















































A New Stage of Robotic
Lunar Exploration

P By the beginning of 1965 Korolev’s design bureau was engaged
in numerous space programs of both scientific and practical appli-
cations. When Korolev’s workload had grown during the 1950’s, he
had established new independent design bureaus to assume re-
sponsibility for specific technologies and projects. The Yangel de-

sign bureau was created in this manner in 1954, followed by the.

design bureaus of Mikhail F. Reshetnev (communications and navi-
gation satellites) and Dmitri I. Kozlov (manned and unmanned
recoverable spacecraft and variants of the R-7 launch vehicle) in
1959. Korolev now decided that the important automatic lunar and
planetary exploration programs warranted a dedicated developer.
Georgiy N. Babakin had met Korolev after World War I, later be-
coming involved in spacecraft and impressing Korolev with his in-
genuity. Thus, in 1965 the Babakin design bureau was established
in the Khimky suburb of Moscow to manage the Luna, Venera, and
Mars programs.

Since the successes of 1959, the Luna program had progressed
relatively slowly, in part due to the development of a new genera-
tion of spacecraft and needed modifications to the R-7 launch ve-
hicle, i.e., the Molniya-class booster. In 1965 the program for un-
manned exploration of the Moon was renewed in earnest, albeit
with frustrating results. Between March and December six Luna
probes were launched from the Baikonur Cosmodrome, but all
failed. The first attempt on 12 March, later designated Kosmos 60,
was left stranded in Earth orbit when the final rocket stage failed to
fire, while a second Luna was lost on 10 April when a launch ve-
hicle malfunction occurred early in flight.

The next four spacecraft were only marginally more successful,
surviving the launch phase and being inserted into translunar tra-
jectories. Liuna 5,launched on 9 May, attempted to place a 100-kg
capsule on the Moon to take detailed photographs of the lunar sur-
face and to confirm that the strength of the lunar soil would sup-
port a manned vehicle. Unfortunately, Luna 5's retro rocket failed
tofire at an altitude of 64 km, and the probe slammed into the south-
ern hemisphere of the Moon on 12 May and was destroyed. The
following month Luna 6 fared even less well, missing the Moon by
more than 160,000 km due to a mid-course correction failure.

After a four-month lapse while the Luna program underwent a
reevaluation, Luna 7 was launched toward the Moon on 4 October,
the eighth anniversary of Sputnik 1 and the sixth anniversary of the
Soviet Union’s last successful lunar probe, Luna 3. Luna 7 reached
the Moon on 8 October, but its retro rocket fired prematurely, caus-
ing the Luna 7 capsule to strike the lunar surface at a high velocity.
The final attempt of the year to soft land on the Moon commenced
on 3 December but once again ended three and one-half days later
in failure. Whereas Luna 7’s retro rocket had fired too soon, Luna
8’s engine ignited too late, and the spacecraft crashed on the Moon
west of the Kepler crater. Despite the failure of all six Ye-6 Luna
missions in 1965, some valuable guidance data were acquired dur-
ing the translunar portions of the flights of Lunas 5-8. Babakin could
only hope that the new year would smile more favorably on his
new design bureau.

While the Luna program suffered its string of failures, a few bright
spots did appear elsewhere. The most dramatic event of the year
was the flight of Voskhod 2 on 18-19 March. Less than two hours

after launch, Cosmonaut Alexei Leonov became the first man to
walk in space. He left his Voskhod capsule with Cosmonaut Pavel
Belyayev inside via an inflatable airlock and floated beside the space-
craft for twelve minutes. The feat not only verified the design of the
spacesuit to protect and to support men exposed to the harsh envi-
ronment of space but also proved that men could function in or-
bital weightlessness without severe disorientation. (On all previous
US and USSR manned spaceflights the crews were confined to their
cramped seats throughout the mission.) The latter finding was cru-
cial to plans which might require cosmonauts to transit from one
spacecraft to another on lunar missions.

In July a major milestone in the manned circumlunar program
was achieved with the maiden flight of Chelomei’s Proton booster.
The first launch on 16 July employed the UR-500 variant with only
two rocket stages. A scientific payload of 12.2 metric tons - by far
the heaviest Soviet satellite to that date - was placed in a low Earth
orbit and named Proton 1. The mission was repeated, again suc-
cessfully, on 2 November.

Although the Proton launch vehicle program was progressing
satisfactorily, the Chelomei design bureau was encountering diffi-
culties on the development of the LK-1 manned spacecraft. The
rocket designer had increased the performance of the Proton
booster, and OKB-52 spacecraft engineers had saved enough weight
in the construction of the vehicle to permit a crew of two to make
the lunar journey instead of the original concept with only a single
cosmonaut. However, during the second half of 1965 the LK-1 pro-
gram had fallen behind schedule. A total of twelve spacecraft were
to be built by the second quarter of 1967. Part of the difficulty was
attributed to Chelomei’s lack of experience in developing recover-
able and manned spacecratft.

