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The purpose of this manual is to, promde the o. Motherboard for plug-in cards ‘ ~ 
principles of operation, packaging procedures, and \ ._ _ ,. 7 ? _ '7": _ , 
maintenance and repair instructions for the Saturn _ -. 9 RFI shielding ._ , : ' w . a"; Isfét-Fij . 

18/3.r Instrument Umt Command Neoder (see Figure f 3 . ;. ' ' ‘ ‘ " M “  Li ( 
14.1). The Instrument Unit Command Decoder. here?" ."ti‘n Rugged mechanical bonstriictioh"v"." X ;' 
aiter referred to as the Decodm 16 an integral part ‘ “ s. "3 1 . 

M Q! the Saturn 18, ’V Commandays‘tem This System The Decoder is designed and packaged to 1,. 

is used daring powered and orbital phases of flight meet all the anticipated environmental conditions. of ‘ 
 £6: " a Saturn 18/ V vehicle. The package has outstanding 

_ 5 ‘ ' ' . features of ruggedness and serviceabiltty. The as'o A 
J _ .. t Initiate closed— loop. t' ‘ . sembly is  modular. permitting the removal of the 

~+ Decoder ins tlucts the Launch Vehicle Digital electronics with minimum ef fort  (3919 Figure 1-23,: . 
Cnmputer (LVDC) which test program is to be The package consists of a housing with removable top 

‘ initiated. : and bottOm covers. The electronICB i: installed from 
‘ . ‘ .;.:« . both top and bottom of the housing. This arrangén ' 

. y:.-£§b\ride ground meat makes pre-wiring all connectoré to the mo- 
‘ d  LVDC'.‘ ‘ boatd possible. The motherboard (see Figure 1- 3) 

3“ "i ‘ 7“ k ' . is the major board interconnect system plus a gen— 
‘9: .- Instruct the LVDC t9 teIOMGter memor y {and connection and distribution point for all circuits. 

‘ ' informatwn. "$41,235; *" * The pre-wired motherboard and connectoz s are i‘n’-- ' 

- ' ‘ I ‘ ‘ stalled into the housing from the boffiam. 17"?" ‘_ . 
‘ e _ The. Degoder is specifics!!! desxgned to pro- fl ‘ ‘ ' ":3 s, . 

it; we highly ré‘fiable command iniorx'nation to the 
LVDC The probability of an undetected error in the 
wecodm ts appxwzimately 1 x 10' ' 9  In addition to 
the 10». erxoc rate of the Decoder, several sophisti- 
cated techniques of data veratibn are utilized. 
1These techniques are discussion d‘eiail in Section II 
of {this technical manual " ' v ..‘S. . r ‘. 

j v  ", "1-." v . ' “.t '- . 9f V . 

{’31: ( 

12 nascmpnau 4 

GENERAL 

. .4 The Decoder is fabricated utilizing packaging 
techniques \rh ich p ovide maximum reliability. Saute“ 

) i 

considerations ( I r - 8 2 4 1 3 ; -  ‘- J ‘ 

wk} 

- _ 3*" ,7 IA _ Wig 
. 1; Highly reliable co , " ' -‘ _é ., L‘ . 

u Welded modular construction ._ ‘59} 

‘ The motherboard rests against the inSide ‘7 
structure of the housing. A foam rubber pad of 3q A’ T ' 
floient size to Cover the entire area of the mother" ”*3 ‘ 
board is cemented to the bottom cover. The foam ls 
of medium density. Installation of the bottom plate 
and rubber pad assembly applies a uniform pressuw 
to the motherboard‘ The upward load from the rubba?’ 

. _ i s  sufficient to maintain the motherboard against the 
housing at all times. The electronic printed circuit 

.cards  are installed from the top of the homing. -.. 
Grooves located in the side plates within the housing 
act as guides {01‘ the cards (see Figure 1- 2). As a 
card is  inserted in the box, the groove positions the 
card in  line with the connector mounted on the moth- 
erboard. The semi- floating motherboard acts as an 
hfljustment member in the mechanical system. After; ‘ 
all cards are installed, the top cover is put in place. 

“The top cover has two rubber strips cam ented to tfie 
msid'e surface.- 
than the foam pad located under the”. mothexboard. 

These strips a1 a of a higher density. 

I.__ -- Irv .. g t  _Onl_y the edge 0; the ciuds contact the rubber result—  . ‘“ 
, '9 Highly reliable fiH'ntegl circuit constructiqp ; mg in small area [contacn therefore, a more dense 

in j '. 1" - .4; I A ’T « ~1- 
‘ . n .- 2 A”... i. {If} 7-_'-‘\' ..L. ‘ . a 3:1.- . , r ' . 

I ' I. I)" a .l 1 .  '37-; q i. ‘ Y...» 9:: l‘ j u I: $5 "- ($9 2 ' ‘L . 1 f. V '5‘" ' . . 4. 3", v -' "1.9. ' {a ' 3"7"? , U’ - " fr“- ‘ ¢ ‘ ‘ ' 

:fl - -s ‘- t2 ‘ at?“ ‘ f " x if" j 
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'- , .» - g : i av ~ ' F" w ‘ *5" W “ ‘i _ ‘ 1 x :  ~"'-.“'.C,T'i- ~ -. . ‘ . - " , _ .1‘ : 1  1,5: 1 

“a £59 a? ' . 3:3, 1,; _:_._;,._ ;; :3 'ILj’V . Command Decoder . 
1;." ”it!" a :35? } nagging! ‘ Qty-T: if f . ‘. . ' , ’ ' . . Sectlfin I " ‘ 

_ The side guides aré aluminum plates with .. ' ' Other phyqlcal characteristics are: V 
(moves that position the printed circuit cards in line ' n ‘ ‘. 

3 ' with the motherboard connectors. The additional Slot ‘ Weight; 3. 85 kg (8 5 pounds) 
width acCommodates a wave-type beryllium-copper _ . ‘ ' ' ’ _ f ' “ 
spring that i s  installed and runs the length of. the 3191?. Height: to. 79 t’fli ('4. 25 inch“) 

.4. ' The advantages of the wave spring include ease of ih- . * ‘* .~ 
- . sex-ting the printed circuit cards, positive spring 1 3' ’ Length: . 22. 6.0 cm (8» 90 metres) , 

pressure on card assemblies; and vibration isolation. 3,.» ' *‘~ :_ ‘. 
To provide good electrical contact between the hens“ ’ ‘ Width: 18 39 cm " (7. 24 inphes): . ‘ . 
ing and the cover, the housing and cover are nickel . . _ , , '- - 
plated per MTIr-Q—ZSONA. A RP! br aided metal j" ‘ ” ' 5-" L ' ' ... ‘ __ 

‘ gasket is alsg used to further unprove electrucalcon- 7 ” EL‘ECTRICAL CHARACTERISTICS ' ‘ ' .’ 
a 1 tact between the covers and the housing. An O—ring " ’ _ 
' .f groove is machined in the flange area of the housing ‘ The electrical characteristics a! the Decoder ‘- 

‘ to accommodate an O-ring seal. The O—ring provides are as fellows: . . ‘ ‘ .f . u - ' ‘ ‘ 
protection against humidity and moisturd and oflers ‘ A k of . . E  ' W 

-, " ' 9a seal against excessive leaking of the purge gas. it ' ‘ ‘ ,, J T 7’“ . ' i ‘ 

3'; Module and Printed Ch cuit Card Construction ‘- ‘   ~ 9. . 
' M . _ i Operatmg Current . - . . . ; . . - . , .  80:10 ma 

Welded electronic modules are sub—mitt” _ * re}. . :“ _ 
.. _ 7»? electronic subassembUes produced bv "cordw " ' Afidio Infiut ' 3, g. . . e. . . . . . -. ‘ , l 9 +%35 Vrma; 

stacldng of components between parallel films. {the - * , - = " 4 , *t -  25 Vrms 
9' _ components are welded between the parallel welding ' ' ’ ' ' 5.; 
" 3;“ films and then another film is placed on both sides of Input Impedance - - - - - as: . - - . , - 75 Oh“? (resistwe) 
' ' vthe "cordwood" stagkmg and thé welding Operation ‘ w -“ . - -- j; . 

repeated. The double welding provides a highly rell- 3133*? Output Function? m ' 4-5 - " j...:. . 
,. able welded module. These modules are then cast m ._ ' " . ,,- 0 i . 
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Figure 2-1t11ustratcs the data. flow for the f - ' 

Saturn 18/ V Command System. A Ground Station as ‘ - Upon succegsful completion Of decoding, the 
seamed with the Manned Space Flight Network i ' ' infdrmaiion is fouted through the Launch Vehicle 
(MSFN) transmits a Command Message to the II) A Dita Adapter (LVDA) to the Launch Vehicle Digital 
Command Recen er The. information is routed from . Wputen (LVDC). Verification that the LVDC has 
tl e Receive: to the Decoder for decoding If an er- , ’ : received the Command Message {6 transmitted via" I 

N ‘ ror occurs during transmissiqn, the message is re- ; IU PCM T e l e m e t r y . ‘  : ' .. ‘ ‘ ”'5'”? 
" jacked; if not, the following functions are performed . . ‘ " ' " ~   

V ”by the Decodei': . . ‘ ~ ’ . if.“ “if" ' The emacteristlcs of the Gammand Message 

' ‘ o Address verification ' ' ' _ - _~ .. _ ‘ f . = 

J 5"“? ' f ' 9  .Mgscatcombmatzonofthe address-verdlcatiom‘ «a» I! 'Messagellentrth-.L’I8§ub-bit§ " " "'59. 
~ ' and control bits. allowing information trans- , ‘ . . 

