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PREFACE

In the course of preparing this report, it became obvious
that there exist many individual definitions of exactly what
functions constitute stabilization, attitude control, guidance, and
navigation when these terms are applied 1o a space vehicle. To
aveid confusion, the following definitions are used in this study:
Stabilization refers to the inherent ability of a properly
designed spacecraft to maiantain an established attitude in the
presence of perturbing torques. This function is more properly
called passive attitude control and makes use of external forces
due to gravity pradients, aero@ynamic interaction, radiation
pressiire, ar spin to provide stability.
Attitude control refers to the utilization of spacecraft
generated farces to maintain, or assume, 3 prescribed attitude
in space. Thie function includes sensing, control T.asent
production, and the nxiersaxy devices to provide stable pperaticn.
Guidance consists of determning the present position and
velocity of the space vehicle during powered flight and of genevating
gteering and thrust shutoff commands which will cause the
vehicle to achiave satisfactory burnout ceaditions. It is most

simply control of the translational movement of the vehicle.
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Navigation is the determination of the position of a space

vehicle, usually with respect to celestial references,

PUBLICATION REVIEW

This Foreign Technolaogy document has been reviewed and

; is approved for distribution within the Air Force Systems
Command,
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{U) SUMMARY

Purpose

This report presents the results of analysis initiated to
sansfy Tasks 618207{66 and 74) of the SPAO SLEPTOPS on
Soviet Lunar Exploration System Spe;.cecr aft Stabilization,
Control, Guidance, and Navigalion Equipment. 45T
Conclusions

The following are the postulated pertinent characteristics
of the SL-2 spacecraft systems:

a. The Lunik IV spacecraft was a nonspinning,
inertially oriented vehicle, Sun finders and precise sun seckers
were used to align the roil axis and provide orientation for solar
cella; an earth sensor was utilized to provide roll attitude and
alignment of a communications antenna, Control torques were
gererated by a cold gas actuasion systermn, and ug po ,zive attituds
Cor_x-_trol {stahilizatiur® was designed into the vehicle.

b, The required trajectory information and mid:iourse
correction were grouad t.:omputed from tracking data. The
midcourse maneuver was not successfully accomplished. No

on-board navigation or computation equipment was utilized.

AFMDC 63-4453
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¢. The most probable nudcourse gmdémce system was
2 simple autopilot-velocity mater scheme, utilizing three rate
gyros and an integrating accelerometer, This same system vould
have also been used for injection guidance once the required
attitude had been established during the parking orbit from a
reference external to the spacecraft, The sun was available
and is the most likely choice based on the demonstrated Soviet
preference for this reference.

d. The lunar descent reference (if soft landing or near
orbit was the intended Lunar IV mission) would be based on
specialized radar measurements,

€. The SL-Z series shows that the Soviets cannot, at
this time, accomplish high accuracy lunar missions with any
degree of reliability. The basic difficulty may well ba control
associated. ,(3}‘

Background Hiphlights

This report was prepared from extensive Soviet open

source literature, Foreign Technology studies on Soviet space-

craft contrel, U,S, technical studies on guidance and ¢entrol,

and availablel:] studies. Since a lack of defizitiv:

-

data existed for the SL-2 series, postulations made are basal

mainly on the capabilities demonstrated in the SL-1 series and

v
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the deep space probes, constrained by current and projected U.S,
technology., (57
Discussion

See Section I (U}
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SECTION L

4 {U) INTRODUCTION

The design of an attitude control system for a satellite or @
space probe is necessarily dictated by the mission requirements
of the spacecraft, For this reason, the requirements must be
well defined and understood before any meaningful analysis
can be undertaken. Also, in general, there is no unique choice

among the various feasible sen sing and actuation combinations

which "best'' satisfies the performance requirements of a particu-

lar mission. More often the designer is forced to select
tentative systems, conduct a trade-off study, and base final
scheme selection on the results of this experimental approach.
(v

This lack of existence of an easily identifiable optirmuin
system cempounds the analy=is problem. Or the c¢-= hand th=re
ig the ma-cral tendency “u seek the simplest mechanization
(consistent with the external signature) because of the Soviets'
penchant for simplicity. On the otheT hand systerms must be
examined for future potential, which is usually equated to
accuracy and versat_ility; and these qualities are no: SYNONyINoUs
with simplicity. In an attempt to ove recome this iacousisiency,

this study will:

1
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a, Describe lhe attitude control requirements for a
hypothetical soft lunar landing vehicle Jaunched from a parking
orbit.
b. Enumerate some open source Soviet technical

gtudies which are pertinent to the control problems of lunar

flights.

