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1. Informanan conflicting with or pertinently affecting that .on-
tained 1n this publication should be forwarded by the recipient
directly to

AFMDC 'MDF)
Holloman AFB, New Mexico 88330

This 1n no way abbrogates or alters responsibility for sending
such informaticn or any pertinent intelligence data through
already established 1ntelligence collection channels of the
various services cr agencies of the U.S. Government,

2. WARNING: Th.s document contains information affecting the

national defense of the U.S. within the meaning of the Espionage

Law, Title 18, U.S,C., Sections 793 and 794. Its transmission

or the revelation of its contents in any manner to an unauthorized -~
person is prohibited by law.

3. Copies have not been placed in the DDC collection. Address
all requests for copies to AFMDC (MDF}.

4. Do not return this copy. When not needed, destroy in accord-
ance with pertinent security regulations.

5, This publication has bLeer designed to meet the apecific n~ads
of the recipient for intelligence. Further disseminatioa -, the
recipient of parts .o~ the whol= .- subordinate elements must be
based on the specific need-to-know of the recipient to, perform
his assigned missions. {Authority: AFCIN Policy Letter 205 5

dated 2V February 1959)
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(U) PREFACE

The information contained in thas Technical Report has been

prepared primanly for the use of AFSC personneél engaged in the

study of Soviet cpace technology. This contribution emphagizes
y and land area recovery mechanics, :
G

po stulated planetary re-entr

and will be of interest to those analysts concerned with future

Soviet planetary space technology. &7

(U) PUBLICATION REVIEW

This Foreign Technology document has been reviewed and is

approved for distribution within the Air Fores Systerma Cuosynunand, (U) iy

FOR THE COMMANDER

oo

HOWARD L, CONKE
Lt Col, USAF
Deputy for Foreign Technology

"S‘E‘GR'E'T_ AFMDC 63-5655
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{U) SUMMARY

Purpese

This Technical Report was prepared in accordance with
requirements established by the Foreign Technology Division in
Tasks 6182(22) (page 28), I-"la_meta:ry Exploration System (PES)
Cammand and Control Applications at Recovery Range; and B1R2({78)
{page 100), Planetary Exploration System (PES) Land Area Recovery
Range, of the Sovict Planetary Exploration Program TOPS, &7
Conclusions

a. Recoverable scientific planetary space missions are
believed to be inciuded in future Soviet planning.

b. Recoversble planetary space mission programming i8
tied directly to state-of-the-art advances in the fields of inertial
puidance equipmant, tracking technology, pPower equipment, ets,

¢, Opsimum laurcl -vindows for planetary space vehicies
restrict and minlmize test conditions for advanced technological
concepls.

4. Because of the sophistication of these missions and the
sstimated size and relative inaccuracies of present Soviet space-
craft guidance/control systems, it 1g not felt }hat Sy, ach

recovery wiil be attempted by the Soviets prior to 1972.

iii
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e. Only meager evidence exists which would suggest that the
Soviets intend to expand or otherwise improve their deep space
tracking capability; evidently being content for the present wiih

the Crimean facility. 8T

Background Highlights

A comprehensive review of both U.S. and Soviet literature

indicates that recoverable planeiary probes are programmed for
{uture scientific missions. The dates involved, however, will be
dependent on the state-of-the=art advances in such critical areas

as inertial guidance, tracking systems, power supply systems,
electric propulsion, etc; {U}

A briaf look at the-deep space experiments thus far conducted
by both countries gives some insight into the complex mission

requirements. Problems encountered by the Soviets in their deep

space nissions kave cndocstedly delayer any time achedula which
may have been plauned fcr retos erable planetary misclons. Recent

proposals in U.S. technology suggests a 1972-75 time scheduling
for a recoverable planetary vehicle in this country, This tisme
pe_riod, however, is extremely flexible and again is dependent
upon state-of~the-art advancements. (U)

Becauss the U,S. does not have a recoverable planetaxy vehicle

on the drawing board at tkis time and no information exists in the

v
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area of Soviet recoverable planetary missions, this report deals
primarily with advanced technological theory supported by current
Soviet recovery mechanics, 87
Discussion

