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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. 

a The test set was to be designed 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 

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. 

2 A ~r1tten test procedure and theory of operation was required 
so ~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 

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 
er: :;i~:.n'} t'lcde S sensor·•~ 

~·~~ w~re designated as 

fault Control #1 cards for the two 
Both units were non-operational and 
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 x per 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 car o. 

Th·:· ~•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 the 
test lamp and relay driver load Figure 1 shows a block diagram of 
~h~ Fau:t Control #1 test set equipment configuration. 

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 
C or. <; r' o 1 # 1 card i s a r e 1 a~~ c on t r o 1 1 i n g c i r c u 1 "t that s w i 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 
15 ::"?c-Jnd:; ~..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) by way of the 
· p : .. ,;. i' '2 ::3 t " i n p u t i ~ d 1 sa b 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 1 o a ~:1 " ) T h e i m p e d a 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 t•Jrn.ed 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 

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 activat­
ed The test lamp should not light. showing tnat the 30 second 
"rn·e!,e.:d;" timer cannot be activated by the preheat input after 
+;h.:> t:•:::Jl'rence o.P a "15 second or less" pot.llt!r failure. 

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 b e am sup p lt.j 1 s s w i t c h e d "ON" and a 30 sec on d "pre h eat " 
tL.•l""J •:lrcu.tt 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.ize, 

·~·:"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.:;;..:..~-·-·•::. L.lNES -THEORY OF OPERATION) When the "X2 RESET" switch 1~. 

·:1r~·:;.,;;;t:•:•:j ::t 15 calJ.,?d a ''r"'lANUAL RESTART". 

T;~,, :::c ::::cord "prehi?at" t.i;~nng circult control·::; two lamp drivel's 
't h ? : ... , ;-. >.2 ,. : t h e " p r e h e a t " c ;J ::: 1 e i s a c t 1 \t e , i 1 lu m i n a t e s t w o + 2 4 v 
tn:~:~t~on lamps in tne tran;m1tter 

T E .. ~-:::. __ /:_t;:_;.;;_:; E: D U f E: . 
·;-~.,=r,~l t:-.f· the 

The output of the 30 second timing c1rcuit affects 
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 m e 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 i n p u t an d t h ,'if t t h P. t w o 1 amp 

'-: . .;:·;, ;::~ai: tndi,:a·te ,a PREHEAT C:l~cl::? are operational 



T~~ ~3~~t Control #1 test set util1zes two tangle sw1tches, la~eled 

·Fr7 E-'-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 u.u.J:.dd 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 
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. The Fa•.Jlt Control #1 card monito1~; four 
~o~~1t1cns that, when true, w1ll activate logic which will turn off 
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 1 e ·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. ~i::\,;J::.te the "anter.na m.::Ji.n+.:er,ance switch .. ON''" condition. A 
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 1 9 h !: on e o P 11 fa u 1 t .: 3m p s i n t h e t ran s 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 1m e .;.: 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 w r 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~ :;upp.ly will t:-e turned off. The beam supply 1·-:. turned "OFF" 
b'~ c,·i•? IRANSr~ITTER TURN-OF'F" s1gnal and the bia:~ :::-u~~nly is turned 

o.::f: :~~~ the "TRANSMITTER A'JAILABLE" s1gnal. Resta·r·t1ng the 
i:: T ·=· ;·. :: ;;• : :; •; e r aft en" the '' c cu-r r ·=· n c e o f• an "X 2 Fa Li 1 t" requires s w i 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 Fa u 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 ~~ . T o c h e c k t h :? " X 2 Fa u 1 t " c 1 o 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 AVAILABLE" 
:::ig~<c:d '.see Figu·1·e 2 fo• the schematic drawing of the LED 
i n •:1 1 •:. ~'".J t iJ T· t: i r- c u i t ) 

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 in d i cat e 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:.:~o:.~t L3mp driv•~" circu1t. A pushbutton su11tch. labeled "CL.R 
L.At'1F'· 1. ~ :onnected to the 1'Xl FP.ULT RESET" input of the Fault 
Co~1t:r·c·l #1. card. When 1t i; i~.:<.Jshed the test lamp will go "OFF" 
.. e'·~-"'·!·~'"'9 th.:~t the "X1 reset'' circuit i·:; c.perat1ng correctll). 

: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 
d-it~i'~'.JI-'' ... RESTART'/ is act1v<~ted biJ the "X2 RESE:T" switch. The bed1t1 

s;.: :~ ~·~ •.~.'d I also be d.i!:;:"!bli-?d 1 F a st,==ttus line become~:; active n,,.~, 

~.:~.:;·;,:; ;,; . .-,e ::ondit.ton ,Also m;.;~·t be cleared u:ith a "l'1ANUAL RESTART'· 

}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 i~urnj.ng 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 re~::.et 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 

.2~-E~ ul t " . To s i m u 1 ate 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 
as :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 
•!•ilL t·v··n the beam suppl•~ ":Jr:F" dL•rin:J an "X1 Fault" condition. 