c. Examine previous Soviet space probes {SL- 1 and
Venik) to assess their implications on future lunar contrel
system capabilities.

d, Analyze all existing data on SLe2 launches to find

a correspondence with either the studies in paragraph ¢ above

or exis!il:fgfproposed U.S. schemes,

It ig believed that this method ingures the most logical approach

to the problem and should provide answers with good validity. 451
A bagic shortcoming in this study must, however, be

pointed out, At ths culdif Aste, very little data on the SL-2

geries was available for analysis. Neither Soviet open source

descriptions of Lunik IV nor anﬂ

Pecause of this

lack, the study is mainly limited to those capabilitiss and poten-
t5alities demonatrated by earlier space probes, and th~ ixest of

those was launched more than two years ago. This lack of

2
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SECTION II

(U) LUNAR FLIGHT CONTROL REQUIREMENTS

For a lunar ascent from a parking orbit, active attitude
control begins at termination of third stage burning. At this
time the fourth stage and probe are spinning, usually about an
arbitrary axis at an unpredictable rate {as high as 1,000 to
10,000 degrees/hour in some U.S. spacecraft), This angular
disorientation, which occurs from anomalies in third stage
burning and separation, must be corrccted to allow orientation
for injection into the lunar orbit, Thus the control syatem
must sense the unwanted rotation and cause restoring torques
to be applied in order to orient the vehicle to the desired parking
orbit attitude. The rotations can easily be sensed by rate gyros
mounted along three arbitrary spacecraft axes, These gyros
then provide actuation of the restoring force produrnr. reauiting
in torques which reduce the spin s.te to zero. This action
requires high level torques which can only be provided by a mass
expulsion actuation scheme, 8T

U.S. studies have found that the simplest, lightest, and
most reliable mass expulsion actuator es.rstam for lunar flights

utilizes cold-gas, usually dry nitrogen, The system requires a-

4
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The exact injection orientation and time of injection required
are predicated on the launch time and, to a lesser extent, the
parking orbit attained. These constraints, as it turns out, are
insensitive to variations in the parking orbit about nominal, This
is a fortunate circumstance since the tracking limitations inherent
in the use of a coasting phase do not allow precise parking orbit
determination; the position and velocity of the spacecraft at any
particular instant cannot be predicted as exactly as would be
desired. For example, it is estimated that an uncertainty of
2 nautical miles along each axis in position and 3~5 fps in velocity

/

existed at the injection of Lunik IV, Errors of this magnitude
are not overriding; but propagated to lunar distances, they can
result in unacceptable miss distances for sophisticated migsions. §:73

At initiation of the injection stage, control requirements
undergo a drastic revision, The control system must then perform
the missile autopilot function during the burning phase. The
standard components to provide this function are contained in the
injection stage, anci thus are not strictly spacecraft associated. i
It is important at this point to distinguigh between guidance and
control, The guidance problem {in the Soviet sense) consists of
determining the present position and velocity of the vehicle,

comparing these quantities with the nominal, and generating

6
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steering and engine shutoff commands which cause the vehicle to
achieve the nominal burnout conditions. The control system
problem is to mechanize accurately the steering commands so
as to get the response demanded by the guidance system,. &7

Many problems arise in attempting to perform the guidance
function during injection into a lunar ascent trajectory from a
parking orbit, Radio guidance is not generally feasible because
of the variety of injection locations required for optimizing the
"lunar launches on different dates. The use of inertial coamponents
results in Jarge errors because of the gyro drifts encountered in
long coasting orbits, which, in turn, seriously degrades the
accuracy of the injection phase, Thus, at least two unrelated
and serious error sources exist at injection which reduce the
accuracy of this maneuver below the acceptable limits for either
lunar impact or close lunar orbit, To correct these errors, it
becomes necessary to include a post-injection correcrion im the
transfer orbit, For this reason it is believed that any lunar
mission injected from a parking orbit must have a mid. surse
correction included in its program. (8T

Although this correction capability complicates sg:-aéecraft
design, it simplifies the guidance requirem=nts for the iajection

stage, It has been found that the use of a simple autop.ot~

i
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integrating accelerometer system adda very little to the velocity

requirements for the midcourse carrection, In this scheme the
control system of the injection stage would merely maintain the
nominal injection attitude established by the spacecraft control
system and an integrating accelerometer would terminate thrust
at the required velocity as determined on the ground from thc.
parking orbit tracking data. ',(Zf

Following the injection into the transfer orbit, the de-spin
process must again be accomplished using rate gyro outputs to
initiate the stabilizing torques. As the arbitrary spin rate is
reduced to near zero, the sensors which ars used for attitude
measurements during {ree flight begin to acquire their references,
This acquisition period is, in general, not time limited; and
there is no stringent requirement for large control forces, (U)

