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B ABGTRAC’I
» 'The question s frequently asked, what makes the dlfference between the competent
efﬁc1ent trouble-shooter and the average repalr person who spends expensxve hour-s in vain 7'

" B attempts to trouble shoot a relatively 51mple defect” Is the successful techmcxan speciall) ’; )

;}gifted"’ Does s/he have an 1nborn knack or is it something that s/he learns and acquires, T

\-

in one s profess1onal hfe" Such people are qu1te rare and difﬁcult to ﬁnd There 18 a" T

consensus of ‘opinion that such people have bsound knowledge of electromc circuxts and'
the vvork,ing of the system They also have the kn%wledge of test equ;lpment and know test' ‘
and measurement techmques Whatis not clear 1s‘how this apparently 1nborn" knaek ot
‘ electnomc problem solvtng‘ 1s acqnired What do they have Wthh others do not“’ Do theyl
v‘ leam and bu1ld it up on the1r own experient:e or do‘ they acqu1re trouble shooting )

techniques and strategies by observing othei"s? Can ,this knack be taurght‘m __the‘_schoolls'

of 1nstruction and if so how should it be taught7

- The. study used a thmk out- IOUd Pl’Otocol 0 collect ‘data on the thinkmg and"'

e

P

‘Teasoning process. of Wo electromc trouble shooters a nov1ce and an expert Subjects. _

‘wene told to speak out loudly whatever_ came to t‘hei_r mind dunng‘the tr0uble-sho‘ot1ng.‘
process. Subjects were not to‘reﬂectively pen-e‘tzat,e nor transparently present their thinkingi

The study: explored the c‘ognitive and meta-cognitive strateg‘iesv used by thetwo
» . troiible-shooters. Their diagnostic reasoning'w’as investigated and the data coded ‘into‘
o thought processes dike testing, observing, analyzing and -,hypothesis generation.‘Th‘is

ex;ilication of diagnostic cognition suggested that both subjects behaved similarly in the

form of diagnostic reasoning. The trouble-shooter started by testing a fault symptom or

1ii -



'fchecking\out a hypothesis and continued on to observe and hnaly'ze ‘the test results. _Th‘is"{

resulted- in genergion of another hypothesis or -a further study of fthe circuit to start -

~ another test. This procedure was cyclic in nature and was repeated time and agaip, ..
~ The substance of diagnostic reasoning employed by the two ,,tféub]e;shootqrs was, -

B U - L, o S
however, quite different. Location of the normal and abnormal brackets was different, and
 the.use of the. search strategies within the problem space was inadequate in the case of

the novice trouble-shooter. The nqvice lacked use of adequate search control strategy and

-

failed ;o'ide-ntjfy the correct problemrsp'ace.j | \/ B A

v
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§ ! g ' CHAPTER 1

Nature and Scope of the Study . -~

ntroductlg

The study of problem solv1ng and ﬁndmg dlfferences in expert—nov1ce behawour have

7

been of 1nterest to cogmtlve and computer screnusts psychologrsts and educators ahke
The drfﬁculty ’has been that most of the potent and 1nterest1ng problems in these domarns

do not have tractable algorlthrmc solutrons Moreover the valldaUM of reasomng

processes becomes a gigantic undertakrng , S e

-

Diagnostic problems usually resist precise description and rigorous analysis. Also

1

e

expert diagnosticians, ‘often, are not able to explain why they are experts in their own
field. In effect, experts "know. more than they cag say" or-articulate,.(Nisbett & Wilson-

1977) The domain of electronic trouble-shooting, like that of chess playing.and miedical

ES

diagnosis, may beé investigated to understand. problem-solving. At least the validation

should be easier, ds the electronic’ system can function correctly only after the bug has
been removed and the system performs appropriately.

The complex nature of today’s.space-age commercial and defence electronic

systems and equipment require highly skilled maintenance engineers and technicians..Such -

\
people have sound knowledge of electronic circuitry, and understand the working of the

system. They also have the knowledge of test equipment and know test and measurement
techniques. The problem is that we do not know how they acqulre the,"knack‘" of
electromc problem solv1ng and a systematlc loglcal approach to the detemunatlon and

correcnon of any flaws in the operatron of the equ1pment What do the cxpen

= -
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“novice trouble-shooters have in common and how they differ.

N

d1agnost1C1ans have Wthh others do not" Do they leam and bu1ld 1t up on. thelr own pr'

expenences or do they acquire trouble shootmg techmques and strategles by«observmg:f

: Others"' Can° thrs knack' be taught in the schools of 1nstructton and if s0° how should 11',;,;_ o

.be-taught? R S
- v . - © L N i) Ll

The general aim of ‘the thesis was 10 explore and seek to. understand the fault

Y

ﬁndmg process used by expert and nowce trouble shooters Thrnk Out -Loud (TOL)

techntques were used Expert and nov1ce trouble shooters were. asked to TOL as the)

B trouble-shot an_d;their thought's“ were tape-recorded, 'transcribed, and analyzett ’TheTQL

-'process:~made' the subject’s own thinking more vvisible-,to themselves, as well as to others: .,

Theiﬂrdifﬁcultie_sWere elicited and earefully analyzed to find any useful clues in solving ~
electronic’ problems. -

" The task was interesting, as well as potent first because the electronic devices and

" the circuit to be diagnosed were fairly complex, and second because there was no well |

e,

~ devel.op’ed theory of electronic fanlt-ﬁnding. The -study was an a'ttempt'to' explore the |

. ”natnre‘of reasoning underlying the diagnostic process and find out what the expert and

% .

. Nature of the-Problem

" The ability to systematically analyze circuits, locate faults and repair them

efficiently is the basic skill required by eleetron'ici teehnologists and technicians. Also the.

L

economy and life style ina developed coun‘try depend on keeping the-technol?ogiCal ‘
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gadgets likefompmer systems 1ndusmal COHB‘O] equipment commumcation systems and L

the like in good working c0nd1tion all the t1me Trouble-shootmg and repair is thus an .

: 1mportant task whtch becomes ‘more exactmg ‘as-the systems become more complex

- process raw matenals into dev1ces that have planned obsolescence to encourage us to

,disCard them quickly and purchase new products. No wonder our garbage dumps are. .

h . . cl‘ .

Thf: role of trouble shooting also becames more 1mportant Ln the modern reeycling:""

<

soc1ety We_are presently accustomed 104 largely lmear way of usmg resé)urces We -

A
a7

Y

& . .
becoming monumental Thmgs have to change and we have to change We must operate

Cifa recyclmg ‘mode. The pornt at which a product is discarded must advance and the item

-~

must be repaired many more times than is the’currfe'nt practice. This useful economic life

should only end when the cost of repair and maintenance becomes prohibitive; or the cost’ SR

.

of cont‘i(nued use is- greater than thecost of replacemen't after all factors are considered.

Although ‘the current machines boast of se1f~d1agnosmg and self-repamng

capabilmes humans have to fix the problems which machines are’ unable to do by

themselves. Only 4 thorough knowledge of the system to be maintamed and consrderable #
expenence in the use e of trouble- shootmg technidues can eqmp a person to become an A g
expert t‘r,ouble-shooter.. The colleges and‘-,‘. universities prov1de the‘i domam r,‘elated‘.‘ ,
‘declarat‘iye type of ‘knowledge,'but individuals are left oni:their own .to'acquire t'h'e ,
N trouble-shooting‘experience 'on: the_ job throughout their/wvorking life; Howcan we impart
this kknowled‘g‘e to the students earlier on so that these novice trouble_-shooters can become |
expe;rt trouble—shooterls. at an early date? What does it tal(e toilear\n’ the art of logical‘

problem solving by the trouble-shooters? In order to be able to design a suitable -

.
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: =~ curriculum and a hands-on training program, .we must know the differences bey,twiéc'n the

Cud "~ novice and expert trouble-shooters. Textbooks rarely discuss trouble-shooting techniques

-

or strategies. Training institutions assume that the tvrans:lat'r'o,nltf)'f the,o'rétical “knowledge
~would be further confirmed by laboratory work. The student builds a circuit, takes

i

*  measurements and makes observations, acquires data dnd then compares the data with the

‘( - - theoretical p’re&ic\ﬁohsaSt:lde dpés a 's_ty@e_nf trouble-stioéi_-é hon—wé)‘f'l;i‘.n‘g cli:lrcuit which
E ‘somsqhé el;'é' ﬁa's_’fbuilt after Smp:‘f‘las leam;"tzi‘v great deal of the\d;y. Worst of all selddm-
t s/he is ’t'avughtvth? electronic préblem‘ solving strategies for trouble-shooting ovf'el’c‘;*cé‘trc)‘rtlic'
? equipmént. , . - ) | o . o
g \Tr(‘)uble—sh:c;ét'ing is much lﬂ«; assembling the pieces >0>f a jigsaw puzzle. Different

- [
® . .

pieces of knowledge acquired previously are put together untjl suddenly the entire thing
1 s - falls iﬁto place:f The kﬁowledge of the defective equipment, the'knbwlédge about the

- o ~effective use of the test equipment, and the knowledge of schematic drawings and .-

- specifications is important but not enough. The tech*niques‘of problem solving are also -

~ essential to solve the jigsaw puzzle. Unfortunately. this problem solving expertise 'iéi‘ not.

N

easily acquired. Determining the symptomis, localizing the trouble-to a functional unit.

Fr dnV AARA TP e

e techniques of isolating and eventually locating the specific Uoubié comprise and constitute
T the art of logical trouble-shooting. =~ ' e S e R

Problem Spaces and Problems o ; e ﬁ

‘ 'The.ap’alysis of a covgni‘tivc ttaskli_ti’valv;c;siniitfial’rly;tiéégfying thellprqibl'“ém spééc.and v
then specifying the search contrel k}mowledgeused wnhln that problemkp&cc. Thc"y

problem spaces, which some electronic trouble-shooters call normal and abnormal ‘Brae_kets‘;-_i;

7




: .enclosmg the fault area, are develbped and narrowed down by them when they engage,tn
| goal odented acttvxtyt _To understand such activ1ty lS to drscover what problern space a

,trouble-shooter-wts 'us,m g."’Fo,tr a generaﬁ)roblem solvmg env1ronment ‘a problem space and' '

,‘,

" a problem can. be deﬁned:as below

.-

)l;,—w y ,v,e_..
LT ,"5, g

Pr oblem SDace*' A problem space cons1sts of a setof symbol1c structures (the states':f

"l;;

of the space) and a set of operators over, the space Each operator takes a state as 1nput'

an’d‘produc'es a state 'as' output.,Sequences of operatorsfdeﬁne paths that thread‘ their way - -

through sequences
P‘ro’blem:.‘A'problem ?’in‘ aj problem space consi.st‘s\of a ‘setrof "initlalf‘states a setof.

’d‘goal states, and a set of path constramts The problem is to ﬁnd a path throtjgh the space -

o that stans at any nutral state passes only along paths that sat1sfy the path constramts and", o

B

-‘»_ends at any goal state. T IR S -

Let us now look at the problem spacc or fault bracketmg m the domaln ot_f

o k electromc tnouble shootmg All symptoms of the trouble are noted and all mdlcators or‘f

kx,

o output devxces in the faulty system are observed closely A th"orough v1sual rnspectxon w1ll
o 5reveal the malfunctton often enough to be worthwhtle If a rad1o set has a problem then g
: the sound commg trom the loud speaker is l1stened to carefully Is the sound normal,
dtstorted low in volume’ Does it have hum or is there no sound at all? Are there‘ signs
of heat and damage’ The abnormal s1ghal paths or data flow 1s carefully 1dent1ﬁed'1n the |
circuit dtaéram The data flow or s1gnal‘ paths c/ould be l1near d1vergent convergent

sw1tch1ng, feed back or mtxed paths Each of these. paths shall dtctate their own type of

brackettng tech_mq‘ues and search control within thos,e-brackets.“
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. -~ " The indicators at the output where the signals are abnormal; form:the abnormal

= f"v*‘b'r‘ackets“of"th'c‘p_roblem" ’spércé. The indicators, if any, where the signals are .normal

- ;5“:‘ - : és_tébl";Sh;thc inormavl brackets of the problgm space. Onévé,, these brackets have been
. ,.esAtqbl,i"shed;ihén‘ih‘e»tést} 'pqiqts"for‘ggarch control depend upon“‘rﬁé signal or .data flow

- “path within the brackets. Also the type of c'hecks"rfmade depends upon the trouble

possibilities covered. The. check information is then interpreted for the search control

3

g strré-tegy adopted and ‘the“bravc'ke‘ts ‘are' ‘ré’pds’i_tioned to red.u'c;e théiproblcm space. If the.

" current check was abnormal, the previously ahnormal bracket is moved up 10 this point,
~ Similar repositioning is done for the normal brackefs. The checking and bracketing
seqdcn_ce is repeated as necessary. This is a continuing process that produces - an eved,

~ narrowing series of brackets until th;c problem space brackets are around just one stage

at the blocks level or around jlist one component at thé component level of:-rép‘;i,ir‘.

- Néture of Eiectroﬁic Tréu_b’le’-’Shooting"' L
TfoﬁBIejshoéti'h_g t‘échn;iE]ués aim'at ‘.a‘r‘lefficicn/t ﬁ)ethod‘ to locate,‘;vi“particu/lar défeél
Or error, or a malfu:gi'ctioin in electronic ‘e‘quipment. It-is possible L‘o;’ﬁnd deféé;s by
mcticulo'u.s search a;lgilrénalysisy of the. péffé)rw;panAce ;)f"the ,equ'ipn{;:'nf.ilt is‘:ﬂsp often
possible to ﬁnd :dAefeé"ts. by testing every éémpqﬁent1 Still another ﬁ;thquéohcéf'ns itselt
- with th‘e‘inp»ﬁt;and @tpUt ouf t;:ach func__gidnlal block or By subslil‘uti(;n O/filhéS‘e,bi(%Qk;()r ‘
“C_ornvpobn,en‘tvsr. VWhicbh method to use will’"depend fafgely on wha"‘;'f::typ‘@ of‘d.efecft{;vc are

EL trying to locate -and what type of search control strategy we want to employ in that

o . % i
particular problem space. In electronic trouble-shooting' the major cost is in locating the

fault. The cost of the replacement of the part is minimal and dees not depend on how

6
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much time was spent on finding the fault. . T -

The procc'§s of idpntify'ing malfunctions is primarily one of 'uéin‘g”"l;p.gical mcr{ial-x :

processes. Comprehension, und’cfstanding, logical reasoning, and other cognitive processes

play an impo’nant part in the diagnostic process Hence the art of logical trouble shooting
becomes an imiportant task to be anal‘yzed. The ab1I1ty to slol\}é"a particulér problem
depen(is upon using the right tzachniquc. Tﬁéipr’(‘)plgm very often, however, is to decide
which technique w1ll be the best to trouble.-sh(‘)o’t';tvl‘wé defect. 'I;haf 1s where thé art plays
its role and is acquired with experience. The novices can l‘)veﬁ_told about the most frequent
troubles in electronic equipment and advised which téchnique wdrkébcsi with~ a parﬁicular
class of defeqté. However, the expertise in electronic trouble;—shooting 1s anotiher matter.

In difficult cases it may be necessary to use several techniqﬁes. Initially, a
symptom-function technique can be used to define the problem space. Once the
: appropriate no;rna'l and abnormal brackets have been blaced around the problem space.
the usuél techniques of half split rules for linear, divergent, convergent, fcedbac;k énd

mixed circuits can be applied to split and gradually reduce the problem space. Signal

tracing and injection methods help to test parts of the circuits with appropriate test

equipment. In some cases, the method of substitution helps to isolate the problem and

‘ther'eby reduce the problem space. However, the problcms. like poor solder connection,
broken wires; partial short circuits, open and short points within the printed circuit board,
wrong component connections and -va]ué‘s may defy trouble-shooting techniques. Also we

have to decide whether the defect is intermittent or is so elusive that we cannot find it.

In many such cases, it may be prudent to just leave that problem and tackle it later.



“ ' -

Regardless of how absurd and impossible a problem seems, every defect-tan be located.
I is sdid that‘t‘he vc,ipcrt’s}will usually-back off, think, relax, and think again until they can "~ \

"crack" the problem. How would the novices behave under similar circumstances? Would

they just leave and admit failure? The analysis of such processes in real time is one of the

3 -

most difficult tasks. The ekvAcr:t‘s wé wis“H to examine are intc;i"néﬂj _Al.O_ mind with only some
observablc behaviours and attitudes. It is believed that électronic troublc;sh‘o'oting has
many affinities with problem solving and' therefore, literature is rcv1cwcd in t’h}é next -
chapter on human problem solvmg The coneept of the problem space as a fundamenmt“
category of human goal oriented cognition is also reviewed before looking at the literature

»

on electronic trouble-shooting.



CHAPTERII © e

F4

Review of Literature

~

&

Types of Problem

Electronic problems are of two types, one which concern themselves with 'd'é"signing anew

device to solve some difficulty and secondly, to find a solution to an existing

4
w

malfunction. This study'concems itself with the latter type of a broblemi which CorhpriSes -

of th?,following four step.)‘s4:l; 'G;eqéx1990) LA P
a Determine the symptoms of fai}ure S : -
b. Localize thé}guble to a cdmplete functional unit -oer yt-n(‘)d'u‘le f
c. Isolate the trouble to a'circuit within the. rﬁodulc. |
d h Lééiite the spec;iﬁc trouble . ', A

In order to understand kﬁese\s‘tc:ps, let us understand' the: very basis of prob]grﬁ—é@lﬁng.‘

~Nature of Problerm-Solving

! "’ -
- P 7o

The problems - contain information concerning givens, operations- and goals,

whereas, the solution is'a sequence of allowable actions that- produces a completely

4 . 5

- specified goal expression. The géne}a} ‘problém—solving method draws inferences from

' éxplicitly and im'p,li.citly pfesénte‘d information that satiéfy one or both of the following

criteria; -+ . - - S

i same type of information.

'b. ”  the inferences are concerned with properties (variables; terms,

expressions and so on)'that @ppear in the goal, the givens, or. *

- -
4
e

L

al . the inferences have frequently been made in the past from Vthe‘\‘




inferences from the ‘goals anli giver’ls.;'

Wcall'as (1926) sugg;esls)lhe follo_Wihgzv-ér;l.gesrlrl general; problem-éolviﬁg D
- oa . Preparetion.ﬁ Composedof clarlfying"and defining the prpblerﬁ‘- - '
p alpng “:’l[h gatl‘leri‘hgi‘pen,ir?\ent infpnnatioh. ,
b. lncubauon- A penod of unconsclous mental actmty assumed to
o f‘take place whlle the mdlvldual is (perhdps dellberately) domp ‘

.‘v.so‘methlng else._r - V - '
U c " .'lhs:pi.ration. Suddent_ly tlie f"Aah;‘n"_or "Eur_ekal" fee’ling.isf" :

experienced. -

In the scientiﬁc,niethod, a diff"lcu—lty-‘is felt; the problem is‘clleﬁned’; a search‘-l.\' :

L

made; vanous suggesnOns appear and are tned out before a colutlon N dccepted Thc. "

followmg ten steps show Osborn y altemanon‘s (Osborn 1942 4%)
| . a Thmk up all’ phases of. the problem
b. Select the sub problems to be dtlacked
- C. Thin’k up wh;n data m"igrbkt,,help. |
d. Select the most likel; sodrcesr‘of data. | .
. ‘e."‘ Dreérr) up‘all poSsi.ble ideasla,s kf:)r r()‘:irhe problem
f Selectvthe id’eas"most likely to lead'tc' 'the'solutioh.
g Thmk up all possnble ways to test. |
h Select the soundest ways to test. - L \\
1. lmagipe' all possible cqn‘t‘i’ng‘encies.

i. Decide on the final answer. -

BE R
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" \:.Si"mon'( 1,96(7)'),: a pr'o‘po'ne,n't V‘o"f,',the in_forrnatio‘n_ :proces'sln“g ‘approach to'thej ‘probl.em;"*; -

: solevinrg s.tates The act1v1ty called human problem solv1ng 1s ba51cally a form of means—",‘pr' '

end analy31s that almS at dlSCOVt,rlng a PI'OCCSS descrtptlon of the path that leads to a?' L

| de51red goal ..... leen a blue pnnt ﬁnd the rec:pe g1ven the descnptron of a natural" ;

»

’phenomena ﬁnd the dlfferentlal equatlon for processes that will produce he C

phenomena ..... Problem solvmg requ1res contmual translatlon between the state and

o process descnptlons of the same complex Teahty We pose a problem by deﬁmng the .

DT

' jdesu‘ed g()al m terms of the state descnptlon We solve the problem by selectmg a process’

that will produce'thesdeuslred goal,fr'om the initial state. The tr_ansition from the initial state -

through the process to the go'al will tell us wh:e‘n we have suceeeded. The total process.

'.i.e.;'the soluthn',may.beentirely new although parts of it may not be new. Therefore,‘ we

" recognize the answer 10 a problem if we did not know it).

~need not resort to Plato’s theory of remembering so that we can recognize a solution.

(Plato.argues in Meno that problem-solving i's‘reme-mbering »because how else ¢ould we -

Approaches in Probl-em"-Solving' o A o ; -

“There are. various approaches to research in ‘human problem-solving:
‘a. Behaviori.st Approach. The behavioriSts’[ tview 'problem-soli/ing as. a

'I‘Clallonbhlp between a stlmulus (1nput) and a response (output) wlthout‘

7 speculatmg about the mtervenmg process Sktnner (1957) descrlbes |
‘ problem solvmg”ln tenns of behav1our vas a hungry man facmg a problem:' |
if he cannot»emlt a ‘r‘esp.'onse previyOusl;l’relnforced with food. ,T_‘O, solve it..

* - he must change either himself or the situation until a response occuis. The



_behaviour which brings-about the change is called problem-s‘o,lvj‘r{g"and the?
: A W SENE
& - ST

"t

response it promotes, a solution.

LN

b. - Information Processing Approach. This is akin" to the information -
processing that accompanies the development of computer programs. Hert:,
the emphasis is on the process that intervenes between input and outpu

which leads to a desired goal from an initial state. It is-basically a means
. C . e . ) . \ W
end analysis that aims at dJSQOY,_Cring' a process description of the path that -

_leadstoa desired goal.v

c. - Trial and Error Approach. The trial and erfor ¢an be random, systemalic -
or of a classificdtion nature where the sequences of action can be organized .
into classes that are equivalent (or probably equivalent) with respect 1o, the -

'solution of theproblem.

-,

Expeﬁise in»Pro_bilero-Solving
| ,Research ‘in‘djcates that expert problem-sol.vers—"comm'iit 'fewer ‘efio.r_s, can solv‘c )
;‘pbrobler'ns ‘féster‘,slor’e related infonmation in closely knit chunk:‘stru_clor»es;»’l‘he pause tjme .
"oetween’ ren'ievihg successive infomation'or chunks ef i-n‘forrnat/iori.c')rfcvlues to problem-
7 solvving aIsoAvaries be'tween expert—s and oov;lvces.‘L:Ir,‘kin (i97§) has ‘eldirrﬁled that a‘nurhbexl'
of phys1cs equatlons are retrieved by lhe experts in su’ccess10n> with very small inter-
A_response mtervals followed by a konger pause. Her nosnce did not seem to thibl[ lhls

pattem of pause tlmes in equanon retrieval. McDermott dnd Larkin (1978) postulate that

solution’ precedes in at least four episodes:



o

| a. Written problem statement. :
b. Dravlvri'n-lg-’d'sl(ctv‘(ﬁh of the sltu‘atioh::‘ =
. c. Qualit'ativf‘e».‘a‘ttaly};'sisa of the prol)lern,"', o
| d. Gene’ratlttg’"’the eqit:latioh..v"ft a

Lavrkin ( 1981)"and Simon & Siv'n'ton{ (-1981) fou-nld experts to be four tithes faster

”than novices in speed w1th which they solved a problem Also they were equally fast in-
accessmg and applymg equatlons dunng problem solvmg Larkm (1981) Also Larkm

. (1979) suggests that’ for experts physlcs equatlons ‘are stored in chunks or- related,

configuration 50 that accessing one pnncxple leatds to accessmg; ano.ther pnnc1ple. Slmllar

Tesults were fotmdT in chess playjng, where chess pieces were fotmd to be chunked when

the “inter-piece pause times during recall of a chess position were examined. The,

- qualitative analysis, occurring in the beginning phase of problem-solving, distihguishecl

3

experts from’novice most signiflca‘ntly.z(Chi, Glaser, and Rees, 1982) Experts mztde. only .
one rhe_ta—staterhent per problem where'as the novice made an average o’t‘“.ﬁ‘v.e. (Sihton.
1978) 7 These statements were uI5uall'y/ observations of errors made, comments on ph;ysic?atl o
meaning of an equation, statements of plans and intentions, self-evolutionvfs land 50 on. The

experts-used a working forward strategy whereas the novice used a working backward .

strategy. (Simon & Simon, 1978) The expert and novices are similar in the "form"-of -

: . e . B : .
their .reasoning but differ in "substance” of content or reasoning. { Chase, and Simon

(1973) m chess; Elsteirt, Shulman, & Sprafka (1978) and Jo'hynso'rtfet al (1981) 1n medical

_problem solvlng]
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. ~Another way to look at problem-solving'is to define the .problem-space and work with

.

- search control strategies in-the problem-space to find the solution.

B Probléms "angi Problém—sziccs

7 Human goal oriented cognition deals with reasoning, problem-solving and decision

- making proccsséé. Subs‘t\ant‘ia:tl rescarch has been done aqd studies exist in rt_tasoning
. (}Fairﬁa#gne, 1.\975,»: Re-vlin &dMayer, 1978, Wason & Johnson-Laired, 1972); problem-
fsvolvirng (G[eend, _1977, Ne‘wéll‘& Simon,1972); and decision processes (Slovic, Fischoff,
;’&.Licvhtcnstein, 1977). Wl{fat"hywmans do whcp tfley bring to bear what they know to some

" _kﬁoievn end? Néwcll' (1979) suggests an answer in identification of the problem-space and
~use of sevarch‘conrt'rrol strategies in finding the solution. Thls concept is also found in the

- study of human prdblem—solving. (Enickson & Jones, 1978; Simon & Lea, 1974) It was

originally introduced by Newell & Simon (1972) and is -now being used in artificial

imtelligence where the heuristic_search is carried out in problem-spaces. This empirical

hypothesis claims that the problem-space is a fundamental category of human goal

- oriented cognition. ' S & E

‘Control over the search is all important and de’pends‘zon the knc')wlédge'thét:'thg '

subject has immediately available. The control processes for istrategy selection and.

