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AB,STRACI' 

The  question iS frequently asked, what w e s  the difference between the competent. 

eFficient trouble-shooter and the average repair person who spends expensive hours in vain 
% 

attempts to trouble-shoot a relatively simple defect? Is the successful technician specially . . 

gifted? Does s h e  have an. inborn knack, of i s  it something that s h e  learns and acquires 
\ 

in onk's professional life? Such pedple areequite rare and difficult to fmd. . . There is a . 

consensus of opinion that'such people have sound knowledge of electronic circuit,s4and - + 

rhe working of the system. They also have the knbwledge of t&'eqQipment and know test 
, . 

and measurement techniques. w h a t  is kt clear is how this apparently "inborn" knack of 

electronic problem-solving is acquired, What do they have which others d o  not? Do  they 
* 

-, learn and build it up on ,their own enpenence or d o  they acquire trouble-shbotini' 
. . 

techniques and strategies by observing others? Can this "knack" be taught in the schools' V . 
' 1 

of instruction and if so how should it be taught? 

The study used a think-out-10ud'~rotocoi to collect data on  the thinking and' 
P P 

reasoning process of two elect~onic trouble-shooters: a novice and an expert. Subjects 

were told to speak out loudly whatever came to their mind during the trouble-shooting 

process. Subjects were not 10 reflectively penetrate nor transparently present their thinking. 
5 3 

The study explored the cognitive and meta-cognitive strategies used by the two 

. uauble-shooters. Their &agnostic reasoning was investigated and the data coded into 

thought processes -like testing, observing, analyzing and hypothesis generation. This 

exfillcation of &agnostic cognition suggested that both subjects behaved similarly in the 
- 

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



', 
31 

. - 
. - 2  

, 
checking out a hypothesis and continued on to observe and analyze the tes-t resuhs. This 

' 

- 
, r 

rb - 
resulted jn geneqtision d another hypothesis or a further study of fie circuit to sun . 

il ' _  

ano&er rest. This procedure was cyclic in nature and s u  repeated time and agd?, 
- 

The  substance of diagnostic reayning employed by the two tr~uble~shooters  was, 

b 

however, quite different. Location of the normal and abnormal brackets wss different, rrqd 
- 

, - 
the'use of the search strategies within the problem space was inadequate in the case 01 

- the novice troubleshooter. The novice lacked use of adequate search cantrol strategy and . , 

- - f - failed to identify the correct problem space. v 
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+ CHAPTER I . 

r .  Nature and Scope of the Study - ' - - - .  - - 
" -. A . . I .  

Introductipn . . 
- 1  

h 

The study bf problem solving and finding differences in expert-novice behaviour have . ' 
I \  

I '  

been of interest to and computer scientists,  psychologist^, and educaton' alike. .. 
, " 

The difficulty has been that most of the &tent and interestihg problemi in these domains ' 

do not have tractable algorithmic solutions. Moreover, the validahon of H o n i n g  
L r 

- .  

processes becomes a gigantic undertaking. .. . 
Diagnoshc problems usually resist precise description and rigorous analysis. Also, 

- 
J 

expert diagnosticians, often, are  not able to explain why they are experts in theii own 
* .  

field. In effect, experts "know more than they cap ~ a y "  or articulate, (Nisbett & Wilson- 
, - 

1977) The domain of electronic trouble-shooting, like that ef chess playing,and medical ' 

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

R - 
A -  - 

should be easier, ds the electronic system can function correctly only after the bug has - , 

been removed and the system performs appro$riately. 

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 acquire the "knack" of - 

electronic problem solving and a systematic, logical approach to the determination and 

correction of any flaws in the operation of the equipment. What do the expert 



b 

A ,  

diagnosticians have which o the r~~do  not? Do t h e  learn and build it  up qn their own jpb -i 

* .  
I 

experiences or do they acquire trouble-shooting techniques and strategies by observing. - 
* - 

others? Caw this "knack" be taught in the schools af instruction end if so how should i t  
3 - 

' 

The general aim of the thesis was to explore and seek to understand the fwlt 
- 

finding, process used by expen and novice trouble-shooters. Thjnk-Our-Loud (TOL) - 

techniques were used. Expert and novice trouble-shooten were asked to TOL as they 
. . 

trouble-shot and their thoughts'were tape-recorded. transcribed, and analyze& The TQL. 
- 

process'made the subject's own thinking more visible to themselves, as well as to others. ._ 

Their difficulties were elicited and carefully analyzed to find any useful clues in  solving 

electronic problems. 

The rask 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 
r- = 

- - 
developed theory of electronic fault-finding. The study was an attempt to explore the 

, -  nature of reasoning underlying the diagnostic process and find out what the expert and - 

novice ~ouble-shooters have in common and how they differ. 

Nature of the Problem 
- 4  

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

efficiently is the basic skill required by electronic technologists and technicians. Also the 

economy and life sqle in a developed country depend on keeping the techqofogical 

5 
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puter systems, industrial control equipment, communication ... systems s and 

, the like in good warking condition all thg time. Troobk-shooting and repair is thus an ' 

' 

' .  . 
... important task \luhic&,becomes more exacting'as the systems become rnore'~ornp1ex. . 

.-l . 
i 

The role of trouble-shooting also becomes more important i37 the mode+ recycling '-. 

.s'ociety. We. are accustomed to a largely linear way of using resburees. We 
-* 

1. 

process raw materials into devices that have planned dbsolescence to encourage us to ' 
, . 

discard them quickly and new products. No wonder our garbage &mps are 
4 

i . E 

becoming monumental. Things have to change and we have to change. We must operate 
t 

* .  * 

ih a recycling mode. The point at which a product is discarded must advance and the item 

\ 
must be repaired many more times than is the  current practice. This useful economic life 

should only end when the cost of repair and maintenance becomes prohibitive, or the cost 

of conhued use is greater than the cost of replacement after all factors are considered. 

.. . 
Although the current machines boast of selfdagnosing and self-repairing , , .  

capabilities, humans have to fix the p;ob~ems which machines are unable ro do by 
. + i -\ 

themselves. Only a thorough knowledge of Phe system to be maintained and considerable . 
- .  I - 

experience in the use of trouble-shooting techniquks can equip. a person to become gn - 
* - 

expert trouble-shooter. The colleges and universities provide the domain related . 
-A. 

' declarative type of knowledge, but individuals are left on 'their own to acquire the 
, . 

trouble-shooting experience on the job throughout their working life. How can we impart - 

this knowledge to the students earlier on so thpthese novke trouble-shooters can become .. 
, . 

expep trouble-shootgrs at an early date? What does it take to learii the art of logical 
- 

problem solving by the trouble-shooters? In order to be able to design a suitable 
6 



* 
curricuium and a hands-oh training program, .we m u s t ~ & w  the differences between thr 

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

or strategies. Training institutions assume that the translation bf theoretical *knowledge 
r> 

would be further confirmed by laboratory w(uk. The student builds a circuit, takes 

measurements and makes observatl'ons, acquires data And then compares the data with the 

theoretical predictions~Seldom does a Student trouble-shoot a non-wo;kiog circuit which -- 

- - 

someone else hasbuilt after s/he has learnt a great deal of theory. Worst of i l l ,  seldon~ 

s h e  is taught the electronic problem solving strategies f ~ r  trouble-shooting of electronic. 

equipment. 

Trouble-shooting is much like assembling thepieces of a jigsaw puzzle. Differen[ 

pieces of knowledge acquired previously are put together until suddenly the entire thing 

falls into place: The knowledge of the defective equipment, the knowledge about rht. 
- 

effective use of the test equipment, and the knowledge of schematic drawings and 
j .  

specifications is important but not enough. The techniques of prob~dm solving are also 

essential to solve the jigsaw puzzle. Unfortunately this problem solving dxpenise is no[ 

easily acquired. Determining the symptoms, localizing the trouble to a functional unit, 
%. . . ,  

techniques of isolating andeventually locating the specific trouble comprise and constitutr. - .  . 
_ .  

the art of logical trouble-shooting. .. 

Problem Spaces and Problems fi 

C 

*. \. 
The analysis of a cognitive task involves initidly specifying the problem space and 

3 " 
" - .., . v v .  *. 

I - 5  

then specifying the search control k;lowledge. b e d  within that prob!em 'space. Thc 
- 

problem spaces, which some electronic trouble-shooters call normal and abnormal brackets* 



. * -  6 

\ 
" >  ~, - . . , - -  . . " % - .  

I- - - .  
% .  

. enclosing the falrtt ma, a ~ ,  developed and narrowed down 6ji$em when they engee in  
* ' * - I -. 

L _ *  
, .. 

goal oriented 'qctivik To uqderstand Puch activity is to discover what $-6blei Space ;I 
n 

\ 

. trguble-shooter is using.'Ew a genera robkm solving environmenr;a ~ob lemspace  and 
" - * 

' 5 '  

a problem can be defind-hd below: 
" 

d.. .* I ' 
e% . - 

hoblem ~.pac& A problem space consists of a setpf symbolic smciures (the states 
- 

* '  1 
I - 

of the space) and a set of operators over the spa&. Each operator takes a state as input - . 
a, -, 1 _ I I  

and produces a state as output. Sequences of operiiors define paths that thread their way 
- . 't - 9 \*' 

< - - +, . . . 
" L O  

' . C  

through sequences of(&at&. . # 

Problem; A problem in a problem space consists of a 'set.of initial stafes, a set of 

goal states, and a set of path constraints'. The problem is to find a path throtigh thC space 

that starts at any initial state, pas$es"~dy along paths'that satisfy the path constraints; and 

ends at any goal state. 
r . . 

.. . -  . Let us now look at the .problem space or fault bracketing in the domain of 
. I  

, , 

electronic trouble-shooting. ~ i l  t - bymptoms of the troulhe are noted and ad iodicators or 
1 

output devices i n  the faulty-kystem are observed closely. A-thbrough visual Inspection will 

reveal the rnalfunctian often enough to bk worthwhile. If a radio set has a problem, then 

. the w u n  coming from the loud speaker is listened tkcarefully. Is the sound normal, 1 . -  --r > - .  
distorted, low in udurne? Qdes i t  have hum or is there no sound at all? Are there signs - 

! v' 4 
of heat and damage7 The abnormal' signal paths or data flow is carefully identified in the 

circuit diagram. The data flow or signal paths could be linear, divergent, convergent, 

switching, feed back or mixed paths. Each of these paths shall dictate their own type of 

bracketing techniques and search control within those brackets, 
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6 

The indicators at the output where the s i n a l s  are abnomqt, f o r m ~ h e  abnom~al 

brackets of the problem space. The indicators, if any, where the signals are nom~al  

establish the normal brackets of the problem space. 0nCe these brackets have been 
. - . ru 

.established. then the test pojqts for search control depend upondthe signal pr data flo: 

path within the brackets. Also the type of checks nmde depends upon the troublc. 

possibiljties covered. Tke check information is then interpreted for the search control 

strategy adopted and the brackets- are repositioned to reduce the problem space. If the- 
a 

current check was abnormal, the previously abnormal bracket is moved up to this point 

Similar repositioning is done for the normal brackek. The 'checking and bracketing - '- 

b 

sequence is repeated as necessary. This is a continuing process that produces an ev ? 
narrowing series of brackets until the problem space brackets are around just one s t a g  

at the blocks level or around just one component at the component level of repair. 
- 

Nature of Electronic Trouble-shoot in^ 

Trouble-shooting techniques aim at an efficient method to locate a particular defect 
' 

or error, or a malfunction in electronic equipment. It is possible to find defects by a 
- .  

meticulous seatch and analysis of the performance of the equipment. I t  is also often 

possible to find defects by testing every compohent. Still another method concerns itselt 

with the input and output of each functional block or by substitution of these blcr~ks or 

components. Which method to use will'depend largely on what type of defect we arc 

trying to locate and what type of search control strategy we want tcr employ in thar 
* .SL 

particular problem Space. In electronic trouble-shooting the majof cost is in locating thc , 

fault. The cost of the replacement of the part is minimal and does not depend on h o ~  



much time was spent on finding the fault. 
. . 

t 
~ h k  process of identifying malfunctions is primarily one of using logical mental.- 

processes. comprehension, undpistanding. logical reasoning, and other cognitive proce'sses 
. , 

play an imponant pan in the diagnostic procdss. Hence the art of logical trouble shooting 
I " 

becomes an important task to be anilyzed. The ability to solve a particular problem 

depends upon using the right technique. Th,e problem very often, however, is to decide a 

-- 

which technique 'will be the best to trouble-shoot' the defect. That is where the art plays 

its role and is acquired with experience. The novices can be told about the most frequent 
. 7 -  

troubles in electronic equipment and advised which technique works best with a particular 

class of defects. However, the experpise in electronic troubleshooting is another matter 

In  difficult cases it may be necessary to use several techniques. Initially, a 

symptom-function technique can be used to define the problem space. Once the 

appropriate normal and abnormal biackets have been placed around the problem space. 

the usual {echniques of half split rules fpr linear, divergent, convergent, feedback and 

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

tracing' and  injection methods help to test parts of the circuits with appropiate test . ' " .  . . \- 

equipment. In some cases, the method of substitution @l$s to isolate the problem and 

thereby reduce the problem space. However, the problems likq poor solder connection. 
\ 

broken w w  partial short circuits, open and short points within the printed circuit board, 
- 

, . 
wrong component cdn.nections and values may defy trouble-sliooting techniques. Also we 

- ,  

have to decide whether the defect is intermittent or is so elusive  hat we cahnot find it. 

In many such cases, i t  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 

It is said that the experts will usually~.back off, think, relax, and think again until they can 
- 

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

they just leave and admit fiailure? The analysis of such processes in real time is one of thc 
. . 

b 5  
most difficult tasks. The events we wish to examine are intqmd t o  mind with only somc * 

observable behaviours and attitudes. I t  is believed that electronic trouble-sh&ting har  
\ 

3 < 

many affinities with problem solving and, therefore, literature is reviewed in t next 

chapter on human problem solving..The concept of the problem space as a fundamental - 

- 
' category of human goal oriented cognition is also reviewed before" looking at the literature 

on electronic trouble-shooting. 
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CHAPTER I1 , 

Review of Literature . . - 
+' 

Types of Problem 
1 

- .\ 

Electronic problems are of two types, one which concern themselves with designing a new 

device to solve some difficulty and secondly;. to find a solution ' to an existing 
I* . - .. 

malfunction. This study concerns itself with the'latter type of a prbblemj which compribs , *- - + .  
, 3 . , .. -' . 7 .. . . , 

,, - _ 
of the following four steps: ' (Lenk,1990) s ..:' .. . . . % % ,. 

' . I , .  I i. . , . , 

Determine the symptoms of failure % .. a. , .~ r 

8 , '  
. . 

- .  

b. ~ o c & z e  the .trchrble to a complete &nctio$al unit or modtde . . 
. . . . 

~. . , . , . . 

C. Isolate the trouble to a circuit within the module 
- 

d... Locate the specific trouble 
- 

I n  order to understand these.steps, let us understand the very basis of problem-~olving. 

Nature of Problem--Solving ', 

The problems contain i n f m a t i d n  concerning -givens, operations and goals. 

whereas. the solution is a sequence of allowable actions @ a t  produces a cor&etely 

specified goal expression. The general problem-solving method draws in-ferences from 

kxplic/t!y and implicitly presented information that satisfy one or both bf the following 

criteria: - 

- -  I 

, a. ,. " the inferences have frequently been made in the past from the 
. \ . s 

. same iype of information. 

L 

- 
b. ' the inferences are concerned with properties (variables, te.rms, . 

expressions and so ~ n ) ~ t b a t  ifppear in the goal, the givens, or 
** 3 - 

i - > 
' - 



- .  
inferences from the goals and giverls. . - , 

Wallas (1926) suggests,the follo.wing stages io general problem-solving : . 
, . 

-- . 
. . , .  . - a. Preparation. ~ ~ m ~ o s e d * o f  clarifyingand , .. defining the problem,. , ; ., 

' .  . I 
* .  

. along with gathering pertinent information. 
* 

b. ' Incubation. A period of unconscious~mental activity assumed to ' . 
i ,  

take place while the individual is (perhaps deliberately) doing 

. - . something else. . , 

c. Inspiration. Suddenly the "AahaU.or "Eureka" feeling is ' 

- 
experienced. , . 

' In the scientific method, a difficulty is felt; the problem is defined; a search' i \  
d' 

made; various suggestions appear and are tried out before a solutmn is accepted. The* 

following ten steps show Osborn's alternatiohs: [Osborn, 1942-43) 

- 
a. Think up all phases of the problem. 

I 

b. Select the .sub-problems to be attacked. 

c. Think up whaz da;ta might kelp. 

d. Seltct the most likely sources of datg. 

e. Dream up all possible ideas as key to the proble-m 

- f. Select the ideas most likely to lead to the solution. 
I 

, i 
g. Think up all possible ways to test. 

i f 

h. Sekct the soundest ways to test. . 'L 
1 

i. Imagine all possible con~ingencies. 

j. Decide on the final answer. - 



Simon (1969). a proponent of the information. procesiingipproach to the problem- 

wlving states, " The activity called human problem solving is basically a form of means- 

end analysis rhat aims at discovering aaprocess description of the path that leads to a 

desired goal ..... Given a blueprint, find the '  reape'; given the deschption o i  a natural 
Y - - 

phenomena, find the differential equation for pmesses  . that will produce the. 
4 .. 

..a 

phenomena ..... ProbIem-solving requires ,continual translation between the state and ' . 
. 

- process descriptions of the same complex reality ..... ". w e  pose a problem by defining the . 
b 

desired god  in terms of the state description. We solve the problem by selecting a process 

that will produce the de~ i r ed  goal from the initial state. The transition from'the initial state ' 

through the process to the goal will tell us when we have succeeded. The total piocess. - 

i.e., the solution, may be entirely new although parts of it may not be new. Therefore, we 

- need k t  resort to Plato's theory of remembering so that we can recogoize a solution . , 

(Plato argues in Meno that problem-solving is remembering because how else'could we' 

recognize the answer to a problem if we did not know ib}. 
b 

- 
- I  

Approaches in Problem-Solying f 

T h m  are various approaches to research in human problem-solving: 

fi' <-; 

a. . Behavicirkt Approach. The behaviorists view problem-solving as a 
L * ^  

. - relationship between a stimulus (input) aod a response (output) without 

speculating about the intervening process. Skinner (1957) descsibes 

problem-solving in terms of behaviour as a hungry man facing a problem 
- ,  

if he cannQt emit a response previously reinforced with f d .  To  solve it, 

he must change either himself or the situation until a response occurs. The 



behaviour which brings about the change is called problem-sobing'and thr " 
I .. 

'$1 . . - 
&' 

I. . response it promotes, a solution. , 
f. - - 

Tpfomation Pri>cessing Approach. This is akin' to the inforination . . 

processing bhat accompanies the development of computer programs. Her?. - 

' ,  . , 

the e iphas is  i s  on the pmciss that intervenes between input and outpul 

which leads to a &sired goal from an initial state. I t  is basically a means' 
/ 

end analysis that'aims at discovering a process description of the path thal 

leads to a desired goal. 

Trial and Error Approach. The trial and error cam-be random, systema~u 

o r  of a classificrltion nature where the sequences of action can be organized 

into classes that are equivalent (or probably equivalent) with respect to thr. 

solution of the problem. 

-. , 

Expertise in Problem-Solving 

Research indxates that expert problem-solvers commit fewer ermrs, can solvr 

problems faster, store related infovat ion in closely knit chunk structures. The pause timr 

between retrieving successive information or chunks of information or clues to problem 

solving also varies beiween experts and novices. Lakin  (1979) has claimed that a numbel 

of physics equations are reuieved by the experts in succession, with very small iqter 
, 

 response intervals, followed by a longer pause. Her novice did not seem to exhibit this 

pattern of pause times in equatipn retrieval. McDehnou and Larkin (1978) p&tulate that 

solution precedes in at laast four episodes: 

,' 

12 



Written problem statement. . 

Drawing a sketch of the situation. 
- ,. 

Qualiiative analysis of the problem. 

Generating ihe equation. 

Larkin (19'81) and Simon & Simon (1981) found experts to be four times faster 

ihan novices in speed with which they solved a problem. Also they were equally fast in 

accessing and appiying equations dur in i  problem-solving. Larkin,(l981) Also tarkin. 

(1979) suggests thatL for experts, physics equations are stored in chunks or related 

configuration sb that ,accessing one principle leads t o  accessing another principle. Similar , 
. 

results were found in chess playing, where chess pieces were found 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, dntinguished 
L 

experts from novice most significantly. (Chi, Glaser, and ~ k e s ,  1982) Expert 

one meta-statement per problem whereas the novice made an average of.five. (Simon, - 
1978) These statements were upal ly observations of errors made, comments on physical 

. . 
meaning of an equation, statements of plans and intentions, self-evoluticms and so on. The 

experts used a working forward strategy whereas the novice uded a working backward 

strategy. (Simon & Simon, 1978) The expert and novices are similar in the " f o b "  of A 

k- their reasoning but differ in "substance" of content or reasoning. ( Chase, and Simon 

(1973) in chess; Elsteid. Shulman. & Sprafka (1978) and ~ohns6n  et a1 (1981) in medical 

problem solving) 



?... 

problem-solv~ng'is to define tbe .problem-space and work with 
- * 

in the problem-space to find the solution. 

&nother way to look at 

search control strategies 

Problems and Problem-Spaces 

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

making processes. substantial research has been done and studies exist in reasoning 
I 

XFalmagne, 1975, Revlin & d ~ a y e r ,  1978, Wason & Johnson-Laired, 1972); problem 

solving (Greeno, 1977, Newel1 & Simon,1972); and decision processes (Slovic, Fischoff. 

& Lichtenstein, 1977). What humans do when they brirlg to bear what they know to somt. 

known end? Newel1 (1979) suggests an answer in identification of the problem-space and 

use of search control strategies in finding the solution. This concept is also found in tht. 

study of human problem-solving. (Erickson & Jones, 1978; Simon & Lea, 1974) I t  wa\ 

originally introduced by Newel1 & Simon (1972) and is now being used in artificial 
- 

intelligence 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. 

Control over the search is all important and depends on the knowledge that thr ' - 

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

decision making involve the application of stored knowledge available in the subject's 

memory. " A subject can attempt to solve a problem in a problem-space with any body 

of search control knowledge: from, none at all, yielding undirected search; to knowledgr 

that compktely specifies all choices correctly, yielding the solution directly." (Newell, 
9 



I-- 1979) Organizations of sub goals and search control knowledge can ckrdinate the 

I .  selection of.strategies and actions in various useful ways. The problem%pace hypothesis 

1 asserts that skilled, routine behavior is organized within the problem-spaceb by the 
' 

accumulation of search control knowledge. 
. .  

- Review of Research in Electronic Trouble-Shooting 

The task of trouble shooting is to locate the reason for the malfunction in a 

repairable system and then repair or replace the faulty component. The level of repair or 

replacement specificity depends upon the role of trouble-shooter, and the' environrpental 

constraints of the situation. Component level, board level or sub-assembly level repairs 
f 

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

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

possible. Ih a different situation, component level repair may be more desirable. We 

would like to know what skills are required to trouble-shoot at different levels of repair; 

to what extent the skills required are generic and'how the expert and novice trouble- 

shooters differ? 

Baldwin (1978) summarized research analysing radar mechanics' weaknesses and . 
reported a number of dfferences between effective and ineffective trouble-shooters. 

Ineffective mechanics made fewer checks involving manipulation of control settings and 

generally failed to observe all gross symptoms. In contrast they used schematics earlier 'r 

and more frequently than did effective mechanics, and they made more circuitry checks . 

and measurements involving test equipment,' After localizing a .  problem, ineffective a 

-= 

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

15 



find physical locations of components and ma$ more errors in repair or replacenlent oi 

- 
components. Once repair was complete, ineffective mechanics did less checking to verifj 

repairs and failed more ' often to return the system to operational status. Sirnila 

observations have been noted by Glaser and Phillips (1954); Moore. Sal tz .md Hoehn 

- (1955); and - McDonal; Waldrop and White (1983). Ineffective trc)uMe-shooter5 

dernonsmted a lack of elementary knowledge and were poor in executing and verifying 
#P 

the results of theii'work. When performing tests, poor trouble-shooters made fewer useful ' 

* *  tests and mare usekss tests and were inconsistent in their consideration of test difficulty -- 
* 

The strategic behaviour of poor trouble-shooters was characterized by incomplete and 

inappropriate use of information, ineffectrvk hypothesis generation and testing, antl 

generally less s,trategic flexibility. 

Training Requirements 

Strategic .training would seem to pose the greatest conceptual challenge to thc 

instructor. Repair and replacement training seems relatively straight fo'rward, Training 

persons to perform rests is more comphcated as it also involves making inferences antl 

c a v i n g  out analysis on measurement data (Moms and Rouse, 1985) Strategic training . 

poses a number @questions. Should peopk be trained t o  employ a particular strategy 01 
- 

I 

should they be allowed to discover their own strategies within some env-pe of 

acceptability? If a particular strategy is to be taught;can people be taught to use it? What 

is the best way to teach a given strategy or may be even-what strategy shou1d"be taught'' 

The previous research does not provide enough information to answer these 



- 

- 
questions. Particularly, the last. question is complicLlled since no major efforts excepl 

SOPHIE I to 111 (Brown, Burton, De Kleer, Bell 1974-76) has been undertaken to address 

these iss&. Also t'here is no single approach that is appropfiate to all situations. The 
- - 

technblogists and engineers are taught circuit design, -test equbment measurement 
- .  

techniques. Thpext  books rarely cover electronic trouble-shooting arid rkpair strategies. 

