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SUMMARY

Problem
The objective of this effort 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 evaluation was realized by using the tr aining carrel to deliver the troubleshooting
fundamentals lesson from the Lowry AFB Technical Training Center’s Electronic Principles Course . This
manual provides the documentation for the design, construction and theory of operation for the student
interactive electronics training panel developed for use in the performance training carrel. The software
necessary to perform this task , and the subsequent course evaluation are described in AFHRL-TR-76-62(II)
and AFHRL-TR-76-62(IH).

Approach
The design approach was to develop a panel that would allow the user the greatest flexibility in

implementing the required simulations while maintaining complete hardware compatibility with the ex-
• isting carrel and its I/O bus control system.

Rrsu lts
The simulation panel was developed as a plug.in module that could easil y be inserted into the carrel.
The module included all of the circuitry required to interface the performance carrel I/O bus , the

simulated PSM-6 multimeter , and the interchangeable schematic boards which simulated basic electronic
circuitry. The multimeter and the schematic panel area comprise d .the front face of the m odule. Training
schematics with up to twenty-ei ght test points were accommodated. Under this e ffort , five schematic
panels were developed for simulation of all circuitry used in the troubleshoo t ing lesson.

Conclusions

The system as developed has proved to be feasible for use in performance trai ning and could be
expanded to simulate larger and more complex circuits used in higher level courses. The plug-in concept
panel allows the carrel to be readily changed over to different instructional subjects.
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PERFORM ANCE TRAINING CARRE L FOR ELECTR ONICS PRINC IPLES COURSE

I. GENERA L DESCRI Pt ION

k - The performan~e training carrel simulation panel was developed to be installed in the performance
training carrel that is undergoing test and evaluation at the Technical Trainin g Division , Air Force Human
Resources Laboratory, Lowry Air Force Base, Colorado. It is plugged into and held in place by two ITF
Instamate connectors. A rear view of the simulator panel and associated cable routing is shown in Fi gure I .
All of the electrical connections are made through the left-hand connector onl y. The panel is desi gned to
operate through the I/O Interface card (DRI EC-l2674) of the PLATO IV/PDP- l I I/O bus l ine contro l
system. Its purpose is to simulate under computer control the multi rneter and the instructional cir cuits that
are required for the completion of a particular module of the Electronic Princi ples Course now being taught
by the Department of A~’ionics Training. The software documentation is included in AFHRL-TR-76-~ 2 (II) .

