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ST T T TG
ODUCTION

The gutpose of this project was to develop a means o+ testing
the cgevraltion of the Fault Lo \trol #1 citcuit card which is an
inTeeral part af the Mode © zensor transmitter.

i, sting device was deszigned and constructed to test the
thea ‘mance of the Fault Tontrel #1 circuit board within the
Foll cnatraints

k] The test set was %tg he designed using only companents
at the Tectnizal Center in order to keep cost low and
tion time to 2 minimuin so testing of the failled Fault
cards couvld begin a5 soon as bossible

& Th

he test set was required € check all input/output
furctians of the Fault Control #1 card so that any exzisting problem
etacted.

wowie e d

& schematic diagram of the test set was required upon

C o rom. In addition, the design was to be flexible so that

Tha © zwt could be uwsed to test other circuit cards with similar
t parts.

2 & written test procedures and theogry of operation was required
s whaht maintenance repair technicians could operate the test set
An 2ssfully trovbleshoot the Fault Control #1 card with little

ool *ﬂﬂ“iudge of the gverall operation of the card

Thae Favlt Control #1 card 15 located in the ctransmitter of the
Made S sensar, Its Ffunctiomn is to receive fault occurrence data,

B V]

the appropriate fault indicator. and generate the

titer not Avaeilable” and "Tranmsmitter Fault” status signasls
vsmigsion ta the performance smonitor.
Thara agrs only two spars facvlty Control #1 cards for the two
gristhing Mede S sensors Both units were non—-gperational and
herce wesre designated as a prigrity test repair project -
Coerin ospare level-Yoritical i1tem™)
Tra zanzor documentation for this type board was found to be
Leally nop—-existant with only & schematic diagram and a
vernt layout drawing being available. It reguired an experimen—

ppraasch %o determine how the circuits were zupposed to gperats
spounse tg simulated input signails

H

TeslLirmg the Fault Control #1 card while in the transmitter is
gi¥fi1zult and dangerous because severTal functicns of the card are
and i1f they sare inocperative the tramsmitier could be




T _DEVELOPEMENT

What tie testing of the Fault Control #1 cerd began, the Mode 5
syshem sngilneer presented 8 brief summary of the test objectives
G a¥var reviewing the schematic diagram, nonted suggestions for
Civowits Ta wse to test the wvarious IS0 functions of the cara.
Tha fest zet was designed and buililt sc that modifications were nok
a2d on the Fault Contreol #1 card being tested. The card is
4 inta an extender so that all wires from the test set
be connected to pins on the extender card. Eince one
i iv¢ was to keep the test set design simple, power supplies

270

Lobullt into the test set. 4 variable dual DC power supply.
! Fackard model 42334, is used to supply +35 wolts (VCCI to
bhe text rilirvcuwilits and Fault Contrecl #1 card. and +24 wolts for the

test lamg and relay driver load. Figure 1 shows a block diagrain of
tha Faolt Control #1 ftest set equipment configuration.

Tha . Control #1 ftest wasz developed one function at a time

Thwe matic and logic levala weTe studied to wunderstand citcuit
ap before a test circwit could be decsigned. The Fault

o qnd related resi cicuits for each function ars described
be! tled test praocedures are delineated in appendix &
FIFTEEN SECOND FAILURE AND FOWER RESET.

T OF OPERATION. The 135 SECOND FAILURE function aof the Fault

o ol #1 card 13 a relay controlling circvart that switches "ON" s
e trn The Mode £ tranmnsmitter (RELAY DRIVER pin &0 if a power

£a loss of +5v DO occurs for a duration ofF less tham

i35 When this “15 second or less" pouwer failurTe accurs.

tha ab te activate the 30 second “preheat” timing circuit (see
REmeEAT aND MANMUAL RESTART - THEORY OF OPERATION! by way of the

EA ]

reat” input 1s disabled.

i
T
i
1%
5

he FUWER RESET function of the Fault Control #1 card controls anily
arilsard Firruirrg When the +5v DC power is turned on the power
reset funchion 15 activated and is used te clock the 15 SECOND

- FAILURE signal to the relay driver, reset the fault clock
try:. clear the “"status lines”, and clear the Fault lamps

P
- L - el

PROCEDURE. A 300 ohm resistor in paralilel with a IN914 diocde

1 a2z a load ¥or the relay driver circuit. {see Figure 2. test
zohematic “"relay test load”) The impedance of this load matches
radance of the relay <eil that the caircuwit controls 1n thea

BT,




Tha 13 SEC POWER FeILURE ang FOWER RESET circuits are tested
niacing the load between +24 volts DC and the ocwutput of the
a2y driver transistor and cycling the power off twice, once for
secovds and once for 18 szeconds. The ogscilloscope is5 used to
the output of the relay driver Ltransistear (& test point is
1t the test set). When the power is turned of¢ for 20
: and turned hack on the output of the transzistor 1s at +d4v
cause hthe transisztor has not turned on. When the power 1sg
i 2 off for 12 seconds, the output is a2t ground because the
tremziiiorT was turned on duwe to the cccurrence of a 13 SECOND
FaliuRE

lead, from the +24v tecst lamp. 1s placed on the output of a
r

rovar on the Fault Controel #1 card thet is used to indicate
atuz of the 20 second "preheat”™ timing circuit. {The +J4v test
5 used throughout the Fault Control #1 test - a schematic
drauwing 1% shown in Figure 2 ). After the "12 second power
ofF" %test, the toggle switch 'PREHEAT' on the test set is activat-—
#2d  The Lest lamp showld not light, showing that the 30 second
“prazhest” timer cannolk be activated by the preheat input after
the cozurrence of a 1D second or less" power failure.

#omars detalled theory of cperation of the 30 second "preheat”
: ing <irgult 1s discribed in the section — PREMEAT aND MANUAL
REZTART ~ THEORY OF OPERATION

PREMEST AND MANUAL RESTART

'y _OF OFERATICON. When the transmitter 1s first powered "ON" i1t

> g through a 2 minute traveling wave tube "PREHEAT" cycle At
tha end cof the 3 minute cyc 1@- which is contrnlled by a mechanical
Tioer. the beam supply 15 switched "ONY and a 30 second "preheat”
1t located on the Fault Control #1 card is activatpd to
B triggers: the 5L5 triggers, and the fault monitoring
permit the beam supply voltasge to stabilize

frors o ave ftwo ways of activating the 30 second "preheat” timer. one
tay controlled by the mechanical timer described above

sther 1s a "X2 RESETY switch. The "X2 RESET" switch.

the transmilftiter. it used to restart the transmitte

™ ¢ wocourTence of an X2 Fault" (an "X2 Fault' iz described i
sec bion FAULT LAMF DRIVERE ~ THEORY OF CPERATION). and to reset
thono Wi lineg {(the status lines are described in the section
STATLL LINES - THEORY OF DPERATIONY  When the "X2 RESETY switech i3
T O callad a "ManNUAalL RESTaART™

0

"preheat” timing circuiit ceontrols two lamp drivers
"preheat” cycle 1s active, iiluminates two +24v

5 i the transmitter

put of the 30 second timing circult affects
s of the Fault Control #1 card. Testing the

1

bl A8

a2l of the Functi@
tionm of th
d

& 30 zocond timer with respect to each
pnr+07me by t=zziing the appropriate function. The
! manUal. RESTART tests verify that the 30 second fiming
LT nperates from sach contrel input and that the two lamp
driesmy that indicaets a FREHEAT cycle are operational
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Tha Faulnt Zontrol #1 test sebt utilires two tongle switches. laneled
' and ‘RESTART ., to activate Lthe 20 second "preheat" tTimer
EATY switch 1z tomnected to the input where the mechanical
fimer relay u n the transmitter. The "RESTART-

2 connected to where "X2 RESET" switch input is in ¥
ihter. The +24+ test lamp iz connected to the ovutput of 1%1
vars to verify the operation of the 37 second timer.