For the industry, processes involved are not important and only the performance criteria 

is specified, i.e.,.speed, -accuracy, low cost and efficiency.  here. are, however, some 

exceptions like rnditary training hanuah. The goal of efficiency is prdbably &SI 

appropriate as a subgoal for speed and/or cost, since minimizing the number of tests may 

in turn be a way of achieving these goals. Inspite of this criteria being desirable some 

\ 
trade offs are often made to suit local priorities and the trouble-shooting approaches 

adopted. For efample, if,time is of the essence of the risks associated with inaccuracy are 

high, saving the cost of a spare part should not be uppermost in the trouble-shooters' 

mind. On the other hand if the pace is more leisurely, the trouble-shooter may be more , 

concerned about the cost of repair. 

The use of trouble-shooting strategies is also a function of' human abilities, 
. . 

limitations, and %inclinations. For example, even if it is determined that a ,  half split 
-. 

approach is theoretically the best approach for a given problem, the trouble~ho6ter cannot 
I . ,  

D 
' . 

effectively apply it  if she  has difficulty identifying the rernai$ng problem-space. The 
% - 

apphcation of this strategy becomes more complex when the trouble-shcbter ha8 to deal 
P ,  

with convergent, divergent, or feed back loops instead of a $wight forward line& path 

for the signals. In most of these training sessions for teaching problem-solving hrategies, 



efforts were made 

Typically subjects 

-= \ 

to keep them context free -or generic. (,Morris &I I Rouse, 1985) 
a ? <  

attempted to locate fgl ty  component inputs andfor outputs.' This 

constrained the solutions to be relatively simple for low fidelity trouble-shooting problems 

&dverse effects of system complexity and time constraints were noted by Brooke and 
t9 

Duncan (1981). Wohl (1982) examined available data on time required t6 repair variouh 
# 

systems and devised a model to predict system repair me. One of jhe parameters of thal / " .  
, P. 

model is comNexity index based upon the number of relevant relationships between 

components. Feedback loops also appear to present probIems for trouble-shooters (Rousc. 

1979). Human strategies are-also affected by time constraints ( ~ o u s e  1978). 

Generation of Hypotheses 

Many approaehes to trouble-shooting emphasize the need to hypothesize tht- 
. . 

d 

possible causes of symptoms and possiBle faults. There is some evidence to suggest that 
? ,  

people may have difficulty in generating complete sets of hypotheses. (Mehle, 1980) 
4 

Gettys, Manning, Mehle and Fisher (1980) observed that subjects seemed to check 

hypothesis for logical consistency with available information as they' were generated. 

Use of information 'a , .. 

Helping s t u d e o ~  to organize the information provided to them may influence their 

trouble-shooting performance. (Miller, 1975) Providing trouble-shooters with guidance 

in how to analyze symptoms has a l so  been shown to be helpful'. (Fattu and Mech 1953) 

Perhaps the most ambitious attempt to provide guidance in the use of a system 01 



1 
I .  

* " - f 

. .  7 & 
a 

- 

. -  - 
knowledge has been SOPHIE: Lt is-.desi@eci with the goal of helping students to obtain 

< .  4 
-- 

a teleological understanding of ~ h e i r  system and represents m at tempt , '~~ provide an , 

. . *' ' 

,_  
opportunity for students to apply their k~owkdge and "exercise their logical- muscles". 

There is also some evidence that >people more often use positive information (i.e., . 

information about bad inputs and outputs) but do not take due account of negative 
' ,  , I -  

information (i.e., information about what has not failed). (Rouse, 1978) Trouble-shooters 

appirendy experience some difficulty in ;judging the likelihood that various components 

will fail. This is in spite of some statistical data being available about component failure 

, . 
rates in  the industry. (Mills 1971; Stoluron, Bergrum, Hdson  and Silva 1955) 

- * - ,  8 

b 

. . >  

Individual Abilities and Aptitudes, . - 
i <  

Individual experiences, abiIities, aptitudes and cognitive styles have also been 

studied by researchers in problem-solving domain. Vinebers (195511968) compared the 
A 

abilities of field experienced mtxhanics and recent training school graduates to *pair ;I 

particular fype of radar. As expected, experienced personnel scored much higher than did - 
lD 

t h e  novices oq a performance test in which speed of repdr was emphasisd. Trouble- 

shooting experience developedoover a long period of time, continuing to improve through 

the highest reported experience level of 25 to 48 months. Apparently the ability to l e a .  

from experience also improves with experience. (Rouse 1979) Hunt and Rouse (1981) - 

*, 

noticed differences in first and last semester trainees in aansfer to a context-specific 

trou ble-shooting task. Potter and Thomas (1 976) found that maintenance technicians with 

experience of six months or less s ~ h e d  fewer problems and used more spare parts than 



2 

did more experienced personnel. However, when trouble-shoogng procedures werc 

available, no'experience related differences were observed. Similar results were noted iny - 

a study by Elliot and Joyce (1971) in which high school students using a trouble-shooting 

guide were able to identify faults in electronic equipment as effectively as Air Forcc , 

5 

technicians using traditional manuals. Duncan (1971) noted a differertce.between subject\ 

with high abikity and low ability in their retention of skills learnt for trouble-shooting. Ht. 
. - - '  I 

hypothesized that those people with good retention had learned the rules governing 
, . 

decisiofi tree choices (e.g., a haif split -approach), whereas those with poor retention had 

learned the series of steps by rote. Elliot and Joyce ( 1 9 q r d i d  not find differeke between 

high and medium aptitude subjects in their ability to%oubIe-shoot actual equipment. The! 

attribute this lack of difference to a variety of abilities other than cognitive sKills that art. 

I ,  - required in actual trouble-shdoting. Henneman and Rouse (1984), in a similar study. 

- suggested that trouble-shooting performance may be relaled to ability only if-'somc 
- 

minimum threshold of ability is not present. Highland et a1 (1956) found in an 

'oscilloseape test that technical knowledge of the. oscilloscope catered for 60% 01 - 

performance, e\ectronic fundamentals accounted for 40% and reasoning ability accounred 

for only 7%. 

Several measures of cognitive style, ability, and aptitudes were obtained from . 

students in the Navy's Basic Electricity and Electronics school.  (Federico. 1982-83. 
(' I 

Federim gi Landis 1979-80). Students high in achievement were found' to bc 
. < 

discriminating, reflective, high in general and logical reasoning and good at numerical 
\ 

operations, Individual differences in experience, cognitive abilities, and aptitudes. havt 



been shown to affect trouble-shooting performance. Vineberg reports that experience is 

necessGy if'the acquisition of essential skills requires extensive practice, or  if the learning .. - * ;' 

ability is improved by feedback from related actions. Also, lack of experience has less 

impact upon pefformance 'as more guidance in trouble shooting is provided. High 

cogniti;e ability provided a greater ability to employ half-split approach On c o m p l e ~  

problems. It also enabled one to -learn more prototypical examples. 
1 '  - .  

, - 

Computer Based Trouble4hooting 
- 

Many expert systems have been constructed using knowledge of humans in 

particular domains. In the field of electmnic-trouble-shooting, a series of expert system\ 

SOPHIE I to I11 are the oldest and most Kell known. (Brown, Burton, and deKleer, 1982) 

SOPHIE (Sophisticated Interactive Environment) sponsored by the U.S. Dgpartment of 

Defence (AFHRL, ARPA, Tri Services) after limiied lrse for on-site job training over the 

ARPA network for two years, is no longer maintained. Other examples are LES 

, - (Lockheed Expert System) ( ~ a f f e ~  et al (1986)), and CRIB (Computer Retrieval 
- * t  

Incidence Bank) (Hartley (1984)). LES is used to trouble-shoot a large signal switching ' 

, . ,  

network known as,the,baseb.and distribution subsystem (BDS). The BDS acceptsup to 40 

baseband inpk7signnls and connects them undet computer control to any one of up to 304 

baseband signal output pons. The BDS structure allows connection of any one, of its-40 

input signals to any one or a combination of all its 304 output ports with essentially no 

signal degradation. The BDS consists of 16 equipwnt  cabinets, a terminal and a line - 

printer. The expert system performs corrective maintenance on the BDS 6 y  rapidly 



w ' 
isolating the fiulty chassiypounted piece that caused the failure. The faulty module ma) 

- '  

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

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

diagnosis a complicated task. 
' .i 

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 proQuctivity by reducing t h t  
. - 

average time per fault investigation. 

Earlier, "a project called Deemen by the same group had ma& it  evident tha~ 

expertise of most field engineers is not in assuring correct electi-onic functioning of tht.  

machine but rather inmodule interfaces. Therefore, 'the approach to diagnosis through 

simulation of machifie-function was rejected. The research team found that most previou\ 

attempts along these lines failed thrgugh the enormity of the task. Instead, the diignostic 

strategies had only to help isolate the replaceable parts, or sub-units and the interface\ 

between them. They concentrated on the quesb& like what son of knowledge d m  an 

engineer need to find faults on malfunctioning computers, and how does the engineer ust. . 

this knowledge to find and correct the fault? They soon realised all that was really needed 

was the location of the fault within a sub-unit. Where sub-units shared hardwart. 

V interfaces, eg cable or connector, relationships- between them were represented a\ 

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

diagnostic spiral called TOAST: 
.' . 



. .  
< - 

Test: Carry out an appropriate test on 
. , 

Observe: Observe and record the results 
. . 

the machiw , I 

Analyze: Analyze test results and determine whether to split or test 
0 .  

- 7  

Split: Split the faulty subsystem into faulty and non faulty parts , % 

Test: Genekite an appropriate test for the faulty subsystem. i 

' .This teting'spiral tak& the,engineer down the hierarchy 

locafion of the fault is essentially pin pointed to repair or replace 

SOPHIE I to 11.1 

o f  sub-units until the 

a module. 

t 

The intentions of the researchers in SOPHIE (I to 111) were to explore an 

interactive   earni in^ environment that ericourages explicit development of hypotheses by 

the student canying out  problem-solving. The American Air Forces (major sponsors in the 

research) were interested in using computers for their component-level trouble-shooting 

'particularly in a laboratory setting. SOPHIE uses a general purpose electronic simulator 

id order k provide a simulation of the domain both for the student and itself. (Nagel ahd 
\ 

I .  

Pederson,l973) SOPHIE was to fulfill the need for ah environment in which to 
', 

experiment with new ways of teaching problem-solving skills, such as electronic trouble- 

shooting, without being constrained.only to pose problems that can be safely handled in 

a laboratory setting. Problems could also be analyzed in a hazardous and destructive 

environment. 

SOPHIE'S educational role is that of a "lab" where the student has.a chance to 



. apply hisher  knowledge and receive informed feedback in the domain of electronic 

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

whose components can be faulted, trouble-shooting mean$ performing a series ot . . 

measurements to propose and test hypotheses concerniig the location and natute of thc 

fault. Not only does the studant have a chance to apply hisher t'heoretical knowledge ot 

electronic laws to understand the "causality underlying-circuit mechanismsJ', s h e  also 

acquires general trouble-shooting strategies. Brown et a1 (1982) reflect ,on the use oi 
. . , , 

, .. 
quantha,tive simulatio,n of making infere"ces, and their inability to give a fun - i cco~n t  01 

. $ 
. , 

- - .  

thi  causality underlying its inferencei. causality is pedagogically importint because it.is . 
. - 

the main ingredient of the kinds of explanations human students can understand. In ;I , 
I 

~ouble-shooting context, causality, more than information content, drives the diagnosiic 

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

SOPHIE-I motivated much of the further researck. SOPHIE-11: was not an attempt to 
J 

deal with the fundamental 1imitations.af . , quantitative sirrfufation mentibned above; rathe1 
. - 

6 

it was an improvement in its pedagogical setup. (Brown et a1,1976) A tfbuble-shkting 
. I 1. 8 

.. . . * . . 
expert was added to the simulated lab. This expeYt ' dimonstrated I .  . ,  trouble-shooting . 

I .  8 I 

s w e g i e s ,  given a faulted circuit. In contrast with S O P H I E I ~  app&ich, this trouble- ,t 

-, . 
i. 

shooting expert. reasoned qualitatively, making casually meaningful 'measurements . . and 

' - ., _ .- ex'plaining its strategic decisions as i t  proceeded. Still i t  w$s not sophisticated enough 
. . . 

r . . 
:i ..x ' 

... . I  from an A.I. standpoint, since i t  merely followed a predetermined decision tree. SOPHIE- ' -' " "  

111 attacked the problem of reasonin'g (Brown et a1 1982) and was divided ., . into trouble- 
. ' 

shooting expert and an electronic expert, each implemented in a sepamte module. Thr 
< 4 



troublq-shooting expert worked on top of the electronics exbert. (Brown et a1 1980-1982) 
7 .  

They a theory of qualitative reasoning about mechanisms. They realized that , 

many expert trouble-shooters diagnose systems that they had never seen before. They 
r A  -. 

found that experts 'construc~ their own qualitative, causal. models of how a system - ,  
< 

functions given a description of its sqcture  arid what it is su&osed to do: What could 
< 

be the basis of this skill? This involves a qualitative understan'bing of how the system 
# 

functions in  contradiction to the analytic or quantitative models of.teq taught to engneers ., _ _. 
R 

4 

"These models appe&to have many of the .properties o f  4 sirnulatioi which i s , + '  
I 1 _ 

metaphorically speaking, "run" in the mind's eye or what might be called an , 
&/ 

1- 

envisionment". By running such an envisionment, the expert can find ,some of the 

underlying causality. By observipg students using SOPHIE systems, it became appareit' 

that .they were acquiring only one aspect of the skill of trouble-shooting; i.e., using 

knowledge of circuit components to local@ faults. However, the understanding of how 

components interacted with each other proved extremely difficult even after extensive 
.\ A 

. : .  1 .  

training with. the. system. Further aro.se:'[l) What were the m e n d  models of 

how and why a given device behaved that experts seem to anderstand and novices did 
* * .  

not? (2) What kind of expikit explanations could SOPHIE give that would facilitate h e  

h .  

meaningful acquisition of these mental models? If they could be identifkd and described, 

then the models could help in cuni~ulum design for teaching ~lec'trmic trouble-shooting 

strategies. . - 

. . 
. In  addition to above-mentioned ~hortcomings, there were other issues like what 

were to be the basic assumptions on which the representation and reasoning were to be 4 

' i 



based? Assumptions such as a single fault to &'searched for, are good working premisr 
a -  

. " 
for trouble-shooting, but are often violated in real situation's. The second problematic area , 

r 1  

mentioned by Brown et a1 (1982) is the encoding of circuit specific knowledge, originallj . ' 

- 
present in the quantitative simulator of SOPHIE-I and later contained in SOPHIE-In'> - 

" A  procbction rules and behaviour tree. The complexity of the domain of electronics by itself 

I .  
was a m j o r  problem. Separate projects like WEST, BUGGY, and BLOCKS were st,meti - 

I 

.J 

I ,  for the purpose of investigating various related issues in simpler domains. The coaching 
! 

of problem-solving activities was explored in WEST, student modelling in BUGGY, and - 

information about theoretical trouble-shqoting in rhe BLOCKS tutor. 

C -. 
Approaches in Trouble-Shooting Training 

, 

Let us now consider the various training appioaches that have been tried and thc. 
\ 

effects these approaches have had upan trouble-shooting performance; (1 )  instructio~ in 

the theory upon which the system is based; (2) provision of opportunities for troub'le 

shoohng practice; (3) guldance in the use of system knowledge, and (4) guidance in thr 
I . . 

use of algorithms or rules. In the two f i b e r  cases the boubk-shooter is expected to 

devetop an appropriate strategy rather than to follow a prescribed strategy. In the lattel 

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

, Theoretical Instruction 

I t  is B very traditional approach of learning about the functioning of the system ;mtl 

the troubleshooter is expected to develop an appropriate strategy for troubfe-shoating thc. 
. 

- 1 

. - > 24, % 

* *  

L - . .  
I 

, . . 
- 



system by himself or herself. Most of 'electronics education at colleges and universities 
., . . ~. 

is based on this approach, and a lot of rekearch tias been condudted in this environment ' , 
.. , 

The results of these studies indicate that instruction i n  themtical principles is not an 

effective way to p r d u c e  g o d  trouble-shoorers. (Schorgmayer and Swanson, 1975; 
L 

Shepherd et al, 1977; Miller, 1975; Van Matre & Steinemann, 1966; '~teinemann et al. , . 

1967; Williams Bh Whitmore, 1959 and Fole-y, 1977) ~ e s e a r c h  in other domains such 
' 

% 

as process-control (Brigham & Lairrs, 1975; Crossman I &  Cooke 1974; Kragt 8: 
t - .  

,Landeweered, 1974; Moms & Rouse, 1985) and mathematical problem-solving (Mayer . 

, &'- Gre&o, 1972; Mayer et al, 1975) showed similar results. The explicit training ih ' 

I L 

~he&ies, fundamentals, or principles failed to enhance performance and sometimes . 

- actual'ly degraded perf6rmance. Fundamental understanding has been empirically shown 

to be usiful for answering theofeticd questions but not for, solving- prdblems. 
b 

I . . .  1 
dppoqunity for Practice 

The essen'ce of this approach is to'provide the trpuble-shooter with opportunities, n ?.- 

to practice solving-broblems using the actual system or some form of simulation. This 

approach .is seldom used in i'solation and. is wually used in. canjunction with some 

theoretical instruction. However, opportunity for practice is the primary goal as is often 

the case w ~ t h  most of the military schools of instruction. Rigney et a1 (1978-80) conducted 

studies usirig GMTS (Generalized Maintenance Trainer Simulator) and EEMT (Electronics 

Equipnien t Maintenance Trainer) which demonstrated that practice in trouble-shooting 

improves performance. Duncan and Shephard (1975) also reported a general trend toward 
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4 , (  
'$ * r 

faster d i a g n o ~  with practicebut no statistical tests were performed. 

. Guidance imthe Use of context-specific Kwwledge A I '  

. . . 
The goal of thi pproach is to create conditions in which the trouble-shootel 

m e s  to apply the knowlegge to probkm-solring, with or without explicit instructions. FOI 

, , 

example, a trouble-shooter might be told to generate hypotheses as to the cause 01. 
, .. ' 

@ 
symptoms prior to beginning work. Ev~dence suggests that enmuraging t~ouble-shooter5 + . - .  

to plan before acting can en ce their performance.~i l ler  (1975) described instruction5 
I 

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

in system functioning to actions performed during trouble-shooting. Foi'example, 'system 
t 

behaviour was presented in terms of causal sequences rather than a more traditional lefr . ' L 

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 presptation 

o f  schemmcs. No extraordinary attempt was made to relate the information .to actual 

3 
equipment. Both groups had limited access to the actual radar for trouble-shooting 

practice. The experimental group wa> found to be faster in perfokning checks and 

adjustments, was more often successful in trouble-shooting, made fewer errors in generd, 

and scored better on quizzes. Fattu and Mech (1953) also show that providing trouble- 

shooters with guidance in how to analyze symptoms is helpful in trouble-shmtirg. It may. 

however, be noted that the studies in which positive effects were found involved guidancc. 

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

and analyze symptoms in a prescribed way. 



I ) 

Guidance i n  the Use of Algorithms or Rules 

This category of training approaches include those that attempt to provide the 

trouble-shooter with a particular strategy or at least constrain the set of strategies used. 

? 

This category has also been widely researched. Typically, studies in this Category 

attempted to constrain the trouble-shooter's strategy in one of the following four ways. 
, - 

4 . . 
a. The trouble-shooters were not explicitly told what should or should not be 

/ 
I" 

done. They were only provided with examples of tk "right" way to do 

things. Their wuble-shooting behaviour was then observed to see if these 
, , 

- .  
exanlples weie followed. (Crooks et al, 1977 and Hopf-Weichel-et al, 

1979) Some evidence suggests that providing trouble-shooters with good 

elt&nples can have a beneficiabeffect on their performance. However, 

learning from examples may be confined to persons with high ability. 

Trouble-shooters were sometimes supplied with feedback as to the 

wceptabitity of their actions, but the criteria for acceptable at ions were 

College students were given a set of symptdms and were asked not stated: 

to identify the component common to those syfnptoms. .(Brooke et A, 

Aiding in the fotm of action-related feedback was- also 

inve~tigated~in a series of experiments. (Rouse.& Hunt, 1984) Trouble- 

shooting performance may be znhanced if action-related feedback is 

provided. If feedback is in the form of identifying the feasible set of 

aiternatives; positive tnnsfer effects 'may be noted if the trouble-shooter 



% .  

has some level of prior experience or the feedback' is,supplied in a variet! 

of contexts. Explicit feedback improves perfornlince, but unexplained a. 

, . ratings about the quality of actions have.produced negative results. 
' .  

c .   rouble-shooters were told about appropriate algorithms or rules and wen. 

observed to determine whether or qot the approach was followed 

Algorithm ofbhoice has mostly been the half-split rule with the goal ot 

minimizing the number of tests required to localiiq the source of a failure 

(Goldbeck et al, 1957) I t  was found th'at if the'system is simple, then 

teaching trouble- shooting about the half-split ~ o i i & ~ t  may enhance theil 

,performance. However, if the system is complex, addirional instruction > ,  and 
8 ,  

practice in identifying the feasible set of alternatives may be re'quireci 

Brooke et a1 (1983) also investigated the value of instruction in the half 

split approach. There were two independent variables in their research: the 

ahilability of strategic instructions, and the availability of -aiding. The 

'ihstructions consisted of a discussion of the concepts of half-split a d  

'bracketing and a caution to make diagnoses only with sufficienr 
d 

- , 

-* 

information. Aiding involved providing feedback when tests made wert. 

redundant or diagnoses were premature. It was reported that subject; 

tended to make premature diagnoses if not proGided with instruction or 
- 

aiding, and did not improve over time. It was also concluded thar --. 

instructions were generally more effective in influencing trouble-shooting 

strategies than was aiding, and that the efficiency of testing was morc 
*.- 

30 



\ '  
easily improved than were diagnostic errors. 

d. More like aiding, the trouble-shooter's task wab fully~procedllralized. The. 

trouble-shooters learned a.liisi of rdes, which they sought to apply when _ .  I 

making diagnoses. Rules are not always memorised, but they are always 

accessible, either on line or in hard copy form, and are retrieved as needed. - 

\ 

Potter and Thomas (1976) observed technicians as they perfoimed 
- 

electronics trouble-shooting tasks and reported differences in number of 

r ' 

, c o n e ~ t  solutions and time to solution. Smillie & Porta (1981) and Elliot 
7 

(1966) noted improvements in the nomber of correct solutians, number of 

checks and un-necessary replacements, and solutions, time when 

proceduralized aids were used rather than more traditional qpproache such 9 
as te~hnical orders. Studies indiqate that proceduralization may be a 

effective means of influencing trouble-shoodn'g performance, largely. 
P 

independent of ability or experience. (Elliot, 1965-67; Elliot & Joyce 1968- 

197 1 ) I n  one experiment, pr&eduralization enable$ high school students 

with no trouble-shooting experience to find f&ts as accurately as Air 

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

ability and experience are needed for comparable .performance. 

The s ~ n i ~ l a r ~ t ~ e s  and differences between experts and novices are now summarized. 

The studies in the domain of chess and in medical problem-solving indicate that erpe-g:. 

and novices are similar in the "fqrm" of their reasoning but differ in "substance" of 



L 

w , . 

I 

c p e n t  or reaso~ing.  Experts &in be four t i m a  faster than noviqes in speed when solving 

problems and make fewer mistakes.   he qualitative analysis, occurring in the very 

rd beginning phase of problem~solving, distinguished the experts from novices most 1 
d 

significantly: Novices made rneta-starements like observations of errors made, self .. 
i 

evaluations, and expressions of failure five times more &an experts. The pause times 

between retrieving successive information OF chunks of information or cdues to prablem- 

solving also vary considerably between exparts and npv"ices. Infomation is stored in 

. . 
chunks or related configuration by expens, so r h i t  acces'sing one thought leads to 

accessing another thought. 
- . .  

Trouble-shooting experience developed dver a long kr iod of time helped the 

experts to score much higher than novices when speed and efficiency of repair wa4 

emphasized. Individual abilities and aptitudes helped in retention of .the techniques an([ .. 

1 

i 
stritegies learnt. Apparently, the ability to learn from experience also improves with 

experience. Experts have been found to be d'isc'riminating, reflective, high in general and 

logical reasoning and good at numerical operations. Individbal differences in experience. - 

cognitive abiIities, and aptitudes have been shown to affect trouble-shootipg performance. - 

High cognitive ability provided a greater ab,lity to employ half-split approach on more 

complex probIems. 
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' CHAPTER I11 

METMrn. 
. * 

I 

The Methtxiolo~y of Think-Out-Loud Protocols . 

,' - .. TOL has proven to be a useful research t o o l  in human problem-solving. (Newell & 
> ,  

Simon.1972 and Ericsson & Simon, 1984) In these procedures, the subjects report on - 

, . 

.thoughts and actions while they solve problems. It is not known if this methodology was 

ever u xed to capture the thought processes af electrorric trouble-shooters. However, it has 
I 

been used extensively in other domains of learning particularly in reading c o m p ~ h e n s i m  

. 
and problern-solving. Olshavsky (1976-1977) was one of the first investigators'to use TOL 

procedure to study reqding strategies. Other studies in this domain iuclude Garner and - 

Alexander (1982); Alvermann (1984); Baker and Brown (1984) lo name a fiw. 

There have also been some voices ~f concern about this methodology. perhapsc the . 

tnobt babic concern is the accessibility of cognitive and meta-cognitive prmesses for 

- subsequent analysis. (Nisbett and Wilson, 1977) Even Ericsson and Simon (1980), in' 
. . 

their paper on verbal report as data, emphasise that-recurrent processes that have become 

I 

aiiton~ated are particularly problematic. This may result in incomplete data, and possibly 

inappropriate inferences about strategic processing. Meichenbaum (1980) cautions us in 

this regard 2nd warns not to equate language with thought. We may not be able to draw 

inferences ;lbouf thought processes thenlselves, yet inferences could be drawn at higher . 
. . . - 

level cognit~ve and meta cognitive strategies. . . 
- - 

Verh:il f ~ ~ l ~ t y  is a second m;ijor concern. The obligation to speak out loud may 



interfere with the problem-solving actlvrty of the trouble-shooter. To niinimise obstructiori. 

 inter^-uptionsshould be niinimised. (Xellog, 1982) Ericsson-aRd Simon (1980) report thar 

subjects may stop verbalizing or may provide incomplete verbalizations when they art. 

working under heavy cognitive load. A number of guidelines are suggested hy researchen 

for eliciting verbal repons of cognitive and rnetacognitive strategies and are given below: 

A. - Ask trouble-shooters to report what they think and do and not why. The 
i 

amount of inference required is thus constrained. 
. . 

B. Ask trouble-shoofers to speak out loudly whqtever comes to their~niind i 

Subjects should not plan what to say or speak after the thought, but rathe! 

let their thoughts speak. I t  is most important-that they keep talking. 

C. Prompt f u l l  reporring in a nonqueing fashion and with minimum proces> 

disruption. 
I 

D. Use rnultimethod assessment. gy using a set of different methods, data can . 

> 

be collected on actual strategies used by trouble-shooters. As Kail & 

Bisanz .(1982) put it, "no single approach is suffidient for unambiguous and 
- ,  

comprehensive identification of a person's cognitive strategies".' , '. 
- , ?  

I n  shun, it is'suggested that the information should be heeded to and asked for ar 

the tlme of the activity. TOL -protocols provide us the oppwtunity to capture the 

. information being attended to or iecently acquired. This information is available i n  

sensory memory and the shon t e k  memor; with a limited capacity and shon duration 



7 ~ 6 c s s o n  and Simon, 1980) The instruments and" measures are to be designed 
L .  

., , accordingly. '~  number of sample studies (Kwpf. 1973; Carroll & Payne, j977; ~ a z d i n . '  
-,. :. . 

1976) report that level 1 and 2 verbalization (concuffent verbalization) had no affect on 
.) 

the effectiveness of task performance. (Ericsson and Simon, 1980) Also on a wide range 

of problems varyin in difficulty, no significant difference was found between a silent B 
control condition -and a verbalizing condition. These findings also suggest that the internal 

Y$ 

structure of the thought processes is not changed as a result of the verbalizing activity. .. 
s 

Iloc and Lrplat (1982) emphasize three broad categories of factors: ( I )  the kind 

of process studied, (2) the type of instruction given for verbalization and (3) the moment 

o f  verb;ilization i n  relation to the way in which the process unfolds. Subjects describe the 
- 

m .  

. -  . 
. . .  

experierlce as they live through it. Subjects need not reflectively penetrate and 

transparently present their thinking. It is the task of the researcher to penetrate their 

descripr~ons i n  order to reflectively articulate the phenomenon. (Aanstoos, 1983) "It can 

be most precisely understood as an expression of, and hence a reference to, the lived 
- \ 

experierice of the subject". (Giorgi, 1982) TOL offers an opportunity to collect 
- ~ 

system:itic observations about the thinking that occurs duringathe task and fo; srudyiog 

these highkr level processes. (Olson et al, 198 1) Giorgi (1975) exe 

of ~der~tifymg meaning units, specifying their central themes and then articulating their 

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

accuracy of the subjec thinking, but rather to discern its structure. (Aanstoos, 1983) 



Analytic Procedure? for Think-Ou t-Loud Data J 

f9 * -  . 

A rigorous analysis of the protocol then becomes the necessary first step. ~ h r  

researcher reads the protocol and each time a transition in meaning is perceived, the 
. * 

underlying thought process is delineated. Next, the phenomenal themes that emerge ax 
, , 

constituents are clarified and made explicit. They can also be appropriqtely ctxied. "Think 
I \ 

C 

aloud data should not be taken as direct reflections of thought processes but rather as diiti~ 
I. 

which are correlated with underlying thought processes". ( ,Olson et a1 1981) Thc 

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

- 

4 

think in^-Out-Loud a? a Method for Studying Real Time Trouble-shoot in^ ~echn iques  

The complex nature of today's commercial, industrial and military electroni~ 

systems and equipriient requires highly skilled maintenance tech-nicians. The technician 

is required to have a thorough knowledge of the defective equipment, competence ih tht. 
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 
, 

. ,  7 '  process and the trouble-shooter is expected to have most or all o f  the following. 

a. Knowledge of equipment performance under normal working 

conditions. 

b. KnowIthe function of and manipulation of all equipment control5 

and adjustments.. 

c .  Know the correct use ofiest equipment and be able to interpret the 
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The 

. c 
P > 

r ,  
1 - 

. ?  

1 

tcst results. 2 i . '  
. , - d ., a ,  , 

d. Re able to understand schematics, and analyze logically the 

\ ..' 
information about correctly operating and malfunctioning parts and 

components of the equipment. 

e. Apply a systematic and jogical procedure to locate the fault. This e t  

means knowing about the working and malfunctioning parts of the 

equipment, identification of the problem space and skilful use of 

stmtegies and techniques toreduce theJproblem space until the fault 

is located. . ' 

> 
I 

f .  Expertise in skills needed to repair the fault. 

g. Knowledge of an appropriate check-out procedure on the reeaired - 
equipment to ensure that proper repair job has been done. 

comprehension and understanding of these underlying processes and 
. - 

procedures is a difficult task. It is difficult to devise means to e~ternalise these mentai. 

thought processes employed by novice and expert trouble-shooters and at the same time 

make them readily observable. Two prominent methods currently used to externalize 
L ' 

cogniii,vr and n~e tn -cogn i t i~e s t r a t e~ i e s  are interviews and TOL protocols. However;. - ' 

. - . , 

bec;iuse interviews produce r e w q m t i v e  verbalisation, they have come under heavy 

criticism for their oft-reponed unreliabiliry. (Nisktt and Wilson, 1977) White(1980) says 

that a long time li~pse between ihinkingldoing and providing the verbal report of what was 

thought:ind done allows memory fiiilure and is, therefore, unreliable. Hence, introspective . 
~. . 



verbalisation was not considered for the analysis of cognitive and meta-cognitivy 

strategies. a ;  

The verbal protocols using TOL method, on the other hand, have been used l 

successfully in the domain of pmbleni-solving. (Newell and Simon, 1972); Ericson and 
" .  

Simon, 1984) The subjects report on thou@its and actions while engaged in cognitivt- 
B ' 

% 

processing. I t  is still imperative that the focus of l"lc7L~task should be to get the subject5 - .  
. ;.., 3, . ' 

to report the cbntents of their immediate awareness rather , than . to repon explanations and 
0 

justifications of their' behaviour..The subjects are asked to talk-out-loud what they art. 

thinking about right now, and not what they remember thinking about sometime ago. The!- 

are asked not to plan what to say or weak gfter the thought, but rather let their thought\ -, I 

speak as though they are thinking-out-loud (TOL). They are to speak out loudly saying 

whatever clime to their mind. Second, TOL data is not 16 be taken as direct reflection ot 

thought processes but rather as data which are co-related with underlying though1 
I 

processes. TOL data should provide i sample of what's on the subjects mind during tht. 
. .,.,, 

task, and they may not nec&arily reveal the. strategies, knowledge sources or mjuble 

shooting rules or procedures actually uaed. These cognitive and meta-cognitive processe\ 
, 

must be later inferred from the TOL data. These caytions are very important as Ericson -. 

and Simon (1984) ;ickSnbwledge that most of criticism of verbal reports as data is based 

on f ~ u l t y  assumptions about. the reason;hle use of such data. ,The protocol is then 

transcribed and categorised by coding various thought processes 
. . .. . +. +- ,  

Electronic problem-solving involves a broad array of processes, from sensory ant1 
- ,: 

perceptual ones to higher level processes such as ,reasoning, inference, hypotheses , % .  



I 

gene'ration and deciGon, making. TOL verbal protocol is considered to be an adequate 
- .  

method to study these higher level processes in slecfronic tr8uble-shooting. TOL protocol 

is specialized.fyr the study of the-externally guided thinking and it is assumed that these > .  

processes rue most available to conscioclsness instantly as the subject is trouble-shooting * 

, the electronic equipment. TOL task offers an opportunity to collect systematic + 

<, 

Observations about the thinking that occurs during electronic problem-solving. The outputs 

of these processes are verbal, and samples of them are sufficient for the investigafor to - .  
. . * '. 

Infer trouble-shooting techniques and strategies used in solving electronic problems. TOL 

. . 
protocol is uced as a discovery procedure for studying these higher level processes. , 

\ 

The trouble-shooters need to learn procedures andcompohent processes 'far testing. 

observing, and analysing the' circuits as well as routines for organizing these processes 

TOL helps to look at these thought processes and the nature of trguble-shooting strategies. 
' 

. a 

. . 
Paris r; :11 (1983) call them "skills under consideration". They remind us that these . .. .A ., 

8 .  

. r  - - strategies must be selected by, the trouble-shooter from alternative activities, and it must 

be intended to attain a goal and to complete a task. Jt is as important for us to know when 

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

I .  cognitive experiences and adept strategy use is suggested by Forrest-Presley and Gillies , - . - .  ., 

. . 
?, 

. (I983),  who argue the meta-cognitive activity directs the flexible use of various strategies. , 

' 

The ;palysis of the TOL data will, therefore, concentrate on the analysis 

experiences of the trouble-shooters and their use of various strategies. . ' ' 

I '  

of cognitive 
L 



Type of Tnstructionc 

' . \ 
The importance of being clear and explicit to subjects'cannot be over emphasized , I 

. .. . _. . I  

Comprehensive instruclions werep-epared (Appendix A) about tt& objectives of the stuiy,., ' . . 

. . 
I 

details of the expenmental procedures, and the urgency of continuously speaking out l&id 
* 

F - 
whatever came to their miqd while solving the electronic problem. The'verbalization 01 

3 .  

t * , , 
the s'ubjects' thought processes was emphusized. The instructions also contained ;I 

. , 

description .of the, system, maintenance proctdures adopted in the real world and 

narrowing down of the problem,space tu the. bo%rd level. In this background theA problem 

was defined, f ~ u l t  symptoms were explained, and nomal  operating sequence described . ' 

In short the instructions were made as explicit ax possible keeping in view the real-world 

situations and making the problem as realistic as possible. 

Subject\ ; 

The subjects were Bachelors of E n g i n e r ~ n i ,  one with considerible (15 years) 

electronic trouble-shooting ixperience and the other a fresh graduate f ro rnm~niWsi ty  of 

British Columbia. They were, however, nqt familiar with TOL protocols. The instruction\ 
, ,  

. , 

were, therefore, verbally dxp~ained and corr'ect ,working o f  thk equipment wa:. 

demonstrated before the fault finding session started. No other help was provided to thc ' ' 

subjects and they were not allowed to ask any questions frdm the observer. He wa\ 

, , 
present only l o  ieniind the subjects to,keep $king-our loud, in case they were silent 101 

more than 30 seconds. All necessary circuit diagrams were provided 

- I  

3 

4( 1 
\ J 



The defective piece of equipment was an electronic circuit board, fully interfaced 

n with i~iput and output devices to check out proper funcrtoning of the system. The pdwer 

8 supply consisted of an adapter to the wall socket and another elecuonic circuit board to 

8 - provide appropriate voltages to the system. The test equipment provided-- was an 

oscilloscope, digital multi-meter and a logic probe. The fault was inserted in the'main , 

e 

lo ic board. The subjects talked-out-loud while they trouble-shot and thb  verbal prbtocol ~ 8 , .  : * 

was tape- recorded. The equipment under test was a microprocessor based system for. 

locking and unlocking of a security vault using a faur digit code. On-site repair was 

carried out by replacing the faulty board, which was brought back to the shop for further 

repairs. . 

lnsttun~ent and Mearurec 

The subjects were given the instruction sheet to read and understand the correct 

functioning o f  the system. A copy is attached as Appendix A. They were also shown the . 
, . 

correct working of the system before d fault was inserted in the printed circuit board in ' 

i 

their absence. An audio tape recorder was used to record their TOL protocol. Tĥ e observer 
i 

who was sitt~ng behind the subject, was not allowed to answer any questions. His only job 

was to remind the subject to keep talking-out-loud in case the subject WAS silem'for more 

than 30 seconds. The tn~ublC-shooting environment was ma& natural and realistic' a; 

much as possible. The protocol was transcribed and then various thought @roc!esses were 

separqted for further analysis. The protocols and thought processes are attached as 

4 1 



Appendices B,C,p, and 'E for both the subjects. 

Data Analysis. 

The transcription, coding, and analysis- of TOL verbal proiocol was time 

consuniihg and tediohs., However. i t  helped to- explicate the higher level pmcesse\ 

involved i n  electroniq' trouble~shooting. I t  also proved useful in studying ihdividial- 

C 

differences in trouble-shooting strategies- employed by the two t rouble-shmte~.  11 

.. 
provided the d,ata base to explore what the good trouble-shooters have which the p t x ~  

D 

I d  

- ' . trouble-shooters do not have. , fi 

The verbal protocol was segmented and c0cicd lnto appropriate thought processes. 
f 

' e.g., test, observation, analy"sis, hypothesis, etc: These label's then provided the basis f o ~  * 

further study into the cugnitive and nieta-cognitive strategies adopted by the subject\ I 

during trouble-shooting. This interpretive formulate causal'.4inks .ant1 
. , 

. , . . 

knowledge about strilegies used, which l&arning strategjeb y. , ' 

and student's mental riiodels for teaching electronic trouble-shooting. 

The Researcher as Part of Instrument 
P .  

"The researcher is a valuable research ~nstrurnent whose field experjences provdc- 

insights and whose personal talents and ;xperienth biases4may facilitate data analysis.' 
I ,  

(Marsha11,1984) COgnitive psy~hologists like Br?nsford i1479) and dibson (1966) havc *: 
also exposed the myth of the "neutralt' ;)bsrrvrr. (Tuthill '& Ashton, 1983) Prior 

" ' 

knowledge affects and future knowledge ;~c~u i s ikkn .  (Glaser, 1984) MI 



. - 
previous knowledge of kle~tronic trouble-shooting , . and thirty years of maintenance arld 

repair experience in the hilitary and industrial environment has'provided me same insight 

i 

6fo !he strategies used by expert and novice trouble-shooters, These ekperiential biases 
2 . < + .  

have now helped me i n  coding and analysis of the data. I have been designing electronic - . I- 

? .  

_circuits, building, prototypes, mhnufacturing, testing and quality assurarlce. I have also 
I I- 

4 

been actively involved in training, installation, maintenance and repair of eletmcal and 
,, 

electronic equipment. The intuitive insight into electronic trouble-shooting helped me.to 

unCover patterns of signifi'caoce in data analysis. (Schwartz & ~chwar tz ,  1955) The 

~i ;cui t ,~sed i n  this study for trouble-shooting was designed by me and this equipment has . 

been in use for a number of years. A recommended strategy for trouble-shooting this 

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



. - . . CHAPTER I V  

draw in^ Valid Meaning From Qualitative Data 

- 

Cognitive Task Analysis 

~ h e i e  r e  few agreed-on cannons for analysis of qualitative data and. therefore, thr 

truth claims underlying such work are unc&ain. (Miles and Huberrnan,l984) Thr 
- 

2,,, 
processes of data reduction, data display, conclusio~ drawing and verification must br 

considered. The conclusions drawn can later be tested quantitatively for their plausibility, 

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

into thought processes. Eadh thought prbcess was t h y  encoded from ihe information , 
a 

contained in the segment irself. The subject's TOL process as data was taken for granted 

and the study sought to reveal in  the& coding not only-the succession of known states. 

cognitive and metacopitiye strategies; but also the productions that were executed to 
I ,  , , 

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

runner of "CRIB" expert trouble-shooting system (already discussed in Chapter 11)  

suggested a testing spiral or a search control strategy which takes the trouble-sht>otel 

down the hierarchy of sub-units until the location of the fault is sufficiently pin pointed , 

(Hartley, 1984) Protocol statemerlts or thought processes were coded as word problem 

anakysis (WPA); test (T); test and observation (T&O); observation (0); observation 

analysis (OA); c h i t  analysis (CA); and hypotheses generation (h,H). Hypothesis~(H) waa 

generated when the thodght pipcess identified a definite malfunctioning part or 
. "  - 

3 - 
component. The hypothesis (h) was only a th6ught advnncing the causal reasoning and 



helping the trouble-shooter ad;ance through the hierarchy of the search control in the . 

problem space. The evaluation of the ~hought  processes and their coding was subjective 

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

subjects. 
* " 

A hypothetical model of the domain to help identify objects and relations in the 

domain was developed. This theoretical model makes full use of -half split rule for 

whatever circuit group or circuit arrangement may be under consideration. Links or 

relationships were traced for each type of data flow in lihear, convergent, hyergent., 
6 6 

J 1 

switching, feedback or a mixed configuration. It also follows the information funnel 
t 

principle which is a concept that helps pick the type and location o f  the check appropriate 
- P 

to the number of trouble possibilities bracketed in the problem space. The utility or 
i' 

usefulniss of the check was evaluated, by t ~ <  relative value of the information gained by 

making the check to the cost or difficulty required to make the check. The analysis on the 

observations made on the most recent test canied out may help to generate a hypothesis. 

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

diagram i n  order t o  generate a new hypothesis, which may o'nly be a new thought or a 
b 

reason to test again. The number and type of tests made will, therefore, indicate the 

comparative effectiveness of the trouble-shooting process. The elements of the thought 

process also give an indication of the quality and effort spent on testing, observing, 

analyzing, and generation of hypotheses. Summaries have been made for'each fault 

analysis fix both the subjects for compuison purposes. 



. 
Analysis .of the-Forh of Diagnostic Reasoning \ \ I ,  

There is a striking similarity in the- cyelical nature of the cognitive tasks performed b ~ f -  

both the s u b ~ c t s .  The basic of testing, obk&ing, anai;stn-.d, hfpothesh - 
' 4  

generafion is the same. The new cycle always stwts from test phase and then proceeds 

towardr generating 3 meaningful hypmesis, failing which the cycle is repeated again and . ' 

again till a conclusive and a successful hypothesis can be generate@. This pattern was 

followed when the subjects had success in fault finding (Faults A&B) as well as when,' 

they faced difficulties (Faults C&D). I t  confonris to the findings in medical problem 

5 
\solving (Johnson et al. 1981; Elstein et al, 1978) and in chess phying (Chase 8 . < 

Simon,l973). When in difficulty, both the subjects spent more time in consuhing and 

analysing schematic diagrams. Subject # I  consulted the circuit 14 times for f h t  C 

Subject # 2 consulted the circuit 26 times for fault D and still could not find the fault 

They also generated too many unproductive hypotheses in a difficult situation (32 t i m e  
d 

9 
by subject #I' in fault C and 28 times by subject # 2 in fault D even though he could no, 

find the fault). Most of these hypotheses were incorrect and were not the result of ;I 

, '  
logical reasoning process. I t  seems that they guessed quite often. However, this period oi 

difficulty high-lighted their differences i n  the subsmiice o•’, their reasoning. Subject # 2 

abandoned the strategy of "divide and conquer" and at best was using "trial and error 

approach". Subject # I  moved bu t  of the problem space (~051) 'bu t  corrected hirnseli 

soon after (C05Y) and started troub.le-shooting within the problem spaee. k t  us now 1ot)h 



. ' 

A'nalysis of Substance of D i a ~ m s t i c  Reasoning 

The type and number of tests made by the subjects indicate the differe'nce in 

ieasoning process and . . their trbuble-shooting s t r a ~ e ~ i e s . . ~  camparative summary of thoughl. 

processes explicated by both subjecp is shown in Figure #I ,  The subject #2 initially 

spends considerable time in urinecessary testing (19 Vs8) ahd subsequent analysis ( 1 7 ~ 5 '  - 
8) for Fault A. This shows his laek of experience in using the search control strategies. , 

4 .  1 - 
. . 

Inappropriate tests may s k o  lead to incorrect hypottiesis generation and create doubts and 

confilsion. Subject # 1 carries out 58 tests in Fault C and generates 32 hypotheses, most' 
I 

of which were unnecessary. A recommended sequence of tests for all faults is shown in - 

i 

, Figure #2 (a&b). The' two subjects also differed-significantly in type and quality of 
. % 

- hiPothesis (H) generation (1.5; $ , I ;  13,5; 2,14++). Subject #Z generated too many 

hypotheses. most of which were incorrect. subject # 1 generared 13 hypotheses in Fault ' 

C when he ventured out of the problem_space and went astray. Both subjects generated 
I 

wrong hypotheses in Falllt #s C and D respectively'and stuck to tbem for too long. 

Subject #I managed t icorrect  the situation by rerurning back to the problem space and 

- d 

was eventually successful. ~owevef , :  he wasted too much time in circuit analysis and 

n-reaningless'tests. Subject # 2, i n  a similar situation, approached the problem space from 

one end and kept tar ing the circuit bit by bit. He did not use the "half-split" rule, and the 

"informatm funnel" p r i n ~ i p ~ e .  He eventually gave up and &failed to find the fault. An 

L1 appropriate use of these 'fundamental principles could have helped-him tq find the faul; 
, 

Instead, he failed to use any worthwhile strgtegy and ended up in hatrat ion and 
7 

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



I Subject #2 shows weakness in deciding about check points, observations, operdtionr\l 

evaluation and mental decisions. Operational evaluations relate to the first step ol 

determining the symptoms and then in accordance with infohat ion 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 thiz 
2 . . 

eliminftes the necessity of making illogical checks of all units. Subject # 1  was &el- - .  . ,  ., 

confident and moved on to a "rosy garden path" without thorough testing of the divergent 
4 

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, t i l l  he got frustrated and abandcined tht. 
- .  

'~ 

trouble-shooting process. He Failed to make appropriate v o h g e  and resiitancr 
' . 

measurements to identify the faulty stage. He also confused himself by'considering t o t ,  

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









Cognijive aqd Metacojy~tive Striitegy A.nalyslu 

\ 
1 

Background 

The analysis of a cognitive task invol-ves ~nitially detemiining the problem spacr. - 
, . ., . . 

anillthen specifying the.search contrd knowledge used within that problem space in order 
., . 

' to findfhe fault (Newell, 1979): I t  hasalso been stated that the goal d a troub('&-ssh(x,tinp 
. . 

I 
< 

? 
algbrithni . ,, is to keep dividin.g the circuit into t y o  parts or space: a d  then to infer which 

portion of the circuit contains the fx~lt. The search control or the trouble-shooting logic I , 
, . 

. ,  

isrecursi,vely applied to the fdul ty '  segnienr u n t i l  the f ~ d t  has been localized. 
, . 

- .  
4.. . 

. , . This . study looks at the cognitive and mitacoghitive stratrgies used'by both !hi. 

subjects. in particular, their identification and definition of the. problem space (Bracketing) 
8 .  . ,  

and their use of search control strategies to reduce theproblem space, til l  the fault has ..' 

been found, sh$l be examined. ~ i acke t ing  is also known-as the good-input/bid-outpu~ 
. . 

technique. This technique requires moving the brackets one at ,a  time (either the gtxxl " 
, < * "  

n 

input br the bad output) and making t h 6  te$ts i n  accordance w'ith half-split rule. Thr. 

search control strategies depend upon the nature o f  data or signal flow i n  the circuit undif, 

test. The key strategy is the continuous narrcxwlng down of the trouble area by making 
~8 9 

- 
logical decisions and performing logical tests. The nature and type of tests depends on'thv 

circuit being linear, divergent, konverient, feed-back, switching or a combination of thew 

types. The information funnel principle allows the m,ublc-shooter to check number 

+of fault possibiliries first. The type of check should brt 'appropriate to the number oI 



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

provide some guide-lines. b - 

He initially defidLj 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 $pace (A009). He wants to repeat his functional checks to be sure of the 

spade before he starts actual measurements (A01 1,  A012). He then uses the half- 

split rule and makes his first check with a logic probe (A013). He has fully utilized the 

system function technique as his search c~nt ro l ' s t ra teg~,  in order to fully comprehend the 

extent of the problem. He, however, fails to reduce the problem space by relocatiig the 

abnormal bracket. The normal bracket is gradually moved up untii .he found the problem 

at pin 6 of U25. Once he suspects the component (IC U25) as being defective,-he 

promptly ieplaces i t  and thus sol;es the problem. His normal and abnomyl brackets being 

around just one component, leavlng no doubt in his mind that the component is defective 

$ubiect #2 

Identification of the problem space by subject #2 is not very clear. He simply starts 

testing the circuit it the input and continues to check the dgital  logic progressively 

towards the other end. He generates his first hypvthesis at A019 that U25 pin 6 is likely 

to be faulty. He visually looks at the component (IC U25) but cannot find (or 
Q 



9 .  

-L I .  i 
1 

. B  

P 
' /  , coqprehend) the problem. He does not have his problem space well defined. He does not 

I . . 
-seem to have enough flexibility in his search control strategy and his fault hypothesis ir - 

5 

rigid. He is on i i  looking for a' bent pin or a bad t r x e  which he does not find. In thr 

a\ ,absence of a definite search control strategy, he consults the main schematic diagram 
& 

. ' ( ~ 0 3 5 )  and does the circuit ansly;is. Because of ambiguity in defining the problem spacr 

accurately, he ends up enlarging the problem space rather then harrowing it ( A M )  down 
I 

, He uses naive and eleme,ntary search control knowledge and hesitates too long beforc. 
b 

actually suspecting the IC itself (A054) And replxing i t  with a known good IC. 

Summary 

Subject #1  Spent more effort in defining the problem space using system functio~i 
, 

technique. Subject #2, o n  the other hand, hurried into the logic state measurements starting 

from the input end and his search control strategy was rigid. He generated ineffective 
b 

hypotheses and stuck with bad hypotheses for a longer period of  time (A010, A030. 

FAULT R 

Subject #1 

+ The subject uses the knowledge obtained during the previaus fault effectively. Thi\ 

helps him to move the nomal  bracket correctly forward in order to narrow down tht. 

problem space (8006, B014). He, however, is still very cautious and d w s  not relocate thc 

abnormal bracket in order-to n m o w  down the problem space. Aftet seeing the motor 

operate properly when locking, there IS no need t o  check the upper half of the circ'uit. Ar 



i 
I - 

" + 

/ 

the most one check at pin 3 of U25 should have been enough. At 1;ast when he establishes 
- - 

the brackets around G3 (U25), he solves the problem quite- easily(B018). * . 

I I .I 

Subiect #2 

The subject does not carry out fynctionai 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 abnormal brackets.. He st& circuit 

analysis wlthout sufficient funclional analysis of the system.'~hrough circuit analysis, he 

predicts that pin 1 1  (U25) should be low (B004) but fails to test it till much later (B017) 

Because he had not identified the problem space correctly through functional check, he 

unnecessruily wastes time in circuit analysis, hypothesis generation, test and observation 

(B005-B008). He h ~ s ,  however, learnt and built confidence since his previous fault 

finding. This tlme he does not hesitate to replace U25 and thus solves the problem 
I 

Summary 

Both the subjects show greater cognitive'ability and understanding of the problem 

Previous leitrn~ng has improved their comprehension. They can identify the problem space 
, ,  

and their search control strategy is also more kophisticated. They use information funnel 
I 

1$: 

principe to narrowrdowt the problem space. Experience with the task leads to the growth 

of search control kno$ledge (~e fbe l l ;  1979). Subject #1 is, however, more cautious in t he  

beginning. Subject #2 g?nerates an early hypothesis through circuit analysis but does nor 
"Br @ 

check i t  out. tie goes through man& unnecessary steps and at ihe endsolves the problem 
s 0 

A .  

by the method of subst~tution, with the helpso•’ a good working part. 



FAULT C 

Subject #1 

He seems t o b e  cautious in the beginning and spends ~ Q O  much time doing ther 

word problem analysis. He establishes the problem space by puuing the abnormal bracker 

at pin 4 of U28 (C013). Initially. hi$ search nmtrol strdtegy is filirly adequate and hi\. 

previous experience helps him to narrow down the problem space considerably. 'Thi3 

* initial success builds over-confidence that leads h m  o n  to a2"rosy garden path" (CWC)), . 

J- 
He fails to look at all the possible faults in the problem space and bypasses the probknl 

He forgets that this part of the circuit has a divergcht signal flow and application of the - 

half-split rule would, therefore, be different. Ile starts' using elementary search control 

strategy and starts replacing components one after the other (C065). He pursues the wrong' 

. > ' hypothesis (C08X) and his search control strategy becomes very elementary. Failing to ' 

recognise the circu~t  as being divergent, he moves our of the problem space. Hi\ 

steadfastness and determination, however, 1s noteworthy and he stays calm. At last, hc - 

comes back in the problem space and finds the fault. Inspite of his finding out his mistake 

during circuit analysis (C126)$e reverts back tu h ~ s  incorrect hypothesis (C130). He fail\ 

to test the ground potential ((2128) and remembers ~ncorrectly, that he had changed the 

resistor. He, however, regains confidence by re-establishing the problem space ( ~ 1 4 8 )  and . ' 

by using a better search control strategy and analysis ((2162-CIM). This narrowing down 

and sophisticated analysis bears fruit inmediately (C167) and he finds the fault. . 

Subiect #2 - 
Although he takes a good start by identifying the problem space at an .early stage 



. L 

(CIZ) yet his problem space ridllction strategies are elementary and he unnecessarily 

changes U24 (C(MI6). He gets into the habit of changing components without adequate ' , 

testing o r  genuine suspicion (C015). Such a strategy is wasteful in resources and'time: 
r 

, . However, he remains within the problem space and uses basic search control strategy.. - 
. -  

That bears fruit early and he generates correct hypothesis'(C024). He ~ v a l i d a t e s  this 

hypothesis (C029) and solves the problem quite early (C035) as compared to subject #I  
< v 

(C17.5). 

Summary 

As the subjects leu-o through their fault finding sessions, they arc: improving their- . 
2- 

trouble-shooting strategies. The faults inserted are also made that much more difficult. As ( . .  
the confidence level increases, so does the chance of pitfalls. Subject # I  gets into such 

a problem. I t  shows his expertise and experience when he does extricate himself from the 

incorrect hypothesis and back into the reduced problem space. Subject #2 has learnt 
- 

considerably and shows much more expertise in identifying the problem and the use of 

search control strategies. He makes 12 tests for which he consults the circuit diagram 

thrice only. He is still extravagant in  his tests and replaces components unnecessarily. It 
- 

is remarkable to note how calm and determined subject #I was in spite of his difficultie~. 

and doubts. 

FAULT D 

The probkm space is identified early (DOG). Although, the search control strategy 

is not optiniurn, the problem space is reduced gradually. The subject unnecessarily check5 

- 



out areas where here  cannot be any problem. Ile is cautious and wants to assure himself = 

. k- * 

Initially (D021) he suspeczs U25, but on rechecking, declares it to begood (a027). Hc. 

uses forward checking sn-ategy (DO40) in order to reduce the problem space (DW1). Rr 

normal and abnormal brackets are eventually placed around U31 pins k3 and 2. 'Thih 

resistor is the problem which he identifies and replaces to solve the problem. . . 4 

He incorrectly identifies the problem space. Not o n l y  does he generate an incorrec~ 

hypothesis, he persists on i t  for too long. Event~~dly-,  he measures the voltage across thc 

diode part of the opto-coupler OC2 but fdils to draw the correct conclusion (DOSO). Wc 

. . 
is v e j  rigid in his thinking and reasoning. He does not think of the mher possibilitieh 

(M55) and only keeps replacing the two integraied circuits time and again (DOH.). Ht. 

is showing helplessness and frustrat~on wh~le  stdl sticking to the incorrect hypothesi% 

(D063,D072). He them tries to establiuh the nornu1 bracket in order to identify tht. 
' 

problem space but for no reason3replaces U23 (DO8 1). HJS search control strategy is veq 

elementary and mainly depends on component replacement. Gradually, he regches the fault 

area by forward probing and fixes 6ne end of the problem at pin 2 of U31 (D096). Hc. 

fails to check the other end of the resister. He still. does not- have a sound search control 

strategy and is working on impulse (DO1 3, D038). Instead of concentrating on the probleni 

space that now he has kached, he is going in circles (Dl 10). He moves out of thc. 

problem space and starts circuit analysis again (Dl  17). Once again'he moves back into 

the problem space (D122) but h i l s  to generate n correct hypothesis (b 123) and move, 

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



I t  is very interesting EO compare the attitude and the use of search control stradgies , 

of subject #1 in  fqu l t  C and subject #2 i n  fault D when both of them incorrectly define 
I 

t k  problem space, generate a wrong hypothesis and persist'on it for an unduly long time. - 

Subject'#2 shows helpIeSsness and frustration,'whereas subject #1 stays calm, cotrects his 
r 

* hypothesis, and identifies the correct problem space. There is a mxked difference between 

their use of search cwtrol strategies for reduction of the problem space. Inspite of 

difficulties and outside interferences, subject # 1  does not give up and exhibits 

determination and flexible use of search control strategies. When in difficulty subject # 

2 is found to be impulsive and subject # 1 as reflective. 



I 

I 
* ' "  

CHAPTER V I  . , 

< - 

Findinjy of the Study ." . * -- J 

The two sub ja t s  doing the trouble-shooting were similar in the "form*' of thei~ 

reasoning and were different in the "substance" or  content of their trouble-shooting , 

process. Details of finaings of the study are given below:. 

a. Both the subjects had adequate underst:tnding of the circuits and working 
< 

of the systern. They also used thc basic test equipment quite effectively 
1 

2 

b, The cyclical nature of the diagnostic process was quite similar in both thtb 

cases. I t  started either with testing of a previous hypathesis or checking 
" . -  

. . 
of fault symptom. In the very'beginniig of the trouble-shooting procesh 

i t  could start from the word problern analysis itself or I a t e ~  from the circui! 
4 

analysis. Whatever the reason for testing, the results were observed and 

analyzed. At this stage, they either generated a hypothesis indicating 'a 

specific fault or  about rhe nett stage in 

they could not make 

back to  h o r e  testing 

any headway with 

or circuit anaiysis 

the diagnostic process. Wheneve1 

their current reasoning, they went 

to lobk for different clues. 



c. Verbalization and.speaking out continuousli was a problem for both of 

them. The verbal facility was hampered when the actions were simple or 

highly automated. This problem was, how eve^, more pronounced in case 

of the junior engineer (subject #2).  

2. Differences 

a. An imponant differenck was in their technique of trouble-sho;oting 

Subject #2 started his trouble-shoo'ting from the left (input side) and moved 

progressively to the right (output side) checking OW component after 

component. That is why he had much more d i f f ~ u l t y  in finding the last . . 

fault  #D and eventually he gave u p  finding that fault. On the other hand. 

subject #I  identified the problem a k a  faster by ;sing the half-split rule 
" 

'Ihe only time he got into difficulty was in "fault #.C when he failed. to .' 
' ,  -a . $* 

apply this rule correctly. ' Possibly, he was over-confident. -Without 

checking all the fault possibilities in a d iv~rgent  data path, he stepped out 
r ,  

of the problem space and went down the garden path. He  had a&r& the 
*' 

"knack" of quick identification and fag  reduction of the problem space. 

b. ~ " b j e c t  #I  started trouble-shooting with a careful, critical, and thoughtful A 

+ , * + ,  
look at the symptoms displayed. Subject #2, however, jumped into the 1 , 

problem-solving process more or less immediately without adequatecheckx "' 

I 



a 

Subject #2 used the. detailed schen-htic diagram more 'often and tried to ' 

- 

consider all the details simultaneously, which made identification and 

i 

reduction of the problem space more difficult. Subject # I  made gocd i ~ s c ,  . . 
. ' ,  . . r 

of the simplified diagiarn and hardly ever consulted the detailed schematic. 
- 

Subject # l  always made a final chcck o f  the system for prcrger operation. 

after the trouble was 'found. Subjcct #? fkled to d o  so in &me cases.., , .. 

I t  is interesting ti) conip:lre the beh;ivixml attit~ide of the subjects whet1 

in  difficulty, i x . ,  subject # 1  i n  f~inlt #C rind subject #2 in fault #D. Subject , .' 

. . , , 

#? exh ib i td  turbulenr emotions. frustr;ltions. and anxiety whenhe  said i n  , , 

fault #D: 

DO63 " .. oh ... nothing I \  going through my mind ... I rim 
$ 

stunned.. .have- no idea..I have no idea what's wrong ... 1 haven't got - 

I 

the foggie$t idea ..." .. 

He expressed such feelings at a number of times before he finally quit 
I 

finding that fault. 

r 



Subject # 1  on the other hand, in a similar situation of difficulty, stayed . 

. . 
c a l k  and-c&tk)lled hi2 anxiety. Some of his thoughts ib a d i f ~ k h t  . - period ,, * , .  g 

. . . , 

are given below:' . . - J 

> : , . . . 
1.6-1.6- 

. - -. . , 
, . . 

, . 
,. -, . . . .  

. , \ .. . .. . , '-. f - ,. , . C072 '".,ok..am I reading .it correctly? ..." 
. - ' , 2' 

, . .- , - . . 
--:.a -- 
J _ 

. - .  
T! - - ,- ' , 

. . I  

. . 3 .  

, . -  
C097 :". .and i t  did'not do  nnything...hrnmm..interesting~" . 

. . . - 

C122 ":..and nothing happens ..." 

( .  

f .  Another difference is that subjlct 

on now ... ah.." 

4 

6 - 
# I  was reflectivehand subject #2 wat 

inlpulslve. This can also be seen byinterpreting their behaviour when the! 

were in difficulty. When su 'bj~ot  #,I had suspected. a resister to be ;I 

' I 

possible probleni, he said: 
.~ I 

C 163 "...hello...what we got here ... U 3 0  (.(pin))l2.." 

, Later.-when he found out that this resister' was the actual problem, hr 

reflected b k k  and.said: 



C170 "...nomially pretiy unusual for a resister to go..but 1 guess i t 1 \ '  

€173 "...very unlikely the resistor will gb like-that ... well it's possible ... l 

guess.." I 

C175 "...that was the least 
I _ -  

problem.." 

-. I 

likely candidate but actually that was the. . 

Subject # 2  showed a n  ~rnpuljlve bchav~our in a similar difficult situation 

He kept substituting the resistoc pack U30 unnecessarily and I had to tcll 
,- 

him that he had already changed'lt three times. 

1 '  

DO38 "...do you have another one of U((30)) ...p lease ...((y ou have chiinged 

i t  three ti_mes))..th~s was not a resistor ... ((all of these :in. 

' rehlstors))" 

This means that he had been changlng this component on sudden ~rnpulst. 

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

although he had changed i t  three times. 



Linkape With Literature 

The results of this study indicate a close relationship with the results obtained from 
I 

the Srud~es In chess play~ng and med~cal  problem solv~ng;  which also indicate that the 

experts and novices are similar in the "fonn" of their reasoning but differ in "substance' 

of content or reasoning. (Chase & Simon (1973) in chess; Elstein it al. (1978) and 

Johnson et al. (-1981) in medical problem solving] 

The analysis occunng in the beglnnmg and functional check at thk end. 

to ensure rhat the goal has been achieved, are also born- by other studies. Navices making 

rruta-htatenrn~s and behavioural attitude d~fferences between e x p k s  and novices suppon 

the f ind~ngs of studies In other domains. The expert (subject #1)  was fgster in  three ~f tht. 

. four fault-finding sessions and made fewer mistakes. He bad also acquired enough 

experience over a long penod of time which helped him to achieve higher efficievcy and 

.\peed cLt' truuble-shooting. Apparently, the abi l i~y to learn from experience had improved - 

with experience. 

The rebults of t h ~ s  study are also in ~ m o n y  with respect to the expe1-1 being _ , 

d ~ w i m n a t m g ,  reflective, high in generarand logical reasoning. High qognitive ability of 

the expert provided 

funnel princ~ple. 

h m  w ~ t h  a greater ability to employ half-split rule and information 



L %, 

r CHAPTER V J I  
. " 

_ * Conclusion and Recornmend;~tions 
-. 

One way.to know about good trouble-shtmting strategies and techniques is to gt.1 

them from the expert trouble-shooters. TOL protocols have proved to be quite useful 111 

this regard in other domains. This study was an attempt to find the differences b e t ~ c c n  

experienced trouble-shooters or practitioners- and fresh engineering, graduiites f n m  th. A P 

university, ' 

The need for irainlng fresh graduates of the engineering technologies in the art trl , '  ". 
I 

logical. trouble-shootlng has become obvlous. Perhaps a g d  starting point may bc: to . 

provide the student with an increased understsnd~ng of the nature of thinking, rt.asonrrlg 

- . .  
, , and understanding. These . , cognitive, tasks .and thought processes 'can pri>vide # .  

foundation for the problem-solvlng. Although no ,sldgle method of tramlng ha\; <htrwri 
* 

,. 
universal supefiority, it has been observed that when ~ n f o r m a t i h  is learnt in the act 01 .- , . .. 

problem solving, it is more usable than the sliqe information le%ned by rote, (Anderuw 
a 

. ," 

and Johnson, 1966: Szekely, 1950) Therefore. ~t Rrrc6mrb.ended that these strategic\ h. 
-. & " 7 

taught as part of problem solving. The methqdology of TOL protocbl for. learning about 
a , @  

the electronic trouble-shooting strategies is quite useful. The recorded verbal protocc!ls: 
t a L .  . . 

although iime consuming, wi l l  h'elp to miculate ths thought processes of the s t u d e h  :ind 
. , , - 

a ? '  

help in fofmulating the student models. ~ q g n ; t i v e a n d  rneta-cognitive strategic.; c:ln:* 
3. . e 

therefore, become explicit. Most importantly, the student trouble-shooters can learn froni 
" . . 

their own mistakes. Trouble-shooting prac~jce gan~lpj, where one student 'inserts a i J i l i in  
- ,  

, , , 
i - . *  - - ,  



, * 

the circult a s  well as wntes an appropriate troubleshooting strategy and the o t h e ~  student 

who is not told about the fault and carries out the actual fault finding. The two strategic\ 
' 

+, . 
. . 

are later compared and prps and cons of each discussed mutually. 
,- 

, - 
, -1- 

, 

. - .  . 
I 

Future Research 

/ 
I t  is strongly recommended that research should be conducted on electronic 

- trouble-shooting In brder to further investigate the differences betweeri effective and - 
Ineffective tmuble-shooters. The njture of investigation can be quditatiye as well a\ . 

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

focus on the nature of search control strategies within the problem space. + 

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

* 

protocol along with an Interview and+a stimulated recall method. % subjects should be , 

helped to Improve thelr verbal facility before stnning the TOL brotocol. Although. 

. , 
, - - intervie&ng after the protocol has the obvious drawback of introspective thinking, yet i l .  

. . 
- .  , .  

. ,  . knohledgeable researcher could .use i t  to extemalize cogn i t i d  and meta-cognitive 

strategies. Another method ~ecommended by Garner et al. (1983.) to examine strategielg . . 
i 

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. 
I 



In5~nlctions ind  Procedt~res for Subiecfs + 

'L 

? - r  
sb - . 

R -3 

In this study,, we are interested In inve\tigat~ng electronic trr?irbIr-shtx~ti~\~ 
7 * 

4 
, )  

techniques with a view to understand e x p e n  and novlce trouble sh(xuer1s di;!gno\tic 
. >% 

i: 

strategies and cognit~ve processes. The study intends t o  firtd infornkit~os that co~iltl 
Y- 

eventuhlly help novlces learn the art of logic31 trouble-shoatink b i  hlltrwing thc 

C 1 " t 

, techniques an$ strategies uwd by e pert\. Your cooperation as a s u w r  is highl? 

appreciated, \- . 

Ex~eriniental Procedures + 2: 

8 
You will be asked to find a number of fault\ that wilI be ~nscrtrd in the cirkuit 0111 

a f t a t h e  other. As you solve these proh~ems, you are requested to think-aloud by spenhing 
1 

out loud 'every thought' that you might say to yoimelf silently.. w e  u e  inkrested in wh:ll 

you might say to youcself silently. We are interejted in what you think 2nd what you SIJ 
, "  

to yourself as you go through the diagnostic process. You are requested to please. sped, 
2? 

;out loudly saylng whatever comes to your mind. Please do  not plan what ttr say or spcah 

after the thought, but rather let your thoughts speak, as thougb you were thinking out 

loud. Just act as if you are alone in the room speaking to yourself. If you are silent for 

/ 

more than 30 seconds, the observer sitting behind you will remind you by saying, "Pleasc 

think-oui-loud". It 1s most Important that you keep talking. The observer can not xi! 



any questions under any cirtumstances. 

I ' 1 .  

, 3 S s t e m  Descriptio-n : :: 

3% 
.3 - 

- 
< .  

, I <  

1 ' d 
* 

- , .  . The system'used fo? this study is-a Z-80 b s e d  micro-computer system, which use? . , 
* * 

rso@#ly selectable 4 digit code for locbng and un-locking of a security vault. A - : * . - f  * 

** r 
I '  

' 1 \  

number of these vaults have been installed ih the moms of a hotel. A central'desk top ' +' 

.- 
s $  - * 

- d 

ertnputer is ron i tonng  the usage a3 well as the serviceability of these vaults. You are ~ h r  ' , p& 
' I 

ineer employed for the maintenance of the system and7through a sophist~cated 
3 w S 

diagnostic software you have lofated the fmby vault. On-site repair was done ,b! 
4 

r ep lmng  ihe fdulty board wtiich you have brought back to your shop for further repairs 
I ' 

. I  u 

- 6 .  
* 

Component -Level Repairs - 
t .  - z** 

9 Y o u  are also provided with a bench test setcup. for repairing boar&.whercin the 
" s i S 

r 

lochng mechanism is simulated by a manual switch. The lock and un-lock positions havc 

3 

been marked on the switch. This test simulator is in front of you along with the schematic 
* * 

I 

of the prmted circuit board. Further diagnostic tests (using a test EPROM) hilvepmved , 

J "  

that the motor dnve interfxe i.ircuitryShas a fault. A simplified diagram of the' circui~ 

having the fault a alsaprovided. The test equipment available to you is a logic probe, ;I 

C 

dig1ta1 m u l t i n ~ m r  and an oscilloscope. ~ b u  h e  requested to trouble shoot and fix the 

following fault. 



FAULT S Y M W O M S  #1 

Symptoms - 
c 

When you want to lock the vault, the motor does not turn to activate the 1ock1q . 

. 
mechanism. However. if the lock sw~tch  is manually closed to simulatc'a l ~ k i d  vault. thr 

displayed digits disappear pnd. the'n the unlocking mechanism functions nonndly.  + 
- - 

1.  Press any 4 digit code gf your choice on the keybward. 

Your selected code dig,[& should 11ght up on the d ~ s ~ l n ~ .  

4. The LED indicator changes from green 'to red, show~ng  that the. 

computer has sent out the locking code, ie D l  = f arid D2 = 1) 
, 

'(refer ro the simplifie'd schematics) 

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

activrt-te the locking niechmism. . 

6. Please f i x  this p~ob lem and keep talking out loud w h ~ l e  you- 

trouble-shoot this circuit. 



FAULT SYMPTOM #2 

% , Symptoms, 
, 

The locking function of the motor dnve interface and drive mechanism is working 
A .  

fine. However, for un-locking, the selated digits are displayed but the motor do5s nor 

operate to dnve the un-locking mechan~sm after entering the correct code. 
r i 

Qperatmg Sequence 
e- 

* I .  Please lock the vault using a secret code of your own choice. Press 

the manual 'switch to the lock position, in order to simulate :I 

locked vault. 

ii 3 -. Now enter the same secret code to unlock the vault. , 
.. 

Q .  3. The dgi ts  get correctly displayed but the motor does not operate u) 

activate the unlocking mechanism. 

4. . Please trouble shmt  and find the fault while thinking and talking- 

out-aloud all the time. 





\ - - 
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APPENDIX B - - , .  u 

I ' 

. . Subject 4 1  . , 

--i 

FAULT A 

Fault Symptom # I :  (Motor does not lock. Un-locking is ok. U25 pin6 is broken) 

0001 The Problem is we enter 4 digit code of your own choice and press enter. Well let 
, r 

us try rhat . . ( K ) l /  what's going on? OOZ~ I am going to enter 1 2 3 ..ActuaIly I have 1 . .  . . - 
. . ., . 

1 2 ... alright ... and . enter. 0 0 3 1  Now the lock was supposed to move ... Di dn't move 
? 

..,We get a red light on there ... Ok ..004/ So the computer has sent out the locking codc 

U25 U27 UZR ok. Alnght plugged in here ... Pin 1 is zero., Dl  -is zero ... and ....(( Circuit . 

