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FOREWORD

MISSION: The mission of the
monthly Defense Inlelligence Digest is
to provide all components of the
Department of Defense and other
United States agencies with timely
intelligence of wide professional in-

terest on significant developments
and trends in the military capabili-
ties and vulnerabilities of foreign
nations. Emphasis is placed pri-
marily on nations and forces within
the Communist World.

WARNING: This publication is clas-
sified secret because it reflects intelli-
gence collection efforts of the United
States, and contains information af-
fecting the national defense of the
United States within the meaning of
the Espionage Laws, Title 18 U.8.C,,
Section 798 and Section 794. Its
transmission or the revelation of its
contents in any manner to an un-
authorized person is prohibited by
law. Although the publication is

Overall classification of this document isSEERET—

marked “No Foreign Dissemination,”
certain articles are releasable to
foreign governments; however, such
release is controlled by the Defense
Intelligence Agency.

F (ssatd

JOSEPH F. CARROLL
t General, USAF
Director
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hicle Reanry

Duxmc a 39-day period in their 1968
space program, the Soviets proved
they could: recover a lunar orbital
spacecraft within the Soviet landmass;
demonstrate effective heat-shielding
during re-entry; and bring back data
from the moon without intermediate
processing.

Zond 5 was Jaunched by an SL~12
lsunch vehicle from Tyuratam on 14
September and three and a half days
later passed around the back of the
moon’ at a distance of 1,050 nautical
miles. The spacecraft continued past
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Effects of Zond

 Soviet Space Program

the moon’s back side along a free

earth-return trajectory, entered “the.

carth’s atmosphere along a ballistic
re-entry trajectory, and wag picked up
by a Soviet recovery ship in the
Indian Ocean.

On 10 November the Soviets
launched an unmanned Zond 6 from
Tyuratam—again with. an SL-12—
and essentially duplicated the previcus
mission, with the exception of final
re-entry. Zond 6 flew an aerodynamic

“skip-glide” re-entry wrajectory and.

Janded within the Soviet Union. The

Two important vehicles
lead the Soviets closer to
manned Lunar Hight

skip-glide was similar to the US Apollo

8 re-entry; however, the Zond 6 range

from. atmospheric re-entry to touch-
down was 4,800 nautical miles, com-
pared to a. 1,300-nautical-mile down-
range distarice for Apollo 8 re-entry.
Zond spacecrait design. Both Zond

5 and 6 circumlunar spacecraft com-
»d’ two sections—an instrument
section and @ re-eatry vehicle. The
instrusment section contained an orien-

tation and stabilization system for ;ui;}. er
tude contrel, a guidance and controfl

system, and a rocket engine system.
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The latter two systems provided tra-
Jjectory corrections during circumlunar
flight and ensured re-entry conditions.

The re-entry vehicle contained the
scientific  equipment and recorded
data, an orientation and stabilization
system for vre-entry trajectory control,
and a parachute system for soft land-
ing. During both the Zond 5 and 6
events, the re-entry vehicle separated
from the instrument section prior to
re-entry. The re-entry vehicle was
coated with a layer of ablative heat-
shicld material and thus survived re-
entry while the instrument section,
which was not protected, burned
during its descent through the
atmosphere.

Prior to the Zond 5 and 6 missions,
lunar-related scientific and photo-
graphic data obtained from spacecraft
were not recovered in the originally
recorded form. The data were first
reecived on board the spacecraft, then
processed -or recorded in a given
format, and finally transmitted to
carth, The recovery of the two Zond
resentry capsules provided Soviek
scientists with the first originally
recorded data about the moon; there-
fore the degradation of data inherent
in the on-board processing and trans-
Paission process was eliminated.

- Lunar return constraints. In con-
wast to the atmospheric re-entry of

-carth orbital craft, no retro engines are

used to reduce the velocity of space-
craft returning from lunar missions.
Such engines are not practical because
of the amount of propellant they would
require to slow the craft to near
orbital re:entry velocity, Thus, the
atmospheric entry velocity for a lunar
return re-entry  is  approximately
11,000 feet per second (about 40
percent) greater than that for a typical
carth-orbital re-entry.

Since aerodynamic deceleration (G
load) is propertional to the velocity
squared, a spacecraft returning to the
earth’s atmesphere from a lunar mis-
sion presents more severe thermal en-
vironment than the re-enuy of an
carth orbital spacecraft. More precise
control of the initial re-entry condi-
tions is desirable to ensure that aero-
dvnamic deceleration and heating do
aot exceed payload tolerance levels.