TEST JACKS D L INSTAMATE

L~~~~
r

~~~~~~~

.

~cONTT~~~~~~~~~~

SIMULATOR PANEL (REAR VIEW )

J2
II~ CARD

~h l 

~~ FRONT)
LOGIC BOARD J I — TEST JACKS
LOGIC BOARD J 2—T EST JACKS
LOGIC BOARD J3—METER BOARD J I
LOGIC BOARD J4—METER BOARD 12
LOGIC BOARD J5— INSTAMATE — L/O J I
LOGIC BOARD J6—INSTAMATE — I/0 J2

Figure 1. Cable routing •



The main features of the panel include the simulated PSM-6 mult imeter and the interchangeable
schematic boards.

The simulated multimeter is a real PSM-6 front panel and meter movement mounted in a cutout in
the simulator sub-panel. The entire meter circuitry has been rep laced with the new circuits required to
interface the meter panel with the computers. This simulated PSM-6 multimeter is used in the same maimer
as a real meter would be used in troubleshooting real circuits.

A matrix of twenty-eight test jacks occupies most of the remaining sub-panel space. Any or all of the
jacks can be used as test points on a “schematic board. ” The schematic boards are constructed of 3/ 16-inch
plastic sheet with the schematics printed on an overlay of “Scotchcal” photosensitive material. The test
points used for a particular schematic are the only ones exposed when the board is installed in its operating
position on the sub-panel. A spring loaded clamp holds the boards in place on the sub-panel. When a board

• is in place , a set of switches are activated which encodes the schematic number for use by the computers.
A simulated power switch SI and two disp lay lamps DSI and DS2 , are located directly below the test

jack matrix. These components are the physical counterparts of the symbols that appear on the schematic
boards. All of the schematic boards have the power switch and may or may not have DSI and/or DS2. The
physical switch and lamps are used in the same manner as if they were mounted on the circuit boards in
place of their respective symbols.

An additional display lamp is located directly above the meter. This lamp is labeled ON LINE and its
function is to show when the computer is polling the panel. Meter readings and lamp status are valid only
when the ON LINE lamp is on.

Power requirements are +5VDC and ±1 5 VDC. All of the power is supp lied by the power supp lies
located in the I/O bus line control system.

II. CIRC U IT ANALYSIS

Block l~agram

Figure 2 is a block diagram of the performance training panel log ic. All of the circuits are contained
on three circuit boards. A printed circuit board is mounted behind the meter panel. It is referred to as the
meter board. Fi gure 3 shows the c ircui t ry  included on this board along with the associated switches .
potentiomete r , indicator lamps . etc. that are mounted on the meter panel itself or on the sub-panel.

The logic board is a universal wirewrap circuit hoard mounted behind the test jack matrix on the
sub-panel. Figure 4 contains all of the cir i. u itry of this  board.

The circuitry used in generat ing the cut rent to the meter for simulated meter det l ectio mt s is contained
on the “u sers” portion of the I/O interface card (DRI EU- I 2n 74) .

Logic Board
The logic board will be discussed first . It  contains most of the c ircu itr y required to determine the

meter probe positions . ohms adjust potentiometer position and the output  mul t ip le~er. An output disp lay
is included as an aid in checkout and troubleshooting of the hoard.

The meter probes are referred to as the red probe (positive ) and the black probe (negative ). The meter
probe position circui try cons i st s of counters , latches and gati n g required to continuousl y monitor the status
of the probes.

U I  is a t in te r  (N ESSS ) wired as a free running mu l t ivihrator .  The frequency of oscillation is approxi-
matel y 10 kHz . The output  of L i I is wi red to the divide-b y-sixteen binary counter (SN74I 6 1) at U2 , whose
MSB output  drives Ihe fli p-flop (SN747 2 ) U3. The result ing divide-by-thirty-two binary outputs  are used as
the inputs  to the tw o one -of-sixteen decoders (SN74 I 54) tJ4 and US and the two latches (9308 ) t !6
and (17. Outputs  3 through 15 of (14 and 0 throug h 14 of (I S are wired to the twenty-eig ht test jacks on the
schematic sub-panel and provide the probe signals for the latching circuits. A possible thir ty-two prob e
posi tions are available of wh ich three are rese rved for special cases, one is unused and the remaining
twenty -eight are the test points . These test points are numbered TP3 through TP3O.
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To descri be t he opera t io n of t he “probe position ’’ detector , fi rst assume that  the red probe is inserted
into a TP, A negative going pulse is present at each TP each time the counter  is at its re spective number.
This pulse is fed to ( I  I 4A-l and U2OA-l - UI  4 is a retri ggerable one-shot which is held in the ON sta te  by
the recurrence of the pulse at pin I .  U20 inver ts  the probe pulse which is then gated at U I 8A  wit h  the
Q output  of U I 4 A .  This si gnal is gated again at U I 8 D  with a delayed strobe pulse from U23B -5 which was
originated by the clock input to the counter.  This delay insures that  the l a t ch ing  strobe occurs durin g the
quiescent state of the counter .  The current count held by the counter  is then latched into the Dual 4 bit
latch U6. Onl y tlve of the ei ght bits are required to hold the position nu ni her .  The oth er three bi t  positions
are unused.

This action is repeated at an approximate  300 Hz rate as long as t h e  probe is contact ing one of the