9 & :  

showed a problem wh~ch was not part of the study. Prototol resumed after it  wa\ 

,x corrected)). . . . . . 
. A' 

(XIS/ Dl  should be 1 which is-here. M R l  ... yea U30 ... ok. I better get to  
c; 

, r 

t h q e  numbers. Thih has tdbe U 30 1 guess. U 30 ... ok..So Pln 1 should be 
* 

and 2 ( ( D 2 ) ) s h o u ~  be low It's low. So computer is sending the right code. So far i t  
.- 

is making sense. 006/ Hobever, the motor does not operate. 0071 The display code.does 
i 

not disappear bec3u;e motor driving mechanism is nbi closing the lock switch. C?08/ 

H o ~ e v e r .  I I  the luck zu~tch. 15 manually closed. the displayed &gits disappear. 'Yeah 

..they do disappear .... right. 0091 The displayed digits. disappear and then.the unlocking 

rnechan~?~l  functions norm~lly Yeah .... ok ..alright..so only problem is that its not 
* 

= .  

4 
7 3 



. , 

. "  

. > -  2 

< .  
locking., 0101 Now, ok ..well let's have a look. OK. We gettin$ the right ccdrL.zo.. 

ok ... the motor funs ... we found that .... so unlock is 01 and lock is 1 0  ... ok. 0 1  11 1 think 

, I am going to  again try ... Get back to the locking arrangement and just go to the other si& 

of opt0 isolator and see if that is functional all right. 0121 I think I. have to recycle ;tht. 

whole thing I guess. So I can enter any code now. 1 2 3 4 ... ok ... i t  goes back to r c ~ l  

light.. ok ..just verify one more time that ...y eah ... we have one zero code ... thjit's good 
. -, 

0131 Alright, now we hhould go to U24 pin l...ok .-.0!4/ U24 pin1 is low',:ok ... that's h ~ g h  

... Ol5/ s o  ... it's.:ernitter follower ... so when D 1 is h g h ,  it should he conductmg. 0161 And , . 

, 
U 24 one should be high ... O l 7 /  It is high 0181 e n d  two should be low. $0 both-ishl:ltor\ 

are working. 019/ Then we g o  to pin 3 ..02(J/ OK..l is high 2 is high and 3 i~ high. 0 2  11 
-- , 

" . That makes sense. So thrtt~NAND gate is ok. 0221 Now the nexb step w ~ l l  be ro go 10 
. , 

- G2 and I will look at that ... so U25 pin 4 1 2 3 4 0241 U 2 5  pln 4 is high. 7'tlib I *  

interesting circuit. 0251 OK.5 is..4..is high, 5 is high and 6 . . .~he re  is a problcni w ~ t h  6 + 

026/ It should be low. S 6  that is the problem, I think. 

- 1 , .  

*> , . . .  . * -. 

. . + - , _  I ' T '  . . 
. . FAULT B I _  , ,  , , - ,  

% 
.' I - . , .* .  , , 

Fault Symptom #2 (Locking mechanism is ok. Problem is with'unlocking. U 2 5  plri Er i\ 

A- 

0001 O.K. we start ... we seIect a code 1234 enter .... 0 . K  OOl/ .... now we try to unlock 1234 

and enter 002fand nothing happens O 3 /  ... now for unlock we should have a c t d e  111 /.rro 

- and D2 one 003/ and so let's verify that 00% ... O.K.. Dl zero and DI( (D2))  is h ~ g h  OOh/ 



-. 
6 

Now we quickly go over U24 GA to make sure it's functioning 0071 s o U 2 4  pin 1 is high' 
P 

, 
-. 

Pin2 is low 3 is high 008/ Q.K. 0 9 1  now let's go  to U25 G2 Pin 1234 01W Pin4 is lo* , i . , - 

5 is high 01 I /  ... O.K. 4 is low 5' is high 6 is high so that's fine 012/:..le~"s follow that ' 

'I 

further with G l  01 3/..U25 G I  pi; 1. Ol4/,, .2 is high 3 . k  &w ,0151 s o  that chain i \  ' , .: ' 

I I - . .  
fine ... let's go  to thd other side now 0171 U25 G 3  pin 9 a n d  lb... 0181 . G  9 is high 10'is . high P 

I .  

i .  

+- , 9 , V 

+ . 
and 8 has a problem ....so W f i  G 3  output should be low but its floating 020/..:so,thit is 

r 

' .  A ,  " ;. . - . .- . . . a .  , . , :  7 
, , .. , - -  

our problem .... . , 
1 

d ., 
0 . .. , 

- ,  . . < - 
* \ .  I 

FAULT C . A .; f I I , I  

* ,  .' 

Fault Symptom #? ( &king mechanism is workihg fine. ~r&lern  withun-lock, U30  in' 
- ,  : .a ', 
I h 

t : 
5 &- I (  

12 not grounded) . - . - *, - 4 

-. 
0001 The locking function of'ihe rhotor7&ive' interface and dnve.mechanism is:working 

e 

I .  
. . 

fine. For unlocking, however, the selected digits a;e' , disp4ay9d ' -  but the motor*does not 
9 ' "  I * '  - 

4 r 

operate to drive the unlocking' mechanism. 0Q1/ ... we have same problem bul. 
- - 

. - 
B ... alright ... let's have .a look at it  0021. Sa we enter  a code.::.,o.k. 0031 the l o c k i ~ g  I , ,  

. ,  

mechanism is working progerly ........ and 'nothing happens. 004/ ._ , O.K. let us ... so, for - 

unlock we should have D l  zero D2 one OOSf ...g o Gack and verify that 0061 ... 0...1 0071 we - - - 

t . . gb back to U2.4 0081 ... GA pin1 and 2 0091 .... U24 pin 1 is should be  high shduld be low 

; . a n d  'its not 0101. so looks like that u28-optical encqder ...y e follow that chain r.oK + 

. O l  I /  let us go back to U78 and look at pii.ii...012/ U28 pin 4 0131 yeah pin 4 is flbatinF . . 
t .  

0131 ... pin 5 should have stlpply which it does ... so that's fine ... we already ... verified the' ' 
ia 

9 
r .  

D 1 is low 01 51 ... U28 oprica! encoder:..optu isolator rather i s  gone ... so we should change , , . g 

%- 

that'0 1 6/....po& off..let us get a screwdnv er...y eah it will be bener 0171 ... here is the bad , - 



i 

one ..... O.K. 0181 let u s  bend the pins slightly in ..all right..ler us supply the powerqqylri - 
C 

, ,  OlY/..and running.through d~agnostics O.K. 0201 NQW let us try... 0211 we should u n l ~ ~ L  , 
> - 

. . j 

and try it again 0221. 1234"enter 0231 ... it's locked how 0241 let us try to u n l t ~ k  02.5,' 

... 123 ... 026/.lmade a mistake and I shouldclear it 0271 .. 12 ... 0281 that's interesting . . o . h  . . 2 .  

. 
'f . so .... now we have a different problem ... everytime I en& a digit, it enters twice 0291. .. I 

. 4  

. , ... 0301 that's strangg 03 11 ... so we had some problem and i t  doesr?t &em to repeat itselt , - - 

((it is only a switch debounce problem)) :...we still locked, alright,..its not'unltxking ancl 

0321 sd let us &b back to see what is going on 0331 U24 pin 1.. 0341 we l l1  is stili lou 

0035/ ... ok D l  is low D2 is high ok ... let us go to the actual optical ... 0361 U28(pin)l i \  

' low 037/ ok..that is.. 038/ 2 is low 039/ so that is fine and 0401 we should look,at 5 , 

- > 

..should &'going to the supply 0411 1234 ... 5 is going io the supply and 0421 4 is floa~ltrg 
- 

f 

- still 0431.' well let us see that'there is a short there is possibil~ty of ..4 1s tl(nting . . ' 
7 

actually~.I will rnqkure the voltage on 4 and see what we have 044/ ... 5 is reacl~ng X volt\ 
. , 

J 

0451 ... that is itrange 0361 ... why voltage is so  high ? oh  just a seem? ... 

0471 let us put the other IC..that's i t  0481. Put the IC m there ...p ower supply want to lo(iL 

around the IC 0491 ... oh dear .I  know what 1 have been doing OX)/ %... I have not been 

looking any further than U24 05 11 ... There is the possibilit; of U25 of course bec3ust. - 
' 4  

that i s  Ghat's' ... eating it..so U25 prc&bly was the problem and I have  b e t i  chasing thts * 

. .  
wrong stuff..because I wasn't paying'any attention to the .circuit 0521 ..ok we hiivt. - 

another U25 which is, ... 7400 ... OK ano;her 7400 ... ((Chip is being changed)). Appl) 
.5 

power OK 0531 . .  and look at the voltage'b54/ ... %lright..let us try ... we are unlocked \ r )  

enter a code..clear.. 4 0551 ... what's going on 0561 OK I was not unlocked ..:' problem .. 



LI 

OK ..:J ... 0571 . OK let' us try unlocking i t  again ... 1234 ente'r 0581 ... and nothing i \  

+ <  

happd"ing ... ~ t s  interesting 00591 ... OK let us go back and see what do we have now 
I 

. . 
06(N . U24 pin 1 isstill-pretty high 0611 ... its 1.5 OK right that is quite strange , 0671 ,~ ... 

OK well let us iilake sure we still have Dl zero 0631 ... Yeah Dl zqo ... Ye& 61 zrro 

i 1  

- and D2-i,s one 0631. That is still OK 0651 ... what is going on here ...' we changed all thr. 
- - 

three iCs ... did not have any effect 0661 ... OK the circuit didbarn is sitpposedl) 

complete ... 
b -  

- CONTINUED LATER 

0671 ... first of all we should try to lock alright I'm going to enter ... the power is on to 

the sy;tern so I'rn gonna enter my code 1234 0681 ... OK ... the lock is turning and I c& 

have sirnulLor as locked Oh91 Then I go dack t o  the uplock situation and try the codc 

again 123 0701 I made a mistake so clear i t  again 071/ 1234 enter and'it is working 0721 , 

, 7 

OK am I reading i t  correctly 0731 ... locked the vaul't using a secret code of your awn 

cho~ce press the main switch to the lock position..in order to simulate lock ... vault. 

ok..rnay be I should follow this again ok so I should enter the switch..is in unlock 

pos~tlon..ok. 074/ 1 enter the code again 1234 ... enter ok I simulate 1&k condition b~ 

puttlng the switch over the lock position ok now I should enter the code and see if it - 

opens 1233 enter 0751 ..and nothing happens 0761 ... ok the digit is digits correctly 
0 

displayed ... but  the motor doesn't move 077/ ... ok so we should look at the circuit diagram 



I 

- which for the unlock pos~tion we should have D l  zero and D2 should be o n i  0781 so . . 
- i 

looking at the circuit diagram ok D l  1s at U30 pin 1 U30 pin 1 ok U30 pin 1 I'm putting 
I - 

the logic probe on i t  and i t  is U30 pin 1 is low 0791 and this is how itsshould be u & ~ h c c l  
4 .  

0801 and ...... the Dl  should be high so that is ah 0811 ..I'm looking at nowdthe U 3 0  

so the ekes cqming from the processors seem to be ok 0821 so  the'mext step will be then 

ah ... lets go to the other side of  this opto isolator and see if that is fuoctio&il OX31 so'io 
f 

1 .  
I, ' 

look at D l  we should go to 023 pin 1 and see what the ... if it's high or  low so tJ2-1 - . , 

. . 

pinl. : . ' ~ 2 4  pin 1 here7's 084  UZl pin 1 o k i t s  neither h/gh nor i d &  O X S I O ~ .  lets go 10 .' ' , ' 

. + -  . , 
pin2 0861, Pin 2 2  is high OX7/ so I32 is high so something strmge going on2pinl wllictl 

.. : .  ' 

is neither high neither louL i n  what we expect here is low:.afld ORX/ .... that could-be t u o  

- ,  

causes of this problem either the U24 gate has gorte..gare GA is gone o r  the opto  sola at or ' 

has a problem and I guess I could ...j ust quickly look at other U24 7400 sqrles gates so let\ 

E 

look at ah:..other gates on the same .... same IC and see if they have sorile strangi. . a ..-. 

behavior 0891. Gntr number 1 had a problem, number 2 is 'pin 4 .... 5 and 6 thot seems to . 

be normal and pin 8 is the output 9 090/ ..yeah that pin 9 and 10 again are floatink ah 

0911 ok..so seems to be two of the gates on U24 are bad 0921 so its quite ah like11 , '' 

actually its pretty good guess that the U24 is the bad not the ah U28 isolator so, if I cmrl~l - 

have ah the soldiering iron and I'd like to try a different IC 7400 0931 ok ... ah. , . le tsswit~l)  

C- 

the power off ok lets get this ah U24 out of here can you get me a screw driver,.. thank 

you ok actually I don't need this right now I'll just take this chip out a n d  put a n o t k i o n r  - 

in there this is the bad one so this is .the new 7400 o k  like that's in there and we havc 

to now ah apply the-power again ok  the ok its gone through thk tntlre diagnostics OW 



-, 

, 

E2 1 code rs show~ng and ah its its finished the diagnostics.0951 so I'm going to t w t o  see 
s .  

~f i t  works again' 096/ 1234 enter ok simulate the locked situation and go ba& a id  tq 

unlocking i t  12 ... 1234 enter 0971 and i t  didn't do anythilig hrnrnrn interesting 0481 
t. 

... alright lets go back and check i t  again 0991 U24 pin 1 1001 same problem 10.11 ok Ietx 

see what's going on now ah 1021 ..lets look at the baei of this U board if anyfhing 
b 

strahge 1031 don't see any obvious 1041 ah..problem the re.. ok .. ahah ... U24 is it used 

somewhere elseaor not I see W24 is only one gaterwhich is beipg used ok whether ip 

the output also going to, G2 which is ah another 7400 JC 1051 so I could ah R-Y replacing 

that I guess. Actually I have this old IC which1 took out from the other one I could, I 

could; I cbuld use that one 1061 so her; goes the power 1071 ... huhhrnrn ... its interesting 
" 1 

maybe  our 1081 let me apply the power again 1091 may be I had a problem with this ah 

the unlock sw~tch ah hps 3 positions i 101 may be i t  was ditting in the middle 1 1  11. let+ 
P 

quickly try i t  one more time 1 121 ok just guing through the'diagnostic 1 131 actually I just 
EL< 

don't even need to wait for that because the gate is ah floating 1141 so lea  just changt. 
- 

the chip that's come out here's a new one 1 hope these chips are ok ha ha ha 115/ Rgh,  
" F, 

all right apply the power again 116/ Right we have unlocked position running the -* 
- $ '. 

diagnostics 1171 but we don't need to wait for that I can just-measure U24 right a w q  

118/ ok U24 pln I is high pin 2 is high 119/ seem to be a bit better 120/ so lets just tr) 
i 

locking i t  I2 11 1234 enter ok lock it ok then we go back and try pnlofk it 1234 enter 122/ - 

and nothing happens 1231 alright l e ~ s  just see where we stand now 12-41 U24 pin1 right 

same situation ok well 1251 1 think I should also change the opt0 coupler ~28 'becsusr  

this thing is only gong to 2 places either to U24 or U25 1261 so all the places going to 
Ps 



is $at ah and aktunlly third one more place is the ahhahh the resistor network alyi onr . '* -- / _ I  

&I* 
could eGen measure the resistance first OF all on those see'see what i t  is like 1 2 7 .  o k  i s ,  

U30 pi? 3 to ground should be lOQohms pin 3 in 12 12'345678 14 13 12&is l(Mk)hrns ;inti 
* 

eL a , -  

pin I> will be grounded so where's the ground here 1281, ok that ?eerns3to be groundcd 

1291 so that's yeah the resistor seems to be ok 1301 ok then alnghi 1:Il change the couplc~ 

U28 yeah U28 1311 here's the old,chip and I'm going to put the new one in there ... - 

alright ... lets one more time ... the power 1321 and lets just look at what we have pin 1124 
- ,  

pin 1 ok alright 1331 lets put i t  in the unlock posi&m and enter '1341 the codc1233 enwr 
I 

1351 ok 1361 lets try unlocking i t  now 1234 enter 1371 and no go aPall 1381 ok Ic!s go - - 

back to U24 ptn 1 1391 this is flouting now that is quite interesting 1401 ok heye the signal 
' 

. . 
0 

is only going to 3 placea resirtor is ok we chmged that the interesting [hlndg why 15 i ,  
' 

floating ok ahahah U23 is not used anywhere else ok ahah now what has'happened t o  U 3 0  - 

ok lets measure the voltages now got-ta measure the DC voltage on U 3 0  pm 3 which I \  

I 

the one which seems to be stranger ... sitting at 4 volts no ah 1.3 volt ok and 4 rs'the hrgh 

one that's so looks like there is too much current some how on coming out gf the opto . - 
coupler ,,.. and ... U3O ... well .... looks..seems to be ok in terms of .. 1 0  or MR3 is IOOohnl 

1411 ... check MRI 1431 ... ok MRl  1431 ..let power off here ... oh MRl  pin 1 and 14 1431 

ok ... that is.100o'nm alright 135/ ok pin 2 of the optocoupler should be grounded 146/ and 
- 

let us verify that U28 pin 2 1471 yes that is grounded 148/. ..Ok well that does n o t k a v c  

too many things that could be causing i t .  Its nor being loaded. its sitting high so the 1491 

..may be the Vcc ... supply is.too high ... or hmmm 1501 ..ok let us just measure the voltage\ 

again ... its supply voltage..U28 pin 5...U28 pin 5 ... U28 pin 5...U28 pin 5 ..,. 12345 and tht. 



<, 

ground ... where is the ground here 1511. Pin 2 is the ground..loo8s volts 1521 ... and U29 
*, 

pin 5 .,pin 2 ..345 1531 ... ok seems the supply is going there..alright 1541 ... I guess I 

should visually exhmine this see whars happening'155/ ... ~ 2 4 . . k o k s  pretty clean 9 U2.5 

is ... sxems isn't shot on the PC..Ok hmmm ... U24 pin 1 ... that looks reasonable 1561 ... oh 

yes thqt,'s pretty peculi ar...y eah Dl is low but is it still conducting seems to be too much 

leakage in the optocoupler so ... and U25 is ..we changed that and its g d ~ g  no where 

' 
etse..U26..U30 1571 ... Hmmm let us supply the paw -...and right now its running 

"L 

diagnostic lets see what:ihappening there U24 l5R/ ... 1 is high, 2 is high 2 is low ok 1591 
c .  

...y eah maybe I should look and use the scope and actually see what it looks like ... herc . , 

1601 ... ok let's measure rhe voltage 'around the IC 1611 ... ok U24 ... ok supply vol!age i \  

good 16?/ ...y es.supply is good ground is godd . . . ~25  i$ fine U24 is fine that is narrowing 
* 1. . I f  - 

down the process here we already c~nfirmed its grounded 163/ ... hello .-:.what we got hert 
1 

U30 .. l Z I@/ here is minus 5.5 volts what's that? 1651 3..4.. U30 12 1 2 3 4 5 6 7 8 9 

- 1 0  1 1  12 166/'well that's interesting U30 12 should be grourided why it's sitting at 5 

volfs..5.5 volts so 1671 ... e~ther there is i n r e r d s h o h  in U30 or whats goingon in that ' 

area ... so best thing is ... $ell I can try different resistant network 1681 ... could I have that . - 
r 

... Ok let us try different resistor 1691 2 n d  see what we got now 1701 ... normally prett) 

I 

unusual for a resistor to go but I guess its possible 1711 ... ok ... right we go to unloch' 
I 

position 1721 ... very unlikely ihe resistor will go like that ... well its possible I guess 173/ : 

... we run through the dngnostictand so lets now ... enter our code 11 11..I am going to t q  

this 1 1  1 1  ... enter.. 1741 well i t  is 175/ ... that was the least likely candidate but actually that 
- .  

was the problem. . . 



FAULT D 

Fault Symptom #1 (Locking of the motor dnve has problem. Un-@king is OK.. U31 pirl 

. . 

l3 ,2  ?s broken) 

0001 ok problem is when you want to lock the ~ a u l t  .,.the motor does not turn to activatc 

the locking mechanism. However, if the l&k switch is manually closed to sinlulate i~ 

locked-vault , . ..the dispkayed digits disappear and then the unlocking mechanism function\ 

normally 0011 Alright..let us follow so  we are in unlock posibon.,.press any 4 digits' codr, 

of your choice'bn the keyboard ... 1 1 1  1 enter 003J ok ... the L.E.D. ind ie tor  . ,  changes U, rccl 
, 

0031 and the code should be D l  is 1 and D7 is zero. Let  US verify that (MM1 ... ok ... Dl 

1s 1 D2 zero.,.ok.only problem motor doesn't seem to be activating 005/ ..ok..so ~ t .  

have ... I looked at U23 OOhl '... I should look at U2.1 pin1 007/ ... U24 pin 1 1s high..;~rld 

pin 2 is low ... well soon I come into that gate 008/and >ince its a N A N D  gate the outpur 

should bi h g h  (XN/ U23 pin3 is high 0101 ok 0 1  11 ... now let us ... we shouId look at U 2  

pin-3 pin 4 and pin 5 012/ pin 4 is high 5 is high ..and 6 is low 0131 ... so that's alrigh~ 

and that output of gate G2 on U 2 5  goes to GI  on W25 0141 ... where -1 and 2 is low ancl 

3 is high 0151 ... so U25 seems to be ok 0161 let us look at the other side 0171 ... GS on 

U25 at pin 9 and 10 0181 ... 9 is high 10 is low ... and $' is floating 0191 ... ok let us looh 

at alright let us measure the voltages around that 020/ I see something funny going o r r  

... U25 ... its high 0211 ... I think U25 is gone 0221 ... let us make s tm. . .8  ok 0231 what'\ % 

going on here 0231 ... let us try U25 pin 9 ..8,9,10 ..... oh 0251 ..that's ok 0261. and wt* 

should look at output of so both of these are O D /  ... seem to be ok 0287..so let u\ 

summarize G1 ie U25 pin 3 is high and 11 14 13 . . I1  is low .. ok .. alnght ....( (please keep 



. \ ~. j . '  ~ 

. . . , 

thinking .... 'talking -out loud)) ,0291 let us look. , , at ... U26 now . U26 is one- without 0301 . :  ', 

9 .  

< .  , ' ,. 
, - 

" 
. .  U25.3 is high . .  U26. 1 is high ..ok.. 03~1/'yeah that' input is fine so we should look a1 ' 

P 
. , . . , -  

pin 4'of U26 0321 :,,pin 4 is high 0331 ... let us look at U27 that is the other opto isolat& - 
' 

. , . , 
I '  . 

. I .  

. . 
. , 

0341 . : . ~ 2 7  p i n  . l  i s  low and p i n  4 .of same chip iselow Q 3 Y q  ... so w e  got higli'and I&,,, .*,, 

1 

- ok..hmmmm yeah that interesting ... so that logic part appears to be ok ... and ... ok ... logic pan . . ' 

appears to be alright we go 1' ... zero 0361 so TI should be conducting because basi-is high - 

OK 0371 T1 let me just refresh my memory here ... we are still in the lock posiltion ... so 

k 
D 1 is h ~ g h  D2 is low ... everything normal there ... ok ... let us g 6  around U24 one more 

time in case I was not paying any attention 0381 . 1 ... 2 same low 3 ... 4 is high :.. h 

1s low ... this is ok right 8-is high 9 is high ... 10 is low that 1s fine ... 4 1, is low ., :-I2 i \  

d high 13 1s high . . 039/ yes this looks normal 0401 ... has to e . .  so : .  Yeah 
, . 

- 9  

those couplers also look fine also ... well .., 0411-that leaves us with few m n i i a o r s  to - 

worry about or the motor itself 0421 .-.. ok ... how can we check the Vcc2 ... Vcc2 is o n "  

pln 5 of opt0 coupler so let us'rneaslire the voltage ... ok ... U26 pin 5 ... 245 ... .9.4,5 volts , 

2 

0431 ... presumably tha.t's ok I don't know how exactly that the right voltage 044/ . 
& 

assuming that is alright ... ok where is TI  transistor here ... TI transistor ... there is Ql . 

... Q2 ... alnght 0451 ... those transistors are one thing that could be problem or any dl 
\ 

those uansistors 0461 ... 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 ... is easy ... that 

0471 ... let us see the motor voItage across the motor terminals 0481 ... we don't see any 

-2 - voltage at all 0391 ... the reason for this ... ok ... this ... when U26 is conducting then TI 

should be conducting and we should have voltage there so ... and on this side so Q1 



/ 

- 
' a  . +  % 

should be conducting and Q2 should be off ... and the motor should drive that way 0507 

... ok ... what is the actual voltage let us see on-rhe Q1 the output of U2Q pin 4 ...' t[% 

pin 4 0511 .... it's 10 volts '052/ because it*s corlducting right ... Yeah ~ 2 7 ~ ~ i q  4 should 

be zero 0531 ... right so 053/ ... i t  is conducting alright and the 10 volt applied there and 

there 0551 ... ok one could also be worth looking at the voltage on base of T2 .'..which I \  * 
J .  

U31 pin 2...U31 pin 2 OM/ resistor U31 pin 2 is sitting at zero volts ... U 3 l  pin.2 (1571 

... well that's the problem. 



I ,  

APPENDIX C' 
- . - 

Verbal Protocol - 

Subiect: #2 
B 

I .  
, . 