~:_.::_E,:_ r:·.§..Y_l t " T t.) ::; 1m u 1 a t e B n " X 2 F ,:lU 1 t " t h E g r 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 11 i"'ANUAL RESTART". Th1s 
,e,'-;·P~·'?: (;hat the ·;;ign.!i1 1;; activ<:lted by an ::;.2 Fa;ult" condition 

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 lJNDERVOL TAGE" .. c'm:-
of th~ ;ault inputs. 15 dependent on the position of the mainten­
ance ;;w1tch This fault input has two input lines. one is enabled 
or.~:; '•'h'''n the mainten::~nce s.u .. Itch is "ON" and the other is enabled 
,_.,. " ., 11 h :? n the rna in ten an c •? ::. :..0 1 t c h i :::. "OFF" . 

::u,;:;r;::, . ..:~.f'iJ(;;J;.DURE;;, A toggle ·:;: . .1ntc.h. labled "l"lAINr", is located on the 
+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 maln­
t~·:-,,: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'ront panel of the 
t 7 ,; : c:: •n 1. :: t 2 r 1.1.1 1 1 l b e " ON " 

!'-·a "F',~!)LT INPUTS/FAULT LAMF DRI\lERS" test verifie·:; the effect o.P 
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 
fault ~: ~ne performance monitor. The transmitter fault signal w1ll 
q o ::. :: t ;. v e -· h i. g h " +' o r 1 'S ·; e c c n i:l s w i t h t h e o c c u T' r e n c e o f an " X 1 " c r a n 
":<;.:;:;.·· f.·::ii.Jlt 

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 ·:; m i t t e r + a u 1 t 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 t h >J fa u l t input 1 in e s and it i s v e r· i .Pied that 
i:h·;' ;:r-~"?n LED goes "OFF" fc·'"' 1'5 seconds to sh•1UJ tl1at the 
~3w:~ ~19nal is worktng prop~rly. 

THt;:JF, __ Q.t:_.OP~RATIJ.JN. 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•.;s si']nal is gated oy a du,;-;1 line drt·•er 
<H2· ::e : 5'')183! and it cont!"ol·:: a lamp driver that will turn "ON" 
a ~- •; :':1 ':; •_; ·; l i IJ h t t o i n d 1 c ,:~ t e '.i-' h e n t h e t r a n s m i t t e r h a s b ~? en d i s a b l e d . 

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 m i 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!:; l ~ '· -;; l 9 n a 1 w i 1 1 c &) use t h <:> t e s t lamp to turn "ON;' and t h e LED 
'ti1£><:· :.-:; dr1v-=n bt_J the l1ne (!rJver test circuit to turn "OFF". A 
tog~i~ ~wit~h .. 'TRIG INHIBIT is used as the TRIGGER INHIBIT 
"'-''i':-:·•·, ;.'::o-:" testing purpc.lses. The ... MAHrT' and 'TRIC.i H~HIBIT' 

sw1~~~~s are both engaged to verify that thei~ be1ng activated 
t o ;; ~ :: '' ? ~ :;~ i 1 1 d i sa b 1 e t h e t ran s m i t t e r. T h e t Post set w a ·s d e s .i g ned 
Wlt! ~ ~ircu1t that allows 4 pulse generator ~o be connected to the 
tr~nsm1~ter modulation overloAd sect1on of the Fault Control #1 
c a ,. '~ ; .. h e t e s t c i r o: w i t c on :; 1 s. t s of a NAND gate 1.1.11 t h t h e in p u t s 
:sr02ct~d to VCC throug~ a pull-up resistor and to a BNC connector 

~·:~:· Figure ;;:~ "CDMPOURL.['·' for a logic drawing of the test 
.: l. r· : •• l ~: T h E: 0 u t p lj 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 w h 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 " trans m 1 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 1 a 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 1 oa-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 
A t~st c1rcuit was designea to contr~l the state of tne PM 
TT~.:.;r-.i':~t'1['!"TER INHIBIT lDijtC A Une dr1ver (:5518:3) .. w:tth the input·~ 

co~nec~?d to vee through a pull-up resistor. and a DIP switch also 
.: o P n e ci~ 2 \:! t JJ t h e i n p u t s an d t Cl g r o u n d , i s u s e d a s c'i! c o n t; r o 1 c i r c u i t 
' :e.:> ~='J.guT'e 2 "PI"l TRAN-::i INHIBIT" test ciTcuit loglC drawing . 
Tr.-:; .::>:F ~luLt.:l'i is turn>e\J "CJFF" to act1vate the PM TRANSMITTER. 
IiJ''IS:·c· f·.:ncti.on The !.P.st l3rnp and LED will verif~J that the 
·•;;-·:J; .. ;,·;;J+:tf'.:" disable" ciT-CiJlt':.. tve:-e activC~ted. 