Korolev, who had wanted to maintain his monopoly on manned
spacecraft, was quick to seize this opportunity to wrest the manned
circumlunar program away from his competitor.

On 15 December 1965 Korolev made a bold move to replace
Chelomei’s LK-1 spacecraft with his own L-1 spaceship and an up-
per stage (Block D) of the L-3 complex. The L-1 was similar to the
designs for the Soyuz 7K spacecraft and the lunar orbiter which
was being developed under the N-1/L-3 program. Korolev’s plan
was approved by the Council of Ministers’ Military Industrial Com-
mission, chaired by L. V. Smirnov, and by S. A. Afanasyev, Minister
of General Machine Building. The Soviet manned circumlunar pro-
gram was officially redesignated as the UR-500K/L-1, and Korolev
was granted primary authority over the effort.

Korolev’s victory in the years-long, hard-fought battle to run the
manned circumlunar program was short-lived. On 14 January 1966,
just one month after his L-1 proposal was adopted, Korolev died
unexpectedly during a botched operation. The loss of Korolev at
such a critical time in the L-1 and 1.-8 programs, as well as the Soyuz
effort, was devastating. Despite his disputes with Chelomei and
Glushko, Korolev’s influence over the entire Soviet space program
was unequaled. His technical and managerial skills had made him a
virtual legend in his own time. Holding his empire together and
maintaining the hectic pace of the manned lunar programs was
going to be difficult. No less than 5-6 manned Earth orbital mis-
sions were planned for 1966, including the docking of two Soyuz
spacecraft. The first manned L-1 flight was still scheduled for 1967
with an L-3 lunar landing during 1968-1969. Korolev’s deputy; Vasiliy
P. Mishin, who had worked with Korolev since 1945, was appointed
Chief Designer of OKB-1, which was subsequently renamed
TsKBEM, an abbreviation for Central Design Bureau of Experi-
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Preparing for the L-1
Circumlunar Missions

P> At the start of 1967 the USSR was still optimistic about its
chances of beating the US with a manned circumlunar flight
before the 50th anniversary of the Communist state in Novem-
ber. Mishin also turned 50 in 1967 and desperately needed to
overcome his faltering start as Korolev’s successor. The landing
of a Soviet cosmonaut on the Moon during the 1960’s was also
still possible. The maiden flight of the N-1 was now set for the
third quarter of 1967 with a manned lunar landing no later
than the third quarter of 1969. However, to meet these ambi-
tious schedules, a series of critical milestones set for 1967 had
to be achieved. Alternatively, the Soviets would benefit from a
major disruption in the American Saturn/Apollo program. The
year was destined to be a dark one for both nations.

The third attempt to test the Soyuz 7K-OK spacecraft commenced
inauspiciously on 7 February. The vehicle, designated Kosmos 140,
lifted-off 24 hours late and entered a lower than desired orbit. Like
its Kosmos 133 predecessor, Kosmos 140 immediately experienced
attitude control problems and excessive propellant expenditures.
An orbital maneuver was performed on the 22nd revolution about
the Earth, but the attitude control system still did not operate prop-
erly. Although the ion orientation system did permit the spacecraft
to be positioned for the return to Earth, Kosmos 140’s trials were
far from over. During reentry a hole (~250 mm by 350 mm) was
burned in the heat shield - an event which almost certainly would
have doomed a human crew. Then, the capsule strayed off course
and landed on the ice of the Aral Sea. With its high temperature and
weight and its air-tightness now gone due to the hole in its base, the
capsule broke through the ice and sank.

A review of the manned circumlunar program produced a new
decree on 4 February 1967 entitled “On the Progress of the Work
on the Development of the UR-500K/L-1". With the initial test mis-
sion only a month away, no serious difficulties were identified. By
March the first UR-500K/L-1 vehicle was on a pad at the Baikonur
Cosmodrome ready for launch.

The basic 3-stage UR-500K Proton vehicle stood 44.3 m tall. Six
Glushko RD-253 engines powered the first stage and were attached
to six cylindrical fuel tanks (each about 2 m in diameter) arranged
around a 4-m diameter oxidizer tank. The overall diameter of the
first stage was 7.4 m with a height 0f 20.7 m. On a nominal mission
the six engines would burn for about 120 seconds with a total thrust
of 894 metric tons.

The second stage employed three Kosberg RD-465 and one
Kosberg RD-468 engines to develop a total thrust of 245 metric tons
for 215 seconds. The stage was 17 m long with a diameter of 4.2 m.
The shorter, 6.6-m-long third stage carried a single Kosberg RD-473
plus four small vernier engines for a total thrust of 64 metric tons.
Tts mission was to insert the Block D rocket stage and the L-1 space-
craft onto a ballistic trajectory, just shy of orbital velocity. A 3.7 m
diameter fairing covered the I-1 during the initial launch phase and
supported a powerful emergency escape system which could pull
the L-1 command/descent module away from the Proton booster in
the event of a serious launch malfunction.