Fault Symptom # l  (Motor does not lock. Unlocking is OK. U25 pin 6 is. brokn). ' 

- 

Qk ... O(K)/ It's not locking properly ... so let's see ...-I3 1 ... D2 ... is zero. D1 ... D2 i4 

zero. So Q01/ ... I am entering the code ... 11 1 1  ... enter @2/ ... I expect Dl  to be high 
P 

... D2 to be low 003/. Dl high D2 low 004/ ... U28 ..:let's see here. IC U24 ... pin 1 ,.., . 

pin 1 U24 ... U27, U25, U24 . .  pin 1 should be high ... high ... pin 2 should be lbw &IS/ . . 

Its low 0061 ... so pins 4 and 5 ..; let's see, 1 and zero is zero ... not i s m e  and one i h  

zero. One and one is one and not is z&o ... zero and zero ... and not is one so pin 3 01 
T I  * 

U25 should be high 0071 ... pin3 of U25 0081 ... and it's low. 

So let's see pin4 U25 ... is high 0101 pin5 ... should be low 0111. But why il's 
\ * 

1 

high? 012/ ... Pin5 is high ... One and zero zero 0131 ... pin5 is high 0141. That's correct: . 

... One ... one and zero ... is one ... one zero zero ... Not is cme. ,.. 5 is high 0151 ... 4,is 
C .. 

high ... p1n6 ... 1s zero 016/ ... pln 6 is law ... It's not low ... it's nothing 0171 ... 4, 5 one 

and one is zero 018/ ... 
? 

Pin 1 and 1 is one now is zero ... pin 6 should be .., zero ... pin'6 ... 4, 5,  6 0191 

... Ok seems like there is fault ... U25 pin 6 ' (( keep,,speaking please )) ... It .... am 1 %  
. . - - 

suppos'e to f ix  this ? (( Yes . You are suppose to' f ix it )) bk ... (( ~ u t .  keep speaking 



r 
b 

please )) MQ/ Ok U25 pin 6 seems to be low or is not 0211 ... nothing on it. NO vottngc 
- .  

on it 0221. I am going to change ... You have pliers or  anphing. (( Do you warjt plikrc c . 
_I ' I 

? )) May be ... (( Ok I will give you pliers )) ... Ok ... (( yes . Keep speaking plea$ 1) 
L 

yeah O H  0-231 ..: Pin is not bent or  any'thing 0241 ... Doesn'f seem like anything is whmg 

-* 
0251. Pin 5 underneath ? .... 12345 ... 2345 ... and 0261 traces4&em to be OK ... and 011' 

@ 

2 * 0271 ... let's try this again ... 1 1 1 1 r.. enter 0281 .. and OK again its gone 0291 ... pin l ... 
, . 

pin 4 of U25 and pin 5 U25 ... were supposed to be one's . . "p  i n 4  and pin 5 are both high - 
. good .. pln 6 There 1s nothing at pin 6 0301 .%.-\and let's see if there is power to O)l /  

... pin 123 ..:6 7... pin 7 1s low ... pin 16 ... pin 1 J is 0321 high s d  there is power to thc - ' .. 
" - 

9 board :., and to the chip ... pin 6' ... is not ,proper 0331 ... and let's see 6 U25 ..: pin 

12345 ... 0341 pin 6 does 'not go anywhere 0351 ... shouldgo to.pins 1 and 2 o f  U25 and _ 

large schematic and U25 ... U75 ... U25 pin 1, 2 go to bin 6 ... Pin 1 and  Pin 2. k t ' s  5t.c 
b . - 

here ... U25 pin 9 and 10 zero and one. One and zero 1s zero ... zero and not 1 5  one . , 

one and one not is zero .. 0361 Pin 11- should be zero. 0371 7, 8, 9, 10, 1 1  . . 0381 -% 

. - - - 
nothing there. 0391 Pm 8 030/ there is nothing there ... pin 10 ..-9, 10 ... OH! ... (( Keep 

i speaking please )) 0-211. I am just redialling the number again 0421 and power is. back on . 
I 

again ... 0331 pin ... U25 pin 9 ... 789 is high, pin' 10 is low as I expected .... so 044Ppiri 
. . 

8 should be high :.. W5/ pin 8 is high ..:,So pin 1 1  9, 10, 11 is low but pin 3 is low. 4. 

5,  6 ... 0361 pin 6 is not there! Ah! ... 0471 fault at pin 6 ... pin 6 of U25 ... 0481.One and 

zero ... One ... one of U24 high ... low is low NOT it's high high and high ... pin 6 should 
3 

be low ... 123356 ... 8391 seems to be a fault at pin 6 of U25 ... O k  ... (( please keep 

speaking )) ... 0501 Ok I have to check why pin 6 does nor go  high ... Let's see ... Probtb 



L 

1 a t 

3 

should be able to tell ... 05 11 Pin ,.. that'sthe ground ... (( pleasakeep speaking )) and pin 

6 i s  low ... 0521 I expect i t  to be hiih ... but with the probe its not there at all ... 0531 and 

let's see may be a trace is cut or something ... 0541 may be at first ,.. Pln 6 Pin 1 ... Pin 

2 ... i am doing ... taking out the chip ... and U25 ... and .,. do you have another . 3 L  chip ? 
. . 

Ok ... 0551 and let's see if i t  works now. 1 1  11 ... let's see enter ... *&nd its worbng. So the 
d 

fault was chip at U25. 

'v 
+r ( . t 

Fault B. 9 

/ 

Fault Symptom #2 .  (.Locking mechanism is Ok. Problem is with udwking.' U25. pin 8 is - 

0001 The unlocking . &,motor does not o erate because ... the unlocking is not dope A *- . 
-A 

properly 1.. 0011 I press my code and it d to go in 0021 so le t ' s , se  ... Unlock 

should be Dl  zero D2 o w  ... zero ... one ... one. One and zero ... zero so 

hlgh one ... 9 and 10 are one ... So pin 8 of U2% ... 6, 7, 8 should be l o t  0031 and it is . 
\, ". 

' 0041 and pin 1 1  ... 9 10 l l  should be low 005/.' Let's see ... zero and one . D l  zero D2 
-' 

one ... zero avd one is zero NOT is one ... d e  and zero is zero NOT is One .... one no< 

is zero . 0061 Pin 3 ihould be zero :.. 0071 Pln 3 should be low ... 0081 ... and'it's low 
3 .  

... OQQ/ and pin 9 is one ... pin 10 is one ... one and one is .- high and high one ahd one ' 
. -, 

is tow ... 010/ and i t  should be low ... prl 12 ... U25 pin 8 is ... 01 11 Let's'see ... pin.9 
- .  

of U25 is high. Pin 60 IS high ... 0121 so high and high is high and NOT ... is how ... so . - 
high and high ... is low. 0131 pi; 8 shquld be low 0141 and it  is low ... and 0151 'low 

- 
P 



... 1 " 

i - 
I 

. . I - 

- invened is high ... 0161 a n d  pin 11 should of U25 ... : 0171 7 R 9 1 0  1 1 ... pin I 1 ... p111 

I* . . 
? 

- 8 is low :.. 9 and 10 ... U25 pin 9 and 10 ... is  one NUT is ... zero ..: and zero ... t 1 
R 

' . 
h o u l d  be one ... 4 5 6 7 8 9 10 1 1 :.. and i t ' s  not .., 01 8/ Do .you have another ... 112 

, h a 
a.. Yes ... 019/ and there is no power ... Oh! ... 0201 Ok . . , p  That is the fault ... 

$ 

- 

Fgult C. 
, 

1 

Fault Symptom #2 (Locking mechanism is working fine. Problem with' unlocking. llio 

pin 12 is not grounded) 

0001 1 1 1 1 ... and enter .., 0011 that's fine ... (XI21 and l l l 1 t)03/ and its not u n i d i q  . 

r. 

.... 0041. S o  let's look at the schematic ... Unlock 0 and one . .  so pin . U 2 3  p ~ e  

3 ... should be high .., U24 ... U25 where is U24 ... 0 13 ... U I 6  ... U2d ... pm 4 ib tom 

$ '  L b 

. . ,one one zero zero pin 3 ... should be one ... Pin 3 Oh OM/ lei's check U24 ... pin 3. 
* 

((keep speaking please )) 0061 and may be 1 can find anotht& U24 ... 0071 hrr U23 ... .ma, 
, - 

let's see if ... it sounds any better .... and let's try it  again .: 'i 1 I 1  code ... enter ... (WW 

it's loeking properly ... 009/ 11 1 1  .... 01@/ still no1 unlock~ng. 01 1,' May be there is morr 

than one fault ... Pin 3 U24 . .  is still low. pin 1 is high Pln 2 is nta there . 'low high . .  

Pln 1 of 1124 is not there . Pin I of U24 isgot there . .  012/ so 1er's.see D l  ... U Z X  p111 
'r 

4 should be one ... U22 ... 20, 21 ... UZ8 ... where's U28 ... and 26, 27 , U2Y ., U2X '. 
< c 

... there U28 pin 4 ... is not ... 0131 may be it's not powered. 0141 pin210 ground 
eL 

power ... 015/ and is there another U28 ? ... (( Yes. I can give you another one )) OIt$ 

and putting U28 back in again ... and pin 1 pin 2 pm 3 ... OK. Let's try again 1 1 1 1 Oh 



let's see 1 1  1 1  ... 0171 open 0181 1 1  1 1  ... 0191 still not rocking ... 020l let's check i t  ... 111 

should be low ... so pin 1. should be h g h  ... its low . . .  Sorry pin 1 is, low ... pin 2 is low 
. . 

... pin 4 is not there. Pir  5 is high ... 0?1 /  pin 4 . .  0221 let &,3heck the tr;cc . iiilil .. 
1. 

Oh! ... 123 ... let's see then ... 0231 pin ... U28 pin 4 is not done properly ... 0241 let's set. 

U30 pin 12, ... 0251 resistor U30 ... U30 pin 12 U30 pin 12 ... U2X, 1129 ... 1131 ... LI20 

t 
.. U27 ... 0261 US0 ... Pin .I2 ... 9 10'4 1 12 0271 is tied high U 3 0  pin 13 is tied high 028; 

, should be low ... 029/ SO the fault'seems t o  be U30 pin 12. it's not tied to gnwnd 0.301 - 
. . 

i t  ... entering the code ...? 0311 it's I(#-king fine and ... 0.721 Clnlock ... illltl 
I '  

1 1  1 1  0331 tt's not unlocking. 0331 Let'\ check i t  where's th,e screw drtver I130 ptri 12.. 
\ 

035/ and OII! the pln 12 15 cut. 

Fault Symptom # I  (Locking o f  the motor drlve ha5 problem. Unlockng I \  Ok IJi li.pi~i,;- .- 
13, 2 is broken) 

19 

o()O/ Ok Let's see ... does not lock properly ... so 1 1  1 1  enter ... 0011 it's not locking .. 
A h  

,tb 

0021 s o  locking is one zero ... D l .  D2 is one zrro . so U2X pin 1 should be high :mi i15-  ; 

- not ... Let's see U28 pin 1 ... pin 4 should be high as well ... 003/  Yes pin 4 is high .. 
v 
4 1 

U30 pin 12 ... 7 8 9 10 11.12 ... its tied low ... pin 5 of U2X is tied high ... pin 2 is ticrl 
r;\ 

low ... ,Q03/ D l  should be high ... 0051 lets see U2X pin 1 ... 0061 try anothcr U2X pin I 

... ((yeah ! .pleasu keep speaking ) )  and U28 pin 1 OK and let's try U2X pin 1 .  0071 

. Trying up gain ... and ... its i n  open position ... and 1 1  1 1  ... enter OW/ and its not locking . , 
. I  



still ... 0()9/ so let's check :.. U30 pin 1 1  ... 010/ U30 7 8 9 10 11 is tied low 01 11, pin 

5 is tied high ... and D2 is zero ... sb pin1 U30 . .  is now ... is high ... ((please keep 

speaking )} 012/ Ok ... pin 1 U30 is high ... and pin 2 is low ..:pin 1 1s high pin 2 is low 

... that's fine pin 4 should be low ... %at's high ... U29 ... pin 1 is low ... pin 2 is low :.., 
-0 

1 

B 
pin 5 is high ... that's fine ... and . . pin 1 of U28 is not fine I,. is not high ... pin 1 U28 , 

" 

and ... pin 1' U28 ... what could be wrorig with pin 1 U28 ? ... pin 1 U28 ... 013/ Do you 

% Y * N  

have yet another one , may be-?  . .  ((yeah . I will give you )) . .  ((keep speaking pleasr 

))  ... something wrong with pin 1 of u28 ... 014/ let's see U28 pin 1 ... pin 5, 4 and 5 .. 

U2X pin I OK ... let's see . . . , ! I  t's check i t  ... pin 1 U28 ... and there we go ... its in ... 
I 

015/ power is back ... Olh/ 1 1  1 1  ... enter ... 017/ its in open position but does not loch 

properly ... 018) let's see ... It's not the chip ..eU28 pin 1 ... D l  ... should be one ... 0191 

and let's see U28 on other schematic ... pin . I  ( the subject is now locking at the main 

schematic ) ... UZ8 ... U27 , U26 24,  25 . .  Oh there is U28 ... U28 ... U10, Y5 ... pin 7 - 

o f  U10 ... 0201 pin 7 of U10 ... UIO pin 7 ... 3 4 5 6 7 ... is high one .,. 0211 which i t  

should be ... pin 7 U 1 0  is high 0221 and should be going ... LED ... and then from the 
# 

LED ... to pin 1 of U30 and its high and pin 1 of U30 ... and pin 14 ... is not there 0231 

... So let's see I am replacing U30 ... something wrong with pin 1 of U30 0241 ... I am 

removing U30 ... and replaqjng it ... Let's see and ... try it again ... 11 11 0251 and it's still 

not fine 0261 Let's see ... Ok ... pin 1 .s fine now ... U28 ... pin 1 of U28 is not fine ... 
I 

U 3 0  .... U28 ... 0271 1etys see is it a trace cut ? ((Please keep speaking )) 0281 and let's . ?  

see ... 0281 I can't see the trace underneath- ... to U28 ... U28 pin 1 ... pin 14 of U30 ... 

Oli! . . .*p i n  14 U3O is going to U26 pin 1 and now ... let's see ... p n  1 of U28 ... pin 14 
- 



0301 ... This chip is not right ... 0311 Let's see ... and is there another one for this ... 1 aril 

looking for another U30 ... ((please keep speaklng )) U30 pin 1 U 3 0  pin 1 ... O h  

x ,  replacing.U30 ... OK ... let's power i t  up again ... Now ,... 1 1  1 1  ... 0321 its n m  locklng .. 

0331 let's see ... Now ... U30 pin 13 ... 0331 st111 not there ... 0351 pin 1 is high . . .  U.70 

pin 1 is high ... U 13 ... is not there ... pin 13 ... is not there ... Pin 13 ... Pin 13 ... is .. 

51 

let's iGe. 03h/ Is there.a s h m  there between pin 13'? . 0371 N o  shon ... 0381 Do ~ O I I  

. h.. 

"a 

have &other one of U ... please ((  You have changed three tinies ) )  This was not ; I  

, resistor ... ( (  All o f  these are resistors ) )  ... 0391 OK ... But this wouldn't help ... 03Ol'Oh 

... E30 pin 1 to pin 13 .:. ( subject is again looking at the main schematic ) ... 13 ... 1 1  I I 

. I t  does not go high . .  so let's's& :.. U2X pin ? is grounded pin 5 is high . :ind pin -I 

is high ... and nothing at pin 1 . . .  Nothing at pin 13 and nothing at pin 1 ... 1130 pin 1 to 

pin 13 ... 03'1/ k t ' s  check i t  ... may be internal1y;sonlething is broken ... 0321 and let's, see. 
- 

.. Ohmmeter ... Putting ohmmeter between ... pin 1 and U28 ... should be open circui[ 

' ,  

0431 which i t  is ... 0 4 4  p n  1 and pin 13 ... see ... 1 ( K )  ohms ... Should be 100 o h m  .. 

pin' 1 ... Oh ..: its 100 ohms between pin 1 and pin 13 ... 100 ... and'pin 14 1s high ... 04Fl 

let's try again ... its open ... want to lock i t  ... 0361 It's not locking .... 0471 ['in 1 is riot . . 

going high .., ti28 pin 2 11s hlgh ... 0381 and let'$ check U28 ... the diode there ... 0391 

U28 its diode ... between pin 1 and 2 of U2X ((Please keep speaking)) ... Pins I to 1J22(. 

is ... OH! hang on ... Let's try this"U28 pin 1 ... to pin 2.050/ its high ... 1 t o  pin 2 . . .  1 3 
- 

volts - ... 05 11 Pin up power and lock ... 0521 It,'s. not locking ... 0531 pin 1 t o  pin 2 o f  1J2R 

... Pin 1 to Pin2 ... Pin 3 . . .  Oh ... I am ... ((please keep speaking )) ... Boy! ... right . . 

now nothing is going through ,my mind ... can't see what's wrong now 0541 ... -that 



resistance is high ... 1 is h igh  14 is low ... U28 pin 5 is high ... D l  ... is one ... for locking 

4 its'high and its high and ;.. oh boy! :,. ((please keep speaking)) 0551 I don,'t now what's 

wrong ... 0561 let's see ... 1 1  1 1  ... 0571 It's not locking ... 0581 Pir? i of U28 is ... U30 

sony U30 pin 1 i s  high ... pin 14 is not ... Oh ... let's see what could be wrong ... Tried 
Q 

replacing the resistor . .  that didn't help ... 0591 let's see . let me try $placing i t  a&in 

... 06(f/ checking the volt ... resistance between ... pin 1 and pin 14 ... pin 1 to pin 14 ... 

d 

0611 100 ohms ..:062/ fine .... pin 1 ... Ok ... so ... pin 1 is high ... pin 14 is not ... i t  
4 

should be high ... 0631 OH ... nothing is going through my mind ... I am stunned ... Havt' 

no.idea ... ((please keep talking out loud )) ... I have no idea what's wrong ... Why isn't 
. .- 
, . 

pin 14 going high ... U28 p i n  1 to pin 14 .... why is that pin 14 is not there either ... I - - 

haven't got the foggiest idea ... 0641 There is 100 ohms between there ... I saw nothing 

wrong' ... between pin 1 and pin 14 ... (( pleaseQjkeep talking out loud )) pin 1 ... and pin 

14 ... pin 14 goes to .:. 0651 - - see the trace goes 0661 ... under U26 ... pin 14 067/. 1 

shoujdn't do that. 0681 Let's see U28 pin 1 ... U28 pin 1 ... 0691 Let's do continuity test 

between pin 14 6 f  U30 and pin 1 of U28 ... 0701 it's high ... 0711 pin 1 of U28 . and pin . .  

f U28  and pin 14 of U30 ... is high ... so ... ((please keep speaking )) 0721 

I don't know what could be wrong 0731 ... Let's see Pm 1 to pin 14 is fine ... 0741 therc 

is 1 ( M )  ohms ... but nothing going through ... 0751 let's see the motor was fine ... and let'h 
i 

h 

see what else ,.. pin 1 ... pin 4 ... 0761 let's check the voltage here ... 0771 One ... pin I 

U24 ... 26,25,23 ... is high ... pin 2 is low ... 1 is high .:. pin 3 is high ... 0781 one zero 

... ow low . . 1 1s high ... pin 4 is low ... 0791 U24 pin 1 and pin 4 is same should be the 

same ... L x t , ' ~  see :!."+0/ pin 7 is ground ... pin 14 is high ... 0811 let's replace U24 ... 
$ 1  

i 
- 'a 

" .p 7 

.. &% 



0821 U24 is replaced ... let's see ... 0831 let's lock i t  again ... 0841 checking ... 1 1 1 1 .. 

enter ... 0851 why ... wonder ... pin 1 is low pin 3 is high ... oh ... U 2 5  ... pin-4 ... ant! 

U24 pin 1 is high ... pin 4 is high ... pin. 3 of U 2 3  ... is high :.. high high ... low ... OX6, '  
3 

pin 3 of U25~ sh&~ld be high ... 0871 so its high ... ah ... 

U25 ... 9 ... 4 5 6 7 8 9 ... high , 0881 pin 10 should be low ... OX')/ low . high :ind I O U  

... is low ... Not is high ... Not is low ... pin 1 1 s h w l d  be low ... OW/ is low ... pin 1 1120 

d 

is high 0911 U30 pin 9 should be grounded ... 0921 9 ... is low . 0931 Pin 6 shoulci he high 

... 0931 Pin 6 is not there ... 3 4 5 6 ... pin ...' U 26 ... 1 and 2 ... 4 ... pin 4 is low pin 5 

. U26 oops U 2 6  . .  pin 1 is high , pin 3 is high .@pi.n 5 is high ... pin 4 is iJ?6 pin 4 i \  

high ... pin ... U31 ... 095/ now let's see pin 2 of U31 seems to be bent ... 0061 see 1b3l 

... Oh ... boy-. . I will try that ... ((please keep talking loud ))  ... and just fixed 1131 plr~ 

2 ... 0971 and let 's try it again ... 0981 let's see ... 1 1 1 1 ... still not working ... 09')q'sct. 

~ 3 l ' ~ i n  2 is low U36 pin 4 is high ... pin 13 U3l ... is low ... U.71 pin 13 is low ... aricl 

_ I 1  

4 is high ... How is that ? .i. 13 is low ... U,3 1 pin 13 is low ... see to turn motor on .. I 

need . 10O/ let's ske pin 7 . .  1 . pin 14 U i l  ... low ... pin 1 low ... 14 and I ... low .. 

2 and 13 low ... 4 ... U27, is low ... 4 U26 is high. 101/ let's see ... U26 1021 checkinp 

out U26 ... replacing U26 ... 1 1  1 1  . .  enter ... 1031 doesn't lock ... 1041 motor is conncctctl 
5 

... the diode is connected. No disconnection,here ... Ok.  Let's see again ... 1051 U26 pill 

1 is high . .  U31 pin 13 i s  low . .  1061 Low and low ... pin 2 of U31 is low . .  pin 1 01 \ 

U31 is lbw ... so that's off ... Let's see pin ... T1 ... where's T1 ... Ti ... U1 ... U31 .. 

U26 ... Where's T1 Ok ... 1071 There ... T I  should be ... is high and ... T3 is ... Let's see. 



, 

T3 ... is Q3 ... is tied high ... 1081 Now T2 ... is Q2 ... TI ... 1091 What's the matter ... 

((Please keep talking out loud)) ... 1101 T1 ... T3 ... T2 ... let's see ... base of TI  ... TI 

... is tied high ... T2 ... base is low ... so it;s off ... this transistor is off ... T3 base is ... TI 
\ 

... so this is high ... T3 ... see ... T3 is tied low ... the base of T3 is low ... so T3 ... its lou 
m 

. . 
.. so ... T3 is off ... T4 ... the base of T4 ... is low ... This is turned off ... it's low ... high 

... low ... T4 ... T1 ... TI is tied to ... T4 is tied high ... TI is tied high ... 11 11 Yeah ... - 
1 1  1 I . . .  Oh!  tx)f ... ((Please keep talking out loud)) ... 1121 I really don't know wh;tt75 

* 
-wrong ... ((please keep talking)) Let's see what else ... Let's check power on ... 1151 I t ' h  ' 

// 
& 

p r t ~ e s s o r ' 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 ... 1141 and why? ... 1 151 

Let's see ... motor ... pin ... motor ... motor ... door switch ... TI ... think its closed ... so 

T ... 1 goes ro pin 1 ... A B  ... pin 1 pin 2 and from the door switch pin 2 and its locked 
. . 

High ... U2X pin 4 is high ... pin 1 ... pin 4 is high of U28 ... 1161 pin 1 looking 

underneath ... 1171 pin 1 and pin 4 is high ... U25 ... pin 4 is high and U25 pin 4 is high 

- ... pin 3 ... pin 5 is high ... 1 ,  0 ... pin 3 U25 ... low ... high is high ... U25 pin 3 is high 

... pin 1 U26 ... high ... pin 5 ... U26 pin to ground ... U30 pin 9 is grounded ... pin 4 5 .  
i 

U' 

6 ... 9 ... see ... U25 pin 7 ... to pin 4 U25 pin 3 is high ;.. U26 ... pin 1 is high U26 pin 

1 .:. pin 5 of U26 to pin 5 of U26 to ground ... 1181 see where's ground ... 1191 U24 pin 

7 is ground ... to 1201 U26 pin 5 ... U26 pin 5 ... 1211 9.4 volts which is expected ... s o  
L 

& B 

its powtred properly ... and ... 1221 T2 pin ... T2 ... let's see ... U31 pin 13 ... U30 ... U3 1 

... 13 is low ... pin 13 of U26  is high ... Pin 13 is low ... 1231 Board power ... 1241  let'^ 

see ... Ahh! ... volts between ground and power ... 1 251 Vcc is 9 volts ... 1261 pin 5 ... pin 



5 ... 127/ let's see ... pin 5 U26 ... is h g h  ... pin ... ((please keep talking out loud)) ... I ? X /  
- - 

F A 

I just don't know what's wrong ... ((Would you like to continue)) 

No; I "think I will stop. 
jT 



I 

4 
APPENDIX D ' ' 

. . 
I 

, < 

. .  . . - THOUGHT~PROCESSES - , . ,  

Fault Symptom # I :  (Motor doesTnot ldck. Unlocking is ok. U25 pin6 is broken) 

T '  A000 The Problem is we enter 4 digit code' of your own choice and presh 
3 

c. enter. Well let us  try that ... 
D 

r 

b 
'p. 

