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SUMMARY

Problem

‘ The objective of this study was to evaluate a computer assisted performance training carrel which was
developed in-house at the Air Force Human Resources Laboratory. Technical Training Division, Lowry
AFB. Colorado. The cvaluation was realized by using the training carrel to deliver the troubleshooting
fundamentals lesson from the Lowry AFB Technical Training Center’s Electronic Principles Course, This
report provides the documentation for the software necessary to present this course by controlling all
required interaction between the student, a PDP-11 minicomputer, the PLATO system (viaa PLATO
terminal in the carrel) and a low-cost simulator. The hardware necessary to perform this task, and the
subsequent course evaluation are described in AFHRL-TR-76-62 (1) and AFHRL-TR.76-62 (111), respec-
tively.

Approach

The programming was divided into two main parts, one part written in TUTOR for the PLATO
system, and one part written in machine language for the PDP-11. A second division was made between
those parts of the program which were course specitic. and those parts which were used for communication

-between the two computers.

Results

All of the simulation was done in the PDP-11 using tables of actual circuit values. The Standard
Digital Equipment Corporation floating point package was used to do the arithmetic required to convert
these values to meter deflections for the PSM-0'multimeter in the sinmlator. The PLATO computer was
used for all of the testing. remediation, and monitoring functions in the course presentation. The bulk of
textnal material in the course was presented with the use of a study puide to avoid using expensive
computer resources for a task better performed by using textual materiaj. The TUTOR language had no
provisions for interrupting a program with an external event, which toreed considerable interaction between
those parts of the program which were course specific, and those which were program specific.

Couclusions

! «
<The developed software adequately supposted the evaluation program and provided insight to future
technignes which ¢ould be employed for reliable instructional sequences. In addition, the program modules
necessary to transter data between the PDP-11. the simulator and the PLATO system were developed.
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SOFTWARE FOR PERFORMANCE TRAINING CARREL

1, INTRODUCTION

This system is designed to demonstrate and test the feasibility ol using the performance training
carrel [or instructing students in the principles of electronics troubleshooting fundamentals using the PSM-6
multimeter, This course is normally taught as book 38 of the Electronic Principles course at Lowry
Technical Training Center (LTTC). The system is designed to operate using the following hardware and
software configuration:

Hardware: PLATO-IV central computer (currently at University of Hlinois)

Performance Training Carrel equipped with
Slide Projector
PLATO-V terminal
DRI buss system
Sk PDP-11/10 minicomputer
PSM-6 simulator

Software:  Slide set
Set of Circuil Boards
Study Guide and Workbook
TUTOR program (CAMILI)
PDP.-11 program

This report is designed to provide operating instructions for the entire system, and to describe the program
items listed previously. The following program descriptions assume that the reader is reasonably proficient
in the use of the TUTOR language and DP-11 assembly Inguage.

I, TUTOR PROGRAM

The TUTOR program is designed to be used in conjunction with the study guide and workbook. The
student starts the course by logging ir at the carrel. He will be given an introduction to the system, then
directed to the study guide. He is then directed to use the carrel, where he will be directed back to the
study guide when he has completed the interactive instructional sequence. This is repeated us often as
necessary. While the student is supposed to be working in the study guide, the PLATO display will be
showing an index frame, which shows the arcas of the course and which arcus have been completed. An arca
of the course may consist of' a CAl question, a slide presentation, or a performance training sequence using
the PSM-6 simulator. Several areas may be executed during one instructional sequence. Any of the areas, as
well as five unlisted maintenance arcas, may be aceessed from the index display by pressing the fetter
corresponding to the desired area,

The regular instructional sequence has no options other than the options common to atl TUTOR
functions. However, while in the index display, five diagnostic areas are available in addition to the course
arcas listed. To enter one of these areas, press the letter corresponding to the area listed in Table 1. To exit
any of these segments, press -BACK-. which will return the program to the index dispiay.

