test 

r es u I ts of the I e s son s an d t r a i ne r e x e r c i s es s how e d a g en er a I I y 

positive tren.:i in i,nprovin~ knowlec~e ana skills related to 

continuous miner operations. None of the students Participating ·In 

the validation Prc,gram went on to become CM operators during the 

e v a I u a t i o r, p e r i o ;; , t h e r e f o r e , n o d a t a w a s c o I I e c t e o a n d no f u r th e r 

evaluation was PO$Sible to -:letermine real benefits derived from 

exposure to the C/.\TS. Hcwever, cualitative judgements expressed by 

t t, e par t i c i pa t i n;; co a I comp an i es we r e po Jo i t j v e. 

lt -1as determined that a generic training course may be practical. 

The training materials should be revised to be general enough to take 

into account the level of tne student (new miner, experienced rr:iner, 

or experienced CM operator>, the type of continuous miner, and the 

mining procedures used by the corrp~ny. Less emptasis should be 
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P I c1 c e o on memo r i z in g m a ch i n e s p e c i ,. i c d i m en s i on s an o ca ;, a c i t i e s an c 

more emphasis placed on correct operating procedures. 

A generic trainer, however, is not practical, P·•e physical operation 

of electrical switcn controls and associated safety interlock logic 

can not be duplicated by a single group of switches and a single 

c o m p v t e r p r o i; r a n• • S i ;n i I a r I y , t h e t r a m a n Ci n y d r a u I i c c o n t r o I s d i f f e r 

in type, location, function, and response. Detailed CK control 

comparisons for JOY Manufacturing, National Mine Service, lee Norse, 

and Jeffery continuous miners dre documentei in Reference 1, The 

recorumendeo way to address the differences between dlff~rent 

manufacturer's machines is to oevelop separate interchangeable 

electrical, tram an::! hyoraulic mcc;u1es, ano cornputer logic programs 

for each manufacturer, Generic switcnes can be used for the fire and 

dust suppression valves and the deadman fcotswitch. The conversion 

f r o m o n e m an u t a c t u r e r t o a n o t I", e r w o u I c r e 4 u i r e e x ch an g i n g p an e ts a nd 

con,puter I og ic progra'Tls. 

Three of the 12 lessors are not representeu by items on the 2~7 item 

posttest to evaluate the cognitive materials, These lessons were: 

Lesson 1: 

Lesson 4: 

Lesson ,: 

11 Introducticn to Conti,,uous Mining" 

11 Gen er a I Sa f e t y, P ~r t I I 11 

"Con tr o I s and ..i is p I a ys" 
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The CMTS was designed to teach an ~xperienced miner to operate a 

continuous mining machine and to improve the skills of a continuous 

miner operator. Lesson 1, "lr,trcductlon to Continuous Mining," was 

prepared for students with a oemonstrated interest In becoming coal 

miners, but with no practical mining exr.;er ience. 

an orientation for these and similar trainees. 

Lesson 1 serves as 

Lesson 4, "General Safety Part II," concerns machir,e related 

accidents. It was included in tl:e CMTS, Lecause of the interest 

shown by tt:e mining companies, as an instructional segment. Lesson 

5, 11Controls and uisplays, 11 like Lesson 1, is an orientation. 

Comprenension and retention of its Joy 12CM content are more validly 

tested by perfor~,ance on the trainer or an actual Joy 12CM than by 

paper and penci I test. 

The 227 items of the oostt':!st are unevenly distributed across the 

remaining nine lessons. uescriptive data frorr the two 

aoministrations of the test instrument are shown in Ta~le 4-1. 
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MF. AN 

S ,D , 

COMP:RATIV~ E~~uP SCORES FROM 

PRETEST, POSTTEST AND FINAL EXAMINATION 

P~E-TEST 

70.0 

11,0 

?OSTTEST 

38, C 

u.o 

FI~Ai. EXAM 

9,0 

5,0 

A p r e r e q u i s i t e a t k en d L a k e C o I I e g e f or e n r o I I m en t I n M a c h I ne 

~perat,ons Is successful completion of Introduction to Mining. In 

addition to this course, a nu~oer of those who took Machine 

Qperatior.s haj also cornpleteo a course In first aid and one entitled 

,~ in e At .'l! o s P t, er es an o S tr at a C on tr o I , A I I th r e e cont a i n fa c tu a I d at a 

""itnin tne co'1'1airis sampl-ed by the test instrument, Hence, the mean 

error score er, the pretest cf 7U was not unexpected, The final 

examination was cumposeo of 100 iterr.s taken tram tj-,e several 

~nd-of-lesson te~ts administereo rluring the course. These tests were 

use 1 to g u i de tut or i a I s e s s i on s an ci tor t he r e v i e w p e r i o d s pr e c e d I ng 

thti final exa11incstion, The rr,ean errcr score of 9 Is considered 

reasonable, 

?r 1or to odn-.in1stration of the pcsttest, an overal I score of 75~ was 

established as the minimum to be considereo indicative of an 

auequacely functioning lesson. The results of the lesson level 

analysis are presented in Tar.Ile 4-2, TJ-,e total possible score for 

any lesson is calculated by rrultii:,lying the number of posttest items 
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pertaining to that lesson by the number of trainees who took the 

posttest, e.g., Lessori 2 was represented tl.Y 23 items which, 

multiplied by 3, students, eoue1ls a rral<ilflum possible ot 60!:>. Correct 

responses tc. Lessvn 2 items i,,,ere tabulated and this total divided by 

the maxin,u'!l numt.er of correct· resi:;onses ~cssible, i.e., 583/80!:> 

equals 7 2%. 

Lesson Possible Actual Percent 
------ -------- ------ -------

( Items X 35) (Correct ( 1. ) 
Responses) 

2 805 583 721. 

3 1M0 673 40r. 

6 1260 1163 92:f. 

7 31:, 30 5 9 61. 

& 1260 .i.007 80 '-

9 54, 442 76% 

10 e4o 701 8 31. 

ll 910 729 60% 

12 210 1.5 9 76% 

PO ST TcST IT EM AI--.ALYSIS 

1 Aol: 4-2 

The scores for Lessons 2 and 3 failed to satisfy the pre-established 

7:,1. ciriterion, and tnE: scores fur Lessons c; en~ 12 were barely 

satisfactory. Lesson 2, "General Safety, Part I", deals with 

personal safety equipment and the hazards pecu I iar to roof, r I b and 

oottom conditions. Lesson 3, "Introduction to the Continuous Miner," 

treats the oimensions, major comi:onents and component si:,ec ifications 
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of the Joy 12CM. 

4.2 TRAINER PE~FJR~ANCE 

i-)ase1 ine perhrmance data was established by using experienced .Joy 

lZC.1 operators to perform TasKs F.lO, F2C, E30, and E40. The averages 

ot their Perfurmances were considered the criterion performances 

against which trainee perfor~ance would ce compare~. 

Every effort was made to find rr-lrers scheduled to be tr~lned to 

b e c o m e c o n t i n u o u s rr- i ne r o ~ e r a to r s • T he s e me n 1-1 o u I d h a v e o e e n g i v en 

CMTS training before being assigned to the tra1itional unoergrouno 

on-the-jcb training. Their forerr:e,., and the trainir,g directors would 

tn en b e as k e d t o e v a I u a t e t ~ e t e r, e f i t d e r i v e ::I f r om t h e e x p o s u r e t o 

the CM TS. T n i s e f f or t f a i I e o b e c au s e o u r i n g t n e t i v e 111 on t n p e r i o c n c 

openings for ne" co~tinuous rriner ooerators occurred within the 

participating companies. TMerefore, no one had an opporturdty to t.io 

on tne job of continuous miner operator. 

~ecause there are no st~ndard training procedures for mining machine 

operator, continuous miner operators n~ve not receive::! any forrral 

training on the m;:icnine, They have learned by trial and error with 

very little, if any, guidance, Tyoically, each man develops his own 

moces of o;;eralion cased on ••,.hat.ever feels comfortaole" to hirr. His 

usual operating proceoures are often widely at variance frorn the 
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carefully structured procedures i:,rescribed for the CMTS training. 

The three nour, once a week class Pf:r iods permitted approximately 10 

minJtes per week for the 17 trainees in the Tuesday class and perhaps 

twice that figure for those in the Thursday evening class. 

Availability of the trainer during class periods afforded enough time 

to fami lar ize the trainees with the controls and disp la)s, There was 

insufficient class ti'l1e for any trainee's learning on a training 

exercise to approach asymptote. The laboratory was availatile, 

how e v er , 12 h o u r s a d a y d u r i n g th e w e e k, ex c e p t wh en c I as s es w er e i n 

session. Anyone who wished, was free to practice or, the trainer, anc 

many students dia so. "lo records .4ere kept of such practice. 

Training on Task f:.30, Cullins;; anc LoaJing Coel, was conducte:i tor 

approximately ten weeks. After six weeks, each of the 41 students 

was required to load two shuttle cars usir.g tt1e format of TasK E30. 

Kesults cf these trials for r~cord are shown in T&tle 4-3. No 

significant difference in performance ot the Tuesaay and Thursday 

classes appear in these data. The perforrrance data nave been 

arran~ed in oraer of th€ tifTle required by tne tri!inee to execute the 

tasK of starting the continuous miner, tramming 10 feet to the tace 

configuring the machine and to cut and load two shuttle cars with 

co&I. No coaching was permitted by the Instructor during the 

exercise. Ti~e did not permits ix of the trainees who exceeded tneir 

instructions to have a second trial. Their data are included in 

Table 4-3. 
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TAU( 4-3 
TRAV!c:R ?cRF-Gl<MAt-.Cc OATA Fut! TA SK C: 30 

(Cutting anti Lca'ling C oa I l 
CLASS STUD El-;T 1I '1 c DISTAl,CE noo UCTION SHUT AVER ERRORS 

( TGNS l CARS L DAD 
(TONS ) 

TH 1 4: 06 2o.A 1 e. g 2 9. 7 7 
TH 2 4:11 2~.9 20.4 2 9.9 11 
T 3 4:26 24.9 20.2 2 11 • 5 8 
T 4 s:oa 29.9 20.4 2 10.2 13 
TH 5 5:23 2 6. 4 20.1 2 10.1 3 
T 6 :i: 3 3 3LH 3 20.1 2 10. 1 9 
T 7 5:36 2 3. 1 20 • 6 2 1 0 .4 9 
T E ; : 48 26.9 20.2 2 10.7 12 
TH 9 6: 06 33.5 20.2 2 9.6 8 
T 10 6:09 31 .o 20.2 2 10.2 18 
Th 11 6: 17 29.9 20 • 1 2 l O ,4 10 
T 12 o:l,3 22 .4 2l.io 4 2 9,6 9 
TH 13 ? : 4 7 Z 4 •:, 20.1 2 9.9 4 
Th 14 1:00 28 .3 20.1 2 10.1 4 
Tr-i 1 5 7:01 31.9 19.6 2 9.7 7 
T 16 7:21 26.0 19 • 6 2 9.9 3 
T 17 7.22 32.8 20.1 2 9.7 6 
T 18 7:32 36.9 18 • 9 2 9.4 6 
TH 19 7:58 35,1 18,7 2 9,2 4 
Th 20 7: ;;i 4u,o 2lq7 2 10.6 9 
T rt 21 8 :·2 8 29.5 20. 1 2 10 .1 8 
Tn 22 d: 34 3 2. 9 20.1 2 9.9 7 
T 23 i:l:37 22.3 21.2 2 l O .1 13 
T 24 3: 3 7 3;.o 17.7 2 8,7 4 
r 2: 6: 3 9 4 4, ;, le• l 2 8.7 4 
TH 26 o:54 36,6 20.9 2 10. 7 9 
T 27 9:oo 37,8 19,7 2 9.9 10 
TH 2 e ~: l to 3 7 .6 21. 3 2 10,6 10 
Ti-i 29 9:35 46.6 37.4 3 9.8 17 
TH 30 10: 20 39.o 13. l l 8,9 15 
T 31 10:20 31:;.9 20.; 2 l O. 2 11 
TH 32 11: l 8 4.:, .:, 19. 9 2 10.4 13 
T.1 33 11: Zo 36. 6 l 7. 8 2 8. 9 13-
i 34 l 2 :i 4 ~ 2. • (, 16.3 2 9.2 7 
Tl-, ~ r J., 13: 2C 45.8 40 .5 4 9,l 12 
TH 36 14102. 3 ~. 7 4;,, • l 4 10.1 22 
T 37 15: 01 35.9 19.9 2 9.c; 8 
TH 38 16: 0 3 3 5. ~ 3~. 0 4 9.3 15 
TH 39 17:2; 49,& 3 8 • 't 3 l O • 1 10 
Th 4C 18: 3'i 5C. 7 23.8 2 10.1 22 
TH 41 20:'35 49 • 4 3 ·1 • l 3 lo .l 27 
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4.z.1 CGRR~LATIOiAL ANALYSIS 

Distance vs. Errors - No provision was made In recording distance 

,jata to differentiate between trarr·'lling forward and in reverse. The 

exercise starts with the continuous miner approximately 10 feet from 

the tace. To cut 2 0 tons of co a I, t he amount re q u i red to l o ad two 

shuttle cars to capacity, the rrdner would advance another 10 feet. 

Any distance greater than 2G feet represents the operator reversing 

hls macnine a few feet to cut tne cusp rerrainlng in the bottom when a 

shear was ccrnpleteci or reversing a greater distance to trim the roof 

smootn. Because of this, a sipnificant, positive relationship was 

expected between ,'.listance trammeo and the nu1T1ber of errors. 

Spearrr,an 1 s Rno did not bear this out (p = .17). 

