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FOREWORD 70 VOLUME 11

. The Advanced Reconns.issa.nce System (Weapon System 1171.) consists
. of a sa.tellite vehicle which can perform visua.l, electronic 3 a.nd _
infrared reconnaisss.nce, together with the necessary system of ground
o : stations » data processing centers » and training fs.cilities.
|  In accordance with the :I.nstructions of CCN No. 1 to Contract
AP 33(616 )-3105, the: Missile Systems Division, I.ockheed Alreraft
Corporation, has revised its Subsystem Development Pla.n (MsD 1536
| Volume IT ) to be consons.nt with the WDD Development Plan dated 2
~ April 1956, a5 modified and published in Volume I of this repcz't.
» It should be noted the outline of subsystems as given in MSD 1536
, ) has been cha.nged. to agree with the WDD Pls.n Subsystems H and J of
‘ T MSD 1536 have been cambined to give a ney Subsystem H - Ground-Spece |
« Camnunica.tions. e _ '_’3 , ,' | :
) | _ In accordance with oral instructions frcmWDD, the Flight Test ) o
| Subsystem I of MSD 1536 has not been documented at this time. e
information pertaining to flight testing is presented. in the other
subsystem volumes as appropriate. The titles ‘of old Subsystems K and
L (now I and J, respectively) have been chsnged.
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OUTLINE
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SYSTEM PLAN _
Suppiement (Top Secret)
SUBSYSTEM PLANS

Vehicle

Prop::lsion

Auxiliary Power

Guidance and Control
Visuai Reconnaissance
Electronic Reconpaissgnce
Infrared Reconnaissance
Ground-Space Comminications
Dé.ta. Processing and Intelligence ‘D:I.ssmination‘
Ground Support ang Training
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GUIDANCE AND CONTROL SUBSYSTEM FOR - ,5/ WS 117L-Pnsa
ADVANCED RECONNAISSANCE SYSTEM [ TNOR NumaR| 3. o T
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WEAPON SYSTEM 117L e —————

Strategic Air Warfare

8. COGNIZANT AGENCY
Ai> Research and

Develogent Command
9. DIRECTING AGENCY

Hq ARDC ' Orvissony

;&VE;%H_I&EQM

TREPHONE NO.
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20. REQUIREMENT AND/OR JUSTIFICATION

20 a. The guidance ang control subsystem is requiréd to provide the follow-
ing functions: _ '

1. Inertial gu.ida.nce for the sé.telli' take O & admewler or-

e e —
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C. This unit Irovides guidance 8ignals to the OSV autopilot »
measures the velocity gained during orbital boogt , and
rovides g signal to cut off the engine. Some components
of this sytem may be common to the ascent guidance unit or
the orbital attitude control system.
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GUIDANCE AND CONTROL SN S, sTeR Fonz

= '50 yAhvedd ne CONvMI<Shve SysTam, NI
W} - General Design Speciﬁcation ' ,

A. Statement of Problem

The objective of the Guidance and Control Subsystem 1is to ensure
the thrust is applied in such a way that the vehicle is Placed in a
circule.r orbit at an'altitude of 300 n. miles. At this a.ltitude the

vehicle velocity must be in a horizontal Plane and its magnitude must

be approximately 25,500 ft/sec (v = v eR). When the vehicle enters. the

orbit the error in velocity must not exceed 30 feet per second in
megnitude and 1 milliradien in direction. If these conditions are met,
& 300-n. mile orbit will bave maximum and minimm altitudes of 320 and
260 n. miles, respe.ctively.p. After the orbiting condition has been
obtained and the engines he.ye been shut dowm, the guida.nce and control .
subsystem converts to an attitude control mode of opera.tion. The

vehicle attitude nmst be controlled so as to stabilize the line of

~ sight with respect to a known reference fra.me to permit reconnaissance

read-in and read-out.

B. Approach
!Ihe operation of the ARS guidance and attitude control systems
can be divided into four pha.ses'

£

CONFIBENTAL- 5. s, 5
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1. The booster-powered phase beginning at launch and
contimiing to the cutoff of the booster and
sustainer engines, .

‘2. The unpowéfed coast to apogee on an elliptical
ascent traJe’ctqry._ -

3. The application of the orbital povered b‘,’“t, to
provide the necesSary increment of velocity to |
place the vehicle on the desired orbit. |

b,  Attitude stabilization a.nd indication after the
orbit stage vehicle has been established on the
desired orbit.

C. Solution
b “Boostef—Povofed Phase .

The initial booster-powered pha.se is very simila.r to that

of the :l.ntercontinenta.l and intermediste range ballistic missiles. Hence
~ advantage can be taken of the d.evelopnent or booster vehicles including

propulsion, airrrame, autopilot and control systen, and. guidance, for

the ballistic missile projects, WS 107A ana WE3154, o

| An inertisl guida.nce system consist_ng of a gYyro-stabilized

pla.tform, singly integra.ting accelerometers > and a guidance conguter will

provide steering signals to the booster a.utopilot and propulsion cutoff

signals for the rocket engines.

2. S‘&a&&g

After termination of the main boost propi:lsion » the vehicle

D-Tab 1, p2
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the required attitude.  In addition 9 the orbital boost guidance 8ystem will
measure the velocity galned by means of an integrati.ng accelerometer and

will furnish the propulsion cutofs signal vwhen the required velocity
is attained

b,  Attitude Stebilization -
- - sATelLTE
After terminatinn of the orbital boost » the 08V must be

reoriented roughly to the local vertical 80 that the vehicle will stabilize
in attitude through the. action of the earth's. gravitational field on the

TS wae REQUIRETAIAT THE Monavea O p INERTIQ R
mags distribution of the vehicle. Through the operation of rate gyros

L

gavrLioua 2

sensing the vehicle! 8 angula.r motion and the action of motor-powered
' fly'wheels » the oscillations of the vehicle 8 angular motion will be

damped to a stable orientation with respect to the loecal gravitational

"6.’_0)

vertical (including orientation about the vertical as the yaw axis).

[4
4

Torques disturbing the stable orientation of the osv to
the vertical may arise dur:l.ng orbiting because of the oblateness of the _

earth, elliptical orbiting » bon-compensated torques from rotatiug

v RO B L S D

ﬂruod 4

machinery, radiation torques from the APU, etc. Since demping is
brovided in the orbital attitude control ) the a.ngular motion resulting

from thesge d:l.stu.rbances will always be danped out (provided the disturb-

T4 S THNT ALl TORPUES
o T S
_ WET TNpvE me'cazsetlr {23 Btrief. ogtqsystem time constant f

CONTIOVINS
large, ap indication of the instantaneous attitude may be necessary to

PLoVIOE B N Fenrerer soe 75" Uigg/g‘_“.p

From wpieMH 7o CowM4A/0 Sivl eltemeagg
v THE BOVONLED fﬂpé»ms.

4’ LNt mmnsble ‘,.‘Alg

p/mov 10U Wase

. oy,
I
2 P e s WSV I Ass

D-Tab1, ph B
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& combination of both.

LOCKHEED AIRCRAFT CORPORATION

D‘Tabl:P5

MISSILE SYSTEMS DIVISION




LOCKHEED AIRCRAFT CORPORATION

MSD-2011

IT. DESCRIPTION
A. Tasks

1. Ascent Guidance

This task requires the provision of an inertial guidance
package to guide the vehicle during boost and‘ to furnish attitude
stebilization information during the cosst phase. Because of the labher
requirement, g ground-linked radio guidance system such as that being
developed for the Atlas ba].'Lisfic missile 1s not sufficient » &lthough
1ts use may be of some bénef:lt during boost.

| It is enticipated that the inertial guidance package
will consist of a three-a.:d.s platform stabilized by three aingle-axis ,
gyros, 'hhree single-axis integrating accelerometers mounted on th.e plat-
form, and a guidance computer. The outputs from the guidance equipment
during boost will be steering signa.ls t§ the boost autopilot which is
assumed to be furnished with the booster vehicle » & propulsion cutéff
signla'l %0 the rocket engines, and information to the transition computer
on the measured position and velocity at the end of boost.

During coast the stable platform furnishes attitude infor-
mation to the trﬁ.nsition control system.

Ground equipment for initia.l aligmment of the inertial
system and for monitoring the operation of the guidance equipment will be
required.

It is antiéipated that significant advantage can be

ee”' IBEH“”t D-Tab 1,16
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taken of the guidance development work on the WS 107A. and WS 315A

brograms in the utilization of developed. components and envirommentsl
test facilities and test results.

2. Transition Co:mputer

During the transition coa.st Period a computer is required.
which accep'l;“.s data from the ascent guldance equipment and computes the
velocity magnitud.e to be ga.j_ned during the orbital boost stage, the time
to initiate the orbita.l boost, and the proper a.ttitude for the 0SV during
orbital boost.