Table 1. CAMILI Diagnostics Index

v) Alignment grid for touch pancl and slide projector
w) PDP-11/PLATO data transfer using SIM

xX) PDP-11/PLATO data transfers using SIMUL

v) PDP-11/PLATO single data word transfers

?2) Display slides ‘

Other than the program structuring mentioned previously, this program does not have any complex
data structures. The variables used in the program, and their meanings. are listed in Tuble 2.

T -



Table 2.. CAMILI Variable Names

n3  keycode
n4 loc
n5  udone(n)

N6.7 vinecas(n)

vimeas(1)
nod  volts

n8,9 rmeas(n)

n8 ohms

nl0 tp(n)

nl0 tps

Varlable Name Segment Name Description
nl  byt(h err Error code {rom PDP-11,
byt(2) read Value sent to B/A by PDP-11 for meter reading.
byt(3) see Time in seconds (mod 256) since PDP-11 program
was started.
byt(4) probes Probe locations. Refer to PDP-11 Program Descrip-
tion for explanation of how this variable is coded.
byt(35) funrang Function/range switch settings.
byt(0) ' schem Circuit board number from PDP-11.
by t(7 Not used.
n2  bhyt(8) lasterr Value of err from previous measurement.
byt(9) red Test point number for red probe. ...
byt( 10) black Test point number for black probe.
byt(11) ludone Arca number for last course area completed.
byt(12) sch Circuit board nu.nber set by SIM call,
byt(13) k Counter used by SIMUL to fill byt(1) through
byt(6).
byt(14) malf Malfunction code set by SIM call.

Internal value of key pressed during SIMUL (-1 if
no key was pressed).

Display panel location for SIM displays, set by SIM
call, .
A 1" in udone(n) indicates that area n has been
completed. :

Used to record which voltage measurements have
been made. If vineas(n) = 1, then a voltage meas-
urement has been taken such that PROBES = 2 *

(n-1).

Set to | when a visual inspection has been made.

Used to access the first 60 positions of vmeas.

Used to record which resistance measurements
have been made. If rmeas(n) = 1, then a resistancs
measurement has been taken such that PROBES
=2*n, '

Used to access the first 60 positions of rmeas.

Usad to record which test points have been used in
making measurements. If tp(n) =1 then a measure-
ment has been made with cither the red or the
black probe in TP,.

Used to access all tp(n) positions simultancously.

8
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Hi. BOP-1 PROGRAM

The PDP-11 program reads the status of the simulator every 60th of a second, controls the lights and
meter readings, and informs the TUTOR program whenever a new reading is made. The PDP-11 uses tubles
of values for each possible measurement to calculate the correct reading.

The prograw is event-driven by the line clock. When a zero transition is detected on the power line, o
program-interrupt oceurs, and the program will mlcnugulc the first word of the PSM-0 status register, The
response from the PSM-0 causes an interrupt, which is used to read the status into the PDP-11, and
interrogate the second status word, This procedure will be repeated until all three status words have been
read into the PDP-11, The three status words are then compared with the status words which were read into
the computer during the previous 60th of a second, and the status is ignored unless the words are identical,
When two identical status readings oceur, they are compuared with the status readings used for the last set of
PSM-6 mieter readings. 1t no change has oceurred, no new cateulations are made. However, if o change has
been made, then the new meter readings are caleulated, using data from the various tables, The meter
reading is not sent out immediately alter it is calculated, but is stored in the PSM-6 output data word
(PSM-0L), where it will be sent out with the following status interrogation. Hence there is a delay of
approximately 1/20th of a second from the time the probe or switch position is changed until the time the
meler reading changes: the events are summarized as follows,

(PSM-0 status changes)

Ist line clock: Read status, no further action,
2nd line clock: Read status, compute new meter reading.
3rd line clock: Change meter reading when PSM-6 is interrogated.

et

Whenever a new reading is taken (removing the probes from the circuit is not considered to be a new
reading). the TUTOR program will be notified. This is controlled by the portion of the program which is
not interrupt driven. since the transfer of the information about the reading takes several seconds. Since
interrupts are invisible to the main program, the interrupt portion of the program signals that a new reading
has been made by setting bit 15 of a PDP-11 variable which also contains the error character. The actual
data transter from the PDP-11 to TUTOR is performed by an interrupt-driven routine which will be
described in the TUT OR/PDP 11 program interface description.