twe nty-ei ght test points . The la tch  is always holdin g the TP number t h a t  corresponds wi th  the test point
being probed. The output  of the latch is fed to one set of inputs of the mu! ti p lex er which will be discussed
later .

Th e previo u s descriptio n is ide n tica l for t he blac k probe. The sam e oscil lator , co unters  and decoders
are use d. The gates , one-shot , and latch are repeated as required.

As ment ioned ear l ier , t hree position numbers are reserved for special cases. The special cases ass i gned
t hese numbers  are as follows:

0 = Probe open circui ted.
I = Probe grounded to chassis.

2 = Probes shorted together. (This is det ined as shorted together onl y and not touching chassis
ground or any TP .)

The “probe ope n circuited ” co nd it ion is similar to the previously described action except that  now
t he pulse at UI  4A-l is missing and the one-shot reverts to its reset condition. The resu ltant  hi gh level at
UI  8B-5 gates co unt “0” t hrough as th e strobe to the latch ari d the latch will conta in “0.” (Count “0” is
a/was ’s the strobe to the latches whenever the probes are #101 in contact with a TP.)

The “probe grounded ” and “probes shorted together ” cases ut i l ize the voltage comparators Al . A2
and A3 located on the meter board (Figure 3). The diode string consistin g of Dl throug h D5 establishes t h e
re ference vo ltages for the comparators and probes.

Original ly  when the red pro be is open or con tac t i ng a test point , its DC potent ia l  is held at approx i .
n i ately -#-3V through R I 9 . The inverti t i g input of A2 is connected to the red p robe t h ro ugh R2 I .  The
noninvert ing input  ut A2 is held at approximatel y + I .5V throug h R22. The output  of A2 is then at ground
aiid t he gate at U2 1 11-4 (Figure 4) is held off. The invert in g input of A2 will rise to t h e  average D( pote n tia l
of the  probe and the output  will  remain at ground. -

If the red pr obe is gr ou n ded to t he ch assis , its DC potent ia l  goes to 0 vo lts and the  •\2 vol ta g e
comparator ou tput  switches to +5V . Thi s enables the gate U2 I B , allowing the “0” count  to he latched as a
“one ” throug h the negative out put or (NOR) gate UIb C.

The black probe operates in the same manner.  The inverting input of vo ltage comparator A3 is held at
+SV through R23 and the resul tant  swi tchin g of the comparator output  enables the gate I.) 2 IC , a Ilos ~ ing
the black “0” to he l a tc h ed as a “one. ”

The last special case is when the probes are shorted together as would be done for zeroing the meter
prior to a resistance measurement - In th is  case the voltage comparator  Al  is used. The inver t ing  input  of A l
is h eld at a pproxi mate l y +3 ,75V and the noninver t in g i nput  at the same +3V level as the red probe. In any
case other than the probes being shoi ted together the ou tpu t  of Al  is at ground and the gate U2 I A  is held
off . When the probes arc shorted together , the DC’ level of t h e  n oni i tver t ing  i n p u t rises i l l  a pp rox i m at c l ~+4 .25V and the output  of Al  switches t o i ts  hi gh level. This enables t h e  gate U2 IA and allows the red “0”
to he routed throug h the NOR gates U I  6D and U 17 11 where  it is latched as a “two ” i n bot h t h e red and
b lack la t ches.

The strobe pulse whose input  is at  J 5 - l  (F i gure ~ is generated in the I/ O bus line control s~ st e m e.ich
i n c  the PI )P— I I computer  pol Is the s imula tor  panel.  The polling rate is not s~ nchronous w i t h  the osci I hat  to

- 
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fre quency ; therefore t l te s i t  l Ih e  pulse - is used in interru pt  t h e  oscillator dur ing the in terro gat ion.  This
insures tha t  the probe position nui i ih er  cannot change dur in g the lransfe i of dat a

The strobe pulse is als ’  I used to tri gge r the  two one-shots III t 15.  1 • IS A t r i ggers on t he t ra i l i i tg  edge
III  the strobe and gerterate s ‘ie s tar t  conversion pulse for  t l te  i\ / l) c t l i i v e r t e r  U 22 .  The converter  wi l l  he
disc ussed hater ,  I i S B is a retr i ggeiah le  I O i ~~~- s f i n i  wh ose Q out put  sssitches hi gh and stay s hi gh as b u g  as the
computer is polling the s i m u l a t o r  panel at approximate l y  a 30 lIz or f a s t e r  rate. Thi s output  drives L3 , t h e
ON LINE indicator , on the sub-panel to tel l  th e  s tuden t  t h a t  t h e  computer  is moni to r ing  the patiel and
providi ng a valid meter def lect i on.

The nu i lti p lexer is comprised of si.\ Fa i rchi ld  9309 Dual Four-i n put \ l u l t i plexer in tegra ted  cir cui us.
This confi guration allows t or tou r  woi ds ot da ta  t r a n s f e r  to t h e  coinpu ter . I - a cli  word has a maximu m of
twe lve hits , a l thoug h itt  t h e  present sy st e i i i  onl y three  words of t rout  ei ght to eleven hi t s  are used. T h e  tt I II!
being read is selected by t he computer  thr ough the two select i i i p ut  s SO and SI . Table I sIt svs the  c i i i  C i i i

l’ablt ’ I. Da ta Word s

DATA WORD FROM PDPII DATA WORDS TO PDPII

______ 

So SI So Si So Si
DATABI1 L L H L L H

NO. PROBE LOC. OHMS ADJ. SWITCH POS.

_________________  ______ __________  

P0TENTIOMET~~ ___________

METER MSB :: ~~~~ 
MSB !~~!

1ION SW. 4

13 RED PROBE 16 
____ — _____ 

SI SW. i

_ _ _ _ _ _ _  _ _ _ _ _ _  

12 RED PROBE 8 RANGE SW4
i i  

- 
RED PROBE 4 “ SW. 2 

-

________ ________ 

10 RED PROBE 2 
_____- _____ 

“ SW. 1
9 RED PROBE 1 SCHEM.BÜ*8

LSB 8 BLK PROBE 16 LSB “ “ *4
So 7 BLK PROBE 8 “ “ t 2

Si 6 BLK PROBE 4 u
~ “ * I

OS I 
- 

5 BLK PROBE 2 
~~~~~~~~