The first Soviet attempt to inject a vehicle into a deep space
trajectory oceurred in 1960, On 10 and 14 October 1960, two ill=
fated Mars probes were laun ched from TTMTR, These vehicles
used the Category A ICBM for initial boost and a new "'third stage”
for injection into an earth orbit. This new stage was previously
unobserved and has 2 thrust of ~65,000 pounds, The first success~
ful flight of this system was on 4 February 1961; however, a fourth
stage used to inject the payload from a parking orbit into a Venus
trajectory apparently failed on that dates, A second Venus probe
attempt on 12 February 1961 did achieve a Venus fly=by indicating
thai »ll the stages functicned satisfactorily; however, ther cammuni «
cations link faiicd, Thuis d=2er 3pace probe program has coatinued
in August and Septernber 1962 (3 Venus failures), and October and
November 1562 {2 Mars fallures and | successful Mars probel.
There has been no intelligence evidence or official Soviet anncunce~
ment to indicate that the USSR kad any program to launch a2 recoverable
planetary probe, Indsed, the enpineering problems of interplanetary

navigation, attitude control, communications, re=entry, aut

v
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recovery are much more complex for such a planetary mission
than for near-earth or cislunar missions; any Soviet program to
accomplish such & shet would have to be accompanied by a

tremendous sophistication of their astro-inertial guidance and

spacecraft control system. Such self-contained systems are

necessary for a precisely controlled {ly-by of another planet, and

for a well-controlled return to earth, (&)

vi
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SECTION [

INDICATORS OF A RECOVERABLE SATELLITE PROGRAM

Preliminary to the launch of an actual reco‘;ezable planetary
vehicle will be tests designed to prove the reliability and feasi-
bility of equipment for such missions, Indicators which would
reflect that the Soviets are pursuing such a program include:

1, Boosted re-entry ballistic miasile firings: Such
tests would subject components and vehicles to the re-entry

velocities anticipated for interplanetary orbits - on the order of

35,000-43,000 ft/sec. {U),

2. Test orbit: It is pessible to launch a recoverable

spaée probe on a round trip orbit into space and back requiring

only six months (see Fig. 1}. The probe is launched with a

velocity relative to the earth which is normal to the ecliptic,
Thus the plane of the resulting vehicle orhit iaekes a svh-tanvial

angle with the plane of the ecliptic and the orbit has a line of

nodes through the launching site. The other end of the line of

nodes is through the recavery site which is reached six ronths

tater. If the same magnitude of velocity were used for this lobbing

shot as is used for a recoverable interplanetary space proba, the

vehicle would reach the maximum digtance of 15 million

w128 from
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FIG 1 A LOBBING DEEP SPACE PROBE

UNCLASSIFIED



e A e i o8 mmainimm e s 3w

~SECREF-

earth, The advantage of such a test orbit is that its short range
allows a considerable amount of data on vehicle performance to
be transmitted back to earth, Further, the use of a directional
antenna would not be required; thus, a breakdown in the attitude
control system of the vehicle could be diagnosed by telemetry.
If such a breakdown occurred at the far greater ranges of an
interplanetary probe, it might not be diagnosed inasmuch as the
communications channel depends upon. the gain oi the directional
antenna pointed at earth, {U)

3. Development of ;dditional deep space tracking
stations: The precise orbit determination required for recover-
able vehicles will result in the need for additional sophisticated ;
optical and electronic tracking facilities in the USSR. (U)

4, Structural heating: Many problems exist concerniag
heatjing of superorbital re-entry \;ebiclea; & monit i1ring of tlis
field car ;ieid somse L.-ight 2s to Soviet plans for recoverable
planetary misgsions. (U}