There are three tables .for the meter readings relating to each malfunction. The first is a list of
addresses for the second set of tables, ordered by circuit board number. The second table contains informa-
tion about the circuit Board, namely a list of addresses for the third set of tables, ordered by malfunction
number, and a list of test point numbers, ordered by node numbers, The third table contains the offset to
the resistance portion of the table, followed by the voltage portion of the tahle and the resistance portion
of the table. The two words preceding the start of this table are the indicator values for power on and off,
and a pointer back to the node number portion of the second table.

All numeric entries in the tables for volts and ohms. and for full-scale and mid-scale meter readings,
consist of only the high-order word of the standard PDP-11 floating-point format.

' The PDP-11 program has a diagnostic feature which is operated from the switch register. Switeh
register bit assignments are:

bit 15=1: Use the switch register bits 0.3 for the
malfunction cede. Print the diagnostic
information shown below whenever a nerv
- measurement is made,

bit 15=0: : The malfunction code is obtained from
PLATO. The teletype will print a single
(non-printing) character cach time a new
measurement is made.

bit 3=1: Simulator offlxnc Also force rculuulatmn

it bits 0-2 =

9
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bits 0-2: Malfunction code: 0 is normal ¢ircult conditions,
I is the first malfunction,
(This is only code good for all ¢kt bds,)
2 is second malfunction,
All unused malfunction codes will show
a} both lamps off
b) all voltages zero
¢) all resistiances zero
d) probes =2,
The PDP-11 diagnostic printout consists of 9 bytes, the first 6 of which are also sent to PLATO. Each byte
is displayed as 3 octal digits:

<
r®
*<
”~
b3

P
Ohms adjust A/D value &

Oxy

b
*
-
b4
-
~
- A
~<
~
Q
-

Error code
D/A setting
-“PROBES
Function/Range
Schematic %
Red node 9
Black nod'<:<-§<D ‘

Low byte, seconds counter &

Error code: =0 means no crror has been detected.
x=1 means an invalid function or range has been used.
y=0 means no error other than above has been detected.
y=1 means the reading is downscale.
y=2 means the wrong scale has been selected (reads too far to left).
y=3 means the wrong scale has been selected (reads too far to right).
y=4 means an attempt has been made to read voltage with the power ofl.
y=5 means an attempt has been made to read resistance with the power on.
y=6 means an attempt has been made to read resistance without zeroing the -
olunmeter.

v=7 should never vceur, i

PROBES: This is a code composed of both the red and black test point numbers. combined to allow access
to a lincar table in the PDP-11. The clements of the table are arranged with the first entry being the one for
the red probe in TPI and the black probe in TP2, the second entry with the probes reversed, etc.. as shown
in the tollowing diagrams:

Black TP Black TP
) 2 3 4 12 3 4
l 0 2 6 16 110
2] 4 0 12 22 or. dividing by =200
g 3|10 14 0 2 4 =32 3 0
& 4120 24 30 0 €414 5 o0 O

A
The last diagram above illustrates how the value is generated. The lower triangular portion of the array is
nuinbered from left to right. beginning with the second row. These values are then multiplicd by two. The
upper part of the array ‘is similarly numbered from top to bottom. beginningwith the second column and
values are then multiplied by two, However, one is subtracted to distinguish them from the lower number
sequence. Finally, all of the numbers are doubled so that the PDP-11 can use them as word offsets in its
tables. The formulae are:

R.GT.B: =~ PROBES = 2 * ((R-1)*(R-2) + 2 * B))
R.LT.B: - PROBES =2 *((B-1)XB-2)+ 2 *R -1)
R.EQ.B:  PROBES =0

where R is the test point number for the red probe, and B is the test point. number for the black probe.
-8
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Function/Range: These two digits indivite the PSM-6 switch settings as (ollows;

tunction switch tunge switch

0: Not used 0: Not used

L 100 UA 1.8

2 bDCmA- 225/

3t ohms 310/ x10

1 DOV 20k 4: 50/ x100
SDCV-LK N §: 250/ x1000
0 ACYV A 6: 500/ x 10000
7. OUTPUT 7: 1000

Schematie: 2 * (eiveuit board mmmbery + (Lt power switch is ON. else 0) Red and black nodes: The term
nodes means the vatue which is retumed by the simulator hardware, ind corresponds to the physical test
points, rather than the test point mnnbers on the circuit boards, which are always catled “test points.” The
nude numbers je:

0 = probe not touching anything

I = probe touching simulator chussis
2 = prohe 1onching the other probe
37 = invalid code
The othier nodes are on the simulator chassis and are arranged in the following pattern:
7 i ay 20
3 10 1§ n 27 33
4 11 16 2 30 34
s 12 17 24 il 35
0 13 20 25 32 RN

IV, TUTOR/PDP-11 PROGRAM INTERFACLE DESCRIPTION

Because of transmission problems. data may fail to be passed in cither direction. Henee the interface
between the twa programs contains a consideruble degree of redundancy. Whenever the PDP-11 is runnir,,,
the PDP-11 will accept and process data received from TUTOR. However, TUTOR will only aceept data
from the PDP-11 when the ENABLLE command has been given: ie.. when the program is executing the
SIMUL section of the program. Typically, the TUTOR program enters the SIMUL section before a reading
is made. As soon as SIMUL is entered. a word is sent to the PDP-1 specitying the malfunction to be used
and the desired byte (the first) of information to be returned to TUTOR. When a measurenient is made, the
requested byte of information is sent bk to TUTOR. TUTOR then requests the second byte of informa-
tion. and it is returned. ete. until all six by tes of information about the meusurement have been trunsferred.

~Since any one of these trunsfers may fail due to noise on the telephone line. TUTOR will wait one second

after it has sent a request for duta, and if no response is obtained. will send another request. This process

“will continue until a response is obtained. TUTOR sends a code to the PDP-11 to quit sampling the PSM-6

whenever the first byte of data is received from the PDP-11. This is done to give the student feedback about
when he can and cannot make measurements by turning the ON-LINE light off. The PDP-11 will not
modify the data being trunsmitted or the meter setting (even though the probes may be moved) until all of
the data has been trunsmitted. Any actions made while data is being transferred (except the lust) are not
recorded. ' : : :

V. INSTRUCTIONS FOR OPERATING TIHE CARREL

TO BEGIN:

“Turn ON the DRI buss circuitry using the toggle switch located on the card nest at the back of the
carrel. ‘ S B o

11
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ety ON the PEATOAY ternmminal;

I \ppl\ powed using the rocher switen focae d on the pancl on the nght side of the back of the
upper punt ol the carrel.

2o Activate the ternmmal by pressing the power. Fail override hutton located just below the main
powet ek, The horder of the display pasel should light,

A Reset the terminals error citcaitry by pressing the red, then the white umnukcd rocker
switches,

Furn ON the PDP-EL computer located under the front of the canel:

Lo Al ot the switches must be even with the trinm on the front panel.
Y Tum the Key-operated power switeh ON by turning it onesquarter turn clockwise,
3. The RUN iadicator should now be lighted. Wit is not, then:

ac Pres LOAD ADDRESS.
b Press START.
1 OG onto the TUTOR system.
10 QUI ‘
Press SEHEE-STOP until the message "*Press NEXT to hegin™ appears.
Turn OFF the PRP-EL by turning the key-operated power switch counterclockwise to its limit,
Turn OFF the PLATO lcnnnml using the rocker switch tocated on the back panel,
Turn OFF the DRI buss cireuitry using the toggle switch on the card nest,

‘To provide the programmer with debugging facilities, the PDP-11 PrOgram operites with the 10X
restart capability ¢nabled so that pressing CNTRL-P should return the program to ODT- ll\ Refer to
DEC-TE XPTSA-A-D Tor instruetion on use af ODT,