The sensors which can establish the required space orienta.-
tion are many; and as indicatsd bafore, there is not nscessarily
an optimum choice, However, eince solar paddles aze probably
a necessity, the sun is a most likely refsrence for attitine
sensing. In the most general mechanization several s.n seekera
positioned strategically about the spacecraft serve to provide
initial acquisition, with fine alignment providad by prec®:s sun

gensors. These sensors act to point the spacecraft roli axis

SEREF-  amvmc enoass
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to the sun, thus establishing the direction of a line 1n space and
providing attitude orientalion in both pitch and yaw. (U}

The reference for the rernaining stability axis, roll, can be
provided by either the carth ov some afixed" star, The selectian
of a fixed star allows greater system versatility since the
geometrical relationships of the sarth-sun-moon can, in some
instances, preclude the use of the earth as a reference., A
requirement probably exists, though, for fairly precise pointing
of a high gain communications antenna to the earth which can
mast simply be accomplished by an earth sensor. Also, little
generality is lost by this selection of reference, Since the
sp acecraft has been aligned on the sun, acquisition of the earth
reierence is 2 simple process. The location of the earth with
respect to the roll axis which is aligned to the sun ean be easily
predicted, The sensoT is then simply offset from the roll axis
some predictad amount and the vehicle 15 rolied unt.l cae senecT
acquires its reference., As 500N a3 lock-on is accomplished, the
spacecraft is oriented in all three axes and the attiruds is estab-
lished. At the same time both the earth and sun pogiiione are
known relative to the spacecradt, and orientation infor nation for

both the solar cells and 2 communication antenna ia redily

AFMDC 63-2453
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available. The actual orientation method is again an intimate
function of design, (U)

At the completion of this acquisition phase, a ciulse mode
is entered, Thig is a period of passive flight when the primary
lunction of the spacecraft is to simply travel from one point to
another under its own momenturmn. The athitude control system
regquirements are very different in thas mode of operation.
During the acquisition and orientation modes, both gyroscopic and
calestial references may be required, whereas during this cruise
mode only celestial {earth, sun) references are needed, Also
because of the small perturbative torques present on a properly
designed spacecraft during cruise, a smaller capacity control
actuation scheme is feasible; momentum storage through the use
of reaction wheels can provide adequate control moments, Asg an
extreme, it migh? be possible to eliminate a1l attituc® contral
during tnis reriod., The -olar panel and communications antenna
orientation requirements, however, generally preclude such
complete removal of active contral, (U}

During the cruise phase, deviations {rom the desired attitude
are sensed by the sun sensors in pitch and yaw and th: earth
sensor in roll, These sensors provide angular posi.an errors to

the control logic circuitry which in turn initiates contrci nulses

10
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(either through mass expulsion o momentum storage) to return
the spacecraft to the desired orientation. The actual errors
wh'u-:h are accepted during this mode are a functior of design of
the circuitry {deadband) from considerations of control torque
capacity of the system. If a low capacity actuator system is
employed, the deadband may be fairly iarge. This is rather a moot
point, however, there being no stringent requirement for extremae
accuracy during this coasting period unless scientific experiments
are being performed which require precise pointing of the
spacecraft, [Q8))

The angular raté signals necessary for system stability in
this mode can be obtained directly from the rate gyros or
derived from the switching amplifier output. 1f it were desired
aot to run the gyros constantly due to lifetime limitations, the
derived rate wnould be used and the gyros operated only during
active p«™i0ds. {0)

After a cruise period of 15 to 20 hours, the sp;cecra.ft is
ready to execute the midcourse maneuver. The aciual timing of
this maneuver is derived from the ground based tracking informa-
tion which determines the required correction to \he trajectory.,
In general, errors in velocity are best correctad o :ly in the

’ flight; and angular eTrors, late in the flight, A midcoursz

11
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maneuver command 1s transmitted to the spacecraft and stored

in on-board memory device. This stored command contains

four items of information: the magnitudes and directions of the

rotations about the pitch and roll axes required to correctly

align the vehicle fixed thrust vector, the time of thrust initiation,

and the magnitude of the velocity gain required. The velacity

increment can be controlled by an integrated accelerometer

output which generates a shutof! signal for the midcourse rocket,

or a timed burniag pericd, (U}

This commanded crientation, through the rate gyros, mustl

originate from a precise reference to achieve-the required

orientation accuracy. Thus, the positional accuracy derived from

the sensors must be on the order of 0.2 degrees in all axes to

achieve lunar impact. This accuracy requares the attitude control

system to suspend the cruise mode prior to midcourse correction

and to accomplish the precise pointing Lelessar) . Failure to

achieve the required pointing accuracy can result in an increase

in miss distance (viz. Ranger 5). At initiation of t“3 midcourse

orientation the sensors are remowed from the attitude system

and the rate gyros provide the attitude reference. Sincs the

control actuation system has ingufficient ¢capacity th Jvercome

any error torqueés developed by the midcourse roek:t jot exhaust

12
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vanes or gimbaled engines must be employed 1o provide attitude
control during this thrusting period. This requires standard
autopilot electronics using gyro derived error si aals and
actuator positions for stability of operation, JZ}'

At the completion of the midcourse maneuver, the sun and
earth are reacquired by repealing the same process associated
H with initial acquisition, The spacecraflt then enters a gecond
Cruise pc-riod with the same characteristics as the previous one,
. 4 This mode is continued until near lunar approach at which time
further maneuvers are a function of the particular mission of the
i spacecraft. For thig treatment, lunar soft landing will be

: . agsumed as the goal of the flight, (U}

At about 1,000 miles from the lunar surface, the ground
commanded reorieantation for final descent is begun. The roll
axis, which was aligned with the sun in the cruise mode, ie

programmed through the rate gyros to orient approximately

along the velocity vector expectsd fcr the time of retro ignition,
Attitude sensing could then be transferred to horizon seekers for
! precise alignment of the roll axis with the local lunar vertical,
Because of the precise navigation and guidance zegvirements for
the soft landing, certain procedures must take plz:a it this

\ time. The first change occurs because of the long trznsmission

13
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This delay makes it

delay which exists at lunar range.

necessary to switch {rom ground command to a programmed

inértial and radar control. Also the operation of specialized
radars must be initiated to datermine attitude, vertical, and

lateral velocities. These radar derived measurements control

both vehicle aititude and retrorocket operation, causing the
g

spacecraft to follow a programmed trajectory to landing. W

This description provides, in a general manner, the control,

navigation, and guidance requirements for a lunar soft landing

vehicle injected from a parking orbit, The details for each

separate discrete operation are not intended to constitute the

only, or evsan the best, possible mechanization for each action.

They are, however, probably the simplest waya and do provide

a basis for further analysis of operational schemes, (u)

AFMDC 63-4453
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SECTION IiI

{U) SOVIET TECHNICAL LITERATURE

A search has been initiated in the available open source
Soviet technical literature to find reports applicable to the
lunar control requirements. There are numerous technical
articles on the fheory of optimum control ayétems which have
indirect application to this area. These studies, in essence,
are directed to the goal of obtaining the best control for the
least expenditure of weight of components. The exact appli-
cability of these studies is difficult to assess since all aTe
couched in pure mathematical terms and notation. They do
indicate an extensive interest in optimization and make the use
of 2 highly optimized system pz;obable. 487

A study applicable to cruise mode attitude contral is "'Some
Guidance Prcblerm: in Interplan :tary Space!’ by B. V. Raushenback

a0d E. N. Tokar, trin<isted from Artificial Earth Satellites,

1960, Nr 5. This is a textbook examination of attitude control
through momentum storage in inertia wheels. No mechanization
is proposed, nor ie any mention made of practical applications
other than through inference. It does provide, howuver, the

type of theoretical base from which design couwld grow. ,m

15
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An extremely sophisticated approach to attitude control

and navigation is presented by V. A, Bodner and V, P. Seleznev
in "Theory of Three-Axis Stable Systems Employing External
Information, ¥ [zvestiia Al;ademii Nauk SSSR, Otdel Tekh Naulk,
Energetika i Automatika, 1960, Nr 3. This paper presents a
highly mathematical approach to a combined astro-inertial system
utilizing an inertial platform, three accelerometers, and three
tracking telescopes. A complete error analysis is performed
using an earth orbit as a reference. A system of this type pro-
vides a very precise attitude control and also can pert;orm bath
guidance and navigation functions. A scheme of this complexity
has little application in the present time period but will probably
become a necessity in the.more sophisticated lunar missgions of
the future. (&7

A possible application of a system of this type would be to »
provide insrtial references for precise guidance auva «ontrol of
the spacecraft during t“e injection to transfer orbift and Auring
midcourse corrections. This is a highly c:omplicate& system
with attendant low reliability, but it does provide better accuracies
than possible with a less sophisticated scheme, A4S}