': 33:3,,- '. . fer to the Laxmch Vehicle‘Data Adapter, ' ' 5’ ‘ ' ‘ gab-bu rat. .. 16001193 

’* f ‘ 7 . ~._ g 4 _ ' ‘ ‘ J :   ‘ o Encoding schenf'é 5 sub-bits per data bit. 

i" 

* ‘ . 
. - l- , 

0" tifect‘ve data bit rate - 200 bps ‘ 

launchVeHI ale '4 . , ,  g !  I . } ‘  H 4 “  . 

Data A8693: ' 7 -“ . . o Effie-cine Commgnd IvIessagt. .etgth -_ 35 Lita. 

t (D! 0A).. , ,. (LVDC) . l .. , . ., 

' ’I ’ A. - . 7 “’* ' 0:. Wuhflonfibheme- PhaseShMt Kayedi’, 
. - “ 5 ' “ ?  ,, .. { _ ‘ v , ‘ _ . , ‘ M . "  ‘ 1 ;‘_ ”E‘i'éqdency LIOdulatLfin 

a + I x mm “av"- (“K/1"" 
. . .  . Grand 4“”- ’W-c 'I‘ ' ‘ 

Command . _ .. 5mg” - T 2 1 7 5  glib-bit Command Message after de- 
coding is 35 data bits in length. The 35 data bits are 
recovered in the coder by decoding the sub-bits 
into 5 sub—bit gr ps to téake up each datablt. A 
data bit may be d !  fined as: 

o ' "X" code - A coded pattern of 5 sub-bits; 
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- .5”, ’2 V O "i“fidé - . ' A ebded pattern of 5 SUbbbltS 
‘ ‘ ‘ h , that determine the "1" data bit. 

‘ - . r . 1000 QB Pe, Second (Suboawkutg) V ' o f  "dficodé {— A coded patie'rntoffis sub-#bitsf , 

4 1r ’7 , T . zoo am PrrSecondflnformnflon Rafe)- . ‘7' - F " .t'hatdeterminem "Wilma hit - 
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. t -' ' - 3 _ r _ ‘ Tfie Command Message. torment 1% show: in . 

Figure 2-2. The message i s  comprised of the 161-- 
Figure 2-1. LU Command System Data Flcv lowing: 1‘) Vehicle addrearfs. Thg3 "Ii-”bits (lswb— bits) 
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- ‘ - ‘ A " - , ‘ up ; . I» ‘ Thg sub-bit "1} 3 'add "0' s" are wmtten into a! 
~ . ‘ 'JZQSUB‘BITS (35 DATA “757 . f ’ "Suvbit shift register in  the 5-bit cou. ltér and shift reg-I - 

' ’ ' . W - ‘ 7‘ . . l fiber. The 10 outputs, 02 [or each stage) from the 
' 15 sue-ens . ‘770 SUN!“ ”SUB-3115 1 95-9“ shift register are éomparied in parallel with ‘ V 

' - (3 BITS} I $225132; ‘ nAmstLD ‘ , pr'flxired codes that determines the "X" data bit, "1" .. : j " 
. VEHICLE {\DDRESS - . ADDREsé, DATA _' A "r ’ data bit and "0'" data bit. The prewired codes are ' ‘ 

4 .L A —  “ 
1 VI 

' getabnéhed by 5 jumrs for each code in the code 
' ,' 

‘ ' Q plug J 4 .  . A k . . .  g ' '1 

. 7 *NOTE: The 14 add‘r‘ess biis a te  irflerdi sparsed m _r t ‘1‘   t'w . [I ‘ . ‘ - ‘g ' Tilt "X" datfl bit, ' 1" data bit and "0" data g, - ’ the 18 command bits to prowde a more , ‘- ,. - 

fl femue system. ~ ' - ,. V ,, H 9 bit are generated in‘ the rniSsina'bit detector c1rcmtry w {w :1. 
-. 5;; m; A _ Ag mm“? ’ ' The "X" datd bit is 1e output of an AND gate whose .  7' ‘ ‘ ‘A 

I. , fl Figure 212. Command Message Permit, ' "' 3 ' ‘ 5 inputs are from t code plug (J4). The same is I : 
: 3 -~ _ 7 ' , true of the '11" data‘bit and the '_'O" data bit. The out- ’ . ‘5‘ 

';- " puts oi the above gates are returned to the 5-bit -' - 
5‘ ai-e coded for the particular vehicle addressed to'fi_ ; ‘eountm and shift zegister where the "X"b1t occur- ‘ 

receive the command. 2) Decoder address. The ad. rences are counted and the "1' s "  and'  "0 s" are in— ~ 
' dress has 14 bits (70 sub—bits) u. 131021 a re  campargd —_ hibited until the th‘ird " "'bit count. ., ’ H a». 3 

With a prewired addreSs in  the decoder. Theybtta ' ' .- “a" , 7} 

f . .-. are interSper sed in the message and are used to per- ‘ At this time the deCoded data bits are written , . 
{i ‘ "? " form e r ro r  checking. 3) Command d1t21.The 18 into a 32-bit shift register, the first 2 stages of which " ' ’5 
5' ‘ bits (90 submits) of command data conveyed to the . ‘ are located in  the 32-bit countex and shift register. 5 

7_ LVDC via the LVDA. The shift pulses are counted i n  a 32-bit counter and 
" 7 7 _ an output provided at mg: count of 32.1! the correct, 

1 ‘ The Command Message is encoded at the bits are written into, the gem; shift register, an ' 1n 
;' .MSFN ground station transmitting t o  the vehieié,‘ address verify pulse is Sent to the output monoatable " i 

t The each-cling is accomplishedb; the algebx aic add;- i _ multivibrators. ‘Iwo momstables m e  used for re~ " 

ticm of a 1 kl-{z rm‘s—rerne sine wave. to a coherent dundancy. The mamas: abre outputs are buffered to .. 

A 2 kHz sine v waxe [he "0" Subbit is generated by ob aim the comect  voltage levels and then sent to ' . 
the addition (at the zero crossing} of the positive- _ telemetry. The 18 lines of data in the 32- bit shift 7 . ‘ ’ ‘ 
going 1 kHz Signal to the negativesgnlng 2 kHz signal fighter are buffered gmd gent to the LVDA W " . ‘ . l5? 