[
—
L
[
i

1]
¢

i
'T

4

inwalves switohing the ‘PREHEAT’ switch with the test lamo
te one of the lamp driverz snd then switching the
switech with the test lamp connected to the octher lamp

JPERATION. The Fault Cantral #1 card monitors four

3 that, when trwue. will activate legic which will turn off

beam supnly and the hias supply. These four conditions are

tha VETATUS LINEE"Y YThe four conditionsg are: engaging the

sy*aty swibch., opening an interlock, sensing an overtemperature
iikian, or operating the antenna wasintenance switch. Each

atus line® controis & lamp driver circuit to indicate an sctive

A "manuwal restart” must be implemented to Teinitialize the

LhLar after the statug condition has been resolved

EDURE. Toggle switches are used as a means of activating
the status lines. The 'SAFETY’ switch is used to simulate
a "zafaihy QW1*ch on” shtatus: the “INTERL® switch is wused to
a "inte rlo'r gpen’ status, and the “ATMNT S switch 15 used
zte the "anterna maintenance switch ‘ON'Y condition. A
g oo ograound i3 wused to simulate an Yover temperature” status
forothat single line input

caonnected to the recspective lamp driver <for

y line %ests. The lamp wverifies the occurrence of

iatag “Jtatu;” condition. Faor esch status line the bad

activated and then immediatly corrected: for example, the
sara%y switch 18 furned “on” and then "off"., The teszt lamp will
Tigrt wran the safety switch 1g turned "ON" but will neot go "OFF™
ntit o the CRESTARTY switch 13 activated to clear the status line

TURN OFFY test will wverify that the occcurrence of
lime will activate the appronriate logic to turn
"OFF”Y and the "TRANSMITTER AVAILABLE" test will

it [ER¥)
ET LTy twhat the occourrence of an active status line will turn the
BIaE swpply 90OFF®

The Fault Cantrol #1 :ard monitors 11
scrocwrrence of a transmitte mdlt The 11 faul+
o1 ultry that. with the occurrence of a fault

ane of 11 ,aulu lamps in the transmitter which indicayts
of fault oooured

£
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time 4 weconds: the

and

for less than
aff Ffor the duraticn of the fault
would light In this case the fault
cring the "X1 RESET" switch., I+ & fault
if the duration of the fault condition
"X2 Fault”™ and ftThe team supply and
ned off. The beam supply 15 turned "OFFY
signal and the bias supply is turned
VAILABLE"” signal, Restarting the
of an "X&Z Fault” requires switching
Z RESET" switch activates the 30
it on the Fault Control #1 card

the fault detection logic by
for each fault input with the +24v
appropriate fault lamp driver. A jumper
.nnnecfed to the favult inputs to

To chack the "X& Fault” ¢lock
1ndicatmr on the test set i1is connected
tving the "TRAMSMITTER AVAILABLEY
he schematic drawing of the LELD

an

£

i
a4
1

ground Jumper on the fault
switch., The test lamp should
"preheat” cuycle to indicate that
LED showld light 4 seconds after
"TRANSMITTER AVAILABLE" signal
of & "X2Z Fault" condition. Tg

ann “X1 Fault" is generated by
fault lines with the test lamp on
A pushbutton switch., laheled "CLE
11 FAULT RESETY 1nput of the Fault
pushed the test lamp will go "OFF™
T circult is cperating correctly

»

input

‘“SMITTEP TURN OFFY
am supply when
=

disabled for
B )

signal i1is a control
certain conditions
tne duration of an
becomes an Fault”, the beam

the 30 second "preheat” timer

the VX2 RESETY switch. The beam
@ status line becomes active The
bag cleared with "MANUAL RESTART

y R
I
5]

.

1
d

1

Ml

5
vaed to indicate the logic state
zignal The LED will be "ON" 1§ the
“DFF” when non—active "LOW". Each af
the beamnm supplu via the “"TRANSMITTER

te wverify the contreolliing logic

ol
a3
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that the =zignal 13

P

TEN

ANCE SWITCH.

The ma

LE _OPERATION.

s2ngd 3 status bit to
13 going off-11
15 wused a3 a3
The maintenance swit
light a status 11
the maintenance mo

pulses to be tun

3
2

LN

mulate

simulata

TSAFETY Y switch
will activate the "TRANSMITTER
is used to reset the "safethy
the "TRAMNSMITTIER TURN QOFF"

involves Lurning tThe
lines

switch
returning

T

ip

=

"Y1 Fault'., a fault input 1
verified that the LED 1s "ONY only

provided it is not grounded for
that the Fault Control #1 card
an "X1 Fault” comdition.

2 an

1
b
N
zrifies
FY oduring

R

-

3
a0 "XZ i3
longer
cleared by a
tivated by an

Fault" the grouwund jumper
than 4 seconds. The LED will
HMANUAL RESTARTY. Thi
Yaz Fault” condition

3

ar

PR

- -
R

=

So

"MAINTENANCE"” switch
Aadvises that the

for maintenance. A dual line driver
n osutput device on the Fault Control #1
ch also conktrols a lamp driver circult
ght on the transmitter to indicate when
de. The maintenance switch allows the
ned "OFF" manually by enabling the

function of the
computer which

LI
the
re

‘2 INHIBITY switch., The "BEAM POWER SUPPLY UNDERVOLTAGEY. one
e Ffault inputq, 15 dependent on the position of the mainten-
switoh., This fault input has two input lineszs, one 1s enabled
wharn the maintenance switch is "ON” and the othey is enabled
whar the maintenance swliich 1= 7OFF".
PROCEDURE. A toggle switch. labled "MAINT®, ic located on the
37 panel of the tast set and is used as the maintenance switch
“4 ling driwver test ﬁirtuitJ coensisting of a dual ling receiver
R - with 1ts output logic connected tec an LED. is connected
o sufput of the dusl line driwver that feeds the "maintenancs
thalus signal spe Figure 2 "GREEN LED" fteszt circuit legic
AT The circuii works in negative logic: 1.2 when the main-
tamance zwitch i3z active fthe LED will be "QFFY. The +24v test lamp
i ocornzcied to the ouiput of the lamp driver to verify that when
the zwitoh 15 activated the status light on tne front panel of the
Tran fher will be “ONY
Tha UFRULT O OINPUTSFAULT LAMF DRIVERS" test verifies Lthe effect of
tha "IMBSIMTENANCEY switch on the “"BEAM POWER SUPPLY UNDERYVOLTAGE"
fault irput The ”TRIGGER INHIBIT" switch circuitry 13 tested in
the T%AN“;J TER DISapLEY tazt and therefore the ftest of the
T TN TERNANCEY :w1tth 2riabling the "TRIGSER INHIBITY circult is
varLfied in that testk
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Faul.T SIcHNAL

SPERATION. The “TRANSMITTER rFAULTY siqnal 13 the cutput
tineg driver wused Lo report the cccurrence of a transmiltte
‘h? perfarmanss wmonitor, The transmitter Fault signal will
tigh” far 1% seconds with the cccurrence aof an “"X1" or &
tme driver test circuirt, descibed in the
TEST P!FEDHRE” sgction, 1% used to 1ndicats
2 ﬂutput of the line driver which is gab1n3
1£" status bit. The green LEL on the test set.
1z on the owutpot of the line driver test circuit. 1s "OMY
what Tthe transmitter fault zignal 1s not active. A& fault is
simulated on one af the fault input lines arnd it i1s verified that
the grsen LED goes “OFFY for 1% seconds to show that the
Ffauln zignal is working properly.
TESNEMITYER DISABLE.
GF OPERATION. The modulation pulses or triggers can be
20 by the Transzmitter causing a "TRANEMITTER DISABLE"” status
o bes zent to thﬁ parformance monitor. The sigmal will
sctive 1Ff the “TRIGEER INHIBITY switch is engaged ( the
SANCEY switch muzt be "ON" to enable the "TRIGGER INHIBITH

5 ui il or the "PM TRANSGMITTER INHIBIT" line is actiwve or if the
tramamiiier modulation overload detection becemes active., The
"trarmsmititer disable” status signal is gated by a dusl line driver
gevicze +35%183) and it controls & lamp driver that will turn “0ONY

& tus light te indicate when the Transmitter has been disabled

u}

i

i

3 that drives
iamp is connecte
"Etransmitter

Jisable

causae Lhe
by tha line dgriver test
’TQIG IMHIBIT . 15 us=adgd
pw“pwses. The

angaged to verify
diaaule the *transmitter.
that allows pulse gen
dulatian overiosad
cirouwit conszistd

thraough a il1-unpn
FCOMPOURE for a
it of the test ciTcui
ed

not conn
active. ting the
varformed

“ts

a7 i

A
n
-

owr the line driv
| + 2oy tes+
trolled by
i;ist t o
nal will

e 02

5

)