Unlike the first three stages which employed hypergolic propel-
lants, the 3.7-m-diameter, 6.3-m-long Block D relied on simple liquid
oxygen and kerosene. For the UR-500K/L.-1 mission the Block D

unit’s single 11D58M engine developed 8.5 metric tons of thrust
and was used to first place the L-1 spacecraft into a low Earth orbit
and then to accelerate the L-1 spacecraft to a velocity of nearly 11
km/s (called the second cosmic velocity by the Soviets) to enter a
translunar trajectory. This engine was developed in Korolev’'s own
design bureau under the leadership of Mikhail Melinkov. The
translunar injection burn was programmed to start slightly more
than one hour after lift-off when the assembly made its first north-
bound pass over the Earth’s equator.

The L-1 spacecraft was a two-piece vehicle with a total mass of
5,680 kg, a diameter of 2.7 m, and a height of 5 m. The lower half of
the spacecraft was similar to the Soyuz instrument compartment
and housed attitude control and mid-course correction engines as
well as the primary spacecraft support systems, e.g., thermal con-
trol, life support, electrical. Two solar panels, each about 2 m wide
and 3 m long, extended from the instrument compartment to pro-
duce electrical power.

The command/descent module was attached to the instrument
compartment and was virtually identical to the Soyuz capsule in
shape and basic instruments, although special navigation and re-
lated equipment were installed in the L-1. Both cosmonauts had to
remain in the command/descent module for the entire week-long
mission since the Soyuz orbital module was absent from the L.-1. In
its place was a large support cone used for entry into the space-
craft while on the launch pad and for securing the L-1 command/
descent module to the emergency escape system. At the support
cone-command/descent module interface, a special high gain an-
tenna was attached to facilitate communications with Earth while
at lunar distances. Finally, the thermal protection and attitude con-
trol jets of the command/descent module were upgraded as com-
pared to the Soyuz capsule.

The UR-500K/L-1 complex was checked out for the first time as
aunit in January, 1967. The flight-ready configuration was finally
fueled and ready for launch on 10 March. The objectives of this
maiden voyage were limited with primary emphasis on the perfor-
mance of the Block D stage; the L-1 spacecraft was a simplified
model. The 3-stage UR-500K flew flawlessly and the Block D and L-
1 test article (7K-L1 no. 2P), now officially designated Kosmos 146,
entered a low Earth orbit. The Block D maneuvered correctly, reach-
ing the necessary velocity for a circumlunar mission, and the flight
was declared successful. Exactly one lunar month later on 8 April,
with the 10-strong L.-1 cosmonaut corps in attendance, the mission
was repeated as Kosmos 154 (7K-L1 no. 3P). The Block D stage
operated satisfactorily to reach Earth orbit, but a malfunction pre-
vented the second vital firing of the stage’s propulsion system.
Kosmos 154 reentered the Earth’s atmosphere two days later. In
retrospect, this mission foreshadowed the beginning of a long se-
ries of seemingly random flight failures that would ultimately doom
the UR-500K/L~1 program.

Two weeks after the disappointing flight of Kosmos 154, the So-
viet man-in-space program was dealt its severest blow when Cos-
monaut Vladimir Komarov, a veteran of the Voskhod 1 mission,
loss his life during the inaugural manned flight of the Soyuz space-
craft. (Yuri Gagarin was the backup for Komarov on the Soyuz 1
mission.) Launched on 23 April, Komarov experienced several dif-
ficulties with his Soyuz spacecraft soon after reaching orbit. The
mission plan called for the launch of a second Soyuz the next day
to rendezvous and dock with Soyuz 1. Due to the problems with
Soyuz 1, the launch of Soyuz 2 was canceled, and Komarov was
instructed to return to Earth on 24 April. The initial phase of reen-
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Focusingonthe L-3
Lunar Landing Program

P> Despite the acute disappointment in losing the manned circum-
lunar race to the US, the USSR pressed on with its manned lunar
landing program. Throughout 1968 Soviet engineers worked fe-
verishly to prepare both the N-1/1-3 vehicle and its ground support
equipment. The first test flight with a modified L-1 spacecraft called
7K-L1S and a dummy lunar lander was slated for early 1969.

Two weeks into the new year an important demonstration with
great significance to the L-3 program was conducted in Earth or-
bit. Soyuz 4 with a single cosmonaut (Vladimir Shatalov) on board
was launched on 14 January, followed the next day by Soyuz 5 with
a crew of three (Boris Volynov, Aleksei Yeliseyev, and Yevgeni
Khrunov). Instead of immediately attempting to dock, the rendez-
vous activities were postponed until the following day. Taking the
active role in Soyuz 4, Shatalov successfully linked the two space-
craft on the morning of 16 January.