_- 
__________

DS2 4 BLK PROBE 1 _- - J -~~~~ _ — --~~~~~~~~~~

103 3 1D3 103 1D3
1D2 2 1D2 102 1D2
10 1 1 101 101 I D I

100 0 IDO IDO 100

-. ~~~IJ•i~ ~~ - -. - • -- -



and hit position of the  data  for eac h word. The le ft .hai n d column of Table I is the data word t r a n ; m i m i t t e d  to
-• • the panel by the computer.  The 11101 LSB 1I~I sit ioIis  are reserved for the I/O card Lb. number.  Data hi ts

4 aitd 5 co ntrol the sta tus  of DS2 amid DSI , respectivel y . Data h i t s  6 and 7 are the word select bits used by
t h e  computer  w hen inpu t t ing  data. Bits 8 t h roug h IS ate  tlte ei ght bits transmitted to the FM i-%Bl ~~-V D/A
con verter to control  tI n e simulated PSM-6 meter deflection.

Two TIL-308 sevemi segment disp lays are wired to the multip lexer output .  These disp lay s indic a te  the
-: probe positions at all t imes when SO and SI are low. They are included for maintenance purposes om i l y. T h e

seven-segment code is semi hexa-decimal and the decimal poi nt is wired to indicate a binary lb .  The panel
wi ll operate properl y wi thout  t hese im i dicators  instal led if desired.

Sim ul ated PSM-6
The simulated PSM-6 consists  of the f t  om it panel of a real PSM-6 mult in ieter  with all of the electronic

circ uitry rep laced.
The function and range switches are three pole , seven ) position switches which onl y encode t h e  switch

pP pOsitions. The output of the switches are wired to the mul t i p lexer for  transfe r to the computer.
The ohm zero potentio m eter provides a DC voltage between 0 and S volts to the FM I 158 eight bit

A/ D converter located on the log ic board. The out put of this converter  is routed to one of the i m t puts  of thte
mul t ip lexer. The star t  conversion pulse . as previousl y discussed , occurs at  the trai l ing ed ge of t h e strobe
pulse . This allows the set t ing of the potent iomne t er to he read into t h e  computer first and then start  the
cycle for the next conversion. The time required t’or the comi ver sion cycle is 50 j .tsec. Reading the previous
res u lt f irst amid then in i t i a t im i g  a mi ew conversion cycle provides the miecessary t ime for  conversion.

The meter m ovemnent is the ori gi nal PSM-6 SOp ampmeter .  The mete ! protection diode assembly
( El 0 1) was retained from the ori g inal comnponent board. Rb is used to adjust ti n e mne t e i  deflection to full
sca le dur ing cal ibrat i on.

Time deflection voltage is provided by the D/A co n vemter  located on t ite l ’() interface card in t In e card
nest assembl y ( Figure 5). The converter is wired for  bipolar operation so that  a reversed meter deflection
cam i be sim ulated.  The in ver t ers  amid gates at U I — U 4  are used to modif y t he di gi tal  in put f rom the computer
before it enters t he conv erter .  Thins insures that  the meter cannot be overdrive n in the reverse direction.

Table 2 m l lu i s t ra t es  how this  comiv ersio ri  is used.