' (ot270°phase Shift of the 2 kHz. Refer to Figure . ‘ ‘ ' " . “‘7 ‘ 1'? 
a 293} TM "1" sub-bit i s  get  e:ra m? by the additie’n. 7 Upon receipt of th‘elfifornmtion, the LVDA 

2;; (at the 2e 0 crossing) of the p03 ixe-gnipg 1 kHz ‘ generatesa reset pulse preparing the Decoder for 
i114“ _signal and pcsiaixevgci 1g 2 kHz (0" phase shift of the hem message. The reset pulse f1 om the LVDA A 
‘ ' 21132). 7129 algebraic addition of the 1 kHz and the triggers 2-redundant nionostable multivihrators al- 1 ‘ """ 

, 2 1332 Sign“; result in waveform © of Figure 2-3, lowing the computer return pulse to be buffered and . 7 
V sent to telemetry (denoting receipi of the camputerfl;;,:gj 

' J . , ‘ L ‘ '_ ' . -» ‘ , reset pulse). - ‘ 
- V ,The Decoder block diagram is shown 1:: Fxgé , , » 

m e  244 Adescript ion of Decoder operation ls j ’ The "1155n bit deteetor i: sures correct De- 3?" A‘ 
:vgivén bait“: ‘ coder Operation by detecting the absence of any data ' g; 

‘ - ' j . ‘ _ ' ' ‘ " ~ ' “-‘bit (Le. ‘ an error). in the puise train of the Command" ' 
3? .7 The psx data f1 om the Command Rpceivér is MekSage.~ When this occurs the missing bit detector ' I, ‘ 

. ‘ routed to the f i l ter .  The filtez‘ consists of “3.0 sec- resets theDecoder and inhibits fur ther  processing. I " ~ 
g; '4 V “0113.. 1) A ow pass filter to reduce the noise and ,7 ' The "X" data bit "1" data b“ 1 1d ' 0" data bit a“ v: _..~r .5 , 
2‘1 ' ha; Qcs  on the Pins; dam and azmrrowbang 1 kHz Oiled in  the 5-bit counter and shift reside: and pro‘ f: 

{filter to ”cone;- fihe original 1 may, ., ' fence. signal . .- vide the input to  ( 1 e  the 31183n b“. dEtBCtOI. f  : ’4’ 3 

tram the 193:: data. ' i. .3 ;fi{.fj._‘- a . , 1-2 DATA VERIFICATION < ~ 

-, A “ ‘ m. ' , . The application of the IU Command System ,. * ‘ 
‘ The outputs from the iii}: A? we the sub-, ‘ V'and the information transmitted through the s) stem 

_ ~ bit detector. The_ {maxim of tm .. z: is to ’ 2-3.; “ . require a high probability that a correct Command: fl 16’ 
- 7 clear; mine the sub‘bit»"1's" and "B". The dew "Message will be waived in the xehicié.‘ This high _ , J 

team also provides a. shift palate and com: pulsa . p1 obabxlit} is obtained by {he use of saver 31 dilierentft; .22 

' at the subabzt raté of 1000 bpgf . -  J ’ -‘ » terhniques throhghOut the system. _ ‘ ,‘ 
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First, the Manned Space Flight Network is designed to provide a high degree of data transmis— sion accura’cy from the originating station in Houston,' .' Texas, to the MSFN Digital Command System (DCS) which actually transmits the message to the vehicle. Secondly, to transpose a "I" bit to a "0" bit or vice- versa, every 1 of the. 5 sub-bits of an updata bit must be transposed to its complement; and this ‘must be 
done in multiples of 5 In syncIu-onism with the bit 
rate (200 bits per second) or .thc message will be re- jected. Thirdly, 17 bus 0! each 35-bit triitsmluion must be correct (there is no possibility of an unde- tected error here) before the 18 Information bits are presented to the LVDA. Last of all, a verification loop utilizing telemetry as a downllnk is  employed to verify the 18 information bits for critical commands (the LVDC update commands). 

The verification loop Works as follows. If the 14-bit address is correct. an address verification- pulse is sent to telemetry. This pulse is decommu- tatcd in real t ime at the ground station and presented to the message acceptance pulse circuitry. A second pulse is also derived in the vehicle and sent to tele- 
metry. This is the LVDC reset pulse which slgnlflea that the LVDC has received the 18 information bits. 

‘ The pulse is also decommu'tated in real time and 
routed to the message acceptance pulse circuitry. 
The address verification pulse triggers a bistable 
multivlbrator to the ON state. The LVDC reset pulse will occur a short time thereafter and trigger a 20- 
microsccmd monastable multivibrator to the ON 
state. If the LVDC reset pulse does not appear dur- 
lng the ON t i m e  of the address verification pulse, 
then it  will not appear at all {or a given transmission. 
The 2 outputs are logically combined in an AND gate.” which willhave an output only when both multivibra- 
tors are ON at the same time. 

The zo-naicrosemnd pulse thus produced I: called the message acceptance pulse and is fed to the DCS. The DCS uses this message acceptance pulse 
as a next-message-transmlt signal. Upon receipt of flu: pulse, the DCS will transmit the next message 
(if any). If the message acceptance pulse does not 
appear within a certain length of time, the DCS will 
then retransmit the message. A dead time between messyges is needed to ensure that the DCS does not 
retransmit prior to receipt of the message accept- ance pulse. The delay takes Into account all processing " 
Whopdelays including propagation time (a maxi- 
mum 2- way trip of 28, ”kilometers for the S-IVB/IU). 

To complete the data voflflcaflon, the LVDC team :11 mm: upm- mum-3 (as many um 

Contmand Decodér 
Section I! 

. 18-bit gioups) and nondestructlvcly reads out these 
,data bits to telemetry. Upon receipt by the ground 
station, these bits are sent to Houston via MSFN and compared with th'ose origihally transmitted. if all 
bits are verified, an execute update command is sent 
to the DCS and thence to the vehicle. Only upon re- ceipt of this message will the LVDC act upon the 
update data bits. 

”2.3 PROGRAM CAPABILITIES 
The Decoder is designed so that a large num- ber of program codes may be utilized. A description 

0! these capabilities follows: 

0 "X" Bit Code - The "X" bit code is formed of 5 sub-bits and Is the vehicle address designa- 
tor found in the first 3 bits of the 35-bit Com- 
mand Message. The code is externally 
programmed by the change of the code plug 
J4 on the Decoder. 

0 "1" Bit Code - The "1" bit code is a combina- 
tion of 5 sub—bits to yield a data bit. The. code 
in externally programmed by the code plug J4. 

o_ "0" Bit Code - The "0" bit code is the "1's" 
complement 01 the "1" bit and pragrammed by 
the code plug J4. 

0 Address Code - The address code ls derived 
from 1 4  interspersed bits of the 35-bit Com- 
mand Message. The address code is hsed to 
generate an address verification for the Com- 
mand Message. The code is factory set but 
may be changed with minor component 
changes. The change can be implemented for 
each bit by removing a dlode from one side of 
a stage 0! the 32-bit shift register and placing 
another diode to the other side of the stage. 

' '24 0mm ammo" 
" 3-5 DETAILED LOGIC DISCUSSION 

During this discussion refer to Figure 2'5, Command Decoder Logic Diagram. 

Filter 

The PSKdata 11'0t Command Receiver ls routed t6 1 low pass filter. The function“ this filter is to reduce the noise and harmonic content of the PSK data signal. The PSK ant: signal 13 then filtered in a narrow band filter to obtain a clean 1 km reference 313mm. " 
i. , 
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: 51: uSed to reset the 324m shift regzster. 
~ [Martin-cc in the 3-bit- counter is applied :9 AND-.1 If 

4 .  ( 3 - -  

".4... )1" We enable 

' 39°“ Pulse W the corr‘ect 5 sub-4m pattern ,1. a» 

, ‘ I - . -  y :«-., 

. V-ieedhdsmOO b’fis). The missing-bitclockis esse‘n ialfy 

circle of the multivibmtorsfi. 4 mmiSeconds)“ 3d“; ” 
justed to be slightly greatér man the duz anon of each. 

“eyer‘; the comparators have no output The “’33-" 34 
data bits of a transmitted message are designated a _ ‘ . 

f Wehicle addregg'f and are sub-bit coded as “X's. L ‘ .. 
Since the message is bracketed py continuous svb-bit. a 
”1's, " thé "X" comparator is initlayy émbled by file 

. * . 'aufpnt fr’om QRG through 0R5, permitting an "X" '1 -  ".':» 
. comparison at any time the 5-bit chin reglefiar mt- ‘ 

tern 1Q correct -' ‘ _ . .I ~ , > -, 
v.._ ‘ ‘.-._ ”is? w . . .  .- ; , 51>; ‘ H- a I ,3, :5 

v « V  ‘ . ‘ . .  ' ' f  _ .  fl 

' The '_'X"bits are counted inthe 39-bit counthrq , . 
At the aecbfid "X" bit, the set outpqt of in; .21 stage? _, f} 

The acum- ' 

the, "t" code tp‘able is true at this time, the output 
{tom the gate 15 the valid "1" bit. The‘ same is true ‘ 
fer gate ANDS it the "0" code enable is true. The I”? 
positive leading efige of the "0's" and "1's" are 083d ._‘ f 
1110114 and provide a shift pulse for the 332+b1t shirt; 1,: ” 
ragistér‘ The! "0' 9" and "1’s" are written gate the ‘ 
”gutter _w ‘th the neganve trailing edge. - _. ‘ 

As each group qt 5 sub-bits i s  written into m 
5-bit Shift regiSfcr they are counted by the 5-t 

When the counte: reaches a count of 5. a ’ 