0 A00 1 i What's going on? 

T A002 I am going to enter 1 2 3 ..Actually I have 1 1 2 ... alright ... and 

.... enter. 

0 A003 Now the lock was supposed to move ... Didn't move ... We get :I sl 

n;' red light on there ... Ok .. 

0 . A  A004 So the computer has sent out the locking code D l = l  and 

D2=O .... We don't know that ... alright ... OCl ... opt0 coupler 1 

... U28 ... alright ok. U25 U27 U28 ok. Alright plugged i n  

here ... Pin 1 is zero: D 1 is zero ... and .... ( ( C h i t  showed a problem 

, which 'was not part of the study. Protocol resumed after i t  was 



corrected)) .... .. . 

e' 

C.A A005 D l  should be 1 which is here. M R I  .. yea U30 ..ok. I hcttcr gcr 
-7. 

used to these numbers. This has to be U30 I guess. U3O..ok..So Pill 

1 should be high. It's high and 2 ((D2))should be low. It's low 

S o  computer is. sending the right code. So far i t  is rilakirlg scnst.. 

0 A006 However, the motor does not operate. 

0 . A  AOO? The display ccde does not disappear because nlotor driving 
i 

mechanism is not closing the lock switch. 

T A008 However, if the lock switch is manually closed, the dispiayed digit\ 

disappear. Yeah ..they d o  disappear .... right 

0 A009 The displayed digits disappear and then the unltxking n1t.chariisnl 
6 

functions normally. Yeah .... ok ..alright..so only problem is th;rt i t \  ' 

-F *, 

not locking. 

0 . A  A010 Now, ok ..well let's b v e  a l o o k .  OK. We getting the'righr 

code ... so  ... ok ... the motor runs ... we found that .... so  unlock is 01 
- 

and lock is I0 ... ok. 



P 

* 
h A01 1 I think I am going to again try ... Get back to the locking 

arrangement and just go to the other side of opt0 isolator and sec 

if that is functional aFl right. I think I have to recycle the 

whole thing, I gu'ess 

So I can enter any code now. 1 2 3 4 ... ok ... i t  goes back to red ' 

light.. ok ..just verify one more time that . . .y eah ... we have one zero. 

code ... that's good. 

. - 
9 ' 7s" 

T A0 1 3 Alright, n6w we shohld go to U24 pin l...ok .. 

0 A0 13 U24 pin1 i$ low .. ok ... that's high .. 

h 

C.A A015 so ... it's..emitter follower ... so when D 1 is high,it should be 

conducting. 

And U 24 one should be high ... 

And two should be low. So both isolators are working. 



SUMMARY 

T - T&O Q 

5 3 6 

Then we go to pin 3,.. 

OK..l is high 2 is high and 3 is high. 

That makes sense. So that NAND gate is ok. 

'NOW the next step will be to go to G2 and I will l o o k  at th:lt ... n, 

U25 pin 4 1 2 3 4 

U 25 pin 4 is high. This is interesting circuit. 
, --& T 

OK..5 is..4..is high, 5 is high and 6...There is a problem with (1. 

A "  
,% . 

b4 
I t  should be low. So that is the problem, I t h i n k .  ((The subject the11 * 

- * 
replaces the IC and tests the sysrem.)) 



FAULT R 

Fault Symptom #2. '(Locking mechanism is ok. Problem is with unlocking. U25 pin 8 is 
.v 

bent.) 

I T&O B000 P.K. we st art... we select a code 1234 enter .... 0 . K  

I ,. 

0 

T B001 ... now we try to unlock 1234 and enter 

0 BOO2 and nothing happens 
%;" 

-+a 

C.A BOO3 ... now for unlock we should have a code Dl  zero and D2 one 

T B 0()4 and so let's verify that 

3 

B 005 .... O.K.. Dl  zero and Dl  ((D2)) is high 

B 006 Now we quickly go over U24 GA to make sure it's functioning 

BOO7 so U24 pin' 1 is high. Pin2 is low 3 is high 

T B 009 now let's go to U25 G2 Pin 1234 

- 



Pin3 is low 5 is high 

,... O.K. 4 is low 5 is high 6 is high so that's fine 

... let's follow that further with G 1 

0 . A  B o l l  

h B012 

T BO 13 ..U25 G 1 Pin 1 .  

0 B014 2 is high 3 is Low 

0 . A  B015 so that chain is fine ... 

' - I.\ 

h BOl6 Zkt's=-go to the other side now 

T B017 U25 G 3  pin 9 and 10 ... - 

0 B018 9 is high 1(\ is high and 8 has a problem ... 

0 . A  B019 so U25 G3 output should be low but its floating 

C 

H B020 ... so that is our problem .... 



S U M M A R Y  

4 

T - T&O Q &LJ Q h,H Total 



FAULT C 

Fault Symptom #2. (Locking mechanism is working fine. Problem is with unlocking. (130 

pin 12 is not grounded.) 
' -. 

WPA C(#)O The locking fuqctfon of the motor drive intcrfact. ~irlci cisivt.. 

mechanism is working fine. For u n l t ~ k i n g ,  howevcr, the x-lccr~~cl 

digits are displayed but the motor d t x s  n o t  opcratc to cisivc 1111. 

unlocking mechanism 

WPA C(X)I 
1 

we have same problem but . . .  alright ... let's h;ivc A look i r  

So we enter a c t d e  . . . . .  o.k. 

0 

the locking rnechanicrn is working propcrly . . . . . . . .  ; ~ I I ( I  ~ ~ o r t i i ~ ~ p  

hap pe ns . 

C.A C004 O.K. let' us ... so, for unlock b e  should havc I )  I ~ c r o  112 orlc 

T , COO5 ...g o back and verify that 

0 C006 , ... O.. .  1 



I. 

7' COW ... GA pin 1 and 2 

.. . 
,- --- * 

9 
0 C(H)C) ... U24 pin 1 is should be high should be low ... and its not I 

7 
C.A COIO so  looks like that u28.bptical encoder ... we follow that chiii'n now . 

, i 

h CO 1 I - ' let us go back to U28 and look at pin 4 . . .  

T ~ 0 1 2 '  U ~ X  pin 4 

* 
0 CO13 Yeah pin 4-1's floating 

C.A C014 ... pin 5 should have s'upply which i t  does.,. so that's fine ... wt, 
L 

already ... verified the D l  is low 

I 1  CO 15 ... U2X optical encoder ... opto isolator rather is gone ... so we shoultl  

change that 
* 

, "Y 
4' ', 

. .power off..let us get a screwdriver ...y eah i t  will be better 

..here is the bad one ..... O.K. 



i; 

'I: C018 let us bend the pins slightly in ..all right..let us supply the pouc.1 
. 

0 . .  COIY, And runping through diagnostics O.K. 

P 

0 . A  C020 Now let us try ... 

C02 1 we should unlock rind try i t  again 

C022 1233 enter 

C02 3 . . .  it 's 1 t ~ k t . d  now 

C023 let us try to un1~x.k 

. . .  123 ... 

I made a mistake and I should clear i t  

0 C02 X that 's  interesting . .o.k.  w. . . .now we ~ ; I V L '  ;I Ciif'fcrc~~~ 



\ . * 
r' - - problem ... everytime I en'ter a digit, i t  enters twice 

. . 
c030 9 that's strange 

C03 1 S o  we had some problem anh i t  doesn't seem to repent itself ( ( i t  i \ &  
L - i ** 

- .  
only a switch debounce problem)) ... we still locked. alright..,its riot 

unlocking and 

C032 so  let us go  back to see what is going on 

- 
C03'3 U24 pin 1. .  

C033 well 1 is still low 

C035 . ... ok D l  is low D2 is high ok ... let us g o  to the actual optical ... 

T&O C036 LJ28(pin)l is low 

0 A C037 . ok..that is. 
, ._ I 



a 

r y  ,' 

O.A C039 so that is fine and 

C.A C040 ' - we should look at 5 ..should be going tc+ the supply 
- 

.l 

T&O C031 1233 ... 5 is going to the supply and 

TBiO C032 3 is floating still 

0 . A  C033 
k. 

well let us see that there is ;1 short there is possibility ot' ..4 i \  

floating actually..I will measure the voltage o n  3 a n d  scc w h ~ t  wt. 

have 

T C043 ... 5 is reading 8 volts 

0 C035 ... that is strange 

0 . A  C O ~  ... why voltage is so high '? oh just a second . . .  - - 

, H C037 let us put the other IC..that's i t  



T C04X 
- .  

Put the IC in there . . . p  ower supply want to look around the IC 

h C04Y ... oh dear..I know what I have been doing 

C.A C050 ... I have not been looking any further than U24 

- H C05 1 There is the possibility of U25'of course because that is  what'^ 

..eating it..so U25 probably was the problem and I have been 

chasing the wrong stuff..because I wasn't paying any attention to 

the circuit 

T C05 2 ok we have another U25 which is ... 7400 ... OK another 7300 .. 

((Chip is being changed)). Apply power O K  

0 CO5 3 ... and look at the voltage 

T C053 alright..let us try ... we are unlocked so  enter a code..clear.. 4 

h 

0 CO55 what's going on 

0 . A  C056 O K  I was not unlocked ... problem ... O K  ... 3 ... 

T ('0.5 7 i ... OK let us try unlocking i t  again ... 1234 enter 



-. . 
0 C05 8 ... and nothing is happening ... its interesting 

h C059 OK let us go back and  see what do we have now 

. . T & 8  C060 U24 pin 1 is still pretty high 

0 . A  C061 its 1.5 O K  right'that is quite strange 

h C062 OK well let us make sure we still have IS1 zero 

TBtO C063 Yeah Dl zero ... Yeah Dl zero and D2 is one 

0 . A  C063 That is still OK 

., -') 

c - c  C.A C065 - what is going or) here ... we changed all the three IC's . . .  did 1101 

7 
have anyef fec t  

h C066 O K  the circuit diagram is supposedly complete ... Y 

1,NTERRUPTION - Continued Later 
I 

T C067 first of all we should try to lock alright I'm going to enter ... t t ~ .  

J 
i - 



W P A  C073 

power is on to the system so I'm gonna enter my code 1234 

% 
1 

OK ... the lock is turning and 1-can have simulator as locked 

Then I go back to. the unlock situation and try the code again 123 

I made a mistake so clear i t  again 

1234 entqr and i t  is working 

OK am. 1 reading i t  cokectly 

Locked the vault using a secret code of your own choice press the 

main switch to the lock position..in order to simulate lock ... vauh. 

ok..may be I should follow this again ok so I should enter thc 

switch..is in  unlock positiori..ok.. 

I enter the code again 1234 ... enter ok I simulate lock condition b!, 

putting the switch over the lock position ok now I should enter tht. 

ctxie and see if i t  opens 1234 enter 

and nothing happens 



,%+* - 

0 .A C076 ok the digit is d&;s correctly displayed ... but dlr na,tor doc511'1 

move 

h C07 7 ok so we should Itwk at the circuit diagram which for the unloc-L 

position we should have D l  zero and D2 should be one 
- 

T&O C078 so  looking at the circuit diagram ok D l  is at 1130 pi11 1 U 3 0  pin 1 
1 

ok U30 pin 1 I 'm putting the logic probe on i t  and i t  is U70 pin 1 

1 

is low 

0 . A  C079 and this is how it should be unlocked 

T&O C080 and ...... the D l  should be high so that is ah 

0 . A  C08 1 I'm looking at now the U 3 0  pin2 so  the c x i e s  coming from r h c t  

processors seem to be ok 

h C082 so  the next step will be then ah ... lets go  to the other side o f  thi\ 

opto isolator and see if that is functional 

T C083 . so to look at D l  we should go to U24 pin 1 and see what the ... i t  



- i 
it's high or low so U24 pinh ..U24 pin 1 here's 

0 C084 U24 pin 1 ok its heither- high nor low 

T C085 - ok lets go to pin2 

0 

0 C086 Pin 2 2 is high 
i 

_ 0 . A  C087 so D2 is high so something strange going on pin1 which is neithe~ 

high neither low in what we expect here is low and 

H C088 that could be two causes of this problem either the U24 gate ha5 
ili 

gone..gate G A  is gone or the opt0 isolator has a problem and I 

guess I could ...j usi quickly look at other U24 7400 series gates so .. 

lets look at ah ... other gates on the same .... same IC and see if the), 

have some strange behavior -, 

- ,  

T&O COX9 Gate number a ,  1 had a problem, number 2 is pin 4 .... 5 and 6 that 

seeins to be normal and pin 8 is the output 9 

, 

0 C090 yeah that pin 9 and 10 again are floating ah 



A C09 1 ok..so seems to be two of the gates on U24 are bad 

H C092 s o  its quite ah likely actually its pretty g d  guess that the 1124 i 4  ' 

the bad not the ah U28 isolator so, if I could have ah the solci~eri~lp 

iron and I'd like to )try a different IC 7400 
? 

T '  C093 ok ... ah ... lets switch the power off ok lets get this ah 1124 out ($11 

here can you get me a screw driver,.. thank you ok actu;~lly I dori'r 

'need this right now I ' U  just take this chip out and Fit ;111otlier 011;. 

in  there this is the bad one so this is the new 7400 ok like t h : ~ t ' \  . 
, 

in  there and we have to now ah apply the power spin o k  the ok i t \  

gone through the entire diagnostics 

0 C094 E21 code is showing and,ah its its finished the di;~gnostics 

, . 0 . A  C095 so I'm going to try to see if i t  works again 

T C096 1234 enter ok simulate the locked situation and go  back m i  tr.1 

unlocking i t  12 ... 1234 enter 
I 

0 C097 and i t  didn't do  anything hmmm interesting 



... alright lets go back and check it again 

U24 pin 1 

same problem 
I 

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 i t  used somewhere else or nor 

I see U24 is only one gate which is being used ok whether its thc 

output also going to G2 which is ah another 7400  IC 

so I could ah try replacing that I guess. Actually I have this old I(' 

which I took out from the other one 1 could, I could, I could use 

that one 

so here goes the power 



0 . A  CllO 

h C l l l  

Huhhmm ... its in-reresting maybe our 

let me apply the power again 

may be I had a problem with this ah the u n I ( ~ k  switch ;th h ;~s  3 

positions 

may be i t  was sitting in the middle 

lets quickly try i t  one inore time 

ok just going through the diagnostic 

actually I just don't even need to wait for  that beci~use the g;w i \  

ah floating 

so lets just change the chip that's come out here's a ncw one I h o p s  

these chips are ok ha ha ha 

Right all right apply the power again 

Right we have unlocked position running the diagnostics 



0 . A  C117 but we don't need to wait for that I can just measure U24 righr 

away 

% - 
T&O C118 ok U24 pin 1 is high pin 2 is high 

0 . A  C119 seem to be a bit better 

h C120 ' so lets just try locking i t  

T C 12 1 1234 enter ok lock i t  ok then we go back and try u'nlock i t  1234 

enter 

0 C122 and nothing happens 

0 . A  C123 alright lets-just see where we stand now 

TRtO C123 U23 pin1 right same situation ok well 

11 C125 I think I should also change the opto c ~ u p l e r  U28 because t h i ~  

thing is only gong to 2 places either to U24 or U25 

C.A C126 so all the places going to is that ah and actually third one n w t .  



place is the ahhahh the resistor network and one could ~ . L . C I I  

measure the resistance first of all on those set. see u.h;it i t  is lihc 

o k  U30 pin 3 to ground should be IOOohnis pin 3 i n  12 1234507h 

14 13 12 is l(H!ohms and pin 12 will be grounded so whcr-t.'s rh. 

ground here 

0 C128 ok that seems to be grounded - 

0 . A  C129 so  [hat's yeah the resistor seems to be o k  
* 

ok then alright I ' l l  change the coupler U28 y e ~ h  1128 - 

P 

here's the old chip and I'rn going t o  put the ncw ow i n  thCr-t. 

alright ... lets one more time ... the power 

and lets just Icwk at what we have pin U24 pin 1 o k  ;ilrighr 

lets put i t  in the unlock position and enter 

the code 1234 entcr 



h C136 lets try unlocking i t  now 1234 enter 

and no go  at all 

ok lets go  back to U24 pin I 

this is floating now that is quite interesting 

ok here the signal is only going to 3 places resistor is ok wt* 
.. 

changed that the interesting thing why is i t  floating ok ahahah LJ23 

is not used anyicchere else ok ahah now what has happened to U 3 0  

ok lets measure the voltages now gotta measure the DC voltage ow 

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 likr. 

there is too much current some how on coming out of the opro 

coupler ... and ... U30 ... well .... looks..seems to be ok in temls o f  .. l o t  l 

check MRl 



T&O C132 ok MRI 

T C 133 let power off here ... oh M R  1 pin 1 and 13 
. > 

- 
0 C 144 ok...that is I0oohni alright 

C.A C145 ok pin 2 of the opttwoupler should be grounded 

E I C 1'36 and let us verify thitt tJ2X pin 2 

T&O C137 yes that is grounded 

' I  

O.A C138 Ok well that does not leave too many things th;tt c o ~ ~ l c i  he cail\lrlp 

i t .  Its not being loaded. 'its sitting high so  the 

- 6  

H C149 may be thy Vcc ... supply is too high ... or hnimri~ 

T C 150 ok let us just measure-the voltages again ... its supply voltitge..lJ2X 

pin S...U2X pin 5 ... U28 pin 5. . .U28 pin 5 .... 12335 2nd the g r o i ~ r ~ l  

... where is the ground here 

0 C15 1 Pin 2 is the ground..looks 5 volts 



C152 , ' and U29 pin 5 ...p in 2 ..345 

CIS3 ok seems the supply is going there..alright , 

C154 I guess I should visually examine this see whats happening 

CIS5 U24..lmks, pretty clean Ok U25 is ... seems ikn't shot on the PC..Oh 

hmmm ... U24 pin 1 ... that looks reasonable 

oh yes that's pretty peculiar .. .y eah Dl  is low but is i t  still 

conducting s e e b s  to be tm much leakage in the optocoupler so 

... and U25 is . .we changed that and its going no whew 

C 157 IIrnrnm let us supply the power ... and right now its running 

diagnostic lets see what's happening there U24 

d 
C 158 1 is high, 2 is high 2 is low ok 

C 159 ycsh maybe I should look  and use the scope and a c t h l l y  see w h a ~  

it. looks like ... here 

T CIhO o k  let's measure the voltage around the IC 



ok U24 ... ok supply voltage is good 

0 . A  C162 yes supply is good ground is good ... 1125 is fine LJ24 is fine th;~t i \  . 
. - 

narrowing down .the process here we already conf'inilcd i t \  

grounded 

T C163 hello ... what we got here U30 .. 12 

0 C163 here is minus 5.5 volts what's that*? 

well that's interesting ~ 3 0  12 should be groundcd wtly it's :;ittinp 

1 at 5 volts..5.5 volts so 

H C167 either there is internal short in U30  or  whats going on i n  ttl:r~ 

urea ... so best thing is .:.well I can try different rcsist;~nt network 

6 

T C168 could I have that .... Ok-let us try different reslhtor 

0 C 169 and see what we got now 
. . 



normally pretty unusual for a resistor to g o  but I guess its possible 
. . 

T C171- ok ... right'we go to unlock position ((on the simulator switch)) 

: 0 . A  C172 very-unlikely the resistor will go like that ... well its possible I  guesh 

'I'&O C173 we run through the diagnostic and so lets now ... enter our codt. 

1 1 1  1. . I  am going to try this I 1  1  l...enter.. 

well i t  is ((working properly. Subject tests the system.)) 
u. 

thai was the least likely candidate but actually that was tht. 

problem. 
b 

1 

S U M M A R Y  

WPA 1 T & O  Q O.A C.A h,H Total 

3 3 9 1 9  41 , 26 14 42 176 

(19+13) 



&\ 

FAULT D 

. Fault Symptom # I  (Locking of the motbr has a problem. Unlcrking is ok. CJ3 I pins I i 

& 2  are broken.) 

WPA DOOO ok problem is when you'want to Itxk the vault ... the rilotor doc\ 

not turn to activate the locking mechanism. Ilowever, i f  the l o c h  

switch is manually closed to simulate a locked vault ..the display~.tl 

\.% 
digits disappear and then the unlocking mechanism functio~i\  

T DO0 1 Alright..let us follow so we itre i n  unlock position . . . p  rcss any 4 

digits code of your choice on the keyboard ... l 1 I I enter 

0 .  D(H!2 ok ... the L.E.D. indicator chmges to red 

T DO03 and the code should be Dl  is I and D2 is zero. L x t  us verify t h ~ t  
*' 

0 DO04 o k  ... D l  is 1 D2 zero ... ok.only problem motor doesn't seer11 to bc .  

activating - 

0 . A  Do05 ok..so we have ... l looked at U24 



h D(M)6 I should l o o k  at U 2 4  pin1 
1 

T&O D007 U 2 4  pin 1 is high..and pin 2 is low ... well soon I come into that gatc 

a 

0 . A  D(NX and since its a NAND gate the output should be high 

4 
T&O D009 U24  pin3 is high 

now let us ... we should l o o k  at U25 pin 5 pin 4 and pin 5 

pin 4 is high 5 is high ..and 6 is low 

s o  that's alright and that output of gate G2 w i  U25 goes to G1 on 

U 25 

where 1 and 2 is low and 3 is high 

so U 2 5  seems to be ok 

let us l o o k  at the other side 



T ' DO17 G3 on U25 at pin 9 and I 0  
% 

Q 
P - 

0 DO1 8 9 is high 10 is low ... and 8 is floating 

T , DO19 ok let us Itwk at a1right;let us measure the voltagcs around that 

0 DO20 I see something funny going on ...U25 ... its high 

H DO2 1 I think U25 is gone 

T&O DO22 - let us make sure ... 8 ok ,, 

0 . A  DO23 what's going on her; 

/ 

T DO24 let us try U25 p i n 9  ..8,9,10 ..... oh , 

0 -DO25 that's ok 

T DO26 , and we should l o o k  at output o f  so both o f  these are 

Y 

0 DO27 seem to be ok 



so let us symmarize G1 ie U25 pin 3 is high and' 1 1  14 13 ..I1 i~ 

low..ok. .alright....((please keep thinking .... talking out loud)) 

let us look at ... UZ6 now . U26 is one w i tho~r  

U25 3 is high ... U26 1 is high ..ok.. 
* 

yeah that input is fine so we should look at pin 4 of U26 

b 

pin 4 is high 

let us look at U27 that is the other opt0 isolator 
, 

% \  

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 

alright we go 1 ... zero 

h DO36 so T I  should be conducting because base is high OK 

C . A  DO37 TI let me just refresh my memory here ... we are still in  the loch - 



position, ... so D l  is high D2 is low ... everything nornial there .. 

ok ... let us go around U 2 3  one more time in case I was not p~iyirig 
id 

any attention 
- 

T&O DQ38 1 ... 2 same low 3 ... 4 is high ... 6 is low ... this is o k  right 8 i \  

high 9 is high ... 10 is low that Is fine ... 1 1  is low ... 12 is high 1.7 

is high .. 

0 . A  DO39 yes this ltmks normal 

C.A DO40 problem has t o  be ... so ... Yeah those couplers also l o o k  f'iw a l ~ ,  

... well ... 

T&O DO41 that leaves us with few transistors to wc;rry about or the rilotor 

itself \ \ 

T&O DO42 ok ... how can we check the Vcc2 ... Vcc2 is o n  pin 5 o f  opro 

coupler so let us measure the voltage ... ok ... U 2 6  pin 5 ... 245 .. 

9.45 volts 

0 . A  DO43 presumably that's ok I don't know how exactly that the r i gh~  

voltage 



#'=-- * 
C.A DO44 assuming that is alright ... ok where is T1 transistor here ... TI 

transistor ... there is Ql ... Q2 ... alright , 

h DO45 those transistors are one thing that could be problem or any of 

' those transistors 

1 

C.A DO46 actually the motor has to run ... to get positive to conduq and we 
\ 

should look at that voltage going out to the motor ... and let us see 

how ... is easy ... that 

T DO47 let us see the motor voltage across the motor terminals 
\ 

@ 

0 DO48 we don't see any voltage at all 

C.A DO49 the reason for this ... ok ... this ... when U26 is conducting then TI 

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 dnve that way 

ok ... what is the actual voltage let us see on the Q1 the output of' 

U26 pin 4 ... U26 pin 4 



0 DO5 1 it's 10  volts i 

\ 

0 . A  DO52 becatse it's cpnducting ((not conducting)) dght  ... Yeah U27 pin 4 

Q, 

should be zero - -* 

T DO5 3 right so  

0 DO54 it is conducting alright a n d t h c  10 volt applied there and there 

h D055. ; - ok one could also bk worth looking at the voltage o n  base of  1'2 

... which is U31 pin 2...U31 pin 2 

T DO56 resistor U31 pin 2 is sitting at zero volts ... U 3  1 pin 2 

H DO57 well that's the problem. 
r 

((subject test thesystem))  

SUMMARY 

/ 
WPA 1 T & O  Q C.A h,H - Total 



APPENDIX E 

Thought P r o c c ~ ~ e ~  

Subject: #2 

Fault A 

Fault Symptom # I .  (Motor does not lock. Unlocking is ok. U25 pin 6 is broken.) 