Table 2. Binary Conversion

Bin ary f rom Binary into Meter Reading
Co mputer 

- 
0/A Converter t o - too  scale)

I XXXXX OO* 0 1 1 1 1 1 0 0  -3.3
00000000 10000000 0
001 11100 10 111100 +50
01111000 11111 000 +100
011 1 1 1 1 1  1 1 1 1 1 1 1 1  +105.8

X = Don ’ t CarC

A ny time (lie binar y m iun iher  fro m the computer contains a “ I ”  in t lte most si~ ni licant bit (MSB)
• p o Siti omi the b/A converter ou tput  will he V. The “ I ”  in t h e  MSB position is inverted at UI A and appears

— 
as a “ I ”  at f ive  of the ot i ter seven binary i nputs  to t hte  converter amid l imits  t h e  negative excursion of the
meter to 3.3 divisions.  Th is is enou gh to sh ow a reversed meter probe conditiomi but not enoug h to
da mage the meter  movement.  Tine largest hina ry miu mhe r in to the coit vert er produces a deflection of about
I 06 divisions w ltichi will  show an out- of-range set t in g of t h e  mamige switch but again . not enough to damage

t he meter .  The mn eter deflect m imi is cal ibrated by first  adj us t ing  RI  (Fi gure 5) for a zero meter reading whem i
t h e  con iputer is sending a binary tern to th e I/ O imt te r t ~ice card amid then adjusting Rb on the meter board

Fi gure 3) for full-scale de f lect ion when the binary m ium iih cr 0 1111000 is heing tra n sm i ii t ted.
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Meter Board
Tine re m nnai mn imng c i rcui ts  s inow m n oii tine niete r board ( Figure 3) tha t  h ave not bee mn previously discussed

are tine l a mn ip drivers amid switches S3 t inroug h n S7 . QI aind Q2 drive tine imi di c atim i g I.EDs DSI and DS2 upon
co nim n am i d h~- t h e  com i npu iter th r oug ln tine I/O im i terface card. Q3 drives the ON LINE imi dicator by tine a c t io m n
o f t in e ret ri ggerabie one-sh ot molt ivibrator t h at was discussed in thne log ic board section.

S3 t l nr o ug in Sb are pus h ibut ton switches minoui m nted behi mi d the sub-panel so th at tIn e p us inbut tom is
protrude throug h tine panel . These switches are actuated by the schematic board installed in the operating
po s itiomi om n tine pam i el.  Tine m u l l e d  depre ssiom is on tine back side of each sche m atic  board emncode it w i t h  its
u m i i que id em it i l icat h n m n number .  U p to fi f tee m i di fferent  sche mnn atic boards can be emncoded withn tine four  hi t
code provided. Tine hi mn ary m nuimher  f i f teen  is re served to imidicate to tine computer that m o  board is installed
om n the panel.

S7 is tine sinn u ilated POWER switc h . This switc in is the pinysical cou m nterpar t  of tine switc in labeled SI
n it  each u of tine sch ematic hoards. Its  only operatiom i is to indicate to tine computer if tIne stude mn t h a s  turned
t ine power ON or OFF before takiing vo ltage or o lnm m eter  readings.

III. MMNTF:NANc E

Om n l y two adjustments  are required in the ah i gn m em nt of the system. Tine procedure for th ese adjust-
iiiei nts  are as follows:

Use tine PDP- l I ODT progra min to tran smit  tine data word 00000 1 to address 767742.

• 2. Adjust RI  nm th i e “users portiomi ” of t h e  I/O i m nte r face  card for a zero readimng oms tine simulated
PSM-b nnete r.

3. Tra mi smit tine data word 07400 1 to address 767742 amid adjust Rb omi tine nieter board for t’u ll
scale deflection of tine meter.

Limiear  amid di gital  imntegrated circui ts  are used alm n n ost exclusivel y throug hno u t  tine sy ste mnn amid rep lace-
mern t is required if a ma l fum i ct io n occurs. Most of tine ICs are rn ou mnted in sockets amid rep l a cemnn e mnt is easil y
accom n i ph is h ned. A in u imbe r of discrete co mn u po mnemits on tIne meter hoard are soldered to tine eye leted hoard.
Good solderimig t e c i nmi i ques . amid tin e use of appropriate soldering amid ttnso ldering aids , will insure trouble-
free rep l ace mi ne mn t .

The +SV power supp l y is located in tine I/O bus line card mn est and is adjustable .  Tine adj ustme m nt
potenti om n eter  is located on tine supp ly pri m nt e d circuit  board. This adjust inn em nt sh ould not be at tem i ipted
wit h o u t  a calibrated di gital  vol tmeter .  The + I 5V supp l y is a sealed u mn it  amid min ost he rep laced if found
de te ctive .
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