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*IN.HCED RECONN..ISS;NCE SYoTEM - ~ ~S. 1 1135
, mereccrersy o T - . - ..w?v?.L
. 2 . Brier &nd Operstional Characteristics o o
A o B .This Subsysiem wi)) pProvide the means for &ildance ard contry} of ihe
RY . : T - orbiting vehicle 50 as %o Place it in 2 circular orht tat £p;roximatety
. . " - 300 miles ebove the surface of the earth: In u!dltiqn_, ‘the subsysten
,j,« I vill operate in an orbit attitude contral mode to stabillize the vehicle
Sy L _ -and ‘to pProvide & platform ‘suitable for mounting ‘reconnaisignze ele. |
N : .- ‘Thesttitude will be Stabilized in order to prevem image motion from -
- . : degroding. resolution of visual data and also the atty must be known

‘ I | . Yith sufrtcient cocuracy to permit the avplication of navigation
B ‘location ‘techniques to the data vhien are 'gi.them._‘:. T

o b Approach. =

- pamraa, SURTES - SN

N C :
b be derived from the WS 1074 program.
Proposed subsystem does Dot require modification Of the ~tlas L
’/‘ Boosters. 1t is designed to operate with the closed loop Redic In-
ertial G System but the subsystem will also accommodate open
Input data of altitude, velocity, and rlight path angle vill be de-
rived from the first stage gu Systen. These data will be used .
to compute ifferential carrections to a pre-caleulated trajectory and
& o &re applied to the Orbit Stage Vehicle control system which is refer-
M : : enced to lov drift gyrog and an integrating accelerometer. It controls
S N Tocket engine thrust directiog and burning time so thet the impulse
o C - &pplied to the orbit stage vehicle is Precisely that required to boost
;ff S the vehicle into the orbit.. Lo ST _
- The attitule control is obtained from tne interaction of the gyro-
s Scopic and differentis} gravity torques wnicn act on & vehicle naving
’ elongated, or »> shape and viich contains an interna] a; ;
N Romentum directed parallel to the axis of maximum moment. of inertia.
This vehicle configuration hes a sinple stable attizude, Attitude .
AR - deviations and/or attitude deviation rates are-sensed-by £yros fu.' the |-
- _ @pplication of torques to counter-act distirbances and to apply o
. . ‘ ) torques as needed. R '
-\I‘ N . . " . T : B .
The effects of the enviromment on the sensing instruments will ‘con-
£ stitute the major problem in this development s The effects
\ of the dynamic loeds on inertial instruments :in ballistic rockets
bave not been assessed. RO
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 the OTbit stage vehiele control sys
" attaimment of orbiting conditions,

 Thrust On[Otr

b..

Thig eomxter exploys-Yinear thoory t0 compute midi.nee cor-
. rections to a precalculated trajectory. These corrections are

calculated from the: deviation of the cbserved trajectory from
vas established prier to

The Thrust on/ofy eoﬁt'rbl operates from a time jism_xi (2 cloek)|
© to initiate rocket engine burning, Engine shutdown

. ury _ ! - 1% commard.
ed vhen the integrating accelero-eter indicates that the degir-
ed velocity increment has been added. - - T '

Attitude Reference Unit
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c:;xi'ty;ol‘ied,.a.tt;i't‘uia during thmt-accelgutﬁns; - This wit,
which'ls prigarily control engine servos and amplifier, derives
1!:1_: commands from the attitude refer_en:e unit, : B

'S¢ & Abtliade Control ...
be Con;mﬁori LAC MSD

ce. The attitide control provides control during two. distinet b
- pbases of the flight. During transition coast it removes any
angular impulse due to separation of the erbit'fst'age"vehicle o
- from %he booster and stabilizes the wohicle iato-proper orien- .
» - tatlon for orbit stage boost; and during orbit flight it sta. .
~~ blizes the vehicle in proper orientation vith respect to the

. the danping computer- and.two rate comtrolled inertia vheels
' aligned along hp_‘orthamiclg axes. . - S

Se 2. Image Motion Sompeasation
Ee Contrastor: . LAC MD

Se Pody rotations of the venfele vill cause blurring of the t
" formed-by ground objJects, 1f the attitude ceatrul 1s tnauf.
fictent to permis maxinmum use of system resolutfon. Mhege .
motions of the imnpe myy be compensaied by counter metion o~ -
the optical carriage, . - . ' ‘

Te 8. Atiitude Indication . N
b, Comtractor: - Lac msp

€+ An indicalion of the instantanecus vehicle atiitude i3 neces.
. 8ary in opder to correlate rec:nnaissance date with geograpn-
- dcal locution. An {nlication of attitude i3 derived as three
Orthogonal angles from the attitide wnit. These data are pre- . |’

sented o the daia tmgﬁu’i’on'syste:, B . L

2 4. . Other Informstisn

"The guidance and control system described here $s for an ortit stoge
_vehicle cniy and, siace 1t is 10 be launched at high altitrde from an
operational missile sy3tem, ecrodynamic moments and forses are not of -~

. Primary importsnce, . B o .
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_ that thrust is cppned msnch a vay that tnenhicleu nhcu:ln a
- elrcular arbit at an altitude of 300 A, miled. At this altitude the
‘vehicle veloctty must b in o horizontal plane aid 1t magnitude imst

be qvprmmteh 25:500:1;/:« _(i.g e\[g-n). Hhen fhe ve'hicio'entgnt'tﬁe'
orbit the error in velocity must not meed 30 ft/sec 1n msnitu!g and

altitude variations of + 10 miles), ‘The systenm is compatible with Atyas

qpen-iéop apentionhovever, n.nd, vhen used 4in this vay, the PGMG ‘

S DTab1, py



: ot Flan for the' accomplishment of the ARS wis pre- .
pared by thgl!issih Systems Division, Lockheed ““a'artco oratien