The same system was presented by Seleznev in an article

entitled ''Space Navigation' which appeared in the Nr 2, 1962,

16
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issue of Aviation and Cosmonautics. This treatment omitted the

mathematical detail and presented the idea of astro-inertial
navigation in laymen's terminology. (U}

Both of these articles show a schematic of a pos sible mecha-
nization of the system, discuss computer requirements, and point
out the necessity of a precise time measurement, The extreme
complexity of the system is stressed in both articles. (U)

Although none of these articles are strictly applicable to the
Soviet lunar missions which have been so far performed, they do
indicate that much serious work is being expended in solving the
attitude control requirements of future, more complex deep

space flights. (U)

17
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SECTION IV

{U) SPACE PROBES

FTD-TT-62-121 provides general detail on the flights of
Luniks II and IIl from which certain observations about the
attitude control system can be deduced. This document, which

is a translation of selected articles from Soviet Satellites and

s

Space Ships by 8. G. Aleksandrov and R. Ye, Federov, substan-

tiates the statements made earlier by both Sedov and Blagonarov,
:' and adds considerably to the detail of the earlier Luniks. (U)
1 The authors describe the basic elements of the Lunik 11
L
control system as:

a. Optical "feelers' (solar and lunar).

b. Gyroscopic "feelers."
| ¢. Electronic logic circuits.
I 4. Control motors [(lezntified as cold-gan jeis Ly
Blagonarov),

in this probe, power for cperation of the electronic £db-

: systems was provided by both solar panels and 2 storage battery.
Discrete operations were initiated by ground commands with
‘ functions performed near the lunar surface preprogrammed in the

logic circuitry, ["Autonromous'' contral was undouptadly

18

5 -SEGREF-

AFMDC 63-4453




s b

necessary near the moon because of the transmission delays

encountered in usiﬁg ground commands). 48]

Lunik III was injected on a direct ascent and no midcourse
correction was made; the spacecraft flew in the previously
described cruise mode from injection to near lunar approach,
No active control was exercised during this period; inertial
stabilization was provided by spin about the longitudinal space-
craft axis. Aim.;:u.gh no mention was made in any account that
this inertial orientation was stabilized along the velocity vector
at injection, this postulation is made for the following reason:
High ncise levels in radio transmissions from lunar distancea
made it almost & necessity for a spacecraft antenna to be
nominally pointed at the earth. There i no mention made (nor
any indication from photography of the probe) that such a
stecrable antenna wad employsd or that an earth sanger w28
aboard which z-uld orient ti.. spacszcraft and point an antenna,
Because of the high injection velocity, howsver, the carth-moon
trajectory was esgentially a 'szi'aigh: line and an inertial ovienta-
tion as described above would provide a near alignment to the
earth throughout flight within the sarth's sphere of influeace,
The spin stabilization also served to control spacecrali heating

and, in conjunction with the sclar panels mounted around tiiz

19
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circumference of the spacecraft, removed the necessity for

orientation on the sun to insure proper operation of the solar
puwer supply. (8]

Although the listing of basic control elements contained
gyroscopic ''feelers, "t no mention is made of their employment in
the report. Since a yaw gyroscope is not feasible in this
application, and an inertial platform is unnecessarily complex,
these feelers were undoubtedly rate gyros, used as described
previously for the immediate post-injection orientation and other
functions later in the flight. 87

Thus, it is established that the arientation during the cruise
mode was inertial and was a result of a spin imparted about the
longitudinal axis. The completely symmetrizal configuration of
the spacecraft about the long {roll) axis confirms the use of spin
gtabilization, 487

The first requirernent for active control oi Lunik i attitude
after injection occurred as the probe approached the lunar
surface. It then became necessary to recrient to perrit .acon
photography. This reorientation was simplified by the yrometry
of the sun-moon cornbination; upen near appro ach the probe lay

approximately on a straight line joining the sur and the rom,

20

“S‘EGREF AFMDC 63-4453




SEGRET

and permitted approximate moon acquigition simply by pointing

the appropriate spacecraft axis to the sun, (See Fig. 1.1} (u)
Before the required reorientation cguld occur, the space-
craft had to be de-spun, Information derived from the rate
gyros actuating the cold-gas jets provided the control torques
necessary. The command fo de-spin was undoubtedly ground
originated; all subsequent actions were preprogrammed and
stored in the logic circuitry. After corapletion of the de-spin
process, attitude sensing was switched to sun finders. These
finders, which were positioned around the spacecraft, indicated
the general location of the sun and provided signals to grossly
align the longitudinal axis on the sun, As the axis approached

the sun, more accurate sun seelkers then locked onto the aun,

- providing precise alignment and at the same time stabilizing

both the roil and yaw axes, When his lack-on accurr.d, the
voll axis was also {ppre =i aately pointed to the moon because
of the unigque geometry mentionsd previously. Control sensing
was then switched to the moon 5énsor which acquired and
locked on the moon, thus establishing a reference for the photog-
raphy which followed. Py