Tirr-e vs. Production - Nearly pe:rfect oerformance of the assignea 

ex er c i s e on the tr a I ne r w o u I d o e: 

TIM!:: 4 .o hinutes 

JISHNCc: 20 Feet 

PRGDuCTION: 20 Tons 

AVi:~AGE L GAD: 10 To rs 

E.:/.~ORS: 0 

Th e r e w a s a I u w p os i t i v e c o r r e I a t i o n o ,:: t w e e n t i m e a no ~ r o d u c t i on 

(i:, = .20). 
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Average Load .-s. Errors- A negative correlation 1-as expectec between 

a v er age I o a d a n d nu m b er o f e r r or s • t::.xcept for loacs exceeding 10 

tens, which indicate coal beir1g dumPerJ cn the floor or falling off 

the edge of an overloaced buggy, the nigner the average load, the 

~reater the sKill ot trie operator. 

expectation (p = -.37). 
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CHAF-TF.P ~' 

The cnanges ttiat are suggested in the followin<'.l t;ara,;iraphs are airt,ed 

at in-i.:,roving the oi:,eration of the present system as well as expanding 

its training capc1tdlities to n,ake it more attractive and acceptatdt 

to potential users. The recommenoations ~ave come from coal company 

personnel and faculty rr,err.oers from the n,ir.ing department ot Rend Lake 

College. Tne recommencdions are categor izec:' in tt>ree groups: 

trainer impro,,-enents, trainer enhancements, or trainer related 

activities. 

5.1 T~AINER I~PROVEME~TS 

T h e f o I I o i. i n g r e c o :n ;n en d a t i o n s r e I a t a d i r e c t I y t o t n e i rn f, r o v em e n t o f 

the training syste:n as it now exists. They do not address re w 

trainer functions or system capabilities. The recom~endations are 

the result of comments received from continuous miner operators, 

instructors, and students as we! I as from observation of student 
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class·es ar,d trainer de11011strations. 

imorove111ents incluoe: 

Tl"le recommended trainer 

ll !<evision to error slides. 

~) "'err.oval ot the conveyor fro.11 the CPT. 

3J Improvin-;i !flethcds for creatir,g training exercises$ 

4) :<.evision of course materials. 

:i , l • 1 E R F(:JF S LI: c: ~ EV l SI iJ NS 

Ti.ere isre currently 22 error conditions tr,at have been·defined, see 

·Table ::i-l, Each time an error is detected, the appropriate error ls 

c:isPle1yed on the torwar.-; projt'cticn unit, The number of occurrences 

of eacn type of error is inc luaeo in the performance report pr lnted 

at the end of the exercise. The displayeo slide is removed 1o1hen the 

error concition is corrected, Presently, the error slides display 

i n f o r ma t I o n i n t h r e e b a s i c f o r IT, a t s , i n c u d i n g : 

l) ::rror Statement and Corrective Action 

2l =rror Statement ~nd Checklist 

3 l Ch Co11tact 0 hotograi:h 

Jcservation$ ot o=monstrations anc evaluation sessions indicate that 

t n e 11 ~ r r o r s t a t e rr, e r, t a n d c or r e c t i v e a c t i o r•" Pr e s e n t at i o n s a r e e as i I y 

u n a e r s t o o. d a n d f a c i I i t a c e e r r o r c c r r e c t i or. • T n e II E r r o r s t a t e m e n t a n d 

cre,;klist" pr~sentations usec for t11e fori-ard tram, reverse tram, and 

improper s~ut::iown conditions were the least efficient method of 

provioing error f~e1Jt;ack. Students were cverwnelmed with information 
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DESCr-IPTION 

FORwf..RJ TRAM 1 

2 

3 

4 

CUTTER HFAD COi'iTACf - LEFT 

CUTTiR ~lAD C □ NThCT 

CUTTFR CONT.ACT 

CUfTi:R CONTACT 

ROOF 

FLOOR 

RIGHT 

7 GATHERING POINT CuNTACT - LEFT REAP 

.~ G-HHERI~C POINT CONTACT - RIGHT REAR 

9 FRAMt CCNTACT - LEFT ~EAR 

lC FRAME CONTACT - RIGHT RFAR 

1 1 CO 1-.J V l Y C P C G t, T AC T 

12 IMPRCFE~ ShuTCQWN 

13 8EYON~ LAST ROOF bOLT 

14 WATER VALVt ~OT CRACKED 

1~ wATtP VALVE- NOT FULL OPEN 

16 SHEHING UP 

17 SThL JACK NCT D □ Wh 

lo STA8 JACK NOT UP 

1~ GAT~tkI~G PAN CJ~TACT 

20 CGAL UUMPEC' CH'l THt FLOOP 

21 CONVt:YIJ~ TOG LOW FIJK. BUGGY 

22 OVf:RLIJACED SHUTTLE CAR 

F.k~OR CLNDITIGNS 

Tl-l8Lt 5-1 
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and proceeoed methodic.ally to start doi.1r, through the checklist, ite,.,, 

b) iterr,. 

orocess. 

Tnis proveo to te ti,e consumin, and ~lsrupted tn~ learning 

Several stuoents mace the same errors repeatedly ano made 

corrections on the basis of a cnecklist reviei.1. They r-ad not 

cSsoc1ated tneir repetitious error with a rr.acnine function. 

Each "i:::rrcr statement and cneci<list" presentation shoulo be replaced 

c y a ':.Ir ou i: o f "f. r r o r s t at em e n t a n c c or r e c t i v !' a c t i o n " p r es en t at i o r.s • 

The r,ew r;resentations ~d 11 divide the tram:ning and sh•Jtd<Jwn 

configurations into functional ,nachine grouoings. Tne recommended 

sl1oe replace'Tlents are snown in Table :;-2. The performance printout 

shoulo also be modlfieo to reflect these i:norovell'ents. 

The pl'lotogra~l-1s ot the miner contact in~ tr-e roof, rib and floor are 

self ex;:,lanatory. riowever, the students usually paused to ask wnat 

was being disolayed, This 1s an initial crientation problem i.1hich 

can be.rninirr.izec oy overlaying tl.c slide Photograpt-, ,dtr, a brief 

explanatory state~ent, Three st~tements will sum:r.arize all of the 

c c n t in uo 1.. s mi n er c on tac t s I ides, th e y a r e : 

ll R.it; Contact 

2l i<.oof Contact 

?il F lcor Contact 

Ad<::lin;i the ex;llcnatory overlays and elirninatin\:l the checklist 

;,resent at icns should maKe the errors I ides easier to understand, 

thereby reducin;,; initial 1.1rientaticn tirre anc: improving stuaent 

so 



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: 
CUTTER HEAD 
GATHERING HEAD 
CONVEYOR 

DOWN 
DOWN 
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 B.REAKER POSITIONS: 
CONTROL BREAKER OFF 
CUTTERHEAD BREAKER OFF 

Table 5-2. New Error Slides 
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ccm;:,r et,ens ion. 

It :ias been suggested that removal of the conveyor from the CRT top 

vie" of the contir,uous miner would improve the trainer. The 

r a t i o n a I 1: t or Uoi s c Ii a n g e i s t r a t t i1 e t r d i n e e w i I I t:- e f o r c e d t o I o o k 

to the rear of tne cab to see tne conveyor oositlon rather than 

r<nowing Its location by looking at the CRT display$ This makes 

sens e, now e v er tt, er e are c er t a i n t i mes when the s y s t em re q u i r es 

convt:yor ~osition to be dlsplayeq, e.g., when tramrr-lng in reverse, 

The trainer displays conveyor boom oosition on tr.e rear screen 

projector, c:iut net in si'.Jnificantly increll'ental steps to tram in 

reverse. Adding a CRT at the rear of the cab would be too expensive. 

lt is recommendea tnat conveyor removal be an instructor option 

accomplisheo by typinq a command at the Ot:Cwriter, 

IMPRG'Jr:O "ldHODS LlF c;i:ATIM, TRAINER EXC:RCISES 

Tne trainer is n1-~nly flexit:le ard can be i::rograll'med by individual 

cc.al co:npany users to meet tr:eir sotcific trainin, neeos. The m lne 

ano rr.2cnine pararreters are programmeo into the corr.puter via the 

systf:lll' DEC.,;r iter ana C~T I 1ghtpen, 1,,.s tne system currently ooerates, 

t t, e :: r o ~ r c m "· i n g t c1 s i( s a r e f a i r I y c o rr p I e x " n :j m a y c e t- e '1 o n d t h e 
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cap.abilities of the intendeo user. In ordE-r to n:inimize user 

training tirr:e ana allow the coal comp:rnies to fully utilize the CMTS, 

it is recommenced that the proyrc,m11ing wethods oe modified to 

~ 1 mp I i f y t n e i r op P. r at i on • A Is o, a User I s Man u a I des c r j b in g t he 

pr o c e du res f or c r eat i n g t r a i n i n g ex er c i s es and pro gr a m ope r at Ing 

instructions should be developed. 

, • l. 4 = 0 lJi< Sc MA TE R I AL ~EV 1 S 1 uN 

It is recorrrrende:J tf-iat the course materials be revised. In their 

p-resent format, tne materials certain machine specific dimensions, 

capacities, and facts that were included for maintenance information; 

and redundant orientation and health and safety information. The 

maintenance infor,nation st10u Id be e I irr•inated from the CMTS 

instructional n·aterials and the orientaticn and health and safety 

modules eliminated from the course requirements. Many companies 

already conduct orientation courses for new miners and annual 

r~training courses to emphasize t~e health and safety aspects ot 

underwround ~i~inJ. Tne latter c0urses ewphasize personal equipment 

ano ..ie;rkplace hazards such as the conditicn of the roof, rib, and 

bottorr,, gases, dust anc noise. 

Less emphasis should be Placeo on memorizing machine specific 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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re~ardless of the sPecific ty~e ot continuous miner that is used. 

The objective of the course rr,aterial rev1sior. should bet, develor:: a 

generic set of course '11oteric1ls that will supoort on-tt>e-job treinin, 

requirements for the ~eneral coal mining inoustry. A generic 

training cour!.e will fill an imrr.eciate incustry neeo - training 

materials tor continuous rl'iner oi:,erators and helpers. 

A generic set of r:aterials car. oe developed for the basic machine 

operating proceoures, such as: preshift inspection, trarrmirg, 

t u r n i n g , e n t r -, c u t t i n 3 , c u t t i ·n g c r o s s c u t s , s h u t t I e c a r i n t e r a c t i o n , 

stablizer jacK usage, and shutdown configuration. Machine specific 

information sucn as the location cf electrical switcnes'and liydraullc 

controls, startuo interlocks, control resi:,onses, and different tyi:,es 

of methane rr.onitors should be provided for each continuous miner 

manufacturer. Tne machine specific information snoulo be Ir. tre forrr 

ot slides or vue~raphs. The intention is to provide lecture displays 

tor all types of contir.uou!. miners and all0"4 the instructor to select 

the lntormation·ar::plicat',1£.- tc t,is ri,inin<; nachines. The lnstructor•s 

Gui1e should include a checklist of the machine specific inforll'ation 

that the instructor should cover c1Jring his lecture presentations • 

. --------------------

Tr,e tollo .. ing recommendations erri:;nasize new trainer functions tr,at 

•ill increase tne flexit,ility ane1 improve the fidelity of tne 
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continuous miner trainer. These additional ca0abilities will not 

only enhance the usefulness of the er.Ts, but also make the system 

more attractive to coal company users. T~e reco~mended trainer 

enhancements include: 

l) Additional models of continuous miners 

2) 11obJ le trainer 

3) Demonstration and playback 

4) Scruober syste~ 

5) Fire suppresion 

6 ) Cont r o I I e r side pane I 

7.) Retreat mining 

The following paragraphs describe enhance~ents to the current system 

that will provide more generic training on the CM and improve tne 

o v er a 1 I tr a in i n g e f f e c t i v en es s o f the s ys t em. 

,.2.1 ACGITIONAL MODELS OF CO~TINUOUS rr~ERS 

In addition to training Joy 12CM O0erators, tnere is a need to train 

operators for otrier continuous miner ,nodels, such as Jeffery, 

~ee-Norse, or Marietta. It is recqmmenaea that conversion kits be 

developed to convert the CMTS to other types of conti.,uous miner. 

Being able to convert the trainer to 1ifferent types of continuous 

miners ,..j 11 exi;and the trainer capability and increase its usefulness 

to the coal industry. 
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l. c:,nve:rsion Kit should include reolacement of the tram levers, 

e I e et r i ca I co "It r o I s w i t ch es, ca o c i r c 1J i t t r ea k e rs, and pr o gr a ms • 

lntercnangeable p:rnels and ccver plates would be used to rrlnlmize the 

conversion tine. The hydraulic col'\trol lever assembly would remain 

t:s sent i a I I y t n e s ~ n.e • Trie n2m~ plate and cetented lever modules, 

i.e. loader or gatnering can, may need to be exchanged. The 

pr o ; r am s t h a t s I rr.u I at e t r I:! e I e c t r i c a I i n t e r I o c k I o g I c , c on t i n u o us 

miner responce rates, and proceo\.ral error would require some 

changes. 

5.2.2 MOS!LE TPAlNEk 

Shifts in personnel training requirements and student availability 

sug;est tnat a rr.obi le tra Iner may better suit the needs of the 

ind.J~try t11an does a fixed training facil lty. For example, a mobile 

trainer would save the tin,e lost in transit between the mine and 

training sitt>. 'rnerel'ore, it Is recommenoed that the CMTS be mounted 

in a mobile unit. 

A demonstratior, ~nd playback caoabilit)' .iould permit demonstration of 

correct coal cuttin,:i procedures and techr,iques anc a permanent record 

ot stuoel"t ;;er for11arice to supper t feejback and review. 
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T he i ns t r u c tor I s comm an a t o c on t r c I the d em on st r at i on or p I a y b a c k 

capability could be entered via the DECwriter. Three steps would be 

required to record c1n operator's pertormance. Specifically, 

(l) Type 11 D<:?ETuR,~>" on the DlCwriter. This would enable the 

recording ot the operator's pertormar.ce. To eliminate the recording 

of idle time, recording could begin when the hydraulic pump is turned 

on. The maxi:num demonstration time wou Id be I lmlted to 10 rrinutes. 

(2) Type 11 DE<~tTUrl.N>" on the GECwriter to terminate the recording 

session, and a message requesting a name for the file would be 

printec on the terminal. 

(3) Tyi:,e 11 Filena:ne.DEM<RETURN>" on the GECwrlter. · The filename could 

contain a rnaxirrum of six characters. 

The instructor could select any recorded operator performance session 

by typing 11 P5<RETURN> 11 on the DECwriter. A message requesting the 

name of the t i I e to be a is p I aye a w o u I d be pr int e d on the term i n a I • 

Type 11 t=ilename.;.1E-M<~ETU~N>11 on the DECwriter to initiate 

demonstraticn or Playback. The trainer would be fully operational at 

tne con,pletion of the playback session, and the training exercise 

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

1-lew continuous rrining rrachines are being oel ivered l-iith a scrubber 

systerr oi:,tion to suppress dust. The scrul:oer s1,,itch atfects tr-e 

s t a r t -u p pr o c e.::: u r e b e c au s e I t i s i n t er I o c I< e d 1,1 I t ti t he c u t t er h ea d 

motor and prevents cutterhead operation unless tr-e scrubber syste~ ls 

activated, It is reco,r,.,,enoed that the scrubber switch, sound, and 

i n t e r I cc k I o g i c t:, e i n c o r p o r a t e d i n t o t r, e t' r a i n e r • 

,.2., FIRE SUPPRtSSION 

The water spray valves of the Joy 12CM are use1 for dust suppression, 

cooling, and fire control. The CMTS prcvides training in the use of 

the dust suppression water spray as an integral part of continuous 

miner o~eration. However, the CMTS does not have an active function 

for the fire suppression ~ater spray. The syste~ should be modified 

to permit an instructor commar,c, 'fia the ·cc·:writt:r, to generate a 

flasning 11 r=1;u: 11 signal on the C,H. The trainee i.ould then be 

required to turn the fire suppression water spray ful I on to rerr-ove 

the emergency ~essa3e. 

5.2.6 CONTROLLE:" SIDE PANc.l 

Safety training on the continuous miner snould Include instruction In 

the use of the contrvller side panel. The side panel provides 
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emergency shutoff for tne machine as well as emergency fire 

suppression, The necessary si,.itches,. circuit hreakers, and controls 

should be incorporated into the CMTS along with the adoitional 

computer logic, 

~.2,7 RET~EAT MINlNG 

One of the rnost dangerous tasks required of the CM operator is 

removing pi liars in a retreat mining section. A high I:,, trained 

operator is essential if success is to be achieved, Operational 

errors are I iaole t.::i cause personal injury al"d taKe ti1e continuous 

mining machine out of production. Coal industry personne I have 

expressed their desire to have training provide~ in tnis Hea end 

would like to see the C~iTS modified to include instruction on retreat 

mining, 

The present computer-grapnics system is incapa~le of har.dl ing the 

a ad i t i on a I pr o gr a !T: s p ace and corr,~ u tat i on a I t i me re q u i re d t o Imp I em en t 

retreat mining, The trainer graphics s:,,stem is a 197.3 vintage anc 

w c:1 s s e I e c t e d b e c a u s e i t w a s s i g n I f i c a n t I y c h e a p e r t h a n o th e r s y s t e ms 

available during the desig'l phase. f..ecent developrr.ents In the 

graphics industry indicate that 1:1 low cost raster scan display 

suitable for retreat mining will be available in late 1980, !t is 

recommended that a study be conducted to define and locate a graphics 

systerr, suitable for retreat mining, 
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The following rec~ll'll'endat1ons incluoe suggestions for additional 

trainer uses other than C~ operator training, The CMTS has the 

poter:tial tc be utilized for continuous miner machine research, and 

th e t r a i n e r co r1 c e p t i s c1 p ~ I i c & b I 6 t o o t r er t y p e s o f m i n i n g e q u i pm en t • 

Tne recommendeo trainer-related activities include: 

1) :'Jn-board training device development. 

l) Human factors deSii,Jr, evaluations.· 

3) Application to other mining equipment. 

The proceoural errors and corrective actions displayed on the forward 

pro;ection system are essential to the trainP-r. Tl'le computer de•tects 

t Ii e e r r o r s f a r mo r e ·e f f i c i P. n t I y t h c1 n a n i /"IS t r u c t o r co u I d , a n d t h e 

err~r slices cor,stantly remind the operator of l'l'0roper procedures. 

: om~ i n in g tr: i s f ea t ..i r e of th e tr a i n er "' i th m i c r op r o c es so r 

technological aav&nces, it is r.ow possible to conceive of an on-board 

training device tor- actual contiriuous miners. This device 1o1oulo 

perform the same function on a continuous miner that the projection 

system performs o., the trainer. The difference would lie in the 

m e t r, o l:f o f c i s ;, I a y i n o t n e i n t o r rr- a t i o n t o t r. e o p e r a t o r • A t w o- r o 1, 

alpnnwnieric ois~r,.y :oul1 oe used. 1'1ettiare meters currently use 
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similar devices to display tne percentage of methane. 

Rug,1edized on-board corr,puters, displays, ano sensors are currently 

oeing developed for oragl ines, shovels, front-end loaders, and 

haulaye trucks. In aodition, son,e continuous miner sensors have been 

d e v a I o;:, e d t o s u p ~ or t t h e au t o n, a t i on o f a co n t i n u o us m I n e r • T h e 

results of some of these activities should be directly applicable to 

an on-board continuous miner training device. The continuous miner 

training system should be usec to develop and evaluate additional 

procedural errors by si11·u1ating additional continuous m;ner functions 

sucn as the scrubber system, drum extension, and floor Jacks. 

A training device of this type may be more cost effective than the 

trainer and has the potential to reduce actual machine maintenance 

prob I ems • 

5.3.2 HUMAN FACTORS DESIGN tVALULATlONS 

Human engineering studies sponsored by the aureau of Mines have 

generated recommendations to imorove and standardize the design of 

tt,e operator war•~ station for unoerJround mining equipment. The 

proposed chan~es reco~~e~ded in tnese studies appear to have a great 

de a I o f f ace v a I i cJ i t y ; h owe v er, the p r op os e d ch an g es to the w or k 

st at I on des i y n t1 av e not t: e er, v ~ I i d a t e ::i in an opera t i on a I en vi r on me nt • 
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It is recomrr.enoed tnat the CMTS be reconfigured in accordance witt, 

recorr,mended designs of human factcr studies and then tested, The 

CMTS is Ideally suited for this project, Many of the cesign changes 

recommendeo for continuous miners utilize tactile co1ed controls, 

stanoardized nomenclature, ano in~roved col"ltrol locations and 

functions. T"le CMTS worKstation and controls coulc be re::onflgured 

to represent a recommended prototype ano then evaluated. 

The following list identifies research wvrk th::it could be 

c1ccomplished utll izing toe CMTS: 

1> ~~aminatlon of oifferent type tram control~ such as 

Joysticks (force and displacerr:ent); a comparison of 

nan~ versus foot operated devices; evaluation of 

exponential versus linear or fixed tyi:,es cf control 

actuation, 

2) ;:xamination of ccrtrol movement versus movement of 

corres;:,onding mir,er i:,arts and functional grouping of 

cont r c Is. 

3) ~valu.tion of tactile coding schemes for hydraulic 

controls, switches and circuit brea1<:ers. 

4) Standardization of contr:,ls and worK station laoeling 

tor controls. 

It is oelieved that evaluation of these recommended studies wl II be a 

major step to1o1orcs stancaroizatior, of controls and imcroved design 

and will result in imcroveo safety, health ano productivity for 
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continuous rrlner o~erators. 

5.3.3 APPLICATI8N TO ~THE~ Ml~I~G E~UIPMFNT 

A feasibility study should be conducted to deterrrine the industry 

needs for 2nalogous training for other ty~es of rr1ning equipment. 

The study would determine the needs along with the necessary cost 

tr ad e-o f ts ass o c i at e d w i th u t i I i z a· t i on o f an i n t er act i v e gr a p h i cs 

system to teach machine related ski I ls. 
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CHAPTfR 6 

RE: FERENCE S 

~eference is ,nade to the following documents throughout this report 

usin~ the numerical designation shown below: 

1. uevelop:nent and F-abrication of a Continuous Hiner Training 

System, ~eport ~DC M0023, ~arch 1978. 

2. Final l<e0ort of Subcontractcr Services to the McDonnell 

Douglas Electronics Cornoany for the u.s. Bureau of Mines 

Contract No. HC377C25, J.J. Ciav1s Associates, Inc., July 
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