ANDB- ANDQ. and "AWN (thraugh 68'3"} to proud! 3. “-' a ‘3 
'0" code enable, «(Jr an "X” bit 3:21» H ' a 

kitten into the 5- bit shift register“. . a , _ a3 M 

. The input to the missing -blt clockis the output 
51mm 033. The composite signal 15 therefore the "X? 
"git count, "1" code enable or "0"code enable. mafia. 
normal xneSsage decodifig, the pulse snacmgISS mml- 

'2 'mopostable munmbrator 3(M-VB1 and 11V82)which 
«11' a preper message is being rccéh} ed, wil l  provifie a ' 
‘ continuous output fr om 0R5. This is accomgaushed 

by alternately triggering MVBi and MVBZ. The ON- 

data b1t(5.0 milliseconds). Trixie; the OFF multiv inf" , f 
' bramr is'  triggered ON, 400 micmscconds before the. ' t 
(LON mumvlbraxor completes its rycle and CBS v; 11;; -' 

always have at, Least 1 input“; 2.3; {I - ,_ ‘ ,2 h ; 
" w 3‘ 2 ‘ 3 1 “  ¢ L “I _--~;~ {-3.231} V ‘4 

a JLV.‘ m ;  ' a > . '  ' if '. ' ‘ ‘ - I. 

m ‘ x  k . ”"1: ~ #; 3 RI“ “:7 ‘ ‘ mgr ‘- ~ 

- 51: r , flail ~ ~ ‘ ‘- “£33 
" ‘ “ .‘f 'r‘ *" a » ‘ ' 7 . ‘ 
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' The output from ANDII at the first "X" W! 
will reset the 5-bit counterand MIL pass through OR? 
{'0 _réset the 3'c «manta? 

3’ f 

The Mist counter is also * 

-.' ‘ ' ‘ *rv 
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The computer reset pulse also triggers the computer 2   

I ' rmrn MVB’flgg whose output is returned :15 am to : ;_£( 

m“ the 32'5“ “at "5‘3"" . {312.55- .. . 

t. reset. through OR? by the positive leading edge of the 3;. . “a; 
. _ > pulse (ram 085 when the apscnce of a bit is detectedw Output Monastables ’15; 

"by the missing-bit clock n‘l‘r' when the computer reset- _. i- . ' " A * ‘ up. " 3 % , }  w 

pulse occurs a; thé completion of data transfer R) the, , The address verify pulse from the address 7 f 5,}, 
LVDA ‘   ‘ , V ; -. _23 _M .. jig verity buss is routed to redundant MVB's. The cuts ’4 f 

‘ “ " ‘ ‘ ‘ " é : , “~ ' ' put pulse width on the MVB’s is set to 60 milli- ‘ ’34:. 42: , ' _ 
g}; 32, Bit Shift}! gluter .   _ , « “    ' , 114;, t secOnds, and is sent to telemetry to denote decoder w“ , h  

‘ g; , " ' " ' ' ,;:;7* address verification. Th6 computer reset pulseirom «% '.  V 

t " * ‘ The 32 bits following the. $436 "N’bits are ' the LVDA is used to triggem another pair ofredundamfiw 

L coded "0'5" .9? "1 5" 33 required: ”35011113110 a _ . MVB's (60 milliseconds.) which acknow. edge receipt a“, .._,_.:.__ ... -- 
& count-of-flve state is manned by the figbjt counters. I. ~ 01 the computer reset pulse. The outputs of the _ . ‘Hz 

I . compa: 13011 is made to determine 11 the bit is an "0" '. EVB’S are bufieréd to meet the required Inpufi volt- -* . 
Qt ' a o v l u  

.. ‘ - The décoder address is prepared and com-g 
posed of 14 of the 32 bits at the shift register. 'i-Zhéis 

‘ £1514 bits must be true to hair! an output on the address 
.. verify buss. Note that thé diodes of the buss may be 

~‘ : Connected to the set or reset side of each shift reg- 
ister stage as pres‘cri’oed by the decoder address 
desired. - a ’ 

The 18 data bits are buffered and sent to thé - 
LVDA for processing. ‘ ' 

.Shlft Out and 33- Blf‘CoutttEr 

. The secoz d "X" hit count of the Command 
Message input from the 34m counter is  differenti- 

' tha Output flip- flop (through OR?!) and the 32-bit shift ‘ 
' , «regiéter (through 0R8). ’ _ 

, The input 5n pulées“ to the 32-1w shitt’regi 
.iatéi- are counted by the 32~blt counter. At a count 

this time, the 32 data b ts have been completely _ 
. wiittcn into the 32-bit shin-register. If the decoder 

5"" iddress in the register is correct gate ANDIZ fig. 
' opened and the positive leading edge used to. I ' 

’ ," Set the output flip-flop, thus enabling the 
output buffers 

i 0 Reset the 3-bit counter 

: a  i T1; iggEr the address verif, LIVE -:'  -* _ “‘4 

' Th0 computer reset pulSe (at the completion 
  ’ of data‘ trans {er to ma LVDA) reSets the output flip- 

flop through 0R9 thus aaabhng the output buffers. 
, . ‘ ‘ X 

_. - _ . .  . . 
’ ' . . . .-:‘- -. ,_ . ‘ V 
. y  ' . - 1' ' ' _' _. ‘. 

‘ g , ‘ V :  ‘ V 
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“awe! and the positive pulse resets the 32-bttcounter, "- 

r "of 32, MV'B4 is triggered, strobing gate ANDIZ At 5 
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These 32 bits are they: watch txitc 332—bit   
zhllt legister. . ~. 1;? .. . w ‘n  A 
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v made to the 10gic elements of Figure 2.5 .     ’ 

‘ V  V . “ i " ’  

1 .  

differentiated, "the leading edge 933,595 through AND“. 

. starts,t 

as: levels 9‘ the IQ PCM Telemetry System. V 

. w fl  

_ The flow diagram, Figure 2-6. illustrates 
Decoder Operation. In this summary reference 13 

‘ The f i r s t  "5;" bit comparison in the Cpmxiiand ‘ x .. . 
Message generates a 1-milnsecond pulse which is: '~ ‘ ' 

and resets the 5-bit counter and through OR? to reset -' 
fife 3-bit counter. The trailing edge of the pulse ado I 
names the 3—bit c931. ter 1 aunt and starts the “ 
missing-bit clock. men the missing-bit clock _ 

the output of 0215 will: (1) open AND3. en- , .a 
abi'ing the 5- bit counter, ‘and (2) inhibit AND“, pre-. 
venting the next "X". comparison from generating a j f;;y€" 
rpset. ' ' 

AS the next 5 sub-ebi .3 are written into the 
. _ 5-bit shift register, they are counted by the 5-bit 

, "X" bit has been 7 ~ ' 
t put from the 3-bit Cbunte’r will fifovide a direct-.4 ‘_ ‘19” ' 
Lcoupled 9mm! to AND"! 

counter. When the counter reaches a count of 5 the ‘ :- 
output passes thmugh 0R6, thus enabling a second ‘ , 
"X" comparison. A lid "X" comparison will gen— 
crate a. zooamicrofgécohd pulse; The trailing edge of _ - 
this, pulse will advénce thé'3-bit counter to the'count- , g ‘ ' jg; 
of-two state and will also keep the missing-bit clock _ ' 
running. The count-of—two output from the 3-bit _ r .‘ , 
,cg'mpter wmm char the 32-bit shift register (the - ' ' 
diet-Ed state of this register i s  when there is an "0"» 
stand in the "0" Side 0! all 32 ata es) (2) send a » , 
reset pulse to this 32- bit counter, and (3 send a " 
reset pulse to t!“ 6 output flip- flop. After the third ,3, 

alzed, the count-of-threei 0115‘s, 

and’hmo. As long as the 4 1 ‘4 
‘signal i s  present, As. and ANDS are "mm? P " 
that is, they will aim: :1 Ivalid "Of' aria "_1" ». 
bits to pass through .:. . . , . a a; g; 
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’-_'1 3." as required Each time a cotmt-of—ffve mafia L}: '- "='-- _' '1‘1}J;f,.5.\ '— __ 5 ‘ ’ 

z ‘ ‘ is reaclmd by the 5-bit counter, acompansontsmade» 7:3,. ‘ ' ’ t “ ‘ V " ; 

' ~ A to determine if the bit 13 an "0" or. 11"1" ' Apulge  {M ._ 

. will be produced at the output of OHS; thus‘keeping y} ., . 

. the missing-bit clock running; These 32 biffi will ;, 's ' 
- i ‘ also be shiftoa and Writte‘ri Into the 32‘- bit slyft regis- ‘ . 