Almost immediately, Yeliseyev and Khrunov began preparing
for the most dangerous portion of the mission: a transfer from one
spacecraft to the other via a walk in space. This action would simu-
late the movement of an 1.-3 cosmonaut from the lunar orbiter to
the lunar lander and back again. (The American Apollo program
permitted an internal transfer between the Apollo command mod-
ule and the LEM.) Yeliseyev and Khrunov moved into the Soyuz 5
orbital module and donned special EVA suits. After closing the hatch
to command capsule and depressurizing orbital module, the pair
opened an exit in side of the orbital module and stepped into space.

Thirty-seven minutes later Yeliseyev and Khrunov had pulled
themselves along guiderails and reached the orbital module of Soyuz
4. One by one the cosmonauts entered the already depressurized
compartment, sealed the orbital module, and repressurized the ve-
hicle. With transfer a complete success, the two spacecraft were
undocked a few hours later. Soyuz 4 and Soyuz 5 returned safely to
Earth on 17, 18 January, respectively, after flights of only three days.

Just one month later the fruits of many years labor were stand-
ing on a Baikonur launch pad undergoing final preparations. The
N-1/L-3 system had evolved into a true giant with a base diameter of
17 m and a height of 105 m. Gross weight at lift-off was more than
2,700 metric tons. The vehicle was clearly distinguished by its two
main sections: the 3-stage, 60-m-tall N-1 booster and the 43-m, ta-
pered fairing (max diameter of 6 m) containing the L-3 complex.

The first stage (Block A) of the N-1 booster was conical in shape
with a base diameter of 16.8 m (22.3 m with the four stabilizers
extended) and an upper diameter of 11 m. The 30-m-tall stage con-
tained two primary propellant tanks: one 10.5 m in diameter for the
kerosene fuel and one 12.8 m in diameter for the liquid oxygen
oxidizer. The upper half of the fuel tank was surrounded not by a
solid wall but by a lattice-type structure which served as an inter-
stage coupler with the N-1 second stage (similar to that used by
Korolev’s R-7). Twelve distinct conduits, which encircled the exte-
rior of the lower part of the first stage, carried fuel from the upper
propellant tank to the engines at the base of the stage. At launch
the stage weighed nearly 1,900 metric tons.

The heart of the first stage was the thirty Kuznetsov NK-33 en-
gines. Each engine developed a maximum thrust of 154 metric tons
with a specific impulse of 331 seconds. (For comparison, the main
engines of Korolev’s R-7 were rated at 305-308 seconds, whereas

the specific impulse of Chelomei’s UR-500K first stage engines was
only 316 seconds.) Twenty-four engines were deployed around the
periphery of the base of the stage on a 14-m-diameter structure,
while the remaining six engines were mounted on a central 6-m-
diameter ring. Together, the engines developed a total thrust of 4,620
metric tons and on a nominal flight burned for about two minutes.
During the flight, the pitch and yaw of the N-1/1.-3 were controlled
by varying the thrust of opposing engines. Roll control was effected
by four independent engines with a thrust of 7 metric tons each.

The basic design of the second stage (Block B) was quite similar
to that of the first stage with a height of 20.5 m and a gradual taper
from the 10.3-m-diameter base to the 7.6-m-diameter top. Again,
two large propellant tanks, one 7.0 m wide and one 8.5 m wide,
occupied the majority of the stage’s internal volume. Eight con-
duits lined the side of the stage to carry fuel to the engines. Also
like stage one, the upper portion of stage two was characterized by
a girder-type interstage coupler. The total mass of the fueled stage
was 540 metric tons.

For the second stage Kuznetsov modified the first stage engines
slightly, including larger nozzles to take advantage of their higher
altitude operating environment. These changes increased the thrust
of each NK-43 engine to 179 metric tons with a specific impulse of
346 seconds. In all, eight such engines provided a total stage thrust
of 1,432 metric tons for 130 seconds on a typical mission. Stage two
attitude control was similar to that of stage one, but only three sepa-
rate roll control engines of 6 metric tons thrust each were needed.

The third and last stage (Block V) of the basic N-1 booster was
11.5 m high with lower and upper diameters of 7.6 m and 6.0 m,
respectively. The kerosene tank was 4.9 m wide while that of the
oxidizer tank was 5.9 m. Only four external conduits were required
to connect the fuel tank to the main engines. Total stage weight at
launch was approximately 185 metric tons.

Four Kuznetsov NK-39 engines were employed to power the third
stage. These engines were descendants of the NK-19 which
Kuznetsov had developed for a proposed ICBM which was not
chosen for production. Each engine was rated at a maximum thrust
of 41 metric tons with a specific impulse of 353 seconds. The third
stage was designed for a nominal operating time 0of 400 seconds, at
the conclusion of which the third stage and the entire L-3 complex
would be in a low Earth orbit of about 220 km. Pitch and yaw con-
trol were again provided by altering the thrust of opposite engines,
and roll control was made possible by four independent thrusters,
each with a thrust of 200 kg.

The use of so many individual engines, particularly in first and
second stages, raised serious concerns about total stage reliability.
Korolev and Mishin had to ensure that failure of a single engine
would not doom the entire mission. Consequently, an engine op-
eration control system (KORD) was developed. If KORD system
detected an engine malfunction, it would automatically shut-down
the bad engine as well as the good engine diametrically opposed to
the failing engine. This would preserve thrust symmetry and allow
flight to continue. To compensate for reduced thrust, KORD would
also extend the programmed burn time of the remaining engines.

In this way, the 1.-3 complex could still reach its planned low
Earth orbit if two first stage engines failed (4 engines shutdown) or
if one second stage engine failed (2 engines shutdown). For the
third stage, only the malfunctioning engine was turned off since
these engines were gimbal-mounted and the three remaining good
engines could swivel their nozzles to compensate for the otherwise
unbalanced thrust. While in theory the KORD system appeared to
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BlockD

Primary Propulsion of the L-3 Complex

Block E Block I
(Lunar Lander) (Lunar Orbiter)

Lunar Orbit LunarLanding  Lunar Orbit

Injection Insertion Rendezvous
Lunar Orbit Lunar Lift-off Trans-Earth
De-orbit Injection
Fuel Kerosene Kerosene UDMH UDMH
Oxidizer Liquid Oxygen Liquid Oxygen N,O, N,O,
Main engine thrust
(metric tons) 41 85 21 33
Backup engine No No Yes Yes

Stage Specifications

Lower diameter (m)

Upper diameter (m)

Height (m)

Total stage mass (metric tons)

Fuel tank diameter (m)

Oxidizer tank diameter (m)

Number of main engines

Total thrust (metric tons)

Nominal burn time (seconds)

Number of roll control engines

Roll control engine thrust
(metric tons)

Main Engine Specifications
Engine designator

Fuel

Oxidizer

Thrust (metric tons)

Specific Impulse (seconds)

Block A
(1st Stage)

168
11
30
1870
105
128
30
4620
110
4

7

NK-33
Kerosene
Liquid Oxygen
154

331

N-1 Construction and Characteristics

BlockB BlockV
(2nd Stage) (3rd Stage)

10.3 7.6

7.6 6.0

20.5 115

540 185

7.0 49

85 59

8 4

1432 164

130 400

3 4

6 2

NK43 NK-39
Kerosene Kerosense
Liquid Oxygen Liquid Oxygen
179 41

346 353

LK

top view (left)

Bottom view
(right)

» This page: The L-3 complex
included the LOK lunar orbiter

(top left) and the LK lunar lander
(bottom). Like the American Apollo
program, a single cosmonaut would
remain in lunar orbit while the
manned exploration of the Moon
took place below.

» Facing page: The N-1/L-3 launch
vehicle and spacecraft weighed
more then 2,700 metric tone and
required five separate stages to
place the LOK and LK spacecraft
into lunar orbit.
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solve the problem of multi-engine reliability, in practice the sys-
tem could not detect malfunctions and react quickly enough
before catastrophic damage had occurred.

Resting atop the massive N-1 booster was the equally impressive
L-3 complex. Inside the 43.2-m-tall (including the emergency es-
cape system) protective fairing, which was to be jettisoned during
the operation of the N-1 second stage, stood the 30-m-long L.-3 com-
plex, consisting of four major units: two rocket stages, the lunar
lander, and the lunar orbiter. The purpose of the first rocket stage
(Block G) was to propel the complex out of Earth orbit and onto a
translunar trajectory, just as the Block D stage had done for the L-
1 circumlunar missions. Block G was powered by a single Kuznetsov
NK-31liquid oxygen/kerosene engine, which was virtually identical
to the NK-39 engines of the N-1 third stage. Shortly after complet-
ing the 480 second translunar injection burn, the Block G unit was
to be discarded.

For the rest of the flight to the Moon, the previously described
(Chapter 5) Block D stage would perform any necessary mid-course
corrections. Upon arriving at the Moon, the Block D main engine
would be fired to place the complex into an initial low lunar orbit of
110 km. Later, the altitude was to be reduced to 16 km, again by
means of the Block D stage.

From launch until lunar orbit the cosmonauts would be confined
to the lunar orbiter. Since an internal transfer between the lunar
orbiter and the lunar lander was not possible, Soviet mission plan-
ners saw no need to perform a separation and docking of the or-
biter and lander before the lunar landing operation as was done in
the Apollo program. Once safely in the staging lunar orbit, one cos-
monaut would don a Krechet semi-rigid space suit and exit the lu-
nar orbiter, in much the same way as the Soyuz 5 cosmonauts had
demonstrated in January, 1969. With the aid of a special mechani-
cal arm, he would make his way to the lunar lander and enter it.