. REFERENCES -

Kargo, DW., & Stetlen, DA, Performance training carrel for electronies principles course. AFIHIRL.TR-76-
02 (I). Lowry AFB, CO: Technical Training Division, Air Force Human Resources Laboratory,
September 1070,

West. AS. Wasmumd, K.C.. Lantz. AL Stetfen, D.A., & Miller, G.G. Performance training carrel
eraluation. AVHRL-TR-76-62 (1), Lowry AFB, CO: Technical Training Division, Air.Force Human
Resources Laboratory, in press.
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APPENDIX A:” PDP-11 FLOW CHART

This low chart for the. PDP-11 program for the PSM-6 simulator includes only those parts of the
PDP-11 program in the section titled “PSM-6" which actually activate the meter. The other portions of the
program are coded such that a reasonably experienced programmer would have no serious difficulties

understanding the program.

13
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RTI

CALC. WHICH TABLE
TO USE AND WHiCH
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PSM 6
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RTI

RTI
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NO pagigo:

CALC. |
PROBES

RTI
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Figure A-1. PDP-II flow chart.
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PROBES
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OHM 30 2:
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D/A
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" D/A
TOO LARGE

NO

ERR—-=—2

D/A =— 177

ERR =—5

TOUCHING

INDICATES

PROBES

?

YES
D/A
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?

ERR=—3
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ZEROED

RTI

Figure A-1. PDP-II flow chart (centinued)
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Figure A-1. PDP-II flow chart (continued)
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APPENDIX B: TUTOR FLOW CHART

This flow chart is presented in an outline form which is intended to cenvey enly the general flow of
the program. Anyone desiring to acquire a detailed understanding of the program sheuld use the flow chart
in canjunction with the program listings.

The following notational conventions are used:

1. TUTOR commands are given in upper case: e.g., UNIT, SLIDE, ete. UNIT labels are given in
lower case: e.g.. {rir refers to Frame 1 Remedial.

2 The instructional areas are used to block the tlow chart, Each AREA command is indicated by

the corresponding lower-case designation used in the index display . followed by the ARLA label,

3. A phrase in single quotes, " is a text which will be displayed on the plasma pancl. In mosl
cases, the actual text displayed has been condensed to shorten the flow chart.

4. A phrase in double quotes. *..." is a student response for TUTOR to mateh. Note that TUTOR
allows various ifferent forms of answers synonymous with the one given, Each of these answers is
preceded by the associated TUTOR judgment (oK. no. wrong). Remember that. in general, TUTOR requires
an OK judgment before exiting the ARROW loop.

5. A phrase in parentheses. (...). is a description of a condition which must be satisfied before the
subsequent code is executed. Subsequent code is indented more than the outer block.

6. An equal sign tollowing a HELP or DO unit label is used to describe a unit which consists of
only a single stide. For example. HELP frir = SLIDE 29, means unit frir witl only show slide 29.

7. Endseet (m.a) is used at the end of an instructional area to mark area n as complete for the
index display. If m is shown as a number. then the program will actually call the unit labeled “endsect™ and
the message “Continue reading in your manual at page m™ wil! be displayed. If m is shown as a hyphen.
then the program coding is different, and the student will not see the above message.

8. SIM(m.n) specifies a program call on the unit labeled *sim,” which activates the PSM-6
simulator. and  provides general remedials  for several Kinds of errors (ic.. wrong function
or scale. probes reversed. power switch settings which are not appropriate for the kind of
measurement  being: made. ohms not zeroed. wrong circuit bourd. and measurements made betore
making a visual inspection). The schematic board used is to be number m, and n is the number for

the ‘malfunction which will be used. In the program. the calls on SIM include a third argument. loc.

which is used to specify where messages are to be displayed.
9. A puir of numbers in parentheses, (mn) is used to specify a measurement made with the red

probe at test point m and the black probe at test point n. When resistance measurements are being made.
the program contains provisions to allow for probe reversal.