, i ‘ . t9? and counted by. the 32-bit counter. Uponthe count \ " ‘ . 
. * ,3 , ' of 32 a 1- millisecond monostable nmltlvibrator. gs '  ; ; 

fl, ‘, ‘_ V. ' triggered ON. This signal opens ANDIZ and allows s» 
f i . -' an address combat 1801‘! to be made. If the éddress _' .v ‘   ~ 

,_ ‘ , , _ is correct”; a. signal willpass through ANDIZ and W 
”fir :’ " .. triggez the output gate flip-flop (a bistable multfvh 

- brator) to its set state. In addition, the twb 60- 
millisecond monastable multiv ibratars W131 'be" trig- . -. .- 1 ‘_ 

meted 9N WOW-ding an indication to telemetry that i 4 .j ; It? 
thg address was valid Two multivibrators. are used {A}: ‘ f , 
for reliability. . - - 
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, The suit output or the nip-Imp also resets mg 13.; g ; - . ‘ 4* 
33bit counter (through 0R7) and provides an enabling 3,. ‘ 1“  figure 2- ‘ . . . , . _ _ ‘ 

voltage to the 18 ”data—output buffers. The binary z . .. Hair-r31?” . “Ii-fl _ q H W 
information stored in‘ the 18 data stagés or the 32-1311 m3” ' '- ‘. Q31: ‘7 , _‘ x , . - mi; ‘ 

shift register is thus transferred in pagallel form to ' 4 k M " ’ ‘ ‘ V. ‘ ;, ¢ 3 
,the I V'DA. When the LVDC accepts these data bits ‘ The function Of the filter etrcditry is to se . . _ 4 
from the LVDA a reset pulse acknowledging receipt 7;} ate the 1 kHz reference algnal from the composite . . 
13 Sent through the LVDA to the decoder. This pulse ‘ ,.,,;;P‘5K ““3 A “Mm“ °’ the mt"- ““1 ‘3 5"?“ in ' 'l 
will pasts through 0R9 to 1') reset tfie output flip— flop ‘ Figure 2, 3 m psi datawlzure 3‘7) is  taken m ‘13.; 
(thus disabling the 18 dfita- output buffers). 2} trigger. ‘- i~¥mnn°°t°r '12 and transformer rumpled thrqugh T1 to l 

two 60~milllsec 0nd. monastable multivibrators, and Q. ' 10"? pass 51‘” (L1 mm L3 “d a “11“ C4)-. The 1°" 
_ 3 )  clear the 32 bit shift register through 0‘38 The . j _ pass fine: removes thé harmonics and noise {mm _._the ‘ 

outputs u!” thése 2 mlthibratoz s are sent to tele— ~ 7 (30111130536 P5P! data signal This signal is further 

% metrs to indicate receipt of the LVDC réket pulse. 1 ‘ . :mtere’c‘ 1“ a sharplv “W3? 1 kHz ( “ R I M  (L4 L5 C5 
If for some 10? Son; the I VDC reset pulse does nut _ (36,. R2 and R3) ‘0 removg Wé 3 KHZ "30¢“t 51.8“ V ., 
arrwe p1 ior to the beginning of the next message. the ' Jlal qbtamlng the WI"? 1 kHz :éfareme $131131, Than 
second "X“ bit of Vehicle address will pmvide an out- .mfornwtwn 5“”‘15 deW’OPN #913035 RI and 33$?” ; 
put from the 3— bi; counter o geset the dccod‘emciraj _ used in the Detecml‘ . ‘ z; ._5M - 

2-6 , DETAILED scasm'rtc DISCUSSION 511mm” _ f ;_ , g _     a. ‘- 

' During this discussion reference Will be made f' V g The schematic and mvefor‘ns hr the d": K 

to the Decoder logic diagram. Figure 2-5; the PSK ‘ 7card are shown in Figure 2-39; The kHz “mu-"“12: 
data wavéfox m, Figure 3-1; the IU Command Decoder " the fine!- is phase shiffad 180’ during amplification . 

Schematics, Figures 2:3 through 2-17; and the moth. by 01(034) and addéd algebrair‘flly to the 2- RH: (P833 

”War" 5““‘3’93‘1105 “an“ 333% '3 ' '5 «Email atthe base or Q1(03?) Ike 1 kc signal is .; ~ , r; 
The nothumammmEauc show the primed coupled from the cd‘llector @1034) to the base at 

.. ’ ‘ ‘ ‘ :SQMOM) via Cl aria R2. The signal at Q1(034) is am—   5‘1“: 
t 

J" .:.' . ‘ . = :fiuttsifignti on: mgqpm A description of each plmed b“ Q2 ( 03 4) d t‘ "n Live l' of t ' 7‘ ‘ 1 

_ .. ” i  ,5?" ’, ' . «3 4’ wave clipped by CR1(O34) (see WaVEfOrms (iii NEW" "F“ 
. ‘ “j 2 v- 2- 9) The posmve pqrtion of the 1 kHz sine wave . ' 

During the follow/m, ducussion reference to ' -. bums 9N transistor (3349334) dflfiflg the COI‘éfllOY to _ 
detail parts (with thé egtce tier. of the mtér ‘7 w, flour“! as §hown in wan-{om ® The "5&1q, ' j, '77.: 
mm) wmmm" ‘ _ 1037) mm refer ‘ pulse ls differenuu.._a§iby€5(034) and W trailing ‘ "Y 
La Jim‘f'lhsi .mr Q1 101416;- madam “9593- “ edg. 0! the guise ( Inge} niggere the mozxosiafile 

:3 on a grintad cii-gmc (31$, ”"1 ‘ ‘ ‘ 1 {:22 w mwivibxatoi- (m B)c0h1p¢aed 0162:4(034) andéfiwfll. ;. 
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‘ The width 9! the pulse from the MVB is  dfitermlned to inlubit the count o'utput puke until the missmg bit 
' “ bv the charging time cofiatan't of C2. (See v' aveform a ‘ .‘ detectbr dé‘te‘rmhms the starfi: of the Commanfl Mes- : i 

1 - . C . )  The pasutve pulsg from the MVB is differenm; ”sage. _ _ .- ‘ ‘   . _ 
’ ” finted and the negative edge turns OFF Q6£034) yield-:- .' . -:- . r C7:%~;a;—..,—.     7 . f $797.. ; 

313;; fig a narrow positixe sampmxgjmlce'mtthe collector V I ' ” 7 W " 'h " ' 
.‘ ".l. I (waveform ED) ‘ __ . _ H > ., , A ' . ‘ 

‘ f If: ' ' . "$5 ‘ ‘ ., .- ~. , The schematic and waveform of thé 5-bit. .. 
, ‘_ _ ~ . 1 The addition of the 180‘phase shifted 1 kHz ,. ., ‘ * countér and sifiift register cart! i s  Shovm in Figure W 

..."; '. i.~ " signal to the modulated 2 magma! plodunes a rela- ‘2- 10 A dew tption of the one: and" of the CW ’5 ~ 
"“7-“tiyely clean "‘ kHz signal at the base of Q1 (037) The; " {cum 3. When the correct Gourmand Massage is A . 
5;;2 kHz signal at the base of Q1I037) is shaped tlu ougka '3;  . ‘being received, the sub—hit "51 ‘n and '.‘O's " axe m-l-t-A ‘ ‘ 

j.‘,,..f. . ,3 stages of amplification,Q1(037) and Q2(037), and ten rijnto the 5 bit shift  xegister (motiule 116)‘ Thy,- ,1, 
- if h l is than clipped and shaped by {331(037) and 93(03 7).. trailing edge (mumve) of the 5“}; bit puise ("1. ~ or ' if“; 

.' - .i (Bee waveforms @ and ®). Diodes 0826137) and "0'9 1’3 coupled thmugh CR1(1_16) 0r CRZGIB) to 3"!» 