- decision making’ involve the application of stored knowledgc'}ivéilable"in the subj‘fcc“t\fg
memory.." A subject can attempt to solve a problem in a problem-space with any body

of search control knowledge: from, n'one‘aft all, yielding undirec‘ted search; to knorwled.gc

that completely specifies all choicés( corrcétly,"yicld‘ihg the solution 'diféct'ly." (Newell. -

14
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“'197,-9)1 "Organizations of sub’ goals and search control knowled'ge{can coordinate the
",selection of . strategles and actions in various useful ways The problem space hypothesxx ‘

’asserts that skilled routine behav1or is orgamzed within the problem-space by the. :

C

L accumulation of search control knowledge

Review of Research in Electronic TrOuble—Shooting S

‘Theﬂtask ,of trouble shooting is to locate the "reason for the,malfu:ncti’on in a

- ‘vrepalrable system and then _repair or replace the faulty component The level of repair or
e replacement spec1ﬁc1ty depends upon the role of trouble shooter and the envxronmental ‘

constraints of the situation. Component level, board level or sub—assembly lev.el repa.trs

are all legitimate to suit specific needs. The trouble-shooter may only elect to replace sub-

assemblies or change modules to enable the system to start functioning as soon as

~3

~possible. In a different situation, ‘componentrleyel‘_repairmay he moiedesi‘rable. We
- wodld 'like to knOw what skills aré reqtlire’d to trouble—shoot at different levels of repair;
to what extent. the skllls required are generlc and how the expert and novice trouble-r

' shooters differ”

Baldwin (1978) summarized research analysing radar mechanics’ 'weal_m‘esses and

reported a nnmb‘er of differences l)e'tw.een effective' and ine'ffectiye’ trouble-shooters;

Ineffective mechames made fewer checks lnvolvmg manipulation of control settmgs and

rgenerally failed to observe all gross symptoms In contraSt they used schematics earlier

‘ and more frequently than did effective mechanics, and they made more circuitry checks
and measurements involving test equipment{:After localizing -a:problem, ineffective -

mechanics spent more time before attempting a replacement; required a longer time to



N

-
B

find physical locations of c.ornponentsfandmade more errors in repair or replacement of
“components. Once repair was complete, ineffective me_chanics did‘,less checking to verify

reparrs and falled more “often” to return the system to operdtlonal status. - Similar

observatlons have been noted by Glaser and PhllllpS (1954) Moore Saltz and Hoehn
,(1955) and McDonal Waldrop and Whrte (1983) Ineffective ’t_rouble-sho'oters“

demonstrated a lack of elementary knowledge and were poor in executmg and venfylng )
the results of thelr WOrk When performlng tests, poor trouble shooters made fewer useful '

’
W

- tests and> mare useless tests and were inconsistent in their c’onsideration of";test difficulty.
) The strategic beh‘a\éiour of poor trouble-shooters was characterized by incomplete and

~inappropriate vuser',o’f_‘information, ineffective hypothesis generation and testing, and

generally less strategic flexibility.

’l‘rainingr Requireme nts

Strategic training Wonld seem to pose the greatest ‘conc‘eptual challenge to the
lnstructor. R\e'pai'r and replacement trainin_g seems relatively straight forward, Training
t)ersons to perfo'rm tests is more complicated as it Aal‘s‘o involves making vinterencesand
carrying out analyﬁsils on me‘asurement data A(Morri.’s'.-and; Rouse, 1985) fstrategic training.
poses a number @questions. Should‘ peoti»le be trained~1o employ a panicularfstrategy or
should thEy be -al_:lowed to disc,O\ler 't:heir own .strate'gies within some envelopc of
acceptability? Ifa narticnlar strategy 1s to be taught, can people be taught to use it? Whal

is the best way to teach a given strategy or_ may be even.what strategy should be taught”

The previous research does not provide enough information to answer thesc

< 16



questlons Pamcularly, the last quesuon is comphcated since no maJor efforts except, .

SOPHIE I to III (Brown Burton De Kleer Bell 1974-76) has been undertaken to’ address.f ' _\
these 1ss£ﬁs. Also.t'her'e is no smgle appr‘oach vth,at.ls“ approprlamt.e'.:to all sntla_-nons. The -
~technologists and”engineers are tau‘gh‘tlc)ircuit desifgn,it‘est cqmpment measnr'ement
techniques. The.text books rarely cover velectronic _tron'ble_-»shootingkandi\repair‘fstrate‘gies.'
For the mdustry, processes 1nvolved are. not 1mportant and only the- performance‘—cntem S
is specified, 1e speed ‘accuracy, low cost and efﬁCJency There ‘are, howe\rern some
'Jexceptlons like mlhtary training rnanuals The goal of efﬁclency 1s probably most’: ‘.; |
appropriate as a subgoal for speed and/or cost, 's‘lnce mlnrmlz‘rng the numbe_r, of_‘ites't_s may .
in turn be a way _.of agh'iév,ihg these. go;al‘s.‘ fInspite_of t"his" ér‘iteria—being.desi_rablg.:fsb‘me E
trade offs are'often made to suit 'logatﬂ‘priOrities and ithet‘roubte-shooting approaches4v»J
adopted. For example, if,time is of the evssehce"or therisksas'sociated with inaccura\cyvare- -
high, saving the cost of a spare part shonld not be_luppenno'stin the jtlouble;shooters;'/ ‘
mind. On the o'ther hand1f theipa‘ceis »morelevisurel\y, the trouble—shooter‘may be more }
concemed about the cost of repair. . | »4

The use of trouble-shooting sd'ategies 1salso a fnnction of‘"hnman‘ ab’ihties\,
limr:tations, and ‘-inclinations. -For ,example, e"v’en“ if it s deteminedv‘th‘a‘t “ak‘rhalt’"usplit‘

approach is theoretlcally the best approach for a given problem the troubleushooter cannot

o

cffectlvely apply it 1f s/he has dlfﬁculty 1dent1fy1ng the remammg problem space The o
% . —

application of this strategy becomes more compleg when the trouble-shooter has; to de_al :

with conyergent,divergent,‘or feed back loops instead of a stmight forward‘linear path

~for the signals. In:most of these training sessions for teaching problem—solving strategies,

™ .
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efforts were made to keep them'context'k free~»fvof generic. (Moms and Rouse 1985)('

- Typically subjects attempted to locate f%ulty component inputs andfor output‘
constrained the solutions to be relatively simple for low fidelity trouble~_sh00ting problemsﬂ.':
Kdyerse effects of system complex‘ity“’ and time constraints \yegge noted by_Brooke_w and
Duncan (1981). Wohl (1982) examined available data on time required to repair various
_systems and 'tlevised a model to kpredic-[‘system repai;}'time.v bne of the parameters of that |
modelkis comeéxity index based upon ‘the ‘num’beur.of: relevant relationships betweetti“

components. Feedback loops valso appear to presen‘t p,roblems for trouble-shooters (Roust

1979). Human strategles are also affected by time constraints (Rouse 1978).

Generation of Hypotheses

Many approaches to troubl'e—shooting emphasi‘ze the n_eed tohypothesize the
” , :

- possible causes of symptoms and p0551Ble faults There is some evndence to suggest that

- people ‘may have dlfflculty 1n generatmg complete sets of hypotheses (Mehle 198())

Gettys Mannmg, Mehle and Flsher (1980) observed that subjeCts seemed to check

hypothems for_loglcal con51stency with available information as the_y~ we_re generated_.

Use of information

Helping vstudents to organize the’vinfvo'rmation providedto them may »inl‘luence their
trouble shootlng performance (Mlller 1975) Provxdmg trouble shooters w1th guidance
in how to analyze symptoms has also been shown to be helpful (Fattu and Mech 1953) : ’

Perhaps the most 'ambmous attempt to provxde guldance in th_e use of a system ol: ‘

8

s



. knowledge has been SOPHIE h 18- desngned Wl[h the goal of helpmg students tor obtam

S a teleo]oglcal understandmg of thelr system and represents an attempt to prov1de an

AThere is a]so some ev1dence that people more often use posmve mformanon (1e

' lnformatlon about bad mputs and outpms) but do not take due acc0unt Qf negattve

,opportumty for students to apply therr knowledge and exercrse thetr loglcal muscles

. ‘mfonnatton (1 €., 1nformat1on about what has not falled) (Rouse 1978) Trouble shooters

| apparently expenence some dlfﬁculty in Judgmg the l1kel1hood that varlous components :

' ~will fail. Th:s is in spne of some stansttcal data bemg ava1lable about component farlure

| :rates m the mdustry (Ml]]S 1971 Stoluron Bergrum Hodson and Stlva 1955)

-

]n'dlvidual Abilities andAJ)tr;t'udes o

partlcular type of radar. As expected expenenced personnel scored much htgher than did *

lnd1v1dual expenences abrlmes, aptrtudes and cogmtwe styles have also been

studted by researchers in problem solvmg domaln Vmebers (1955/1968) compared the

\‘D

:{‘the novices- on a performance test m which speed of repalr was emphaswéd Trouble»

‘ shootmg expenence developed OVer a long period of time, cont1nu1ng to improve through

the hlghest reported expenence level of 25 to 48 months Apparently the ab1l1ty to learn

| expenence of six months or less .solved; fewer PrOblém"_S ?nd used more spa,rﬁ Paﬂs than

_from experlence also rmproves with expenence (Rouse 1979) Hunt and Rouse (1981)

noticed dtfferences in ﬁrst and last semester tramees in transfer to a context spec1ﬁc

trouble shootmg task Potter and Thomas (1976) found that mamtenance techmcrans with

19

abxlmes of field expenenced mechamcs and recent tra1n1ng school graduates to TEpalr a

3



did frnc):rer.’,‘exprﬁt’jienced:iper_él(v),nnei,. i_iowe_\}e.r','i 'whéh' troiihi:e;ahooting proced'une"s'. iverci
: 'b‘avail'able, nit)»weitnv,erience‘.r_elated differencea,n/ere o;bservetil.\Similar results were noted in
) ,"a atudy by Elii‘Ot and Jt)yCe (1 9"7'1)>,in which high Scht)cl students using a trouble-shooting
guidevt/ere abie' toﬂ-i’denti.fyfauilts inele_citionieequinme‘nt ‘as effectively as Airi Forec
technicians ‘using traditibnal-‘rnanu'alé.i l:)tincan'(\l9.7‘l)'" noted a differevnee‘between suhject.\
with high abihty and low abillty in their retennon of bklllS learnt for trouble shooting. He
' hypothe51zed that those peopie with good hetention had leamed the rules goveming
| decnslon tree chmces (e. g a half spht approach) whereas those with poor retention had
,'leamed the sertes of steps by rote. Elliot and Joyce (19®d1d not ﬁnd difference between .'
f.;high and medium aptitude SUb_]CC[S in their ability tt)&rouble ﬂhoot actual equ1pment The\
N 'attnbute this laclt of differenee to a variety of abihties other than cognitive SsklllS th_at are

reqtiired in actual trouble-shooting. Henneman' and Rcuse ("19'84)-, in a "sirnilanstudy‘

%suggested that trouble-shooting performance may be “related to abilit‘y” Only iff‘somc

“minimj'uin' thieshold off ahiiity is not present. Highland et al: (1956) found ln an .
‘:oscﬂlos”cope test that .technical knowledge of the OSClllOSCOPC catered for 60% 01'
. perfotmance, e\iectronic fundamentals accounted for 40% and reasoning ability aceoun’tetl

| .‘ for only»7%. | ",v : : | | e | B
| Several ‘r\neasu'res t)f cognitive style, ability, and aptimdes were 0btaineti:fr‘0‘m :
: students inthe Navy s BaA51c Electnc1t}i and Electronics School ‘(Federico‘, 198283
Fedenco & Landis 1979-80). »\,Students high in achievement werae"“foundp t([)if.bt-
tiiSCt‘iminating, reflective, high in general and logical reasoning and good atnufnencal :

operations. Individual differences in experience, cognitive abilities, and aptitudes. have
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been shown to affect trouble-shooting performance. Vineberg reports that experience is
necessa}yitf;tne— acqui‘sition of essential skillxs requires extensive practice, or if the.learning
ability is improved by feedback from related ;tct‘ion's. Also, lack of experience has lesis
impact upon- performan_ce'""aé"."fnore guidance in trouble shooting is provided. High

cognitive ability provided a greater nbility to employ half-split approach on complex

problems. It also enabled one to Jearn more prototypical examples.

‘Computer Based Trouble<Shooting

Many expert vsystems have‘ been constructed using knowledge of humans in
| pamcular/domams In the ﬁeld of electromc trouble- shooungl 5 series of expert systems
SOPHIE I to lIT are the oldest and most well known (Brown Burton and deKleer, 1982)

SOPHIE (Sophisticated Interactive Env1ronment9 sponsored by the U.S. Dgpartment of
: Defence (AFHRL, ARPA, Tri Services) after 11m1ted use for on-site job tralmng over the

- ARPA network for two years, 1s no longer maintained. Other examp!_es' are LES

Lo (Lockheed Expert System) {Laffey et al (1986)} and CRIB (Computer Retrieval

Incidence Bank)- {Hdnley (1984)} LES is used to trouble-shoot a large signal sw1tch1ng
network known as the baseband distribution subsystem (BDS) The BDS accepts up to 40
baseband 1nput stgnals and connectsth’em undet"computer control to any one of up to 304

’ Basebnnd signra'lv’output portst »Thle BDS ‘su'uctur‘e'al_lows\c'on'nection of é.ny one of its 40
- Input signals to any one o‘t a combination of}all its 304output ports with essentialiy no
signal degr‘adntion."The;BDS consists o{f" 16 equiprnent .cabinets, a terminal and .a line

printer. The expert 'systeml performs corrective maintenance on the BDS by rapidly

-
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1solating the faulty chassis'mounted piece that caused the failure. The faulty module may

be any one or more of the approximately 3000 printed circuit boards, 1000 cables or other

devices that make up the BDS. Such a large collection of components make fault

-

diagnosis a complicated task.

CRIB

The aim for CRIB was also strictly commercial to reduce the cost of training new

and existing engineers on new equipment and to increase productivity by reducing the

average’time pér fault investigation. :

'E-arlier-'j "'5 "p‘)rojgct -ca,}led Deemen by the';'samé group had made it evident that
eipértis"é of most field engineers is not in assuring cdrré:ét eléclfonic functioning of the .
machine but rather in-module interfaces. Therefore, the approach to diagnosis througl:
simulation lof machin‘é'fﬁhgtion was rejected. bThe research-team found that most previous
attempfs along these lines f.zl‘ilved -thvrough the enormity bf the ta.s‘k.‘lnstead, the diégnbgti;‘
strz;tegies had only to help isolate the replaceable parts, or sub-units and, thg. interfaces
between them. They concentrated on the ‘qu’esfi(p)n"s lik¢ what sort of knowiédgé doman :
engineer r;eed tb find faults or'l malfunctioning computers, and how does the engineer usc
this knowledge to find and corrgct the fault? They soon realised all that was really needed
was the location of the fault within a sub-unit. Where sub-units shared hardware

interfaces, eg cable or connector, relationships~between them were represented as

additional sub-units at their same level. The reports on Deemen project suggested

diagnostic spiral called TOAST:
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Test: Carry out an appropriate test on the machine:
Observe: Observe and record the results ‘
Analyze: ~ Analyze test results and determing whether to split or test.

Split: Split the faulty shbsxstem into faulty and non faulty parts

" Test: Generate an appropriate test for the faulty subsystem. .

4
;

~“This testing spiral takés the,engineér down the hierarchy of sub-units until the -

~Jocation of the fauly is essentially pin pointed to repair or rep}éc__e'a. module: -

7. SOPHIElto Il
The in,teqlions of the researchers in SOPHIE (I to IID) were ’{.erxplo‘re an L

intéractive learning environment that ericourages explicit development of hypotheses by

the student carrying out provblém-s'qlv;ing; The\Amer’ica'n’Air F,of'ces (major spo_nsqré inthe " "

; rcs‘.‘ca\rch) w@;‘ré inte’rc_sfed i_nb us»ilng,‘cqnipuiéFs'" for their.‘éorjnp‘o‘n.‘c.:nt—;le‘i/el .»‘t.rou,ble-shooting; .

, "pmt'iﬁularly in a l;z;b():vrrat(‘);y setting. SOPHIE uvées a gen‘ér'al' purpose électroni‘cv‘siréluléfor

in érder' to provide a 'sllin}ula‘tioh of i};e\aoﬁiain_ ’b(v)t‘}_r]‘ for the _studen't'}iklnd itself. (Négél_a‘n;a “ '
Pedefson,1v973)' . SOPI.,—IVI’E";"\;as to fuvlfbil‘l ‘\the‘ n’ecdj f’or: a_ﬁ‘ _éirivi"rl(_)nmem in which. t(; s
poer;n‘mm\with néw wﬂay.gfof.tci:z;ching prc-)bzle}i‘rh-siol'vi‘ﬁg sk»‘i.lls,, suéh‘a.s‘ c‘:lecjtrovr}];ic tr(‘)uble—\
sh‘ootin.g', :without being conbfstréin‘cd,only ’t‘dpbsvf;,problems that can bé ‘,safei"y\'han.dled m _-
: dflubolrat(()r’y'getting.‘ Probiems could‘ als.o'i: Bc apaiyzed :m’a h.qzzird‘ou'si and destructive
'_envirr()>m‘ncv3ht.f | . | ; 8

SOPHIE’s educational role is that of a "lab" wﬁeré the_student has a-chance to
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*“apply ‘his/her knOwledge and receive. informed feedback in the __i‘iro‘mai‘n of -electronic

trouble-shooting. Since the problem-solving activity. revolves around a model of a circuit

’.Whose ,com‘p‘o,nen‘t"st can be faulted, trouble-shooting‘ mezif-ls pqrfér_rrﬁng 'a’ serie"s“-ot'
- ‘measurements to propose and test hypotheses conpemiﬁg thg loé.ation aﬁa nature of {ht
f:;hlt. Not only does”tﬁé studeant have a gt;ance to apply his/her theoretical l'(’n'owled:ge of
7 .gle'éttonic‘,iaWSu to lbunbderétand the "cauéality underlyin'g“'circuit’ ‘mechaunisms", S/h(; also
. _-acﬂ(iuirersﬁge}rvxéral trouble-shoofing" strqte?“gies. Brown et al (1982) 'reﬂectl(:‘)-n- the L;se of
. v q‘Lifilnt.iftafivae ;‘imu.latio.n_ of méking.infert‘théés, and their inabil:ilt:ly to give arfu[l"accou‘ht of
the éauséliLy,ﬁnderlyiﬁg {ts i-n‘fere'_nce:sl’. Caeusality is pedagogically irh’portzini becrz;use it,ig
the main‘inéredient of the kinds of explanations human St‘udentg‘_can unc!efs.tahd(. In a

! t ‘

trouble-shooting context, causality, more than information content, drives the diagno_sfic

reasoning and the decision to perform measurements. This and other short comings ot

.

- SOPHIE-1 motivated much of the further research. SOPHIE-II-was not an attempt 10

deal with the fundamental limitatidﬂg_()f quantitative simulation mentioned above; rather

v

g -

it was an improvement in its pedagogical setup. ‘(Browr‘i etial,1976) A 1rouble-shooting

]

[}

. . . . . ‘.&“ : ‘,- . ) c
strategies, given a faulted circuit. In contrast with SOPHIE-I's. approach, this trouble-
shooting expert. reasoned qualitatively, making casually meaningful Lme‘asurements and

explaining its strategic decisions as it proceeded. Still it was not sophisticated enough

from an A.L standpoint, since it merely followed a predetermi;led decision tree. SOPHIE-
III attacked the problem of reasoniﬂg (Brown et al 1982) and was divided into trouble-

shooting expert and an electronic expert, each implemented in a separate module. The

-

24

expert was added to the simulated lab. This expert "tf\f‘:‘m,onstrated trouble-shooting



E tprbi'ei‘shéo,t'ing.expertvlv.vorked on top of the electronics expert. (Brown et al 1980-1982)

»
s T .

Thé‘yi‘ proposed a theory of qualitative ‘reasoni_ng about niechanisms. They realized that

-

. _ many ‘expert’ troublé-shooters diagnose systems that they had-never seen before. They

-

found that experts ‘construct their own qualitative, causal models of how a system

' funetions  given a description of its structure and what it is.supposed to-do. What could

-

v

be the basis of this skill? This involves a qiiaiitafive understanding of how the system

BN

‘ funct‘io'ns in contradiction to the a-nalytic or quantitative models oﬁten}taught to engineers.;‘-

&

e

These models- appear o have many of the properties of a. 31mulat10n whrch is,”

’metaphoncally speaking, .1n the minds eye or what mlght be called an -

'env151onment By running such an env1510nment the expcrt can ﬁnd ‘some of the

- underlying causa]ity._tBy, observing students USing SOPHIE sys_tems, it became apparent

~ that ‘they were acquiring only one aspect of the skillio‘f trotible-shooting; 1.e., using

[V

knowledge of circuit components {0 localize faults. However, the _understanding'of how

2

- components interacted with each other proved extremely difficult even after extensive

[N

training with. the- system. Further questions arose:"(1) What were the mental models of

s

how and why"a givén device behaved that experts seem td;ljrid'erstand and noviceé did
" not? (2) What kind of expincn explanations could SOPHIE glve that would fac111tate the

meamngful acqu1smon of these menta] modelsr’ If they could be identified and described.

then the models could help in cum'eull)m design for teaching 'électronic trouble-shooting

strategies.

In addition to above-mentioned shortcomings, there were other issues like what

were to be the basic assumptions on which the representation and reasoning were to be

L



| based? Assumptions such as_asin'gle fault to'be:searched for, are good working premisc

for trouble-shooting, but are-often violatedin real sitUat'ron's. ‘The second problematic area

mentloned by Brown et al (1982) is the encodlng ofc1rcu1t speelﬁc knowledge, ongmall)r.
| ’present in the quantrtatrve srmulator of SOPHlE 1 and later contamed in SOPHIE- lll 3
e producuon rules and behavrour tree The complexrty of the domam of electronics by itself
-was a major problem Separate prOJects lrke WEST BUGGY and BLOCKS were- starte(l‘A'
for the purpose of 1nvest1gat1ng vanous related IRIY m slmpler domams The coa(‘:}‘hlng

of problem solv1ng actrvmes was explored n WEST student modelllng in. BUGGY and'

‘ 1nformauon about theoretlcal trouble- shootmg in the BLOCKS tutor.

o Approaches in Trouble-Shooting Training ~ * S o ‘

Let us now consider the various tralnlng approaches. that have been tried and the |
neffects these approaches have had _upon, trouble shootlng performance. (1) 1nstructlon in -
the theory upon which the system is based; (2) prov1sion of opportunities'for‘tmuble»'-
shootlng practice; (3) guldance in the use of syster knowledge and (4) gurdance in the
use of algonthms or rules. In the two for]merrcasesahe trouble shooter 1s expccted w0

develop an appropriate strategy rather than to f0110w a preseribed strategy. In thelatter

two approaches, the trouble shooter is given information about how to proceed.

Theoretical. lnstruction : o
- Ri is a very traditional approach of learning about the functioning of the system and

the trouble-shooter is expected to develop an appropriate strategy for trouble-shoating the



syst\em by himse}f or herself. Most “ofielectron'ics leducation at colleges and u'niversities
a s based on this approach and a lot of research‘ htis been conducted in this env1ronment | X
'The resnlts of these studies mdlcate that mstructlon -in theoret;ca} prmcnples is not an‘
;;‘i .effecnve way to produce goodhtrouble shooters (Schorgmayer and Swanson 1975
. Shepherd et al 1977; Mrller 1975 Van Matre & S[ememann 1966 Stelnemann et al,

| 1967 Wllhams & Whltmore 1959 and Foley, 1977) Research ‘In other domains such

kS

""“dﬁ process control (Bngham & Lalos 1975 Crossman & Cooke 1974; Kragt &,‘

" ';iLandeweered 1974 Moms & Rouse, 1985) and mathematlcal problem solvmg (Mayer‘_"- '

Ao

,Q‘._.,& Greeno 1972 Mayer et al 1975) sh0wed 51mllar results The exp11c1t tralnlng in -

"._fmeorxes, A,fundam_entals, or pnnclples‘ 'falled to enhance performance and sometimes
’ "'ac'ttral‘ly degraded- performance. Fttnda'mental understanding has been empirically shown.: .

" 10’be useful for answering theoretical questions but not for solving- problems.

Opportumty for Practrce . .

The essence of this approach is to provide the. trouble shooter w1th opportumtles’;
to pructrce solvmg-problems ‘usrng the actual system or someform of stmulatlon.i This
appro;tch»!is seldom used in :i'solation and- is 'nsually ~used in- oonju'ncti()n w1th ;some
~ theoretical in"stru.cti(')n. ’However opportunity« for practic'e is the primary ‘.goal as is often
the cttse w1th most of the mlhtary schools of i 1nstruct10n Rigney et al (1978 80) conducted.
xtudres uxmg GMTS (Generallzed Mamtenance Tralner Slmulator) and EEMT (Elect:romcx" .
Equlp‘ment Maintenance Tramer)‘ which demonstrated that practice 1n trouble,-shootmg '

,improyes‘perfomtance. Duncan and Shephard (1975) also reported a general trend toward
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faster diagnogg with practicesbut no statistical tests were performed.

A # g%

&

Guidance isgthe Use of Context-Specific Kr@wledge

The goal of this%pproach is to create conditions in Which the trouble-shooter

tries to apply the knowlegdge to probLem—sol;/ing, with or without explicit instructions. For

example, a trouble-shooter might be told to generate hypotheses as to the cause of

" symptoms prior to beginning work, Ev%ence suggests that encouraging trouble-shooters

to plan before acting cancnh?ﬁcc their performance.sMiller (1975) described instructions

on a training course for radar mechanics, in which an effort was made to relate instructiot

in system functioning to actions performed during trouble-shooting. For example, system
y g S p g g , p y

v

'behayiour was presented in terms of causal sequences rather than a more traditional left .{

to right presentation of schematics. A control group, on the other hand, received

instruction in the theory upon which the system was based on a left to right presgntation

of schematics: No extraordinary attempt was made to relate the information to actual

%quipmcnt. Both groups had limited access to the actual radar for trouble-shooting

practice. The experimental group .was found to be faster in pcrforfnin‘g checks and

“adjustments,'was more often successful in troublé-shooting, made fewer errors in gencrul._

and scored better on quizzes. Fattu and Mech (1953) also show t-l'lalvb'r_b.viding trouble-

shooters with guidance in how to analyze symptoms is helpful in troublc-s'hgooting'. It may,

‘however, be noted that the studies in which positive effects were found involved guidance

that was rather explicit, .., students were told to generate hypotheses, chunk' information,

-and analyzcsymptomé in a prescribed way. .

2K



Guidance in the Use of Algorithms or Rules

This. éatcgory of training appf(‘)ac.hes:‘"ihcl"udé_“tho‘se tha{t,att‘e.?_,mp.t‘t:b' pfé;/ide tﬁe'; ‘
tf()uble~sh06tér with a panicu‘lar“strategy of at least constrai‘n' the setof s:‘utlategié’:s~'lﬁ§.é:d_. ER
o This,“éét‘eéoyy h-dsvalso been widely’ researched. Typically, ‘studiéjs' ih“this ‘_C{/ltCéQr‘:y»

" d{vtér’n‘p(tgdvtvo_ 'cbnst‘rairrrv,th'e trouble-shooter’s strafc;gy' in oné; of ’th\C'onA}lQWi"r;-g four ‘waysv..' :
| a | The"f‘roqblel-shootérs v-ver'eﬁnot cx‘p'li‘ci’tly‘ tbld"whé-t sﬁould or should not be
: , d()ne.‘They were oﬁly provhided‘vn;ith"exar-ﬁples"(i)f :t)héj“'v"right:f" \\évay-,}.‘to:lkoy
| t'h’i‘hgs.'Thcir _tlw'ouble-_shooting behavmurwas[hen (;bse&éd-[(‘) sée i\f these
B ¢x-a'h1b1es';',‘vvc,§er followed. (Crooks et dl, 1977 and Hopf-Weichel ef al.
1979) ,‘Sorﬁc': eVidehcr;v sugg;:sts t,hart provi-din‘"g trouble-shr(v)ote‘fs» with good |
e)'czihiplbes:car'i have a t-)eneﬁciaL;efféct; on their ;()erfdnnance. However,

learning from examples may be cor;ﬁned tb persons with :higkh a‘Bility.
b: o Trouble-shooters we‘re" sbmgtimes supplied w1th vfee_dblacAl: as to_the
zic?c_;k‘;;.tébi}ity of their ac‘ti‘(':?nl's,/ bu\t, vthe’ criteria for acc;:p;at“)le &ction:s' were

. not stated; Colll‘egc; .st‘Liae.n'ts "v've're glven a set of sy‘mpt(/)rns' an‘(\i‘werc’askcd

' to idep}i»f.y the comp(')!ncnlt-éommon to Athose _s‘yr‘nptoms.“(}?rooké, ét"a};,

1978-80)  Aiding in-the form of action-related feedbick was also -

"

investigated.in a series of ekpe"riméhts. (Rouse- & }:{L‘inr,_419‘84) “Trouble- ~ -

shooting performance may‘.Be cnhancéd if aCtior)-fclated_ feéd‘b;a(:k Iﬂ
provided. If feedback is in the form of identifying the feasible ‘set of

alternatives, positive transfer effects may be noted if the trouble-shooter

“ 9



has some leievlv.(‘)f: pnor "e»i_per’ience or fﬁc feedback .i_sﬂ:subplied in a‘varigyt_\": .
of contex‘btﬁé; bEx;;‘)l‘ici‘_t :féédl.)ack ‘imp»royves"- pénffbr;iiance, but u'n'explqén.ed
fatings abogt tﬁéqiuzilit& Qf aétions haye--produéc&, negative msulf@ |
frouble-shboters 'w,erre,"t’old» about appropﬁ‘atéralgrorithms or .rulesAandlvwen-
observed to determine y’vhf:ther or nidt; the approach was followed.
Algoﬁthm of ‘choice has mostly been the h‘al’\f;s‘[‘)\!it rule with the 'go;al 61"
minimizing the number~of:tests‘vreqLiiredffc") locali;zg the so_urcé of a failure.
(Goldbeck et al, 1957) It :wa‘s fo‘Lind;"th'atlif the‘system 1s 's'im‘pl‘_e, then
teaching trouble- shooting about the vhalfvs;"’)‘liﬁt coricept may cnﬁa;lcc- their
‘pe;rf'ormance. However, if the s_ystcm igcomplex; additipnal i\r}.st}fpction and
praéticé in identifying the feasible set of alternatives may be réquired. :
Br-()()ke et al (1983) alsrob"invcsti’gatcd thg val_ue bf instruction in'{t}’;‘é half-
split approach. There were two iﬁdependeht variables in their rescgrch: the
availability of strategic instructions, and the availability of ~aid§rng.‘fThc
instructions consisted of a discussion of the concepts of half—Sp-:l‘i't’an‘(l
\brackciing and a cauti;)n to make diagnoses only with sufficient

: , v
'in'(formation. Aiding involved Providing feedbach when tests made were -
‘ redﬁndani or di‘agnos.es w;cré; premature. It W’as reported that s,ubject.\'f‘
:‘, l‘endednlo make prcm';{uré diagnoses if not prpx'tided with instruction or ‘
éiding, and,»di‘g;not »;r\np_r(\)‘,vet'o‘verutimc. It was also concluded that

instructions weré generally more effective in influencing trouble-shooting

“strategies than was aiding, 'an'd,t'hat'_t:he efficiency of testing was more

30



Summary

" making diagnoses. Rules d_re not always memorised, b’ixtﬂ':(-_hey are always

. as technical orders. Studies indicate that proceduralization may be a very.

Lo MR S : ’
easily improved than were diagnostic errors. ;

o~

More like aiding, the trouble-shooter’s task was"\fully\p'roceduralized. Thf:

trouble-shootets vlear'néd:a"li'st ofArLil'es, which they sought to apply when:” -

~

accessible, either_'on‘ line or in hard copy form, and a}re‘rétﬁev‘edgs needed.

Potter and.. Thomas (I976)’_0bsé’rved technici’a,nsi,a‘s the)'/'.vp'ei'.foﬁiled'

‘electronics troubie—shootihg ta_Sks and repbi‘ted differences ‘ihnj number"o?-""f

c‘orrecivsolutions and time to 'S'olh_tion. Smillie & Portaf ( 1981) and Elliot o

s 2 -

. (1966) noted improvements in the number of correct solutions, number of .
- checks and un-necessary replacements, and _so\lut}ionsf time. when -

proceduralized aids Were"’u_sed 'ra;th‘er than more traditional approachc such’

y

effective means of -influencing trou‘blc-shootirji'grper'foﬁ‘rlance,‘;,largcl’y- :

indépendent of ability or experience. (Elliot, 1'96_5‘-67; El_liotr & Jché\196:8i.k L

1971) In one experimx;nt;,préceduralization,enablcd hig.h< sc'hoo“l fstud,énts :

" with no trouble-shooting experience to find faults as accurately észir'_

Force technicians. Within reason, as procedures became more explicit, less . .

ability and experience are needed for comparab‘lek _peffonhﬁhce. |

“The similarities and differences between experts and novices are now summarized. .

The studies in the domain of chess and in medical problem-solving indicate that experts. )

and novices are similar in the “form” of their reasoning but differ in "substance" of . -
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C eontent or- redsongng Expens can be four- times faster than nowces in specd when solvmg
‘_problems and make fewer mlstakes The qualltatwe ana{ysm occumng 1n the very

bcglnnlng phasc of problemaeoivmg, d1<t1ngu1shed the cxpcns fmm nowccs most‘

'significan[ly’. Nov‘i'ces made _meta;stziteménts likb- obser.vations‘ of errors made, sel!‘-

b

T

evaluations, and expressions of failure five times more than experts. The pause times
between retrieving successive information of chunks of information or clues to prablem-

soIvin'g’also vary cons'iderably betWeen exper_ts and ‘nov“ices. Inf(‘)xmation is’ stored in

chunks or related confxguranon by expem SO tha[ acceqsmg ong thought ledds to

acceqqmg another thought
' Trbuble—sbooting énperience' develbbed o;\;er a l(u):ng‘ pt:nod b'f tinic“‘helbpé(‘j‘ the
- experts 1o ncore much higher than novices‘when speed and,c‘fﬁbibncy of ”repa'i‘_r"n/ng‘i*
emphasized. Individual abilities and aptituaes :heipc‘d in retentibn of Q‘tb»cltechniquc‘s an(E‘ /
stra_te'git':s‘ learnt. Apparently, the abili.t'y\t&_) learn from eprnéncc also iniprobgs ‘withj
. éxpe-r_ience. Experts have been f(‘)und: to be d"rS'c"riminatmg, reﬂéctive,rhjgh jn'vglenera‘l‘and
log,lcnl reasoning and good at nnmencal operations. Ind1v1dual dlfferences in cxPenbnbc ’
cognmve abilities, and aptitudes have been 5hown tb affect trouble shooung pcrformanbe

High cogniti\}e ability provided a greater abili_ty to employ half-split appreééh._on more -

complex problems. ' R
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* CHAPTERIN

’ ,The Methodolog,y of Thmk Out-Loud Protocols '
‘TOL has proven t© be a useful researeh tool 1n human problem solvmg (Newell &
" Stmon 1972' and‘Encsson &'Slmon 1984) ,In these‘proc'edures the ~:subjects report on f
g _Althoughts and‘ acttons whlle they solve problen1s Itis not known 1f thts methodology was‘
ever used to eapture the thought processes of electromc.trouble shooters However, it has"

: '(been‘used extenslvely in o‘ther domams of learmng pamcularly 1ln reacllng combrehensron
- and problem solvmg Olshavsky (1976 1977) was-one of the ﬁrst 1nvest1gators to use TOL,‘ :
B proeedure to. study readmg strategtes Other studtes in thts domam mclude Garner and

‘Alexander (1987) Alvermann (1984) Baker and Brown (1984) to name a few

There have also been some vorces Qf concern about thls.methodology. Perhaps" the

most baslc concern is"the aCCCSSlblllty of cognmve and meta- cognmve processes for’ o

subsequent ,analystsr (N1sbett and Wllson 1977) Even Encsson and S1mon (1980), 1n‘:' "
'thetrbpttper on verbal repon as data emphasrse that recurrent processes that have become’_
automated' are partieularly probleniatlc*. This may‘r'esult ln 'rncompleterdata 'and pclSslbly
. ‘lnapproprmte Jnferences about strategrc processmg Merchenbaum (1980) cautrons us in
" this regard and warns not to eouate language with thought We may not be able to draw
mferenees about 'thought‘pro,cesses therns’elves, yet mferencesveould be drawn at h’igherv h
level’ corgnitive 'and‘meta' cognitive‘v strategiest._ o |
Verbal facilily, is a se’con;j‘rnajor concern. The obligation to speak ‘o_ut lou.cii'may

3.3



in_teffere with the problem-solving ~a_ct‘dv'rt_y of the trouble-shoofer. To minimis:c obstruCti()r'i'.' )
intequptio}Is@_should be minimised. (Kellog, 1982) Ericsson-and Simon (_"198',(')‘)r.,e§‘or"tithaAl
~ subjects may stop verbaliziné A(ér.':ryi‘il)'/’pr(')v_’idé"‘incomplete vér:baliiation;y}‘/}‘ll‘ct{ they are
r(_“workin'g under l{eal\./y‘é(dgnitiye loz;éi. A number of guideliné§ arc suggested by researchcr\
. foif éli‘c‘i;iqg verbal rg;,pohs'(:):fgognitil\?éqnd n)etac'ovgniti‘ve stratééic_s and Arc ghivc;‘n;l:)c'lm&v:‘ )

li-A‘; - As_l;v"n..rouléle-)shooters to report what‘they thmk and"do and "hpt why T:h" ‘ |
fimo‘unt of vinferencé ‘;réqu’i\_l_’cd'is thu; conStrai-_heq:.v' :;‘ o
B.  Ask ‘trou‘b‘lte'-shoolers to spe};k‘(;ut loh(ify :wh’ateve‘r ‘icolmcs o ‘t\hei.rgrr]l]‘ind.
Subject; sl;‘oul,d"n'(\)t plgvr.\“wha‘t.to say or sp'eakvaftc‘r-the thought, bu["{;the‘,»

let their tHdughtS speak. It is most impolihnt‘ih-at' they keep talking.

C. Prompt full reporting in a nonqueing fashion and with minimum Process
disruption. .

- [ to. . e -

Do - Use multimethod assessment. By using a set of different methods, data can

“be collected on acti;a_l__strategies‘ used b); trouble-éhooters. As Kail &

Bisanz (1982) put it, "no single approach is sufficient for unambiguous and
comprehensive identification of a person’s cognitive strategies”.’

In short, it is’suggested that the information should be heeded to and asked for at ™
the ume of the activity. TOL protocols provide us the oppmuhity to capture the

.. information being attended to or recently acquired.” This -information is available in

* sensory memory and the short term memory with a limited capacity and short duration.
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TErfi;‘sson-. and Simon, 1980) The instruments and measures are to be designed
accordinglﬂy.“A n’p:gqbér‘;f s‘z;mple studies (Karpf, i973; Carroll & Payne, 1977; Kazdin."
1976) report that.lé;/el 1 and 2 verbalization (cdncun"ent vejrbalization) had no affect on
the éffecliveness of task performance. (Ericsson and Simon‘; 1980) Also (;n a wide range
of pr’()blehisyvaryinwg in difficulty, no significant difference was found between a silent
control Condition and a vérbalizing condition. These Qndings also suggest that the internal
structure of the thought processes is not changed aska result o?ithe verbalizing activityn.

Hoc and Leplat (1982) emphasize tf)ree broad categories of féctors: (1) the kind
of p‘rocess studied, (2) the type of instruction given for verbalization and (3) the momf;ﬁl
of verbalization in relation to the way in which the process unfolds. Sut')jec’ti;describe the
Cx'ét.:{i‘t;[‘](_;é as they live through it. Subjects need not reflectively éenetr‘zit’g and

'.'trallspdrenillyi ipr-esenl\[heir thinking. It is the task of the researcher to penetréte their
descriptions in order to reflectively articulate the pheﬁomenon. (Aanstoo§, 1983) "It can
be most pr‘eci‘sely understood as’an expression :of, and hence a reference to, the lived
o experience of the subject”. (E]iorgi, 1982) TOL offers; an opportunity to collect
syslcn’mtig‘obs‘ervuli(ms about the thinking that occurs during’the task air;c\ifof(_:‘isnldying ,
these higl;‘er le_sifc':'}‘ processes. (Olson et al, 1981) Giorgi (1975) exem%iﬁes this by way
of i;jemifying meaning Units, specifying their central themes and then articulating their

~psychological sense or meaning. The aim of the study is not to assess the objective

aceuracy of the subjecéi’s thinking, but rather to discern its structure. (Aanstoos, 1983)

1
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Analytic Procédures for Think-Out-Loud Data o i :

A rigorous anzllysis of the protocol then becomes the nec’eﬂésary'ﬁ”rst step. The
resgv;irg_her reads the protoc’c;i and c.:a.'c’h lime_u transition in mcdning is perceived, the
underlying rlh()kughl process 1s delinéﬁted;fNé})vn,ilhe phenomenal themes that emerge as
constituents are clarified and made explicit, They!cun\algo be appropnately _cerd. “Think
aloud data should not be taken as direct reflections of tho'ugﬁft processes but rather as data

which are correlated - with underlying thought processes”. ( Olson ét al 1981) The

strategies, knowledge sources, and cognitive styles must be inferred from the data.

Thinking-Out-Loud as a Method for Studying Real Time Trouble-Shooting “Techniques

The complex nature of today’s commercial, industrial and military electronic

~_systems and equipment requires highly skilled maintenance technicians. The technician

+

is required to have a thorough knowledge of the defective equipment, competence in the

N P:'
use of test equipment, and a systematic and logical approach to the determination and

correction of any flaws in the operation of the equipment. Trouble-shooting is a complex

process and the trouble-shooter is expected to have most or all of the following.

a. Knowledge of equipment performance under normal working

conditions.
b. Know the function of and manipulation. of all equipment controls

and adjustments.-

c. Know the correct tise of test equipment and be able to interpret the




as

h prp]y a syéterimticﬁnd' ibgiéal ;;rocvedure,lo locate the fault. This

test results. oo L R

© “Be able to understand = schematics. and ar:{alyie,‘ .I{)gic‘a_lly “the

. information about-correcgly operating and malfunctioning parts and-

components of the équipment.

-

R ‘rrheahs-‘l‘(now:i-ng about the ‘-Workihg anﬁ malfunctioning parts of the

"Aé‘q‘uiipment, 'idéntiﬁczit'i_bn ’of_'the problem space and skilful use of

KN

st'rdtegies and technigues to.reduce the.problem space until the fault

1s located. .-

Expertise in skills needed to repair the fault.

Knowledge of an appropriale\!. check-out procedure on the reé?ired

Y

equipment to ensure that proper repair job has been done.

The comprehension and understanding of these underlying processes and

procedures 1s a difficult task. It is difficult to devise means to externalise these mental,’

thougﬁt processes employed by novice and expert trouble-shooters and atblthe Samcf.'timc
‘make them readily observable. qu prominent methods currently used to extcmali?;,,\,
‘cognit'i',v'e and mctu-cognitiye'Vsl‘rutf,:.gie,ys are interviews and TOL proltocols'. Howevé;j‘:..
because inrér\;iewsﬁproduce» fetrbépective verbalisation, they have come under healvy
criticism for their oft- reporxed unrellabllny (Nxsbell and Wllson 1977) White(1980) says ,
that a long time lapse between thmkmg/domg and provxdmg the verbal report of what wasn :

thought.and done allows memory ~failure and is, tHereforc‘, unreliable. Hence, introspective
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verbalisation was not considered for the analysis of cognitive and meta-cognitive
strategies. B

Tﬁc verbal protocols using TOL method, on the other hand, have been used
successfully in the domain of preblem-solving. (Newell anci Simon, 1972); Ericson and
Simon, 1984) The subjects report on th()ug‘b_;si and actions while engaged in cognitive

. : %

processing. It is still imperative that the focus of PAL: task should be to get thelsubjecl.\
to report théc()ntems of their immediate awareness rdlhe”r:th'an to report explanations and
justifications of their behavidur. . The subjects are asked to talk-out-loud what they arce
thir;ﬂking about right n(;w, and not Whl[ they remember thinking about sometime ago. They™
are asked not to p‘l;m what to say ()r-s;.peaié at;ter the lhgught, but rather let their thoughts
spéék' as though tl;ey' are thinking—out;loud‘(T(’)L). Théy are to speak out loudly saying
whﬁtever came to their mind. Second, TOL data is not “t(') be taken as direct reflection of
_th(i’ugﬁt processes but rather as data which are co-related wi.th underlying thought
processes. TOL data should provide a sample of what’s on the sui)jects mind during the
;ask, ajd they may not ne;é;sarily reveal the. strategies, knowledge sources or trouble:
sho()ting‘g'rules or prog‘cdures actuallyfuscd. These cognitiyc and meta-cognitive processes
must be later inferred from the TOL data. These cautions are very important as Ericso:)
and Simon (1984) nck'n'c,)WIedge that most of criticism of .verbal reports as data is based.
on faulty as;umpli()ns ;1b0ut_ the reasonable use of sucﬁ dafa.—‘Thc, protocol is then
transcribed and categorised by c;odir'pg various thought processes | .

Electronic problem-solving involves a broad array of processes, from sensory and

perceptual ones to higher level processes such as 'r,f':zisoning, inference, hypotheses



gene'r;nion and decis;ion,:n;zi;kinng T‘OLjvefbe'i protocol is considered to be an adequate
method to stuciy 'these hxghes level processes in electromc wéuble- shooting. TOL protocol
1$ specmhzed for Lhe study of the extem\ally gu1ded thmkmg and it is assumed that these .‘
| processes are rhost aVailable to eonsciousn,essinstantly as the subject is trouble-shooting
. the electron;e j e(]-u_ionler1_t,.' TOL task offers én opportunity to collect":‘;systematic
| “.'o'l‘)servutions about tﬁe thinking that occurs dui‘in'g:elect’ronic pro‘blem—solving. The outputs
of these processes are verb‘al, and-sa{npﬂles of Lhens are sufﬁciem:f,or the investigatiof‘tgw' :
’infer.troub'le—shooti-r)lg teohniﬁues z:ind"st'rategies used io s'olvixjg‘ eleetronic problems. TOL
;pr‘oto‘col I8 us.ed‘ ?a-s"'u disc_overy'y procedu_re for stuglyi__ng these higher. level proeesses. )

The trouble-s};oonters needv to learn p'r'ocedures'anct_c()mooheng processes for:testing‘
observing, and analgsing the circuits as well as -routines for osgqni;iné these»iprocesses., ,
TOL helps to look at these thought processes and the natu;e of trodble-shooting strategies.
Paris et al (1983) call them "skills under coosider_étion". They remind us that these |
© 7 strategies must be seiected by. the trouble-shooter fr‘om alternative activities, and it must
be intended to attain a goal and to complete a task. It is as importaot for us to know when

trouble-shooters use a strategy as it is to know how-they use it. A strong relation between

cognitive experiences and ddept strategy use is suggested by Forrest- Presley and Gillies -~

+ (1983), who argue the meta- cogmtlve activity directs the flexible use of various strategies.
The analysis of the TOL data will, therefore, concentrate on the analysis of cognitive .

experiences of the trouble-shooters and their use of various strategies.
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Type of Instructions . oL

Wt

The importance. of being clear and explicit to subjects ‘cannot be over emphasized. |

Cfompreﬁensiye instructions were prepared (Appendix A) about the objectives of the stuc’iy,w ‘

. “x
. 7

details of the ex‘rperi.mental procedures, and the urgcricy of continuously speaking out loud

¢ -

whatever came to their mind while solving the electronic problem. The verbalization-ot .

o

the s'ﬁbjects’f1hou‘ghlt_pr‘oCesse_fs_was emphasized. The instructions also-contained . o
description of the* system, mainténance procedures adopted in the real world and -

narrowing down of the prqblé’fn,spa:ce to ,lhcf board level. In this bhckground the problem ] |

was defined, fault symptoms were explained, and normal opetating sequence described..
In short the instructions were made as explicit as possible keeping in view the real-world
situations and making the problem as realistic as possible.

»

Subjects

+

The subjects, were Bacvhelors of Enginéering, ‘one with considerable (15 years)

electronic trouble-shooting experience and the other a fresh graduate from University of

-

British Columbia. They were, however, not familiar with TOL pr'otocols.'Thé'ins‘truction‘.\ 4

! h,
?

- were, therefore, verbally explained an‘d correct .working of " the ,equipmcnt S way

¢

demonstrated before the fault finding session stur’le'd.' _No che_r ”help was provided to the -

i

subjects and they were not allowed to ask any questions from ‘the ‘observer. He was.

present only to remind the subjects to keep talking-out foud, in case they were silent for.

i

more than 30 seconds. All necessary circuit diagrams were provided.

1)

¥
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rT\Ppe of Matenal

The defectlve prece of equrpment was an electronic circuit board fully mterfaced o
- wi[}i i‘npm and ou‘tbu,t‘ devi"ees to check out proper furrc’:tioning of thersystem. The power
| s}upjply cdnsisted of an adapter’ to the wall vsﬂocket and:-anorher‘ electronie’ circuit tboard to
- pmﬁde approprrdte volmges 'tr) "the system.‘ 'fhe rest equipment provided“‘.' was an
‘ oscrlloscope, dlglml multi- meter and a loglc ‘probe The farrlt was mserted in the mam '

-

—’10§1c b(mrd The subjects talked-out- loud while Ihey trouble- shot and this verbal pr()tocol
was tdpe recorded The equrpment under test was a mlcroprocessor based system for{

Ioekmg and unlockmg of a secunty vault usmg a four drgrL Code On site reparr was'

camed out by replaung the faulty board, whrch was broughr back to the shop for furthern:

'repairs.'.

‘Instrument and Measures

The subjecle were‘éiven the instructiOrr sheet to read and understand the correel
flrnelicrrrirrg ()f the system. A copy is attached as Ar)bendix 'A.,They were also sh’o;vn,th'e ‘
correct working of the system before a. fauli-was’ in’se‘rte.d in trre printed circuir board in *

- their Assgncc‘. An audio tape recorder was used te,record ,their TOL protocol. The observer '
who was eilring behind the subject, was not a‘rllewed'tdgris»\//er any questiorls. H/isiJe;rrly job - .

~ was to remind the subject to keep talking-out-loud in case the sut;ject was srle'm for more
than 30 seconds. The troublé-shooting environnre‘rrt ’vwefls rna'de natuiral_ and 're\al_ivsiticl as
‘much as p()ss‘ible. The protocol was transc'ribed and 'then'.vari(‘)l»rs though’t :[‘)roCervses were

separated for further analysis. The protocois and thought .processes aregét't'ached",as

4]




~Appendices B,C,D, and E for b()th'the subjects. L

" Data Analysiss ~© A o .

The transcription, coding, and" analysis-of TOL verbal proto\col‘v\;w‘as» time-

consuming and tedious., However, it helped to_explicate the higher level ~processes

involved in electronic' troublé;sh()oting. It alsp proved useful in studying individuut

differences in trouble-shooting strategies- employed by the two trouble-shooters. It

_provided the d\z;uf base to éxyplore what the good trouble-shooters have which the p'(')or :

”’

trouble-shooters do not have."
The verbal protocol was segmented and coded into appropriate thought processes. *
e.g., test, observation, analysis, hypothesis, etc. These labels then provided the basis for- -

further study into the cognitive and meta—cog"niti’\fc sAtrutegies adopted by the subjeci$ ‘

during trouble-shooting. This intérpretive anzilys:is'helpc'd tg-formulate causal 1inks and ©

knowledge about strategies used, which could be utilizéd to develop learning strategjes

o
and student’s mental models for teaching electronic trouble-shooting.

r

The Researcher as Part of Instrument

"The researcher is a valuable research .inst‘rumen’t ;v;/hose field\c;xp‘érjences provide
'insights' and whose persbojna'l talents and e'xpcrien‘tiul ld)’iz;sés‘may facilitate dz;fé__#halysis."
| ‘{Marshull,l%?; .C(')gr;itliv.e psyéhologists like ’Br;;xlsf()rd'f1979) ;md d)ivl’)sgpﬂ(l()()()) haﬂ-
also exposed ‘*1het'n'i"yth of the "neutral” ;)bysérvk'e»r.“‘ (TL'lthill’&”Ashton, "‘1:983) Prior

knowledvge affects\percepti'on énd future'kn()'wledgé/Au‘cquisitilon. (Glgsér, 1984) My




Lo N

prcv‘ious i};nowledgc of..‘cllcctrohbi(.’: trf)ublé-sh(;dsj'ng and thirty years; -Qf‘main’t(%n'ziﬁce‘ a}ldi
repair experience in the r'nilitar); and indusft'rial‘ cla:rw‘iron»mcnf has‘prOVided mc §drﬁc i\héig'ht N
. ' 1?1f9 gthlé:;tra;egie; used by c\)j(fpcrt éﬁd,noicic‘e.tv‘r-o(uble‘-’shoote\rs;. :Thc'sjcj“echcvr"ié'ntial, biases
e have :ni);w“};élpgd me in coding and a'haiy,s/is of th‘e dat:a. I hav; bc‘c:"n: dcjsi@:ﬁné ;lectmnic

s
-

_circuits, building, prototypes, manufacturing, testing and quality assurance. I have also -

o

been actively involved in training, ir;stﬁl_!ati(;n; ma'ihtenapf':eﬁ’ aﬁd iébair é)f‘e'leéltri'cél aﬁd
electronic equipment. The intuitive 1n31ght into electronic trouble-shootmg hélpcd me'to‘
Pn’céyer patterns of sign‘iﬁ'c’ancc in data analysis. (S‘chwa_rt.‘z‘&‘* Schwartz, 12.955)“ "Fhe:(
cif'c"uigpscd in this study for troﬂuble’-sho‘o‘t‘i/,ngiwas, designed’t;y m¢ an\d tﬁi‘é>¢ddipmént ha;s'
been m use for a number (;f 'lyeziirs. A recommended sna;¢g§ for'~_U§)Eublé-sh;);)tilng.t‘lli;-f;\

circuit is shown as a flow chart in'figures #2a and #2b."

4
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CHAPTER IV

Drawmg Valid Meqmng From Qualitative Data

- Cognitive Task An"élysis’ '
" There are few agreed-on cannons forhm"lysié of gualitative data and, therefore, the

tfuth claims uhderlfyin‘g-'such wdrk aré.unc:éhain. (Miles and Huberman,1984) The

processes of data reduction, data display, conclusion drawing and verification must be
" considered. The-conclusions drawn can later be tested quantitatively for their plausibility.

B robustness, sturdiness, and Qélidity. The TOL protocol of both the subjects was segmented

into thought processes. Each thought”pr(\)cess' was then encoded from the information
s ‘ L - < ’ “
contained in the segment itself. The subject’s TOL process as data was taken for granted

~ and the study sought to reveal in their coding not only_the succession of known states.

" _cognitive .and metacognitive .strategies,” but also the productions that were executed to-

A

. move from one knowledge state. to the’ next. Project Deemen (Diagnostic Men), a fore-

»
t(v@‘k/t r.‘e ~
N

w

iy

~ runner of "CRIB" e—xperi trdublé{&thoioting system: (already dislcusscd in Chaptér I

' suggested -a testing\'spir.:ilf ‘Qr a search contral strategy which takes the trouble-shooter
down the hierarchy of sub-units until the location -of the fault is sufﬁc@chtly hin pointed.

~ (Hartley, 1984) Prmo‘c/oil‘statén‘)er‘i.t‘s‘, or thought procéssc’s' were coded as ’Wbrd problem

'w:analy51s (WPA) test (T) test and obqervanon (T&O);. obscrvauon (0O); obscrvatlon‘

banalyms (OA) circuit. andlysls (CA) and hypotheses generanon (h H). Hypothcsxs (H) was

‘genemted when the thought proces,s 1dent1ﬁed a deﬁmte mdlfunctlomng part or

(s

'.component. The hypothesis (h) was only a"{hought advancing the causal reasoning}\and



s A

VTN

helping the trouble-shooter advance through the hieraréhy of the search control in the
problem sbace. The evaluation of the thought processes and their coding was sdbjcctive

by nature and was based upon the reasoning deduced from the statements made by the

subjects.

A hypothetical model of the domain to help"id;:ntify 6'bje(:tshuand rélqtionsiinﬁthe K

domain was developed. This theoretical model makes fyll use of half split ‘rlulel“for": R

whatever circuit group or circuit arrangement may be under consideration. 'Lin'ks or
relationships were traced for each type of data flow in lifear, convergent, diyérge‘nt.f

switching, feedback or a mixed configuration. It also foll(‘)!w-s’:the informatiorii. ,funrrcl{ “’
principle which is a concept that helps pick the type and location of the check appropriate -
to the number of trouble possibilities bracketed in the ;;ri.)blem‘ space. fbl;he\_utility’.or

¥

usefulness of the check was evaluated by the relative value of the information gained by
making the check to the cost or difficulty requiréd to make the check. The analysis on the ° '
~ observations made on the most recent test carried out -may“ help to \gc:‘ner'ateia’ hypothesis.

Failing this a new tést has to be made or the analysis may be carried out on the. schematic

diagram in order to generate a new hypothesis, which may only be a new thought or a - -~

reason to '.t.'e'str 'agai‘n. T};e number z;nd typq- of tests:'made»‘will, thereforc; "indicaté ‘the-‘"
~ comparative effectiyéness of the Uoul),.leéshoéging prqccss. The el.ementﬂs\ﬂ:(\)\f iﬁe'thbughl_ -
\ process also give an "u'idication 9f the quali’tiy.‘..-'énd eff(')’rtiéyr)‘erllt» on fesdn“g, (;b;;owing, ‘
analyzing, aﬁd generation of vhy;;othese‘s:‘Sur’hnjaries%”havé 'beeh made for fc;égh‘ ‘f\e‘lult

analy_éié“ﬁir both the subjects for comparison 'p‘urpd_ses. -



Ana-lysis- of thefForf'n of Diagno‘stic‘“Reasoningr

‘There is. a smkmg srmllarlty in lhe oy*chedl nature of the cognmve tasks performed by~

',both the subjects The -basic pattem of - tesung, observmg, andnysinand hypotheslx‘.""("[tf,

‘ ‘..generatlon is the same The new cycle dlways starts from test phdse and then proceed\ -
»‘_’towar,(‘is* generatmg nmeannngful hypo.;.hes{s., farlmg whrch the cycle 18 repeated again anc'l’:

: .a‘gain tili ‘a eonelusiv,e a‘nd"“a s'uece’sstI‘" hypothesiscan be genera'ted..l'-l‘hisvpat‘tem wis
'A-',followed when the snhjects had success 1n fault - ﬁndm;, (qul{s A&B) as well as when"v Pl

o they faced dlfﬁculnes (Faults C&D). It conforms to the ﬁndmgs in medlcal problem S

solvmg (Johnson et al,« 1981; Elstem et al, 978) and in chess ptaymg (Chase & o

SiniOn,I‘973). WHhen in dlfﬁculty, both the SUbJC(,[S spent more ume m consuhrng and ’

' ~analysing schematic dlagr'a‘rns. SubJect #71 consulte_gi ;he circuit 14 umes,for'fa‘uh -Cu't ;
Subject # 2 consulted the ch‘cuit 26 time-s for fault D‘ and still con‘ld’ hé’t‘ ﬁndthe fdull ,
- They also generdted too’ rnany unproducuve hypo{heses in a dlfﬁcuh sltuauon (32 tmrg« -
by subject #1 i?m fault C and 28 times by sub}ect # 2 in fault D even though he could not .
ﬁnd the fault) Most of these hypotheses were incorrect and were not the result of a.
logical reasoning ’process. It seem,s that they guessedvquite often. However, this period of |
difficulty hlgh lrghled their dlfferen{:es in the substance of-their reasomng Subject #2.
abandoned the stmtegy of ' d1v1de and conquer” and a_t‘best wasusrng ‘trial and error .
* approach”. . SUbJCCt #1 moved out of the problem space (COSI)Ebu{ conected himse‘liT B

soon after (C059) and started troub’le shoonng wnhm the problem space Let us now lool\

Cat thelr _reasoning process wnh a view to dnalyze the substance ?f reasomng

46



“Analysis of slrbstahée of DiagnosticRe'asonlrigI :

The type and number of tests made by the SUbJCC[S 1nd1cate thc d1fference 1n, :
g reasonlng process and thelr trouble shootlng strategles A comparatwe Summary of thought“ .

. '“processes expllcated by b0th subjects 1S shown in F1gure #1. The subjcct #2 1n1t1ally

' 8) for Fault A Thls shows hlS lack of egpemence 1n USmg the search control strateg1es: T
' lnappropnate tests may aLso lead to 1ncorrect hypothesxs generanon and create doubts andb

zCOﬂflJSlon. Su-b;ect # 1 ca'mes out 58 tests in Fault C and generates 32 hypotheses, most

of Wthh were unnecessary A recommended sequence of tests for all faults 1s shown in

'Jﬂ

. Figure #7 (a&b) The two subjects also dlffered s1gn1ﬁcantly in type and qualny of

‘;hypothesls (H) generauon (l 5. L1 135 2, l4++) Subject #2 generated too man}

»hypotheses most of whxch were 1ncorrect SUb_]CC[ # 1 generated 13 hypotheses in Fault
C when he ventured out of _the pr,oblemgspace and went astray. .‘Both SUb_]CC[S generated
- wrong hypotheses-'in fFault #s C andD ‘rés_pectiyely‘.and stucktothem .flor too. long.
Subject #1 manage‘-dj 'to: correct.t:hexsituati’oh by returning'. bael; to the problem space and

was e.v_en'tually successful;“HoWe’yer' he wasted too much time’.in circuit analysis and

meanmgless tests. Sub_]CC[ #2,ina smnlar sntuauon approached the problem space from

- /spends conslderable t1me ln unnecessary testmg (l9 VsS) and subsequent analys1s (17 V\; :

one end and kept testmg the c1rcu1t bxt by b1t He dld not use. the half—spllt rule and the

"Information funnel pnnc1ple He eventually gave up and falled 10 ﬁnd the fault ‘An

appropriate use of these fundamental pnncnples could have helped hlm to ﬂnd the fault

Instead, he failed to use any WOFthhllC strategy and ended up in frUStratIon and

«

confusion. The two subjects were quite different in substance of their reasoning process. '

LR
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Subject #2 shows weakness in deciding about check points, observations, operational
evaluation and mental decisions. Operational evaluations relate to the first step of
determining the symptoms and then in accordance with information funnel principle

deciding where to make the tests. He ends up making too many unnecessary checks. Also

subject. #2 in Fault #D failed to localize the trouble to a functional unit. Doing this
g :

!

elimin;{tes th/e hece'ssity of making illogical checks of all units. Subject #1 was EWer‘
confident and moved on to a "rosy garden path" without thorough testing of the divergem
data flow paths. Subject #2 failed to isolate the trouble to the single stage for Fault #D
and kept using "hit and trial" strategy at best, till he got frustrated and abandoned th‘c.
trouble-shooting process. He failed to m;lke appropriate voll'tagé gnd resiSlQnCc
measurements to identify the faulty stage. He also confused himself by considering too

many un-related details by consulting the main schematics too many times.
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CHAPTERV - .

Cognitive and Metzlé()gnigiQé‘Strutegy Analysis
.)\S“m4 ' . - - :

s - Background

The analysis of a cognitive task involves initially determining the problem space *

and-then specifying the search control knl()wlcdge‘ uséd within that problem space in order

yt(_) ﬁnd‘the fault (Newell, 1979)1 It has also been stated that the goal of a troub{é\,-\sh(x)tmg

algorithm is to keep dividing the circuit into two parts or spaces-and then to infer which

portion of the circuit contains the: fault. The search controt or the trouble-shooting logic .

5
1

is,recufsAiyvely applied to the faulty‘ segmenf until the fault has been localized. -

M

This study looks at the cognitive and meta-coghitive strategies used by both the

“subjects. In particular, their identification and definition of the.problem space (Bracketing)

“and their use of search control strategies to reduce the problem- space, till the fault has

been found, shall be examined. Bracketing is also known as the good-input/bad-output’
technique, This technique requires moving the brackets one at a time (either the good

L] .

input or the bad output) and making the tests in -accordance with half-split rule. The
search tontrol strategies depend upon the nature of data or signal flow in the circuit unde¥s

: k4

test. The key strategy is the continuous narrowing down of the trouble area by making

logical decisions and performing logical tests. The nature and type of tests depends on'the:
circuit being linear, divergent, convergent, feed-back, switching or a combination of these

types. The information funnel principle allows the U(gub]é?shootcr to check a'great number

i

‘;of fault p()svsibililie,s first. The ‘ty“pe of check should be appropsiate tb the number of

'

3]
.
d
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possible defective components. The statistical data on component failure rates can also

provide some guide-lines.

FAULT A
Subject #1 : »

He initially deﬁw the problem space and establishes the normal bracket (A004
and the abnormal bracket (A006). He uses a system function techhique to further define
the problem space (A009). He wants to repeat his functlonal checks to be sure of the
problem space before he starts dctual measurements (AOll A012) He thcn uses the half-
split rule and makes his ﬁrst check with a loglc probe (A013) He has fully utilized the
system function technique as his search control strategy, in order to fu,lly comprehend the
extent of the problem. He, however, fails to reduce the problem kspace: by relocating the
abnormal bracket. The normal bracket is gradually moved up until he found the problem
at pin 6 of U25. Once he suspects the component (IC U25) as being defective,-he

promptlyreplaces it and thus selves the problem. His normal and abnormal brackets being

around just one companent; leaving no doubt in his mind that the component is defective.

Subject #7

Idcntlflcmon of the problem space by SUbJCC[ #2 1s not vcry clear. He sxmply starts
testmg the <.1rcu1t at the mput and contmues to check the dxgltal logxc pr(}gressxvel)
towardﬂ the other end He gencratcs his ﬁrst hyp{)the51s at A019 thal U25 pin 6 is likely

to be faulty He v1sually looks " at the component (IC U25) but cannot ﬁnd (or

9
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conlprgzhend) the p;r()blem. He does not-have his prg)bieni ~§pacc well defined. _Hc does not |

/

rigid. He is only look‘fng for a bent pi“n oi;a bﬁd trace which he does not ﬁ“nd. In the

1

absence of a definite search control stratcgy he wnsults the mam 5chemauc dlagmnr

3 H

- )(A035) and does thg eircuit analysls Becau\e ()f amblguny in deﬁmng the problem spdu |

‘ accurately, he ends up enlargmg thc pr()blem \paLc mther then narrowmg 1t (A044) down

.- He uses naive and eleme,ntary search"comrol kn(‘)wlédge and hesitatcs too long befo‘rc
. - o _

actually suspécting the IC itself (A054) and replacing it with a known good IC.

Summary

Subject #1 Spent more effort in defining the problem space using system function
technique. Subject #2, on the other hand, hurried into the logic state measurernents starting
-from the input end and his séarch control strategy was rigid. He generatcd incffectivé-

hypotheses and stuck w1th bdd hypothe\e\ f()r a lon&,er perlod of time (A()lO AO?() '

AQ36).
FAULT B
Subject #1 3

. The subje"é_t usesathé knowledge obtained dhring the prévi()ku's fz‘iul‘t cffec‘iiv’cty.; This
helps hml to movt; thé,”.ﬁormal “bracket correctly. foru%drd in order to narrow down the
p’roble-r; space (B()()J6, B()14). He, ‘how-ever, is still very. cauti‘ousj and dees not relocate the
abnonnal»brréc\ket in order.jtg)f narrow down the problerﬁ spa‘ce‘., After seeing the motor

operate properly when loé‘king, there is no need to check the Li\p'pér half of the circuit. At

54

seem to have enough flexibility in his search control strategy and his fault hypothesis is



- the'most one check at pm 3 of U25 should have been enough At last when he establlshes

the brackets dI’OUﬂd G3 (U25) he solves the problem quite easrly(BOlS)

Subject #2

The'subject does not carry out functional check of the system in order to confirm

~the nature of the problem. He, instead, jumps into the problem space without identifying

>

the problem space and establishing the normal and abnorrnal braéke'ts.f He stértsj eircuit

dnalysns without sufficient func[xonal dnalysls of the system Through c1rcu1t analySIS he

1 predicts that pm 11 (U25) Should be low (BO()4) but fails to test it t1ll much later (BO17).

BecaUSe he had not 1dent1ﬁed the problem space correctly through functlonal check, he

~ unnecessarily wastes time in circuit analysis, hypothesis generation, test and observation

(B005-B0O08). He has, however, learnt and built confidence since h‘is_'previous fault

finding. This time he does not hesitare‘ to 'replace U25 and thus solves, the;problem

Summary

- Both the subjects show grea‘ter.cognitlfve‘ubility and understanding of the problem.

~ Previous learning hus‘improved their comprehension. They can identify the problem space

and their search control strategy is also-more éophisticated. They use information funnel
‘ R - R :
principte to narrow=down the problem space. Experience with the task l€ads to the growth

of search control kno@ledge (Ne‘i‘ivell; 1979). Subject #1 is, however, more cautious in the-

beginning. Subject #deﬁnerates an eurly hypothesis through'/circuit analysis but does not
: C - R ‘ - o B
check it out. Te goes through many, unnecessary steps and at the end solves the problem

by the method of substitution, with the help of a good ,worfk‘ing pan

E—
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FAULTC
-~ Subject #1
He seéms toi(be cautious in [h‘e beginning and; Spends Qo m'iieh time, aoing the,,

word problem analysxs He establishes the problem space by pumng the abnormal brackel

at pin 4 of U28 (C()H) Inilially, his search control s[ra[egy is fdlrly adequate and hi\' B

Fa

‘pl'CVlOUS experience helps him to narrow .down [he problem space’ consndembly. This

“initial success builds over-confidence that leads him orf to a "rosy gard‘en’-‘pétn" ‘((‘3049,); L]

" He fails to l(iok at all the possifble faults in the problem space and ‘bypasses'thei‘prkobieni
/ He f(i)rge[‘s:[h'a[ this part of tﬁhe circuit has a divergegnt Vsignal flow and application of lht
half—spli[y‘i?ule would, r[herefo‘re‘, be different. He §tzmsv"iisingielemen[ury seareh‘ control
' sirategy an(i staits replacing componen’is; one after the other (C(_)()Sii He pursués th_é wn()iig'
" hypothesis (C()88) and his search con[r()l strategy neci)ines very elementary. Failing to:
recognise the’ circuil as being criive‘vrig‘ent, he moves out of-Lhe"problem space. ..Hi.\
‘s sleadfaslnessfran(‘i determination, nov'wever, IS n()te\\\/oithy and he As'tays calm.’/%\tv last, he -
‘ ‘come‘s' baek in the pioblem space and finds the fuult; Inspitejof his_'ﬁnding‘()ut his mistake
E "during,cirCLiii analysis (C126)ge reverjt“s;i)zick to his il]COFi'CICl hypothesis (C130). He fails
to test the ground potential (C128) and remembers incoriéétly thdt he had changed the
' iesis[or_.‘H'e, however, regains eonfidence by re-estublishin_g,.t‘hc‘ _prb‘blem space _(C148) and
- by‘vusin‘g a better search control strate\giy and analysis (Cl6k2—C16I4‘). ;I"his narrov;ing dOWn
" ‘and ﬁs‘op’hisiieaied analysis bears fruii inirnedi;nely (Ci()?) .and he ﬁnds the f;iult. : ,’
Subject #2 - - | W -

Although he takes a good start by identifying the preblem sphec at an early stagt-

h
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" 12) ye:l/ hls ‘;)r(.)’l)lerili§pace réd‘uctibn g;ratcgie-s are '-e-lervnent’ax;y 'av'n’d‘ he ﬁﬁhecﬁéssarily;
changes U24 (C006). He gets into the habi of changing cémpqnénfsf{v‘iihou{jade'qd;;i;cfv‘ .
~ testing or.g‘en'uinel susy;icioﬁ (C015). éuch a strategy is ‘weilsteful, in i;e'sv.(mrce‘s‘}and" timc%_,
) ‘However, .yhc’ré’mai‘ns‘ wﬂith‘in Jt'hc p_ro‘blcmvspace rarer._uvs‘es_-ba‘s.icv:. search controlstrategy
- T‘h‘at'be‘_ars frui.t early a‘n~d.~hcv gcy'nerat;es correct ‘h)»fpothesfvis‘(C(‘)24).AH¢ revalidétéé thiy
) hypothesis (C029) and Sol\}es"the .problervn .qu'ne early. (COSS)ta‘s.c'ompareq to subject #1- -
s L '
,' ‘S"'urf;m’ar/y‘ '
' As the zsu.bjects lezirn.th’rough. iheir fault‘ﬁn»dingfs‘essic)n‘s, they a'rc improving fheir

trouble-shooting strategies. The faults inserted are also made that much more difficult. As .

~ the conﬁdébnce level incre‘ases, 50 does,‘ the chance of .pit‘falfs. Subj.e(;t #1 "gets‘ ih[o{ such
- a problem. It shbx&s hi-s experrtisc and experience when he doés 'extﬁc_atc ﬁi-m‘sévlfhf‘r(.)m'_th-e‘ _
.’inCOITCC(‘ hypothesis and back mto the reduced.'pr_oblem ’spécvev:.Subje»ci #ZAha).s learm S
cdnsiderably and ‘s)holws much more 'ex‘pertisein: identifyling'vthe problcrh a‘ndthbc use of '
. Segrch control strategies. He makes 12 ;ests féf wh}ch he c.:onsu;l_ts"thé cirquit di‘agramv
- thricc‘: orﬂy. He is still extravqgaﬁt in His tésts and ;r:ép'lfaces cmﬁpon’entis"ltmnc;ceésgrilb);_» no
is remarkable to note how ca‘l‘m‘a‘n(’i'dé_terminedjsubject #1» wa’s‘in ;ﬁite' of his di.f:ﬁcix'lticgl '
and déubtﬁ. " ' | | | | o
FAULTD ‘
Subje'ct #1 |
| The problem space is ic‘ienﬁﬁed early (D()Oéi). Although,. the search ééntrol s&a{egyf

1s not op[imum; the problem space is reduced gradually. The subjcct unnecessarily checks

-
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’ out areas where rhere cannot be any problem He 13 cauttous and wants to assure htmself .

»Inmally (D()Zl) he Suspects UZS but on recheckmg, declares it. to be good (D()Z?) Ht - o

- uses forward checklng strategy (D()4()) in order to reduce the problem space (D041) Tln S

normal and abnot‘mal brackets are eventuttlly pl tced around U3l pms l3 and 2 Thtx-‘ j

resmtor IS the problem which he 1dent1f1es and replaees o solve the problem N

Sub]ect #2

: He incorrectly identifies the problem space. Not only does he generate an incofrect. .

hypothesrs, he persistsron it for too long.; Eventually, he measures the “voltage ac‘r‘o‘s’s‘.[hg '
J diode partof the opto—'coupler’O(ifZ butfalls to dra'\y the correct conclusion (:DOSO-){HU

is very Jrigid{'in his ‘thlinking and re‘.asonlng. lle doesno’tth'ink of the othe'r'_ pos'si'bilitic:\"
(D055 ands_only keeps“‘replacing the 'two:if’n:t'egrated Ci:reuits time:and agam -(DOS‘)‘-).'V.:H}:. .
1s showin'g' helplessness and ‘frustra'tion \yhile Stillilstiekingfv to“the inconect.hypothesis
(D063,DO772)." He 'therr tries. to establish the nomtal bracket in ordier- to identl\fy [h( )
problem sp’a“ee but for no reasonﬂreplaees ll24 (DO81). His searoh eont:rols‘trateg‘yiis ver)
. elementary and mainly depen\dshon 'eomponent replacement "Gradually, he rea'che"s' the“fault
.Marea by forward probmg and fixes one end of the problem at pin 2 of U3l (DO96) He
fatls to check the other end of the reslster He still does not have a sound search control_
“ strategy and is working on impulse (D()l3, DO38). lnstead of ~concentratinjg on the problem
. spa\ce:'vthat now e has ré'a.ched, he 1s going in,circles (D110). He‘ moves out of the
problemﬂspace and starts"(':lrcuit 'analysis ‘agaln (DI17). Oncle“again;he moves ‘b’ac-k into
the problem Aspace (Dk122)ibut fails ‘to‘ generate a correct hypothesis (D123) and moyes

away (D124). He fails to/'ﬁnd the problem and eventually decides to stop further trouble-

5K



shooting. He exhibits a lot ofvlvfru'str'ag_i_(‘)n.;""

o @

‘Summag k

It is very interesting to compare the attitude and the use of search control strategies .. .

of subject #1 in f@fun C and subject #2 in fault D when both of them incorrectly déﬁn’ej

the problem space, giéneré_tq a’y\rvr;_)'ng hyp()thé_sis and per_-élist‘(.)n"jt for an bunduly lbr}g ti\r‘n;e-.'
Subjact‘ #2 yskjlo"ws he‘lp"),lcs‘s‘ﬁess»a'nd sfrustrat.ioh,:’whereas-S;ij‘ecf #ljbé;vtays calm, corrects hi»s‘
‘ hypoth(iesis{ and id'er;’t‘iﬁ‘e‘s' t:fleléhorre.ct probiem sbace. The"r‘le isa mérked difference betv‘ivé.enﬁ“.'
-r’helirv" use of search 'cuontrolil_ str_a‘"t';:g-ié:s‘ fo‘r- r‘educt}on of the broblc:,m space. Inspite of
‘difﬁclu(lltiés’ and o‘v_urtsjdc' _‘i_mekf'erences; subject #1 does n(‘)t: give up and exhiibﬁts
deter;nin:itxi;():n ar;d_ﬂexi.b_’lg h.‘se of sclarc'h vcon;rq] strategies. Whé_n' ih\idif;ﬁculty squég:f"#

2 is found to bvc'impulsivé and subject # 1 as reflective.

!

\
.
’ ”
: e e
T
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 CHAPTER VI

Findings of the Study S
The two subjects doing the trouble-shooting were similar in the "form® of their
reasoning and were different in the "substance” or content of their tmubl‘c!sh(‘)oting

process. Details of findings of the study are given below:”
1 Similarities

a Both the subjects had 'u(.iequute understzmding of the Civrcjuits and wor‘king
of the systrt.:mr.' They also used ths: basic test cQuipmént quue cifufcctivkcly',

b, Thelcyqicul nature of the diagnostic process was quite simila‘r_inr'bb‘t}ﬁ [ht
cases. It started either with'testing of a pfe{ious hypoth‘csis"or‘ chcckmg

-~ of fault symptom. In the ver‘y'bé'g‘i_nhirig‘ (;f‘the &oﬁble;shootiﬁg proc.ess}'

i£ could start from the word problérﬁ analysis itself or’l'ater:f.ro,m the éirc__uil
analysis. Whatev.er the reasoh for tésting,r thé reSulté’v'Qere observed a‘n(vl |
‘anul‘yzed. At fhis stage, thé’y‘either gehérétcd a hypothe‘s»isv mdlcaung Q
sf)g'cific fault or about the ’n‘e-x't stagé in4lh¢’d'iavghostic process. ‘thnevcr
:'bll‘thé-ylcould not mablﬂ.(c any‘hleadwuy'with_ their current rcas"oningr, they went

back to more testing or circuit analysis to look for different clues.



2.

P
Sod

Verbalization andlspeaklng out CO'n'tintlousl)\/ was a problem for both of
them. The verbal,fa’cillty_;washanlp‘ered when the actions were simple or
highly automa_ted. Thm problem was, howeheri more pronounced in case

of the junior engineer (subject #2).

Differences

-;Stlbject #2 started his trouhle—shooting' frorn" thef left {input side) and moved

. progre@slvely to the- rrght (output slde) checkmg oat component after

component That is why he had much more d1fﬁculty in ﬁnd1ng the last.

fault #D and_ evenmally he gave up finding that fault. On the other hand,

LN
s

apply [hlS rule correctly Posmbly, ’he waS' over—conﬁdent thhout

‘ fchecklng all the fault possrbllmes in a dlvergent data path he stepped out

knack of quick 1dent1f1cat10n and fast reduction of the lproblem space.‘ :

o

Subject #1 started trouble-shooting with a careful, critical, and thoughtful

look at the 'symptoms displayed. Subject #2, however, jurnped into the .

problem-solving process more or less immedpiatel‘y without adequate checks

61

An_ important difference . was in- their technique of trouble-shooting.

subject #1 identiﬁedﬁthe problem area'faSter'by hsing the half-split rule. .

~The only time he got mto dlfﬂculty was - 1n “fault #C when he falled Q

e of the problem space and went down the garden path He had acqu1red the |



kil

of the system. | e :

~

Subject #2 uged the.detailed schematic diagram more often and tried o -

consider all the defails simultancously, which made identification and
reduction of the problem space more difficult. Subject #1 made good usc. : .

of the simplified d@aglem and hardly ever consulted the detailed schematic.

Subject #1 always made a-final check of the system for pr()‘_perxopem‘tion.

after the trouble was found. Subject #2 failed to do so in s’ome cases...

It is interesting to compare the behavioural attitude of the subjects when

in difficulty, 1e., subjcct #1 in fault #C and subject #2 in fault #D. Subject

5

#2 exhibited turbulent emotions, frustrations, and anxiety when he said in

s

. fault #D: o - L

D063 "..oh..nothing s ‘going through - my ‘mind‘...l zn“n"

stunned...have no idea..I have no idea what’s wrong...L haven’t g()i’

S

the foggiest idea..." -

He expressed such feelings at a numbc'r' of times before he finally quit.

I3

"finding that fault,

L W]



; f , Subject #1 on the other hand, in a similar situation of difficulty, stayed
‘ cullm ahd~ck)nt‘r()licd his anxiety. Some of his thoughts in a‘diff_"fé‘iﬂt period
are given below? = * . - - i
. €072 ".bk.am I reading it correctly?..” < . 0o
CA()97 " _and it did not do anything..hmmm._.interesting "
C101 "ok.let’s see:what’s going on now...ah.." )
C122 ™.and nothing happens..." S o )
f. - Another difference is that subjé’ct #1 was reflective and subject #2 was *°

impulsive. This can also be seen by.ihtcrprcting their behaviour when they 7
were in difficulty. When subject #1 had suspected. a resister to be a

possible problc\m, he said:

. Cl163 "...héllo.f.wh”u‘t we got herc..-.U3() ({pin))12." ) R

Later,: when he found out that this resister Was the actual problem, he -

reflected back and said:

63



s S

- C170 "..normally pretty Imusual for a resister to go..but | gucss-vi'l's'l

possible..."

€172 "...very unlikely the resistor will go like.that,..well it’s possible...1
guess.." - .

-C175 "..that was the least ‘likely_czln»didate but actually that was the -

~ problem..”

' &

- Subject #2 showed.an impulsive behaviour in a similar difficult situation,
‘He k_epi substituting the resistor pack U30 unnecessarily and I had to tell

him that he had already changed-it three times,
D()38 '”..:dc)'you have another one of U((B()))...please...((y()u have changed
1t threé times))..this was not a resistor... ((all of these arc

“resistors))”

This means that he had been changing this component on sudden impulsc

without giving due thought. He was not even sure if it was a resistor pack. .

although he had changed it three times.

e v g -



Linkage With Literature

' 5 Thre resﬁ'l_ls of)this éludy indicate a cl(j)se‘vfgliali()nél:llip wnh t‘he‘jfesults obta;ined ff(im
| [_ﬁé Studies in chess playing and medical pr()ﬁle}n solving; which ajl‘s\;bk{;}_dicmc that the
experts énq novices are similar in the "form” ()f their reésoning but :di'ff‘e"r/in "substance”
“of cpntcr}‘t _()r‘reasbning: {Chase & Sirﬁo;l"(1973): i\h"é‘ﬁes‘s;'_Els'teiﬁ et al (1‘9/78‘):and

by

Johnsoh”r(;t?l al. (?1981) in‘f’hé‘aical problem solving} !

The qualitative analysis occuring in the beginning and’funétionél '_chre’ck'"at the end.

to»e'nsurer_'rhal the goal has been achieved, are also bormby other studies. Novices maKing -

meta-statements and behavioural attitude differences between experts and novices support - = -

'/ the-‘ﬁndiné'SA,()fﬂs’;Aludies in other domains. Theje.xpe'rt (subjecf #l)vVWas faster if;‘;’thr‘ee thht'
j‘fogr fault-ﬁﬁvfji'r}él sessions Aa’nd‘f'rAn_av(‘icv feQer mis;aké‘s‘ He 'ﬁéd also accjuivlr:gd\cn(;ﬁg‘h
,’cx‘péri/e—hc'e ovlc;fa long 'perio'd’of:tifne which héipfed hi_m:‘to achiévé h‘ig‘hegefiﬁcieﬁcyﬁ. and
speéd of tr,oublg-s;»h()’olting. Appare:n‘tly,v the ab}l};y to leérn frém exbe_rien“ée‘ h‘adr i:mpr(“)‘,\;/fed';‘?
with experlence . | Gl

.‘Thev_résulls of [hig .vstud‘y are élso in harmony ‘with‘resperc:t“.ton tﬂe expertbemg
discriminating, re'ﬂeétiyc_,.highin écneraf and ldgiczﬂ Vrealsor»)ing;‘ ngh gognitlveablhtyot
‘- the expert provid’ed him'w'i[h‘ a g'jféaler abiiity 1o ¢mﬁloy half-'split-rﬁléAar{a in.foil»jﬁati(')ina

. funnel principle.
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S  CHAPTER VII

Conclusion and Recommendations . -

One wayto know about good trouble-shooting strategies 'ahd..lec_‘h,niilues 1s to ger
" them from the expert trouble-shooters. TOL protocols have-proved to be quite useful in

- this regard in other domains. This study was an attempt to find the differences between

- experienced trouble-shooters or practitioners: and: fresh ehgi'ne_ering graduates from the

- university, - ’
"The need for training fresh graduates of the enginecﬁng technologies in the art o

EILIN

~ logical*trouble-shooting has become obvious. Perhaps a good starting point may be to .

-

provide the student with an increased understanding of the nature of thinking, reasoning. .-

) -

and understanding. These cognitive tasks -and thought processes ctan provide “the

. foundation for the prdblem—sdlving. Although no sirgle method. of truinih'g ,h'iisﬁho(y'h

* L

universal superiority, it has been observed that. whén information is. learnt in the act of

_problem solving, it is more usable than the sange information. lei‘frned‘:by roté, (Anderson

Ty

and Johnson, 1966; Szekely, 1980) Therefore, it ¥ recommended that these strategies b

-

taught as part of problem solving. The methg Jology. of TOL plro‘t_.oc('il for learning about

-2 ‘ .

the electronic trouble-shooting strategies is quite useful. The recorded: verbal protocols:

* .
A, ‘ & : , E
although time consuming, will help to articulate the thought processes of the students and

s

help in formulating the student models. Cagnitiveand g]eta-c()'gni?ivc strategles cans

therefore, become explicit. Most importantly, the student trouble-shooters can learn from
. : ' . : ' ‘ ’ ’l T Doe
their own mistakes. Trouble-shooting practice games, where one student inserts a fault in

F t
>

\

S ' (Q)()

e
¥

W




~ the circuit as wel as writes an apprbpriaté trouble-shooting strategy and-the other student

“who is not told about the fault and carries out the actual fault finding. The two strategies

- are later compdred and pros and cons of each discussed mutually: |

o '//ﬁ\t{\ Ao 4

;- -

/-

Fuure Research

L It is strongly recommended that research should be conducted on electronic

“ trouble-shooting in order to further investigate the differences between effective and

ineffective trouble-shooters. The ndture of investigation can be qualitatiye as well as:

5

quantitative. The sample used should be much bigger for the quantitative study and should .

“focus on the nature of search control strategies within the problem space.
protocol along with an interview and‘a stimulated recall method. The subjects should be

-helped to improve their verbal facifity before'sli;ning the TOL"protoéol. Although.

intérviewing after the protocol has the obvious drawback of introspective thinking, yet o

For future research, a multi method approach is recommended, i.e., TOL-

knowledgeable rescarcher could -use it to externalize cognitivé and meta-cognitive

strategies. Anothe_f method recommended by Garner et al. (1983) to examine strategies
‘of experts and novices is peer tutoring. In this way, the strategies used by experts and

novices can be identified with less ambiguity than if any single method was used.

Ed

b
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. APPENDIX A
"~ Instructions dnd Procedurés for Subjects -+ . -~
- ObICCUVC » ‘,‘v ,l : N A '. o = - - : i ,' T ) ’ :\n » h
In this study, we are interested in investigating electronic ,tmublc-shg(‘)nng‘
' - N . . : N e L ) - S R
_ . .

diagnostic

<

. .lechniques with a view.to understand expert’ and novice trouble -shooter's

strategies and cognitive processes. The study lntenQ»s'_'-to'ﬁmj'mfonﬁmq()n -that _could

eventually help nov\ices' learn the - art of lug‘ic\dl ~tr(>uble¥_sh00e1"ng' by '{(,)I-I_‘("ywi'n;g thpgi" :

. i R ) B 7 : } R . : . L ; s «‘: ..
techniques and strategies used by efpe’rts—. Your cooperation as .a subject is highly

’ appreciated, . - T : ST T

Experimental Procedures -

You will be asked to find a nunfwbcf é)f'f;iults'ihut-will be in‘sc‘rl'cd‘ivnr Eihc-ﬂcir'cu‘i‘t one
éfICT}[hﬁ other. As you solve these préblenis, you are rgdueste‘d_ to thinfl.oul(‘)ud- by spelkm; "
out loud "every thought’ [hat‘ you might_,suy to yoluﬁclf‘sillevtntly_.‘ We are infﬁc’rc‘s‘té'(‘j"'invw;h;‘il -

| )4/\0u rﬁigh‘t’ say 10 yoﬂr.sélf §i¢lently. We are; ir-ﬂerestfc‘d_iﬁ ,whét yQULhilhk‘_‘uhdi \&"ha‘t&ouv 5;13
1o your\sjelf_ aé you go"thr(l)ugh‘ the'diagnostic pro\cc\s\s‘ lY_()u are feq}iéstcdté pléuse.'sbévu‘}-\
’ﬁ out’loudvl)‘/:‘Sayilr‘]\g whﬁtever cémcs to your’ n{ina. Pleaénc'_do/nbo.t plan vu;)tyjat'to s'zlx)v/‘.vor ‘s3péu|\
aft:er the t_hought, but' ra‘.ther >I‘¢t ,y'our"‘th.otllgi‘us spcak as thdugh ‘y(")u ‘w‘cre t.hbi.nking out
loud. Just act a.sb’i'f‘yOU‘ar_‘e éjlo/nte in the room'spc:;king 10, yoursél‘f. If you.are sil.e.nt’ f()ir'f I
more thanl3() ééconds, the oBsérver ;itting: behind yg)u will remiﬁd you by suyi_ng, 'A'P_'l:c:ds(: 7.

think-out-loud”. It is most important that you keep talking. The observer cun not say.
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- number of these vaults have been mstalled in the rooms of a hotel. A CentraI desk top

; locki_ng‘mecha'nism is simulated by a manual switch.'Th'e lo'ck 'ahd,un-loek positions have

-. ¢ .. ; - i -
. . ) ‘g/"' ‘ :
_anythingelsg or-answer any questions under any circumstances.
E ,‘ . ' - - .‘ L Lo ol . N ’ . ‘ -
) “Qégtem Des’criptiog, : SR ST ;" L .

3

The system used for thxs srudy is a Z- 80 based mtcro computer system, _wmch usey

1

& per@oﬁ%ly 5elecuble 4 dlgll code for lock,mg and un lockmg of a secumy vaull A-7

,“14 .

- - P < e
L3 - . . - »

fv%ojgp‘tlrer iij?oniloring, rh‘e usage ,as) w.el‘l.‘a_s the»servieeabilrty of’these \/_zfrulls;:‘:You gre fth(-

‘_rﬁ‘eld e%ineer e'mploiled for the rri_éinter_r;;nce'ofrh‘e systerh and through a s‘ophi‘st‘i'eq‘led -

CR r

v &

diagnostic software you have located the faulty vault. On-site' repair was done by
. . ) i . 4 T . ! " ~ . AT

~

- replacing ['hel'ffarul.[y bo'ard 'wﬁieh_ you hayéfbr‘OUght back to your §hop for further repairs‘:.‘

- @, . . = 4 o . ’ -
Component Level Repairs . '
e ST TR e B T
i ¥ou are also provided with a bench test set up; for repairing boards, whergin the

£y .
] . Al & - -

x

) bee.n marked on the 5wnch Thls test snmulalor is'in fronl of you along Wllh lhe schemamg

. . - L . .
> o . - &

of the pnnted c1rcu1t board Further dlagnostlc tests (usmg a'test EPROM) have proved
.[hat l_he moli)r drive inlerface (':ircuitry *has’a fault. A simpliﬂed diagram of thef circuil
’hnvmg the fault s also prov1ded The test equ1pment avarlable to you is a logxc probe, a

digital multimeter and an oscilloscope. YoU‘are'requested o trouble shoot and fix the

following fault. S
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 FAULT SYMPTOMS #1 R

Symptoms . - = S
) ; N - ’ " C . o i B N ; ‘ = ’ e ’ ‘A
_: .~ When you want to lock the vault, the motor does not turn to activate the locking

" “mechanisi. However, if the lock Swri't'ch is mahually,cl(jsed toVSi'mula'te“ a lockéd vault, the

displayed digits disappear and-thén the unlocking mechanism functions nommally. o

Operating Sequence

S - 1.7 -Press any’4 digit code of your c"noriqe o_nllh_e ‘keyboard.

[89]

: Yéur se'l‘e'Cff':d code di’git&shéﬁld _light'up on thcdlsplay

,3.‘ o preéé ent\c,:r.u-b L | |

4. }TthED: i»nd@caitor éhangés ’f;r_(;m grcen ’fo red, shb(w}ng that tAhr‘
"‘éompruter; has Senf out lh.¢ loél;ing' code ie DI‘ = } un’d D2 :()

. (referto the simplified schemtics)

5. The’ problem is, however, that the. motor does .not operate to

" activate the loc‘king' mechanism. - |
6. Please fix this problem a'nd,keep‘ talking ()_utf _lg;ud Wh’ilc ,.;(511».

trouble-shoot this circuit.
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FAULT SYMPTOM#2 .- S

Symptoms
kT/he}'L‘ocking func'fidn of the motor drive interface and drive mechanism is working
fine. However; "for‘un-rlocki_ng, IhéSeleﬁted digits are displayed but the motor does not

operate to drive the un-locking mechanism after entering the correct code.

7

- . Operating Squence
o ‘1 Please »lock" thetv'aul't' using a secret Code of 'y‘(')'ur own cﬁdi@. Pfc;ss
tﬁ_e maﬁﬁal ‘switch 10 the lock position‘,“ in. order t‘(‘l)_ simulate 1
locked v"au_l‘l.
c2 Now enter the 'sar"ne‘sec'ret che to unlock the vault.
3 The ‘djgits get ‘correctl)_f'displayed bu‘t\‘thyérmotor does not operate (0
activate the >u'lecki‘n.g rr'le;cha.nism. |
4 Please Atr{j)ubvlie vLs‘hoot' and find the fault while thinking ar;d.'i;gl_l_(ing

out-aloud all the time.
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APPENDIX B e Do e

VERBAL PROTOCOL L T
"Sub]'ect‘#l |
CFAULTA T R - T

~ Fault Symptom #l’:’(Motordoes not lock. Un_locking is ok. U25 “p;i:n6'is broken) o

,‘ OOO/,_The Problem is we enter 4:diglt code of your own choice} and press enter. Well let
us try that ...001/ What’s goirrg on?’ 002’/ [ am going to enter 1 2’3 ..Actuall'y_ [ have 1

12 ..alright ...and ....enter. 003/ Now the lock. was supposed to move . bi’dn’t move
..We get a redlight.on there . Ok 004/ éo the computer has sent out the lockrng code

Dl=1 and D2=0....We don’t know that alrlght OCl ...opto coupler 1 U28 alrlght ok.

U25 U27 U28 ok. Alrlfrht plugged in here Pin 1 1s zero.- DI 18 zero.. and ((Clrcult
showed -‘a‘ problem which was not part of the study Protocol resumed after it was( e
» corrected))....... | |

()()i/ Dl should be 1 which is- here. ‘MRI1 ... yea U30 ...ok. ‘Vl»v.better ge{l,used to

the?se numbem Thrs has to be U30Il guess. U 30...0k..So Pin l should be high. lt S. hrgh}'

and 2 (D7))should be low It s low. So computer is sending the nght code. So far it

- —

15 rpakmg sense. 006/ However, the motor does not operate. 007/_7The displayv code_does
rl_ot disuppear becuu;e motor driving mechanism is not closing the lock switch. 008/
;Hox;ever, if the lock switch. is manually closed, IllC displayed djgits disappear‘.‘.’" Yeah
..they do disappear.... rightr l)_()9/ The displayed digits disappear and then-the uolocking ‘

mechaniyg functions normally.  Yeah ..ok ..alright..so only problem is that its not .
& <
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5

locking. - 010/ Nowbok ‘M:ll let s l‘mve\ a look OK. We gettlng the right code!..

ok... the ;’I]OIO[ runs ...we found that....so unlock is 01 and lock is 1()...0k 011/ 1 thnnk
[am gomg tc;'again try...Get back to the lockmgtarrangement andjustv gb to the other \uk

of opto 1s_o,la_‘tovr and See,lf that is functlonal all 'nght 012/1 thlnk l thC to rccyclc tlu |
whéle‘i— thi;g I;g‘ruéss. SQII can epfér any co:c!c‘:-waow“ 1234. At gc)es back ‘to rvul‘
light.. ijust ,verify one mbfé tiﬁe that‘..yeahl...w'e;have ohé zero C()de . [hdt S 3,00(1 )
' 013/ Alright, now we should goto U24 pm l...0k . ()14/ U24 pml is low?! k. that’s hnuh

015/ 50...it" s emltter f()llower .SO when D I'is mg,h it should be conduumg (}16/ And

U 24 one shou}d bc hlgh 017/ It 1 hlgh 018/ ,g\nd two xhould be low. So both 1\()1 ators

" are workmg 019/ Then we g,o to pm 3. 070/ OK 1is hlg,h 21is hlg:h and 3 is hl&,h 021/

o That ma‘kes sense. So that NAND gate is ok 072/ Now the next stcp wnll bc to £O 10
:GZZ and 1 will look at that -..s0 U"S pm 4 1 2 3 4 ()24/ U 25 pin 4i s hl&h 1hn s

1nterest1ng circuit. 025/ OK 5 is.. 4 I8 h[gh 5 18 hlgh and 6.. There 1s a4 problun wnth 6

‘ "026/ It should be low. So that is Ihe probJem I thmk

FAULT B

Fault Symptom #2 A(Lecki.ng mechanism is ok. Problem is ‘with unlocking: U25 pin - s '

000/ O.K. we start...we select a code 1234 enter O K 00]/ .now we try 10 un,lmk 17%4
and enter, 002/ and nothing happens ()03/._..now for urﬂock;we shoul_d huve_ 4 code D1 zero

- and D2 one 004/ and so let’s verify that 005/-..0.K.. D1 zero and D1((D2)) is high 006/
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g‘g‘



Now we quu:kly go over U24 GA to make sure it’s functlonlng 007/ so U24 pln l 1s hlgh

Pin2 is low 3 is hlgh 008/ O K ()09[ now let’s go to U25 GZ Pin 1234 010/ °1n4 1s low: ?.5‘;":.‘.‘- |

5 1s high 011/..0.K. 4 18 low 5 is hlgh 6 is hmgh SO that s ﬁne 012/ let S follow that'j

]

further with G1 013/ U25 Gl Pm 1 014/‘ 2 is hlgh 3 is. Low 015/ so that. cham is

fine...let’s go to the other 51de now 017/ U25 G3 pm 9and lO 018/ 9] is high 1() is h1gh, IR

[N

and 8 has a problem 50" U25 G3 output should be low but 1ts ﬂoahng 020/ SO that is

v:(“
c: 9 :

T oour problem....
"FAULTC I L R .
Fault Symptom #2 ( Lockmg mechamsm is workmg ﬁne Problern w1th un- lock U3O pmi:

12 not gronnded) R B R P ﬁ‘r

000/ The locking function of'the rr;lotor’dr‘iVefin.terfac‘eg an‘dldrivewrhechanisnt isrworking

fine. For unlocking, however the selected dlgl[S are drsplayed but the motor does not '

operate - to drive the unlockmg‘ mechamsm 001/. we have _same problem butf"' :

...alnght. let’s have a look at it 002/ SQ we enter a code ok 003/ the locklng_”v B

mechamsm is 'worklng properly ........ .and nothmg happens 004[ OK let us -...s0, for
- unlock we should have D1 zero D2 one OOSf 80 back and verify that 006/...0...1 007/ we ’, '
,cho bick to U24 008/ GA p1n1 and 2 009/ U24 pin 1 is should be hlgh should be low
...andits not 010/. so looks like that u28 optlcal encoder we follow that cham now
..011/ let us go back ta U78 and look at p1nw4 012/ U28 pin 4 013/ yeah pindi 1s floatlng

014/... pm 5 should have supply whrch 1t does so that’s fine...we already venﬁed the” N
o » f :

Dl is low 015/...U28 optlca‘ encoder Opto 1solator rather is gone 50 we Should Chang( ,

that 016/....pow'er off.let us get a screwdnv'er...ye‘ah it will be better017/...here 1s the bad
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. one ..... O K. 018/ let us bend the pins Sllghll;/ 1n all nght let 'us 5uppl$f the power at, An-
019/ and runnmg throuOh dlagnostles O.K. ()7()/ Now let us try ()"1/ we ;hould unlotk -
| and try 1t agaln () / 1734 enter ()”%/ At's locked now 024/ let us try to unlock ()’i’j':{ '
123 026/ I made a mlxtake and I should clear it ()27/ 12... 028/ that’s mteresting ..o.k,‘;”
so .now we have a dlfferent problem everytlme l enter a dlgll 1t enters twice ()79/
030/ that s strange 031/ .so we-had some problertr tlnd it doesn’t seem to repeut itselt L
(‘(1t 1S only a sthch debounce problem)) -we still locked alnght lts not: unlocknuD and
032/ sd let us go back to sée what is gomg on ()33/ U’>4 p1n L. ()34/ well | is 5t|ll low
0035/ ok DI 15 low D2 1s hlgh ok...let us go to the actual optlcal ()36/:U‘28(pin)l i.f‘ ;

- low 037/ ok .that, 15 ()38/ 2 1s low 039/ 50 that 15 ﬁne'and 040/ we shduld look st 51

s

should be goxng to the supply 041/ 1234 5 1s gomg to the supply and ()4”/ 4 is llod(urt -
- Sllll 043/.‘ well let. us sce that there is a short thf:re 18 poss:_bllny ol A4 s floating
| actually I w1ll metrsure the voltage on 4 and see what- we have 04441/j .5 1s reading 8 volts J

045/ . [hdt is 5trange 046/ .. why voltage is so hlghi ? oh ]ust a 5ec0’nd J
047/ let us put the other IC.. that s 1t ()48/ Put the IC mn there power supply wunt to lool( :

around the IC 04.9/ .oh dear..] know what 1 have been donng OS()/ N have not been

'lookmg any further than U24 051/ . There is the p0551b111ty of U25 of course beuust T L

that'is what S . eatmﬂ it..so U25 probably was the problem and I have been chaslng the
wrong Stuff because I wasnt paylng ‘any attentlon to the ClI‘CUl[ ()52/ ok we haw
_another U25 which 175-..7. ,740() OK ano‘ther 74()() ((Chlp is bemg changed)) Applh

power OK 053/ .. and look at the. voltage 054/ alnght let us try ...we are unlocked SO

enter a code..elear.‘ 4 055/... what’s going on 056/ OK I was not unlocked . 'problem
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'

OK j 057/ OK let us try unlocking it again ... 1234 enter 058/ ... andnothmg 1s
;happ_e:hing its ‘in;‘ere‘ating 0059/ ... OK let us go back and see what do we’ have now |

_ ()6(;/ U24 pin 1' ,is‘stiil,nretty high (961/ ... its 1.5 OK right that is quite slt_ran,’g;e 062/ ...
OK ;avell let us make sure we still have D] zero 063/ Yeah D1 zero ...’Yeah’ Ijl zernl
, and D7 -1s one ()64/ That 1s snll OK 065/ wfhat 1s going on here . we. changed all th(,'

three le . dld not have any effect 066/ . OK thf; circuit dxagram is supposedl)

: CO‘m‘ple’te N

INTERRUPTION

CONT]NUED LATER

067/ .. ﬁrst of ‘all we should try to lock alright I’na _going to ‘enter ... the Apower is on to
3 the system SO I m gonna enter my code 1234 068/ .. .. the lock is turning and I can
have snmulator as 10cked 069/. Then I go b'ack to the uplock situation and try the code.
again 123 0.7()/~l n)ade a mistake so clear it again 071/ 1234 enterfandjit is working 072/
OK.am:JI.read'ing it corfectly 073/ ... locked the vault using a secret code of ybﬁ_( Own
choice press the main s‘wi‘tch to the lock ]position..in order to simu]a;e' loek...v.ault;.
ek‘.lmay be 1 5h0u1d fvollowk this again Qk so | shoul;i enter the swi't(:h..is:in unlo:cl\(
position..ok..hl’(_)74/ [ enter the edde again 1234... enter ok I simulate lock Vc‘o\ndition by
putting the swﬁitch over the lock position;dk nbw“I should enter the code and see if 1t
opens 1234 enter 075/ ..and nothing happ”e_na;076/ ..ok the digit is digits coneCtl)'

displayed...but the motor doesn’t move 077/ ...ok-so we should look at the circuit diagram
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- which for the unlock position we should have Dl Zero and D" should be one 078/ SO

looking at the circuit diagram ok D1 is at U30 pin 1 U30 p1n 1 ok U%() pln I ’'m pultlnz_"
the logic probe on it and it i1s U30 p1n 1 1s low 079/ and this is how it should be un«h)d\ui

080/ and......the D1 should be hxgh so that is ah 081/ JTm looklng at nowﬂ_he .U43() pin2 :

e

so’the codes coming from the processors seem to be ok. 082/ se the néxt step will be then .

ah...lets go to the other side of this opto isolator and see if that is functional 083/ so™t0

look azt DI we should go to U24 _V‘_p.in 1 and see what the... if it’s hlgh or low so Y24

pinl U24 pin 1 here’s 084/ Y24 pin 1 okits neither high nor low 085/ ok lets go 0 .

pi‘n2 086/, Pin_2~)2 is high ()87_/- so D2 is high so something strange g{)ing on-pinl which :

é

is neither high' neither low in what we expect here is low‘-’#and 088/ ....that could ‘be wo

causes of this problem either the U24 gute has gone:.‘gaxe-GA is g()ne (o'r’,lhe opt() isoliator

has a problem dnd I guess I could.. Just qmckly look at other U224 7400 senes gdtes S0 lu\

look at ah. OIhCF gdtes on the same ... _same IC and see 1f they haye some.strunge,

behavior 089/. G»age-number 1 had a pret‘jlen},’number 2 isipin 4...5and 6 that seems 10
be normal and p1n 8, is the output 9 090/ ..yeah that pin 9..and l:() "a'gain are floating ah

091/ ok 50 seems to be two of the gates on U24 are bad- 092/ 0 its quite dh lxkel\

AT

actually 1ts pretty good guess that the U24 1S [’ne bad not the ah U28 IS()ld[OF $0; 1f I (_(mld, )

“have ah the soldlerlng ironand I’ d llke to lry a dlfferent IC 7400 09"3/ ok...ah., lets’?wmh'

the power off ok lets get this ah U24 out of here can tyou get me a screw driver,., {hdnl\ :

you ok actually I don’t need [hlS nght now I'll Just take this chlp out and put another‘ onc -

=<

in there this is the bad one so this is the new 7400 ok like that’s in there and we have

to now ah apply the power again ok the ok itg gone through the en_tjr'e dia’g’nosties ()‘)4_/

Y



Toey

) E21 code is showmg and ah its its finished the dlagnostrcs 095/ SO l m gomg 1o ry=to see
if 1t works agarn 096/- 1234 enter ok srmulate the locked srtuatlon and go back and try

unlockmg it 12 ... 1234 enter 097/ and it dldn t do anythmg hmmm 1nterest1ng 098/

LRV

alnght lets go back and check it again 099/ U24 pin 1 lOO/ same problem IOl/ ok letx

i'see what s gorng on now: ah- 102/ lets look at the back of t.hlS U board if anythlng

L]

.strange 103/ don’ t see any obvr()us 104/ ah. problem there ok ahah U24 1s 1t used

somewhere else or not | see. U24 is only one gate Wthh is belng used ok whether s -
the output altso going to, G2 whrch is ah another 740() lC 105/ sol could ah try replacrnl_;
i that lguess Actually I have this old lC which | took out from the other one I could |
E could lcould use that one 106/ SO here goes the power 107/ huhhmm tta 1nterest1ng

;maybe our 108/ let me apply the power again 109/ may be I l’lad a problem w1th this ah

4

the unlock swrtch ah has 3 positions, llO/ may be it was smlng in the mrddle lll/ let«r‘f‘

vqurckly try it one- more time 112/ ok jUSt gomg through the dlagnostlc 113/ actually [jUbl :

!s<

i 'don t even need to wait: for that because the gate is ah ﬂoatrng 114/ so lets Just changt

' the chrp that s come out here s a new one’ l hope these chrps are ok ha ha ha 115/ R1ght

:all_ right apply the power agatn 116/ 'Rrght we: have ‘unlocked posmon runmng the
dlagnOSthS 117/ but we don tvneed to wait for that I can lJust measure U24 rrght awa\ '
118/ ok U24 pin 1 is hrgh pin2'i is high 119/ seem to be a bit better 120/ so lets jUSt try
locking it 121/ 1234 enter ok lock it ok then we go back and try unloak 1t 1234 enter 122/1’
and nothrng happens 123/ alnght lets jUSI see where we stand now 124/ U24 pinl nght» E
same sttuation ok well 125/ 1 thrnk I should also ch&nge the opto coupler U28 becaus<

this thtng 1s only gong to 2 places either to U24 or U25 126/ so all the places going to 4’



e

«

s Lhatiahﬁé‘nd actually third one more place is the ahhahfi the resistor network and one

&

..

o could even measure the resistance ﬁrst of‘ all on those see see what ll i§ like 1277 ok

- U30 PH’I 3to ground should be* 10()ohms pin 3in 12 17%45678 14 13 12is - 1000hms ‘md%_ |

" Qv . .
pin 12 w1ll be grounded SO where s rhe ground here 128/ ok thal seems lo be groundu}

129/ SO that S yeah the resistor seems to-be ok 130/ ok then alngh{ l Il change the couplc,l
' U28 yeah U’S 131/ here’s the old. chnp and I'm gomg to put the new onein there...

"alnght lers ‘one more time . Lhe power 132/ and lets just look a-twhut we huve pin U24 ~

pin 1} ok alh'ghl 133/ lets put 1t in the unlock posiﬁon and enter 134/ the code'17?4 enter
i -
135/ ok 136/ 1ets try unlocking it now 1234 enter 137/ and no go arall 138/ 0k lel\ go

back to U24 pm 1 119/ this s ﬂoaung now that 18 quue 1nlere5ung 14()/ ok here the signal o
.“'1,5 only gomg. ,-to'3; places resistor is okwe changed that lhe 1nleresl1ng lhmg wh‘y s

ﬂoating ok ahanathZ—i is not used anywhere else ok ahah now what hus'hapoened to U3

ok lets measure the voltages now gotta measure the DC voltage on U30 pin 3 which i
the one which seems to bé stranger...sitting at 4 volts no ah 1.3 volt ok and 4 is'the high
one that’s SO looks‘li'ke there is too much current some how on coming out of the opto

coupler .. and. u30 well... Vlooks‘ seems 10 be ok in terms of ..100 or MR3 is 1000hn

141/ .. check MR] 147/ .0k MR1 143/ let power off here ...oh MRI pin 1 and 14 144/

ok...that is. IOOonm alnght 143/ ok pin 2 of the Optocoupler should be grounded 146/ md

let us verify that U28 pm 2 147/ yes that is grounded 148/.7 ..Ok well that docs not,leavr
too many thmgs that could: be causing it. Its nox bemg lo&ded its snung hlgh SO the 14‘)/
~may be the Vcce...supply is.too high... or hmmm 150/ . ok let us just measure the voltages

again...its supply vollage.'.U28' pin 5...U28 pin 5 ...U28 pin 5...U28 pin 5.'.:.123"45 and the

8O ~



]-gro'und ..~.where 1s the grou_nd hefe 151/. Pin 2 is .the ground..lootés 15?‘;\701ts 152/ ...and Uu29
pin' 5 ‘pm 2. 345 153/ ok seems the supply is gomg there. alrlght 154/ .. I»guess I |
should v1sually examtne thlS see e whats happemng 155/ U24.. looks pretty clean Ok U25
seems isn’t shot on. the PC Ok hmmm U24 pm 1 | ..that looks reasonable 156/ ... oh
- : ycé th‘at, s pr,etty pecuhar.,.yeah Dl is lowhbut is it still ,c\onducting seems to‘be too much

ledkage 1n the optocoupler 50" ‘ and U25 ie ﬁv.we'.'.,c'han;ged that andits gorng no whcre
else U26 U?O 157/ . Hmmm let us supply the power .and right now' its running
) HdldgnOb[lC lets see what ;happening there U24 158/ dis hlgh 2 is high 2 i5 low ok 159/
yeah maybe I should loob: and use. the scope and actually see what it looks like...hefe
'160/ ok let s measure the voltage around the IC 161/ ok U24 .ok supply voltage Is
good 167/ .yes supply s oood ctrourrd 1s good U25 15 ﬁne U24 is fine that is nttrrowm{_

.

down the process here we already conﬁrmed its grounded 163/ hello ~what we got her(
U30 ..12‘ 164/ here is‘minus 5. 5 volts what s that" 165/ 3. 4 U3O 1212 3 45678 9
10 11 12 166/ well that s 1nterest1ng U3O 12 should be grounded why it’s 51tt1ng at-5
volts- 5. 5:volts so 167/ -either there IS 1nternafshort in U30 or whats gomg on in that ’
area... sobest thing is ..well can try different resistant netvt_fork 168/ couldl have tha
.0k let us Lry different resistor{‘169/ ..and seerwhat we g0t now 170/ ....nor‘rn:ally, prett\'
unuetml for a resistor to go but 1 guess its possible 171/ ...ok.. nght we go to unlocl\‘
position 172/ very unlikely the reStstor w1ll go like that...well its p0551bie I guess 173/
..we run through the diagnostic and so lets now . enter our code 1111..I am gomg to try

this 1111...enter.. 174/ well it is 175/ .that was the least likely eandeate but actually that -

was the problem.- -
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FAULT D

Fault Symptom #1 (L()ckmg of the motor dnvc has problem Un lockmg is Ol\ U31 pm
13 2 E broken)

000/ ok problem is when you want to lock the vault the/ motor does nat turn to activate
the locklng mechamsm However if lhe lock 5w1leh is manually cl()sed to slmulalc i
l'ocked;vaml .the dlxp}ayed dlglts dlSdppCdr and then the unlockrng mechamxm funumn\
norrnally 001/ Alnght lel us follow S0 we are in unlock posmon press any 4 dlgm. u)d(

of your chOnce on the keyboard 1111 enter ()()2/ ok lhe LE. D mdleat()r Lhangex 10 red
003/ and lhe code shodld be Dl is 1 and D2 is zer() Let us venfy lhat ()()4/ ...()k.‘. D1
is 1 D7 zero ok 0nlv problem motor doesn’t seem ta be acuvaung 0()5/ ok xo w
have.. A looked at U74 0()6/ 5h0uld look at U74 pml 007/ U74 pin 1 is hlgh de
pin 2 1s low welJ soon [ come mlo that gale ()08/ dnd Jmce lIS a NAND gdle the ()uxpm
should bé hjgh 009/ U74 pin? ishigh OIO/'ok 011/ ...now‘let us...we 5h0uld look at U75
pin 5 pm 4 and pm 5 ()17/ pm 4 is. hlgh Sius hlgh and 6 is low 013/ ...s0 that’s alright
and- that output of gate G? on U75 goes to Gl on U75 ()14/ where 1 and 2 is low and
3is hlgh 015/ ...s0 U25 seems to be ok 016/ let us iook at the other side 017/ ..G3 on
U25 at pin 9 and 10 018/..9 is high 10 is low...and 8 1'5 ﬂoating 019/ ... ok let us look
at alnght let us measure the voltages around that ()20/ [ see somethmg funny Eomg on

U25 ...its high 021/ .1 think-U25 is gone 022/ iet us make sure...8 ok 023/ what’s
going on here 024/ ..let us try U25 pin & .89 10.....oh 025/ ..that’s ok 026/. and -we

should look at output of so both of these are 027/.seem to be ok 028/.so let us

summarize G1 ie U25 pin 3 is high and 11 14 13 ..11 is low..ok..alright....((please keep




: .'thin'king talkmg out loud)) 029/ let us look at . U26 now . U26 is one without 030/

\

7

" U2 ‘3 is high...U26- 1 is high ..ok.. 031/ yeah that mpu{ is fine so we should look at‘ |

pm 4 of U26 ()32/ pm 4 is hlgh 033/ let us 1ook at u27 that is the other opto 1sola_t_0r- .

()34] U27 pm,l is low and pin 4vof';,same chip is low 035/-...s0 we. got high“and 169;,

ok. hmmmm yeah that interesting ...so that logic "pzin'ar)pears to be ok...ahd;..ok...logic part

¢ .

o appedrs to be alnght we go [ ...zero 036/ SO Tl should be.conducting because base-is hlgh

‘ ‘?fOK ()37/ Tl let me JUS[ refresh my memory heré' ... we are snll in the lock posmon' e SO

" (‘v'm/ o "

DI is hlgh D2 15 low ... every[hmg normal there ... 0k ... let us goe around U24 one more

trme in case l was not paying any attentlon 038/ . 2 same low 3 . 4 is hlgh

rs;low . [hlS 1s ok nght 8 is hlgh 9 is hlgh l() 1s low that is"ﬁne -11:1'5 low L1208 -

 high 13is high 039/ yes this looks normal 040/ . problern has to ¢. 50 .5 Yeah

those couplers also loo}c fine also ... ‘well ....,0_41;/~that leaves us with few ",trahsfis,tors to -

worry about or the motor itself 042/:.,. ok ... 'h'o,wean we ehec_k the Vec2 .. Vec2ison’
pin 5 of opto coupler so-let us measure the voltage U26 pm 5 .. 245 -.--?9-4.5 V()][\ T

- 043/ .. pnesumably t,har’s ok 1 don’t know how ex'acﬂy that {he right volrége 044/

assuming that is alright ... ok where is T1 transistor here LTI tran51stor there 1s Ql .
. Q2 ... alright 045/ .. those transistors ar¢ one thing that could be_problem,or any’ of
those transistors 046/ ... actually the motor’has to run ... to get positive 1o conduct and we

should look at that voltage going out ta the motor ... and let us see how ... is easy ... that

047/ ... let us see the motor voltage across the motor terminals 048/ ... we don’t see any-

- voltage at all 049/ ... the reason for this ... ok ... this ... when U26 is conducting then TI :

should be conducting and we should have voltage'th‘ere so ... and on this side so QI
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~ should be 'condu4cbting and Q2 should be Off and the n%otor Shouid 'dr'irvé“that way 0507

. dl‘( what is the actual volraﬂe let us see on. rhe Ql the output of U76 pm 4 U2(»

pin 4 051/-... it’s 10 volts '052/ because it’s Conductlng nght . Yeah U27 pm 4 should -

' be zero 053/ .;.'n'ght SO 054/ Citis conductmg alnght and thc 10 volt applled thcrc and 7

there 055/ .. ok one could also be worth lookmg at the voltage on bme of T?. whn;h 1\ e

U3l pm 2. U31 pm 2 056/ resistor U31 pin 2 lS sxmng at zero volts U”&] pm ()37/ ©

..well that’s. the pr()blem
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' APPENDIXC™

L V'e’fbal Protocol

‘S‘ubl'ectf/.#i N - o : D Iy-, %
qult A. o BEEREE - SR g o o

qult Symptom #1 (Motor does not: lock Unlockmg is OK U25 pm 6 is, broken)
Ok O()O/ It s not lockmg properly . 50 let"’-:s's‘ee,_;.:-*DI .. D2 ... ‘i's_'.z.eyb.‘v D1 .. B2 is
zero. So 001/ _Iam emenng the code S Jem‘er 002/ w1 ex‘pea DI ':?o' be high -

D2 to be low 003/ D} thh D2 10w 004/ U28 let s see here IC U24 pm 1

»' pin 1'U24 U27 U75 u24 .. pm 1 should be hlgh hlgh pm 2 shou}d be low 005/ .

[ts low 0()6/ - %0 pins 4 and 5 let s see, 1 and zero is zero . not is-one and one is ) o |

zcro One and one iS' one ‘ahdr not~is 2€10 .. zéfo ‘%le Zero. ... and ’n'ot. 1s one s‘/o-_pinil_"i of
U25 should be hlgh 007/ . p1n3 of U25 008/ and it's low: - |
So lm S see p1n4 U23 . is high O}O/ pin5 ... ShOl;l](-j..bC low 011/. But why i B
'high'.’;()12/ .. Pin5 is high ... Or}é and,ze,ro zerQ 013/ ... pin5.is higﬁ 014/. That’s co;recti -
. One ... one and zero ... is bne oﬁé zero zero .. Not is one S5 s hlgh 015/ ... 4is
h‘igh pih,é 15 zero 016/ . Pin 6 1s low s nOF’]—OW it’(s’nothing 017/...4,5 on;z-
) and one is zero 018/ N | ”
Pin I and I 1-5 one néw 1S zero . pm 6 should be’ ze?p’ pinm6 .. 4,5, 6019/
J

.. Ok seems like there is fault ... U25 pin 67 ((,kee'p,_spcéking please _)).4;.. It ...‘arri I

suppose to fix this ? (( Yes . You are suppose to ﬁx it ) Ok ... (( But keep speaking”
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. ._ ¢ .
please )) 020/ Ok U25 pin 6 seems to be low or is not 02,1/ n(')t.hing on it. Novohrgt -
on it 0.22/. I am going to ehange You have.pliers or anylrring. (( Do you »;am‘_ plier» i
?b )y Mey be ...-(( Ok I will give y'ou“pliers )M ... ‘Ok .. ((yes. Keer; ./speaking"p;leuse '))‘ ‘l
yeah OH 023/ ..ZVPin 15 not bent or qny’t’ﬁing 024/ ... Doesn’t seem like ’enyth;ingl is w'rorlg
025/ Pin'5 undeme,a"t.h".;— . 12345 ... 2345 ....'and 026/ traces Seém to bé O’i( ....‘aﬁd,or}!' -
027/ let’s try th/i4s agriin 1111 -enter 028/ and OK agam its gone ()29/ . pin 14
pin 4 of U25 and pin 5 U7S . were. supposed to be one’s . pmA and pm 5 are b()th hl,g.,h

. gO()d . pin 6 There is nothmg at p1n 6. O?()/ . dnd let’s see lf Lhere is power to (Hl/
pm 123 . 6 7 p1n 7 is low ... pin 16 p1n 14 1s 032/ hlgh SO’ there 18 p()wer to thc -
board . and to the chip .._.~=pm 6 is th”proper 033/ .. and iet s see pin 6 U75 p}m
12345 . 034/ pin 6 doe\s‘fno[. 20 anywhere 035/ . - should,go to pins'1 and 2 of U2 and
large: schematic and U235 U25 L U25 pln 1,2go tQ Bin 6 ... Pin 1and Pin 2. Let's sec
here ... U2s pm 9 and I‘()'zero'»‘énd one. One an.d;zero -is zero . .'zero.and n‘(:t 15'0ne
one and one. hér is ‘z«‘ero : 036/ Pin 11~ should be zero. 037/ 7, 8, 9, l() 11 ... 038/ s
nothing there 039/ Pln 8 040/ there 1S nothmg there pm 10'...9 [0 ... OH!. (( Keep "1
_ speakmg please )) 041/ Iam JUSI redxdllmg the number agam 042/ and power 15 back on -
agam.... 043/ pin ... U25 prn 9 ..7891s hlgh pm 10 is low as Iexpecled ~ so 044/ pm‘
8 should be 'rrigh ()43/ pln 8 is hlgh 250 pm 11 9 10 1T is low but pin 3 is low. 4.
5,6 ... 046/ pin 6 is not { there! A! ... 047/ fault at pin 6 .. pin 6 of U2s .. (_)43/.one and
zero ... One ... one of U24 high ... low is low NOT it’s high high and high ... pin 6sh0uld- .

be low ... 123456 ... 049/ seems*t»o» be a fault at pin 6 of U25 ... Ok ... (( please keep

speaking )) ... 050/ Ok I have to check why pin 6 does po[}go high ... Let’s see ... Probe
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~ properly .. 001/ 1 press my code and it d

. o
“should be able to tell ... 051/ Pin that’s’ the ground ... ({ p_leasae:keep‘speaking )) and pin
" 6is low ... 052/ Texpect it to be hlgh . but with the probe its not there at all . 053/ and
'let"sksee may be a trace is cut or«somethmg 054/ may be at flrst Pin 6 Pin 1 ... Pin
2;... I am doing ... [akin; "o’u[',[‘he chi‘b and U25 and do you have another chip ?

'Ok ... 055/ and let’s see if it works now. 1111 o le.t s.;;see’ enter . and 1ts. workmg So the

"fabl[ was chip at U25.

Fault'B" R o
Fault Symptom #2. (Lockmg mechanism is Ok. Problem 1 wnh unl;ockmg U25 pin 8 19

\

’ bent)

,.

o

000/ The unlocking ... ﬁ.mo‘(or does not operate because ... the unlocking is not done '

s{;se‘em to‘g:o in 002/ so let’s.see ... Unlock

” should be Dl Zero D2 one ... zero ... one ...one. One and ZeTO ... Z€10-30 there should be

high one ... 9 and 10 are one . Sopin 8 of U25 6 7, 8 should be lo: 003/ and it is

- 004/ and pin H .9 10 11 should be low 005/ Let s see ..Zero and onyelfDl €10 D2. -

one .. zer‘o and one is zero NOT is one . One and zero is zero NOT is One ... one not’ |

| fis zero . 006/ Pin 3 should be zero :.. 007/ Pin 3 should be low_‘ ... 008/ ... andilt’s Iow'
()09/ and pin 9 is one . . pin 10 is onen,.d. one_and one is_.;‘high and b.igh'one and one—v

is Tow . 010/ and 1t should be low ... pin 12 ... U25 pin 8 15 ... 011/ i;e[’s'see ... pin-9

of U75 18 hlgh Pln 10 1s hngh 012/ SO hlgh and high is high and NOT .... is }ow SO

high and high ... is low. 013/ Pir 8 should be low 014/ and it is low ... and 015/ Tow
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. ”WCl’th is hlgh 016/ and pln 11 shou]d of UZS 017/ 7 8 910 1t . pm 1. pin:"’:

" - 8is low ... 9 and 10 .. U'25. pm‘ 9'and:10 JS one NOT is ... zero . dnd zero .. 1] e

=
3

- ,!h.gou]_d'be one . 4 5 6 7 89 10 11 and i’ s‘not 018/ Do you have anothcr SU2S PR

o Yes .. 019/ and there 1s no power Oh' 020/ Ok That is the fduh

Fault C.

Fault ‘Symptom #2 (Locking mechanis,nd':"is Working fine. ‘?roblem W‘i‘trhi«unlocking_.’ U’*(* . DI

~ pin 12 is not grouﬁded)

000/ 1111 and enter ... 001/ that’s fine ... . 002/ andyll tH f)()3/'and its not Uni(‘)léi{“ii"ni:; o
properiy ()()4/ So let’s look at the schemanc Unlock o and one’. . S0 pin LLU24 -pi;j,
3 ... should be high .. U24 ... U25 where is U’>4 UH UIﬁ U”A p‘m 3 1; 1‘““'.1’;

- Oné"o‘riérzervo zero pin 3 ... should be one ... Pm 3 Oh ()()5/ le{ S check U’J 5 pm % '

*

(keep speakmg please )) 006/ and may be 1 can ﬁnd anothér U24 ()()7/ for U74 and

Cax

"let S See. 1f . it sounds any better ... and let” s try 1t agdm 1111 uxie enlc-r ()()X/ |

it’s lOCkihg properly .. 0709/ 1111, 010/ su]l n()t unlockmg 011’ May be thcrc is more " f; |

than one fault ... Pin 3 U24 .. is still low. pm lis high Pm 2 is not [hepc low high ..

*

" Pin 1 of U24 is not there ... Pin 1 of U24 lsgm therc . 012/ s0 ]etfs,sce Dl L U28 pin

~ 4 should be one ... U22 ... 20, 21, . U28 ..;.' wherc s U28 ... -and 26, 27, U79 ~ U '

...there U28 pbin 4 ... is not ... 013/ may be it’s not powered 014/ p1n2 10 ground pm‘i w

%

pdvyer ... 015/ and is there another U28 ? ... (( Yes. I can give you anqth,efone )) ()l_()/

and pﬁtting U28 back in again'..‘ and pin lrpin' 2 pin 3 ... OK. Let’s try again 111 1"()‘k
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let'ssee 1111 ... 017/ 0pen O18/ 1111 ... 019/ still not F(x;king .. 020/ let’s check it ... l)]'
shQu~ld be low ... so pi.nl.‘should be mgh ... 1ts low ... Sorry pin 1 s low .. pin 2 is low
- ... pin 4 is not there. Pip 5 1s high 021/ pin 4 ... 022/ let u‘sf_‘éhccl; the trace ... ;u~1d .
Oh! ... 123 .. let’s see then ... 023/ pin .. U28 pin 4 is not don¢ properly ... 023/ let’s sec
U30 pin 12 025/ resistor U30 ... UB() pin 12 U30 pin 12 ... U2X, U29 ... U?A)l = U206
7 . U27 626/ u3o ... Pin:-l2 .9 l(\)\:l 1 12027/ 1s tied high U30 pin 12 1s ned high 028,
should be low ... 025/ sé the fault®seems to be U30 pin 12. It's not tied to ground 030/
gljet_’\s qheclz it ... entering the code ... ()31/ i's locking fine and ... 032/ Unlock ... and -
lhl [T 033/ 1Cs not unlocking. 034/ Let’s check it ... where’s the screw driver U30 pin 12,
SN

{

035/ and OH! the pin 12 is cut. o N

3

Fault D.

A,

Fault Symptonf#l (Locking of the motor drive has problem. Unlocking is Ok. U3l¢pin *

—

13, 2 15 broken)

3

000/ Ok Let’s see ... does not lock properly ... so 1111 enter ... 001/ it’s not locking ..
002/ sg locking is one 2610 ... DI, D2 is one zero ... so U28 pin 1 should be high and ll\Y
- not ... Let’s see U28 pin 1 ..A’pin 4 should pe high as well ... 003/ Yes pin 4 is high ..
U30 pi‘n 1278910 11-12 ... 1ts ted lo“f .. pin 5 of U281 Lticd high ... pin 2 1s tigd
low ...(004/ D1 should be highk... 005/ lets see U28 pin | ... ()()f)/ try another U28 pin |

" ... ((yeah ! please keep speaking )) and U28 pin 1 OK and let's try U28 pin 1. 007/

Trying up gain ... and ... its in open position ... and 1111 ... enter 008/ and its not locking
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still ... 009/ so let's cheék . U30 pin 11 .. Olb/ U307 8910 11 is tied low 011/, pin
5 is tied high ... and D2 is zer(; .t SO ‘pin\l‘ U30 ... is now ... is high ... ((please keep
speaking )} 012/ Ok ... pin 1 U30 is high ... and pin 2 is low ...-pin 1 is high pin 2 is l()v\
... that’s fine pin 4 éhould be low ... “jﬁ‘hal’s high ... U29 ... pir; 1 isilovvv ... pin 2 is low ...
pin ; is high ... that’s fine and pin 1 of U28 is not fine .. is not high ... pin 1 U2¥
and ... pin I'U28 ... what could be wrong with pin 1 U28 ? ... pin 1 U28 ... 013/ Do you
| have yet another one , may be-? ... ‘(*(;yeéb . 1 will give you )) ... ((keep speaking please
) .. Soméihing-wrong with pin 1 of u28 ... 014/ let’s see U28 pin 1 ... p»in 5,4and 5 ..
U2I8< ‘pinj.'l OK .. let’s see ...\_lgzt’s check it ... pin 1 U28 ... and there we go ... its in ... -
015/ bower is back ... 016/ 1111 ... enter ... 017/ its in open position but does not lock
properly ... 018/ let’s see ... It’s not the chip '..@U28 pin 1 ... D1 ... should be one . 019/
aﬁd lels see U28 on o£her‘ sch¢m;'itic pin'1 ( the subject is now locking at the main
schematic ) ... U28 ... U27 , U26 24 25 ... Oh there 1s U28 ... U28 ... Ul‘O, Y5 .. bin 7
of UT0 .. 020/ pin 7 of U10 ... UI0 pin 7 .. 34 5 6 7 ... is high one ... 021/ which it

shbuld be ... pin 7 Ul()e is high 022/ and‘Should’bglgoing ... LED ... and then from the
CLED ... to pin 1 of U30 and ils‘high anwd pin 1 of U30 ... and pin 14 ... is not there 023/
.. So let’s see | am repla‘cing U30 ... 'somcthin'g wrong with pin 1 of U30 024/ ... I am

r:'_emoving U30 ... and replacing it ... Let’s see and ... try it again ... 1111 025/ and it’s étill

' n}ot fine 026/ Let’s see Ok ... pin 1 .s fine hov&; .. U28 ... pin 1 of U28 1is n(‘)t fine ...
Ulj() .- U28 027/ lct:s see 1s 1t a trace cut ? ((Please kccb speaking )) 028/ and let’s

see ... 028/ I can’t see the trace underneath-... to U28 ... U28 pin | ... pin 14 of U30 ...

OH! ..»pin 14 U30 is going to U26 pin 1 and now ... let’s see ... pin 1 of U28 ... pin 14
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030/ ... This chip 1s not right ... 031/ Let’s see ... and is there another one for this ... 1 am.
looking for another U30 .. ((please keep spez;king 1) U30 pin 1 U30 pin I ... OK
replacing U30 ... ok le[ﬁ's power it up again ... Now.... 1111 ... 032/ its not locking ..
033/ let’s see ....VNow .. U30 ;:‘)i‘n. 14034/ sull not there ... 035/ pin ’l 1s high .. U3
pin 1 1s high U 14 ... 1s not there pin 14 ... is not there ... Pin 14 ... Pin 1k4 LIS

let’s s“"ge. 036/ Is there a short there between pin 147 .. ()37/ No short ... 038/ Do you

have 4nother one of U ... please (( You have changed three times )) This was not a

resistor ... (( All of these are resistors ) ... ()39/ OK ... But this wouldn’t help ... 040/°OK

U}() pin 1t pin 14 . ( subject is again looking at the main schematic ) ... 14 ... 1111
Lo dQes not go high ... 5o let’s sée .. U2K pin 2 is grounded pin 5 is high ... and pin 4
1s high ... and nO'fhing at pin | ... Nothing at Pin 14 and nothing at pin 1 ... U30 pin | to
pin l:4 .. 041/ let’s check it ... may be internally something -is broken ... 042/ and let’s \u

... Ohmmeter ... Putting ohmmeter between ... pin 1 and U28 ... should be open circun

2‘043/ which it is ... ()M/Lpin | and pin 14 ... see ... 100 ohms ... Should be 100 ohms

pin 1 ... Oh ..-its 100 ohms between pin 1 and pin'14 ... 100 ... and pin 14ris high ... 045/
let’s try again ... its open ... want to lock 1t ... 04{3/ IUs not locking ....047/ Pin 1 is not
going high .., U28 pvi'n 2 as high ... 048/ and let’s check U28 ... the diode there ... ();1‘)/' )
U28 1ts ,diode ... between pin 1 and 2 of U28 {(Please keep'speaking)) .. Pins 1 10 Ué&b:

1s ... OH! hang on ... Let’s try this'U28 pin 1 ... to pin 2°050/ its high ... 1 to pin 2 ... 1.3

V(’)l[S ... 051/ Pin up power and lock ... 052/ I8 not locking ... 053/ pin 1 to pin 2 of U2XK

..PinTtoPin2..Pin4 .. Oh .. Tam " . ((please keep speaking )) ... Boy! ... righi

now nothing is going through my mind ... can’t see what’s wrong now 054/ ... -that



- resistance 1§ h‘igh ... Lis high 14 1s low ... U28 pin 5 1s high D1 ... is one . for locking
its'high and its high and ... oh boy! .. ((please keep s'peaking)) 055/ 1 don"t‘ZR“now what’s
wrong ... 056/ let’s see 1.1_1 I ... 057/ It’s not locking ... 058/ Pin i of U28 is ... ’U3() ‘
sorry U30 pin 1.1s high-... pin 14 is not ... Oh ... let’s see what could be wrong ... Tried
0
rcialacing the resistor ... that didn’t help ... 059/ let’s see ... let me try geplacing it aEain
- 06&)”/ checking the volt ... .resistan/ce :between ..pin 1 and pin 14 ... pin | to pin 14 ...
061/ iO() ohms ...".062/ fine.... pi;l 1 .. Ok ... 50 ... pin- 1 is high ... pin 14 is not ... 1t
should be high ... 063/ -(.)H ... nothing is going through my mind ... I am stunned ... Havco
no-idea ... (;pl<easé keep talking out loud )) ... I have no idea what’s wrongﬁ... Why isn’t
pin 1‘.\4"g0ing high ... U28 pin 1 tb pin 14 ... why ié that pin 14 is not there either ... |
haven’t got the foggiest i(;ea ... 064/ There is 100 ohms between there ... I saw nothing
| wrong ... between pin 1 and pin 14 (( please%keép talking out loud )) pin 1 ... and pin
14 .. pin 14 goes to 065/ seé ’the trace  goes 066/ ... under U26 ... pin 14 067/. 1 ‘
- shouldn’t do that. 068/ Let’s see U28 pin 1 - U28 pin 1 ... 069/ Let’s do continuity test
between pin 14 of U30 and pin 1of U28 ... 070/ 1t’s higﬁ ..071/pin 1 of U28 ... and pin"‘ 2
14 wﬁf U28 and pin 14 of US‘O‘ 15 higih ... SO ... ((please keep speaking )) 072/ -
| I d(.‘)nv"t, know what could be wrong 073/ ... Let’s see Pin 1 to pin 14 is fine ... 074/ there
IS 10() ohms but nothing _goin.g 1h‘r0ugh ... 075/ let’s see the motor v;/as fine ... and let’s
‘se.e‘what elsi'e .. pinl .. pin4 ...‘076/ l:at’s check_ the voltage here ... 077/ One ... pin 1
' 'U2n4 26,2524 s high ... -pin"’2 is low ... 1 1s high ... pin 3 is high ... 078/ one zero
()ng_l()w .. Lis high .. pin 4is low .. 079/ U24 pin 1 and pin 4 is same should be the

same ... Let's see  2*080/ pin 7 is ground ... pin 14 is high ... 081/ let’s replace U24 ...

" oo
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082/ U24 is repla€ed .. let’s see ... 08.;5/ let’s lock it again ... 084/ checking ... 1111 ..
. énter ... 085/ why ... wonder ... pin 1 is low pin 4 is high ... oh ... U25 ... pin'4 ... and
U24 pin 1 is high ... pin 4 is high ... pin. 3 of U24 = 1s high ©.. high high ... low 086/

pin 3 of U25 should be high ... 087/ so its high ... ah ...

U25..9..456789 ... ;igh , 088/ pin 10 should be low .. 689/ low ... high and low
.. is low ... Not is high ... Not is low ... pin 11 shauld be low ... 090/ is low ... pin 1 U2(;
1S h;gh 091/ ¥30 pin 9 should be grounded ... 092/9 ... is low . 093/ Pin 6 should be high -
.. 094/ Pin 6 is n;)t there ... 3456 ...pin. . U26.. 1land 2 ... 4 .. pin4islow pin S
... U26 oops U26 ... pin 1 is high , pin 4 is higrh . Pn 5 1s high .. pin 4 is U26 pin 4 is
high ... pin ... U31 ... 095/ no»; let’s see pin 2 of U31¢scerhs to be bent 06/ see U3l
. Oh .. boy';i\;. [ will wy that ... ((please keep talking loud )) ... and just fixed U31 pin
2 ... 097/ and let’s try it again ... 098/ let’s see ... 1111 ... sull n(‘)t working ... ()‘)‘)‘Ts‘cg
U3ll'pin 2 is low U26 pin 4 is high ... pin 13 U31 ... is low ... U31 pin 1315 lnw .. and
4 1s high ... How 1s that 2. 13»_is low ... U3l pin 13 is low ... séﬁe to tQm motor on ... |
need‘... 100/ let’s sée pin7 ... 1 ..pin 14 U3l .. low .. pin1llow .. I4and 1 .. low ..
2 and 13 lo;v'..’. 4 .. U27, is low ... 4 U26 1s higH. lv()l/ let’s see ... U26 102/ chccking
out U26 ... repla'cing Uié L1111 .. enter . 103/ doesn’t lock ... 104/ motor is C()mln;ctcd
‘ _ \ :

'lhé diode is connected. No disconnection here - Ok. Let’s see again ... 105/ U26 pil‘l
4 is high U31 pin 13 is low .../106/ Low and low ... pin 2 of U31 is low ... pin 1 ot

U3l is low ... so that's off ... Let’s see pin ... T1 ... where’s T1 .. T1 .. Ul ... U3l .

U26 ... Where’s T1 Ok ... 107/ There ... T1 should be ... is high and ... T3 1s ... Let’s sec



1

T3 .. is Q3 .. is tied high ... 108/ Now T2 ... is Q2 ... Tl ... 109/ What’s the matter ...
((Please keep talking out loud)) ... 110/ T1 ... T3 ... T2 ... let’s see ... base of T1 ... T1

.. 1s tied high ... T2 ... base is low... so it;s off ... this transistor is off ... T3 base is ... T1

\

. sothisis high ... T3 .. see ... T3 is tied low ... the base of T3 is low ... so T3 ... its low
.50 ... T3 s off .. T4 ... the base of T4 is low ... This is turned off ... it’s low ... High
; . low T4 L Tl L Tohis tif,d to 'If‘éi is tied high ... T‘l is tied higp ... 111/ Yeah

I111... Oh! oof ... ((Please keep talking out loudj) 112/ | really don’t know \a;hat’s
wrong ... ((please keep talking)) Let’s see what el;e ... Let’s check power on ... 113/ s
pr()c;:ssor’s ... (subject is consulting the main schematic) ... T ... see pin 7 U10 ... high pin

7 IS high-and pin 1 U30 is also high ... pin 11‘4 ..‘.vit’s not there ... 114/ and why? ... 115/

Let’s seé - MOLOT .. pin ... moitor ... motor ... door switch ... T1 ... think its closed ... so

T .. 1lgoestopinl ... AB ... pin I pin2 and‘,from the door switch pin 2 and its locked.

High ... U28 pin 4 is high .. pin 1 .. pin 4 is high of.U2'8 ... 116/ pin 1 looking

underneath ... 117/ pin I and pin 4 is high ... U25 ... pin 4 is high and U25 pih 4 i1s high

. pin 3 .. pin5is h;gh .. 1,0 ... pin 3U25 ... low ... high is high ... U25 pin 3 is h‘igh’)

.. pin 1 U26 ... high ... pin 5 ... U26 pin td ground ... U30 pin 9 is grounded ... pin 4 5 |

6.9 . see ... U25 pin 7 ... to pin 4 U25 pin 3 is high ... U26'... pin 1 is ;igh U26 pin
-1 72 pin 5 of U26 10 pin ‘5 of U26 to ground ... 118/ see where’s ground ... 119/ U24 pin
7 is ground ... to 120/ U26 pin 5 ... U26 pin 5 ... 121/ 9.4 volts thch 1s expécted e SO
its powered properly ... and ... 122/ T2 pin ... T2 ... let’s Seé .. U31 pin 13 ... U30 ... U3l

.. 13is low .. pin 14 of U26 is high ... Pin 13 is low ... 123/ Board power ... 124/ let’s

see ... Ahh! .. volts between ground and power ... 125/ Vec is 9 volts ... 126/ pin 5 ... pin

b
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Ve,

5. 127/ lelt’s‘ sée .. pin 5 U26 ... is high ... pin ... ((please keep talking out loud)) ... 128/

vI‘just don’t know what’s wrong ... ((Would you like to coqtinue))

: Noy I'think I will stop.
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Subject: #1
FAULT A

APPENDIX D * S L

THOUGHT*PROCESSES

Fault Symptom #1: (Motor does not lock. Unlocking is ok. U25 pinél 1s broken)

‘»T"

O.A

A0

AOOT

A002

A003

A004

The Problem is we enter 4 digit code of your own choice and press

enter. Well let us try that ...

®

What’s going on?

I am going to enter 1 2 3 ..Actually I'have 1 1 2 ..alright ...and

....enter.

Now the lock was supposed to move ...Didn’t move ...We get &

red light on theré ...Ok ..

So the computer has sent out the locking code DIl=1 and
D2=0...We don’t know that...alright ...OC! ..opto coupler 1
..U28..alright ok. U25 U27 U28 ok. Alright pllugged in
here...Pin 1 is zero.” D1 1s ‘zero...and....((CirCUi‘t'showed a problem

- which 'was not part of the study. Protocol resumed after it was
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“ CA

O.A

0.A

A005

A006

A007

AQ0O8

A009

A010

corrected)).......

D1 should be 1 which is here. MR1 .. yea U3() ..ok. I better get
used to these numbers. This has to be U30 I guess. U30..0k..So Pin
1 should be high. It's high and 2 ((D2))should be low. 1t's low.

So computer is sending the nght code. So far it is making sense.

However, the motor does not operate.

The’display code does not disappear because motor drnving

mechanism is not closing the lock switch.

However, if the lock switch is manually cl()‘sed, the displayed digits

disappear. Yeah ..they do disappear.... night.

The displa~yed digits disappear and then the unlocking mechanism
L4

functions nor;nally. Yeah ..ok ..alright..so only problem is that its

not locking.v

Now, ok ..well let’s have & look. ‘OK. We getting the right
code...so... ok... the motor runs ...we found that....so unlock 1s O]

and lock 1s 10...0k.
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h A011 1 think I am going to again try...Get back to the locking A
arrangement and just go to the other side of opto isolator and see

if that is functional all.  right. I think I have to recycle the

-

whole thing, I guess

-~

T&O A012 So I can enter any code now. 12 3 4 ..ok ...it goes back to red ~

light.. ok ..just verify one more time that...yeah ...we have one zero.

code ...that’s good.

L
T T e v

el

T  A0I3 Alright, now we shoiild go to U24 pin I...0k ..
E
O A0l4 U24 pinl 1¢ low..ok...that’s high ...
\‘
C.A  A0I5 so...it’s..emitter follower...so when D 1 is high,it should be
conducting.
h A016 And U 24 one should be high ...
T&O A017 It is high ~
C.A A0l And two should be low. So both isolators are working.

9k



h o AOI9:
T&O A020
0A A(;21>~
h o A022
0 And
OA  A025

H  A026
SUMMARY

T L@ 0]
5 3 6

Then we go to pin 3,.

.OK..1 is high 2 is high and 3 is high.

That makes sense. So that NAND gate is ok.

U25 pind4d 1234

U 25 pin 4 is high. This is interesting circuit.

Now the next step will be to go to G2 and I will look at that ...s0

OK..5 is..4..is high, 5 is high and 6...There is a problem with 6.

[t should be low. So that is the problem, I think. ((The subject then

feplaces the IC and tests the system.))

A CA H Total

5 3 5 27
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FAULT B

Fault Symptom #2. {Locking mechanism is ok. Problem is with unlocking. U25 pin 8§ is

bent.)

T&O

C.A

C.A

B0O0OO

B0O1

B0O2

B0OO3

B0OO4

B0OO05

B006

BOO7

BOOK

B009

O.K. we start...we select a code 1234 enter....O.K

...nOW we try fo unlock 1234 and enter

and nothing happens

...now for unlock we should have a code D1 zero and D2 one

and so let’s venify that

..0.K.. D1 zero and D1((D2)) is high

Now we quickly go over U24 GA to make sure it’s functioning
so U24 pint 1 is high. Pin2 is low 3 is high

O.K.

now let’s go to U25 G2 Pin 1234
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O.A

O.A

O.A

BO10O

BO11

BO12

BO13

BO14
B()lg
BO16
BO17
BQIS
BO19

B020

—

Pind is low 5v 1s high

-.OK. 4is low 5 is high 6 is high so that's fine
let’s follow that further with Gl

.U25 G1 Pin L.

2 is high 3 is Low

so that chain is fine...

N

\}C.L’ng() to the other side now
U25 G3 pin 9 and 10...
9 is high 10 is high and 8 has a problem...

so U25 G3 output should be low but its floating

...50 that is our problem....
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SUMMARY

T T&O O 0O.A CA hH Totl

-6 1 6 3 2 2+1 21
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FAULT C

Fault Symptom #2*‘ (Locking mechanism is woirk-ing fine. Problem 1s with unlocking. U30

pin’ 12 1s not grounded.)

WPA C(S()() The locking ‘fur_)\C['ron of the motor drive interface and drive.
mechanism is working fine. For unlocking, hnw:cvcr, the selected
digits are displayed but the motor does not operate to drive the
unlocking n%echanism

)

WPA C00l we have samelpr()blem but ...alright...let’s have a look at it

.T; Cc002 S‘(.‘) we enter a C(@e....;().k.

O | C(X)3 the locking mechanism 1s working properly....... and  nothing
happens. |

C.A C0O04 O.K. let us .50, for unlock"we should have D1 zero D2 one

T , C005 ..£0 back and verify that

0] Ccoo6 | ‘ 000

C.A (€007 we go back to U24
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CA

C.A

H

O

CO08K

cO09

Co10

o1l

Co12

CO13

col4

CO15

Ccole6

Co17

i
»

...GA pinl and 2

p—

...J24 pin 1 is should be high should be low ...and its not

so looks like that u28 optical encoder...we follow that chain now ..

-

{
let us go back to U28 and look at pi‘n 4...

U28 pin 4
Yeah pin 4 is floating

... pin 5 should have supply which it does... so that's fine ..we

already ..verified the DI is low

..U28 optical encoder...opto isolator rather is gone...so we should
change that

...power off..let us get a screwdriver...yeah it will be better

...here 1s the bad one.....O.K.
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0.A

- Col1g

_’C039Q
CO20

-CO21

Cc022

C023

Cc024

C0O25

C026

c027-

o8

again -

And runping throbugh diagnostics O.K.

g

Now let us try...

“we should unlock and try it again

1234 enter

aUs locked now

let us try to unlock

I made a mistake and | should clear 1t

that’s interesting ..ok, so..now

we

have

d

let us bend the pins sliéht‘ly in ..all nght..let us supply the power

different



~
ala -

Loal
e .

- problem...everytime [ enter a digit; it enters twice

Cadh e -

T C09 ..
O C0O30 that’s Stﬁir}gé | !
0.A C031 . So we had some problem and it doesn’t seem to repeat itself ((it is . S

w
-

only a switch debounce problém)) ..we still locked. ulright..,its“ﬁot

unlocking and

~
b | C032 SO l‘é't us o back té see what is going on
T C033 U24 ;)in 1..
O 034 | well 1 i.s still low
C.A 'CQ35 ..ok D1 1s low D2 is high ok...let us go to the actual optical...
T&O C036 U28(pin)l 1s low

OA  (C037 . ok..that 1s..
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T&O
0.A
CA
T&O
T&O

O.A

O.A

C038

C039

C040

C041
C042

C043

C044
C045

C046

C047

@ .

2is low

" so that is fine and

1234..5 is going to the supply and

4 15 floating still

-

*we should look at 5 ..should be going te the supply

well let us see that there is a short there is possibility of .3 s

floating actually..l will measure the voltage on 4 and see what we

have

.5 1s reading 8 volts

N

k

...that 1s strange

..why vbltage 1s so high 7 oh just a second...

let us put the other IC..that’s it

—_



C.A

H

O

O.A

C048

C049

C050

C051

C052

CO53

C0O54

CO055

CO56

057

Put the IC in there...power supply want to look around the IC

...oh dear..I know what I have been doing

...I'have not been looking any further than U24

There is the pbssibility of U25 of course because that is what's

..eating it.so U25 probably was the problem and | have been

chasing the wrong stuff..because I wasn’t paying any attention to

the circuit

™~

ok we have anoth'er U25 which i1s ... 7400 ... OK another 7400 ...

((Chip is being changed)). Apply power OK

... and look at the voltage

alnght..let us try ...we are unlocked so enter a code..clear.. 4

what’s going on

OK I was not unlocked ... problem ... OK ... 3 ...

... OK let us try unlocking it again

... 1234 enter
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T&E

O.A

T&O

O.A

C.A

C058

CO59

C060

Co61

C062

C063

C0O64

CO065 -

CO66

C067

... and nothing 1s happening ... its interesting

OK let us go back and see what do we have now

U24 pin 1 1is sull pretty high

its 1.5 OK ri‘ghl‘thul is quite strange

OK well let us make sure we stll have DI zero
Yeah DI zero ... Yeah DI zero and D2 1s one
That 15 still OK

what 1s going on here ... we changed all the three 1Cs .. did not

have any»effect
OK the circuit diagram is supposedly complete ...

INTERRUPTION - Continued Later

{

first of all we should try to lock alnght I'm going to enter ... the

P,
J



O  CO068
T C069
O  C070
T Cco71
O  CO72
WPA C073
T - C074
O 075

power is on to the system so I'm gonna enter my code 1234

OK ... the lock is turning and IFcan have simulator as locked
Then I go back to.the unlock situation and try the code again 123
I made a mistake so clear it again
1234 enter and it is working

\ ~
OK am. I reading it correctly
Locked the vault using a secret code of your own choice press the
main switch to the lock position..in order to simulate lock...vault..

ok..may be I should follow this again ok so I should enter the

switch..is in unlock positior..ok..

[ enter the code again 1234... enter ok | simulate lock condition by
putting the switch over the lock position ok now I should enter the

code and see if it opens 1234 enter

and nothing happens
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O.A

T&O

O.A

T&O

O.A

C076

Co77

CO78

CO79

CO80

CO81

C082

C083

zﬁ;'?
ok the digit is digits correctly displayed...but the motor doesn't

move

ok so we should look at the circuit diagram which for the unlock
position we should have DI zero and D2 should be one

so looking at the circuit diagram ok D1 1s at U30 pin 1 U30 pin |
ok U30 pin 1 I'm putting the logic probe on it and it is U30 pin 1

4

1s low
and this 1s how it should be unlocked
and......the D1 should be high so that is ah

I’'m looking at now the U30 pin2 so the codes coming from the

processors seem to be ok

N

so the next step will be then ah..lets go to the other side of this

opto 1solator and see if that is functional

so to look at D1 we should go to U24 pin 1 and see what the... if

@ ’ f 111



O C084

T C085
0 C086

O.A CO87
- H CO88

T&O CO8Y
< )

O C090

“it’s high or low so U24 pu}‘t ..U24 pin 1 here’s

U24 pin 1 ok its feither high nor low
ok lets go to pin2 .
Pin 2 2 is kigh

so D2 is high so something strange going on pinl which is neither

high neither low in what we expect here is low and

that could be two causes of this problem either the U24 gate has
gone..gate GA 1s gone or the opto isolator has a problem ar‘ld 1
guess | could...just ‘QL.liCkly look at other U24 7400 series gates so .-
lets look at ah;...other gates on the same .... same IC and see if they

have some strange behavior .

Gate number 1 had a problem, number 2 is pin 4 ...5 and 6 that

seems to be normal and pin 8 is the output 9

yeah that pin 9 and 10 again are floating ah

\ 12



- Y

A C091 ~ok..so seems to be two of the gates on U24 are bad

H C092  soits quite ah likely actually its pretty good guess that the U243 is’
the bad not the ah U28 isolator so, if I could have ah the soldiering
iron and I'd like to try a different IC 7400
B ﬁ
T  C093 ~ ok..ah..lets switch the power off ok lets get this ah U24 out of’

here. can you get me a screw driver,.. thank you ok actually 1 don't

need this right now I’N just take this chip out and put another one

in there this is the bad one so this is the new 7400 ok like that’s
in there and we have to now ah apply the p()wc'r again ok the ok ity

gone through the entire diagnostics

@) C094 E21 code 1s showing and-ah its its finished the diagnostics

O.A (C095 so I'm going to try to see if it works again
T C096 1234 énter ok simulété the locked situation and go back and ﬁ'_\'

“unlocking it 12 ... 1234 enter

K

O Ca97 and 1t didn’t do anything hmmm interesting
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CA

C0O98 -

C()?9
C100
C101
C102
C103

C104

C105

‘C106

...alnght lets go back and check it again

U24 pin 1

same problem

ok lets see what’s going on now ah

lets look at the back of this U board if anything strange

don’t see any obvious

ah..problem there..ok..ahah...U24 is it used somewhere else or not

I see U24 is only one gate which is being used ok whether its the

output also going to G2 which is ah another 7400 IC

so [ could ah try replacing that I guess. Actually I have this old IC
which I took out from the other one I could, I could, 1 could use

that one

so here goes the power
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O.A

C107

C108

C109

C110

Cl11

Cl12

Cl13

Cl14

Cl15

Cl16

Huhhmm...its interesting maybe our

let me apply the power again

may be 1 had a problem with this ah the unlock switch ah has 3

positions

may be it was sitting in the middle

lets quickly try it one more time

ok just going through the diagnostic

actually I just don’t even need to wait for that because the gate is

ah floating

50 lets just change the chip that’s come out here’s a new one 1 hope

these chips are ok ha ha ha

Right all right apply the power again

Right we have unlocked position running the diagnostics

N



O.A

T&O

O.A

O.A

T&O

H

CA

C117

Cl118

Cl119

C120

Cl21

Cl122

C123

Cl24

Cl125

Cl126

but we don’t need to wait for that I can just measure U24 right

away
ok U24 pin 1 is high pin 2 is high
seem to be a bit better

so lets just try locking it

1234 enter ok lock it ok then we go back and try unlock it 1234

enter

and nothing happens

alrnight lets-just see where we stand now
U24 pinl night same situation ok well

I think I should also change the opto coupler U28 because this

thing is only gong to 2 places either to U24 or U25

so all the places going to 1s that ah and actually third one more
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T&O,

O.A

T&O

C127

C128

C129

C130

C131

C132

C133

C134

place 1s the ahhahh the resistor network and one could even

measure the resistance first of all on those see see what it s like

ok U30 pin 3 to ground should be 100ohms pin 3 1n 12 12345678
14 13 12 1s 100ohms and pin 12 will be grounded so where's the

ground here
ok that seems to be grounded
so that’s yeah the resistor seems to be ok

3

ok then alright I'll change' the coupler U28 yeah U28 -

“here’s the old chip and I'm going to put the new  one i there..

alright...lets one more time ...the power

and lets just look at what we have pin U24 pin 1 ok alright

lets put it in the unlock position and enter

the code 1234 enter
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@) Cl135 ok

h Cl136 lets try unlocking it now 1234 enter

T&O Cl137 .. -~ and no go at all

h.  CI38 ok lets go back to U24 pin |
T&O Cl139 - this is floating now that is quite interesting
CA Cl40 ok here the signal is only going to 3 places resistor 1s ok we

~

changed tha; the interesting thing why is it floating ok ahahah U24
l\ not used anywhere else ok ahah now what has happened to U30
ok lets measure th{e voltages now gotta measure the DC voltage on
U30 pin 3 which is the one which seems to be stranger...sitting at
4 volts no ah 1.3 volt ok and 4 is the high one that’s so looks like
there is too much current some how on coming out of the opto
coupler ...and...U30 ...well....looks..seems to be ok in terms of ..100

or or MR3 is 1000ohm

h Cl41 check MR

L&



T&O

CA

H

T&O

O.A

C]4.2
Cl143
C144
C145
Clv'46
C147

Cl148

C149

C150

C151

ok MR1

let power off here ..oh MR1 pin 1 and 14
ok...that 1s _l()()()hm alnght

ok pin 2 of the optocoupler should be grounded
and let us verify that U28 pin 2

yes that is grounded

Ok well that does not leave too many things that could be causing

it. Its not being loaded. “its sitting high so the
may be the Vcc...supply is too high... or hmmm
ok let us just measure the voltages again..its supply voltage. .U2K

pin 5..U28 pin 5 ...U28 pin 5..U2¥ pin 5....12345 and the ground

...where is the ground here.

.Pin 2 is the ground..looks 5 volts
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T&O

CA

C152

C153

Cl154

C155

C156

C157

- CI158

C159

C160

and U29 pin'5 ...pin 2 ..345

ok seems the supply is going there..alright .

[ guess I should visually examine this see whats happening
U24..looks. pretty clean Ok U25 is ...seems i$n’t shot on the PC..Ok
hmmm...U24 pin 1 ...that looks reasonable

oh yes that’s pretty peculiar..yeah DI is low but is 1t stll
conducting seeins to be too much leakage in the optocoupler so
.and U25 is .we changed that and its going no where

else..U26..U30

Hmmm let us supply the power...and right now its running

diagnostic lets see what’s happening there U24
1 1s high, 2 is high 2 1s low ok

yeah maybe 1 should look and use the scope and actually see what

it looks like...here

ok let’s measure the voltage around the IC



O  Cl6l
0OA Cl62
T C163
O Cl6d
OA CI65
CA _Cl66
H  Clé7
T C168
O Cl69

ok U24 ..ok supply voltage is good

yes supply 1s good ground is good...U25 is fine U24 is fine that is
narrowing down “the process here we already confinmed it

grounded
hello ...what we got here U30) ..12
here is minus 5.5 volts what's that?

34.U030121234567891011 12

-

well that’s interesting U30 12 should be grounded why 1t's sitting

at 5 volts..5.5 volts so

either there is internal short in U30 or whats going on in tha

area... so best thing 1s ..well T can try different resistant network

&

could I have that Ok let us try different resistor

and see what we got now .



0A  CI70
T  Cl71-
OA CI72
T&O C173
0 Cl174
OA CI75
SUMMARY

normally pretty unusual for a resistor to go but [ guess its possible

ok...right"we go to unlock position ((on the simulator switch))

. BN
% 7

very-unlikely the resistor will go like that...well its possible [ guess

we run through the diagnostic and so lets now ...enter our code

I111..1 am going to try this 1111...enter..
well it is ((working properly. Subject tests the system.))
that was the least likely candidate but actually that was the

problem.

T&O O 0OA CA hH Toul

[—

39 19 41 26 14 42 176

(19+13)
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FAULT D

Fault Symptom #1. (Locking (;f the motor has a problem. Unlocking is ok. U31 pins 13

- & 2 are broken.)

WPA D000 ok problem is when you want to lock the vault ...the motor does
not turn to activate the locking mechanism. However, if the lock
switch is manually closed to simulate a locked vault ..the displayed
digits diSappear and then the unlocking mechanism functions

normally «

T DOO1 Alright.let us follow so we are in unlock position...press any £

digits code of your choice on the keyboard... 1111 enter

0. DOC2 ok...the L.E.D. indicator changes to red

T D003 and thé code should b!ej)l is 1 and D2 1s zero. Let us venfy that

O D004 ok... D1 is 1 D2 zero...ok.only problem motor doesn’t seem to be -
activating

O.A D005 ok_s0 we have..1 looked at U24



T&O

O.A

T&O

O.A

C.A

T&O

O.A

D006

D007

DOO0K

D009

DO10

DOl

DO12

DO13

DO14
DO15

DO16

I should look at U24 pinl

U24 pin 1 is high..and pin 2 is low...well soon I come into that gate

~

and since its a NAND gate the output should be high
U24 pin3 is high
ok

now let us...we should look at U25 pin 5 pin 4 and pin 5

pin 4 is high 5 is high .and 6 is low

so that’s alright and that output of gate G2 on U25 goes to G1 on

uz2s

where 1 and 2 is low and 3 is high

so U235 seems to be ok

let us look at the other side
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T&O

O.A

DO17

DO18

DO19

D020

D021

D022 -

D023

D024

D025

D026

D027

G3 on U25 at pin 9 and 10
9 is high 10 1s low...and 8 1s .ﬂoating
ok let us look at alright let us measure the voltages around that

[ see something funny going on ...U25 ..its high

I think U25 is gone

let us make sure...8 ok

what’s going ()n héré

lg\t us try U25 pin 9 ..8,9,10.....0h
lhal’s ok

and we should look at output of so both of these are

®

seem to be ok

125

sy



C.A D028 so let us symmarize G1 ie U25 pin 3 is high and' 11 14 1311 is

low..ok..alright....((please keep thinking.... talking out loud))

T D029 let us look at ...U26 now . U26 is one withour
O D030 U25 3 is high...U26 1 is high ..ok..
O.A D031 yeah that input is fine so we should look at pin 4 of U26
T&O DO pin 4 is high
h D033 let us look at U27 that is the other opto isolator
T&O D034 U27 pin 1 is low and pin 4 of same chip is low
" 0.A  DO35 so we got high and low ok..hmmmm yeah that interesting ...so that

logic part appears to be ok...and...ok...logic part appears to be

airight we go | ..zero

h D036 so T1 should be conducting because base is high OK
C.A D037 T1 let me just refresh my memory here ... we are still in the lock
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T&O

O.A

CA

T&O

T&O

O.A

D038

D039

D040

D041

D042

D043

position,...-so D1 is high D2 is low ... everything normal there ..

ok ... let us go around U24 one more time in case [ was not paying

L}

any attention

I ... 2 same low 3 ... 4 is high ... 6 1s low ... this 1s ok right 8 s
high 9 is high ... 10 is low that is fine ... 11 is low ... 12 is high 13

1s high ...

yes this looks normal

problem has to be ... so ... Yeah those couplers also look fine also

.owell L.

that leaves us with few transistors to worry about or the motor

-

itself

ok ... how can we check the Vec2 ... Vee2 is on pin 5 of opto
coupler so let us measure the voltage ... ok ... U26 pin 5 ... 245 ..

9.45 volts

presumably that’s ok I don’t know how exactly that the righ

voltage




CA

C.A

C.A

EN

T

D044

D045

D046.

D047
D048

D049

D050

TR

assuming that is alright ... ok where is T1 transistor here ... T]

transistor ... there is Q1 ... Q2 ... alright

those transistors are one thing that could be problem or any of

" those transistors

actually the motor has to run ... to get positive to conduct and we
\\

should look at that voltage going out to the motor ... and let us see

how ... 1s easy ... that

let us see the motor voltage across the motor terminals

1

we don’t see any voltage at all

the reason for this ... ok ... this ... when U26 is conducting then T1
should be conducting and we should have voltage there so ... and

on this side so Q1 should be conducting and Q2 should be off ...

* and the motor should drive that way

ok ... what is the actual voltage let us see on the Q1 the output of

U26 pin 4 ... U26 pin 4
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O  DO5I

O.A D052
T D053
0 D054
h D055~
T D056
H D057
SUMMARY

it’s 10 volts

because it’s conducting ((not conducting)) right ... Yeah u27 pin 4

Ed
R

should be zero
right so

it is conducting-alright and the 10 volt applied there and there

"~ ok one could also be worth looking at the voltage on base of T2

WPA

..which is U31 pin 2..U31 pin 2
resistor U31 pin 2 is sitting at zero volts...U31 pin 2

well that’s the problem.

((subject test the system))

' - ‘, -
T T& O OA CA hH Total

12 8 11 10 7 9 58

(7+2)
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Subject: #2

Fault A

APPENDIX E -

Thought Processes -

Fault Symptom #1. (Motor does not lock. Unlocking is ok. U25 pin 6 is broken.)

C.A" A000
T A001
GA  A002
T&O A003
CA  A004
T&O  A00S
CA  AD06

It’s not locking properly ... so let’s see ... D1 ... D2 ... is zero. D]

.. D2 is zero. So
yed

I am entering the code ... 1111 ... enter 002/ ...
I expect D1 to be high ... D2 to be low
D1 high D2 low

U2K ... let’s see here. IC U24 . pin 1 ... pin 1 U24 .. U27, U25.

U24 .. pin | should be high ... high ... pin 2 should be low.

Its low

sopins 4 and 5 ... let’s see, 1 and zero is zero ... not is one and one

1s zero. One and one is one and not is zero ... zero and zero ... and
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T&O

CA

OA

A007

4. A0S

A009

A010
AOLL
| @012
A0D3

-A014

A015

AOl6 .

Not is one ... 5 1s high

~not 1s one so pin 3 of U25 should be high

pin3 0fU25 Co T ‘\ 3
and it’s low.

So let’s sé pind U25 ... is high

~ pinS. .. Sh(l)“u”ld be low

But why.it’s high?

Pin5 is hi‘gh ... One and zero ze10

"~ pin5 is high

-

4 1s high ... pin6 ... 15 7610

¢

pin 6 is low ... It's not low ... it’s nothing

That's correct ... One ... one and zero ... is one ... one zero zero ..

13]



O.A

CA

H

T

017

AO18

A019

A020

A021

AQ02

R

AQ23

A024

A023

- Pin 5 underneath 7 ... 12345 ... 2345 ... and

4, 5 one and cy 1S zero

/.
/

Pin 1 and 1 is one now is zero ... pin 6 should be ... zero ... pin 6

.4,5,6

Ok seems like there is fault ..: U25 pin 6 (( keep speaking
please )) ... It ... am I suppose to fix this ? ({ Yes . You are

suppose to fix it )) Ok ... (( But keep speaking please ))
Ok U25 pin 6 seems to be low or is not

nothing on it. No voltage on 1t.

]

I am going to change You have pliers or anything. (( Do you
want pliers 7)) May be ... (( Ok 1 will gi.ve'you pliers )) ... Ok ...
(( yes . Keep speaking please )) yeah OH

;

Pin is not bent or any thing

Doesn’t seem like anything is wrong.
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O

0

A

CA

H
T

O.A

T
O

CA

A026 .

A027

A028

A029

TA032

A033

A034

AQ035

traces seem to be OK ... and OH!
let’sv"t'ry this again ... 1111 .. enter 4

and OK again its gone

"~ pinl ... pin 4 of U25 and pin 5 U25 ... were supposed to be one’s

.. pin 4.‘a‘n'd pin 5 are both high ... good ... pin 6. There 1y nmhingb

. at pin 6

and let’s see if there 1s power to
pin 123 .6 7... pin 7 is low ... pin 16 ... pin 14 iy

e

high so there is power to the board ... and to'the ¢chip ... pin 6 .. is

not proper
and let’s see pin 6 U25 ... pin 12345 ...
pin 6 does not go anywhere

should go to pins 1 and 2 of U25 and large schematic and U25 .
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C.A

A036

A(037

A038

A039

A040

AO41

A042

A043

A044

5

and not is one ... one and one not is zero ...
N ‘0 * .

- Pin 11 should be zero.

7, 8,9,10, 11 ...

1s nothing there.

Pin 8

" U25 ... U25 pin 1,2 go.[of'pin,é ... Pin 1 and Pin 2. Let’s see here

... U25 -pin 9 and 10 zero and one. One and zero is zero ... zero

there is nothing there ... pin 10 ...9, 10 ... OH! ... (( Keep speaking

pleiise ).
I am just redialling the number again' 3

and power is back on again ...

N

pin ... U25 pin 9 ... 789 is high, pin 10 is low as I expected ... so

pin 8 should be high ...
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O.A

C.A

T 0A

A045

A046

“A047

A048

A049

A050

A051

AQ052

A053

pin 8 is high ... so pin 11 9, 10, 11 is low but pin 3 is low. 4, 5, 6

pin 6 is not there! Ah! ...

fault at pin 6 ... pin 6 of U25 ...

Oﬁe and zero ... One ... one of U24 high ... low is low NOT it’s

high high and high ... pin 6 should be low ... 123456 ...

seems ‘1o be a fault at pin 6 of U25 ... Ok ... (( please keep

L]

speaking )) ...

Ok 1 have to check why pin 6 does not go high ... Let’s see ...

Probe should be able to tell ...

Pin ... that’s the ground ... (( please keep speaking )) and pin 6 is

low ..
[ expect it to be high ... but with the probe its not there at all ...

and let’s see may be a trace is cut or something ...
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T

SUMMARY

T

16 .

OA A054

AQ55

- T&O

3

)

/

Q

13

/
~
e

may be at first ... Pin 6 Pin 1 4 Pin 2 ... I am doing ... taking out

the Chif) ...and U25 ... and ... do you have another chip ? Ok ...

and let’s see if it works now. 1111-... let’s see enter ... and its - >(3

wbrking. So the fault was chip at U25.

OA CA hH Totl
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Fault B

Fault Symptom #2. (Locking mechanism is ok. Problem is with unlocking. U25 pin 8 is

benf.)

WPA B00OO

| T&Of BOOI

3

CA BOO2
T&O B0O3
h B0OO4
C.A  B00S
h B006

The unlocking "... the motor does not operate because ... the

unlocking is not done properly ...

I press my code and it doesn’t seem to go in

so let’s see ... Unlock should be DI zero D2 one ... zero ... one
...one. One and zero ... zero so there should be high one ... 9 and

10 are On‘e ... So pin 8 of U25 ... 6,{ 7, 8 should be low

and it 1s

~and pin 11 .. 9 10 11 should be low.

Let’s see ... zero and one . D1 zero D2 one ... zero and one 1s z¢ro

NOT is one ... One and zero is zero NOT is One ... one not is zero

Pin 3 should be zero ...
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T . BX7
O B
CA B0
h BO10
T&O,Bon
0.A BOI2
h BO13
T&O BO14
"O.A  BOIS
T BOI6

d -
&
. f
. ) .
Pin 3 should be low ... N *
: . .
. ¢ Q
and it’s low ... _ 2
: @*
' E
<
[

and pin 9-is one ... pin 10 is 'one ... one and dne is ... high and high

. L . ] e -
one and one is low ... - .

and it should be low ... pin 12 ... U25 pin-8 is ... g
’ R ]
Let's see ... pin 9 of U25 is high. Pin 10 is high ...

so high and high is high and NOT ... is low ... 50 high and high ...

is low.

Pin 8 should be low ’ *
and 1t is low ... and

low inverted 1s high ...

and pin 11 should of U25 ...

: o . 13§



O.A" B017

'H  BOI®

T BOI9
O  B020.
SUMMARY
WPA T
1 3

T&O

7891011 ... pin 11 ... pin 8 is low-.. 9 and 10 ... U25 pin 9 and

10 ... 15 one NOT i‘s ...zero ... and zero ... 11 should be one ... 4 5

67891011 ... ahd it's‘l{lot

Do you have another ... U25 .. Yes ...

and there is no power ... Oh! ..

’

Ok,.. That is the fault ...

O 0A CA h -H Total
) i3 4 1 21
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" Fault C

Fault Symptom #2. (Locking mechanism is work‘iné ﬁne‘-;"Pr?f)iﬁlem is with unlocking. U30

pin 12 is not grounded.)

T  CO0

0 cont
T C(X)Z
o . Co0 -
CA C‘()(M
h o TC005% -
H . C006
T  Co07

< T . hd

. 1111- ... and enter ...

that’s fine ...

and 1111

and its not unlocking‘ ... properly.

h SN

So let’s look at'fhe schematic ... Unlock O and one ...

e

e

IS

SO pin ...

U24 pin 3 ... should be high ... U24 ... U25 where is U24 ... U13

... U16 .wU24 ... pin 3 is low ... one one zero zero pin 3 ... should

be one ... Pin 3 Oh '"‘*«\‘
let’s check U24 ... pin' 3. ((keep speaking please ))

and may be I can find another U24 ...

for U24 ... and let’s see if ... it sounds any better .... and let’s try

it again ... 1111 code ... enter ...
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0.A

- CA

T&O

€008
C009"

co10

CO11

CO12.

C013

€014

Ccol5

CO16

it’s locking properly ... |
1111 ...

still not unlocking.

'

May be there is more than one fault ... Pin 3 U24 .. is still low. pin

1 is high Pin 2 is not there ... low high ... Pin 1 of U24 is not there

T Piﬁ 1 of U24 s not there ...

so let’s see D1 ... U28 pin 4 should be one ... U22 ... 20, 21 ...

- U28 ... where’s U28'.‘,,‘and 26,27 ,U29 ... U28 ...there U28 pin 4

. 1s not ...

may be it’s r;Ot powered.

pin.‘Z to ground pin5 to pOWer ...

and‘ig- Ihére another U28>? .. (( Yes. I can give you another one ))

and putting U28 back in again ... and pin 1 bin 2 pin 3 ... OK.

Let’s try again 1111 Ok let’s see 1111 ...
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C.A

co17

.CO18

Co19

C020

CO21-- .

C022

C023

C024

C025

C026

open.
B DD I
still not'loék(ing .

let’s check it ... D1 should be low ... so pinl should be high ... its

low ... Sorry pin 1 is low ... pin 2 is low ... pin 4 is not there. Pin

5 is high ... o

e

pin 4 ?

w
@

let us check the trace ... and ... Oh! ... 123 ... let’s see then ...
pin ... U28 pin 4 is not done properly ...
let’s see U30 pin 12 ...

resistor U30 ... U30 pin 12 U30 pin 12 ... U28, U29 ... U31 ... U26

U227 ..

U30 ..Pinl12...91011 12



0] C027 is tied high U30 pin 12 is tied high

0.A (028 should be low ...

‘H C029 | so the fault seems to be U30 pin 12. It’s not tied to ground.
T C030 Let’s check it ) entering the code ...

O C031 it’s locking fine and ..

T Q032 Unlock .. and 1111

O C033 it’s not unlocking.

T C034 Let’s check it ... where’s the screw driver U30 pin 12...

O COBS and OH! the pin 12 is cut.

SUMMARY

TT&0 O OA CA h H Toul

11112 2 3 2 5 26
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N

o~

Faul[‘ D

Fault Symptom #1. (Locking of the motor has a problem. Unlocking is ok. U31 pins 13

& 2.are broken.)

T D000
') DOO 1
C.A D002

T&O D003

0.A D004
T D005
H D006
T D07

Ok Let’s see ... does not lock properly ... so 1111 enter ...

it’s not locking ...

~

so locking is one zero ... DI, D2\iw ... so U28 pin. 1

should be high and its not .. Let’s see U28 pin 1 ... pin 4 should . *

be high as well ...

Yesvpin 4 is high .. U30pin 12 ... 789 10 11 12 ... its tied low

.. pin 5 of U28 is tied high ... pin 2 is tied low ..

- D1 should be high ...

lets see U28 pih.~l"'i__'.,

try another U-?.‘S‘pin 1 ... ((yeah ! please keep speaking )) and U2¥&

pin 1 OK and let’s try U28 pin 1.
Trying up gain ... and ... its in open position ... and 1111 ... enter
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O D008 and 1ts not locking sull ...

h D009 so let’s check ... U30 pin 11 ...
T&O DO10 U307 89 10 11 is tied low
.

O.A DOl1 pin 5 is tied high ... and D2 is zero ... so pinl U30 ... is now ... i
ﬁhigh ... ((please keep speaking )) . ‘ |

C.A D012 Ok . pin 1 U30 is high ... and pin 2 is low ... pin 1 is high pin2

1s low ... that’s fine 'pin 4 should be low ... that's high ... U29 )

pin 1 is low ... pin 2 ls l()\w .. pin S is high . that’s fine ... and ..

pin 1 of U2é 1S not fin; ls n()t‘high .. pm 1 U2¥ and ... pin )

U28 ... what could be w'r()né with pin 1 U287 . pin 1 U28 .

LI

"H D013 'I‘Do yéll ha‘ve‘yetdan()ther one '; may be ? ... ((yeah . I will give y’(m ,\",‘;
PR _“)) ((k‘eep speaking .pleas_c )) ... something wrong with pin | of
ulf .. |
T  DOl4 let's see Uz”g.pm-df.-.; pin 5,4 and 5 U2 pin 1 OK ... lel’s sec

.. let’s ¢heck it ... pin I U2§ ... and there we go ... its in ...

}
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&

O DO15 power is back ... «
ST D016 © 1111 .. enter ...
~w" o .
O DO17 its 1In open ,po'sition.but does not locl'%j;properly\
OA  DDIS let’s see ... It’s not the chip ... U28 pin 1 ... D1 ... should be one ...
C.A D019 and let’s see U28 on other schematic ... pin 1 ( the subject is now

locking at the main schematic ) ... U28 .. U27 ,U26 24,25 ... Oh

there is U28 ... U28 ... U10, Y5 ... pin 7'of U10 ..
T D020 pin7of UIO .. UI0pin7 .. 34567 . is high onc ..

O.A D02 L ~ which it should be L.pin7 U10 is high

should be g(k)ing' ... LED ... and then from ihe LED ... to pin |

]

Af U30 and its high and pin 1 of U30 ... and pin 14 .. is not there

s

H D023 - Solet's see I am replacing U307, something wrong with pin 1 of

U300
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CA

O.A

D024

D025

D026

D027

D028

D029

I 'am removing U30 ... and.replacing 1t ... Let’s see and ... tn

again .. 1111

and it’s still not fine

T

Let's see ... Ok ... pin 1 is fine pow ... U28 .. pin 1 of U28 is not

fine ... U30 ... U28 ...

let’s see 1s 1t a trace cut 7 ((Please keep speaking ))

and let’s see ...

[ can’t see the trace underncath ... to U2¥ ... U2¥ pin 1 ... pin

of-U30 .. OH! . pin 14

let’s see .. pin | of U28 . pin 14

This chip 1s not right ...

.

Let’s see ... and 15 there another one for this ... I am looking

14

30 45+ going to U26 pin 1 and now .. .

for

another U3() ... ((please keep spegking.)) U30 pin 1 U30 pin | ..

OK replacing U30 ... OK ... let’s power it up again ... Now ..

T
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C.A

H

H

D032
D033
D034

D035

D036

D037

DO 3K

D039

D010

1111

its not locking ...

. let’s see ... Now' ... U30 pin 14 ...

still not there ...

pin 1 is high ... U30 pin 1 is high ... U 14 ... is not there ... pin 14

.. 18 not th‘ere ‘Pinl 14 ... Pin 14 ... 1s ... let’s see.
Is there a short there between pin 14?2 ...
No short ...

Do you have another one of U.. please (( You have changed three

- times )) This was not a resistor ... (( All of these are resistors )) ...
OK ... But this wouldn’t help ...

OK ... U30 pin 1 to pin 14 ... ( subject is again looking at the main
schematic ) ... 14 ... 1111 ... It does not go high ... so let’s see ...

U28 pin 2 is grounded pin 5 is high ... and pin 4 1s high ... and
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O.A

O.A

. D041

D042

D043

D044

- D045

D046

D047

D0O4Y

n()vthing at pin 1 ... Nothing at pin 14 and nbthing at pin | ... U30

| pin | topin 14 ..

let’s check 1t ... may be internally something 1s broken ...

i~

and’let’s see ... Ohmmeter ... Pulting ohmmeter between ... pin |

“and U28 ... should be open circult

which it 1s .

pin I and pin-14 ... see ... 100 ohms ... Should be 100 ohms ... pin

I ... Oh ... uts 100 ohms between-pin 1 and pin 14 ... 100 ... and pin

14 s high ...

let’s try again ... its open ... want to lock 1t ...

3

[t’s not locking ...

Pin 1 1s not going high ... U28 pin 2 is high ...

“and let’s check U28 ... the diode there ..
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O.A

C.A

H

- D049

DOSO

D051

D052

D053

D054

D055

D056

U28 its diode... between pin 1 and 2 of U28 ((Please keep
speaking)) ... Pins 1 to U28 is ... OH! hang on ... Let’s try this U2&

pin ‘1 ... to pin 2
Mh@hmlmpm2nJBVMBm“
Pm up power aﬁd lock ...

Ii's not locking

pin 1)[(') pi‘n. 2 of 1328 ..Pin1TtoPin2 ... Pin4 ... Oh ... I am

... ((please keep speaking )) ... Boy! ... right now nothing is going

through my mind ... can’t see what’s wrong now

that resistance is high ... 1 is high 14 is low ... U28 pin 5 is high

. DI ... is one ... for locking its high and 1ts high and ... oh boy!

... ((please keep speaking)) &

1 don’t Know gat’s wrong ...

let’s see ... 1111 ..
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C.A

O.A

D057

D058

DO59

DO60

D061

D062

D063

IU's not locking ...

Pin 1 of U28 is ... U30 sorry U30 pin 1 is high ... pin 14 is not ..
Oh ... let’s see what could be wrong ... Tried replacing the resistor

... that didn’t help ...
let’s see ... let me try replacing it again ...

checking the volt ... resistance between ... pin I and pin 14 .. pin

I topin 14 ..
100 ohms ...

fine .. pin 1 .. Ok ... so ... pin 1 1s high ... pin 14 is not ... it

should be high ...

4

OH ... nothing is going through my mind ... I am stunned ... Have

-no 1dea ... ((please keep talking out loud )) ... I have no idea what’s

wrong ... Why isn’t pin 14 going high ... U28 pin 1 to pin 14 ..
why is that pin 14 is not there either ... T haven’t got the foggicst .

b

idea ..
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" CA

O.A

CA

O.A

D064

D065

D066

D067

D06%

D069

DO70

D071

DO72

»

There is 100 ohms between there ... I saw nothing wrong ..
between pin 1 and pin 14 ... (( please keep talking out loud )) pin

I ... and pin’v14 pin 14 goes to ...
see the trace goe"s

under U2§ .. pin 14.

I shouldn’t do that.

Let's see U28 pin 1.... U28 pin 1 ...

Let's do continuity test between pin 14 of U30 and pin 1 of U2¥&

it's high ..
¢
pin | of U28 ... and pin 14 ... pin 1 of U28 and ping 4 of U30 ..

1s high .. so ... ((please keep speaking ))

o

I don’t know what coufd be wrong
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O.A

C.A

T&O

O.A

C.A

D073

D074

- D075

D076

D077

D078

D079

D080

D08 |

D082

Let’s see Pin 1 to pin 14 is fine ...

there 1s 100 ohms ... but nothing going lhrougl}

let’s see the motor was fine ... and let's see what else ... pin 1 ..

pin 4 ..

let’s check the voltage here ...

One ... pin 1 U24 ... 26,2524 .. is high . pin 2 is low _ | is high

... pin 3 is high ...
, >
one zero ... one low ... | 1s high .. pin 4e15 low ..
* . £<Y
U24 pin 1 and pin 4 1s same should be the same ... Let’s see
pin 7 1s ground ... pin 14 1s high ..

let’s replac‘e u24 ..

U24 1s replaced ... let’s see ... -
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O.A

T&O

O.A

C.A

CA

D083
" DOg4

DO8S

D0O&6

DOR7

DO&Y

DOK9

D090

D091

D092

fet’s lock it again ...,

checking ... T111 ... enter ...

why ... wonder ... pin 1 is low pin 4 is high ... oh ... U25 ... pin 4
... and U24 pin 1 is high ... pin 4 is high ... pin 3 of U24 ... is high
.. high high ... low ...

pin 3 of U25 should be high ...

souts high ..ah .. U25..9..456789 .. high,

pin 10 should be low ...

low ... high and low ... is low ... Not is high ... Not is low ... pin 11

should be low ...
1s low ... pin 1 U26 is high
U30 pin 9 should be grounded ...

9 s low.
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CA D093
T&O D094
H D095
T D096
h D097
T D098
C.A D099
7
T&O D100

Pin 6 should be high ...

Pin 6 is not there .. 3456 .. pin .. U26 .. Land 2 ... 4 ... pin
4 is low pin' 5 ... U26-0ops U26 ... pin 1 is high , pin 4 is high ..
pin S is high ... pin 4 is U26 pin 4 is high ... pin ... U31 ...

now let’s see pin 2.0f U31 seems to be bent ...

see U3l ... Oh ... boy ... I will try that ... ((please keep talking

loud ")) .. and just fixed U31 pin 2 ...

and let’s try it again ...

Clet’s see .. 111 . still not working ...

see U3l pin 2 is low U26 pin 4 is high ... pin 13 U31 ... is low ...
U31 pin 13 is low .. and 4 is high - How is that 2 ... 13 is low ..

U31l pin 13 is low ... see to turn motor on ... I need ...

let’s see pin 7 ....1 ... pin 14 U31 ... low .. pin 1 low ... 14 and |

low .. 2.and 13 low .. 4 .. U27 is low ... 4 U26 is high.
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H  DIOL
T  DIO2
O  DIO3
CA DI04
T  DIOS
CA D106
T DIOT
CA  DIOK
h  DIOY

let’s see ... U26

checking out U26 .. replacing U26 ... 1111 ... enter ...
(,

doesn’t lock ...

motor is connected ... the diode is connected. No disconnection here

... Ok. Let’s see again ...
U26 pin 4 is high ...-U31 pin 13 is low ...
Low and low ... pin 2 of U31 is low ... pin 1 of U31 is low ... s0

that’s off ... Let’s se¢ pin ... T1 ... where’s T1 ... T1 ... Ul ... U3l

. U26 ... Where’s T1 Ok ...

There ... T1 should be ... is high and ... T3 is ... Let’s see T3 ... is

- Q3 ... is ued high ...

Now T2 .. is Q2 ... Tl ...

What's the matter ... ((Please keep talking out loud)) ...
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~

CA DIIO | | T1...T3 T2 ... let’s see ... base 6f T1... T .. is tied high ... T2
... base is low... so it’s off ... this transistor 1s off ... T3 base is ...
T1 ... so thisis high ... T3 ... see ... T? is tied low ... the base of T3
is low ... s0 T3 ... its low ... s0 ... T3 is off ... T4 ... the base of T4

... is low ... This is turned off ... it’s low ... high ... Tow .. T4 ... T1

.. Tl is tied 10 ... T4 is tied high ... T1 is tied high ...

T DI11 Yeah ... 1111... Oh! oof ... ((Please keep talking out loud)) ...
v -
h D112 I really don’t know what’s wrong ... ((please keep talking)) Let’s

see what else ... Let’s check power on ...

C.A DII3 It’s processor’s ... (subject is consulting the main schematic) ... T
.. see pin 7 U10 .., high pin 7 is high and pin 1 U30 is also high

... pin 14 . it’s not there ...

o,

&

h D114 and why? ...

CA DI115 - Let’s see ... motor ... pin ... motor ... motor ... door switch ... T1 ...
think its closed ... so T ... I goestopin1 ... AB ... pin | pin 2 and
from the door switch pin 2 and its locked. High ... U28 pin 4 is

high ... pin 1 ... pin 4 is high of U2§ ...
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O

CA

C.A

COA

C.A

H

Dll6

D117

D118

D119

D120

D121

D122

pin 1 looking underneath ...

pin 1 and’ pin 4 is high ... U25 .. pin 4 'is high and UZS pin\4 IS
'ahivgh .. pin 3 ... pin 5 is high ... 1, 0... pin 3 U25 ... low ... high iy
high ... U25.pin 3 is high .. pin 1 U26 ... high . pin 5 ... U26 pir
to ground ;'..; U30 pi‘n 9 is grounded ... pin 456 ... 9 ... see ... U25
’pin 7..10 p'in 4 U25 pin 3 1s high ... U26 ... pin 1 1s high U26 pin

| ..pin5 of:’_U26 to pin 5 of U26 to ground ...

see where's ground ...

F

U24 pin 7 is ground ... to

\‘« g A

U26 pin 5 ... U26 pin'5 ...
9.4 volts which is expected -.. so its powered properly ..."and

-

T2 pin ... T2 ... let’s see ... U31 pin 13 ... U30 ... U31 ... 13 is low

.~ pin 14 of U26 is high ... Pin 13 is low ..,

Board power ...
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T D124 let’s see ... Ahh! ...

O Dléﬁ Vee is 9-volts ..

h DI ~pin 5 ﬁ.pnyéff

T i£)127 let’s see ... pin 5.U26 is high ..
loud)) ... |

h D128 I just don’t know \&hutls wrong ..

No, I think I will stop.

SUMMARY (Incomplete)

TT&O O 0.A

CA h

H Total

34 6 19 16 . 26 14 14 129

volts between ground and power ...

pin ... U(please keep talking out

. ((Would you like 10 continue))
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