The flow chart for the units SIM and SIMUL are shiown in the conventional manner following -
the main flow chart (Figures BY and B2). These units are used to conneet the TUTOR code with the
PDP-11 (SIM) and to give the student certain common types of remediation (SIMUL).
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%

SIM.

ERR- 100
KEYCODE =-1
WRITE SIMULATOR ON

1 bt
ERASE
KEYCODE MSGS;
>0 MODE
WRITE

REWRITE SIMULATOR ON

LAST ERR<ERR 1

t

DO SIMUL.

!

REWRITE OFF

YES

NO ERR =

l'ERR

ANY NO
ERRORS

?

HIS
ERROR \YES
SAME AS
LAST

NO

20r3

YES

DA
=0or YES
120
?
NO

3 ERR

PAUSE '1
DO REREAD

DO VISREM
KEYCODE =— -1
1 DATA
ERR
100
TP(red) =1 K0 ..
TP(bIk) ~~ i DO-REMEDIAL
' BASED ON ERR
YES K=0
?
0 8
1 MEAS. |
DO SCHREM oAt DO OHMSREM
EASUREMENT
@RE R HAVE
1 RETRY , RETRY BOXES ERROR MESSAGE WAITS JOHM VOLTAGE NO
¥ FOR RESPONSE,THEN ERASES MESSAGE EASU&E&ENTS
DO RETRY » K 1S'SET TO 1 BY SOME REMEDIALS TO ADE
KEYCCDE = - | INDICATE THAT ERROR HAS BEEN IGNORED
- VOLTS
— ] VMEAS (PROBES /2+1 )1 R MEAS.( PROBES
/2)w—1
OTHER '

Figure B-1. SIM flow chart
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' SIMUL

A
(Volle 0223l

(:>—_“' 1 LABEL
ENABLE

K —-—
KEYCODE =1
MALF = RIGHT 3 BITS|

o 2 LABEL

AUDIO(K-1)x 0400
+MALFx 020+2
PAUSE |, KEYS

K=K+ |
MALF-MALF+0lO

KEYCODE<KEY

Lno 7 oF

4 LABEL

RED =~ INT( «/PROBES/2-3/4 + 3/2)

BLK=—INT( PROBES/2-{red- I)red-2)}

BLK= BLK/2

[ AUDIO ozoz] [ DO REREAD ]
EXIT

Figure B-2. SIMUL flow chart
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MAIN FLOW CHART

(a1) QUEST &2

) UNIT  frl -BACK index--HELP frIr=SLIDE 29
*What are the 2 steps to any troubleshooting job?’
Question ta: X
ok - find fault™- proceed to question 1b.
wrong -"cause” - That is second part’
wrong ~“visual”"That is first of three steps’
NO--*Try again’

Question [b:
ok--cause™ -proceed to 113
NO-"Try again’

UNIT  tr3--BACK index--HELP {r3r=SLIDE 31
*What are the 3 steps in troubleshooling?’
Question 2a:

wrong--volts™ or “ohms™ “That is not the first step’
NO- ‘Try again’

Question 2b:
- k- volts™ proceed to question. 2¢
wrong- “ohins™ - “That is second kind of measurement’
wrong - “meter ¢chieeks™ -"What kind of meter chechs?’
NO- “Try again’

Question 2¢:
ok “ohms™ -endsect (6. 1)
NO- "Try again’
(b) OPENS '
UNIT fr4 SLIDE I -BACK index.
UNIT  fr5- SLIDE 2-BACK fr4
UNIT  (r6- SLIDE 3-BACK {r5
UNIT  r7--SLIDE 4 -BACK {16
UNIT  {r8-SLIDE 5--BACK fr7
PAUSE 20: endsect (8. 2)