It :I.s anticipated that the transition conmuter can
operate on the basis of d.eviations from a preset program Hence its
accuracy is not critical, and it can be & relatively simple ana.loguev
type computer. | ‘

| 3. Transition Control System

Attitude control must be exercised ﬂ!:tenever the rocket
engines are not operating. During the coa.st or transition phase of the
trajectory, the residna.l angular impu.'l.se dnring and after termination of

to :I.nitia.tion of the orbital boost. '

- Attitude sensing information inputs to the transition

-control system are derived from the gyro-stabilized Platfornm and from

the transition computer. The torques nlecessary to control and stab:l.lize
the attitude can be obta.:!.ned by means of small auxiliary gas jets or by

means of motor-confhrolled inertia flywheels.

D-Tab 1, pT
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k. orbital Boost Guidance

During the orbital ‘boost Phase it is necessary to
provide steer:l.ng signals to the 08V autopilot and s Propulsion cutoff
signal to the rocket engine. The orbital ’boost guidance system must
sense the attitude of the veh_cle and provide steer:lng signals to the‘
osv autopilot control system to maintain the proper thrust attitude.
In a.ddition, it must measure the velocity gained during orbital thrust s
compere this with the velocity-to-be gained computed by the transition
computer, and provide a cutoff signal to the rocket engine when the
two are equal. | |

The attitude aensiﬁg function can best be provid.ed by

means of gyroscopes, and the velocity gained can be measured by means
~of an integrating a.ccelerometer oriented a.long the thrust a.xis of the
_ vehicle.

Some of the comporents of the orbital boost gu.ida.nce
system may be coﬁmbn to the ascent guldance system or the oi'bitai
attitude control system. |

5. 08V Autopilot

Thrust will be applied to the osv in a direction paralilel
to the horizon'bal Plane at the a.pogee. This thrust will be applied for
about 30 seconds prior to apogee so that a mee.sured increase is made to
the vehicle horizontal velocity while no vertical velocity component ig
added. 'The vehicle heading is established to provide the proper value of

the meximm 1at: itude for the orbi it.

D-Tab1l, p 8
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The OSV a.utopilot prOvides the dynamic control of A
thrust direction. through d.eflections of two ginmballed l50-pound thrust
control engines. This control is required to maintain a stable vehicle
attitude during the 0SV boost stage Since this unit functions at very:
high altitude and after the 08V has already gained a high velocity, the
Primary requirement on it ig that it be capable of providing steble
flight control. Through reference to the attitude reference unit, the
autopilot receives error signalg required to correct initial errors in
a short time and to ensure that thru.st is applied in the roper direction
to avoid large residual vertical velocity components st the end of the
boost stage. |

6.  Orbital Attitude Comtrol

Du.ring orbii-.ing flight the vehicle attitude must be
controlled so that payload elements will be aligned properly for
reconnaissance purposes. The directions of lines-of-sight » antenns
axes, etc., mugt be controllable, and, in some cases ) they mist be
known within accurate limitg.

The reference direction for alignment ig the local
vertical of the earth's gravitational fleld. By proper distribution
of the mess of the vehicle, the desired orientation can be made a ‘
naturally stable one about three orthogonal a.xes through the a.ction of
the gravitational field gra.dient in producing restoring torques on the
vehicle. Osci]_'l.ations of the vehicle about the stable orientation are
undamped. In order ‘bo provide d.a.mping 80 that the oscillations will die.

D-Ta.bl,p-9
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out ﬁth time, & means oi’ sensing the rates of angular motion, such as
rate gyros, will provide signals to control electric motors driving
inertia wheels.
} After the orbital boost stage, the vehicle must be aligned
roughly to the loeal vertica.l before the orbital e.ttitude control becomes
| effective This can be a.ccomplished by means of small auxiliary a.ir
Jets controlled by the stabilization elements of the orbital boost
guldance systenm.

-Same components of the orbital atti'bude control system
may be shared with the orbita.l boost guidance system.

. Attitude Indication and Im.ge Motion Compensation

Disturbing torques on the orbiting vehicle due to the
oblateness of the earth, the effect of an elliptical orbit, ‘residual
unbalsnce in rotating machinery, etc., 'H:LU. cause tranaitory and stea.dy-
state oscillations despite the Presence of damping. An indica.tion of
| the inatanta.neous a.ttitude of the vehicle mey be necessary in order to
correlate reconnaissance information with geographical location. Changes
in attitude will be avallable from the rate gyrbs of the orbita.l a.ttii:ude
control equipment, but drifts in the gyros will limit the long-term
accurscy. Use of an external reference, such as the earth's horizon or

astronomical bodies > €.8,, the sun, can provide an absolute reference

for attitude indication.

D-Tab 1, pl0
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