C. A AOOO It's not locking proper!y ... so let's see ... D l  ... D2 ... is zero. Dl 

.. D2 is zero. So 
I 

T A00 1 I am entering the code ... 1 1 1  1 ... enter 0021 ... 

GA A002 I expect Dl to be high ... D2 to be low 

T&O A003 Dl high D2 low 

C.A A(X)3 U28 ... let's see here. IC U24 ... pin 1 ... pin 1 U24 ..I U27, U25. 

U24 ... pin 1 should be high ... high ... pin 2 should be low. 

Its low 

* 

so pins 4 and 5 ... let's see, 1 and zero is zero ... not is one and one 

is zero. One and one is one and not is zero ... zero and zero ... and 



not is one SO pin 3 of U25 should be high 

T A007 pin3 of, U25 @ 

T&O A 0 9  S o  let's see pin4 U25 ... is high 
t 

h A0 10 pin5 ... sho*uld be low 

' .  

C.A A01 1 But why it's high? 

T A012 Pin5 is high ... One and zero zero 

. , 
0 .  . ,  A O ~  3 pin5 is high 

0 . A  A014 That 's  correct ... Qne , . one and zero ... 1s one . one m - o  m r o  

Not is one ... 5 1 4  high 
d 

,- 

T A015 3 is high ... pin6 ... is zero 
r - - 

. . 

* . ,  
< ' 4 I 

0 kQ16 . pin 6 is low ... It's not low ... it's nothing 



4, 5 one and on is zero F .  

; ..; : ' c. 
. , -7. 

Pin 1 and 1 is one now is zero ... pin 6 should be ... zero ... pin 6 
.< ,( l 

Ok seems like there is fault ..: U25 pin 6 (( keep speaking 

please )) ... It ... am I suppose to fix this 7 (( Yes . You arc 

., . . suppose to fi'x i t  ) )  Ok ... (( But keep speaking please )) * 9 . 

Ok U25  pin 6 seems to be low or  is not 

no th~ng  on i t .  No voltage on it. 
,. - 

I 

I am going to change ... You have pliers or  anything. (( Do you 

Nant pliers ? ))  May be ... (( Ok I will give you pliers )) ... Ok .. 

( (  yes . Keep speaking please )) yeah OH 

Pin is not bent or  any ,thing . ~ 

I)cx\n't seem like an~f th ing  is wrong. 

h 

P I ~  5 underneath ? . . .  12345 ... 2335 ... and 



traces seem to be OK ... and Oil! 

let's try this again ... 1 1  1 1  ... eriter 

and OK again its gone 

. .  pin 4, and pin 5 are both high . good . .  pin 6. Thcrc 1s nothing 

ai pin 6 

and let's see if there is power to 

- L 

pin 123 . 6 7 . .  pin 7 is low . pin 16 . pln I4 I \  

high so there is power to the board ... and to the chip . pin 6 .. i \  

not proper 

and let's w e  pln 6 U25 ... pln 12345 ... 

. . 

pin 6 doe!, nht g o  anywhere 

'.; 

,. , ,< 

hhould go to pin\ 1 and 2 of  U25  and large schematic and 1125 .. 



' U25 ... U25 pin 1 ,  2 go  t o 8 ' ~ i n . 6  ... Pin 1 and Pin 2. Let's see here 

... U25 -pin 9 and 1 0  zero and one. One and zero is zero ... zero 

and not is one ... one and one not is zero ... 
/ , Q  . 

Pin 1 1  should be zero. 

is nothing there. 

Pin 8 

there is nothing there ... pin 10 ... 9, 10 ... OH! ... (( Keep speaking 

please )). 

1 am just redialling the number again 

-1 
and power is back on again ... 

pin . .  U25 pin 9 ... 789 is h i g h ,  pin 10 is low as I expected ... so 

pin X should be high ... 
3 .  



A046 pin 6 is not there! Ah! ... 

A037 fault at pin 6 ... pin 6 of U25 ... 
- 

A038 One and zero ... One ... one of U23 high ... low is low N0'1' i t ' \  

high high and high ... pin 6 hhould be low ... 123356 ... 

A039 seems . t o  be 3 fault at pin 6 of U ~ S  ... Ok . ( (  ple;ise kccll 
9 

pin 8 is high ... so pin 1 1  9, 10, 1 1  is low but pin 3 is low. 3 .  5 ,  0 

... 

speaking )) .. 

Ok I have to check why pin 6 does not go  high ... k t ' s  see . . .  , + 

Probe should be able to tell ... 

Pin ... that's the ground ... ( (  please keep speaking )) and pin 6 I \  

low ... 

P 

A 0 5 2  I expect i i t o  be high . but with the probe its not there at a11 ... 

A05 3 and let 's see may be a trace is cut qr somefhing . .  



--. I 

" 4" 

0 . A  A054 
9 

may be at first ... Pin 6 Pin 1 4. Pln 2 ... I am doing ... taking out 

/ the chi; ... and U25 ... and ... d o  you have another chip ? Ok ... /' ' 3  

T A055 and let's see if i t  works now. 1 1  11 ,  ... let's see enter ... and it5 
C 

working. S o  the fault was chip at U25. 

S U M M A R Y  



Fault B 

Fault Symptom #?. (Locking mechanism is ok. Problem is with unlocking. U?5 pin R L\ 

bent.) 

WPA ~ 0 0 0  The unlocking ... the motor does not operate because ... tht- 

unlocking is not done properly ... 

I press my code and i t  doesn't seem to go in 

C.A B002' so let's see ... Unlock should be D l  zero D2 one ... zero ... o n ( $  

... one. One and'zero. ... zero so there should be high one ... 9 iiritl 

10 are one ... So pin 8 o f  U25 ... 6, 7, 8 should be low 

T&O B003, and i t  is 

h BOO3 and pin 1 1  ... 9 10 1 1  should be low. 

C.A B005 Let's see ... zero and one . D l  zero D2 one ... zero and one is zero 

NOT is one ... One and zero is zero NOT is One ... one not is zero 

h B 006 Pin 3 should be zero ... 



> './ 
* 

Pin 3 should be low ... 

and'it 's low ... - 
Bf 

and pin 9 is one ... pin 10 is one .., one and a'ne is ... high and high 

e 8 -  
one and one is low ... 0 

and i t  should be low ... pin 12 ... U25 pin-8 is ... 6 ;  

Let's see ... pin 9 of U25 is  high. Pin 10 is high ... 

so high and high is high and NOT ... is low ... so high and high ..: 

is low. . . 

Pin 8 should be low 

and i t  is low ... and . , 

low inverted is high ... 

and pin 1 1  should of U25 .... 



B0 17 7 8 9 10 1 1  ... pin 1 1  ... pin 8 is low ,.. 9 and 10 ... U25 pin 9 and 

1 0  ... is one NOT is ... zero ... and zero ... 1 1 should be one ... 3 5 

6' 7 8 9 10 1 1 ... and ik's ,not ... 

B018 Do you have another ... U25 ... Yes ... 

T '  B019 and there is no power .,. Oh! ... 

0 B 0 2 0  Ok,.. That i5 the fault 

S U M M A R Y  
f d 



Fault C ' .  

Fault Symptom # 2  (Lucking mechanism is working fine:Pmblern is with unlocking. U30 

pin 12 is not grounded.) 

T CM#) 1  1 1 1  ... and enter c . .  5%- I , 

ir 

% - - 
0 coil1 - that's fine ... =I 

T C(#)2 and 1111 

0 . COO3 , and its not unlocking .,.. properly. 
% 

t 

C.A COO4 So let's look at the schematic ... Unlock 0 and one ... so  pin .. 
a 

U 2 4  pin 3 ... should be high ... U24 ... U25 where is U24 ... U l ?  

k ... U 1 6  ..wU24 ... pin 3 is low ... one one zero zero pin 3 ... should Y 

be one ... Pin 3 Oh '"% 

let's check U24 ... pin 3. ((keep speaking please )) 

H C(N6 and may be I can find another U24 ... 

T CW7 for U 2 4  ... and let's see if ... it sounds any better .... and let's t r ~  

i t  again ... 1  11 1 code ... enter ... 



it's locking properly ... 

11 11 .... 

still not unlocking. 

May be there is more than one fault ... Plrr 3 U23 ... is still low. pi11 

1 is high Pin 2 is not there ... low high . > i n  1 o f  U 2 1  is not then 

... Pin 1 of U 2 1  is not there ... 

so let's see D l  ... U28 pin 4 should be one ... U22 ... 20, 21 .. 

U28 ... where's U28 .,.,and 26, 27 , U29 ... U2X ... there U2X pin 3 

... is not ... 

may be it's not powered. 

T&O CO14 pin2 to ground pin5 to power ... 

H C015 and is there another U28 ? ... (( Yes. I can give you another one )) 

T C016 and putting U28 back in again ... and pin 1 pin 2 pin 3 ... O K  - 

, Let's try again 1 1  1 1  Ok let's see 1 1  11 ... 



0 C017 open 

, - 

0 C019 still not 'locking ... 

C.A C020 let's check i t  ... D l  should be low ... so pin1 should be high ... its 

low ... Sony pin 1 is low ... pin 2 is low ... pin 4 is not there. Pin 

5 is high ... 

C02 2 let us check the trace ... and ... Oh! ... 123 ... let's see then ... 

C02 3 pin ... U28 pin 4 is not done properly ... 

C024 let's see U30 pin 12 ... 

C025 resistor U30 ... U30 pin 12 U30 pin 12 ... U28, U29 ... U31 ... U26 

C026 U30 .-. Pin 12 ... 9 10 1 1  12 



0 C027 is tied high U30 pin 12 is t iefhigh 

0 . A  C028 should be low ... 

B 

H C029 so the fault seems to be U30 pin 12. It's not tied t o  ground. 

1 

T C030 Let's check i t  ... entering the code ... 

it's locking fine and -... 

Unlock ... and 1 1  11 

it's not unlocking. 

Let's check i t  ... where's the screw dnver U3O pin 12.. 

and OH! the pin 12 is cut. 

SUMMARY 

O..A C.A h - H Total - -  



Fault D 

Fault Symptom # I .  (Locking of the motor has a problem. Unlocking is ak. U31 pins I?  

& 2-are broken.) 

Ok Let's see ... does not lock properly ... so 11 11 enter ... 

it's not locking .., 
m 

so locking is one zero ... D l ,  D2 .i. one zer ... so U28 .u 
should be high and its not ... k t ' s  see U28 pin 1 ... pin 4 should ? 

be high as well ... 

Yes pin 4 is high :.. U30 pin 12 ... 7 8 9 10 11 12 ... its tied lou 

... pin 5 of U28 is tied high ... pin 2 is tied low ... 

Dl  should be high ... 

lets see U28 pih 1' .., 

try another 1428 pin 1 ... ((yeah ! please keep speaking )) and U2X 
- . 

pin 1 OK and l& try U28pin :l. 
. . .  

Tqfing up gain ... and ... its in open position ... and 11 1 1 ... enter 



0 DO08 arid its not Iocki-ng still ... 

. . 
h 

- 
DO09 so  let's check ... U30 pin 1 1 ... . -  

T&O I3010 U30 7 8 9 10 1 1 is tied low 
. a* 

0 . A  DO11 pin 5 is tied high ... and D2 is zero ... so  pin1 LJ30 ... is now ... i \  

high ... ((please keep speaking ))  . 

C.A DO12 '-. 
Ok :.. pin 1 U30 is high ... and pin 2 is low ... pin 1 is high pin-2 

is low ... that's fine pin 9 should be low ... thitt's high . . .  U 2 9  . .  
.I 

. . $  

".. pin 1 is low ... pin 2 is low ... pin 5 is high . . .  that's fine ... and . .  

pin 1 of W28 is not fine ... -is not h ~ g h  ... pln 1 1128 arid .. p111 1 

, .  
U28 ... what could be wrong with pin 1 U 2 8  '! ... pin 1 1128 . . .  

' H  DO1 3 Do you hive. yet another one ; may be '? ... ( (yeah  . I will givc y o t ~  
J., 

F Y . )) ... ((keep speaklng please ))  ... something wrong wlth pin 1 ot 

let 's see U2g pin."l':.. pin 5 ,  k and 5 ... U2X pin I OK . k t ' s  set, I 

w I P* 
: 1 

. let's ?heck it . pin I U2X . .  and there we g o  . its i n  ... 
-. "--% 



& 

0 DO 15 power is back ... 4 

9. 
iL 
'F? - 

0 DO 17 its i n  open posltion but does not lockrproperly ... 

u 

let's see ... It's not the chip ... U28 pin 1 ... D 1 ... should be one .. 

C.A DO19 and let's see U28 on other schematic ... pin 1 ( the subject is now 

, . '  
locking at the :main schemati,-c ), ... U28 ..: U27 , U26 23, 25 ... Oh 

there is U28 ... U28 ... U10, Y5 ... pin 7 of U l O  ... 

' : 
T DO20 pin 7 o f  U10 ... UIO pin 7 ... 3 4 5 6 7 ... is high one ... 

, @ A  DO21 uhich it should bc L.. pin 7 U 10 is high 

DO22 an should be going ... LED 1 f U!O and its high and pin 

* _ 

.. and then' from ihe 

and pin 1 

L E D .  
. Lt 

4 ... is 

... to pin 1 

not there 

i- 1 D( 12 3 So let's see I am replacing U30%. something wrong with pin 1 ot 



T DO21 I am removing U30 ... and-replacing it ... k t ' s  see and ... t q  i r  

e again ... 1 1 1 1 

/. 2 ,  

0 DO25 and it's still not fine 

C.A DO26 Let's 5ee . Ok . pin I is fine now . .  U2X . pin I o f  U Z X  is INII 

- 

fine ... U30 ... U28 ... 

let's see is i t  a trace cut '! ((P1e;ise keep spe~iking ) )  

and let's see ... 
, 8 .  

,. , . 

I can't see the trace underneath ... to U2X ... 1128 pin 1 ... pin 13 
5 

of-.U30 . . .  OH! ... pin 0'i's;going to U 2 6  pin 1 and now . .  . 

* 
let's see ... pin 1 of U2 

H ' DO30 T h ~ s  c h ~ p  I S  not nght .. 

T .4 DO3 1 Let's see ... and I~ there another one for t h i ~  . . .  I am look~ng for 
d - . . 

. I  

another L'30 ... ((pleaw keep jpe8ki.iig ) )  U30 pln 1 U30 pln 1 

I el OK replacing C70 . . .  OK ... let's power i t  up again ... Now 



its not locking ... 

, let's see ... Now' ... U.30 pin 14 ... 

still not there ... 

pin 1 is high ... U30 pin 1 is high ... U 14 ... is not there ... pin 14 

... is not there ... Pin 14 ... Pln 14 ... is ... let's see. 

, 

Is there a short there between pin 14? ... 

N o  short ... 

Do you have another one of U ... please (( You have changed thret. 

times ) )  This was not a resistor ... (( All of these are resistors )) ... 

OK ... But this wouldn't help .. 

OK ... U3O pin 1 to pin 14 ... ( subject is again looking at the main 

schematic ) ... 14 ... 1 1 1  1 ... I t  does not go  high ... so let's see .. 

I ' Z X  pin 2 is grounded pin 5 is high ... and pin 4 is high ... and 



nothing at pin 1 ... Nothing at pin 14 and nothing at pin 1 ... \I30 

pin 1 to pin 13 . . 

' ,Fr DO3 1 let's check i t  ... hiay be internally something is broken ... 

T DM2 and let's see ... Otirnrneter ... Putting ohninleter between ... pin I 
.. . 

I '  

a n d  U2X ... should be open circuit 

pin 1 and pin, 13 ... see ... 100 ohms ... Shoilld be 100 ohms ... pi11 
0 

1 ... Oh ... its 100 ohms between pin 1 and pin 13 ... 100 ... and p111 

13 is high ... 

lt't's try again ... its open ... want to lock i t  ... 

% 

. '  

0 DO36 It's not locking . 

0 . A  DO37 Pin 1 is hot going h ~ g h  . . .  U2X pln 2 is high .. 

and let's check U2X ... the diode there . . .  



U28 its dioder:.. between pin 1 and 2 of U28 ((Please keep p, 

speaking)) ... Pins 1 to U28 is ... OH! hang on ... Let's try this U28 

pin 1 ... to p i n  2 

its high ... 1 to pin 2 ... 1.3 volts ... 

Pin up power and lock ... 

P 

It's not locking ... 

pin 1 to pin 2 of U28 ... Pin 1 to Pin2 ... Pin 4 ... 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 i~ low ... U28 pin 5 is high 

... Dl  ... is one ... for locking its high and its high and ... oh boy! 

. . . ((please keep speaking)) 

I don't Know % d .- at's wrong ... 
9 

let's see ... 1 1  1 1  ... 



0 I <  DO5 7 It's not locking ... 

C.A DO58 Pih 1 of U28 is ... U30 sorry U30 pin 1 is high ... pin 13 is nor .. 

Oh ... let's see what could be wrong ... Tried replacing the rt'sisto~ 

... that didn't help ... 

le t ' s  see ... let me try replacing i t  again .. 

checking the volt ... resistance between ... pin 1 and pin 14 ... pin 

1 to pin 14 ... 

0 DO6 1 100 ohms ... 

fine ... pin 1 ... Ok ... so  ... pin 1 is high ... pin 14 is nor ... i~ 

should be high .. 

OH ... nothing is going through my mind ... I am stunned ... I l :~vc .  

no idea ... ((please keep talking out loud )) ... I h~ ivc  no idea what'\ 

wrong ... Why isn't pin 14 going high ... U28 pin 1 to pin 14 . .  

. , 

why is that pin 13 is not there either ... I haven't got the foggicsl 

idea ... 
I 



C.A DO63 There is 100 ohms between there ... I saw nothing wrong .. 

betu een pin 1 and pin 14 ... (( please keep talking out loud )) pin 

1 .. . and pin- 14 .. . pin 14 goes to ... 

T DO65 see the trace goes 

0 DO66 under U26 ... pin 14. 

0 . A  DO67 I shouldn't do  that. 

C.A DO68 Lxt's see U28 pin 1 ... U% pin 1 ... 

h DOf,9 Let's do continuity test between pin 14 of U30 and pin 1 of U28 

T DO70 it's high .. 

. . O A  DO71 pin 1 of U?X . and pin 14 . pin 1 of U2R and p i n d 4  of U30 . ,  

f3 +, 

is high . . .  so ... ((please keep speaking ))  

,- 

h DO72 I don't know what could be wrong 



Let's see Pin 1 to pin 14 is fine ... 

0 . A  DO73 there is 100 ohms ... but nothing going through ... 

C.A DO75 let's see the motor was fine ... and let's see what elxe ... p ~ n  I . 

pin 3 ... 

h DO7 6 let's check the voltage here . . .  . 

... pin 3 is high . . .  

one zero ... one low ... 1 is high . . .  pin %is low . . .  
* 

U23 pin 1 and pin 3 is same should be the s m e  ... 1x1 ' s  see . . .  

pin 7 is ground ... pin 14 is high ... 

let's replace U23 ... 

I 

U 2 3  i c  replaced ... let's see . . .  , 



. . 
. , 

h DO8 3 let's lock it again ..., 

T DO83 checking ... 1 1  11 ... enter ... 

0 DO85 why ... wonder ... pin i 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 ... 

0 . A  DO86 pin 3 of U25 should be high ... 

T&O DO87 s o  its high ... ah ... U25 ... 9 ... 4 5 6 7 8 9 ... high , 

0 . A  DOXX pin 10 should be low ... 

C.A DO89 low ... high and low ... is low ... Not is high ... Not is low ... pin 1 I 

should be low ... 

is low ... pin 1 U26  is high 

C30 pin 9 should be grounded ... 

9 . . .  is low.  ' 



C.A DO93 Pin 6 should be high ... 

T&O DO94 Pin 6 is not there ... 3 4 5 6 . .  pin ... U 26 ... 1 and 2 . .  4 ...  pi^) 

4 is low pin 5 ... U26 oops U26 ... pin 1 is high , pin 4 is high .. . - 

pin 5 is high ... pin 4 is U?6 p i n 4  is high ... pin ... U3l  ... 
- 

DO95 now let's see pin 2 .Of U3 1 seems to be bent ... . . 9 

DO96 see U31 ... O h  ... boy ... I will try that ... ((ple;ist. kecp t a l k i ~ ~ ~  

loud ' ) )  ... and just fixed U31 pin 2 ... 

and let's try i t  again ... . 

let's see ... 1 1  11  ... still not working ... . 

C.A DO99 see U3 l  pin 2 is low U26 pin 4 is high ... pin 13 U31 ... is low .. 

U i  1 ,pin 13 is l ow . . and 4 is high ... How is that ? . 13 is low .. 

U 3  1 pin 13 is low . see to turn motor on . I need . 

T & O  9100 let's see pin 7 . . . ,  1 . . .  pin 14 u 3 1  ... low ... pin 1 low ... 14 and 1 
C(_ 

... low ... 2 and 13 low ... 4 . . .  U27 is low ... 4 U26 is high. 



H D I O I- let's see ... U26 . .  . 

T D 102 checking out U26 ... replacing U26  ... 11 11  ... enter ... 

0 D 103 doesn't lock ... 

C.A Dl04 motor is connected ... the diode is connected. No disconnection h e x  

... Ok. Let's see again ... 

T D 105 U26 pln 4 is high .:. -U3 1 pin 13 is low ... 

- $2 - 
i 

C.A Dl06  Low and low ... pin 2 of U31 is low ... pin 1 of U31 is low ... so 

,. 
that's off ... Let's see pin ... T1 ... where's T1 ... T1 ... U I  ... U31 

... U26 ... Where's TI Ok ... 

T D l(Y7 There ... T1 should be ... is high and ... T3 is ... Let's see T3 ... i h  

Q3 ... is tied high ... 

C.A DIOX Now T2 ... is Q2 ... T1 ... 

h D 1 09 What's the matter ... ((Please keep talking out loud)) ... 



C.A D l 1 0  T I  ... T 3  ... T2 ... let's see ... base of T l  ... T I  ... is titxi high ... '1'2 

... base is low ... so it's off ... this transistor is off ... T 3  base is .. 

T1 ... so this is high ... T 3  ... see ... T 3  is tied low ... the base of T i  

is low ... so T 3  ... its low ... so ... T 3  is off ... T 3  ... the base of 1'4 . . 
.J 

... is low ... This is turned off ... it's low ... high ... low ... T 4  ... '1'1 

... T I  is tied to ... T4 is tied high ... TI is tied high ... 

T Dl11 Yeah ... 1 1 1  I . . .  Oh! cwf ... ((Please keep talking out l o id ) )  ... 

h D l  12 I really don't  know what's wrong ... ((please keep talking)) lxt 'h  

see what else ... Let's check power on ... 

C.A D l 1 3  It's processor's ... (subject is consulting the main schttniatic) ... I 

... see pin 7 U 1 0  . . ,high pin 7 is high and pin 1 U 3 0  is also higl) 

... pin 14 ... it's not there ... 

. ,  
g. 

h D l  14 and why? ... 

C.A Dl15 - Let's see ... motor ... pin ... motor ... motor ... door switch ... T I  . . .  

think its closed ... so T ... 1 goes to pin 1 ... A R  ... pin 1 pin 2 anct 

from the door switch pin 2 and its locked. fligh ... U28 pin 4  i h  

high ... pin 1 ... pin 4 is high of U28 ... 



0 Dl 16 pin 1 looking underneath ... 

C.A D I  17 pin 1 and pin 4 is high ... U25 ... pin 4 is high and U25 pin 4 i~ , 

high ... pin 3 ... pin 5 is high ... 1, 0 ... pin 3 U25 ... low ... high i j  
' 

, 

high ... U25 pin 3 is high ... pin 1 U26 ... high ... pin 5 ... U26 pin 

to ground ... U30 pin 9 is grounded ... pin 4 5 6 ... 9 ... see ... U 2  
\ 

- j .  

pin 7 ., to pin 4 U25 pin 3 is high ... U26 ... pin 1 is high U26 pin 

1 . .  pin 5 of ' ~ 2 . 6  to pin 5 of U26 to ground ... 

h Dl  18 see where:s ground ... 

F 
> r 

C.A Dl19 U21 pin 7 is iround ... to 

T D 120 U26 pin 5 ... U26 pin 5 ... 

0 . A  Dl21  9.4 volts which is expected ... so its powered properly ...' and ..: 
- 

C.A Dl22  T2 pln ... T2 ... let's see ... U31 pin 13 ... U30 ... U31 ... 13 is lob 

., pin 13 of U26 is high ... Pin 13 is low .., 

H D l 2 3  Board power ... 



T D l 2 4  let's see ... Ahh! ... volts between ground and power ... 

0 D l 2 5  Vcc is 9 volts ... 

h 0 1 2 6  \pin 5 ... pin 5 ..: 

T D l 2 7  let's see ... pin 5 U26 ... is high ... pin ... l ( p l caw k p  (;liking o u ~  

I I 

loud)) ... 

h 'D 1 28 I just don't know what l j  wrong ... ((Would you  l ~ h e  to c o n t ~ n u c ) )  

No, I thihk I will stop. 

S U h l M A R Y  (Incomplete) 
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