(¢) SHORTS

UNIT 119 SLIDE 6 - BACK index
UNIT  fr10--SLIDL 7 -BACK (19
UNIT  frit- SLIDE 8--BACK {r10
PAUSE 20: endscet (10. 3)
(d) CKT 1-1
UNIT fr16 SLIDE 13--BACK index
Foree measurement of 28v across (4. 1) using sim (1. 1).
UNIT 117 -SLIDE 14-BACK {r16
UNIT fri8 - NOSLIDLE- -BACK {r17 .
“Foree measurement of Ov sicross (3. 2) using sim (1. 1).
UNIT  fr19 - NOSLIDE- BACK {r18
Force measurement ot 28v across (2. 1) using sim (1. 1).
PAUSL 5:endsect (11.4)

20




(¢) CKT 21
UNIT 120 SLIDE 15 BACK index

Porce measurement of 12.5v across (2. ) using sim (2, 1),
PAUSL 2p endseet (13.5)
(Y CKT2-2
UNIT 121 NOSLIDE BACK index
Foree measurement 235v sieross (30 2) usipg sim (2, 2).
UNIT 21 NOSLIDE BACK index
Foree measurement or Ov across £2, 1) using sim (2, 2).

Endscet (16, 6)
{20 QUEST I &4
UNTT 1722 SLIDE 16 BACK index HELP ¢ 22r2SLIDIE 17

ok b DO remedial if requested: proceed to tr23, Tt
wrong “aTor e or AT DO remedind
NO “Amswera b, ord’ .

UNIT 23 SLIDE I8 BACK index HELP £123r=SLIDE 1Y
oh 0™ DO vemedial it requested: endrect (-0 7): proceed 1o {124
wiong i o hTor et DO remediaf.
NO “Answeracboeoord’

(in CK1t-3-0

UNIT 1524 BACK index “Mount citeuit boa J =3°
UNIT 120 SLIDE 20 BACK 24
Force measuwrement of 6.3v across DS, (0 Shusing sim (3,°0).
Force measurensent of 10.8v across Ry - 20 1) using sim (3, 0).
Foree measurement of T0.8v across R« (3, 2) using sim (3, 0).
Force measurernent of TO.Ov across Ry (3. 1) using sim (3, 0).
Foree measurement of 2.0v across DS, (4, 3) using sim (3, 0).
Force measurement of T0.0v seross Ry (5. 4} using sim (3, 0).
Foree measurement of 21.7v across parallet network (3. 1) using sim (3. 0).
LEndsect (- 8):simolt: GOTO 33
tn CKT 31
UNIT 35 SLIDE 26 BACK fr24 “Now find malfunction”
JUNTE dda SLIDE 20 HELP fr33b
i Wit for answer using sim (3, 1)
ok DS, shorted™ endsect (< 9 JUMP 17134
wrong DS, open™ BO remopens: JUMP fr33b
NO JUMP 133D
UNET  fi33b SLIDE 21 HELP via BASE
Force measurement of v across DS, (6. 5) using sim (3. 1),
PAUSLE: endsect (- 9 JUMP 1034
{j) (KT 32
UNIT  ni34 SLIDE 20 BACK index HELP fi34a=SLIDI 22
Find difterent malfunction™ Wait for answer using sim (3, 2).
ok DS, shorted™ DO fr3db=SLIDE 23 if requested: endseet (18, 10)

wrong CRI7Tor "R2T cexpluin. .

wiong CDSET expliin. .

wrong “FLopen™ Stexplain. .

wrong TR or TRAT © DO fdda=SLIDE 22,
“open” explain. | s
“short™ expluin.

wiong D82 open™ DO reniopens
NO CHy awain’