§.:£:_!:;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 
1 s •; ::: : 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 

lf;.?2.I__£_FOCEDURE. The te,;;t 13mp is connected to the output of the 
Ja,<q .. ·~"'!vF:r circuit which lS (Ontrolled by the "TRANSMITTER 
AVAI~ABLE' signal. The test lamp will light when the transmitter 1s 

" n .J '·· .:~, ··' ,:11 L:. b 1 e " T h e 1 i n e d r i ·..,- e r t e s t c i r c u i t i s c on n e c t e d t o t h e 
·~ut:p:.tt of th•;! line driver ::ontT-cdling the "TRANSMITTER AVAILABLE' 
•::ljn.':ll Tne L.ED contro.lled !:":!the te5t circuit w1ll be "OFF" when 
tr·;-? •;r.:":Jn':.nntter is "not: avail<::,ble ... The "SAF£TY" switch is used to 
act1~ate a STATUS LINE so the person testing the card may verify 
t!~,;;t tr,e transmitter· .is "not available" with a <:;tatus line act1~·e 

Ar· 'c:;;; FAULT" :is then '5unulated to V>.?rify that tu:ith its occurr•2nce 
th':' :.r~"'Srni.tter becomecs "not. available". 

Tfi~.:.:;_F , ___ Q_E ___ OPERAI.: .. LON. The ffi'JduJation "pulses" ·Ji' ''triggers" ar·e 
gate~ through the Fault Control #1 card sc that they may be 
ci L ~ =. '2 ~ •:> IJ ·,· i a t h e o c c u"' T' e n c e o:_; f- on e o ·P s e vera i t y p e s o f " fa Ld t " 
concl~Ions Both the MAIN ann SLS modulation pulses are passed 
tnrou;~ the card. There are several conditions that will disable 
th~ tr~~sm1tter modulat1on pwlses. 

Itu~_..:.:_TRIGGEB.._JNijJJli.L~.-2-~J:..tt;..b.. If the transm:itte,- is in the 
· ;n:.•r-,ten:;;.r·;ce" mode (the maintenance :~witch encaged > .. the tr-igger 
1nh1t1t s~itch can then be activated As long as the triqger 
1nr1t1t sw1tcn is engaged th~ modulation pulses are disabled at 
th~ ~~0~t Control #1 card. 

!::_!}_'-;~ _:_:_EXt TRANS M I T T t;_B__H~ !il.§_I T .:.:.__b!_ n <:: t 1 !ill· I f t; h E:' " P t"'i T R A NSI'1I T T E F. 
l!-.l>-1.i2i""' in~:.ut signal L; aci;Jve .. the rnodulatior; p1_olser: will be 
·:"J i :::. ·] :J .L ~ ,j 
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... '.:..-"~--~-~t'1i.JDUL~.T I iJi'(...:.l'~Lt.:.llk-.~~~i::!k:. d ete c2.._1 or.l rh e t ran sm 1 t te r- has .; 
~G:~ ~t:on pulse cverlo~d l;rotecton circuit on ~he Fault Control #l 
ca~·: The ~::1gnal "C01'1PO'-/RL.D' 1:ontroJ::; a Qi';E--S!-IOT dev.1.ce (54121; so 
tna~: ,:n.-~ n,.:;dulatlon dutlj CI..JC~:?. canno·i, t~ilceed a pr-edetermined "CJI'·J" 
.,.:i:,,·~· ~;;-:.;1t; fi1::l:..1 damage the tr.:;n•;mJtter. The signal "CDrlPOVRLD" 1; 

con~rollea by the Fault Control #2 card. When the signal goes to a 
~lg' l~vel, the ONE-SHOT de~1ce will disable the modulation pulses 
+:, .. :··-~ lovndr·ed m:tlllS·2C•.:Jna·= 

TXli::.._l_Q_.; e con c!__ _ _:~PRS.ti~tti'..~S..Y ~; 1 e_ The rr.o d u 1 at 1 on p u 1 s e s are 
Cl~;;.:,:_,l"?;:i ,:Juring the :3() :5P-Ci)T'\d delay after thr? initial power OTL r:Hid 

.,;L;,:. eiEr·, t.ime the 3() seco;·;;:J t.imer i,; activated biJ the "X2 RESET'· 
; l_;,t : t .: ; ... , 

::::_t;_~;·-~~TATUS LINES". Th·;, moc!ulaton pulses ar·<-:1 dis;;bled if one 
o·; .;;cr·""' o1" the statu-~ l1ne·~ :.re act:tv;';lted. After a stL'ltus line 
ha; teer act1vated the modulat1on pulses can not be reenabled until 
il '!'.;t-;•Mtl,L_ f-;·ESTART" ha; Deen 1n1tiated by the "X2 RESET" switch 

6_r:_ __ :__L2 _FAUL.I.': .. After u-~e occ(Jrrence of an "X.::{ FAUL.T" condition 
'tl'~' T·':!•j·.<l:=l't:ion pulse; w1ll i::l-2 disabled until the nx2 RESET" '5li.lltch 
.:r•:':L:'l;:es the 30 seccn;d "MAi'llUAL RESTART" c•Jcie 

JE;~....£:.C:;.}~EDUR~- A function generator 1s connected to the test set 
+;r···.:; ... -;h 3 Bt'JC input pi:lrt. The pos1tive lead of the BNC connector 
J. ·;; :.0 : 7' ~: 1 t c t h e in p u t ; of two 1 in e d T' i v e r gates, c n e for t h e 
l'),c,:i•• ch,:nme1 and one for the SLS channel. The outputs of the l1.ne 
d~l~~r~ ~re ~onnected to the input line re:eivers for the two 
r;,.::. ·: · .. l =• :; 1 on p u 1 s e c h anne 1 ·s. T h '"' p u 1 s e g en era tor i s s e t to g en e r ·"' t e 
-3 ·;_ .:.::>'D3e•:ond ::;q_uare l.i1.3Ve ;:.s a standard testing frequency. An 
OS(l~loscope is used to monitor the output gates driving the twu 
rnc-::.•l·:i":i.cif; waves teo verify that the square waves are being passed 
th-s~gn the card and to obser~e that they go to a low level when 
th"''o ·">' .. :? ;ji<;abled by the "fault" conditions. After it is verif'ied 
t: !·: :; :. ~; :-. e Fa u l t Con t r o l #.l 1: <'ll·· d : .. IJ i 11 pass the 1 nn :::rose con d square 
·.,_.a •· <? ? t D +~ h e out p u t gate s, e a c h of t h e " fa u 1 t s " a r e s i m u late d and 
lt r~3t De then verifled that the square wave goes to a low level 
~s :~~ ;~lses are disabled 

~~(~5~-" JR I G:GER _I NtJ I !:U .. l.:.' .. --·~~!..Ltc h. The 'MP. I NT ' and 'TRIG INHIBIT ' 
:;:,,;-:~he: arf.' both ·::;witched to the !;ON" position and J.t 1s verif Led 
~hD~ ~n~ 1 microsecond pulse; go to a low level at the output 
'.~:3:.::::: :-~H: pulses r·et•Jr'l wh;::n the switches are turne1J to the "OFF' 

I_;; ·~·--·~.e 1"1....J.BAN§_1'1l TTE..8.. .• JJ'JH !_I2J.l~-J u f' c_t.t.Q.!.!.. With the "TRANSt1 I TTER 
I!-~·--:2T 7 ' i;.est circuit >:IJnne·:ted to its input on the r=ault Control 
# J : ::; r .. 5 •; h e DIP s uJ i t c n on +; h <' t e s t set i s turned t o t h e "OFF" 
r.:.:,:-:.•.;.·:;r. Th1; ca,Jse·s the "Pf'1 TRANSMITTER INHIBIT" to activate 
(,J)';J.L;.- ,:;;,; DI•=' ·switct·, .t;; 1n Lhe "OFF" position the pul~;:;es ar·e at 
a ·-~ level on the modulatton pulse output gates. When the sw1tch 
"" --~-:;_,, .. -,e\1 t:.:• the ''Dhl'' pO'ol'ti<Jn the pulses .-eturn 

'=!· 



LC:...':. __ j'lODULATION C_;'Et'...~.:.;::;,:.,.g~- cetect,_0_Q.. F:JT the "MDD\JLATIQII~ 

:::, \.'::. ·- _ J .:.. :~ · t ''"" t t h .:: .; u r> •: i; i !J r· g e n e r a t o r 1 s c c; n n .? c t e• d t o t h e 
"l·t:·:.,_!_"-,.ION !]'.IERLOAD'' test .. :.:.rc•-•it ~CIJMPOVRLD) which ts de<:-c:ribed 
... ~!' ,, ;:.l':,ctiDn "TRANSt1ITTEP DISABLE -· TEST PRCCEDURE". The funct1on 
9 ::; . i ~ , •. "! ': c; r l S Set t 0 p,... :,J i:l U C '2 ,.::, l"H g h g 0 in g p U 1 S ~ at t h 1'2 ratE 0 f 50 
ne-~: The oscilloscope is wsad to observe th~ input and output 
p~~EeE of t~e ONE-SHOT devzce. 1he test procedure verifies lhat tne 
cw~P~t :~ises from tne ONE-SHOT go to a high level w1th the rising 
+Jj~ :~ e~ch 1nput pulse anJ tnat they stay high for 100 milli-

_l:;..;.-t_::.f:REHg_A.T~2nij __ _'.:_Sir-~l.l.d§ LINE.§.:. The· "SAFETY'" switch is 
~·)::;·;~:-,,..: bJ the "ON" po:~iticn to <:.imulate .;:,n acti·"e status line. 
T r ,,, :·. ~ ;: r o s e '~ (J n d p u l ·:; e s w i l l g c t o ;:;1 1 ow 1 e v e 1 on t h e o u t p u t: o ·F 
t!~-? .r.:-:··J1-"'1ti,:lr, pulse gates as lc•ng as the? status line is active 
Ti·:· ::-::a~;'-'s ltnf.:> will T'e,n,-3ln ,EJr.:tive a.Pter the "SAFETY" switch i-s 
t ":'"'i''1 ";JF'F'' due to t!H? f"1:t i:tlat the status lines must be clea·red 
•:;, =' r-:~rr.JAL RESTART"_ The 'RESTART' ~;,witch en the test set is IJSed 

t:: ,•:~.l·::!t<i' the 30 Si!?•:·~r>d "t"lANiJAL RESTART" c•jcle. The test 
i·c·::'*'j:,.r,, ·,,8:ifies th.~t th~:• pulses do not return on the output 
0n~:: ~"e 30 second timer c~cle is over. 

:C.tl.f.-~~;t;2_£_AUL'T_~. Pin #3:;. on the fault inputs r·equire~ a gr·ouncj 
to ; i;rl:}·~;1~e good ·;tatl.J':!i 'The ''t10D~)LATION PULSE!" test utilizes tf:€ 
~~~,·: .. .a] cF the ground jiJmp:,?,~ to create an "X2 FAULTu The pulses 
o~ :~~ o~tput of the modul~tion pulse lines will go to a low level 
.iJ..:'•;-::·· t!HJ ·'/..2 FAULT" is ::;tfT•'Jl.~.ited. ThE' 1 RESTART,. switch is used tc:, 
sc?-~ :~e 30 second timing cJrcuit to reset the fault condition 

r h .~ o: f .,: .: r t; ·; !) +' d eve l Cl p ·~ n :~ ... t t> ;, t s e t ,,. n d p r o c e d u r· e t o c h e c k t h e 
Fa. :t Cont~ol #1 card were successful The problems that existec 
'••i'::· \J;·? i;wo ';pare card·.; w>:>rl? detected by the tes:ts described and 
;_.,,~-::· :· . .;.:,:JI·.!i-:.>d Seria1 number 4 wo1Jld not resoond to the "PREHEAT" 
te:;': 'the cause was found t:c• be an "open" in the 30 second preheat 
t1~~r Two of the fault lamp driver tests also failed due to a bad 
'i '' • e -. :~ e ;· ' 54 0 6 } i n t h e f a 1..1 l t 1 amp d r i v e I' c i r c L' i t !3 . S e r i a 1 n tHn b e ,.. ~) 

+,;;: ~,;;;j ch': ''TRANSMITTER AV,cd!_ABLE TE~:!T"- The output of an inverte-r 
''5 1i-' .• ::c: . .:;. ir, the fault dete•:(;lon timing circuit u.ta<:.· floating. 

D 1.• " : ·~ g :, r, ·? t e s t :l n g o f t h e Fa u l t C o n t r o 1 # 1 c a r d s , i t w a s d i s c o v •.::: r e d 
t:-::1': -:;-;;. ·,<,:dtage leval of +;he? +5 ('V(:C) was cr·itical The "PREHEAT 
TI~E~·· ~auld not functton iL the +5 volt supply was less than 4 6 

t'· c.}.""'·.: 
~he developme~t of tne test procedure. a des1gn error was 
~he "PREHEAT riMir'~G CIRCUIT" on the Fault Control #1 

::-~01~ board. There was a problem with the resistance values. An 
~:~ ~·Od: P1cation was in1tiaced and the problem was co~rected. 



~~~0- ~~e two spare FauLt 
E·.. ·T:·=·~j tt t:.:atlOT1S -ad(tedt 

Sl~~ 1 and were observ~d 

:antral #1 cards were repa!red. and the 
tney both passed the all of tne tests 
iG thG Mode S transmitt~r at the sensor 
to ~perate properly. 

1. l 



-.J eJ 
~0 -.lee-a 
:)1--00: 

a a 
~Q 

~6<~ u u 
~'( 
~\.) 
LJ E 

tJ ,_ 
~ 
0 

cS 
..:.c 
u 
0 -
~ 

Q 
:::s 
~ 

a., 
(J) -lll 
~ 

-
0 
s:: 
-0 ,_ -s:: 
0 
u 
.._ -:::s 

1--t--

~LJ 
Lf 

t-=l!J 
-c), 

G: 

12 



A.Tf\NT 

o----<§) 

r~ 
- 1~1[:, 11-Jl-ltf;IT 

INT.ERL 

R,ELA '1' 
"TES,.-
L..DAJ> 

-r? 

t? 

Rl 
q 

I') 

USI 

+5'1 

co~~Lb Lt.. 

G:------~ _I . ....,__ __ 

Fig 2 FC no I Test Set Scf;ematic DiaC)ram 13 



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 
+ u ; ' '.:: i; l •. J r. ;; o f t; h e Fa ;; 1 t C lJ n t r .. ~; l # 1 c '"' ·1 .j an d s h () IJ l d d e t e c t 
~ r. •1 .:: .,. 1 o r 1 n t h e 1 o g i c •: i r -: ~~· i 1: r 4 2 s s o t: i a t e d w i t h t? a c h 

~-t~nde~ card <ASSY 
~~~~ v~ power supply 

6 oanana-Jack t~st 
E · ;;_ ' ;~ ·· -3 ' C oa ·~ cab 1 e 

873750-1 MDC subsysteml 
5v,24v IHP 6253A or equivalent) 
leads 

,-.:· ·: i :~o.'>'~ 1a:L T conne( tor 
G F~~;t1on Generato1• !TEKTRONIX FG 501 or e~u1valentl 
~ Q;(:lloscope tTE~TRONIX ,904 or equivalent) 
1. ~- D1p c.l.ips 
v ~ W~:ch ito measure time delay Clrcuits) 



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. 
Plug the card to be tested into the exte~der card. 
Lay the card and extender flat on a non-conductive 
sur race. 

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) 

16 
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-+ 24 VOLTS 

• 5 YtXIS 

l 

GROUND 

0 

0 

GROUN:J 

GRE:EN LED· TE:5T L!.A1P 

PULSE \ REIJ LED ~ 
I, 

0 

0 

0 

0 0 

~ 
lo ... 

j 

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 ocate d 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. 

17 



·~.·. 

,.:~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 
7 '' ·;,;:.,:;Jndo after· tr:e 'PREHt:..c,T· switch was switched to the 

i"<J ·,. <?. t e s t: w i r e " A '· t o p i n # 1 0 on t: h e e x tend e ·r· card . 
~::;,,,ttd! the 'RE::3TAR'T' ·;,v•1tch ''UP' then ·aown" 

"~ ~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~ 
,; :Jr··J .\' 

n~cessa~y to turn 
power supplies are used it is only 
off the +5v supply. 

>:tronel ::. on the osctllo::;c.::pe should shuw a +.;:4v DC level 
; •:·:? F 1 ~~ A3 ' test C 2 ' ) 

:;..:t;e;· the 'PREHEAT· •:1~cle is 
:.-'-~~p 1, ies "tJFF:; +:or' 1C>--12 sec 

o ·./ e r- ( 30 s e c J , t ur-n t h e p owe r 
Then tur-n thern back "ON". 

;rn2i ~ on the GSCllloscope should now show a o~ DC level. 
~ f-:l ·? r:~ :. <.~ A ~3 .. t {~ 'E t c ,3 / 

'+ ::;'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 

;~ \, t .a c ,., test 1•1.i r e "B" i test l o .9 i c LED) to p in #88 
" f-i.;;.fer t:J table "~;1" ani: dG the following 

;, -'ump(~r the "INPUT FIN" on the extender c.::n·d to ground. 
c ,;:,r;t.ach b:?st wtre ·A" tc: the <;OUTPUT PIN" on Lhe ex tender 

Sun. t >.: h 'RES T . ...;R T · ··._!>"-' " t h en "DDWN" . 

.0~·1"'•~ tt\.,:Jt the te·;;,t la.r•:; gGes "Of'~'' afte1~ 30 secon,L; and the :ed 
• .. ;:~ :. :;; 0:;; ·; ·• iJN" ,;oft,;:" :34 ;; e con d s w i t h e a c!; f-ault 11 n !1 tested 



.. '•' ..: .. - .:~ 
.:! teo:t 

normal 
;::''H)T' to test 

· ··- ··· -- t; est C2 ---- ---··,.: -.::----- test C3 -··-----

20 •.; ~: c 
p 0\.l.'~~T' 

tJ f- ·~ 

\. 

power on 
aFter 

power fail 
>15 sec. 

I / \ 
) \ 

sec. 
power 
off 

power on 
after 

p OUH?T' fail 
<:i5 sec 

----------.. -····-····--·----.. -·-----------------·----·----------

.. 
-- ·-

.:, ... 

···' 

-r::;· 

·.:;\ t:~ 

··- _, 

-
·-. <::: 

., 
·-

·-'-'- -

- .:.: 

·;:- .. 

·> ··1 ·, -

output ;:nn # 

,_.,..-, 
1:.:..:::;. 
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'") .::: 
c:. ·.J 

.-.,.~ 

t."'!. ; 

2t:i 

1 ""· 

< '.~ j, 

1 

' !? .l 

24 

2·4 

2 t, 

"'") .. 
c.U 

IJ ~-
C .. \-' 

1 fv!AINT" 
SWltCh 

position 

--
down 

dou.1n 

down 

doum 

down 

down 

dOl.t.ln 

down 

down 

d Ol.iJn 

up 

down 

down 

down 

res<..:lts 
Cafter 30 sec. RESTART! 

; ---- .... -- ... ~--··---· .. ~·- -·-- .. --·--·-·---...... _; 

TEST LAMP Rt:D LED 

------------·--·--
on on (after 

4 sec. 
on on <afteT 

4 sec 
c.n on <after 

4 sec 
on on (after· 

4 sec 
on on \after 

4 sec. 
on on (after 

4 sec 
on on (after 

4 sec. 
on on (after 

4 se ,: 
on on (after 

4 s.ec 
un on ( afbn 

4 sec 
on on (afte·r 

4 sec. ) 

ofF off 

oPf off 

or~ on t aft~?T 

4 sec 

*Note: the test lamp should not light with p1n #31 or 
#:1CJ g r· ·.J und e d it will only lignt tf neither 
a T' ::; :;1 ~· .:. u n d ·2 ~j 



:_i t ;:~ :~. 

.:.. ': ~, :':1 c h c e s t 1..11 i T <::: ·' D " 7; 1 p i n # 8 Ei o n t h e e x t en d e :-· c a ,. d 
~0- eac~ step 1n Table ~2 do the tollnwing 

.:! r.:.. t t ,a:: h t e s t u11 r e · ;::.. • to t. h e 1 n d i c ate d p in n •.Jin b e r· on t h Iii 
e~tender ca,..cl. 

r . . Swtt:::h th{? 1ndicat:ed li~;TATLJS SWI1.Cr·:'~ on trae test set 
··.Ji=-··'~ then "DOWN". 

- In the step no. 4 touch p1n #68 to ground 
(neck for proper results 

(no sw1tch1 

,j ':3•!.11 t:•::h the 'RESTAPT ·::~ ... •itch "UP" then "DUWN·' 
! chec~ for proper results 

pin # rt:>sults 
t c ~JJ :i r' e 11 A'' 

------·----·-·-------·----·-
!E! 

! s l 
results 

a1~ter restar-t 
; -- -·-· .. ~.h~ ' - -· -- -·--·-·-··-·----·-- .... j -·-·- .._ __ , ..... ·- ·-~- -· : -·-·--- -·-... -----·- -··--· .. - : ,. : -· __ , .. ._. ___ .. ______ -·--·-· ; 

1 1 J. 

l -; 
·- ;::.. 

.. 1. •:) 
·.,.} 

.:4. 1 4 

·'SAFETr 

p1n: 
# 66 to l 

Check 
that th:: 
TEf3T LA~·1P 

and the 
PED LED 

are 
on. 

: f~ ; 

: f'< ' Check 
! T J i: hat the 

TEST LAMP 
I ,-·. ~ 
l :::.;. ~ and the 
:w; RED LED 
' ·r i are ' .l. ' 
I 1'' I ' . ' off . 
;c ' 
:H: 

-·--·--·--'"' ·-··-----·-·--- --------·-·- __ , ______ . ______ _ 

::\!:\~,::ich test wire "A" r,•.:< p1n #EJ on the extender· ·.:.:n·d. 
c•~:ta.:h test u.tire "C' ·co p1n #9(i on the extend(;?'\"· card. 
:.r;t~.:h test wire "D" !;:: p1n #89 on the extender •.:aPd. 
·, ... ;i,re.~ "C" and ''D' fr,J,n tE.>st LINE RECEIVER) 

,.::, ,. : ;. ':! t. h -:3 :; t h e 9 r e en LED t s "DN" -

i~~·t:.:--n 11AII'-JT' ·c;;JJ•tc"": :;ack to ·\:l'ie "L<JWN" pos.itton 

Se~ the functio~ ~ene~atoT output amplitude at 5v level. 
Set the function aur3t1on at lus 

~~. ,.,., .: . .,. ,; t e ·::; t ud r e " A " t •. :; (! i n # 1 0 f.:< n t h E e x t en d e: r· •.: a r d . 

:<~r:·:r·· the ·RE~:TAF'T' "'"'ltch "UP" then "DDt.JNil .:ontinue when 
:-.n.:.· te~t lamp g;H-''!· ":JFF'' (end ot 'rREHE.~T' cycle> 
0s1ng the coax1al cat;le connect output of funct1on generator 
tJ th~· :BNC input •}n t~.,_, b:st :;.et marked ,;PULSE· and turr, tr•e 
..: . .r·, •: ·c ton g en ii:'T' a tor ",:;t.J" 
:=·:""-:/J~f=t channel ~1. of ;-:he ;;.s(il.lc-scc·oe Co p.tT:: #1() on 1,J1::~ an~~ 

::! r' ·j .:: CJ n n e c t; :: h -.·:j ·r.:: 2 ]. ,;~ ,) J..: t h e Q ::. <: i 1 1 o .::: c: o p e t o p .-:. T) :# 1 2 on ;,_.~ 1 5 



1 u:; 

:;~eps. veri·Pt;ing 
both channels on 