To achieve these initial re-entry
cenditions, a lunar return spacecraft
must enter the carth's atmosphere
within  an  “allowable  re-entry

.;ri‘idor." ]
W The upper {overshoot) boundary of

this corridor is defined by the tra-

July 1969

Zond 5 capsale container on board Golovnin, (top), headed for Bom-
bay; arriving (below) 11 days after recovery in Indian Oceun. J5T

jectory whereby the vehicle is slowed
just enough to ensure that the space-
craft retarns to earth and does not
skip-out back into space in an elliptical
earth orbit. :

The lower (undershoot) boundary
of the allowable corridor:is defined by
the trajectory path below which either
atmospheric deceleration or atmos-
pheric heating exceeds the spacecraft

design limits. Thus, the width of the
allowable re-entry corridor is defined
as the distance between the overshoot
and. undershoot beoundaries measured
at the atmospheric re-entry point. For
cach mission, an atmoespheric re-cntry
location and a ‘‘prescribed re-entry
corridor” (within and less than the
allowable corridor width) are chosen
to target the spacecraft into a predeter-
mined récovery zone.
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The Soviets used what they call 2

“southern variant” re-entry for the

recovery of their circumlunar space-
crafe. This means the atmospheric
re-entry location was in the southern
hemisphere and the spacecraft was
traveling in a south-to-north direction.
This is the only type of re-entry profile
that will allow the Sovicts to-vecover
their circumlunar spacecraft within
the USSR without exposing the ve-
hicle to extremely high deeclerations.

Should the Soviets attempt a
“northern variant”’ re-eantry from a
circumiusar mission, the spacecraft
would not enter the atmosphere until
it was beyond the southern border of
the USSR and would be traveling in a
sontherly direction. A landing within
the Soviet Union using the northern
variant would therefore be impossible.

Zond 5 re-entry and récovery.
During the retars phase of the Zond 5
flight, trajectory measurements were
made and the operation of the on-board
systems and scientific equipshent was
checked out. To ensure that Zond 5
would enter the atmosphere at the pre-
determined point and within the pre-
seribed re-entry corrvidor, a final tra-
jectory correction was made at a
distance of 77,300 nantical miles.

The preseribed ballistic re-entry
corvidor for the Zond 5 was between
5 and 6 nautical miles wide, with the
atmospheric re-entry point located in
the southern part of the Indian Ocean.
For a ballistic re-entry trajectory of
the Zond 5 type, the prescribed re-
entry corridor chosen correspouds to
maximam  aerodynaimic deceleration
evels of between 10 and 16 G’s. Com-
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putations indigate that deceleration
loads did not exceed 16 G's and that-
ioads in excess of 10 G’s lasted for
Ond i
5% re-entry wajectory apparently was

abotit 50 seconds. Therefore, Z
within the prescribed re-entry co :
and close to the desived wajectory.
The G levels attained during the re-
entry were greater than those desired
or lable to be planned for a manned
flight, but would not be p:rohzbmve.
A future manned lunar retum mis-
sion using a ballistic re-entry as the
hary recovery mode i8 not antici-
pated. A Zond S-type ballistic ve-entry

is, however, applicable to future ua- - !

manned lunar and planetary return

wissions and could be used as a

back-up recovery mode for manned
lunar missions.
After withstanding the extreme con-

ditions impesed by its lunar return

ballistic re-entry, Zond 3 used a para-
chute system to soft-land in the Indian
Ocean at a point approximately 950
nautical miles downran

parachute system was crployed at an
ahitade of 23,000 feet when the veloe-
ity was 650 feet per second~—resulting
in a total tirae from re-entry to touche
down of approximately 13 minutes.
Several Soviet Space Event Sup-
port Sh;ps {SSESS$) and a number of

SSESS Boravichs, using mdzamd :ﬂamxmmrz, was
first 1o locate and draw alongside the Zond 5. J57

Steamin ifoward the Zand 5 is Sovier tanker Hanas,
second ship to arrive at Seprember splashdown. [SY

ships of the search and rescue service

Zaod 6 scored another Soviet first in

¢ from - the
atmospheric re-entry location. The

were: detaxled to locdte and recover

out the reeevery. The
h radic and murm-
mmon, was Arst W
alongside the craft. Su equmtiy a
Soviet tanker Hanoi approached the
?’Qnd 'I‘he: Gafcmm mmatad retricval.
1 boat and lifted
Zund z;board wzth a cargo net.
Eleven days after recovery the =
Golounin. delivered the Zond 5 capsulc e