" and its suﬁedi:fi-a#tbrg,l CBS~I..‘t'born£or1'es‘ and&mntcdnkcoupnny. .~
 The specifications for the . ' od

*® system were determined in the course of o -

. , o@-ﬁir'pm now héing conduct-ed for thc United &ntos Air Foi-co, _

T "M% Plan 1s presented in tiro perts; -
tey Plan, and Volume 17, Subsystem Plan, The subsystems

&re described in separate books, Volume Ii-a through I1.L, e
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The Aacent Gnidance and control Systea has a three phase operating.
‘Fhase I: - -Bodéter Power
Bxue n:' Tmnsitien
Hnse III Orbit St:--’e Vehicle Boost

Using 1nput da.ta or a..t:ltude, velocity, and mght pa.th anele

' fro.* the ﬁnt stace cu:ldance d.irfemtial correctim to a pm-
c:lculatcd tra.*)ectoxv are conp\r.ed. : n:ese eorrections p"ovide the
: ..ollcving :lnputs to the Ogv contml s:n:teu

1. Velocity to be sddeq et €t avosee (vg). '_
2. Ghange 1n vehtele ctrstws roquired ({¢). |
_ 3 ﬁne to sta.rt. m:i..es (t tb) 4 ,
II1. e osv ru@;t control -ystm, con.;istin" ot é diﬁhlj stable- '
«utopilot, accepts these 1nput.. to. det"n..tnc ~t..1‘-u.e cmrs. tot.l

' ', imprlge to be added at apocee, and’ ..rnmxi._te m tie. 'me con-
.rol s:/aten, or Mopilot, obta.ins 11:.. mrcm fron lcv d:.u‘t g-n-os s
‘an intewmting accele'u::eter rountea’ on the thr-gt 2xis of the Vehiclc

' ad a cloc.':. It eontmls rocket on-t ae stariing :n:l Snl ooy, gn.:.
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&yT08, rate gyros, and :I.ntecmting uceie:ongfen winp:mbably )

establish the J.uut of systen Performance. -
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. Btabuity obvur.es the neeé‘tor roll and yaw pouuon retennp-k'; A
-sinae i'ate gm that senses vemtsla TO1I rate1g nmam~rto~pmvfu
Vﬂlllp:l.ng torque& sbout both the ron any mues. A fore and ary Yooking

' hori:on teasorm thmbe emloyeato coxreet d.r:lm orthep:ltch wro

In thil manner & stable :lnd:tc'.tien of ctutuk r:m tran troub.:.esam
drifta, may be est-blished in the orbiting vehic}.e. _

' Preunim.ry pmponala have been receiud. fron tw 'enaors vho
proposa to provida [ :uhinzed placfom of about’ &mmmt

: lm.ugdnm oro.idemperhourlndhn. nese phtrams_have'

A osvmtow' Task

_ o - - : D-Tab],p9 |



During orbiting f1ignt the ventele attitnde mist be controlyeq

. so that payloed elma vill be llisned Properly for recomnatssance
| purpoces.  me dtrections of lines of Sight, sntenna axes, ete;

sY7ten; the most stringent 0no8 artse because of the tnage motion
- gubgnz;uqn reqxnmti. !hg-':se are tabulatedbelow for an imge
© blurring of sbout 30 feet, ‘ o

T o L : l,D-TaEl‘,x'blO i




of 'l.n‘ng-tern tppuieatzon of & bias terqyg, e'.‘s'., friction ip

.bnunga'ot'matug achinery on the _velucl‘.eb. kcord.tnsly, prousion_s

- D-Tab 1, pl1l
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" in 't.he camera momnts,

m vism.l mconnussance camera ts a :tr:.p or eontiuuoua filn

) t:rpo n.nd, theutore, image mion eoupemtion :I.n the veloﬁity direet:on :

. MED 1535

13 eqm.vnlent to adJuating ﬂze ute of film mtion:put the camera alit., ‘

Body x'otat:lom my cause b].urr.lng of the imge romd by sronnd '
' obJeeta. The clmra ooucs can be de-'imed to 1nclude a mirror shien 1c :
‘ c.nba.ucd cnd t:llted tma simls derivcd fm the a;ttitme reremc

: u:ut in tmch a \ny as to cli::.in.te imge aotian. dne to body omllnuons.

sznce the vehicle aw :xis aml ..he nm otsie)xt are ‘very nearly

co:lncident, the etfeets of y-v oscillations =Yy o0 removed by & rotation
e orthecammabmitsnptic a:::s. e '

L g; At*itu:le Ind‘!ca‘ion

‘An 1M1"a_t16n of the instentancous n_ttiﬁulc of 'th,e vehic‘;l,e 13-

né:eg#:_ary in order to eomlnte .récb'nhnj,—zsaxieé daty v;ltn ceographical
, 'loc'u.om Dlrecuon rindzrs cte, vill bc 'ci‘crcnccd to the veh:lele
nad, ..mce the ceographicnl orientsuon of the vehicle is knwu ac a

tien o Ax:-e, ‘these data can be éonverted to aeoguphical
'\o..ition ‘ T

D—rab 1, P 12



| eTcopt. that long terw drires degrade its sccuracy. ‘These ari
~ bo elintriated, or mintained ¥ithin bowds by the spplication of the

- An attitude indication 15 derived from the attitude reference
wnit. The gyro phttorn Tepresents a satisfactory attitule Teference

_ o A L o nf'kibl,p13
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