T3

r
=

ot

L=
T

Ta

i

Ty

the

the transmitter.
test lamp to turn

TMAINT S
that their teing activated

section of the Fault
nof a MNAND gate with

so that the

ircuit described in

used to indicate the logic
"transmitter disable”

d te the owvtput of the lamp
digsabla"” signal When the
the "transmitter
"ONT and the LED
circuit te turn POFFY. &
as the TRIGGER INHIBIT

and ‘TRIG INHIBIT-

The test
erator to be

et was designed
connected to
control #1
the inputs
a BNC connectar

5 e

the

ister and to

logic drawing of the test

t “"low" level whern th
"transmitter disall
overload circu
MODULAT

is &

1t}
T

Ui

mpdulation
i the TRAMZMITTER

et e
_5.
P

™

T
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g modulation gaverlioad disable lenic 15 tested in the
DTTER DISABLE fest oy L1€ting the test wire from the
cwverload in arefore cawusing the input Lo fluatl

put.  Lher
val This will activate the "transmitter disable?

and 1t may Than rifilied with the test set circuity
: ircuit was designed to control the state of the PM

ITTER [MHIBIT logic & line driver (53183). with the input
to VCC throwugh & pull-~up resister. and a DIF switch &1
to the inputs an
2 "PM TRANS INHIBITY test civcuit logic drawing
is turmed "AFF" to activate the PM TRANSMITTER
. The test lamp and LED will wverify that the

1

le® cirvtcuwits were activated

B
o
o
hy
<
in)

NI TTER AVATLABLE SIGNAL

SPERATION. The

Function of the Fault Control #1 card Its control funcd
£ down the BIAB zupply after the eccocurrence of an "X2

ar iFf a status line pecomes active. The cutput signal 1

iy a deval line driver 1535183 and the sigrnal also contrg

Ariver circuit

Lh

S
irl

PEOCEDURE. The test lamp 15 connected to the output of the
driver circuilt which 15 ventrolled by the "TRANSMITTER
LABLE? signal. The test lamp will light when the transmitter

G
P |
3

of the line driver controlling the "TRANSMITTER AVAILABLE

Y

il

&k

i

4 to ground. is used as & contrel circuy

i

L

"TRANSMITTER AVAILABLE" signal is an Dutput

1ot

available”. The line 4driver test circuit is connected to the

1

sigral The LED controlled &y the test circuit will he "OFF" when
tha trar

STATUS LINE so the perzon testing the card may verify

vy

[k
T

[

P

o It
3

ha zramamitter becomes “noit available®

THg DRy OF OPERATION. The madulation "pulses” aor “triggers” are
gated through the Fault Control #1 card sc that they may be
dizsnlea via the occurTence of one of several types of “fault”

coneitvions. Both the MAIN ang SLS modulation pulses are pa
thraugns the card. Thera ars several conditiens that will disahle
‘ sinitter modulstion pulses

Ui
AW

m

0.

The "TRIGGER INHIBIT" switch If the transmitter is in the
mode {the maintenance szwitch encaged’. the trigger
can then be sctivated As long as the triqger
is engaged the modulation pulses are disabled at
card.

the modulation pulses will be

o~ echnical Center

Ll
I|||||| Al |I||I |I||I IIIII ||||I IIIII (I

000926

hat the LYransmitter is “not available” with a status line active
FAULTY 13 then szimulated to verify that with its occcurrence

4
mitter i1s “"not available'" The "SAFETY" zwitch is wused tuo
o

functipn. T# the "FM TRANSMITTER

&
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MU AT ION

‘_‘J!nit"ﬁ foo g

dotaction, The transmitter haszs a

o the Fault Control

L nopulse overload prolecton citcuit on
cara  The sigral "COMPOVRLID" 1z a OpE~-3SH0T dewvice (54121 s0
that = modulation duty cyocls cannatk ceed a predetermined “OMNY
‘ t may damage tne transmitter The signatl "COMFOVRLD" 1sg
igd by the Fault Contrcl #& card. When the sigrnal goes o =2
&1, *nhe DN?~SH“T dewice will disable the modulation pulses
nundred millisscongs
The 20 second "PREHEA&T” rycle The modulation pulses are
during the 30 zecond delay after the initial power on. and
d time the 20 second timer iz activated by tThe "X& RESET”
Subl Ton
The USTATUS LINESY. The modulaton pulses are disabled i€ one
oy wmore of the status lines are activated., After a status line
ha: besr aotivated the modulation pulses can nat be Teenabled unmtil
a “Hahual RESTARTY has been inittiated by the "X2 RESETY switch
o XS FAULTY  After the occurrence of an "XZ FaAULTY condition
Tha on pulses will be disabled wntil the X2 RESETY switch
ir g 30 secocnd "MANUAL RESTARTY cycle

i EEROUEDURE A function
f 5 BNC i1nput porih.
the 1nputs of
chanmel and one for th
re are connected to th
1o pulse chanmnels.
nsecand squarse wavsa
iz wused Lo mon
waves ta werify
card and to obs
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IS AR
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e o

15 connected to the test se
he positive lead of the BMNL connector
line driver gates, cne ¥for the
e SL.S channel. The outputs of the
g input line receivers for the two
The pulse generator 15 set to generate
2z a standard testing freguency. An
itor the output gates driving the two
that the square waves aTe bheing pass
erve that they go to a low level whenr
Ju’t“ canditions., After it iz verified
ard will pass the | microsecond squars
ach of the "faulte” are simuleted and
t the sguare wave goes to a low lewvel

genierator

e
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ed
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to its input on the Fault Comntrol
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M TRANSMITTER IMNHIBITY tro activate
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Lgab ' detecton. For the "MODULATION

] vy generator is connected to the

’ERLDAD‘ tesgt crircuit (COMPOVRILD) which 13 desarvibed

"TRANSMITTER DISABLE - TEST PROCEDURE”. The funciion
to araoducs & high going pulse at the rate of 5O

' ve 15 wszed to cbserve the input and ocutput

ol davice. The test procedure verifies that the
St OME -~ g to a high level with the Tising

ﬁee and tnat they stay high for 100 milii-

ravmnds

Tha CPREHEAT" andg UETATUS LINES” The "ZAFETY" switch 1s
zgwihoned to the "0OM" positisn to simulate am active shtatus line
Tre 1 micresecond pulses will ge to & low level on the autput of
tha iar pulse gates as laong as the status line is active
Tk line will ramain active afier the "SAFETY" switch is

1
i due to the Ffacrt that the status lines must be cleared
By oos UMANUAL RESTARTY. The ‘RESTAR switch on the test set 1s wsed
to eﬁ't»nta the 20 sscond "MaNUAL RE STARTY cycle. The test
varifies that the pulszes do not return on the output
30 seeoond timer cycle 1s over

FAULTY  Pin #31 on the fault inputs requirtes a ground

Yoo good status The “MODULATION FULSEY test wtilizes 4he
TG the ground jumpar Lo create an "X2 FAUW.T" The pulses

Seouhe owutput of the moedulatvioen pulse lines will ge to a low level
- a TXZ FAULTY is simulated. The ‘RESTART Y switch ig wused to
30 secand timing circuwit fte recet the +#auli condition.

ot

b3 of developing & test set and procedure to check the
tonftroel #1 card were successful. The problems that existec
two spare cards were detected by the teszts described and
ralved Serial numbar 4 wowuld not respond to the "PREHEATY
2 casse wasz found to ke an "open” inm the 30 second preheat
wo of the fault lamp driver tests also failed due to a Lad
CE408r 10 the fault lasmp driver circuits. Serial numbher &
ye "TRANSMITTER AVAILARLE TESTY. The cutput of an inverter
in the fauls deteciion timing circult wass floating.

vhe testing of the Facelt Contreol #1 cards. it was discovered
vizitage level of thse +5 (VWCC) was critical The "PREHEAT
suld not Funciion 14 Yhe +35 volt supnly was less than 4 &

- o
_‘i

development af &nhe test procedure. & design error was
"PREHEAT TIMIMG CIRCUIT" on the Fawult Controel #1
ard. There was a problem with the resisztance values. &n
ation was initisted and the problem wes norrected.




cards were Tepaired, and the
'y hoth passed the all of the tests

irn the Mode & transmitier at the sensor

to operate properity.
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procedure was
ation oF the
H4-1Cr 1t was i
£ the Fault Control
in the l1logic civsult
- the card

ta test and verify the
Contrnl #1 card
ta test each of the 1/0
card and shauld detiect
associated with each

i Control #10x 58
r card (ABSY. 273
power suppl
4y panana—gjack tes
=37 Coax cabl:
carial T connectaor

1
i

50-1 MDC subsystem)
HPF &25334 or equivalent!