Certain deductions as to sensing techniques and scns0OTE

employed can be made from the described and hypothesiied lusar
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orientation. The primary alignment which required a sun
reference indicates that the Soviets could not predict with
sufficient certainty the location of the moon relative to the
longitudinal axis of the probe at its nearest passage. The use of
the sun with its high prominence in any spectral region allows 2
very simple search technique; it is performed by the dispersion
of sensors on the spacecraft body to provide a spherical field of
view. This is the simplest method {and the most reliable) for
approximate crientation ta the desired attitude. A simple
mechanization using cadmium selenide deteclors could provide
center pointing of the sun and would be well within the necessary
accuracy requirements. (8f
Since the. gun lock-on pravided an approximate lunar point

under the geometry which existed for Lunik 1II, no mechanical
gcan was required for the moon sensor in its acquisition phase,
It could most simply be an optical davice with approximaiely a
30° field of view., By concentrating the energy reflected from
the moon o;w an appropriate detector, the spacecraft couk:t

be controlled to orient itself to the center of the radiative
source. ln a simple mechanization, the detector could ccasist
of a quadrant mosaic arrangement of senaitive detactors = ‘*h

gome type of shadow shield above them. Any alignment of tn:
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axis of the shadow shield to other than the target results in a
differential detector output which can be used to drive the body-
fixed shadow shield, and hence the spacecrait, to align itself
with the target source. The alignment, in this case, provided
approximate local lunar vertical sensing. This mechanization
1s essentially a gun sensor and does not have general ;'.i.pplication
to lunar and planstary sensing. 87

Again the geomeétry of the aun-moon cornbination makes this
simple and reliable mechanization pessible. The limitation of

the technique described above when applied to sources other than

the sun arises because these bodies do not radiate, but merely

reflect incident sunlight, Thus if the target face presented to the
genaor is not fully illuminated, the sensor will paint at the center
of illumination and not at the geometrical center of the body (local
vertical), Of course in this cases the technigue has the addad
advantage of pointing the cameras ai ib= uminated oe: s of
the lunar surfa=se frora ..ich tae best photography could be
obtained. 27

Cameras were started as soon as the lunar seneor had
zchieved lock-on and continued to Tun until the film supply was
depleted. At this time, the moon §ensor Was disconnerted from
the control system and a new attitude feference bzcame nedessary.

24
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From an RF transmission standpoint it was probably necessary
to re-establish the antenna axis toward the earth. There is no
indicanon in any of the reports that this was done. Since there
is also no mentic;n of a sensor capable of acquiring the earth, it K _ B
seems probable that such an arientation, if accomplished, was

done 1in an open loop fashion. Both the angular orientation and .
position of the spacecraft were known during camera operation;

thus a reorientation toward the earth could be programmed through

the rate gyros. After this fairly precise alignment, the space-

craft could be respun about its longitudinal axis to again maintain

an inertial alignment. The highly eccentric arbit which resulted - 4

after moon passage, however, would not maintain this pointing

T

within the accuracy necessary (approximately 35°) for any
lengthy period. The possibility exists of course that the power B

of the probe-borne transmitter coupled with the sensitivity of

the ground receivers made the use of a highly diractional

antenna unnecessary, particularly as the probe neared the earth

-

after lunar passage. 57

All reports point out that the spacecraft waa respun affsr
photography was complete. The Soviets indicated that this wvas
done for temperature control and to assure propet operation ci 2

the solar energy storage system as described praviously. .
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This detailad study was performed on Lunik 11l because more

control functions are identifiable on this probe than on any other.
The accuracy requirements for attatude control in this application
are very lax, and it is doubtful if the sensors employed had much
betier accuracy than the minimum required, Probably the most
restrictive requirement was the 1u:-;ar pointing required for
photography, and this requirement, 3. 5°, is approximately one-
twentieth of the achievable accuracy of gimilar U.5, sensors
available in 1960. It is felt, therefore, that Lunik 111 demonstrated
jittle more than a capabilily to orient a space probe under low
accuracy requirements, and a great a.mmlmt of ingenuity in, and
kxnowledge of, lunar trajectory design. It is also interesting to
note that the succegs of the attitude control function on this
particular space probe was contingen; on this trajectory design,
and thus it diaplayed very little versatility {as 2 complete
system) for performance of any olixe? raission or evs" the Lunik
1II mission under less opumum conditions. A&7

The successful Venus probe of February 1961 provides thz
next indication of Soviet capability for spacecraft confrol,
Although the publicly announced mission of this prebe did not
require a variety of control functions as did Lunik I, .ree

significant new applications wee used;
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a. Injection from a parlang orbit,
b. Pointable solar panels,
c. A etesrabls communications antanna,
All three of these are significant advancements in control and

indicate a capability for more refined lunar missions, {81

Unlike the earlier luniks, the Venus probe was not spin

stabilized during the cruise phase. The open Soviet literature

/ indicates that oaly sun orientation was used during the major
portion of flight, and that a communications antenna was earth

15 aligned as the probe neared Venus, This statement is sub-
gtantiated by the employment of three antennae on the probe;

a near earth omnidirectional .a.ntenna., a medium range antenna
mounted on a solar panel, and a leng range parabolic dish,
Utilizing this announced reference constraint and the geometrical
: configuration of the probe, certain conclusions can be drawn zbout
vehicular orientation during the cruise phase, The parabalic
dish antenna has limited orientational mobility while the solar
panels can be rotated through large angles with reabec. to ike

; probe, As pointed out by West Wing, an orientation with ihe
longitudinal axis aligned perpendicularly to the ecliptic piane
would permit operation of both the solar panel nystem 2= “he

dish antenna within the angular restraints present on the prouve.
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The sensing and mechanization methods for such an orientation
are presently unknown and will be the subject of further study,

(The use of Canopus as a reference star possibly provided the

required orientation.] 48]

The significance of this space probe can be determined,
however, without a full understanding of the details of operation.
The Soviets have demonstrated the ability to:

a. Achieve free flight space orientation by methods
other than spin stabilization., This implies reliable sun sensors,
and star trackers with a pointing accuracy of approximately 2°.

b. Design a sensor which provides acquisition of the
earth at distances of 70,000,000 km, This capability is indicative
cf a low sensitivity tracker, something not present on any of the
SL-1 launches.

c. Design a control actuation scheme which can provide
attitude control for extremely long perivéds. TLis Z.aise merie
orientativn could possiuy be pruvided by mumenturn storage. }8‘5

Although none of these accomplishments are var*iculariy
cutstanding ﬁi:’lce they are commonplace in U.8, proctice, they
do provide indicators of future accomplishments, The ability
to orient without the use of spin stabilization is partiruiarly
noteworthy since it is currently believed that no acewusr e Ridcourse

28
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correction maneuver is possible with a spiining vehicle. This
ability then permits midcourse corrections which are necegsary

for any highly refined lunar (or planetary) opere.ion, ,187
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SECTION V

{U) LUNIK IV

The recent Soviet lunar series {SL-2) provides the most
current indication of the status of Saviet spacecraft control.

As was noted before, little information is presently available
from which to originate any definitive analysis. Alse because
of the complete failure of the January and February attempts,
and the only partial success of Lunik IV, it is very unlikely
that open source data will be available in the quantity that has
characterized previous Soviel succesases, Despite this lack
of data in the depth desired, certain conclusions and specula-
tions can be mmade from the available information, 48]

In attempting to hypothesize the sensing techniques and hard-
ware mechanization used to establish the injection attitude of
Lunik IV, thers is ex inclinatiun .o asaign th2 Sun 2 e
prime refe.once. This ~olurs for several reasons: The sun ie
prominent and easy to acquire, a requirement exists for solar
cell orientation, sensor mechanization is simple and 1eliable,
and the Soviets have shown a preference for its use in applica-
tions where another source would provide a better reierence

(Vostok and Cosmos recovery). All these facts would seem (o
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indicate that soimme use of the sun is very probable. The dis-
quieting fact in this line of reasoning is an indication that the
Venug probe was not in the sunlight prior to, or during, injecticen
from the parking orbit. (&)

To determine if this situation existed for the SL-2 series
launches, a determination of the sun's position during each achieved
or potentizl parking orbit was made. (lnjection was assumed to
occur at the points predicted as optimum for each date.) In
each case it was found that the probe was {or would have been) in
the sunlight for a minimum of 20 munutes prior to injection. This
analysis thus indicates that the use of solar orientation for the
injection of Lunik IV cm—'wr; be discounted from this etandpoint,
How this injection orientation was actually sensed cannot be
specified at this time because of lack of Cata. (37

Soviet open scurce informatica putlishaed just gr.or o, and
during, the flight af Luvnu IV indicated that its intended mission
was very probably a soft lunar landing, with a close lunar orbit as
another possibility, For either of these sophisticated missions,

a midcourse correction is a necessity, As stated before, a
meaningful midcourse correction is not possible with a spinning
vehicle; therefore, it can be postulated with 2 high degree of

certainty that Lunik [V was not spun for ¢ruise mode stabnlity,
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‘board navigation, This function was most probably performed by

It is also very probable that a directional antenna was utilized

on Lunik IV to better enable rapid passing of data from the

probe. From these considerations the mest likely orie+tation
during free flight to the moon would be very similar to that of
the Venus probs: a sun orientation to insure proper operation

of solar energy cells and an earth orientation to allow proper

...pu-';mi_

positioning of the communications antenna, The simplest mecha-

nization to achieve this dual orientation 1s as described 1n the

hypothetical flight previously. (8} 1
Based on open source reports and current Soviet state of

the art, it is doubtful that Lunik 1V had any capability for on-

interferometer aystems or radio telescopea located on the
earth {with possible optical backup), and the positional and velocity -

information thus derived was fed to a computation center where

the transfer orbit wag calciilated, The necegsary corrections \j
for the midcourse maneuver were then passed to the probe in F
the form of rotational movements and velocity to be gzsned. Tha t
velocity requirement could either be given as a specific period
of thrust application or an accelerometer setting to terin:nate
thrust. The accelerometer setting methoed would pravidis ;reater
accuracy and ig the most likely mechanization. {5} {
32 ) J.'
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Nothing can be said with any certa\inty about the proposed
Soviet means for guidance and control of a probe as it nears the
lunar surface, U.S, studies have shown, however, tha: some
employment of radar measurement is the only feasible method
of achieving the required accuracies in present day technology.
Thus it is possible that the Soviets also plan to use radar for
sensing and guidance of probes intended for soft lunar landing . _
or near lunar orbits. (&7

The most important conclusion that can be drawn from the
SL-2 series is that all is not well with Soviet space probes, and
it is very possible that both the failure in February and the
failure of Lunik 1V to accomplish a more definitive mission can
be laid on the doorstep of control, Although the February failure
can be considered an unusual event in view of the many space
iaunch successes tle Soviets have achieved, Lunik IV ia a
definite indic»*ion tha* nei.l<r the injection nor the midcourse
phases can at this time be accomplished with any degree of
reliability, It may very well be that Soviet technology in the
control field cannot produce the more exotic components required
for accurate space misgions. The achieved accuracy o Soviet
ballistic missiles seemingly precfudes this statement, however, it -

merits serious consideration, This series was undoubtesily a
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tremendous setbaclk to the planned Soviet lunar exploration pacing

and could well have formed a partial pasis for the recent state-
ments by Sir Bernard Lopell. jis g

if the failure of Lunik IV was indaed due to control difficulties,
it can be expected that an intengive testing program will be
initiated to prove a reliable spacecraft orientation system. The
majority of this testing will be done in labozatories anc}v‘%xpe::i-
mental facilities, but undoubtedly some will be done Op;raT_‘lcna.ny
both through vertical probes and in-orbit test beds such as the TT

Cosmos series. BT

34

AFMDC 63-4453




-SEGRET

APPENDIX 1

An exarmination of LMSC ESS SR 31 revealed no information
which allowed synr.'uesis of Soviet gpacecralt control methods for

the SL-2 series, Based on timing of the orbit of Lunik IV, how-

ever, the following itemns could be looked for in the analog traces:

a, Evidences of contrel actions in Telemetry References ™

4 . 57 and 58, The presence of control forces during this period
would indicate probable active attitude control throughout the |
parking orbit.
b. Poasible indications of control methods during
I injection thrusting in Telemetry References 60 and 61, The
' chapnel identifications as given tend to indicate that the autopilot- =
velocity meter scheme was used for injection guidance. A&7
! The postulations made on methods for pre-injection orignta=
H tion and guidance durirg injection arz possibiliries; hewavor,
they seem to o. less likely roesibilities, Unless the SSESS have
! a capability for providing a radio yaw reference during injectior,
no reference could exist because of the wide range of injection
locations necessary. In fact, from the point of view advanced

previcusly, no yaw guidance is necessary. A81

% As anumerated in SR 31 [NT?QUALS NOe L l..'LY
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It is also possible that the inertial reference used for launch
into orbit could also be used to atfain the injection attitude, The
use of this method would, because of gyro drifts during the lan
coasting phase, add gignificantly to the velocity requirements
for the midcou:r-se correction, Use of the sun, OTr some other
external refersnce, could reduce the drift error with the
attendant reduction of the midcourse maneuver. Thig latter
method is rnore probable since sensors otherwise reguired aboard

the spacecrait could be used for this function, (8]
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