to s low volt~ge ie~el witn each t~st. 

(;hat the:· 
i;he scope, 

11AINT .c:J''·j 'TRI(.; INHIBIT' suntche:; "UP" 

R1::turn the 'l~lfdNI ,:;;-;'j 'TRIG INHIBIT' sw1tches to 
~;h.; "DOWN" pcl'51tic,;; (pulses r·eturn) Tur·n U53 DIP SuJ.itch 
#1 .Jn the tee;;(: :'ie': to the "DFF" position. 

Turr-, U5:3 DIF· '!ii.ili.tci· :fl1 back "ON". (pulses return} 

'::,IJ.Jttch th~s· 'RESTAPT· ·;;witct"t ·'UP" then "flOWN" 
'pul3es ~eturn after 30 sec 
F1?mDve the g<Gund Jumper f'rol!f pin #81 'e.~tender cardl 

~· ~eplace the groun~ Jumper to pin #31. !pulses return) 

~o?.t the output 0f th~ function generator at 50 hz 
~~nnect the fun(tion generator to the BNC input on the test 
:; ? 1: i abel ed 'C!Jr1~'0'}LL' 

A~tdch channel 1 of osc1lloscope on U84-5 and channel 2 on 
i_i~:.:.i.-·4 

-..-· .;::. ~.. L t= '..J ~ h a t t h e s .L :J ri a l ~:: r i 1: h a r~ n e i. 1 g c: := s h t g n f o r 1 0 ~) IT~ i 1 l i -
~ ·? : ·:: r, ·j :: a r: e a c h r- L s i. n g 2 ,; g 1? o P c h d nne 1 2. 

I ~· ·- '• ,_, =· . 



~·. i '<. 

c 

s :.;_. J t :: h " U F·· " 
fT·Cili 

then 
th~::; test set. 

"DO~~f..: n . ·T ~? ·:. t :in g 

-~·"''i""'•::::<:t test 'J.Il>e "'=' :.:::• p:i.n #1•)4 and test u.tJ.re "D" to p.l.n 
i:i: l ··-~· l ;: n the ~-:: x t ;:1 l': d e r : C::l r· d . 

~- :::· ~ •r, ···' 1 a t e a + J:J u li·; .: o lid : '· ;. o-r; b y removing t h e 9 round J u m p e r 
+· T' :J if~ p 1 n #31 ;3 n t l1 e ~-? ~ t ~ n de r c :3 r d . 

·'l,. t+:..; +.:h.-3t the 'Jr::H?n LEI> goes "OF,:-·· for appro:. ltnat.ely l5 
::: ·? -~ :: , .• d •:. t h en '.: IJ me ·~ t) ·':1 c k "0!'·4' 

-r c:· C.' 'r 
I !-.·-' l 

:;,_..,ttch the 'MAINT' an:~ !;t,e 'TRIG H·iHIBIT' ':witches "lJP". 

t2c:.t l;;m;• is "ON" and the? green i_ED is "OFF" 

Fet:.!r·r, the 'MAINT ar:::! ·rpr:.::;. INHIBIT' sw1tche:; to tho;:• "DOi..JN" 
i:· :) ::: l t. :i 0 fl 

:.• Ll~i.: test wi.re number 4'7- from ptn #49 <extender car-d.l. 

\.'e;-:-~LJ th-3t the te3t: laf>,p ts "i.JN" -~nd the gr·ee:1 LED is "OFF". 

::: R~t0rn test w1re #49 to p1n #49 on the extender car-d 
S '? ~: •.J 5 .3 DIP s : .• n t c h # l ::• ;-. 1: h e t; €'' s. t s;,: t t :::· t h e "DF F" p o s :i t L c n 

-2"'rf•.~ th.:H the test lamp 1s "ON" and the gr-een LED lS "OFF ... 

>: :J n n ''= :: t t e s t w 1 r ~· '· C · ' t c p i n '~ 1 0 :3 on t h e e x i; e n d e r c a r d _. i:; P- s ~: 

'···-~"<:? ·'D'' to pin #11)2 ,:,r: tne extender caTd .. r:>nd i;est wire "t:,' 
~~ p1n #21 on tk~ extender card . 

. ·'::·~: ... · . ..] t;h .. :d; aPte·.r ·:v: . .:;e:Dnc;,:;. the test lamp 1s "DF'·~' and l.he 
3'">2e;-, LEt) 1s "ON'' 

::; .. :;_!;•.:'·1 the 'SAFE"'"·,-· :~w1+.:::h "UP" then "DO!~!N'' 

. ··-=·: f,-:1 tna~; th2 te·;;·t lame •~; "OFF' and the green LED is "ON' 



.·;:~; f,~ that the red LED t::· "OF!=" 

'= 'L' 1 t, c h " VP then "DO~.JN" 

· ·::: ·:· :. " , t l> at the r e ,j LED go>? s "ON" 

4 ~~ound pin #96 an th~ ~~tender card ¥or at least 4 seconds 

···~-r ;_"-,~ that the T'•?d !.._ED t:IJrns "ON" 

'·::iwL\;r:h 'RESTART' "UP·' then "DOWN". 
Re~eat step P 4 for p1n #97. 

THIS COMPLETES THE FA0LT CONTROL #1 CARD TESTS. 



D/ P Swdch no. I 

TP 

Fig. A4 

Fault Control no. 1 Test - Elect1onic Co~ponent Layout/Parts List 
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