The lunar lander rested, with legs retracted, on top of Block D
stage, and both were encased in a protective shroud. If all systems
checked out, the lunar orbiter would separate from the lunar lander/
Block D assembly, whereupon the protective shroud was discarded
and lunar lander’s legs extended. The Block D main engine would
then fire for the final time, sending the assembly toward the lunar
surface. At an altitude of 1.5-2 km the Block D stage and the lunar
lander would separate, allowing the Block D to crash onto the Moon
while the lunar lander attempted to settle more gently nearby.

The 5.5-metric-ton lunar lander, also known as the Luna Korabl
(Lunar Spacecraft) or LK (not to be confused with Chelomei’s LK-
1 circumlunar spacecraft), stood a little more than 5 m high and
was comprised of two basic units, a landing platform and the cos-
monaut cabin which also contained the vital propulsion systems.
Unlike the American LEM design, the Soviet lunar lander contained
a single propulsion system (Block E) used for both the final land-
ing phase and lunar lift-off. Designed by the Yangel organization,
the single-chamber, throttlable, 2.05-metric-ton thrust primary en-
gine burned nitrogen tetroxide and unsymmetrical dimethylhydra-
zine like the Glushko and Kosberg engines used by the Proton
booster. A dual-nozzle back-up engine with a slightly reduced maxi-
mum thrust was also available in an emergency. In fact, to ensure
further a successful return to lunar orbit, at lift-off both lunar lander
engines would initially be ignited. If both were operational, the back-
up engine would immediately be shutdown.

The lunar lander was also outfitted with a complex, redundant
attitude control system. Two independent circuits each contained
eight low-thrust engines developed by an aviation bureau headed

by V. Stepanov: four 40-kg-thrust engines provided pitch and yaw
control (two for each direction) and four 10-kg-thrust engines main-
tained roll. Both systems were fed by a common reserve of ap-
proximately 100 kg of propellants. Impulses lasting as briefly as 9
milliseconds were possible with this carefully designed system.

A roughly spherical, pressurized cabin housed the solitary cos-
monaut. During descent and ascent the cosmonaut remained stand-
ing both for a better view around him and to save weight. Before
him was a collimating sight to survey the lunar terrain and a stick to
control his attitude and rate of descent. A circular hatch and ladder
permitted egress and a safe means to the lunar surface. Located at
the top of the cabin was the passive assembly needed for docking
with the lunar orbiter after lift-off. Inside were all the necessary
support systems and multi-frequency communications equipment
for contact with the lunar orbiter or directly to Earth.

The landing platform was a relatively simple frame on which the
pressurized cabin rested and to which the four landing legs were
affixed. Numerous designs were considered before the four-leg
option was selected. This ensured stability on lunar slopes up to 20
degrees. To prevent the lunar lander from bouncing after touch-
down, four solid-propellant hold-down rockets were ignited at the
first indication of contact with the lunar surface. These small-thrust
engines were pointed upward to keep the lunar lander firmly on
the Moon. Several hundred drop tests were performed on Earth to
verify the energy absorbing capability of the titanium foil honey-
comb dampers. The landing platform also carried a television cam-
era to monitor the ascent of the lunar cabin.

The lunar lander was rated for 72 hours of independent flight of
which 48 hours could be spent on the Moon. However, on first
missions the planned stay time was only a few hours. The
cosmonaut’s EVA suit could support excursions outside the ve-
hicle for only about an hour and a half. During this period the cos-
monaut would collect soil samples, photograph terrain, deploy a
suite of scientific instruments, and erect the Soviet flag. To assist
the cosmonaut in the event that he accidentally fell on the lunar
surface, a hoop was attached to the EVA suit with the protrusion
primarily extending from his back to allow the cosmonaut to roll
over more easily onto his front in the cumbersome EVA suit.

Following lift-off of the lunar cabin, the cosmonaut in the lunar
orbiter would conduct the rendezvous and docking procedure al-
ready tested in Earth orbit during 1967-1969.To ensure the reliabil-
ity of the docking operation, the lunar orbiter carried a simple hook-
type extension which would catch onto a honeycomb receptacle
atop the lunar lander. Then the cosmonaut in the lunar lander would
have to perform a third EVA to transit from the lander to the or-
biter. Once both cosmonauts were safely aboard the lunar orbiter,
the lunar cabin would be cast off.

The lunar orbiter, also known as the LOK or Luna Orbitalny Korabl
(Luunar Orbital Spacecraft), was very similar to the Soyuz and L-1
spacecraft but differed in several respects. The total mass was 9,850
kg with a length of 10 m and a maximum diameter of 2.9 m. Instead
of solar panels the lunar orbiter relied on sophisticated fuel cells
for electrical power generation. Orbital maneuvers would be car-
ried out by a restartable, single-chamber 417-kg-thrust engine burn-
ing the same propellants as the lunar lander. To leave lunar orbit
for the return to Earth, a separate, more powerful two-nozzle en-
gine would develop 3.3 metric tons of thrust. The trans-Earth and
reentry profile was then to be virtually identical to that tested on
the UR-500K/L-1 missions. The entire propulsion unit was also re-
ferred to as Block I. @
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responding to such situations. By the end of 1973 improved first
stage engines were ready for the next N-1 mission.

The only Moon-related space mission conducted in 1973 was Luna
21 which carried a second, improved robot rover. Launched on 8
January, the Lunokhod 2 vehicle was safely deposited inside the
crater LeMonnier on 16 January. For five months the little Moon
car explored a variety of terrain between the Mare Serenitatis and
the Taurus Mountains. With the experience gained in the opera-
tion of Lunokhod 1, its successor was able to travel over 3.5 times
farther during a mission which lasted less than half as long.

As 1974 dawned, Mishin was under considerable government
scrutiny. The N-1 program had been expensive and to date totally
unsuccessful. The rationale for the 1-3 lunar landing program had
significantly diminished, and the risk of losing a Soviet crew on the
Moon after the historic Apollo program was becoming politically
unacceptable. Mishin’s management of the Soyuz and Salyut pro-
grams was also under fire. Whereas Mishin had avoided serious
criticism following the Soyuz 1 disaster, the deaths of three cosmo-
nauts on Soyuz 11 were clearly his responsibility. Furthermore,
the Salyut space station program, now the centerpiece of the So-
viet man-in-space program, had not met expectations. Mishin’s
Soyuz 10 mission had failed in its attempt to enter Salyut 1, and
the Soyuz 11 flight had ended in tragedy. Two more TSKBEM space
stations, one in 1972 and one in 1973, were lost before they could be
manned due to launch vehicle and spacecraft malfunctions. Also,
by 1973 the US Skylab space station, much larger and more ca-
pable than Salyut, had been orbited.

By May, 1974, the ambitious and powerful Central Committee
Secretary, Dmitri Ustinov, had decided Mishin should be replaced.
Such a move would be unprecedented for a major Chief Designer of
the Soviet space program. Ustinov first obtained the support of
General Machine Building Minister Sergei Afanasyev to whom
Mishin reported. Finally, Leonid Brezhnev’s approval was received.
Mishin’s replacement was to be long-time rival Valentin Glushko.

When Mishin was dismissed in May, two N-1 launch vehicles
were being prepared for launches later that year and were nearly
completed. The first launch was tentatively set for August, followed
by the other late in the year. If successful, the N-1 may have been

operational by 1976, but Glushko’s first act as head of the former
OKB-1 was to suspend the N-1 program. This decision was followed
two years later (March, 1976) by an official termination of the pro-
gram and an order to destroy all remaining N-1 hardware, includ-
ing the two largely finished N-1’s and components of several others.

With the end of the N-1 program also came the end of the L-3
manned lunar landing program. However, Glushko was not yet
prepared to abandon the Moon entirely. In October, 1974, Glushko
proposed a new, larger scale program for manned lunar explora-
tion. A new Vulkan booster, relying on liquid oxygen and liquid
hydrogen propellants to place a 200-metric-ton payload into Earth
orbit, would permit the creation of a new direct landing mission
profile. Glushko envisioned the establishment of lunar bases and
the use of manned lunar rovers. However, Glushko’s primary ob-
jective was the development of the Energiya-Buran space trans-
portation system, and the expensive lunar exploration program
was deferred indefinitely.

Interest in unmanned lunar exploration also waned, particu-
larly in light of the absence of similar American activity. During
1974-1976 four more Luna probes were prepared and launched
before this program, too, ended. In early June, 1974, Luna 22 be-
came the last of the dedicated lunar orbiters - surveys of the Moon
were no longer needed to plan for manned landings. Luna 23 landed
on the Moon on 6 November of the same year to retrieve a soil
sample from the southernmost part of Mare Crisium. Unfortunately,
the drilling mechanism was found to be damaged after landing,
and the probe never returned to Earth. The next Luna spacecraft
was lost in a launch vehicle accident on 16 October 1975. Finally,
during 9-23 August 1976 Luna 24, the last of the Luna probes,
traveled to the Moon, bored into the lunar surface near the Luna
23 landing site, and brought back the final soil sample of man’s
first lunar exploration era (1969-1976).