7;»; . ' . ‘ CR3(087) form a 2-input AND state which has an out« _~ ' . verse bias the app: om {ate side of the sh’i‘ft register ' : 3 {3‘3 1 
3' .7 _. _ put 0111" when the cathodes of both diodes are high. E .V 9 stage to produce a "l" 01 "O" a s  required, 580 raweo- ' 

1 . ~The1nputto diode 033(037) of the AND gate is hon: ‘ j ~ forms (-9 and Q9 The shift 9‘8"“ is 91’9““ 5‘3 ' fl 
‘ ff’ "gtlie clipped 2 kHz at the collector of Q3(037) and the .' “shown in waveform ©. and 0!:c at the 9031*”? ' ‘ if; - 

~12- “ input to (7112(037) is the shaped 1 kHz sampling pulse ' edge of the "1“ oz _"0’ subohigt pulse. ' .. . 
‘ " from the cohector of Q6f034). The Qutput of thfs' " _ ' ' ' W ' f «a: 
' :1] -- AND gate (AUDI, Figure 2-»3hbwn in wavefOrm ® .- , The negative edge ot the '1" or "b" nub-bit ‘ 

* ' _ ..Figure 2-9, triggers a 200— microsecond MVB, ‘ V pulse is used to write in the required data. Figure ‘ ”f 
"'i"-‘-.-;.,-f?=,.« W-Ql (061) and Q2£Ofil), to produce the "O" sub-bit out- - _ ' 3-10 illustrates the operation and tin wing of the shift ’ 

" """j..‘. ..j‘rpfit, Waveform @.  Diodes £31403 4) and CR5(O34) ~ register with a sample snb—b‘ft pulse t: sin of 01011. gr . 
" -- ' ' " 4' form a second AND gate (AHDZ Figure {1.5) whose ' The set 0'1t W? veform 0‘ the mm “@913"? — 51', 

1'19"“ are the Ship“! 1 kHz sampan: 9,8136 at the ;_ J‘S-bi‘; shift register with msubvbfl input of 01911 is ,-1:‘_.._:3;.-':f if’s 
collemor of Q6i034) (Figure 32 9) and the 1m tartM - shown as waveform @1. Each Sat and reset output I 
28112 01' GNU“). The output of {his AND gate, i , ‘ ‘ (o. g, 29 20) is routed to the code plus: 74 Thine 
«wavemm © d r i v c s a  ,JWmicroqedfind MVB, ' " are 10 o ztputs from? the «hmgggistu, 2 {mm each “373%.3” 
Q3036” and Q4{951), to produce the "i" subobit out-  -U “age. 'Ihe code ptog is prexs‘ired and dhtermfim 

«...; put, Wwaxefoxm Q). t e  that bpfifififip gates cannot ; the 'X" code, "0" ccde. and "1" code. by!) Jumpfirs 
”7 V V be on at the. simé t ime.  TMr out‘ .1 ' '__m the '1" -, ,. £9: ’éach code {0 3 séts oh ‘ diodes. Thpre are; 3.; 

MW! is differentiated by (31(043), ’m& the Putput from " therefore 32 p ssibh combinations (2_6 ) Ior eac'} ncode ‘ 
the ”03' MVB is differentiatéd by czzoaa), The cut. ., The 5— bit comater provides a positi ye enable pulse to 5’, 
{emanated signfls are applied to the sat Input and ‘ , the ”X, " "1" and "0" code Wes This counter con— . ‘ ’ 3 '  r 
the reset infra respectvvelyott ' j j ‘  " ‘ ' “ ’ gk;“si.sts of 3 bistable mmtmbx {Mrs (f1i1)~flops) in a ’ 
tar,» . g L ’ 'fl‘. ’ counter arrangement. The input to the counter from ”L ‘. 

. ’f' E > . ' the PSK deflector (P24) is sham :1 as was/earth @), {... W9 
5 w!- " .. a»; Fransmmr 910343} anti d1 . ‘ The Countex triggérs or. the aattw edge 0'! the j” 

' exams} form an OR g-ateg. (0R1, Figure 2- 5) who” 3) ; waveform and counts in the followhr man”. 5:1» 
gwfput is the shift page for the 543,1; shift register it 7 ,. , ,_ ’4 . i 4 

‘ . . 3  

z 7? " ‘a the subébit rate. The output of an; gafe is at B« until - ‘ _;~;::"{;’ ~ ' 2'2 ‘ 121 _ ' 20 '15,. 
*6“: V " 9mm” "31‘0“ )01‘ (33234;?) Figure 3-9 ‘3 “ward ‘ . - Reset :9, 2 : 0  51;":4: ’or ' ‘ K” 

‘i :1":€:L25-3431 tibiaséd. TM 9041“ VG palm WWW”? dflferenfi- .~ ' . ” fi x “  47:55-   1‘ -‘ 1 ‘1“ 
atifig 4c ion of C1(043) o; (32(033) drive" the coliector ' ‘ 81H   ”“0 ' .a,%__g94 ’Tk 1 ”g; 
of; Q1404?!) to ground 91 m. 1d1ng a negative shift pulse.   ' Bit 2‘7; h ' ‘ O ,. "   '11? y ‘ 0 _ {1 

F; . Diodes €R3(043), CR4 (043), and Q2(043} form an OR _ a} J .. 1: Ti" ,f , 7*?" 
'}‘»..' gate (0‘32, Fig.2: 0 2— 5) which 13 the count pulse to the Bit 3 ( 0 . ; J“ 'i 1" * ,4“:- 1 43‘“ 

g; 5'- btt counter. The transistor lsbiawed ON byRBUMS) ‘ Bit ‘ w if?” I 1. ‘ 1' .15 " 1 V 
t 3}- g: Figuxe 2~9, uhtil .anegative pulsq‘mm the differ“: {'514‘7' ' . ‘ p ‘ ~ 
a g fi g  ‘flators cum: and 02(043) to cum”) or 024043) :5». ans *  o ' o: n i 0% ..1 ,, 
I» 5 “  ° revexce biases 622(94‘3), anomng tun collec m tqvp- , - v? * ‘ '- t v? J» ~ " W “  
* 1"“2'2,‘ preach 13+ to   the dLration of mug-mm pglse f5; I T119 5-bit cagrdertdants novmélfimnacoufit 
i ‘ 3 ‘ ;  “ , 1 :  . i»  

i #54», _ _ . o! 4 at which time the poSiflxe gjojv. 3 pulse {m :2 the “a 45“ 
;.: ; :1; awoutput of? tho 2" snag! 12's coul by 04m”), to ssh -& 

- ., _____ Y 1,; ‘ ‘ “ -- . ’ - - , * ~ 
' w —' . ‘ . 

: ‘. w L ;  a. v.“ ‘ ...-T. ‘ I - ’ V  3"“.- - w. . 51:";  " " 

;. a: u ~, - ~,. 
A ,- ' ~’ ‘ fi" 7* w '7‘" .9 . 39': _ . "‘ '4‘ 5: " i v -  fl“, '4'”). 
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section II 
21%.". 

the. first 2 stages of the counter through CRHMgMnd 
_CR2_(049) The positive reset output fifdm the 2 

stagé is the fifth count qutput to thé code gates (see 
I waveform ®); The counter is ready to count the 
' next tset pf 5 Sub-bits and does not reqmre a reset  - 

pulse. 

“a“: of the 5-bit counter. 
' ter is to count the occurrences of the "X" bit code 

pulses At the second "X" Code pulse thé counter 

paring f0: Command Mess-age decoding The third 
'1 cougil enables the "0" and "1" inppts to the 32vbit ' 4 

i— sfiift‘ r egister. ‘ , , 

The Operation 0! the remaining circuitry on , 
rs; the 5-bit counter and shift register card W'fll be da— 
!' ‘_I_,.=,,- scribed with the explanation of the missing bit detec~ 
Er" . -‘ L'S- I t o r  ICRId. I . . 1 :1? {f ‘ 25, . f4 ,_ 7 M “  I 
t .  ‘ 7 ' :  5"; ‘ I ‘ I : 3 . - . “  - 1.7:? . : 4  (\V" 1 ‘ ?  4“,.  

'. .f‘ " Missing Bit Delgector . ‘3‘ ‘ " 
.' 1 " . "  3::‘4‘. ' ‘1‘)! i ’gtg. 

" "’- ”3.1.5; ’g" " L "5%. $3; 

is amplified by (2%)“) and differenti 
The positise trailiqg‘ edge of the pulse ‘1 ' ;- - 
03(064) drivin,  v the collector tor"  naufi‘d ind triggarmg 
the his table multivibrator QHOM) and Q2(06-z). The 

' t and reset outputs of the Hi: w- flop are coupled to 
2- manostable MVBVS {mom Re 061). Theéwl‘ws will 
aitgrna’velg trigger as the flipdlop is s" T; 

._ Each multiwfiratof dutput pulse widtfi ‘ta as?!” 16'?! 4 
wizpl'rfiflfseconds This is a slightly longer period than 

" ~ * the, pulse" repetition til .1e interval (3. 0 mm: geconds) 
I if 1129 outputs from the collector 622(061) Mine co}!- 

lector Q%(O'61) of the momstables are couplgd to an 
OR gm. e ((2%; figure 2; 5) consisting OI CR1(087}. 