5. For a true interplanetary round trip - such as the
example oi the earth to Venus surface to earth surface - a

tremendous mass ratio is required of chemical propellants, In

fact, with a respectable specific impulse of 310 seconds and a
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velocity reduction factor C of .85 [this is a design factor dependent
upon the velocity losses of each gtage due to drag and gravity effects.
1t normally ranges from 65 to .85), it requires 250,000 pounds
1au‘nched per payléad pound returned. The much simpler mission of
earth surface to Venus orbit to earth surface requires 10,000 pounds
launched for each payload pound returned {specific impulse of 310
seconds and C = .85). For ptactical purposes this eliminates
chemical propulsion systems in favor of powerful nuclear heat
exchanger systems, nuclear eloctric drives, or eventually someé
form of fission or fugion pulse drive. Development of these latter

engines will be cled¥ indication of a vigorous space exploration

program. ©
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SECTION II

RECOVERY FROM INTERPLANETARY ORBITS

A. Introduction
In any planetary recovery program, there are three basic
categories of recovery capsules, In order of increasing size,
weight, and complexity, they are: '
¢ the instrument capsule
o the biocapsule
o the aatronaut capsule {u3
The primary reasons for recovering instrumented probes
include: (1) to determine the effect of the space environment on
space-borne equipment; (2) to attempt to simplify the equipment,
reduce its complexity, and hence iniprove its reliability; and (3}
to develop recovery techniques for the beneéit of future orhital
glide programs. The scientific data collected in we vicinity of
the target planet will normally have been telemetered back to
earth; however, a close review of the actual pack~ge will enhance
the value of the collected information. Future experiments will
permit the development of biosatellites with the ass :;ra.ﬁce of

regaining the specimens for proper evaludtion of re. :its.

g~

- may

Further, a well-designed space capsule with a low A
v L




become for the astronaut what the parachute is to the aviator -

a chance for survival in case of failure of the main vehicle. Such
2 human-carrying biocapsule would have to be equipped with
stabilizers, jet and aerodynamic, to prevent rotation and
tumabling., (U)

B, Ballistic Vehicles

Our discussion will be limited to the recovery of purely ballistic
interplanetary vehicles inasmuch as that will most probably be the
design of all ‘mitiél vehicles in a space recovery program. <The
sphere is the present prototype of a ballistic space capsule which
can be used to advantage for recoverable planetary missions. Of
course, every synmumnetric body at zero angle of attack is also a
nonlifting (i.e., ballistic) vbody and could be utilized for the flight,
Fer a sphere, the drag coefficient atays close to unity most of the
time; and if il loses little wseight d;xe to =bla‘iun, ite Hallzstic
coef.. ient, %A- . remaing essentially constant, (U)

The trajectory which a typical superorbital (planetary) ballistic
re-entry vehicle follows is defined by:

® initial re-entry velocity, vj
o initial re-entry angle, Y

o ballistic coefficient of vehicle, (,-ng-)
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Most re-entry vehicle trajectories are treated as a two-bady problem,
nvelving a central force {1eld, with the assumption of a nonrotating
atmosphere and zero thrust, Starting with a known initial velocity,
altitude, and angle between the veloeity vector and the local hori-
zontal, trajectory parameters determined are velocity, altitude,
{light path angle, tangential acceleration, rate of altitude change and
the geocentric angle - all as functions of the independent variable
time (see References 13 and 15), As can be seen, these variables
will provide an infinite number of re-entry trajectaries, uatil the
actual vehicle and misaion parameters are des cribed. As &
practical matter, re-entry angles will probably be kept under - 10°,
with initial velocities on the order of 35,000 to 43,000 {t/sec. (U)

¢, Re-Entry Corridor )

Well known is the fact that the re-entry angle determination is
quite eritical. I ertry is oo shallow, the vehicle =.ii "ighily
picrce the a.masphera anlcontinue out into space (or into @
geacar:tric: orbit); on the other hand, a toc-large entry angle vields
heating and structural (deceleration) problems which could adversely
affect the vehicle, This gives rise 1o the concept of the re-entry

corridor which 1s defined by an undershoot and overanoot boundaxy,

The corridor width, w, i8 given as the distance between the conic

perigees of the two boundaries (see Fig. 2). As ls appusent from
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the preceding discussion, the wadth of the corridor will be a

function of entry velocity, entry angle, and ballistic cocificient,
(Lift/drag ratios and modulation methods also influence w for
nonballistic bodies, ) Consequently, for a given vehicle and entry
velocity, the corridor may be represented by a range of accept-
able enkry angles. Conversely, if the range of acceptable entry
angles 1s known, the corridor width is determined by calculating
the Keplerian perigees and measuring the difference between
perigee altitudes. Corridor width, as defined by sither wor Y
may therefore be used to stipulate the maximurmn tolerable exrors
for a guidance system. (U}

D. Space Vehicle Velocities

The velocities associated with space missions are:

circular: vt = _ES...
*x
ellinse X vk < 3.3
1 LT
parabolic: Ve = (2.9
r
1
hyperbolic: v? > i—K
1

where K is the gravitational parameter, a characterisic constan:

of the attracting body M (for earth it is 1.407323 X 1916 43/ z)

Bec

and r, s the radial distance from the attracting focus  All ear:h

8
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satellites possess either circular or elliptical velocities. Ina
parabolic orbit, the vehicle's entire kinetic energy is used up in
overcoming the central body'!s entire potential energy between the
instantaneous distance and infinity, The vehicle therefore has a
velocity of 0 at "infinity" < that is, after escape. In a hyperbolic
orbit, the vehicle has more kinetic energy than necessary for
overcomuing the gravitational potential of the central body. There;
fore, cven after escape from the bady, the vehicle has a finite
remaining velocity which is used to change its orbital energy with
respect to the cer;tral force field of the next higher order -~ namely,
the solar field. (U)

E. Re-Entry Maneuvers

The maneuvers that are required to convert the hyperbolic
approach orbit which develops as the vehicle beging to respond to

the influence of the gravitational finld of its d=stinaticn to an crbit

which leads to Rafe peneti:*ion of the pi-netery atmosphere will ™= &

now be discussed (see Fig., 3). The criteria for a satisfactory
landing trajectory include.the concept of a landing corridor described
above. Safe landing paths are correlated with the configuration of
the spacecraft and with the altitude of the Keplerian perigees for

the approach trajectory., This is the perigee which would occur if

the approach trajectory weré not perturbed by the effects of

10
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atmospheric drag. Using this correlation, the control of the
spacecraft to place it in a landing path will be accomplished 1f it
1s controlled in such 2 way as to place its Keplerian perigee
within a designated landing corridor. This is accomplished by
maneuvers which modify the approach trajectory until the orbit

relations which may be measured indicate a value of perigee

_ radius, Tps and velocity, vp, which are within the indicated

landing corridor. It is envisioned that such a return problem will
be accomplished by the application of corrections {coarse and
{ine) to the return trajectory, as fcllows:

1, First corrections are a.ppzlied at a point sufficiently
diszant to assure that the trajectory will close with the earth such
ag to allow fine corrections at a later time. This first coirection
is rather simple in application and for best results, it will be
performed at the greatest pcssible diatanze fiom earxth in criar *o
conserve fuel. The uistanze iz 1'"mtied by the accuracy with which
the correction can be computed and applied. (U}

2. The second correction adjusts the approach trajectory
causing it to pass through the narrow landing corridor, This
cqrre.ction is applied fairly close to earth when precision measure-

ments of the trajectory are feasible, Without the first correction,

12
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excessive propulsion energy might be required to perform the
second correction, (U}

3. The third correction is required to convert the approach
orbit from one which has its perigee in the chosen landing corridor
to one which actually re-enters the atmosphere and is recovered,
This will normally be accomplished by retrorocket deceleration,
but in some cases, an atmoapheric-induced drag could be used. (U)

The accuracy of the guidance required for landing control ia
thoroughly reviewed in a NASA report by Chapman (Reference 3.
The consequences of an inaccurate solution to the re-entry homing
problem are considered to be intolerable; therefore, the use of
an open loop solution is rejected in favor of 3 closed loop guidance
system. [n the laiter system, ilight conditions are gontioguausly
monitored and corrections applied as needed; this symstem xequires
an accurate prediction system on boerd to forascaut rmoviens cf
the vehicle, Corrections may be latrowhr 2d through application cf
continuous thrust or tarough impulses at selected intervals. (U]

F. Re-Entry Guidance System

A postulated interplanetary homing re-entry guidance scheme
using on-board compenents 18 depicted in Fig. 4. Measurements

of range, ©, range rate #, and ths rale of change of the line of

13

bie



http:aetua.Uy

. z B e -
e e
T ——— =

G
UNCLASSIFIED
STELLAR TRACKING
SYSTEM
ol ile
r 3 y
TRAJECTORY &TTITUgi—? CONTROL
I Wl $ JGYRO-INERTIAL ==  ire axis
pftpar’ 8" | REFERENGE - ROLL AXIS
K1l ¥ ey
:;|n¢ = 'r‘__i
. ré # ®
AV ACTUAL =
!
4 7 V i 1
{
CONTROLLER i
& " =a" Y] .f
5 IPL P _g_‘BA Veosdy g —" H
pcqr r A‘-; i’ !
D' 5 o 2 MANEUVER i i
q 8 P“ % sindk @ ) PROPULSION — :
- f osin %
8:0

FIG 4 ON-BOARD LANDING GUIDANGE SYSTEM FOR INTERPLANETARY
VEHICLE .

UNCLASSIFIED

[
1%




para

sight, 0, are required in order to compute the ne cessary flight

meters for deterrmnation of the maneuvers required. (u)

The optimum time for conversion {rom the hyperbolic arc

approach trajectory to a planetar

the Keplerian perigee.

will be related to the errors in measurement of the orbit

Deviations betw

y orbit or landing ellipse is at

The error in prediction of the perigee

parameters.

een the perigee of the approach trajectory and the

center of the landing corridor are expressed in terms of these

parameters by

. 3r - ar, o
ar. = ZD ar + R dP ¥ 2 A9
P 3 ar 20
= . oy
where: _B.ER = M - fa_,
ar re g3
oy r
T cg

t

e 1E a5 - r282]
—ae T R e see=y
b 6 .8

2

=B

er?

(U)

Unit contributions to the error in predicted perigee define a

quantity which may be designate

This coefficient expresses the errox

in the desired parameter.

flight coordinate which will contribute an error

d the coefficient of unit error.,

in measurement ¢f a single

or un’i inagnituds

Since the desired parameter is the




perigee distance, Tp, the coefficients for the re-entry guidance
example are:

Error in r leading to uait error in perigee:

1
&r =
¥ arphr

Error in + leading to unit error in perigee:

.
arp/h-

Error in 6 leading to unit error at perigee:

66 = ._l_....,,.
arp/ae

For an earth approach trajectory, these coefficients of unit error
- have been calculated and are ghown in Table 1. From the data
listed in the table, it is apparent that although the requirements
are exacting, instruments may be consatructed which will provide the
required accuracies to permit adjustment of the space vehicle®s
trajectory in order to place its perigee within 2 landing corridor
which is 5 to 10 miles wide, provided that a one micro-radian
accuracy may be obtained from optical measurements of a ptamti
disk., Accuracy of instruments to meet this quality has been
predicted in U.S. state-of-the-art journals, Range rate, %,
accuracy requirements will be aatisfied if the differcontiation

intervals of 100 seconds or more are employed. As the vehicle

16
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TABLE 1 -
UNIT ERROR VALUES ALONG AN EARTH APPROACH TRAJECTORY {
&
tlrg =100 | rizg =80 | x/xg=25 | r/rg =10 :
Error in r leading to | 5 3 mile 0.15 0.075 0.0375
a l-mile error in rg
i
. : 3.0 &
i Error in I leading to 0.0159 mi/ 0.0156 0.0155 0.0153 5
a l-mile errorin ry sec ! =
Error in 8 leading to | 0.145%1077 -9 -9 -9 .
g 5 * 4.85%10 19.7X10 100X 10 ;.
a l-mile error in 1y rad/sec .
UMTLASSLFTED "1
-4
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SECTION III

(U) PLANETARY LAND RECOVERY RANGE

In planning future programs, such as recoverable planetary
probes, the results are contingent upen the immeasurable time-
phasing of advanced technology, (U}

Soviet literature does not discuss in any detail the preplanning
for future planetary programs. It does, however, ciearly indicate
that the future of the Soviet planetary research program is currentiy
depandent upon successful planatary observation probes. In
atternpting to fulfill this raquirement, the Soviets have attempted
ten planetary missions of which only two were partially successful.

487

Based on current technology in the arcas of guidance, tracking,
communications, aad propulsion, cimbined with the 4-1llisulfies
being encount-red in thelx vlanetary program, it is not believed
that recoverables planetary missions are planned for the 1364-72
time period., (U]

By way of comparison, NASA-advancéd studies do not include
recoveratble planetaty pl_rohes duxing this time period, Ibae last

planetary svstem currently on the drawing board is the Voyager

vehicle which is ultimately designed to orbit it intended nicnet

13
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ag an observation probe with the future possibility of ejecting
capsules for planetary impact. (U}

For the purposes of this report, it is assumed that scientific
interest in the planets will continually increase and a recoverable
planetary probe will ultimately be developed by the Soviets, The
need for a land recovery area will be a natural consequence of
such a program. (U)

As pointed out in a previous AFMDC technical report
(AFMDC-TR-563-1) concerning postulated land recovery areas foz
lunar vehicles, the best suited locale for recovery within the USSR
is bounded by 56°N-60°E, 56°N-80°E and 44°N-60°E, 449N-80°E,
This conclusion was reached by reviewing the following standard
site selection criteria and uging it as a working base:

1. Security.

2, Safety.

3, Terrain,

4, Climatclogy.

5. logistic Support.

6. Recovery Command and Contro] Netwari:.

7. Search and Recovary Network. ABT

Thase parameters, although critical to the succita ¥ any

recoverable mission, are essentially controlled by the : ~hicle

20
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design characteristics and the geometricai constraints of the ‘entry
mission. Without these paramcters, it 1s impossible to accurately
predict a land-based aim point. (U)

As discussed in Sechion II, 1t is believed that the Soviets will
iitaally utilize a pure ballistic recoverable planetary probe. Use
of such a vahicie naFraws the tolazable entry cosrider wto the
carth's atmosphere and places final impact accuracy in the hands
Qf yery accurate on-boazd guidence/control BYster;\s and deep
space traclang stations. These stations will be responsible for
determunming guidance corrections necessary prior to earth entry
on the final leg of the trajectory. 48}

Fig. 5 points out those areas of the USSR whkich most closely
satisfy all standard land recovery range site selection parameters
without respect to postulated guidance accuracies. This figure was
originally derived {or a recoverable lunas vehicle with conliut hla
entry, thus the thiee impact a.»-3, it is believed that in the 1972~
era, or before 1f technology perimts, the Soviets will have tracking
accuracies and propuision systems capable of achieving entry into
the larger range area as depicted in the figure. As pointed out in
AFMDC-TR~-63. 1, the optimum recovery area lies within the
primary zone and constitutes an optimum aim point for recoverabie

planetary probes as well as lunar return vehicles. 487
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Due to the guidance inaccuracies anticipated during initial
interplanctary flights, provisions for emergency landing sites
should 2lso be considered. Recovery within any {and mass in the
Soviet Union or Soviet Bloc countries .could provide relative
security to the mission and in most cases still be located by
mobile recovery forces. Water impact, an additional hazard,
should also be considered during early missions. The recovery
venicle s!}oxxld be capable of surviving a water impact in case of
emergency and still provide adequate safety to its scientific
payload. In addition, recovery forces should be capable and

deployed for water retrieval as well as land recovery. 78
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SECTION IV

(U} PLANETARY RECOVERY RANGE COMMAND

AND CONTROL

As previously discussed, the engineering problems connected
with recoverable planetary flight are much more complex than
those encountered in recoverable earth orbit programs. When
discussing recovery range praograrnming, however, the command
and control aspects need not be more complex in design. (U)

Assuming that the Soviats will use a hallistic type re-entry
vehicle during the initial phases of the program, the current
command and control network should prove adequate for assuring
timely recovery. Fig. 6 shows the command and control network
which iz believed used by the Soviets during current earth orbit
Tecovery exXercises. }87

The existing structure enables the Soviets to lLawr- Jesign
simplicity combired with .perational effectiveness. Thas
system is believed to make use of a recovery range con*-ollev
who exercises overall control of all ssarch/recovery forces in

the planned impact zone, and at the same time receives computed

impact data and first echelon directions from the missiou control

center, |

50X1 and 3, E.O.13526
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[50X1 and 3, E.0.13526 |

i /Tﬂus technique would provide the central controller

with timely directional information and thus enable him to dispatch

smarch recovery forces to the general recovery area almost

& immediately. 87
Although the recovery of planetary probes is not expected to

alter the current recovery range command and control structurs, it
will probably introduce some complexity 1ato the operational aspe<ts
e . of recovery. As discussed previously, the tracking and guidance
inaccuracies inherent in 2 ballistic planetary re-enlry system are
such that the proposed recovery icne will probably be increased in
l sige. This will constitute a requirement for additional personnel,
:f equipment, and staging areas in order to provide more broad

rpcOVErY range Coverage. Cue lz the prodicied “ime 'ag bYovween

jaunch and recovery ol pianetary probes, initial deployment

of the recovery forces will also be governed by the guidunce
accuracies achieved throughcut the entire {light. The recovery
fczees should be moved into the preplanned recovery 20né no

. later than one week prior to the calculated re-entry date. Check-

sut of the recovery range command and control network could be

26
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accomplished during the interim period with redeployment
carried out if necessary. (U}

Even though the use of 2 ballistic re-entry vehicle alleviaies
the need for range controlled terminal guidance applications
during re-entry, it places extreme accuracy regurements on
the deep space tracking facilities, As pointed out earlier, final
impact accuracy will be dependent upon the tracking and guidance
sccuracies achievable during the final leg of planetary flight. (U)

Soviet literature has on occasion credited the deep space
tracléing facility in the Crimea with the capability of tracking
planetary probes. Although the tracking accuracy cf equipment
located at this facility is currently unknown, some insight may
be gleaned from Soviet releases at the July and October 1961
international scientific meetings in Washington D. C. They
reportedly gave the fcllowng data on the Coviau interplaneter;
tracking radar:

Antenna type - Tracking dish

Radio frequency - About 700 mc/ls
Power flux density - 250 mw/steradian
Oscillator stability ~ 1 partin 1 billion
Duty factor ~ 0.5

Pulse length - b4 or 128 milliseconds

27
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Transmit polarization - Circular
Receive polarization - Linear

Power incident on surface of Venus at very center of
beam 1llurmanation - 15 watts

Although these characteristics cannot be equated to any one
Soviet radar, itis believed that the Scviets have thres deep
space tracking radars with the necessary large tracking dishes
(nominal 72'}, one each located at Moscow, Novosgibirsk, and in
the Crimea. ;zf

The use of these radars could provide the Soviets with deep
space position information but ara not presently believed capable
of accuracies necessary for recoverable planetary vehicles. &)

Additional information suggests that th;a Soviets could be =
attempting to establish tracking facilities in both Chile and
Indonesia, If such 2 network could be egtablished, it would probably
closely approximate the U.S. Deep Space Insteoaentation Facilitaer
(DSIF) with stations at JPL, Goldswi~ - Facility, California;
Waomera, Australia, and Johannesburg, South Africa. This
‘would then provide the Soviets with worldwide tracking coverage
useful in both near and deep space missions. 87

If such a space tracking network is intended by the Soviets,

all tracking information would probably be fed into a central data

reduction center similar to the U.S. Goddara Space Flight Center.

28
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As shown in Fig. 7. this center wauld then act a8 overall mission
controller directing all command and control aspects of the

operation. (U}

e b ebe Fabesls an el i it & et maa ] el
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APPENDIX L

GLOSSARY OF TERMS

A - reference frontal area
C - velocity reductior.x factor
]
; Cp - drag coeifficient
| e - eccentricity

acceleration due to gravity of body

0
'

K - gravitational parameter

:
E M - mass
! r - radial distance (raunge}

rs = radius of planet
; r, - radial distance from principal focus
x; L radial distance to periapsis
T - range rate
l' v - gcalar velocity
v - vector velocity
Yp - vglocity at periapsis
vi - initial re-entry velocity.
: W - weight i

3 . w - corridor width
- ¢

initial re-entry angle {flight path angle)
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8 - line of Sight angle, angular distance along trajectory -
measured at principal focus from a reference direction
to position vector of the vehicle

8 - turning rate of the line of sight
4 - elevaticn angle, coflight path angle measured from local

horizontal {where horizontal is defined as the plane normal
to the geocentric position vector of the vehicle)
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