An An-12 transport aircraft carried
the Zond back to the USSR,
Zond 6 re-entry and recovery.

space achieverments—the nse of an
acrodynamic slnpnghdc re-entry tech-
nique.. -

- The final trafectory correction before.
re-entry was made at a distance of i
64,700 nautical miles and the space- j
craft enteved the earth’s atimosphere

over the southern Indian Ouvean,

along a “southern variant” ve-eniry
trajectory. The southern variant allows

the acrodynamic deceleration loads

to be reduced from that of a ballx
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SSVRS Golovnin initiated retrieval operations. dﬂ;’l hfizrl the Zond aboard 151

Prior to entering the prescribed
corridor, the re-entry wvehicle was
separated from the spacecraft in-
strument section and stabilized by an
on-board atGtude control systent which

riented the vehicle for re-entry.

The shape of the Zond 6 re-entry
vehicle——an  axisymmetric truncated
cone with the center of gravity dis-
placed from the centerline—permitting
the vehicle to stabilize acrodynamical-
ly with a given angle of atiack. This
attitude creates a nonsymmelric aie-
tlow around the vehicle and produces
an aerodynamic force. The measure
of aerodynamic maneuvering capa-
bility (L/D value) is the ratio of the
fift foree to the drag force. When
asing a re-entry  vehicle with an
aeradynamic maneuvering capability,
the initial re-eniry attitude must be
preciscly controlled to insure that the
aerodynanic force i3 in the proper
direction of the lift vector. Zond 6

was controlled by rotating the space-

craft about the centerline (roll) axis.

The Zond 6 prescribed re-entry
corridor was only 5.4 nautical miles
wide. The re-entry vehicle apparently
entered the atmosphere within the
prescribed re-entry corridor at an
approximate velocity and Hight path
angle of 36,100 feet per second and
minus 6.8 degrees respectively, and
performed a shallow aerodynamic skip

.rajcccory within the atmosphere be-

ore exiting along a ballistic path.
During the first immersion, the
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re-entry vehicle remained within the
atmosphere for slightly less than three
minutes, during which time the drag
force reduced flight velocity to below
earth orbital velocity, ensuring return
to earth. The primary task of the
re-entey  trajectory control  system
during the first rmmersion was 0
control the exit velocity and fight
path angle so as to provide the required
downrange distance during the ballis-
tie portion of the re-entry trajectory.
During the ballistic trajectory above
the atmasphere, the vehicle reached
a maximum altitude of approximately
120 miles and the attitude coatrol
systers was again wsedd (o orient and
stabilize the re-enwy vehicle for the
second atmospheric immersion.

The primary task of the re-entry
trajectory control system during the
second immersion was to achicve an
accurate landing at a predetermined
impact point within the Soviet Union.
At an altitude of 25,000 feet and a
velocity of 630 feet per second the
parachute system was activated;
shortly thereafter the capsule landed
in the USSR, 4,800 nantical miles
downrange from its first atmospheric
re-entry point. Computer siimulation
indicates that an approximate L/D
of 0.8 was used to perform the Zond
6 skip-glide re-entry trajectory.

Aerodynamic decelerations gener-
ated during the Zond 6 skip-glide
trajectory reached peak levels of
between 4 and 7 Gs during the first

armospheric immersion, and decelera-
uon levels remained below 4 G's
during the second immersion. These
levels are well within the tlerable
range [rom manned re-entry. Aero-
dynamnic mancuvering re-eptry  ve-
hicles of the Zond 6 type arve partica-
larly applicable to Soviet manned
lunar return missions, since they can
provide both tolerable G levels and
the required range extension for
recovery within the USSR.

The Sovicis have apparently solved
the critical problem of heat shielding
during lunar return re-entry. Zoad 5
re~entered ballistically and successfully
withstood = simultaneous high peak
heating and high G level conditions.
Zond B re-entered aerodynamically,
and while the maximum G’s were less
than [or the Zond 5 re-entry, the total
heat lpad was greater because of the
longer flight time within the atmos-
phere, The double immersion of the
Zond 6 skip-glide re-entry trajectory
subjects the heat shield to two distinct
heatr fluxes causing additional heat
shield problems.

The Zond 3 and 6 re-entry successes
substantiate the validity of both the
Soviet lunar return re-entry tech-
niques and hardware designs. Zond 6
verified a recovery technique that
could be used to recover a return-
ing manned-lunar vehicle within
tho USSR while Zond 5 demon-
strated an acceptable back-up recovery
mode, [END]
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