Limwsa) 

‘1; 33(367) and Q1f06?), Figure $11. Thfcéiacmr ttve puke from the cdinputer my.“ .line wili also” 3%“: 
. Q1636?) is driven to gI‘Ound by the posmve output . set the counter in a similar manner at the compIeLen 

9““ ”mm m°n°s*ab1“8 In normal. oxidation - a data hamster to the LVDA. ‘ . ‘ A 
fifi g the collector is held to ground, as it alwavs has at _ 5,. . ' " $,gfi:._\_m,_, “fl 

. 9, "ieast 1 ifiput, The, first "X" bit deteptgq therefore ' The "1" code gate is corfibnqed of diodes r mfg“ 
'3 starts thé misting-bit clock emanatingr eight) abOVé ' 035(067) thz ough CR10{067), 080367) and was”, . f g ‘  

renamed flip-floppMVB's and ma OR " 6;; 916387). Thé fifth count input pulse turns ON Q4(067) allowing ' 33¢. a; 
£1. r ‘ 7 ‘ m AND gate CR5’067) through (729(067), .6 watt-04L 3' a g"; 

-{;~‘j:;¢_-_ ._ . The outpwéf the“ missing-bitncloch. -Q.1(967), $3.605?) The collector of 623(067} is at ground an ”F $5 
1“ “995 t0 drive 3W9?“ other 3&3? f3 m 0! ‘ 4 “'ea excéfif when all anode: of the diodes (AND, as if?“ 4 

3‘ these is tilt! OR site (0126 Fig ire 29-5) aflfisistmg of ‘ »1;1F1g'ure 2- 5) are at a low voltage and this occurs pm q ..,_—. 3; lg» 
mamas), CRS(05§¥'3*G «mm-55);" .Lgm Mu The use!" when the correct "1'19“ is Written 1mm "’5: W .3,__'-"j;1;:*-‘-’~,.‘_refller input. to the OR gate i s  the; fifth want input from fihtt shift register. At this time Q3(067), Flank ' , _ ” 

fiflg-‘i-EIu‘fthe 5- bit wants? I! either of the diodes 0327955) or 3-11 ”fins OFF, providing: ppsitwe "l" (fatal puke ‘ j g "  
4-A~73'~é‘zjé33(055] is {on 2:13 biased by a POSifiW voltage; we , e ,flfiherefOré hf’fi" is generated it. the correct cede ls l 

1 [2""6031ector of GHQ“) is grounded émbflm, 31$ fix" bit 
\ . - ‘2‘;- ‘1‘ . 

.- . . ‘ - v '  '5 .._ .3 _ . "AH: ' 
ta ’ 'I‘ I A "‘L 9‘: $.45: . ,3; t2; .7 - 

u ' . -  ’ ‘ - " ..-"- 1" , _ «.31.: :— _ "5" 
.. .' r —‘ ' q "ai‘u‘ .» a. - ‘  > - "“"e. i" Q g I f . .' ; _ , ; . 7 .  . ,,._v’, . :  _ ‘ ‘ .  

1 3 , 7  . '  . Y  .. ”v . . “ I . ”  n ” P “  ' _ 

‘. 39*}!11, a ”  . ‘ 7- w ‘ ._ .. 55.; v‘vu‘q,._.v‘_...: 1 "  V! .-_ 
»_ - ~ , . 1'. -. -‘ - ‘1 -_: . ' . -. \ , ._ - y. g;- , - . .. {y o _ _, . 2 1 5 . .  4- w 

z - ,  ‘.-. 4 pr‘ 
, I . . -' -_ . _'7.!’. - » ‘ ,1 53-1.: a 

fi ‘7": _ . 1c : 3  ‘ - '  ‘ F 
t ‘ 1  L : -  ‘ fi ‘  ‘ . Hi .‘ .4150: - . I. ‘ 1  . P 

; . " t .  J; 

. connf Therefore‘ the g’X" bit count misc from the 

_, ‘ The 3-bit counter (module 088) {a 2 “pm, ,.-   ‘ 
tivély coupled flip-flops identical to the hrSt a Magda-i,” 

The function of the 3-bit coun- ' ' ‘ at the base of, Q3(655); and (1.)Q4(O‘7~5) is conduCting 

provides an output to reset the system thereby pie; L g 

.» missing-bit momstable W3 is at a high "Wager ... “L fi 

, f £23055) is biased 0N, heme biasing (“(055) ON “53‘ ._ 

that reset pulses to the 5-bit counlez. 
. - the first "X".bit starts the missing—bit clock provitt- 

In; a posithre voltage on the base of Q3(005)1nhibftind w‘" 

;::;‘.5_;j;% Figure 2.11 shows a schematic mfiusmng I 
’ bit d‘étector card The missing bit lnpli't- {111132 (P4~ J) . 

' ‘ further. r9861 pulses to the 5—bit ccuntei'. This 3; ~;  Hid: 
958511316 bécause the 5-bit Counter resets use}: as ; i 

' 7 .. dlBCUSSEd earlier. " ' _ w,“ ‘ ~, '_ ,, ,, - , 3e. * 

J
r

.
‘

 

is“ .-..»..;_--- r 

Mector of QHQS'fy') is pi‘eScnt whet! (I )  either the =‘é‘l‘? . 
  autput of {be missing bit, OR gate, Q1(067) (ORE {Kig— :- . 

are 2-5), Or the fifth count input pulse are pbsitivé, " _ ‘- 
and (2) the output hi the "X" code gate is at a law ' .,, r .- 

>‘» ,‘v "a'  : -  “‘1» 
- .  .IJ’ : ’ ‘1. 

wt - i + 3 1  

E's-33$ . u  

voltage, (junctmn of the 150K(055) resisto; and . > _ ‘- ’. * “9:" 
. CR1(055),. Figure .-2 11). Other conditions at {he first : 

"K" bit are: ('1) Q3 (05 5) i s  OFF- because thé miaamg- fl 
:bit clock is not running, i. 9. there .is a low Valtage , d “ ?  

J because of the bias voltage termed by R1_l(055), 
Cmmss) and R6(0_55) When CR4(0551 is prevented 

A; 

v . . .  d . . -  

H . 
- a :  

item conducting by the positive "X" bit pulse {ram , '. :  “" 
(21(055), Q4(O55) ceases conduction causing _a neg»! _ a 
five pulse at the collecting. This pulse is used to rev "‘ “ -‘ i: 

7 set the 5-bit counter. Thereafter, as long a’i __ ”=5 

the voltage across 1111(055) and preventing any fur.-   4; 

The 3ab1t counter is reset at the time of we . 

This 3; 1; + H}! counter r e s « , 1 . e . b y  the (first "X" 't 
is  accomplished thx ouglt an OR gate; (0R7 £131.11; 

In summatn .2 '2 ”j‘j, 1-9;”. -, 

2-. 5) consisting g: cams?) camer .) and QZtOBfl, Lg“ 
Figure 2-11.  Tmsifitor 02(067) is normally QN,-"' 
due to the bias from C318(067) and Iii-(067 When 1' ,1 

' th" 5-bit (negative) rQSét pulse occurs at thé cgllec- 5;. 
{oval 614(055) it is directly coupled to the shutter at I5;..aié-.r.'...;.f’if_¥f-é§9.:v1:_ 

, mmfil), therebv providing a reset to the 3-bit CW!»- 45‘ i 
“tar. Th3: 3—bit counter can; also‘ oe reset thmugh , 
@1967) by the positive puma from the missing hit ate- 

. r ieflctor. :_» 
OFF (22(08'1) and producing a negative pulse. A post- 

J .  * 
" " " "  

The pulse reverse yids-es CRIS(O.67)_, {turning 

5 ,.. {written into the 5-bit shift resists: “fl 1: the pulse w» 
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split regtgte‘r, and the WW? flip-flop Referring _tQ . 
Figure 2412-, the poé'lttVe puflé I; coupled through , 
@(082) which fat-Ward biases Q4_(082) The positive *‘ 

. Rube thus produced at the «mum; of Q4(082) is , 
Mohamed through 01(082) to rave“; bias Q2(082), _ 

« , producing a negatii'e pulse at the ’cplléctor this re»- '- 
setting the 32- bit counter. The pdsitive pulse at the 
twitter of 94(082) is also coupled to CRI(082) through 
C2(082) to reset the output flip—Imp, 93(082) and 
Q3(076) (wawmrm @ )  Aime compliment)! data 
washer to INDA the output flip— flop is again re’set _—‘. 3,, 
by i posiwée puke throng ,-h C4(062) and 312(082) 

' from tne computé‘r reset monastabté. (fiance, [7,. . -. 7 
(231(082) and CR2(082) make up the OR gate ORG in  .-; is? 

”figure 2-5). ‘ . 

' 3 1 .  

' i 'rfi'e poé'ittvq guise at the emitter of Q4083}, 
‘3 

Figure 2-12,’ is usecf to‘drlve another OR gate winch . ‘ 
resets the 32-bit shift register by reverSe bidsi -. I 

:7Q1(082) througfi C3(082) and (283(082) (waveform ) 
my; other input to this OR gate is throygh {25(082) and 

’ CR4(082) to reset theta—bu shift register at com.- 7: " ‘ 
(The _abOVe GR gate is 0R8 

it)! Figure 2-5. ) - $2 

‘ ' The output of the 32-«bit. counternqtmggfl‘s a ‘ 
cfiwstable muhixibrn‘tor 5; fora! offfg shift mikes 

"(refer to the waveform 9! figure 2412) This 
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Mame pulse from the Cone'étdr of Q4(O79) is diffe‘r- ' 
‘ eptiated by 01(076) and the resulting negative plase ' 

rgve: so biases 01(076’) If {he address veriiy bilss 
‘ {ram thé 32-h“ shirt regtsger is a: a lqw voltage, 73‘2‘.‘ 

then Q2 ’076) is OFF add? a npsitivg voltage is dine!- ‘ 
Oped am 955 R5(076) This positive voltaga‘ts muted “ 

c to the addréss verify mouost able. multivibratb; 2m ‘ 
‘ ducinganaddreae verify: «‘ignal to ..elemetry waxemrm 

The pasitivc pulseuht the collectox of Q1916) 
' - i s  differexitiated b (22(076) and sets the putput flip- * ' 

j T F stat output is .frpm the V . 
developed acrb‘sh the col. 

" ) ledor load résister 1255(076) (wavei‘Orm @). When 
;Q3(082) is an" (move) is forward biased and dmw- :- -- 
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‘ . flop (wav‘QIOr‘ru 
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'fie?_—z 
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; w "  .1 £1; when a "0" code is present uncoupled through : ing its collector cur-re thrOugh 312mm and .. , 

K‘ “‘1 ‘ s lg  -3;__.,I;CRS(058) to drive the missing-bit clock. (The 1113(076)“ The voltgget «upped across mums) far-'- ° - 
:1q0 pulses are inputs to OR gate 0111 of ward biases Q!(Q76) prgvidino 28 volts gem-d m the ‘ 

”’5‘ .‘f'éhitt 9m anq 32~Bit Counter ‘ ’ 82 Bit Shift Register “~  ; , 
‘ -  1 ('1 1 ‘".  “(a ' I ' fl .. ' p?- I i t .  Vt"? «mum "at. , n 

. . The schematic and waveforms bf the shin oét ‘ The first 2 stages of the 32-bit shift; register ' ' 
age, located on the shut out and 3255“. swan card, 
Figure 2-12. _;The remaining 30 stages are shown in 
Figures 2-13,¢2«14,and 2 15-1110 32-data bits; are , 
Written into the shift régisten as require).- Figure M 

.2-13 shows 461mg CR1 through CR4 (on the printed 
'3' V.; .IP1AI ”,- . . ’  I ‘ 37.1.1.5}: in; ‘ b _H " a t  v‘- ' ‘ 1"?" 3:3 : -  t I? r 
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w (through 0118 UK I- ict'. r e  2» 5). 

Cmumnd veewer-‘ . 
'Serfiicitjn . ;. ‘ r ' ' I 

circ _uit cam! pin (3) of the 14 that make up the ad-s 
"dz ass verify buss. The dicdes may be connected to} 

7 either flit-z set or *he II‘E‘SEt side of the shift register 
stage as réquired by the Cudi: Masked. The output 

"of the "9.1-1n _vss is um:- ri mm thé output of the 
' 3 2  bit com tm and the r e su l t an t  pulse dlfferenuated 
'. to t: igger um 2 1 ed mdant address verify mm: as table_ 
'multi-vibz atuxs (P‘igne 2—16) The address vet-if) 
outputs a :  o bsfifeu ed a n  routed to telomctr} . 

Upon commotion Of data t ransfer  to the LVDA V 
' _ w .  . m...“ a lit F109;: ‘ 3  “£391,315." b y . k h e ~ '  1 4 ‘ }  'I'\ 1‘1a $""“t t0 

.thé fié-ocle‘r. This 1); 1:5 i s  flilferentiated and the 
positive pox ti'on used to tr igger the 2vredundant com~ 
puffer r e tu rn  monostnble multivihrators (Figure 2-16). 
This computer return puke is buffeted by the cit- 
cuihy of Figur-fZé 1'? and zoutcd‘lo telmnetx y. This 

.‘ pulse is also usecl to 1 age: We 32-bit shift register 

V r ‘ 

a The 18 dnt‘iv'ouzg'zt buffers to the LVDA are . 
. " shown in'Figure— 2—13, 2-14, and 24-15. These are . 
. remfir‘ed to prc’yduu ma "1" Revs-:1 of +23 volts am} the 

HO" level ‘of o VCRS ‘ 

In Figure 3—13, AS 0: HP data output- buffer 
stagés are 510m Magma; t}: :dat..obit output,” 
_‘ ".1 ", the pasit iw va‘7nga‘az i f .  ‘ set output of the 
55113. regLstar s u g a p z .  . r r .  Q1(O.-0) al‘ owing 

voihge drcp “ : c s ' s  «39%) 1-: inward bia§ 
(224' 70). The m: impart". 2:7 322;.)7‘3'! makes a 

' 1 ‘  
l- ‘ l t '  V » .  
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vat @6151 -. 

gthef emitter of (228370) is switched by the Output flip 
flop as described abme 

' ' 2  v. . 7.y._ 
-9 : i." ‘5' ’ ‘ a 

.. I " 4 , J ‘ .  _:‘ '1 
u x .y' _ q; -  _ , , ’- ‘ 

.3 ".V " ‘  . 73’“ "a; .”" 
_— ~ ,  q -. ‘ - .  ' , , , - '  , s AT 
‘ J ' -~ ' - r 4 "  2012‘ . - ‘  ' ~o- 
V . ~g~fi . p  ‘ ~ , > _ . 1’ u, “i V A “  n _ y ‘  ‘ 

, ‘ V . . . w . 
I ~ ' _ - ‘ lo , 

Q ’ \  ‘ " f ‘  ‘ I .  . a “ :  H r , ‘ L :  " ‘ { ‘N‘  > ” A  

" :  " W .  ' ‘ -  . l' --‘ 
1 I ~ ‘ ‘ ‘ \ ‘ , ‘ A  ‘f ' 1 y  ’ 

. "1" may) :9 me LVDA The «528 volts suppnea at _ .f 

H the data bit is a "a" then ":1 

Q1(070) and 622(070) are nan-conducxmg and the out. 
w .  , V P . ‘  7 . 9 -  ‘ {'7 

  putis zero volts. .   .  _; . 7 V ._ 4 .; 

,fLI-‘igure 2.11.11“! diode CBS is provided to protect . ‘ “a ‘ ' 
,thé supply . romr  évaréep w‘flarity at the input terminals. ' " ' 

- The you. e r  5: ply QIOVM 

Telemetry Buffer ' " ' ._ m 

The télemetr) buffér circu’ffry of Figure 2~17 A I' - _T‘r 
is required t6 provide the required 5 volt pulses to f?" ; ‘» 

telemetry. T1. 9 pulse [ram the monqsmble multivl- - * 5]“ 
lb: aims of Iigx : e 246 are used to dri"e the buffers » ‘ "if“ 
of Figure 2-17. Since the opm'atmn of the telemgtry a ‘ 
buffer circuits are similar only I buffet will bra ‘de- : ' '- 
scribed. A negative pulse f rom the address verily -‘  ,;§ 6- . 
monost'able MVB tm ns OFF Q1 (073) of Figure 2;.” ‘ . 
The coilector of Q1(O73) therefom. approaches 8+- "_' . ‘ 

providing a positive base bias for Q2(073) As ' ‘ $ 1 5 . ,  ’. 
Q2(073) turns 03!. a voltage is develbped by mm:- 9% ' i‘ 
emitter follaw er  ac: 055 its emitter resistg: R3(073)°* - u. 
This positivecpu‘e'e is confiM’th: mm F4-(073),fo theifl , ' 4 

telemetry in’pqt 7‘ ‘ __ . . .  2, ,  , 

PW” SUPP“ 2 " ' . ~ ~ - r’p-e ~ -. 
. 1 . . ., 5 ’ 1 3 } :  : ,j 

The power supply £r the Decade}; is shown in 5". ., 

a £1 tiered :28 wits for the ,.5 ’-_ _“. 

output-buffer am: ltfiers and pro idea the 19:531t ‘f   -. .1; 
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