P ' =4

i

3 Lrrtian Generator (TEKTROMIYX FG 501 or eauivalent:?
Jeetligscope (TEKTRONMIYX 7304 or eguivalent)
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WA Watobh (o measuTe time delay cirvcuibs)
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TEST SET

_Test Wire

— Wire no.

|EXTENDER CARD]

\\_%_ = '_;j_J/

Figure A1l — Fault Control #1 Test Set Lagodt

fer to figure Al to set up the tast set.

g the card to be tested into the externder card.
the card and sxtender f12t on a non-conductive

e.

n oo
C W —=m
9w C
-

1}

]

U]

ch each numbered test wire to the same number pin on the

nder card — wire #34 to pin #34, wire #35 to pin #35 etc.
is a total of 24 rumbered wires.

ocation of the 4 lettered wires, A)B,C and D, will be

mined in part IV "TEST FPROCEDURE™.

ook et
=l 0

i i
A a7

a4
m -r
cr D

=

To Supply the +5v DC to the Fault Control #1 card, attach the
ved zlip lead from the test set to the positive (+) side of

2 arnd the black clip lezd to the negative side of C2. C2 is

en the Fault Contrel #1 card. (see Fig. Al for the location of C2)
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GREEN LED TEST [AMP

\
TRIG INHBIT SAFETY MA/NT / RESTART
GROUND G/?OUND INTE PrrEHEAT CLR LAMP

TEST WIRES

ﬁFigure A2 ~— Favult Control #1 Test Set Front Panel

Set the DC voltages from dual power supply to S5v and 24v. Using
the banana tip leads:, connect the +24v te the red input jack
below the 24v label on the front of the test set and connect the
24v return to the black input jack located below the +24v jack.
Cecnnect the +5v to the red input jack beiow the 3v label on the
front of the test set and connect the Sv return to the black
input Jack located below the +5v input. (see Fig. A2 for a the
locstion of the DC voltage inputs)

Set 31l toggle switches on the front of the test set to the down
pesiticn except the switch labeled 'ATMNT Y which should be in
the up position. (see Fig. A2 for the lccation of the switches)

" H

Eet UB3 DPIP suwitch #1 on the test zet to the "on" position.
(see Fig. A4 on page Z4 for the location of the switch)

T pins #31 and %40 on the extender card together.

14

\.’Um,':
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#3C graundsd It will onliy light 1f rneifther
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#EY on the pxbtender card
ic the following:

est wive AT to the indicated gin number on the
card.
o i1ndicategd “"STATUS SWITOCH" on the test set

" DTN
stap no. 4 touch pin #&E to ground {no switchi
for praper sl ts

ch the °‘REZT T oswitoh TURY then TDOWNT.

2 checw for proper results
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o~ T e

LI ETATUS LINE TESTS

! ; H HE S
pgin # : status : results pE results
; to wire "a" swilhaoh H B after restart
i i e s s s s s o e e} st s s e i ] o s s e st e o} DT Y e e e s e
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11 ; EAFETY ; CTheck TR Check
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13 ; AT ! RED ED TN RED LED
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PoH 88 o ! R
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M iobest wire Y4Y 1o pin #E on the extender card
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T ity otnat the tesft lamg 1z "ONY and the gresn LED is "OFFS
: Twitoh the “RESTART S switch "UPT then YDOWM"

T o Taonneact test wirte "BY to pin #2% on the extender card

1z MOFE"

;
i
o
£
—+
po g
s
ot
&
=2
1t}
-
"D
.y
-
I
I3
i

ch the 'SAFETY " switch "UPY then "DOWN®

iy

goes TOMY

¢
N3
4+
F
Y
t
ot
jo g
D
-3
1]
Foed
;-u
{Ti
o
prw]
a3

3 tohing the "RESTART switcoh "UPY then
& zrtender card tor at least 4 seconds
Jer ity that the red LED turns "ONE

= RESTART Y “UFP" then "DOWN"

= step P. 4 for opin ¥97.

OMPLETES THE FaldlT CONTROL #1 CARD TESTS

i
(4]



DIP Sw/fcf) no. /

@EE,

EEF:AEQﬁO

i

OO

— 00

oo

~non.aoaf

0

0
0

l

L) tﬁdﬂu

E

llll'f

C

'll.lllo

O-OOOOOO-

TP

NCLATURE

DESCRIPTION OR NORME

SIGHNATOR

L)

D

32 =
=
N 0
NS N
- NN e
i
1R 0 0
w 2 E wn g
2 - £ = =
O = o
- O S m
© 0 o O <<
o > x O @
M M - N
L& Z T
mmn‘.ED N om0
— x @ o o
”” m%oogl_m”m
T e T ST S
0o w n  w 2
I < Q oL L womowon
(O T o B = N = N ¢ B S R 07
b e L 1 R Y R 1Y R (I S R S B S RS
CCDLLRRRIIII
. 9 .
© g
Y S
: - 5
M N o
Cl x o« um
"~ - - O Gl ™ n
= 0N ® o= N N AN
© ¢ 6 @ Az x ¢ 5 3 85 3

Fig. A4

— Electronic Component L

Control no.

yout/Perts List

<

Cc +
=<V

Test

1

Fzult

- 24



1

f 3

b

,
xzs BN vl x e
fomlxalral el
L - .
Uvzs) o) iy o)
(5031 575 fes ) een])
Ly lrzsixralers

+

. A,
- e « )

B/—o T H T e

T YO T T T I TR R TR R TR I 1 i

Y

P n 7: ll

B T [ | N
T T A Rl
SR lyzEn i RIS
Sromywapeey 1020

mpltrrrEyr
HhBhhaul

ife :(E;

J

ses] )
'b uovJ @u}oJ 5 "52] ]ﬂ

o
s

) - ozt )
:0.5 vez b uas ) vae | :ﬂt e ]

Umrepen 0
{}ﬁ vy [5 u'g i@ Vg 3 53 Ui28

Vyospogre o

&
™
;o

o}

D vil

)

b vz

vy

i EEEERE

=

Oll

-

[ gbveJbwsdpea] 9 F 1 I [pe]

3]
¢

i

9 g —

F{g, AS F‘C‘U{(L

Control no.l - Compent layout



	Structure Bookmarks
	i
	FAA WJH Technical Center 
	FAA TECHNICAL CENTER
	FAA TECHNICAL CENTER
	11111111111111111111111111111111111111111111111111 
	00092673 
	TEC~HN IC~RL NOTE
	-

	lit 
	lit 
	' 

	(t"tr·.tTC)l-,l -1-1-I 
	• •• • '·. I ·~ ' i ·•.. '·--' .. -1·r-..1 
	1 

	Tr-c·· T ,_ .... -· T [)C \/ c:·LI ('"! ~> ~·-·1Er\! T 
	. t:_ .•:) I ,·::, I:.. . L , L.. ·-· , I ~ ! 
	,) 0 H N ,.J . ~~· A N f.< 0 ~~ G E r~ 
	HUGI.I::iT, 1C-!;::2 
	t""" F' ~·~-F) Tr···1C "'·.! -,·-(IF---r· r::> ('ij\.l c:· F:• ("!L~< T T 1 (' :· .. :' I t.. . r_. 1 • ._. r;., r-1 "' ~._., ....· r . , , ..J .•• i .. 
	i ; 

	FEDER~L ~VIRTION ADMINISTR~TIDN 
	TC" ('Ht·1T('I~ l i"• r· ~.IT Ft)
	: L. ··' i-... rl . •... t.l~ _ {'>. '·' ' Ln n !· i c ::: i t q 1~ 1 r· c·· or· t . t4 . ,1 . 0 ::: 4 01::: 
	TABLE wr CO~TENlS 
	PJ''P'J::;e E,3 : 1-: !J r· o u n d 
	T~~t Development 
	F1fteen Second Fa1lure 3nd Power· Reset 
	Pr2he3t and Manual Restart 
	Statu.: Lines 
	F~~lt Lamp Drivers Transm1tter Turn-off 
	Ma:ntenance Switch T~ansmitter Fault S1gnal Transmitter Disable Tr~nsmitter Available S1gnal Modulatio~ Pulses 
	Transm1tter 

	;~~ ;; ...J ,l t ';: 
	R

	Page 
	.1 
	1 
	1 
	s::.. 
	" 
	2 
	3 
	4 4 
	5 6 7 7 8 8 
	10 
	14 
	LIST 
	LIST 
	LIST 
	OF 
	ILLUSTRATIONS 

	l 
	l 
	Black Diagram -Test Configuration Sc~ematic Diagram -Test Set 
	Page 13 


	Tn~ ~0rpose of this proJect was to develop a means of testing 
	t~1e c,:H'T'At.ton of tl"t€• Fault Control #1 circuit card wt11ch is an 
	Jn~~]-sl part of the Mode S ~ensor tr~nsmitter. 
	1 ~ test1ng device was dea1gned and constructed to test the 
	r;h,. ;:),;:r·;ormance of tne Fault Control #i circuit board with1n the 
	fo!Lcwtng constraints. 
	usi~g only components a.·c•l.l<1b~;; ,;;~t the T~ct.ru.:::al Center-in order· to keep cost low and C0GStY0ction time to a min1mum so testing 0f the Failed Fault Control #1 cards could begin as soon as oossible 
	a The test set was to be designed 

	t: The test set was l'equ.tred t<) check all 1nput/output fur·.:t.L:;r-; of the Fault Cont-rol #icard so that any e:~.tsting problem wo~i( 02 detected. 
	_ A schemat1c diagram of the test set was required upon co~~~~t1on. In addition, the design was to be flexible so that !h~ t~~t set could be used ~o test other c1~cuit cards with simila~ tl~::·<;o r/=-:: ports. 
	~r1tten test procedure and theory of operation was required 
	2 A 

	~r~t ma1ntenance repair technicians could operate the test set anj s0~~essfully troubleshoot the Fault Control #1 card with l1ttle or -~ ~nowledge of the overall operation of the card 
	so 

	Th~ ~~GLt Control #1 card 1s located in the cTansmitter of the Moda S sensor Its function is to receive fault occurrence data, lig~t the appropriate fault indicator, and generate the "T·.:·~-,;mlt!;er not Available" and "Transmitter Fault" status sign;od:;;;. 
	•'.:·,, ·~r·.::;:r.5mi;;ion to the pe1"'f":Jrmance monitor. 
	Th~-s ~re only two spare fault Control #1 cards for the two er: :;i~:.n'} t'lcde S sensor·•~ Both units were non-operational and ~·~~ w~re designated as a ~-riority ~est repeir proJect 
	-

	·n~ ~~~;0r documentat1on f01"' th1s type board was ~ound to be ~1~~~2!:y non-existant w1th only a scl1ematic diagram and a '>J ,.,. .,.} or. e ~ t L3 y out draw i n •J b e 1 n g a v a i l .:.1 b l e. I t r e q u 1 red an e xper 1 ;1; e ''···· sa 2pproach to determine how the circuits were supposed to ope1 ~te 1n :es~onse to simulated input signals. 
	Te;~t~g the Fault Control #l card wh1le in the transmitter is d1~~~~~l~ and danger0us because several funcc1ons of the card ~re c~:clc~l. and if they are Inoperative the transmitter could be 
	Wh·~' i::i"1t:~ test1ng of the Fai_,li:: Control #1 card began, the ModeS system engtnePr presented a or·1ef summary of the test objectives. ::. n ·~ .3 -r '. ,;;: r r' e ·•· i e w i n g t h e s c iH~ ,n."' t i c d i a g T' a m , n I) t e d s u g g e s t i o n s f o r ': i :-·~ •.· l r, ~ t; D <J s e to test t; h i-? ·,.a r i o us I /0 fun c t i. on s of the caro. 
	~•o>•3-t ::et was des1gned ar:d built so that modif1cations were not re;wir~d on the Fault Control #1 card being tFsted. The card is plwgga~ into an extender so that all wires from the test set coulj be connected to pins on the extender card. Since one obJecti~e was to keep the test set design simole. power supplies wer2 not bu1lt into the test sat. A variable dual DC power supply. He~!ett Packard model 6253A, is used to supply +5 volts CVCCl to tn~ t@st circuits and Fault Control #1 card. and +24 volts for
	Th·:· 

	T~e F~0lt Control #1 test was developed one function at a time Th~· ~;cneniattc and logic levE·ls were studied to underst.:md ClTCLilt op8-~lton before a test circuit could be dosigned. The Fault Co~~rol #1 and related test cicuits for each function are descrtned bela~ Deta1led test procedures are delineaterl in appendix A. 
	'Tt-!S,~E.i ......!1E.._OPERATION. The 15 SECOND FAILURE function of the Fault Cor. <; r' o 1 # 1 card i s a r e 1a~~ c on t r o 1 1 i n g c i r c u 1 "t that s wi t c h e s "ON'' a relay 1n the Mode S transmitter <RELAY DRIVER pin 60) if a power faLlwr~ (less of +5v DC> occurs for a duration oF less than ~..then thi•;; "15 second or less" power failure occurs.. t h ·~· ,:1 b 1 l 1 t ~~ to a c t iva t e the 30 second "preheat " timing c i r cui t 1 s c.• P. PRErlEA~ AND MANUAL RESTART -THEORY OF OPERATION) 
	15 ::"?c-Jnd:; 

	· p :.. ,;. i' '2 ::3 t " i n p u t i ~ d 1 sab 1 e d 
	Th~ POwE~ RESET function of the Fault Control #1 card controls only 
	•:lf•-:.•>":ln1 ci·r,:uitry When the +5v· DC power is turned on the power re~0t ~unction is dctivated and is used to clock the 15 SECOND POW~F FAILURE signal to the relay driver, reset the fault clock ':-i-··~:.>i":c<;. clear the n:::tatus lines", and clear the f:ault lamps. 
	L£·2~~.-f:.fW'~i;.DURE. A ;:';·OC: o1·1m r2·~istor in parallel with a 1N914 diode 1~ ~sed as a load for the relay driver circuit. (see Figure 2, test ~-e ": " '.: :1 e m '-" t i c n r e l a y t e s t 1o a ~:1 " ) T h e i m p e da n c e o f' t h 1 s l o a d m a "t c i1 e ::: th~ 1mpedance of the relay coil that the circuit controls in the 
	.;:_ 
	T~~ ~~SEC POWER FAILURE an~ POWER RESET circuits are tested b~ r ldc:ng the load between f24 volts DC and the output of the rei~~ dri~er trans1stor and cycling the power off tw1ce. once for 
	2 :.•' :; :2 r o;· d s ..:'J n d on c e for 12 .::, i': c on d s . T h e o s c i 1 1 o s c o p e 1 ~:; used to orcc2 tne output of the relay dr1ver transistnr (a test point is b•L ~: Jr;to t:i'H~ test set:. l.Jr<en the power is ofi' for 20 3e:o~d~ and turned back on the output of the transistor is at +24v DC 0e:3use the transistor has not turned on. When the power is t0"~aJ 0ff for 12 seconds. the output is at grouna because the traGs:slOT was turned on due to the occurrence of a ''15 SECOND 
	t•Jrn.ed 

	1~ t;:•:;t .Lead .. from the +24v test lamp .. is placed on the output of a 130~ dr:ver on the Fault Control #1 card that is used to indicate i:iH' ·;t..."Ot<J'.::. of the 30 second Hpr·eheatn timing ci·rcuit. !The +24v test l2H!i... t:; u·;;ed t:hrough.Jut the Fault Control #1 test-· a schematic d r a <•• .t r: .9 i s s h own in F i _g u r e :2 Afte-r t h e " 12 sec on d power of;· test, the toggle sw1tch 'PREHEAT' on the test set is activat­ed The test lamp should not light. showing tnat the 30 second "rn
	P ,q,)re ·detailed theory of operation of the 30 second "preheat" timing c1~cu1t is discribed 1r1 the section -PREHEAT AND MANUAL R~SfART -THEORY OF OPERATION 
	If-!~m3..:.._pF· OPERATIOh!.. When the transmitter lS fi·rst pou;ered "ON" lt rnu:~; go through a 3 rr:inute t:r','3\teling iuave tube "PREHEAT" cycle. At ~h~ ena of the 3 minute cycle, which is controlled by a mechanical t 1 : ..? r t h e be am sup p lt.j 1 s s w i t c he d "ON" and a 30 sec on d "preheat " tL.•l""J located on th<? Fault Control #1 card is activated to ae~~~ the MAIN triggers, tn~ SLS triggers, and the fault monitor1ng ~:·!~"'··=·~1.-t.~~t; ·to permit t;h{~ beao1 supply v·oltage to s·tabil
	•:lrcu.tt 

	·~·:"c''':' "'"'=: tu.11::l ways of ac:tivai;ing the 30 seccnd "preheat" tHner, one rs .~ relay controlled by the mechanical timer described above an:~ ~:i·,.-: ,:•;;ner' is a "X2 eESET'' switch The "X2 RESET" •;witch, ic:~~ed ln the transmitter, is used to restart the transmitter a.;:i,:~:· ',Pt~ occurrence of an ''X2 Fault" (an "X2 Fault" is described u·, ":";' 0 ~e.:!; E?n FAULT LAMP DRI'./ER!::: -THEORY OF OPERATIONJ .· and to reset th~ 3t~~us l1nes (the status lines are described in the section r.:;;..
	T;~,, :::c ::::cord "prehi?at" t.i;~nng circult control·::; two lamp drivel's 't h ? : ...,;-. >.2 ,. : t h e " pr e h e a t " c ;J ::: 1 e i s a c t 1 \t e , i 1 lumi n a t e s t wo + 2 4 v tn:~:~t~on lamps in tne tran;m1tter 
	T E.. ~-:::. __/:_t;:_;.;;_:; E: D U f E: . The output of the 30 second timing c1rcuit affects ·;-~.,=r,~l t:-.f· the functions of the Fault Control #1 card Testing the pr0~~~ speration of the 30 second timer with respect to each ..: '-· r : '.: 1 =· ,. i ::; p e r f o r me d b y t '~ ·:. t i n g t h e d p p r-o p r i a t e 1' u n c t i o n . T h e ;:;c:-.;:·:.,:;:,:,T :3nd 14,4NUAL. RESTART ':~<;"\:.s verify that the 30 second timtr:J .: ;. -,: '· L ': •.:.) o •:: T' 3 t e s f r o m e a c h :: i) n t r-o 1
	T~~ ~3~~t Control #1 test set util1zes two tangle sw1tches, la~eled 
	·FrE-'-it-.-.::.·: :and 'RESTA~T, +:o ..:Jctivate the 30 second "preheat" timer Tn~ 'PREHEAT' switch 13 co~Gected to the input where the mechanjcal :=REi-ii:::,~·.-.· t:.imel"' relay b2 i.n the ·1;-r·ansmitter. The 'RESTARI' 'E.u.•~'>:h 1; connected t,o where the "X2 !~ESET'' switch input is 1n the 
	7 
	u.u.J:.dd 

	t~·:F<5"': ::t::r. The +2'·L test lamp is connected to the output o·F the !'!!:' .J~l.rer•E to ver.'if•~ the Gperation of th(J ,3(j second timer. 
	·:,;:. ·~a;t; 111'./0lve·:; swtt•:hing ti';e 'PREHEAT' suatch witl; the test lamp :o:••.;·,,·:.~.~d tc one of the laiTI\J driver·s and then switching the ·RESTART sw1tch with the test lamp connected to the other lamp 
	THS,:JF._L._Qf'__,DPk,R.ATIQN. 
	THS,:JF._L._Qf'__,DPk,R.ATIQN. 
	THS,:JF._L._Qf'__,DPk,R.ATIQN. 
	The 
	Fa•.Jlt 
	Control 
	#1 
	card 
	monito1~; 
	four 

	~o~~1t1cns 
	~o~~1t1cns 
	that, 
	when 
	true, 
	w1ll 
	activate 
	logic 
	which 
	will 
	turn 
	off 

	l:><J':'· 
	l:><J':'· 
	the 
	i•e,:3m 
	suppltJ 
	.:3nd 
	t;tle 
	b1as 
	supply. 
	Th~o?se 
	four 
	conditions 
	are 


	C·'?.: >;,~ ~rle "STATUS LINE~:" The four conditions ar·e: engaging the 
	S3~~:; ~wttch opening an tnterlock. sensing an overtemperature 
	con~1~10n. or operating the antenna maintenanLe switch. Each 
	'':2':3tu.~ llne" control; c"! lamp driver circuit to indicate an active 
	l.1n.;;. ~~. "manual restart" must be implemented to reinitialize the transmi~ter after the status condition has been resolved. 
	Tt;;,::::-:.·~-E.E.Q::;,:.r:~;.Q.~R~. Tog g 1e ·swi t;::: he s are used as a mean·; of activating th~,.e .:-:+ the status lines The 'SAFETY' su;itch is used to simul<He a ··s::J+'.,.+:I~ switch on" statL''5· the ·'INTERL·' sw1tch is used to ,:H::: .. c1t:•0 ,3 "ll"~terlock open·' st..atus, and the 'ATMNT·· <:;witch :is use!j "'.c. ~the "m.::Ji.n+.:er,ance switch .. ON''" condition. A 
	i::\,;J::.te 
	anter.na 

	JJ.,,,,:-.·;· t7~J g'"'ound is u:;ed to s:.1mulate an "over temperature" status ~C' ~~a~ s1ngle line 1nput 
	Tn~ ~24~ test lamp is connected to the respect1ve lamp driver for ea~~ a~ the 4 status line tests. The lamp verifies the occurrence of 
	•;h•O' "''~('::iated "statt:3'' (OnJjltion. For each statu::;. line the bad ~t~tui :s activated and then 1mmediatly corrected; for example. the s,"~.:~·:·~ ;.•..:tt:<:h 1s turned "or;'' and then "off.... The te:.t lamp will l;g;>t: ::.;r;.:p the safeb~ !;u•itch 1~-: turned "ON" but ;,~.!ill not go "Or.:.·f:·" '-''·1·::: i.ri::~ 'REETART' ·su1itch LS activated to clear the <,;tatus line 
	T!·~· ··~·r\A1'>!::-ll1lTTER TURN OFF" r,?st will verify that the occurrence cd: a ,, 3 .: t 1. ,, e ·-~ t; .~ t u s 1 i n e 1u 1 l 1 a c t i .,.,. a t e l; h e a p p r o o r i a t e 1 o g i c t o t urn r;r,~· SE..;t" ·;upply "OFF" and t;h2 "TRANSi'1ITTER AVAILABLE" test will ·"e·t+'~ -:-,p,=.Jt.: the oc>:U1'rence of an acti\;e status line will turn tr.e ~~I..;~;:. s;.!.r,;plt:J "OFF" 
	I.!':i~~:lt.::~.-:JC._.LJPERATION. The Fa;Jlt Control #1 card monitt.::trs 11 co~~:~:ons ~a~ the occurrence of a tr~nsmitteT fault The 11 fault 
	J. 1 ; ' ;:: ; e ·3 •: f' c >.:l n t r o 1 c 1 r c u i t r y t h a t . l.lJ i t; h t h e o c c u r r en c e o f a f a u 1 t ·~· t ~ ; l 19 h !: on e o P 11 fa u 1t .: 3m p s i n t h e t rans m i t t e r c<J h i c h 1 n d 1 c i"l t ·~ 'J..'ios1: ':•:~P2 of f:ault o·:cu;'ed 
	l. .; ,, ..: :• .i .l t. c :J n d 1 t i ;:J n •: c ·.: \J r ·:: c• n ~ t 1me .;.: or 1 e s s than 4 sec on d s.. t b ''= 
	i:J e ::i •· :: .: ,: p ~ ':i '.l! o u l d b e ; U.' t t c '' e <:i o f f f o r· t h e d wr a t i tJ n o f t h E· fa u l t '"' n d ti-.:, :;p,:.··c·pr·.t,:Jte iCault lamp ,,.c.uld lighi~. In this C<'lSe s:he fault. l.::J•·;· ::.:F! t:e :::leared b:~ ,;witd~ing the nxi RE:SEr'· SuJitch. If a ·Pauli; oc~~-~ ;ro:e than one t1me or if the duration of the fault cond1tion .e : .~ ·:? ~~ ::. :::. ::; e c tJ n d :':' i t i ·; c a .1 l e d ,3 n " X 2 Fa u 1 t " an d t h e l e a m s u p p 1 y i;l n !J ti">:' ;:r:J~ :
	o.::f: :~~~ the "TRANSMITTER A'JAILABLE" s1gnal. Resta·r·t1ng the i:: T ·=· ;·. :: ;;• : :; •; e r aften" the '' c cu-r r ·=· n c e o f• an "X 2 Fa Li 1 t" requires s wi t c l'>1 n g +:n·,~· ·x~ RESET" switch The ·•;.:2 RESET" stuitch activate::> the 30 ; <? ·: .;, : · ::; ' i.l r e h e a t " t i m i n g c :i. r c <.11 t c n t h e Fau 1 t C o n t r o l # 1 c a r d 
	TE.;_-::___E•:·::·~;£.DURE. Th,:;: test cileck::; the fault detection logic by si~~!~tt~] an error condit1cn fer each fault input with the +24v t~~~ la~o connected to the appropriate fawlt lamp driver. A JUmper wlr0 ~:~nect8d to ground 1s connected to the fault inputs to s i ;:• ... ; a t ,,; t h •? e r r o r ;: o n d 1 t i o n ~~ . To c h e c k t h:? " X 2 Fa u 1t " c 1o c k Cl~:~it-y an LED logic level 1ndicator on the test set is connected +;:; ~;"""-' :•utput; of the 1o~Jic .j;-t\ting the "TRANSMITTER A
	Th~ 0~0ceaure involves plac1ng the ground JUmper on the fault input anj ~~~~ activating the 'RESTART' switch. The test l~mp should 
	l .i ,~ '' '; .? !: the end of the 30 =· e c c n d "preheat,, c •,; c 1 e to ind i cate that th~ ~~wlt nas been detected. The LED should light 4 seconds afteT tn·:" •,,;:::·:: l.;;~mp lights t.:i,.J•? t1:J the "TRANSMITTER AVAILABLE" signal g c· ;. '' ·3 ,.. -·.'.'! h i g h l e \I t=d <.! ; a I' ~? ·:;. u l t o f a " X:;2 Fa u 1 t " c o n d i t i o n . T o te.:;': ~:ne "!<1 FAULT RESET" c1r·cuit, an "X.l Fault" is generated t)y mo~~nt~·ily grounding one o~ the fault lines with the test lamp on t.i<~' .J:.:~
	1

	:U:J.s;Q~].: ___Qf.:.__iJPERATION. The "TR~~NSMITTER TURN OFF" signal is a contr-ol si;~al used to disable tne 0eam supply when certain conditions €'~; ::r.: The beam supplt.J ffi'Jst oe disabled for tne duration of an '·.,·~ r:a"<r;". If an "Xl Fau.lt'' bo:-comes an "X2 Fault", the beam su;-:.,~l,,.. :..i:lll be dis:3bled unt.1l the 30 second "preheat" timer -''... RESTART'/ is act1v<~ted biJ the "X2 RESE:T" switch. The bed1t1 :~ ~·~ •.~.'d I also be d.i!:;:"!bli-?d 1 F a st,==ttus line become~:; active n,
	d-it~i'~'.JI
	s;.: 

	}E~~I ..J~f:.Q:~~EDURE. The test LE:C1 is used to indicate the logic statE· 'Jf ·:~:s: TRANSMITTER TUF,·N OFF··· ·:ngnal The LED will t:Je "ON" 1f i.:ht::· 
	•;1:;r=:l. ~s active "high", and ·'OFF" when non-acti·v·e "LOW". Each of tb,:· ·:tJ::dltl<Jn; that turn l.:lt'f the bea,n supply via the "TRANSMITTER r_;;~·J J;=-;.:·· 31•Jna1 are ::.unuJ.:jc;ed to ··,...eriftJ the control.~ing logic:.::. ~:;p ·~ .... ~:, t·; ;-:9 pr CiP e-r 1 1~ 
	f:::·:"".:!.i:!..LI-ine::; ·rhe i::(~St n,,•;Jlves the 'SAFETY' su.1itch '!J'o c~ .en+y that +.h.:' statu:::: lines 1.11il.l activ.:'lte the "TRANSI•iiTTEl~i TtY;:·r·; :Jr.:.:.-•· ·:::tgr.al The "RESTART" sw1tch is used to the "sr:Jfety .:>w:<:c-. c:n'" cond1tion.. thu·;; returning the "TRANSf1.IfTER TURN OFF" ::.1:;;··a: t:G ·th•? non-act:.ive s':.,!'d;e 
	i~urnj.ng 
	re~::.et 

	.2~-E~ ul t " . To s i mu 1ate an " X 1 F.au 1 t " , a fa u 1 t 1 n p u t i s gr-o:._~r·J<?d momentarily aru:l .i+; t·:, verified that the LED is "ON" only :oG~ as the p1n 15 grounded. p~ov1ded it is not grounded for longer than 4 seconds Thi; ~er1fies that the Fault Control #1 card 
	as 

	•!•ilL t·v··n the beam suppl•~ ":Jr:F" dL•rin:J an "X1 Fault" condition. 
	~:_.::_E,:_ r:·.§..Y_l t " Tt.) ::; 1m u 1a t e B n " X 2 F,:lU 1 t " t h E gr o u n d J u m p e r i :; plac~d on the fault input ~or longer than 4 s~conds. The LED w1ll t~">en : igh+. until the .Paul+: t'5 cleared by a i"'ANUAL RESTART". Th1s ,e,'-;·P~·'?: (;hat the ·;;ign.!i1 1;; activ<:lted by an ::;.2 Fa;ult" condition 
	11 

	JH~Q}~_'L,_.[U::_oPt;::RAT I Ol,i. n, e rna 1. n function of the "MAINTENANCE" sw it; c h 
	is to ;end a status bit to the computer which advises that the trar~mitter 1s going off-llne for maintenance. A dual line driver dr1v~r i55183l is used as an output device on the Fault Control #1 cdrt Th~ ma1ntenance switch also controls a lamp dr1ver c1rcu1t ·t;M~•': !J:1ll light a st::~tus ltgbt on the transmitter to indicate tvhen 
	1t :s :G the maintenance mode The maintenance switch allows the mocluL=!t~on pulses to be turned "OFF" manually by en.:1bling the u TF I t;:;EP INHIBIT" switch The "BEAM POWER SUPPLY lJNDERVOLTAGE" .. c'm:th~ ;ault inputs. 15 dependent on the position of the mainten­
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	..:~.f'iJ(;;J;.DURE;;, A toggle ·:;:..1ntc.h. labled "l"lAINr", is located on the 
	::u,;:;r;::,.

	+r'~'1t P·:.lnel. of· the test set e~nd is used as the maintenance SuJitch A l~n~ d~tver test ci~cuit, consisting of a d0al line receiver 
	!5~182, with 1ts output log1c connected tc an LED, is connected tr" !';h':'· output of the dua1 tine> driver that feeds the "maintenance rn:.:;j•?'' ~r:aLus signal (·::;ee Ftgure 2 "GREEN LED" test c:i.rcuit logic Jr":.l:tnJ TrH~ circu1t. t•.Jork:;; Hl negat1ve logic, i.e. tiJhen the maln­t~·:-,,:o--::c:: -;::_\!itch i·: actJV>? thE' LED will be "OFF" The +24v test lamp is .:H~··~<i.. ed i;o the output C)f the .lamp driver to verif'y that when t!"''' :;:;•P:cl'c i:; activated th~ ·:;ta~;us l1ght on tne t'ro
	t 7 ,; : c:: •n 1. :: t 2 r 1.1.1 1 1 l b e " ON " 
	"F',~!)LT INPUTS/FAULT LAMF DRI\lERS" test verifie·:; the effect o.P 
	!'-·a 

	tl'!•c" "11,.:-Ir·J;ENAt-JCE" sw1tch on the "BEAr1 POt,..JER SUPPLY UNDERVOLTAGE" .c,3,~l:: l.i'PiJt The "TRIGGER INf-IIBIT" sw1tch ci.rcuitrtJ i::; testetj in 
	th·c' ;-r,:...:;,!'6MITTER DISABLE'' -::;e!>l and therefore th12 test of the 
	''!1'-ii'\iT<;:,I,;AIJCE" SLLtitc:h en..::lblLr;g the "TRIGGER INHIBIT" c1rcuit 1<:; 
	THs:2~~-~1_f_:_ __DF:_ERf\TIDt:;t ~-h~~ ":RAN31"liTTER FAULT" s.ign,;;;l t·3 t;he output o~ ; ~w~l line driver used ~o ~eport the occurrence of a transmitter 
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	J:);_}:~_._E~:::'•;EpURE: The ltne d•'::.ver test cirr.:uit, desc1bed in the "!'1•C;i''.(!"~t·.!il;NCE SWITCH--TEST p;:.,iJCEDURE" sect1on, 1s. used to indicate th~ 1001c level at the output of the line driver which is gating th~ ·tr':lnsm.itter fauit" stat:_;•,; bit. The gr:?en LED on the test bet, :~•h:.: 1:; on the output o+' the line driver test circuit;; is "DN'' ull·; '" ~: :-, ~· ·r; r .:m ·:; mi t t e r +a u 1t s: i g n a 1 i s n o t a c t i v e . A f a u 1 t i s s i •n ·-· 1. :'J t; ad on '.:me of 
	i:h·;' 

	. ThE.• m•::odu1ation p1.1lses or tr·iggers can be d1~:-:li:·lec1 bq the tran::;m1Lter causing a "TRANSMITTER DISABLE" statu'= SlQn31 :o be sent to the performance monitor. The signal will b2•: •:<·-~ :.ctlv•? if the "TRIGGER INHIBIT" stuitch is engaged ( the "t·t.:c.Ih.i''EhANCE" switch mus.t oe "DN" to enable the "TRIGGER INHIBIT'' st.ui ':•:r: · !J:-the "PM TRANSMITTER INHIBIT" line is active or if the tr~~sn,itter modulation overload detection becomes act1ve. The ··~:·--,;r3.-nttter disable" sl;.::~t•.;
	THt;:JF,__
	Q.t:_.OP~RATIJ.JN

	TE:;':~J ... f:.i3<JCEDURE. The line dr:ver test circuit described in MA[NfENANCE SWITCH -TEST PROCEDURE is used to indicate the logic l '"' . e I 1:• -:-t; h e 1 i n e d r i v ~? r t h a t d r :i v e s t h e " t r· an s mi t t e r d i s a b l e " s1gr~l The +24v test lamp is connected to the output of the lamp d 7' ;. ·, " 1· •.: C• n t ~, o 1 1 e d b y t h e " t ran s m i t t e" rJ i sa b 1 :? " s 1 g n ,3 l W h en t h e ':.;;nr::.';:.·)n:5 e;ist to :jtsabl:.: the transmitter, the "transmitter d 1 ;; a!:;
	~·:~:· Figure ;;:~ "CDMPOURL.['·' for a logic drawing of the test .: l. r· : •• l ~: T h E: 0 u t plj t iJ f 1; h E: t e s t c 1 r c u i t i s a II 1 0 ~~.1 l1 l e .,! e 1 wh e n t h e p u L : 2 g ~· n era tor i •; not c on rH? ( ted s o that t h e " transm1 t t e r d i sal' l e " s1~~3l 0111 not be act1ve Test1ng the modulation overload circuits u•:·;· ~;-:_: :::t.:i;:? generai;.,:,1· l.~ performed in the TRANSMITTER MODULP..TitJN 
	...: ;) .: .:;, " ·? ·• i: t• f::· ;n o d u 1a t .l. i} ... ·: v' •:? :·· -~ .: ;:, d d i s ·3 b 1 1~ 1 c o i c 1 s t: e ::. ·:; e d 1 n t h e TR..:..:.. ,_::;,.,; TTE.R DISABLE \•:st b~~ i.lft;ing ttH? test wire from the .11 o j ·-: :; ~~ L c ,.. •:· '-.! '? r load input t ;--;ere fore causing the input to f 1oa-t t u ·iii ·,: ;r, J.::>vel This wl.ll acti·•':=lte l;he "transmitte·r di•:.able" c1~:~1t~~ and 1t may then be verified with thP test set circuitry t~st c1rcuit was designea to contr~l the state of
	A 
	f·.:ncti.on 

	§.:£:_!:;L.E~}::_~i=-9P ~RAT I ON. Ti'H: "TR Ahl;:3t1J TTER AVAILABLE" s 1 g na 1 i '5 an output ;:o;,T;r'::~ Function of the Fault Control #1 card Its control function 1s •; ::: : b '·' t d <:l t;.m t h e 8 I t; ~; :; •J r p 1 IJ a f t e r t h e c c c q T' r e n •: e '=' f a n " X 2 ¥aut~ or 1f a status line becomes active. The output signal is dr:~en by a dual line driv8r ~55183> and the signal also control; a ism ~river circuit 
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	Fig 2 FC no I Test Set Scf;ematic DiaC)ram 
	TEST F·RDCEDURE 
	r-·1QDE S 
	FAULT CONfROL #1 BOARD 
	Th: ~~st pr0cedure ~a~ jes:gned to lest and ver1fy tne or~0~~ ~ceration of the Moe~ S Fault Control #1 card tA~~~ 325764-lC>. It was aesigned to test each of the I/0 
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	TEST SET 
	I TEST WIRES I 
	!EXTENDER CARD!. 
	t:::===----------·_:__::J 
	Fig~re A1 -Fault Control #1 Test Set Layout. 
	A. Refer to figure Al to set up the test set. exte~der card. Lay the card and extender flat on a non-conductive sur race. 
	Plug the card to be tested into the 

	B. Attach each numbered test wire to the same number pin on the extender card -wire #34 to pin #34, wire #35 to pin #35 etc. There is a total of 24 numbered wires. The location of the 4 lettered wires, A,B,C and D, will be dete-rmined in part IV "TEST PROCEDURE". 
	C. To Supply the +5v DC to the Fault Control #1 card, attach the red clip lead from the test set to the positive (+) side of C2 5nd the black clip l~ad to the negative side of C2. C2 is en the Fault Control #1 card. (see Fig. A1 for the location of C2) 
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	... j



	0 lo 
	0 lo 
	~ 

	GROUND GROUN:J 
	CL_R LAMP 
	CL_R LAMP 

	Figure A2 -Fault Control #1 Test Set Front Panel 
	' 
	D. Set the DC voltages from dual power supply to 5v and 24v. Using the banana tip leads, connect the +24v to the red input Jack below the 24v label on the front of the test set and connect the 24v return to the black input Jack located below the +24v Jack. Connect the +5v to the red input Jack beiow the 5v label on the front of .the test set and connEct the 5v rEturn to the black input J a c k 1 ocated be 1 ow the +5v input. ( see Fig. · A2 for a the location of the DC voltage inputs) 
	E. Set all toggle switches on the front of the test set to the down position except the switch labeled 'ATMNT' which should be in the up position. (see Fig. A2 for the locat1on of the switches) 
	F. Set U53 DIP switch #1 on the test set to the "on" position. Csee Fig. A4 on page 24 for the location of the switch) 
	G. Jum;;er pin·= #31 a1:d #40 on the extender card together. 
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	,.:~r:>:t•::-, test ,.._,1r;:: "A' ;;;'4\) TEST LAMP) to pin #l;f on tl"d? 
	~~t:;;:n;J2' ca"d. ~-,.n the pnwer '='.;pp'lJ..::-·::. <Jn. :.:;...... tt..:h the 'PREHEAT·' :d:t:•.:h ''UP' then "DOWN''. 
	'"-' ·;;,-:;:;t lamp on th~<? te:;': ·;et should gc out appr-o~.:.mately '' ·;,;:.,:;Jndo after· tr:e 'PREHt:..c,T· switch was switched to the 
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	"~ ~e~t lamp sho~ld go o0t apprDllmately 30 seconds after the ;:;-,t_·.;, :·t!,RT' :;witch u!a s ·::;w 1 r,,~ h ed "DOWN''. 
	'-·?:'J"'"' test wire ·'p," D'' p1n #10 for part C 
	P~wEF UF RESET/RELAY DRIVER TESTS 
	~l3ce the oscill0s~ope channel 1 at 10v per di~ Put the (~annel 1 probe 0n tne test po1nt (lP> located next to tne ::c.:. ;Jhm r-esistor on t;h~:> test sP.t. isee Fig. A4 for-the loc,::~tlor• ·:I.;.· t h ~~ test p o 1 n t ( TP ·' ,: .,.., r.,., t;he power ·;;uppltes "OFF" for 20 sec Then tur-n them bac~ power supplies are used it is only n~cessa~y to turn off the +5v supply. 
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	'+ ::;'JJlt<:h the 'PREHEAT' :u.•1tch "UP" then "DOWN'' 
	.~~L~4 t~at the test lam~ does not light 
	·~.·. :~J~~ INPuTS/FAuLT LAMP DRIVERS TEST 
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