The failure of the Soviet programs to send men around the Moon
and to land on its surface cannot be placed on any one individual.
In the end, a confluence of technical, political, and economic factors
prevented the consummation of both projects. Born out of fierce
US-Soviet competition, the L-1 and the L-3 programs expired when
that competition ended. ®

LaunchDate Launcher Spacecraft Missions Results
1969 21February  N-1 L3S
3duly N-1 L3S
instead of -3
28 November Proton L1E
1970 24 November Soyuz T2K
2December  Proton LAE
1971 26February  Soyuz T2K
as Kosmos 398
27 June N-1 ---
12 August Soyuz T2K
final time as Kosmos 434
1972 23 November N-1 LOK

FLlGHT HISTORY OF THE N-1/L-3 PROGRAM

First stage of N-1 terminated after 70 sec; launch vehicle destroyed;
L-1S and mockup of lunar lander carried instead of -3

First stage of N-1 terminated within seconds of lift-off; launch vehicle
and launch pad destroyed; L.-1S and mockup of lunar lander carried

Third stage of Proton malfunctioned; planned test of lunar orbiter systems
Prototype of lunar lander successfully tested as Komos 379; lunar
landing and take-off maneuvers simulated in Earth orbit
Lunar orbiter systems successfully tested as Komos 382; lunar rendezvous
and trans-Earth injection maneuvers simulated in Earth orbit
Prototype of lunar lander successfully tested in Earth orbit for second time

First stage of N-1 terminated after 51 sec; launch vehicle and L-3 mockup destroyed
Prototype of lunar lander successfully tested in Earth orbit for third and

First stage of N-1 terminated after 107 sec; launch vehicle destroyed; lunar
orbiter and mockup of lunar lander carried instead of complete 1-3
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tion of the N-1 program, the Kuznetsov design bureau was not in-
volved in any further development of launch vehicle main engines,
although his N-1 first-stage engines, NK-33, are now being consid-
ered for use in Western launch vehicles.

¢ Alexei A. Leonov, Cosmonaut and first man to exit a space-
craft. Following his famous 1965 space walk from Voskhod 2, Leonov
was assigned in late 1966 as a senior member in the corps of 14
persons designated for the L-1 circumlunar program. In late 1967
he was chosen as one of 20 trainees for the L.-3 lunar landing mis-
sion, which would require one of the two cosmonauts to perform
three extravehicular activities (EVAs): two in lunar orbit and one
on the lunar surface. In September, 1968, Leonov was selected to
command one of three prime teams for the L-1 program. After the
cancellation of the L-1 and the L-3 programs, Leonov went on to
command the Soviet spacecraft involved in the Apollo-Soyuz Test
Projectin 1975.

¢ Vasiliy P. Mishin, Chief Designer of Spacecraft and Rockets
and Principal Director of the N-1/L-3 program (1966-1974). Mishin
assumed the leadership of the N-1/1.-3 program upon Korolev’s
death in January, 1966. An able designer, Mishin had neither the
influence nor the managerial skills of Korolev. Mishin could never
overcome the ill-will and competition generated during the Korolev-
Glushko feud. After losing the Moon race to the US and after four
successive failures of the N-1, Mishin was replaced in 1974 by
Glushko, who terminated the N-1 program in favor of his own heavy-
lift booster, Energiya.

¢ Nikolai A. Pilyugin, Chief Designer of Autonomous Guidance
Systems. Another member of Korolev’s original Council of Chief
Designers, Pilyugin established a reputation as an expert in guid-
ance and control systems. He was called upon to develop the com-
plex control system for the -3 lunar lander.

* Yuri P. Semenov, Lead Designer of the L-1 lunar spacecraft,
Chief Designer of the Mir space station and the Buran space shuttle,
and later General Designer and General Director of the Energiya
Scientific Production Association (descendent of the Korolev Spe-
cial Design Bureau). After serving briefly at the Yangel Design Bu-
reau, Semenov transferred to Korolev’s OKB-1 where he was re-
sponsible for the design of the L-1 spacecraft. He succeeded
Glushko as head of the Energiya Scientific Production Association
in 1989.

e Dmitri F. Ustinov, Central Committee Secretary of the Com-
munist Party and later Minister of Defense. Like Afanasyev, Ustinov
was a highly influential person during the course of the Soviet
manned lunar program era. He exerted overall control of the
manned lunar programs through the Military-Industrial Commis-
sion of the Council of Ministers, and he was closely aligned with
Glushko and Chelomei. Ustinov is credited with being the principal
behind the dismissal of Mishin in 1974 and the termination of the
manned lunar landing effort.

e Mikhail K. Yangel, General Designer of Spacecraft and Rock-
ets (1954-1971). The Yangel Design Bureau (KB) in Dniepro-
petrovsk, Ukraine, was responsible for the development of several
ballistic missiles and space boosters, in addition to small geophysi-
cal and Earth observation spacecraft. Yangel was assigned the task
of creating the L-3’s lunar landing system. He died in 1971 two
months after the last of three Earth orbital tests of the L-3 proto-
type (T2K). Vladimir Utkin succeeded Yangel, but the 1-3 effort
ended a few years later. ®
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