9
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(ky QULSTS
UNIT  1r35- SLIDE 24 BACK index HELP fr38
ok Ta™ DO IS i requestedzendsect (21, 11)
wrong b DO 370 D0 13
wrong e or AT DO 1IN
NO cAnswer b, coord]
UNIT  te37 NO. IR was open then .
UNIT (138 “Blown fuse because of high aunrent because DST shorted”
(b QUEST v
UNIT 139 SLIDE 25 BACK index - HELP trd]
- ok T DO L i requested sendsect (27.12)
wrong b or e or AT DO frd
NO cAnswer a,bcoord
UNIT 141 NOSLIDE “Think about the sviuptoms’
PAUSE: SLIDE 20
{m) CKT -1
UNIT 143 SLIDE 27 BACK index
UNIT 1145 NOSLIDE BACK 1743 DATA visschd
“Mount circuit board =4 on carrel’
Force measttrenient of 4 .8v across (3. 3) using sim (4, 0)
Foree measurement ol 0.4v across (2. 3y using sim (4. Q)
Force measurement of FOv across (1, 5) using sim (4, 0)
Endsect (-0 13)
{ny  CKT 41
UNIT 430 NOSLIDE  Clewr meastrement variables.
CUNITA— frd3h NOSLIDE BACK index- HELP {148 DATA visschd - BASE
‘What is malfunction’s Wait for response using sim (4, 1)
“r2open”
ok - tmeasured at botl TP and TP JUMP {750
wrong- {otherwise) “You cun’t kinow that’
wrong R short™ DO remopens
wrong Tvps™ DO Tvpsrent
NO Try again’
UNIT 48 simott
Gneasured at hoth TP2and P33 JUMP frd4v
totherwise) JUMP frd8end
UNIT  1148end
{(visual inspection not completed) DO vishelp: END help
(visual inspection completed) “Try voltage cheeks s END help
UNIT  trd9 BASE
*You fave nrde enough measureinents to know’
Foree measurerent of open across R2 (2, 3) using sim (4, 1)
wrong  “short™ DO remmter
Endsect ¢~ TH JUMP 133
UNIT 1150
{not measured at either TP or TP You can’t know that ™
. Force maisurenment of tGy =eross R2 (20 3y using sim (4, 1)
Endsect (-0 14 JUMP {153

(o} CKT 42

UNIT 11533 -NOSLIDLE - -Clear measurement variables:
Now lind new malfunctions JUMP 1534
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UNTT 10330 NOSLIDL BACK index HELP 1148x DATA visschd - BASE
What is malfunetion”: Wait for tesponse using sim (4, 2)
ok UR2shorted™ JUMP I130x
wrong “R2open”™ DO remopens
wiong Clvps” DO Tvpsiemn
NO- Ty again’
UNIT  048x stmoff ‘
Omeasurciments it both TP2 und TP3) JUMP (v54
{otherwise) - JUMP £1d48end
UNTT 050x
(no meastrement ;i cither TP2 or TP3)
Force measurenment of shortaeross R2 €20 3 using sim (4. 2)
wrong “open” DO remmicter
“Goud™ssimol it PAUSE: endsect (-0 15 JUMP 1r55
UNIT i34
“Uou have enough measurements to know!
Force meisurentent of short across R2 (203) using st {4, 2)
wrong “open” DO remimete
Frdsect (- 15y JUMP (135
(pr CKT 351
UNTL 35 Clear aeasurement vintables: "Mount cireuit board =57
UNFT 11350 NOSLIDE BACK index TELP (v33help DATA vissehS BASE
What s unltunction?”: Wait for response using sim (5. 1)
ok RI1 shorted™ JUMP {103
wrong “Fuase™ DO (130
“wrong R open™ DO remopens
NO ey again’
UNIT - (r35help .
(visual not pertormed) DO vishelp: END help
{No resistinee readings) Fry resistance measurciments™ END help
(Resistanee of R measured) *You know R is shorted s END help
{Otherwise)
Foree measurement of short aeross RE (L 2) using sim (4, 2)
wrong “apen’ DO remmeter
END help
UNIT - vishelp “Try nuiking a visual inspection”
UNIT 1150 “Faose is only a symptom s PAUSE JUMP 11550
UNIT o3 :
(Resistinee of RT masured) "Good ™t SLIDE 28: PAUSEE: endseet (29, 10)
{Otherwise) “You can’thnow that: PAUSE JUMP 1354

| {q)  UNIT  frotend BACK index '
‘ “This is the end of the lesson’s END LESSON

AW
¥V

YrU.S. GOVERNMENT PRINTING OFFICEZ1977- 771-057 /33

ERIC

Aruitoxt provided by Eic:



