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ROC }~~ -RORNE IR iF N t3CJ~ ~~ ~LOY~~~T 5~~TD1

In 1970, Wentworth ~ri-~~itutr f~~Ir~cated ~~~ as seri*iler~ the f1r~ t of’
a series of b~s~cal1y similar soun-~irw’ r’~ -~~~t, payloa ds designated by the
~1. - ~‘orce famhrtdp ’e Research 1, aho r~tor1es (now the A i r  ~‘orc e ~eophys1cs

a~ 
the PI—S~ar Project. ~ ‘-r ~ nh~~ e of +,~ j q  task was the desil’n

an’-i r$evelorw,ient of’ rj ontrol system mtt~hle 
4’rtr t~~ ~

tr ployment of a
r o~y u e r i C P ~~ly..(~c,r5 1p f ~, irf~-r- r’’~ r~~~~~r 4 -cs~~r~~’ic~n t . The result ing system,
th’- i~ib 1’~~t ci ~h1s report , was r i9 ”~ s~ver payloads ~~~~ A0t~.00L— 2 , — 1~,
—~~~~, —6 , — 7 , —8 ~ ‘d -~~~~ art 1 , with ~~nnr mod~ !ic t~or~, or three more

• (Nos. AN~.39l~l, —2 ~nt~ —3~. Tb~- syster~ W Y  flown arr,in , though with greater
moflf icat lon , in the Fall of 1975 on th~ Super :~~— St ar r~ay1oad.

cc~~’-~C ~YSTF M ~F~~~::~~~~~T~

The requiremerit~ wh ich had ~ee r. eH b li~~, e i  for this control ;:‘s~ cn
arc ct fc rt h in thi: 5ert~ ~n.

Sensor :~e~ 1o~~~nt Prograrn

The system ’s ~iss~ vitai r~q_ i r~~r~.’ i~ t~~~ i i . r r~st . ~r~ ;~~~~~’ ~~ ‘~~~ h
• ‘r- •

~“p ~ r th~ r~5’~r ~h On t~ e 5~~~n ’i  r i  r r c ic~~t r’~ac~ c~ a p redete rm ined
‘lti’ ude. First of all , ~r~w — of f  ~o~)::- a~~ ~~~- “ 

~~rned from the r,os’~ cone ;
~

‘
~-~s ~

-~-o~-es any structure that r~~g~t r - ’ . the sensor ’s movemerit .~ or
f~~Ic of view. Then, referr~r~ to F ~~r~- 1, the ii 1 cwtng sequenc e of
-verts is initiated by the Attik u if~ r. r-cl System (~cS) or payload pro—

“I

Step 1: ‘The sensor ’s r r n 4 ’c~~~V€ C~~P i~ re rwwf’r .

3te~ 2: The sersor is —r,~~~
4
~~~1 cutw~rd fro,~ w~thjn the

4 r~~. e cone t.cj t ’ s fi rst ~~t,a Coll c 4 i ’I r  Point (~~ P i ’l~ .

~ ter  ~ : ‘~~e ,~ r.r~sc,r %~ f - - ’ ”  r.t Y’~ /11 wh3 l ’-  ~~~ rc~; rotatest~~ nayl na- I ~~~~~ ~t s  ~or c’tt .u Iina 1 PX ID for one
f’.ll r evr hd~~~r .

Step h: ~n o~’ ‘°ne ~~Vo lut~ or , the ser~sor is
rotrte-d ~r.~~ rd tm be stoppe d at the next point ,
rC ? /12.

• ~;tci - ~ : nce ug ~ n , ~~e .(~ - r . .Vni v cs  the payload one ful l
~-rl . ; o~~~f on ab out its X — ~xis.

~t i~i ~~r~r.g t~1’-~~ • per~ u of p y ~ oa’~ revolution , wi th the sensor held
~st. its  T?3, that tht tnf r~ -red ‘~ata collected . ~~~~ process of stepping

L • -
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the er .~ :: to th e  next  ~CP and r e v c i vtn g  the payioad is repeated until
it is t ime to “button it up” f or reentry. Then , the r ensor is rotated
inward to the Stow position and it:~ cap is replaced, thus completing

~he last step of the deployme n t progrzr r , thereby readying the sensor for
the rigors of reentry and subsequent recovery.

TP Positions

The position of DC? #1 relativ~ ~ u the nayi~~ i’s iongitudthai a~ .s
varies frori payload to payload; it is dependent upon the specific mission ’s
requirements. The control system must, accommodate these changes.

‘~‘7 Spaci~g

The angular sparing between each rr’~ depends u non the sensor ’s f irm
of view. For this series of pa yloads , th e  spacing was 1.10 ~ 0.050 .

Sour.dir~g Rocket Rnvironmert

The sensor ’s deploysent syst~m must operate satisfactorily in ar.
~rv~ronrient c orv~son to soirndin~ rockets.

Vibration: Test Level

a. 0.003 G2Hz. at ~~ + 12 db/octave fror. 20 Hz. to 100 Hz.
b. 0.028 G2Hz. from l~~

) H r . to  1000 Hz.
c. —6 db/octave from 1000 F z .  to 2000 Hz.

Shock : Test Level

100 0 peak , 6 millisecond sawtooth.

Payl oa d ~3~ : Test Level

+ 2 8 VDC l~~VDC.

I,ongitudthal Acceleration: Flight Condition

20 0 peak.

Spin Rate: Flight Condition

Srps

Flight Time:

10 minutes

. 7



?HYSITAL DESCRTFr ION

A genera l explanation of the payloa d and the mechanism of its
denloyme n ~y~ tera is in order before ~tscussthg the essent ia ls of the
cont rol system.

Main casting

Fteure 2 sh~ is the ca’t jnc! that fores the b a si c  chassis  of the
sensor deployment system. t is ~xt rer’eiy rigid in order to mai ntain the
alignmer t of the IR sensor ~‘ith the ‘-‘~~~~~ . of t”~e payload . The sensor is
housed within the chassis as shown lo F ipur c  3. The i nne r surface of thi s
cast ing is smooth and glossy, ard i s  f in ish ed In a white naked epoxy paint;
t h i s  aids ~n mainta in t r .g  the cleanliness required within this portion of
the payload. Two la rge port s , covere d by blow-off doors during the early

• portion of the flight , provide clearance when the sensor rotates outward
~o collect data. (See Figure L).

Sensor Moun t ir.~ Ripg

The Ii i  sensor mounts in a ring that is gimballed about one axis.
This axi s is at a right an gle to , :nd passes through, the payload ’s longi—

— tud inal axis .  The gimbal shaft prot rudes through , nr .~ is supported by,
opposite walls of the casting. One end of this s~eft is connected to the
gimba l’s drive assembly, and the other to its brake ~ssembiy. Figures 3
and I~ show the two bulbous skin fairings used to cove r these two assemblies.

‘linbe l flrive Assembly

• r,ear ~ox -- The Oiinbal Prive ~ssershly cons ists of a gear box (See
Fir .~are 2)  which couples a 25 V”C planetary geared drive notor and an optical
shaft  encoder to one end of the gimb al’ s sha ft . ~ 7.5:1 reduction ratio
worm drive , combined with the 619.9:1 ~e d j c t jo~ of’ the planetary pear motor ,
gives a rF te of sensor deployment of 160 per second on Hi-Po~.er and 80 per
second on Low Power.

~h~ et rneode r — -  The optical  shaft encoder is coupled to the gimbal ’s
sha ft by a set of ar tt—h aek lash  g~ Pr s %.‘hj ch gears it ‘p  2 .5h :l. This gea r
ra t i o , combi ned with the 213 bit  resoluti on of the sha ft e’-~coder , gives
approximat ely 0.’f l7 3° of shaft rotati on per inc rement of encoder output.
ThIs  output is ised h~

r the control system ’s logic ; it is also an i n — f l i ght
monitor through telemet ry of the sensor ’s deployment angle.

Funct i on Cam -- This unit is also  a part of the Gimbal Drive Assembly
(see Figure 5) . It can be seen only when the gea r box is removed . This
~;n , meunte’~ dtr ectly  to the gimbal chuft , i s  used to actuate the LO° Enable
Switch , Sw 14, a nru the Uppe r Limit Switch , Sw 6. The cam has built.-in
provisions for r~~king smell amounts of angula r adjustment needed to accomiso —
date slight di fferences between payloads .
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“a ushal ~rake Assembly

J Electroma~rtetic ~rake —— The oth  r ~rL: oi ~ne gimbal shaft is coupled
electroma;;r~tic brake. It aids t:.c dynamic braking of the IR senso r ’ s

movement and it locks it into place at eac h TP. This brake consists of
• I two pa rts : a stationary field coil mounted to the casting, ar.c an armature

mounted directly to the gimbal s~~f t .  When electr ical powe r is applied to
the field, it magnetically attracts the a nnature , thus forcing the braking
surfaces together.

Precision ~ot -- Mounted also to the Gimba l Rra ke Assembly is a multi-
turn precision pot . It is d riven through anti—backlash gea rs by the gimbal
shaft and pro”ides an analog out put signal used to quickly check gimbal
sha ft rotation during sensor deployment.

•Tack Mechanism

The IR sensor has a nrotective ~an that is rera~~ed when collecting data
and is replaced aften~ard . The rec~~cism shown in Figure 6 is used f~ ’ this
ourpose. The cap is bolted to the jack’s platfo~~ so that when the j ack is
lowered , the cap is removed an~ vice versa. The mechanism is sufficiently
sturdy go that , when It replaces the can , it locks the sensor in the stowed
position .

Three switches are mourt~ ’~ on this ‘~~v i c~ . i~w 3 is a limit switch.
It turn s off the mo or If  the ~ a r ~~ is run to its mechanical limit, preventing
sel f  destruction . The o ther  two ~ w I t ehes are used to integrate the jack ’s
operation with other functions . Figure 1 shows approximately whe re th i s~~.cfr Is mounted in the payload .

~og i’~ ~~~ ctronics Package

Th i s pa~~ a’e is t he heart of the  control system. Figures 7a and 7b
s~v~w thefl p8cka~’P with and without its c over, it contains four circuit
~r)a rcs which employ both printed c i rcui t  anr~ vire wrap fabrication techniques.

s ~-~i n ~ e-’ wi th  the power cont rol relays and supplemental circuitry
in  ~he payload sect i ’n  just aft of the casting. This section is reserv-ed
far  the payload’s support electronics.

~i’~~~ ) L cY~T~’~ ‘T~I~ATt0N

The aat r-o’. system which has berm developed to pwi’rt the system requi re-
c~~-~ ~e consider ed a ~cmi —c1osed l oop system. The normal operati onal

~~ ‘ i~ open loop. !~o sensor positi onal. data is ~g~~d to adjus t  the senso r ’s
p’~~I t i o n  ~ach t ime It th stoppe d at a ~TP. T!owever , a closed loop a rrange-
rert  is emolnye d t~ ~\‘e~~~(fl5p certair types of system failure . A descri ption
of these two operatfona l nodes follo~~ .

‘Torma l °p°ra t thn

Figure 8 (c ontrol System ~1nck ~acr am~ illustrates the lnteractl- r.
between the v-~r1ous elemerts of the  control s~~ tem.

13
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Four cor~mards are  used to cor t rol f-he deployment program ’s sequence
of ~ver~ 5 . They are “~~~n ioy’ , “i~tep” , “ ste w ” , and “Logic Reset” • The
f tr s three are generated by the vehic le ’s ~CS. The payload programmer
generates the “ Logic Reset” in ad d i t i on  to the back—up corusanri s for
“fleploy” and “St~~ ” .

The ~Irst comr’ta n -i ~~ ~~or ic ~~se 4t ’ . ~~ t presets the Logic Control
unit (L C” )  electronics to the prope r 5~ er t1r r  levels. The second comma nd
is ‘r’eploy”. Tipon receiving it, the 1,C!1 sends out Remove Cap, Rotate Out,
an~ Run signals . The Remove Cap signal sets the Cap Control Relay, Ry 1,
~o the proper position for removing the sensor ’s cap. The Rotate Out
~igna l sets the Power Select Relay , ~iy j ,  to the Hi—Power position and
the flinhal Direction Relay, Ry L , to the Rotate (Jut position. Power through
Ry 1 and Sw 1 runs the Jack Drive Motor , thus removing the cap. When the
jack mechanism is ful ly retrac t~H (c~~ i ~S Iear of thE- sensor), it actuates

~~ 1; this switch interrupts the uowe r to the J~ack Drive Motor, then
ene rgizes the Power Transfe r Relay , Ly 2 . Powe r fl ows through Rys 2 , 3, L~,an I Sw ~ to the Gimba l Drive Motor. The senso r begi~~a to rotate outwarci .
The Sheft Positi-n Enrode r (SP~ ) ,  see ~t~~ re 2, transmits position—indicating
data to the LCIJ. Due to the 2.~ L~:1 ~ -~~r ratio between the SPE and the
‘~imba1 Shaft, redundant data is generated through the first I~O0 of deploy-
ment. To prevent the LCD from responcing to this erroneous data, the L~O0

~nable Switch , Sw L~, enables the logic c ontrol functions only after the sensor
has traveled beyond the 1400 !nable Point (see Figure 1).

The sensor continues to deploy , rotating outwa r’~ un t i l  it reache s a
position , the Turn P round Point , where the S~F data natche s data previ ously
st ore d in the LC~~. ?~en f -hi s  match occurs , the LC~’ gene rates a Rotate In
signal. Ry cont ro i ling the appro~ ria+ e relays, thic signal reverses the
direct i on of the ~ tmba1 Drive Motor and slows it down by switching it to
tow ~‘ower. !‘y li in it , Rotate In p o s l4 lon  e~ so send s a signa l to the LCT~
which enables the brake—c ontrol function . The sens ar now rotates inwa rd at
slow speed . The ifT ’ connaTe! the SPE da 4 a wi th  it~ riwri data , looktr r’ for
a match at the D~ P ~1. Whe n the mat ch occurs , the :r ~enerates a °ra ke
si~ nal , settir ,g Rv ~ ~o ti- a brake posit ion . This removes power from the
G imbal ‘rive Motor and energi zes the timbal Brake , stopping the sensor at

a1

The sensor remains at :~lP #1 until a “step” cor-nand is received fronthc~ A C C .  This comma nd upgrades the LCD ’ s interna l re fe renc e to match the
next C? , removes power from the brake , and applies power to the Gimba l

rtve Motor. The sensor rotates inward once agai n unti l  the SPE data
matches the L C U ’s new internal reference for DC? #2 , at which t ine the
stopping sequence is repeated. This process repea ts itself each time a
“Stec” command is received throughout the flight .

I. successfu ~ recovery of the payload requires returning the sensor
to 1~ g Stow pos iti on be fo re re~ r try . When the I C U  receive s thi s “Stow” - •

~~~r~-y r ~d , it  sends aut  Run and ~~t-~te in  si~’nals. It also dic~ h1es some
of i t~ internal control funct ions so tha t the sensor cm rotate th rough
any unused DCPs to its Stow posittor.. ‘~D-en it  ar r i\ ’- : , Stow ~~

- - i :.i on
Switch, ~3w ~ , ( see Figure ~) , transmits a signal to the  L’IU . The LC~
genera tes a Replace Cap signa l that  ~witrhe~ Ry 1. The Jac k lr Ive Motor
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~~~~~~~~~~~~~~~~

starts replacing the ‘~ap. The j ack ~ s not move very i~ r before Sw 1
i.s deactuateci ; at the same t ine , }~y ~ dee nergizes , ~~ power is remowed
from the gin*a1’.s control relays. /~s the jac k pushes the cap into place ,
Sw 2 cha nges the jack n~ tor po~~ r to a low level. The jack motor finally
stalls, maintaining sevarel pounds of thrust on the sensor cap. This

• ensures that the cap stays on , and lock s the sensor in its Stowed position.
The Sensor Deployment Program terminates with this securement of the sensor.

~~i1s~fe C-peration

It 1.; possible that a system fa i lure  could occur if , for one reason
or othe r , the logic doe s not recognize a ‘%‘P when Ry 14 a n d  Ry ~ are in
their respective Run and Rotate In posit ions. Under these conditions the
sensor would he stowe -~ prematurely , thus terrtinating data collection.
This  yne of fa i l u r e  ~‘~~~-I hapse r , f~r i r~~tarce , if a certain portion of
the ~r~’ r~~ta we re lost momentar ily as the sensor was moving to its next DC?.
T
O prevent thi s sort of system failure , two fa i l safe  features name d Scan

Mode and Lower Limit Control hav e i-con tncornorated in the system destgn .
Refe rring to Figure 9, Failsafe Program , the following is a descri ption
of the i r  operation .

Scan Mode Operation -- Assuming that  the system has receive.~ a “Step ’
command , and is now rotating the sensor inwa rc from one DC? to the next ,
we introduce a glitch (momentary failure) so that the :,cu does not recognize
when the sensor hes reached the next ~C?. instead of stopping, it continues
to rotate inward and would stow itself ~~ it were not for the Scan Mode
fa ilsafe feature . This feature is designed to generate two error points ,
Rrror Point 1, (EP #1), and Error Point 2, (ER #2). ~oth move each time
a “ Step” command is received , and , by doing so , r ,taj n the i r  angular
relationship with each upcoming nCR. t~s in our example in Figure 9, the
sensor slides past the DC? and reaches ER #1. The LCC recognizes that
the sensor has missed its stopping point ; consequently, it sends out a
~c’ate  ~)ut si gnal , thereby reversing the di rection of rotation and ser.r~i r.g
the sensor back towa r~ FP #2 . ~‘The n the sensor reaches F? #2 , the LCD sends

~ Rot ate In signal and the sen so r ’s di re ction Is again reversed. If
the effects  of the ~1itch are no longe r present , the IrT~ recognizes this
arr~ ct ops the sensor at the desired ~‘rP . I f , by chance , the glitch is
st ill  present , the sensor will continue scanning b~-ck ~n d fo rth between
thr- t~o error po~nt .s . ~t wi ll remaIn in t ,hlc scan mode unt il ei ther  the
glitch disappears and the sensor stopu at. the de~ t red ~~~ or , a “Ste p”
command t,~11~ It  to rove on to the neyt ~~~ . }~ope fu~ Iy, the p1ttct~ does
not a ffect the f lnwi n~ ‘~~Ps ar d the system returns to normal one r at lon.

~,ry~re- Lini~. ~~~~~ o! Oneration -— This q r’c orvl failsafe feature is
orov~~iar ’ hr ’cpu~ e of the d if f iou ~t”  i n nr edict . ing the character  of a g~ itch.

~~ closely spaced ~~~~~ the ~~~~~~~ ~-d C r ~ U 1f ~ ~-p overridden if a ffe~ trd b~
• t~ ’- sane glitch thst allowed ~he svs + r ~~ ‘~ ~~~

- the ~ensor slip nast In the
fi rs t niace. ~~~~~ that happen , onc’~ at ’n ln t i - c  sens o— would 3toW itself
prematurely. To prevent this occurrenc e , a fixed p~~’~i ’ ir ~n , the Lower Limit

• Point, provides a second opportunity to turn the sensor around , senaing
it back to F? 1/2 arid , from the re , b ark  to the DC? . It acts like ER #1,
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exrent “‘nt it rena (n3 fIxed~ “ ~~~~~~~~~ r ’~t i~~~~ I~~; ros i ti on ~orh t ime
i “~~~~ep ” ~~~~~~~ ~s received.

Is ~~~“r ’~ ~~~~~ ~~ ~~ t , r  ‘-C ’.~ 
(~f ~.ver ~i’~’ t hese two 4’;. z ~~~~~~~

fc~. * rc- ... i s r obably more thar. . ‘ ~ ‘ ~ rob~ em ar~ci shou d be c eal ~. t. h
~~~~

- ‘  ordingly.

C}T 5 .3: r Co~ i’:~ ;L ‘~~IT (J~ )

T h.t LCC is the most . ~~~~~ L - - ‘ ~~~~~ r. t.. ‘1 thc. ~e; )~~ ‘~;- ! t . y t  ~~. •
~~~~ further ~ ::~~~r~i t ion of i t~ O~’:~~~Y t.~~ra and op~rati r~~~~~.o n ttc~.
I t  r cct  ives input info rmat iur .  from thr e~ ~r~’e ~~; thf y ~j rr  the !~O~ ~~~ ‘-l’
Swit ’-h , the Pir ‘ . iur ~ ~1on ito r , and h •  ~}L. ~3ase i on ~~~~ ~~for~ri~t5ior ~,

~ .. :.c~ ~~~~~‘- ~ ~~~ 
-
~ o c r . ;j r~ ~~~~~;.. 

~ ~ ~. ~ ~ ,; t.h~ c o  r r~ ’ + combir.at~ox. of output 5~ ~~~~~~~ -. ~~.

.:~~ ~ h t~., - syst . n req A~~ r es tc ~T r~’or~’ ~~~ ~~~ c~~’ “our ~~~~~~ ~orlmancs. ‘ ‘ n(~~~C
- .  -:~- - ~~r . -~~ , “ .‘

- 
~~~~~~ Reset” , “Deploy” , “~ ti-p ” , ~~ r~ ~

‘ 

~~ ~~ “ are generated ~ ‘

p~y loa ’~ p r ’ ~rc r an’i the ~CS. Th~~’ dot ’  m i r e  wh . t  ~he con trol sy st c i .
~~~1 ’~~~ do and wher~ t o  lo it.

T r.t~ following t~:o segr .~nt ~~~~~~~~ ~~~ 
‘“ r ir”ui i ~~r o~~ Lio n ~~~

icr.” , an’! “LC~’ ?~ 5pon’;c to ~~~ ~‘r I  ~ or.r~~r.d~ , ~lahc r~L~- 0:. F1~~ A 1 1  •1 ‘
~~ ,

‘.‘“ ç~r~: ~~~.jrc~o. The fi rst s~rr,’r: , r i- h .  ~~ 1 ’ I~~ ies , ‘es’- r ih es  Y”~
~omnosit ’ ’)n cn~ fur -~~~ on o ’ ~~ch ef ’ ti-” ’~~rr~ it  ~~c~cks i~ this figure. ‘~he
second oevren ~ I u~~ r~tes th e  “n “hr cr o~~~cc, l rrspon~e to each ef thr
fc-~’ir s”st’-’n C0r ’~~or ~~~~~

LC~ Circuit_Compo si ti on and m’u m c t io n

Deploy Fna ’hle Circuit -- This r i rc u it  is an R— C fl ip—flop. Upon
receiving a “Logic Reset” com m a n d , it sets the Upper Control Limit (UCL)
latch , t’rror Compa rator , and Lowe r C ontrol Limit ( I.CL) circuits to their
proper starting condition. It also inhibits these circuits when it receives
a signa l from the “Stow” one—shot circuit.

:.~tch Circuit  —— This c i rcu i t  is another R— 3 flip—flop. It is used
to enable the “ Step” and “Stow” one —shots . It also supplies one of the
three enable inputs needed by the Error Comparator circuit.

“Deploy” One-Shot Circuit —- The one —shot , whe n enabled by the I/CL
lat~ h circuit  anc upon see ing the leading ed ge of the “Depl oy” command
pulse , sends a 73 millisecond pulse to the Run Drive , Remove Cap, and
~otate Out circ uits . It acts as the interface between the “De ployTM command
and the Lf’~~.

“ Step” One—Shot Circuit  —— Simila r to the “Deploy” one—shot , thin one
acts as an interface for the “Step” commanc. Its 70 millIsecond pulse
output goes to the rotate Th and Run Drive circuits ’ inputs . It is also
connecth’~ to the Register circuit’s ~dvance control input.
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I :.~- — .) :.()t C ir  ..~ t —— T i ~ — .
~~~

. 
~

( I~~ ~~~ rf~ ’~ :c ) r
OS!” C or~r~ :~~‘ • “ ne C) ~

‘ - ~~~ ,‘- “S ~ c) - 4 In r. ye ~r ’  ~ ~ri :~n) 
v(

~~~. :t c:~3o ~~~~~~~~ 
+ ‘he Set. ( o:.’ ~~~ n; t 01’ th De ’oloy Er.~ r l e

• r ‘~~ r~o r , ’ c r r v e r t.er —— ‘ in  o~ ’ Thar , t o  n~ iut, ~xn1~~~ive OF gates
‘!rr v c r-~ ~-ht ~-‘~ . ‘ ~~~ w~~ ch sev er  ~ n’ ~ I 

~ ‘ r )nv ’~rt thi ever , Most
~ ‘ni ~’i c a r t  ~its of  ‘~~~~‘ 

~~~~~ ~roy “i’’ * o t.r. i-ir.a ry coce for r~ t used y
L • ‘-‘c-s

j ~c :  —— rj. on~~~ 
‘
~~~ 

‘‘ ‘a ’’ ’ c t , c- rr~ r” -o v~ ’’n thc~ “erse r
S oj n i ’~ ‘~~~ e r - s ~~v ~~~~~~ the Le~ ~ rI~d’ic ~‘~i r.t ~ r ’ ~‘t ‘.h~ ~~~~~~~ point . ~tu

~-.~~t~
--- , — oes ~~ t~.e “ ‘  t~’’” P~~~’~ ~‘~~~‘t”  ‘ri rlvc’ c : ”r ! ,~~t..s .

“ i r’’ui ~ —— r r r c~ 1 rC ~ t ~ t ~ i ’  uo r’1 ‘o rotc mrir .’
h’~ s”nsn r S “ . ‘he .C. r o ,r.t :r~ r .~‘ th f ’  : f l ! ’ S :‘ i s ~~”e on ’-r ~~1 i r.c’

and ‘f . ~~~ 
tnix —~~ Tn i x it  - onw u o: two Ji4 —pir. i~ : c ur-;;oner:t

c~ mr: ’.rs ~.hich o rov i ; ’  a ne~ r .t of ni iec t . nd ,  ~y ho r uw:  r in~~, the pa r1.i cu ~ ~r
n~~t~ : .ecceo ~y t he ICL ar . d :L:. c i n i .~it t .

C? “1 ~at r :x  —— This c.~ trix 
‘...SF S ~~~~~ one .i L. —

~~~~j i *  :~- c~ :~pcnt r *t ca rr . er
to ~~-~~ -~-t the ~n~;i~~r posit~ tn of tnc f ir s t  oat s c o i  nt~ r~r. c i : t , :~ ~~~~

i s  h~ rnwi rec .~o t hu t  i ts  out 1~~t ~~~~~~ tr.e , i L  ~~~ for t :i~~t p oint .

:~e~’:5ten C i n ~ ;it  —— Tne .~~~~~ ‘. ste:  r :  r t u i t  c : .~~~ot t  !~~~ ~~~~~~~~ L~ :-it -o~ Lt .E ro

~~~~~~~~ ~s a 7 ~it tow:. Cou nter. t ~~~~~~~~ t r .  me ~~‘ rc nCF c~ ta thst
~~t€ rr~ines tne nr~ u~~ r pos i ti. or, of thr  ~C~’s. Toe ot ’ out feecs the Pos it. or,
Thn ;ro tor ar.~i ~‘rror r ors oa rat .or c i r c - i t t .

-o n i t :  on ton: r ’- ’.r C . n ,. it —— Thi~ c1r (~~it  ~~~~~~-:fo ~ m~~ L
~ r~o r~

5 -~n , one 3 inp ot ~~~~ ~‘ate , one ~rrt ~ on of a ~ei. I rte r nrv one
Aa1 ~~~~~ one—shot . Th e c : r r d ~. ‘ s rr ;i r .  t~ ok i s  to r’ c’ r~~n,~~7.o ~-:~ en the S’~

‘~~ta :‘ i tches  the re fe rer,e~ dat a  from tO e  Fegis ter C i r ( -u i t .  : t  also
in .  ~r a te s  thr esloy ‘ na h e , ~~~

O Thahic , and Motor Di rection si~nals.
Tt~ outDut r’rovi~~s thr irout to trc’ ~r2 ’~P ~rive c i rcu i t .

~~~~~ “ erroa rp .tor ‘~~~ rn:’ t —— ~‘h i s  r ir r ’: i t , is of g~~if ’~ r o r ~r c nf l y  when
t i -n m v” ’ ‘n  S ‘at ing in ‘he fr - i l sa f e  mode . It sw’o ’ j es  t h e  i n i fn r m a t i r r .
~~r ” i C ’

~ I ‘St~ i-li  S~~’5 t~’~ nOS~ 
r , 5 •~,5 r,~’ I/] r r d  ~‘P ‘2 . ‘ un of one

r~ L ~ cor o~~~ ’ ~~~~~ , t’~ro ~ ~r r , , t . t ~‘a .eo , t.wn I~ 
:)jt True/Complement

“l ftrithrs’’ ~~f’ :‘ 4-.fl( t~~5 , ~r e  two t~ - ‘~i r~R r v  t d e i . ~~~ main i nputs

~~~~ f — o n  ~~ fl,:.. ~y e  ~en t S t~ ~ r ’i rn: ~ t .t ; it.  j r t .e-~~r at .ou th e s e  wi th input s

~
‘ror h’ ‘

~~~~~~. dot’ r , depin y nahi e , a r i  D i r e c ti o n  nnttor circ uits . It
r*o tvo outputs  ; one -‘oes to t,ne otat~- Out )rive c- in ’ i i  t ons one to t h e

iv’-’ c:r S it .

r~v’ fir ’- ~~to —— To, ~~~~~ 1 :)r:v( , ,r: r~ - L 1 V 4  , ono Remove h~p
v’ ‘-i rr~~ : to - ‘  “ 0 ir . r I~ j - ~r t~.or.:~ ol’ 0 h e x  irv rto r os their input. The

O ’,t,o ’ . - ut ,  r~ve or .u ;~~ O ‘J~~IV C O., a . input . ;.i .l~; - ,~Ot  ~iS t(~~i r input , ~~~ iu
‘ rI- -t o t ”  In n yc  c~ i’’-s it u:~es ~ Li i~~~ut. tI id,  ,~ai-E . -11 .ij x cr iv(  c i  rcuit s

~ -_ 
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-~ :e py ,  o .~ out ‘ c ’ ; : ’ ;  ~‘ .r to, . . o p~~i :~ot r - - ‘ .~ o- ~o ’.~ 0’. ‘w i  ‘ - n.  toe control
r’ ~~iT 0 . 

‘ . ~~t t r I t e  ~ 1 / o, i ’,~’. t . ’. . ,’t.”1 _ ’ - 1.00 ’ TT~~K C ~ t th ’  LC~~’s cor,t r j b u —
ti ’.: ‘.0 to ’ r . t r o l  sys tem.

C”~~ esnur . -;c - to 3ysten Commands

‘:.onic ~ eo c-t ” C oo.oa r:d — —  “h~ i’~ n o ’ . s ’is tem ( onna r.d is the “ Lor ’ie Reset”
is  is a :~

-; se ‘er er ; .t ed ty  the ooy loa d orol ra mrie r at anpr oximatr ly ~
‘

- ‘ r - r ~~~ ‘5 fi i -’ht t ine . ~t .S e or, ’ ec t( - - >  “: r’ c*,l ’i ‘-0 the l, fl~~’s ~r g i s ter ann
on ’.ov ~‘r .able  cIrcuIts . it resets ‘d’~ cc - stem by clr~ r i r . n  ary  “ata in

s’~sr ~~pe ar .d en ’ers th e  new ‘>~~t’ f r om t .h~~~ “P ~‘1 ~atrix circuit.

+ ~e ~c’nl’- ’; r~
1 l~ ci C !> 1 !  n’ ‘-r ” - c  ~~~~ eomriand , ~~

‘ S set. to
‘p51’~~, 5’!5’  ~ ~- r .  —

~~~~~ 5> Ov n ah~ e r ru5  t has a single output ~ihico
r.o’~’ n’:’ ‘ane~~:s1v ~~~~~ 5 + fl fo ur ~ore c~ r - - .~ t.s . ~ci ‘~n~’i rr ’ each path , or>(

i’ -‘nc ’s • o is ‘ r-  C:, c ir r u~ t , s ip n l y in c ’  j t .  w i t .h en~ hl.e i nput .
- 

~:n ‘so”e n’. ‘c”s  ~re t o e  or s-or  ~~~‘r :~~r P t  or as d }-os : ‘ or. Cor , ; orator ci rcu ’.t’;
it remov’’s an n h i h +. input .  The fou r th  p ace it ~‘oes to is the

h circ’~~it. T o e  •
~C~ l at c h  cj r ( ’u t t  res r o s  r ,y oeri ’J ing  out two

: toj t s  abe l loo  C anc t .  The i. out put go :; to at ’ :  f:niah i f - S  the  “T e p l o y ”
one —sh ot  c:r(’~~1t. Th e  ~. o ut p u t  - ‘ceo to tr .ree piaces : tne “~~tep’ ann
“ d t ow ” , one~ sr -’~t circuits , and tr io  ~ rror Com 1~arato r c~ r c i i t . it  sUppTi f - : ;
on . i n h i t it  funct ion at each.

This is trio LC~~’s c omp lete reaction to the “ Logic :~eoet” c oron~no. i~o
f t  output  is ‘ene rateo at o~ is time .

‘~~~ ‘; J ~~’)y ’ Cor~ and — — Th~ sec  o n :  nys to-:-> oos.mar.o is  trx-  “Deploy” . This
otT~~e i-s no mma i ly generated by the C5 ~t T +110 oeroncs; however , i t  is

up ny the pay loa d prograrorri~:- a’. I ~il3 scconcrc . T rio on iy  p L a n e
it  goes to in the LC’ is the ‘D e r b y ” one—shot c ir c- .it , This  si r ’- -u i t ,
;- rev~ o’is :r or,a~- le~ ~:‘ the “Log ic Reset’ comma ni ’, ‘ier. o s or output to three

-~ni” si rcuit s .  They ar ~ he Remove Cap , Rotate Out , an - ’ Ru n  ~) r ive c i rr o i ts .
no- o’;toots fr ”m these three r i m n u i t . s  are the L CI ’’ s contro~ s ignals  us ed

to s:-:itnh the relays t ’- -p do” for s~ rsor deployrser.t as prrvious ly “one nib ’- c >

‘in t h r  r~ onr~- ‘s r.rrr c- n 4, i~orrn 1_ C pc’r a 4oi o r..

,~c :r :cp 4’.hr- sc ’nsc ’ ‘ 0 don lo ,yrr--nt , thc’ LC’~ r~cei~.’es cc ri a~r nieces of’
i r f o r m a t i o n  t~~ which i ’  n i s ’. ~~-s:mn ’. ‘rhe fi rst of t ,hr so is  a crar ~ ‘ of’
s tat us  of ‘hr LiC° “na 1-lp iw i t r ~ • n 1 nput si ~na to ‘h’- J ,C~’ ‘-‘r , ar T e S  he

c i  rr’uit. , ~‘r ‘~ rc’mr~- r rs  ‘hr fl 1 ’Cf l ’~ ‘> ir, h ft ‘ it. from ~ I. : 
~~~~ ‘r  ~r mr. r r Pt or

“1 r~’~it. “he ‘n --  ~ j~ r’~~y t .~~ p i ’ -u s ly  msr. j~ . oreo b” hr “CI, ci r cu it  throu gh
‘he 1’i and ‘C’ ’’ “ ‘ y “ Ir r  :1’,. ‘ ‘n or or CPF d a h ~ ro~t- hen tb’- r’oi rt
‘‘~~~rroir’ ” t i  ‘h’ ma tr i x , t,bc’ U” ’ . c i,”’ i’ rort~rP~ ’S Pr. nut- put. t h a t .  ‘- ‘~~s c)

f t  ‘bc- °‘-~~a~~ - ‘r ‘ r iv ~’ in ” .1’ , Lt ,rjg~c’r, or. output ~‘h ich
rev —“ ‘  toe ‘r i s - ’ - ” ’ on of sen so r  rc,t,nt  (>0. At th e 1 f ~ lat ch r ’i r - u t ,
0’ ‘ -‘e r a . on’ r a - i o n s  t a r ” -  p a  • ‘ ‘ or ’ i~- 

()U t~ ; :t t’rora ~t, ir ic ihits  the “ ‘~~:~~‘y ”
an : its -~~ output. r ~c u c;tr. t ,he “ ..~t.c ;” and “stow” 0nc— .~h i-’ t

i r - i 0 ;  ; . t the  sa :‘i~ 0: rt’ , i t r’ -~ o’, :. L - - or.-- inn : - i t  f rom t r.e rron
Cor , ’ ar a .r .’ c i r cu it .
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“hen ‘h 4 ’or ,505  “ rec t i  or. r e - - c , s ’ ‘:.~ r - ‘ :. ‘- c f r o m  tb ’- . r r e - c ’,j of l
‘“S r i ’  °r oemo\ ’r ‘ ‘ ‘ -  ‘~~ rr> 

~~
‘-  

~
‘ r ”l. h :  • f r - ’~ • t ()$ t,~ on Co:-.t.arator

an d  ~ rr n r  ton. ; ac - at er  Cs rc -A ts .  - o t r ,  o ‘- n.  -~~~c- ’- r o w  !‘sn iy enab 1e~ an d
cci : ‘ ‘ or , ’ by m o n i t o r  ‘P ro data fr or-, - r , ’ ,r~, ‘ ‘- - - ‘~i r.a ry ( u : . vr-r t  n .

T :,“ ‘
~~~~~~~~~~~~~

-
~~‘ 

r.~~r’, : . ar ;t cj r i - - ,-’~r ’;. -~r ‘ :.. psi:. ’. ‘o’ ro d:~z. Ua t.~
‘:000 l’s’.:- . or.’- - ‘- .~~s’o n. • r e x .  t O i S  

~•~- ;h ’ -
‘ , i t - . ou tp u t  ~~~~~~~ , c u r u : i  t .,o r. ’ ci

of t:.c -no r ”- drive circuit , ~~~~~~ to ’  ‘ :~ , - r  ~ t dCh fr i .  This  t€ -rr uj, ati
• t or-  ~r uf u”-r ,cn: tf  thr - ‘ ‘~ -p ’tcy” t o : -J ,0:. -’

“~ tep ’ Co~”~ rd —— Tb: s co:’.mnrcd , ‘.:. ‘- t r.i r . o:,~ ne n” v’ ty  th I L , ,
a ~~~~

;- r’, : l l ise  -on ’ ;,ul se usc- ” to  S te : .  or. ’ :;eos’ ,: f r ,:’ -n , :c~ to the
r ’ - x t . ‘ ,s avo~~~a:. c- ~r . ,’ 1’ r’,~r’. t f !(‘

~~~ ~~ is’  rn - ;n ’at ’- c. o f -v c r a l  t ir ’xs ’.u r u : . g
a fbi ;‘nt . The “~~tf ’ o” ‘)rir ’— Sn t ci :‘-  t ‘s o u t p u t  , ‘c. t ‘.o tof’ H .;. ~r,c R ct :t c -  ‘i n.
“ r i ’- ’ - c 1rcuits anu st0~~s n f -  ser;-o r :-o t”t  r.g owor- :  tow ar ” i ts  next “'P.
b’s also goes to  the Po-~’is ’. er ’ s ,t - , v o r ~ c-

- 
“-‘i ‘‘t ”-r ci r’-’~it ‘5 ~~~~~~~ r , -up  t o  s- hi s nor.’ ni , , t o n r - - ’ toe ~r . t on ‘-sa t iors

‘—~ n 1i’-r f ro m the - “° ‘~1 ‘: ‘.r , • ‘v ‘ ‘-cr, it s r - f ’s  tbe ’)r,c’ — sh’ -t ou tpu t ,
,~ o - - ’ ,o- ”rc ’~ 55 ; :  ss, f or m a t i  :. ono- “sor t so ~ hs ’, ; t. r:r~-: su ’.o u:. a ne w r’ :“-r nc ’- ,

or ’’-’ o~ ‘Oj r ’ ’ i ’ ’’S ~‘tb 
‘‘-‘ii -‘2 . “

~~~:‘S  “ f’ r’ rsr ’- -.‘j n_,s’ ri ‘s,r ~.hr :.0 ’ - c t : 0~~

C ’ — . - s- n a t o —  s-s ~~~, -s’ -ru ’ t 5~~~’; ‘ ic -  2 da ’s , r - c -.~- i n c ’ for  a r r . tci , :r . ;’  c’ rc r, ” i t , i o rc
a - a i r s .  n c r ,  i’ o- ’c or - ; , ‘ tc  d o -U sc--rd~ ‘u ~ ‘ r . c- 5 : ’ : s -’ j’; ‘ hot.  st ,oo thr- Sensor ,

‘ ‘ —‘ c- ~~ 
‘ ‘ ‘ 5  0”  ‘5

~~~~-”  ‘ ‘ ““  ‘i- rj  f ’ ’ ‘-c ’ c c i - ,”-s  a “ d r . r - : ’ corr ’,rr ” , tr,is
‘ i , - s ~ c - ”~’ •’)t ~ ’’ •
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